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Review article

Antiallergic drugs and the immune response

Interactions and possible clinical relevance
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Since the pharmacological treatment of allergic diseases is used in patients with alteration
of the immune response due to atopy and possible concomitant infections, we have
investigated the possible effects of such drugs as cromolyn, theophylline, ketotifen,
oxatomide, astemizole, fenoterol, pirenzepine, and rosaprostol on the in vitro immune
response, in order to obtain experimental data and, as a consequence, clinical con-
clusions. In a series of investigations by our group and other authors the following
immunological parameters have been considered: T cell activation induced by different
pathways (i.e. autologous stimulation, PHA, anti-CD3, -CD2 and -CD28 monoclonal
antibodies), and lymphokine production (i.e. IL-1, IL-2 and gamma-IFN). For a more
detailed experimental model the experiments have been performed both in bulk culture
and by using T cell clones derived from the peripheral blood. The results show cromolyn
to have an enhancing effect, theophylline and ketotifen a suppressing effect, whereas the
remainder show no effect on the immune response. These data are considered and
discussed from the aspect of their possible clinical relevance and also in light of the in vivo
data previously reported.
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The pharmacological treatment of respiratory
and alimentary allergic diseases comprises
drugs, such as cromolyn, theophylline, B, mime-
tics, glucocorticosteroids, antihistamines (both
anti-H, and anti-H, receptors), but also cytopro-
tective compounds, as recently described (5).

These drugs are employed in patients with
alteration of the immune response due to
atopy (2, 3) and possible concomitant infec-
tions. However, since previous studies have
shown interaction between glucocorticoste-
roids, theophylline, ketotifen, or adrenergic
agents and the immune system (1, 9, 11, 12,
24, 26, 27, 32), we considered it useful to
investigate the possible effects of other com-
pounds employed in these disorders in order to
obtain additional experimental data concerning
these same drugs and, consequently, their
proper clinical use.

We recently demonstrated that cromolyn (4),

ketotifen (6) and theophylline (10, 32), com-
monly used in the treatment of allergic syn-
dromes, can interfere with the in vitro immune
response, whereas oxatomide (7), fenoterol (8)
and astemizole (manuscript in preparation) do
not. In addition, we have studied two drugs
with cytoprotective activity i.e. pirenzepine
(anti-M1 receptor antagonist) and rosaprostol
(prostaglandin analogue), because they have
been demonstrated useful in the treatment of
food allergy patients (5). Interestingly, piren-
zepine does not influence the number and dis-
tribution of gastroduodenal mast cells, a cellular
population highly represented in the digestive
tract in normal conditions (16). On the other
hand, since it is well known that in this syn-
drome prostaglandins suppress the immune
response (13), we also studied a prostaglandin
analogue (rosaprostol).

In the present review the effects of these
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Table 1

T cell proliferation and lymphokine production

T cell proliferation

Lymphokine production

Drugs PHA CD3 CD2 CD28 AMLR 1L-2 IFN-y
Cromolyn +56 ** +39 *** +38 *** +54 ** +200 ** -28 * -15
Ketotifen +18 n.d. n.d. n.d. ~29 *** n.d. n.d.
Oxatomide -3 -2 -1 n.d. n.d. +13 -2
Astemizole +5 -9 -7 ~-16 n.d. -5 +5
Theophylline ~42 *x* -48 *** +7 n.d. n.d. -10 -13
Fenoterol +4 ~2 -1 ~-12 n.d. n.d. n.d.
Pirenzepine +25 n.d. n.d. n.d. ~15 -9 -7
Rosaprostol +15 -5 +32 +5 n.d. =5 +6

T cell proliferation data are reported as percentage (+ 0-) of proliferation vs. proliferation without the drug.

Student’s t test: *** P < 0.001, ** P < 0.05, * P < 0.01.

Lymphokine production: data reported as described above.

drugs on the immune response will be reported
in detail and the possible clinical perspectives
considered.

The approach consisted in
investigating the possible effects of the above-
mentioned compounds on T cell proliferation,
lymphokine production and T cell clones. We
investigated T cell proliferation because T cells

experimental

play a crucial role in the regulation of the
immune response network (i.e. T cell subsets
with regulatory helper or suppressor functions
and lymphokine production) and also because
our group has long been primarily involved in
this specific line of research.

