Clinical and Experimental Allergyl999, Volume 29, pages 280—-283

CORRESPONDENCE

Proteinases and sensitization: house mites and enzyme often clearly marked as to whether or not they are ‘biolo-
detergents gical’ or contain enzymes, sometimes the enzyme content is

The closely reasoned editorial by Robinson, Wan anGonly recorded in small print at the end of the ingredient list.

. . . . .~ It is still possible that in spite of the introduction of
Winton concerning the potential role of proteinases in e
. L o ranulated enzymes, consumer sensitization to these aller-
house mite faeces in initiating sensitization to these an

possibly other allergens [1], was of particular interest to m ens can occur [?,13]._Apart from the clinical importance,
as the issue had already arisen in another context, ailure to recognize this could cause anomalous research

In the investigation of chest illness in the manufacture ofreSUItS' For example, there would not have been clear cut

0 L ; . findings in the investigation of Piacentiet al. if one or
the early ‘biological’ detergents which used proteinases [2] . o .
. . . more of the children was also sensitized to a proteolytic or
it was found that although direct proteolytic effects could

) . onproteolytic enzyme component of detergents, and the
occur, the predominant clinical problem was asthma cause L : . : .
. . edding in the residential house at altitude was washed in an
by sensitization to the enzyme [3,4]. However, this had no

) ; Lo L enzyme-containing product.
precluded a possible proteolytic role in this sensitization. By P)r/oteolytic acti\%t)[/) was not the only potential adjuvant

facilitating access to the tissues of the respiratory trac% . . S
. C . L actor to be considered in the original detergent enzyme
directly, or indirectly such as through inactivation of .

i . L . investigation. Nonenzyme detergent dust was present,
defence mechanisms [5], proteolytic activity might have : :
L o S . —although it had not previously been found to cause more
played a part in initiating sensitization, or even in triggering : .
. . " than slight irritant effects. Case analyses, and the later
allergic responses in those sensitized. The fact that the other

o , indings witha-amylase and papain in factories which did

early reports of sensitization from enzymes were confined tg :
roteases, such as trypsin [6] and papain [7], gave support not handle nonenzyme detergents, had reduced the like-

b ' ' Eﬂmod of a significant sensitization role in a workplace

::r:)?nz?;;?:lty that proteolytic capacity was not necessarllycontext, but there will be residues from them, as from

. } proteolytic and nonproteolytic enzymes, where these have
However, the discovery that-amylase could also cause been used in fabrics laundered with them. Originally, | had
i

sensitization and asthma, and at the clinical level appeare% .
L . ; ought of the theoretical role of nonenzyme detergents as
even more potent in this respect than papain, made it see

likely that enzymes were sensitizers due to being hing ysically rendering respiratory tissues more accessible to

; . - noxious or allergenic substances, but it seems that deter-
molecular weight proteins, whether they were proteolytic

or not [8]. Other nonproteolytic enzymes have since beergents can act as adjuvants in potentiating immunological

shown to be sensitizers [9] and, in the case of amylase, it hd¥ 0cesS€s [14].

been confirmed that minimal exposure can cause sensitiza-
tion and symptoms [10]. Thus, it seems that although
proteolytic capacity might play a facilitating role in causing References
sensitization to en.zymesj it is not essential. In re§pect qfl Robinson C, Wan H, Winton HL. Epithelial repair in asthma.
thF’Se already s¢n5|t|z§d, ithad been found that positive §k|n Do the benefits of house dust mite avoidance result from
prick tests and inhalation challenge tests could be obtained proteinase avoidance? Clin Exp Allergy 1998; 28:530—3.
with enzyme heat treated to destroy proteolytic activity [11]. 2 Flindt MLH. Biological miracles and misadventures: identifi-
The editorial referred to the investigation by Piacentini  cation of sensitization and asthma in enzyme detergent
et al. into the effects of house dust mite allergen avoidance workers. Am J Ind Med 1996; 29:99-110.
on bronchial epithelial shedding in allergic asthmatic chil- 3 Flindt MLH. Pulmonary disease due to inhalation of deriva-
dren [12]. Whatever the interpretation of the results, this tives of Bacillus subtilis containing proteolytic enzyme. Lancet
was interesting and useful work. | noted that they had taken 1969;i:1177-81. _
care to exclude variables such as sensitization to furred pets? Pepys J, Hargreave FE, Longbottom JL, Faux J. Allergic
and avoidance of the pollen season. However, although reacno_ns of the lungs to enzymes of Bacillus subtilis. Lancet
. . 1969; i:1181-4.
there was no indication that their results had been affected

