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ABSTRACT
This pilot study investigated serum levels of cytokines and

soluble receptors during five positive and five negative isocyanate
inhalational challenges. Serum was obtained from 10 individuals
with symptoms compatible with isocyanate asthma before isocya-
nate challenge and the day following their maximal change in
pulmonary function after isocyanate challenge. Serum levels of
interleukin J {3, interleukin 3, interleukin 4, soluble interleukin 2
receptor, and soluble intercellular adhesion molecule 1 were mea-
sured and compared. Interleukin 1{3, interleukin 3, and interleukin
4 were not detected. The mean soluble interleukin 2 receptor and
soluble intercellular adhesion molecule 1 levels were not statisti-
cally different before and after challenge or between groups. In
summary, the cytokines studied are not detectable in peripheral
blood during isocyanate inhalation challenge; soluble interleukin
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2 receptor and soluble intercellular adhesion molecule J are both
detectable but do not change significantly after a positive isocya-
nate challenge. (Allergy and Asthma Proc 19:301-305, 1998)

Study of the pathogenic mechanisms of occupational
asthma may generate useful information relative to the

pathogenesis of nonoccupational asthma. I More than 140
low molecular weight chemicals «1 kd) have been re-
ported to cause occupational asthma? In structure activity
studies, the universal property that sensitizing chemicals
share is the ability to chemically interact with human mac-
ro-molecules.3 Low molecular weight occupational agents
such as the acid anhydrides can give rise to asthma through
haptenization of respiratory tract proteins and subsequent
induction of specific IgE antibodies. Diisocyanates may
also act as haptens and induce specific 19B; however, in
many cases of asthma due to diisocyanates, the immuno-
logic mechanism has not been elucidated.4 There is a hio-herI:>

prevalence of positive antibody, either specific IgE or IgG
in diisocyanate workers that are inhalation challenge posi-
tive than in those that are not. However, specific antibody
cannot be found in all challenge positive individuals. There
is some evidence that a cellular mechanism resulting in
histamine releasing factor (HRF) production may be impor-
tant.6•

7 Studies suggesting relationships between HLA hap-
lotypes and development of diisocyanate asthma also im-
plicate an immunologic mechanism of some type.8

Rather than focusing on antigen specific immune mech-
anisms in asthma, some investigators have evaluated the
role of inflammatory cells and their cytokines in asthma.
Several investigators have reported elevated levels of some
cytokines but not others in symptomatic asthma airways.9,10
Other groups have reported elevated cytokines and soluble
cytokine receptors in peripheral blood. Granulocyte macro-
phage colony stimulating factor (GM-CSF), II interleukin-
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TABLE I

Immunology of Diisocyanate Asthma

4(IL-4), 12-14soluble Fce receptor II (sFceRII),I2 and solu-
ble inter1eukin 2 receptor (sIL2R)12,14 have been reported to
be elevated in peripheral blood of patients with asthma.
Interleukin 1{3 (IL-l{3), tumor necrosis factor (TNF), and
interferon')' (IFN')') have been reported to be undetectable, II

Another aspect of inflammation that has been evaluated
in asthma is the role of adhesion molecules, the rationale
being that intercellular adhesion molecule-l(ICAM-l) is
known to be important in T cell recognition and eosinophil
and T cell adhesion to endothelium. In a primate asthma
model, a monoclonal antibody against ICAM-I attenuated
airway eosinophilia and hyperresponsiveness.15 Soluble
ICAM has been reported to be elevated in asthma.16 There
is also a reported of sICAM being higher during asthma
attacks as compared to stable conditions.I7

Isocyanate asthma has many characteristics of an im-
munologic disease. There is a latency period, only a small
percentage of exposed individuals is affected, and a very
low exposure results in disease. While many immuno-
logic associations have been reported with isocyanate
asthma, the responsible immunopathologic process has
not yet been conclusively identified. A synopsis of the
immunologic findings in isocyanate asthma can be found
in Table 1.