We studied the different activation pathways
in T" cell proliferation, using both anti-CD3
monoclonal antibody (MAb) and phytohemag-
glutinin (PHA). The former acts through the
complex CD3/Ti (T cell receptor, i.e. the spe-
cific receptor which recognizes the antigen) and
the latter is shown to be effective mainly
through a membrane responsive structure
whose nature is still unknown, although in spe-
cial culture conditions (i.e. under limiting dilu-
tion or micromanipulation) this mitogen is
capable of inducing proliferation of virtually
100% of T cells (20).

We also studied another pathway of T lympho-
cyte activation, i.e. through the CD2 molecule
complex (17). This membrane structure is also
well known as the sheep erythrocyte receptor,
which was the first T cell surface marker. This

activation pathway differs from the CD3/Ti com-

plex as far as the second messenger is concerned,
as recently described (21).

Finally, we employed another MAb (CD28)
acting through a different pathway (21).

We further studied the effect of these drugs in
the autologous mixed lymphocyte reaction
(AMLR), whose functional responsive structure
1s related to the 1a-AGP (alpha-1-acid glycopro-
tein or orosomucoid) (10), a protein which is
highly increased in the first phase of inflamma-
tion, and thus, in the present context, thought
to be involved in the phenomenon of immu-
nophlogosis, relevant in allergy and adverse
reactions to foods.

The lymphokine production induced by PHA
(interleukin-2 (IL-2) and interferon (IFN)) and
y LPS (interleukin-1 (IL-1)) was also evaluated.

As in bulk cultures we had observed that T
cell response was modified by certain com-
pounds, we also studied the effect of these drugs
on DNA synthesis of T cell clones, derived from
the peripheral blood of normal subjects, stimu-
lated with PHA or anti-CD3 MAb.

Experimental evidence

Our experimental procedures will not be de-
scribed in this review as they have been pre-
viously reported (3, 4, 6, 7, 32).

The effect of cromolyn on the in vitro immune
response was a significant increase in T cell
proliferation. This was observed when cro-
molyn was added to T cells, stimulated by
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PHA, anti-CD3, -CD2 and -CD28 MAbs and
by AMLR. Cromolyn did not influence IL-1,
IL-2 and IFNy production, but enhanced IL-2
receptor expression. At the clonal level cro-
“molyn had no effect on IL-2 production, possi-
bly due to overconsumption by T cells.

Theophylline significantly decreases both PHA-
and anti-CD3- induced PMNC proliferation,
whereas IL-2, IFNy- production and IL-1 pro-
duction is not influenced by this compound. On
the other hand, theophylline also shows an
inhibitory effect on both the proliferation of T
cell clones and their IL-2 production.

The data obtained with theophylline clearly
show the importance of studying the in vitro effects
in detail. A study of T cell clones compared with
bulk cultures gives another experimental perspec-
tive. In bulk culture the coexistence of several
different immunocompetent and functional cellu-
lar populations might influence the result con-
cerning a single cytokine. In fact, a cytokine
regularly produced by the competent cellular pop-
ulation could be utilized by the natural cellular
target of this same cytokine. In other words, if we
detect in supernatants of a bulk culture a reduced
level of a certain soluble factor, we cannot affirm
whether the reduction is due to decreased produc-
tion or to enhanced uptake. Including a study of T
cell clones in the experimental design provides
valuable additional information.

Ketotifen does not affect PHA-induced PMNC
proliferation, but decreases AMLR.

Oxatomide,

astemizole, pirenzepine,

and fenoterol can be defined as “inert” molecules

rosaprostrol

regarding the in wvitro effect on the immune
response.

Conclusion

For many years now there have been few inves-
tigations of the possible effects of anti-allergic
drugs on the immune system. In general, when
a drug is used over a longer period and not
specifically for an immunological disorder, its
eventual side effects, “additional”
effects, on the immune response have remained
uninvestigated. We therefore consider this line
of immunopharmacological research of great

or e¢€ven

importance for possible clinical relevance.

We consider that a detailed study should be

made of the possible influence of phar-
macologic anti-allergic compounds on the
vitro immune response. An understanding of
the functional mechanisms involved might
contribute to a more appropriate clinical use
of these drugs.

A clear demonstration of this theory (both in
vitro and in vivo 1s supported by studies con-
cerning the calcium-blocker drugs e.g. nifedi-
pine and verapamil) (22, 23, Morgano et al.
submitted), theophylline (1, 32), ranitidine (9,
28) glucocorticosteroids (14, 33) and adrenergic
agents (15, 24, 25, 36) on the immune system.
Since these pharmacological compounds sup-
press the immune response (even in vivo), these
drugs should be used with caution in patients
with infections or with disorders of the immune
response.