b idered f | submit that i . . .75 Flindt MLH. Variables affecting the outcome of inhalation of
y an unconsidered factor, | submit that in any investigation enzyme dusts. Ann Occup Hyg 1982; 26:647-55.

of domestic allergens, let alone of the role of proteinases,g zyeiman B, Green G, Maycock RL, Hindreth EA. Inhalation
account should be taken of the possible presence of protein- sensitisation to trypsin. J Allergy 1967; 39:11—6.

ases and other enzymes in presoak and other washing Flindt MLH. Respiratory hazards from papain. Lancet 1978;
products used in many homes. Although products are i:430-2.
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8 Flindt MLH. Allergy to a-amylase and papain. Lancet 1979; and the airway lining must be of great significance in the
i:1407-8. ~ process of allergic sensitization yet, despite this, little is

9 Johnsen CR, Sorensen TB, Larsen Al et al. Allergy risk in anknown about the disposition and effects of allergens when
enzyme producing plant. Occup Environ Med 1997; 54:671-54nay impact upon airway epithelium. The careful work

10 Alken TC, Ward R, Peel ET, Hendrick DJ. Occupational \pich implicated industrial enzymes as the cause of occu-
asthma due to porcine pancreatic amylase. Occup Environ _.. | h in th f f ‘bioloical
Med 1977: 54:762—4. pational asthma in the manufacture o bio ogica o!eter-

11 Flindt MLH. Riesgo respiratorio en la produccion de deter-g]er,]ts [4.5] was one faqtor W_h'_Ch fuelled our mterest in the
gentes enzimaticos. Rev Tisiol Neumonologia 1974; 13:115-0tion that the enzymatic activity of house dust mite (HDM)
26. allergens may contribute to the process of allergic sensitiza-

12 Piacentini GL, Vicentini L, Mazzi P et al. Mite-antigen tion by facilitating delivery of foreign proteins to antigen-
avoidance can reduce bronchial epithelial shedding in allergiresenting cells (APCs) [3].

asthmatic children. Clin Exp Allergy 1998; 28:561-7. Any attempt to explain the mechanisms which facilitate
13 Flindt MLH. Biological washing powders as allergens. BMJ allergen presentation must take account of the fact that not
1995; 310:195. all inhaled allergens are enzymes, and not all of the aller-

