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Acid anhydrides
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Acid anhydrides are low molecular weight chemicals used
industrially as curing agents in the production of epoxy and
alkyd resins and in the manufacture of plasticisers such as
dioctyl phthalate. These have widespread applications as
surface coatings and adhesives and in plastic manufacture. The
chemical reactivity of acid anhydrides, which is the basis of
their commercial value, is also the major determinant of their
biological effects. Acid anhydrides bind covalently to free
amino groups, in particular to the amino group of lysine of body
proteins to form immunogenic hapten-protein conjugates, able to
stimulate a specific immunological response.

Several of the different acid anhydrides used commercially
have been reported to cause asthma in those exposed to them in
their work. These include phthalic (PA), trimellitic (TMA),
tetrachlorophthalic (TCPA), maleic (MA), hexahydrophthalic,
himic and pyromellitic di-anhydride.

We have studied cases of asthma caused by acid anhydrides
and populations occupationally exposed to them to investigate
the nature of the airway response in patients with acid
anhydride induced asthma, the IgE response to acid anhydrides,
its specificity, its determinants and its relationship to asthma
and also outcome after avoidance of the exposure of both the

immunological and airway response.
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Airway response to inhaled acid anhydrides

Inhalation tests with each of PA, TCPA, TMA, and MA provoke
both immediate and late asthmatic responses. Late, but not
immediate asthmatic responses provoked by these chemicals are
associated with an increase in non-specific responsiveness to
inhaled histamine which is detectable 3 hours after the
inhalation test, and prior to the development of the late
asthmatic response [1]. The magnitude of the increase in non
specific airway responsiveness at 3 hours is significantly
associated with the maximum fall in FEV1 during the late
asthmatic response suggesting the change in airway calibre (the
late asthmatic response) depends upon the tissue events
(probably inflammatory) which underly the preceding increase in
airway responsiveness.

Inhalation testing in four patients with TCPA induced
asthma exposed to increasing concentrations until a 20% decrease
in FEV1 was reached, showed the magnitude of the late asthmatic
response to be determined primarily by the atmospheric
concentration of TCPA [2]. The authors estimated that a fall in
FEV1 of 15% for one hour would be provoked in a sensitised
individual by an atmospheric concentration of 0.99 ug/m3, a
level difficult for industry to achieve.

Immunological response to inhaled acid anhydrides

Specific IgE antibody to PA was originally demonstrated in
one case of asthma by Maccia et al [3] and to TMA in 3 cases of
asthma by Zeiss et al [4]. We reported 7 cases of asthma caused
by inhalation of TCPA in an epoxy resin powder used to
encapsulate electronic components in a protective plastic coat
at their place of work. A TCPA-human serum albumin (TCPA-HSA)
conjugate provoked immediate skin prick test responses in all 7
and identified specific IgE antibody (by- RAST) and IgG and IgG4
(by ELISA) [6] in their sera. Comparison of specific IgE and
IgG4 in the sera of these 7 cases with 8 comparably exposed but
non asthmatic individuals and 7 unexposed individuals

demonstrated that specific IgE was present only in those exposed
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and significantly associated with asthma, whereas total specific
IgG was associated with exposure equally present in those with
and without asthma. In another study of two factory populations
exposed to PA respiratory symptoms were more closely associated
with specific IgG4 than with specific IgE [9].

We investigated the specificity of IgE for the epitopes
formed by conjugation of PA, TMA, TCPA and MA with albumin by
comparing the reactivity of sera from cases of asthma caused by
each anhydride with RAST and by RAST inhibition [7]. For those
sensitised to TCPA and TMA the anhydride-HSA conjugate was a
more effective inhibitor of RAST than either the sodium salt of
the anhydride or an anhydride-bovine serum albumin conjugate,
whereas for those sensitised to PA the free hapten was as
effective an inhibitor as the HSA conjugate. HSA conjugates of
anhydrides to which the individual was not sensitised, although
binding to specific IgE in RAST, were weaker inhibitors of RAST
than the sensitising acid anhydride human serum albumin
conjugate. These findings provide strong evidence that the

anhydride is involved in the IgE antibody combining site.