We are well aware that the in vivo studies are
still largely unsatisfactory, nevertheless we
believe that the in vitro evidence reported by us
and others might provide the rationale for fur-
ther in vivo and clinical investigations.

In this review we have reported our data
regarding the effects on in vitro immunological
parameters by: cromolyn, theophylline, keto-
tifen, oxatomide, astemizole, fenoterol, rosa-
prostol and pirenzepine. We observed an in vitro
enhancing effect of cromolyn, an inhibitory
effect of theophylline and ketotifen and an
absence of effects with oxatomide, astemizole,
fenoterol, rosaprostol and pirenzepine.
that the

rationales of our experimental studies have a

We would emphasize scientific
sound basis since: 1) IFNy stimulates produc-
tion of the secretory component of IgA (18, 29),
2) IL-2 and IFNy promote B lymphocyte
growth and differentiation (19), 3) intestinal
lymphocytes are hyporesponsive to mitogenic
stimuli (19), and 4) IFNy synthesis is sup-
pressed in allergic patients (31).

A more clinical consideration is that theo-
phylline and ketotifen should be used with care
in patients with infections. In addition, since
the efficiency of the immune system decreases
with age, it is clinically relevant to carefully
evaluate the use of these compounds in older
patients.
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Our studies have further shown the theo-
phylline inhibition of the immune response to
be dose dependent, and more sophisticated
experiments indicate that the “once a day”
administration of theophylline (35), should be
warmly advocated (12, 32).

Although it is premature to derive any clini-
cal conclusions from this experimental evi-
dence, we can speculate that cromolyn might
play a synergistic role, cooperating with mu-
cosal associated lymphoid tissue during specific
immunotherapy in respiratory allergy or disor-
ders related to food allergy (4). Our experimen-
tal data and speculations prompted us to con-
sider the clinical importance of cromolyn. The
drug, which is already known as an effective
anti-allergic drug without side effects, is further
revealed to potentiate the immune response. In
our opinion this should be a further reason for
considering this compound as first choice drug
in the treatment of allergic disorders.

Further studies are already in progress in our
laboratory: to verify these hypotheses and to
confirm the detailed mechanisms of action of
various drugs, particularly in allergy.

ACKNOWLEDGEMENTS

This work has been partially supported by CNR: PF Medi-
cina Riabilitativa, SP2 Meccanismi Invecchiamento, Grant
No. 85.00485.56 and PF Oncologia, SP9 Grant No.
85.0206944 to G. W. Canonica.

REFERENCES

l. Boner, A. L., Velo, G. P., Piacentini, G. L. & Pe-
roni, D. G.: Theophylline-induced inhibition of pulmo-
nary defence. Ann. Allergy 60, 83, 1988.

2. Canonica, G. W., Mingari, M. C., Melioli, G., Colom-
batti, M & Moretta, L.: Imbalance of T cell subpopula-
tions in patients with atopic diseases and effect of specific
immunotherapy. ] Immunol. 7123, 2669-2672, 1979.

3. Canonica, G. W, Dirienzo, W., Cosulich, E., Fer-
rini, S., Ciprandi, G. & Melioli, G.: Abnormalities of
circulating T cell subsets in atopy: influence of specific
immunotherapy. Int. Arch. Allergy Appl. Immunol. 77,
300-305, 1983.

4. Canonica, G. W., Ciprandi, G., Bagnasco, M. & Scor-
damaglia, A.: Oral cromolyn in food allergy: in vivo
and in vitro effects. Clin. Immunol. Immunopathol. 47,
154-158, 1986.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

. Ciprandi, G.,

. Canonica, G. W., Ciprandi, G., Scordamaglia, S., et

al.: Cytoprotective drugs: a new perspective in the treat-
ment of adverse reactions to foods. Ann Allergy 60,
541-545, 1988.

. Ciprandi, G., Scordamaglia, A, Ruffoni, S., Pizzorno,

G & Canonica, G. W.: Ketotifen and treatment of

adverse reactions to foods: clinical and immunological
effects. Curr. Med. Res. Opin. /0, 346-349, 1986.