14 Cambridge GW. Biological effects of proteolytic enzyme yans that are enzymes have peptidase activity. This situation
detergents (eds Gilson JC et al.). Thorax 1976; 31:621-34. g ,nuasts that the interactions between allergens and the
M. L. H. FunpT airway lining that are necessary to facilitate allergen pre-
Lowridding  sentation may be more diverse than the paradigm in which
Cautley epithelial permeability is increased by an exogenous pepti-
Sedbergh LA10 5LU dase interacting with an (as yet) unidentified protein sub-
UK  strate within the airway epithelium [3]. The existence of
multiple pathways of interaction between allergens and lung
epithelium is exemplified by our recent discovery that
focally restricted apoptosis represents a further component
f the cellular response to HDM allergens [6] and also by
he fact Der p 3 and Der p 9 initiate the release of cytokines
from airway epithelial cells [7]. The enigma of how aller-
We were delighted to hear that the interesting paper by Dgens interact with APCs is thus fertile ground for research
Piacentini and colleagues [1] and our accompanying editorelirected towards understanding the basis of allergic disease.
ial [2] had generated further interest in the allergenic nature However, it may not be the case that every allergen has to
of enzymes. have some biological effect upon the airway lining for
Dr Flindt raises an important point about the design ofsensitization to occur. The hypothesis that breakdown of
investigational studies and issues a timely reminder thathe epithelial barrier by peptidase allergens is a key event in
exposure to allergenic materials from unconsidered sourceallergic sensitization creates two corollaries which are
may compromise the interpretation of data. We cannotapable of explaining the occurrence of allergy to multiple
comment on whether Dr Piacentini’'s study consideredallergens in a single individual. Firstly, allergens with
factors such as exposure to enzymes from ‘biological’peptidase activity might facilitate delivery of nonproteolytic
detergents or the adjuvant action of detergents, but inspe@llergens which are encountered at the same time. Secondly,
tion of the published data shows the results, whatever theianyenvironmental factor which perturbs the structure of the
explanation, to be persuasive and certainly meriting furthemirway epithelium might facilitate the transepithelial deliv-
investigation [1]. ery of allergenic proteins. Such environmental factors might
There is now a growing understanding of the efferent arminclude, for example, the presence of concurrent or recent
of allergic responses. However, the afferent components dhfection since microbial products are known to possess
these responses — that is the ways in which inhalegotent activities on mucosal surfaces [8,9]. Many allergens
allergens are able to gain access to the pulmonary immunexist within complex matrices that are comprised of com-
system — have been less extensively investigated anponents which have unknown or poorly characterized bio-
knowledge concerning them is rudimentary [3]. This pau-logical effects. In the case of many allergens encountered in
city of knowledge reflects the difficulties in obtaining the natural environment, these other components may be
allergens in suitable quantity and unambiguous purity forother allergens; in the case of materials encountered occu-
use in such studies. The fundamental question is howpationally, they may be product contaminants or other
foreign macromolecules cross the physical and biochemicahaterials handled within the factory. Under these circum-
barriers which exist to prevent the ingress of antigensstances sensitization should be considered as the net effect
Intuitively, the interactions between potential allergensof all of these interactions and where the outcome may be

Response by Robinson, Wan and Winton

Proteinases/peptidases and sensitization: house mites an
enzyme detergents
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allergy to single or multiple components of the allergen load10 Aiken TC, Ward R, Peel ET, Hendrick DJ. Occupational
in the environment. We thus fully endorse the possibility —asthma due to porcine pancreatic amylase. Occup Environ

suggested by Dr Flindt that adjuvant factors may be impor- Med 1977; 54:762—4. _
tant in allergic sensitization. 11 Flindt MLH. Allergy to a-amylase and papain. Lancet 1979;

- - L 1:1407-8.
Dr Flindt reminds us that sensitization deamylase, and .
dsamy 12 Lake FR, Ward LD, Simpson RJ, Thompson PJ, Stewart GA.

other npnprlt) teolytlc f(r;zl);mels,. can occurr] rer? dily in a: House dust mite derived amylase: allergenicity and physicochem-
occupational setting [10,11]. It is noteworthy that group ical characterization. J Allergy Clin Immunol 1991; 87:1035-42.

allergens of HDM also have amylase activity [12]. To the 13 pesser L, Rehberger A, Paukovits W. Proteolytic enzymes and
best of our knowledge the effects of amylase have not been amylase induce cytokine production in peripheral blood mono-

investigated specifically in the context of the biophysical nuclear cells in vitro. Cancer Biotherapy 1994; 9:253—63.
events which underlie sensitization. However, for the rea14 Rincon M, Anguita J, Nakamura T, Fikrig E, Flavell RA.
sons described above, it should be remembered that the Interleukin (IL) -6 directs the differentiation of IL-4 producing
presence of allergic sensitivity to amylase does not neces- CD4 T cells. J Exp Med 1997; 185:461-9.
sarily mean that exposure to amylase alone was responsible

e N . . . C. RoBinsoN
for facilitating sensitization to this enzyme. Evidence exists H. Wan
to suggest that amylase activity is (like some HDM aller- H. L. WiNTON

gens) able to induce cytokine release (IL-1, IL-6, TF
[13], creating the possibility that the immunogenicity of
amylases may be linked to their having a cascade of effects St George’s Hospital Medical School
on dendritic cell dynamics and the formation of a TH2 Cranmer Terrace
phenotype from nae CDAT cells [14]. Given the potency London SW17 ORE
of amylases as allergens, it would therefore be of consider- UK
able interest to explore the epithelial disposition and effects
of these enzymes as this information may yield some,
valuable clues to the events which facilitate delivery of
allergens to APC.