Determinants of the IgE response

The factory population where our original 7 cases of TCPA
induced asthma were employed was studied to determine the
distribution of specific IgE and examine potential determinants
of the immunologicdl response [9]. Specific IgE antibody
binding to TCPA-HSA conjugate was present in 24 of 300 factory
floor workers exposed to TCPA. The major factors associated
with the presence of specific IgE to TCPA-HSA were intensity of
exposure and cigarette smoking. Ten per cent of those working
in the coating areas of the factory had specific IgE as opposed
to 5.4% of those working in other areas. 12.7% (18 of 42)
smokers, as compared with 2.2% (3 of 134) non smokers had
specific IgE, a relative risk for smokers of developing specific
IgE of 5.8. Atopy (defined as one or more immediate skin prick
test responses to common inhalant allergens) did not differ
significantly between those with and without specific IgE, but




Proceedings of EAACI 1990 Meeting 237

interacted wtih cigarette smoking to increase the risk of
specific IgE. There was a trend of prevalence of specific IgE
from atopic smokers (16.1%) to non atopic non smokers (0). The
consistency of these and other similar observations suggests the
association of specific IgE and asthma with smoking may be
causal. This seems likely to be due to local non-specific
damage to the bronchial epithelium caused by inhaled tobacco

smoke.

Outcome of immunological and airway response
The 7 patients with TCPA induced asthma have been followed

up for 4 years from leaving work and avoiding exposure to TCPA
[10]. One of the 7 died one year after leaving work. During
the period of follow up, specific IgE to TCPA-HSA conjugate in
the 6 living patients fell exponentially with t of one year.
Inhalation tests for a maximum duration of 30 minutes with
atmospheric concentrations of up to 0.96 mg/m (in comparison to
the recommended control limit of 12 mg/m ) were associated with
a transient rise in specific IgE showing the serum concentration
of specific IgE to be a sensitive index of exposure. At the end
of the study period showed all 6 continued to have episodic
respiratory symptoms and their airway response to inhaled
histamine was less than 8 mg/ml in 4 of the 5 tested.

Radiolabelled myeloma IgE antibody has a t*% in the
circulation of 2.5 days in normal subjects and of 5.1 days in a
patient with IgE myeloma [11]. The t- of one year of specific
IgE in our patients indicates continuing antibody secretion.

The consistent and parallel declines make it unlikely to be due
to continuing TCPA exposure and it may reflect retained hapten
or autonomous B cell IgE production.

Airway hyper-responsiveness has now been shown to persist
after avoidance of exposure to its cause in a significant .
proportion of those who develop occupational asthma. This seems
particularly to occur where the cause of asthma is a low
molecular weight chemical such as isocyanates [12], colophony
[13] (possibly abietic acid) and Western Red Cedar [14]
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(plicatic acid). We now have similar information for one of the
acid anhydrides. The reason for continuing asthma and airway
hyper-responsiveness is unclear but the problem of persistent
airway hyper-responsiveness in asthma caused by an agent inhaled
at work is an important one whose solution is likely to be
relevant to an understanding of the determinants of airway

hyper-responsiveness in asthma in general.

Conclusions

Acid anhydride induced asthma is to date the most
informative human model of hapten induced asthma. This is
primarily because of the preparation of relevant
anhydride-albumin conjugates has allowed study of the
immunological response to these chemicals in man and the
relationship of the immunological to the airway response. The
reason similar progress has not been made with other low
molecular weight organic chemical causes of asthma such as
isocyanates is unclear but some light may have been shed by a
study comparing the immunogenicity of two B lactams, a clavam,
clavulanic acid, which is not immunogenic, and a carbapanemn,
MM22383, which is immunogenic in experimental animals and a
cause of occupatioal asthma in man. The authors identified 3
characteristics of low molecular weight chemicals relevant to
the development of a specific immunological respons were
identified: (1) reactivity with body proteins (as recognised by
Landsteiner) (2) homogeneity with respect to the chemical hapten
and (3) stability of the conjugate formed [15]. All three are

true of the conjugation of acid anhydrides with body proteins.