The purpose of the current pilot study was to determine
whether cytokines IL-l{3, interleukin 3 (IL-3), or IL-4, a
soluble cytokine receptor, sIL2R, or a soluble adhesion
molecule, sICAM-I are elevated in peripheral blood after a
positive isocyanate inhalation challenge as compared to a
negative challenge. If any were demonstrated to be elevated,
those findings would have obvious pathogenetic and diag-
nostic implications.

METHODS

Immunologic Observation

Low prevalence specific IgE
Positive antibody, especially IgG more

likely in challenge positive
indi viduals

No change in plasma histamine or
complement in challenge positive
individuals

Peripheral blood mononuclear cells
from those with isocyanate asthma
have increased production of
antigen specific HRF and MCP-I in
response to antigenic stimulation

HLA MHC Class II alleles associated
with development of and protection
from isocyanate asthma: aspartic
acid at position 57 may be key in
HLA-DQBl

ECP increased in peripheral blood
after positive TDI challenge

Preferential Vbeta IL and Vbeta 5
expression in isocyanate asthma

Bronchial biopsies from isocyanate
asthma CD8 + cells that produce
IL-5 and lPN-gamma

Bronchial biopsies from isocyanate
asthma have increased levels of
expression of CD25 and VLA-4

Bronchial biopsies from isocyanate
asthma have thickened basement
membrane, increased eosinophil,
and increaed CD3+CD45+ cells
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Subjects

Ten subjects who had specific inhalation challenge (SIC)
with diisocyanates were studied. Demographics and in-

halation challenge data of the study subjects are listed in
Table U. Details of the specific inhalation challenge meth-
odology are outlined elsewhere?9 One control challenge
and one graded isocyanate challenge were performed. Sub-
jects were not taking medication for asthma. The diagnosis
was based on a 2':20% drop in FEV I on the isocyanate day
with minimal, ::510% variability on the observation day.
The study was approved by the institutional committee on
human research and appropriate informed consent was ob-
tained from the subjects.

Serum Samples

Blood was drawn from study subjects before SIC and the
day after maximal change in pulmonary function. Se-

rum was separated from cells, frozen, shipped on dry ice,
and stored at -20°C until immunologic assays were per-
formed.
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Cytokine and Soluble Factor Assays

To measure serum levels of IL-I {3, IL-3, and IL-4, an
enzyme-linked immunosorbent assay (ELISA) was

used. The kits were obtained from R&D Systems, Minne-
apolis, MN. To measure serum levels of sIL2R and
sICAM-I, an ELISA was used. The sIL2R kit was obtained
from AMAC, Inc. (Westbrook, ME), and the sICAM-l kit
was obtained from Bender MedSystems (Vienna, Austria).
Each sample was assayed in duplicate on 2 different days. A
positive control standard curve was also performed. The OD
of each well was read on an Artek automated ELISA reader
(Artek Systems Corp., Farmindale, NY).

Statistical Analysis

Mean levels of sICAM-l and slL2R were each com-
pared between- and within-groups using a 2 (positive

versus negative challenge) by 2 (pre- versus post-test) fac-
torial mixed-model analysis of variance.3o Pearson correla-
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slCAM
(pglmL) slL2R (pM)

Subject Pre Post Pre Post

] 313 281 40 28
2 331 369 33 34
3 406 394 57 56
4 300 350 24 25
5 438 406 46 48

Mean 358 360 40 38
SD 61 49 13 13
6 481 481 49 47
7 369 406 17 14
8 M M 25 24
9 38] 369 61 60

10 200 263 22 25
Mean 358 380 35 34
SD 117 91 19 19

TABLE III

Soluble Factors Before and After Specific Inhalation
Challenge Separately by Group (Positive versus

Negative Challenge)

RESULTS
The levels of IL-ll3, IL-3, and IL-4 were below detect-

able limits before and after maximal pulmonary func-
tion change from SIC. The levels of sIL2R and sICAM-I
before and after maximal pulmonary function change from
SIC are listed in Table III.

Concerning mean sICAM-1 levels, analysis of variance
indicated that there were no significant differences either
between groups or across testings, and also that there was no
significant group by testing interaction: all F(l, 7) < 0.97,
p < 0.36 (Table III).

Analysis of variance indicated that there were no signif-
icant differences either between groups or across testings
for mean sIL2R levels, and also that there was no significant
group by testing interaction: all F( I, 8) < 0.88, p < 0.38
(Table III).