Department of Pharmacology &
Clinical Pharmacology

esponse by Piacentini and Boner

Airway epithelial damage in asthma: is it all due to allergy?

In his letter Flindt [1] suggests that proteinases contained in
biological detergents can act as adjuvants in potentiating
1 Piacentini GL, Vincentini L, Mazzi P et al. Mite antigen immunological processes.
avoidance can reduce epithelial shedding in allergic asthmatic The issue of a potential role of proteinases in the
children. Clin Exp Allergy 1998; 28:621-34. mechanisms of allergic sensitization and expression of
2 SOthESOE C, }’_\t/a” If—|,hW|ntor:jH|I. Eﬁ'the“a'_drepa” n asltth'f“a' disease appears to be particularly relevant not only in
(o] e benertits O ouse dust mite avoldance resu rom : . . : :
. . ) consideration of the risks connected to biological detergents
proteinase avoidance? Clin Exp Allergy 1998; 28:530-3. 9 9

3 Robinson C, Kalsheker NA, Srinivasan N et al. On the potentialbut also because it has been demonstrated that house dust

significance of the enzymatic activity of mite allergens to mite aIIergen.retalns pr(_)telnase aCt'V'Fy'

immunogenicity. Clues to structure and function revealed by N @ recentissue dtlinical and Experimental Allergwe

molecular characterization. Clin Exp Allergy 1997; 27:10-21. have proposed that proteolytic-mediated damage to adhe-
4 Flindt MLH. Pulmonary disease due to inhalation of deriva- Sive structures could concur, at least in part, to cylindrical

tives of Bacillus subtilis containing proteolytic enzyme. Lancet cell detachment from airway mucosa and therefore cause
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1969; 1:1177-81. epithelial disruption in asthma [2]. This hypothesis has been
5 Pepys J, Longbottom JL, Faux J. Allergic reactions of the lungsdiscussed in an interesting editorial by Robinson, Wan and

6 V\f/irk\]ton Hdea” H, Cannell MB et aIH.CrI]asls SpeCiﬁC"i”hcijt;:tiO,“ proteinase activity of Der p | is of greater significance to
of house dust mite proteinases which cleave cell adhesiony,q, 1 -ocess of allergic sensitization than the frank injury in

induce cell death and which increase the permeability of lung - . . .
epithelium. Br J Pharmacol 1998; 124:1048—59. established disease was stressed. We agree with Robinson

7 King C, Brennan S, Thompson PJ, Stewart GA. Dust miteet,al' [3] that our origin.al article diq nqt prqvide_ direct
proteolytic allergens induce cytokine release from cultured®Vidence of a causally linked reduction in epithelial shed-
airway epithelium. J Immunol 1998; 161:3645-51. ding after mite proteinase avoidance. However, it seems

8 Maeda H, Molla A. Pathogenic potentials of bacterial pro- difficult to also exclude this possibility. In fact, most of the
teases. Clin Chim Acta 1989; 185:357-68. criticisms from Robinsoret al. [3] were not based on

9 Travis J, Potempa J, Maeda H. Are bacterial proteinasegonvincing evidence contrasting with our results. In parti-
pathogenic factors? Trends in Microbiol 1995; 3:405-7. cular, a wide section of the editorial has been dedicated to
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comment on the vision of the role of eosinophils in ourantigen to generate an allergic response and the efficacy of
original study. The small number of eosinophils recoveredhis enzymatic activity could account for the particularly
in the induced sputum has been described as a wealklevant percentage of patients who present sensitization to
criterion to refute the importance of eosinophil involvementmite in early childhood.