Proceedings of EAACI 1990 Meeting 239

References

Durham SR, Graneek BJ, Hawkins R, Newman Taylor AJ. The
temporal relationship to histamine and late asthmatic responses
induced by occupational agents. J Allergy Clin Immunol 1987;
79:398-406.

Venables KM and Newman Taylor AJ. EXposure-response
relationships in asthma caused by tetrachlorophthalic anhydride.
J Allergy Clin Immunol. 1990; 85: 55-58.

Maccia CA, Bernstein EL, Emmett EA, Brooks SM. 1In vitro
demonstration of specific IgE in phthalic anhydride
hypersensitivity. Am Rev Respir Dis 1976; 113: 701-704.

Zeiss CR, Wolkonsky P, Pruzansky JJ, Patterson R: Clinical and
immunological evaluation of trimellitic anhydride workers in
multiple industrial settings. J Allergy Clin Immunol 1982; 70:
15-18.

Forster HW, Venables KM, Nunn AJ, Newman Taylor AJ, Topping MD.

Specific IgG and IgG4 antibody in workers exposed to
tetrachlorophthalic anhydride. Allergy Proceedings. 1988; 9:4.

Nielsen J, Welinder H, Schutz A, Skerfving S. Specific serum
antibodies against phthalic anhydride in occupationally exposed
subjects. J Allergy Clin Immunol 1988; 82: 126-133.

Topping MD, Venables KM, Luczynska CM, Howe W, Newman Taylor AJ.
Specificity of the human IgE response to inhaled acid
anhydrides. J Allergy Clin Immunol 1986; 77: 6; 834-842.




240

Clinical and Experimental Allergy, 1991, Volume 21, Supplement 1

l0.

11.

12.

13.

14.

15.

Venables KM, Topping MD, Howe W, Luczynska CM, Hawkins R, Newman
Taylor AJ. Interaétion of smoking and atopy in producing
specific IgE antibody against a hapten protein conjugate. Br
Med J 1989; 290: 201-204.

Venables KM, Topping MD, Nunn AJ, Howe W, Newman Taylor AJ.
Immunologic and functional consequences of chemical (tetra-
chlorophthalic anhydride)-induced asthma after four years of
avoidance of exposure. J Allergy Clin Immunol 1987; 80:
212-218.

Ogawa M, McIntyre OR, Ishizaka K, Ishizaka T, Terry WD, Waldmann
TA. Biologic properties of IgE myloma proteins. Am J Med 1971;
51: 193-199.

Cockroft DW. Acquired persistent increase in nonspecific
bronchial, reactivity associated with isocyanate exposure.
Annals of Allergy 1982; 48: 93-95,

Burge PS. Occupational asthma in electronics workers caused by
colophony fumes: follow up of affected workers. Thorax 1982;
37: 348-353.

Chan-Yeung M. Fate of occupational asthma. A follow up study
of patients with occupational asthma due to Western Red Cedar
(Thuga Plicata). Am Rev Respir Dis 1977; 116: 1023-9.

Edwards RG, Dewdney JM, Dobrzanski RJ, Lee D. Immunogenicity
and allergenicity studies on two beta-lactam structures, a
clavam, clavulanic acid, and a carbapanem: structure-activity
relationships. Int Arch Allergy Appl Immunol. 1988; 85:
184-189.



This document is a scanned copy of a printed document. No warranty is given about
the accuracy of the copy. Users should refer to the original published version of the
material.