For patients with a positive challenge, pre-post sICAM-I
levels were marginally positively correlated (r = 0.77, P <
0.065), and sIL2R levels were significantly positively cor-

Positive = positive challenge; Negative negative chal-
lenge; SD = standard deviation; M = Missing.

tions between pre- and post-test values of sICAM-I and
slL2R were used to estimate the temporal reliability of these
indices, separately by group (positive versus negative chal-
lenge).31 Finally, single-subject statistical analysis was used
to determine whether sICAM-I or slL2R levels were sig-
nificantly different at pre- versus post-test, separately for
each patient.32 Because of the small sample size and corre-
sponding low statistical power, a generalized (per-compar-
ison) Type I error rate of p < 0.05 was used to establish
statistical significance.

Group
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Negative
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related (r = 0.90, p < 0.04). For patients with a negative
challenge, both sICAM-] levels (r = 0.98, p < 0.02) and
slL2R levels (r = 0.99, p < 0.0004) were significantly
positively correlated.

DISCUSSION

niisocyanates are among the most common causes of
occupational asthma worldwide.7 It is probably the

most mechanistically perplexing cause of occupational
asthma since its immunologic mechanism remains elusive
despite 2 decades of study. Evidence exists for an important
role for cellular immunity from both in vitro cell and in vivo
biopsy studies.33 To be specific, T cells may have some role
in diisocyanate asthma.

Two types of murine TH cell types, TH] and TH2, have
been defined by cytokine profiles. These same general
cell types also have been described in humans?4 In
general, TH] cells produce IL-l, IL-2, IL-3, and IFNy
whereas TH2 cells produce IL-I, IL-3, IL-4, and IL-5. We
therefore elected to measure IL-Ij3, IL-3, and IL-4 to
attempt to find evidence of cytokines from either TH cell
type. Another group had reported inability to detect
IL-I j3 in severe asthma, which we also did not detect. II

IL-3 has not been studied in asthma previously. IL-4,
however, has been reported in one study to be elevated in
asthmatics, both atopic and nonatopic.12 We are unsure of
the exact reason that IL-4 was not elevated in these
individuals. Perhaps TH cells, in particular TH2 cells are
not important in diisocyanate asthma. Another possibility
is that the day after a maximal response may not be the
ideal timing, and serial blood samples around the time of
the maximal response may be necessary for cytokine
detection. Cytokines might be more easily detected in
BAL fluid than in serum; however, BAL was not col-
lected in this study.

Some molecules like IL-2R and MHCII increase in num-
ber on the surface of T cells after antigen activation. The
receptor for IL-2 appears on activated T cells 18-24 hours
after activation. In the absence of continued antigenic stim-
ulation, it is shed from the cell surface and its soluble
fragment, slL2R can be measured in serum. It has been
reported to correlate reliably 'with disease activity in a
number of clinical entities including autoimmune inflam-
matory disorders, transplant rejection, and a few infectious
disorders.35 In this population, levels did not change in a
statistically significant manner. This could be indicative of
immune activation being unimportant in diisocyanate
asthma. Alternatively, perhaps the timing was not optimal
and additional blood samples at 36 and 48 hours might
reveal elevated levels of sIL2R.

ICAM-] is inducible on endothelial cells within a few
hours of exposure to a number of cytokines including IL-I,
TNF, and IFN"}'.36 In the absence of cytokine stimulation,
the receptor is shed and sICAM-I can be measured in
serum. ICAM-] on endothelial cells is correlated with in-
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filtration of lymphocytes into inflammatory lesions and is
upregulated in a variety of conditions including transplant
rejection and allergic inflammation.37 There was no statis-
tically significant change in sICAM-I in this population.
Perhaps additional serum samples at 36 or 48 hours would
also be useful. In addition, a larger sample size might be
helpful to increase statistical power.

In summary, in this pilot study the cytokines that we
studied were not detectable in peripheral blood before or
after a positive SIC with diisocyanates. Both sIL2R and
sICAM-I are detectable and correlate with each other, but
did not change significantly after positive SIC.
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