in our study, in consideration of a supposed, yet unlikely, The results of our study do not allow us to draw any firm
relationship between the number of cells resident in theconclusions with regard to Dr Flindt's hypothesis. We do
airway submucosa and those recoverable in the sputunmot know what kind of detergent was used in the homes of
However, a good agreement between the number of eosthe children. We know that the laundry in the residential
nophils in sputum, bronchial lavage and biopsies has beehouse is in the basement, far away from the room where the
previously demonstrated [4]. Furthermore, Robingbml.  children used to sleep. We also know from the literature [6]
[3] propose that the activation state may be more relevanthat enzyme-induced allergy is generally limited to factory
than the absolute number of the infiltrating cells. In ourworkers exposed to dust for long periods but we cannot
study the mean percentage of eosinophils in the sputum wasxclude some effect of the residues in the laundered fabrics
about 2% when the children were exposed to mite antigei6].

and 1.5% when they were not exposed. It is difficult to If this effect could be proven, the increased use in
accept that such small changes in the numbers of eosinaetergent should be explored as a possible additional
phils, even in the case of hyperactivated cells, could beause of the increase in atopic disease, which has been
responsible for a significant change in the architecture of thebserved in recent decades.

epithelium. Similarly, it is difficult to accept that proteolytic =~ Taken together, the comments by Robinsoal. [3] and
enzymes contained in such a small number of eosinophilElindt [1] suggest the opportunity to further evaluate the
could be of practical relevance in accounting for noncyto-possible significance of protease activity in allergen
toxic loss of cells from the airway. In fact, despite our presentation and sensitization.

agreement with the authors of the editorial that very little

detail is known about the role of proteolytic enzymes from

eosinophils in asthma, !t is also in this case difficult t0 poferences

accept that the enzymatic content of a very low number of

eosinophils in the airway could be responsible for an evidentl Flindt MLH. Proteinases apd sensitization: house dust mites
cell loss. If this were the case, a complete disruption of _ and enzyme detergents. Clin Exp Allergy 1999; 29:280-1.
airway architecture would be expected when, as very fre_z Piacentini GL, Vicentini L, Mazzi Pet al Mite-antigen

uently happens in asthmatic patients. the eosinophil avoidance can reduce bronchial epithelial shedding in allergic
q y F.)p S . P ! P asthmatic children. Clin Exp Allergy 1998; 28:561-7.
percentage is significantly higher. 3

. . . o o Robinson C, Wan H, Winton HL. Epithelial repair in asthma.
Obviously, the ‘conventional’ view that a diminution in Do the benefits of house dust mite avoidance result from

the frequency and intensity of IgE-dependent reactions has proteinases avoidance? Clin Exp Allergy 1998; 28:530—3.
played a pivotal role in the outcome of our study is fully 4 Maestrelli P, Saetta M, Di Stefano &t al. Comparison of
accepted by us. However, in agreement with Robiretat leukocyte counts in sputum, bronchial biopsies, and bronchial
[3,5], we are still tempted to consider that prolonged lavage. Am J Respir Crit Care Med 1995; 152:26—-31.
exposure to high concentrations of Der p | may result in 5 Robinson C, Kalsheker NA, Srinivasan Nt al On the
frank injury of airway lining and to perpetuate IgE-mediated potential _significance_o_f the enzymatic activity of mite allgr-
inflammatory events. In our opinion, from the data presently ~9€ns to immunogenicity. Clues to structure and function
available in the literature it is not possible to form conclu- rl‘zgeﬁ'z:. 1b8' ;nlolecular characterization. Clin Exp Allergy
sions about the relevance of a direct effect of mite protei- 6 Zettersirc I o )

. . . . .. . . etterstrom O, Wide L. Biological effects of proteolytic
nases on airway eplthgl|al shedding. This issue v_v|II require ~ o,vme detergents. Thorax 1976; 31:621—34.
further studies evaluating the eventual relationship between

epithelial shedding and level of exposure to mite allergens G. L. PAceENTINI
in nonallergic subjects. A. L. BonER
We fully agree with the authors of the editorial [3] about Clinica Paediatrica
the interest of the enzymatic activity of mite antigen in the Policlinico Borgo Roma
process of allergic sensitization. The proteolytic activity 134 Verona
could be one of the factors influencing the capability of mite Italy
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