. Ciprandi, G., Cipro, G., Paolieri, F., Venuti, D & Cano-

nica, G. W.: Oxatomide does not influence the immune
response: a further support to its employment, in allergic
disorders. Int. J. Immunotherapy 4, 463-466, 1988.

Cipro, G., Venuti, D.,
Scordamaglia, A. & Canonica, G. W.: Fenoterol un-

Paolieri, F.,

affects the in vitro immune response. Int. J. Immu-
nopharmacology. 1988 (in press).

. Dammacco, F. & Miescher, P. A.: Immunodepressive

agents. In Chedid, L., Madden, J. W., Spreafico, F.,
Dukor, P. & Willoughby, D. (eds.): Advances in immu-
nopharmacology. Pergamon Press, New York, 1986.
Dirienzo, W., Stefanini, G. F., Singh, V., Pauling,
E. E., Canonica, G. W. & Fudenberg, H. H.: Does
normal lymphocyte DNA synthesis in response to PHA
exclude cell-mediated immunodepression? Clin. Immu-
nol. Immunopathol. 47, 224-229, 1986.

Fauci, A. S.: Mechanism of corticosteroid action on
lymphocyte subpopulations II. Differential effects of in
vivo hydrocortisone, prednisone and dexametasone on
n vitro expression of lymphocyte function. Clin. Exp.
Immunol. 24, 54-61, 1976.

Ghio, R., Scordamaglia, A., D’Elia, P., et al.: Inhibi-
tion of the colony forming capacity of human T lympho-
cytes exerted by theophylline. Int. J. Immunopharmacol
1988 (in press).

Goodwin, J. S. & Webb, D. R.: Regulation of the
immune response by prostaglandins. Clin. Immunol.
Immunopathol. 75, 106-131, 1980.

Indiveri, F. & Scudeletti, M. : Immunologiceffects induced
by deflazacort and prednisone administration. In Avioli,
L. V., Gennari, C. & Imbimbo, B. (eds.): Glucocorticoid
effects and their biological consequences: advances in
glucocorticoid therapy. Excerpta Medica. Amsterdam,
1986.

Johnson, D. L., Ashmore, R. C. & Gordon, M. A.:
Effects of B-adrenergic agents on the murine lympho-
cyte response to mitogen stimulation. J. Immunophar-
macol 3, 205-219, 1981.

Metcalf, D. D.: Mast cell mediators with emphasis on
intestinal mast cells. Ann. Allergy 53, 563-569, 1984,
Meuer, C., Hussey, R. E., Fabbi, M., et al.: An alter-
native pathway of T cell activation: a functional role for
the 50 KD T11 sheep erythrocyte receptor protein. Cell
36, 897-902, 1984.

Mingari, M. C., Gerosa, F., Carra, G., et al.: Human
interleukin-2 promotes proliferation of activated B cells
via surface receptors similar to those of activated T cell.
Nature 372, 641-643, 19894.

Misiewicz, J. J, Pounder, E. R. & Venables, C. W.:
Diseases of the gut and pancreas. Blackwell Scientific,
Oxford, 1987.



20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

ANTIALLERGIC

Moretta, A., Pantaleo, G., Moretta, L.., Cerottini,
J. C. & Mingari, M. C.: Direct demonstration of the
clonogenic potential for every human peripheral blood
T cell. Clonal analysis of HLA-Dr expression and
cytolytic activity. J. Exp. Med. 157, 743-748, 1983.
Moretta, A., Poggi, A., Olive, D., et al.: Selection and
characterization of T cell variants lacking molecules
involved in T cell activation (T3, T cell receptor, T44
and T11). Analysis of the functional relationship among
different pathways of activation. P.N.A.S. 84, 1654~
1658, 1987.

Morgano, A., Barabino, A., Lotti, G. & Indiveri, F.:
Effetti in vivo dei calcio-antagonisti su alcune funzioni
linfocitarie. IX Nat. Congr. Soc. It. Immunol. Immu-
nopatol. Bologna 1986.

Nel, A. E., Dirienzo, W., Stefanini, G. F., et al.: Inhi-
bition of T3 mediated T cell proliferation by Ca2+/
phospholipid - dependent kinase. Scand. J. Immunol.
24, 283-287, 1986.

Paegelow, 1. & Werner, H.: Studies on the lymphocyte
migration induced by orciprenaline using the Boyden-
Technique. Allerg Immunol 32, 233-241, 1986.
Paegelow, I. & Werner, H.: Influence of adrenergic
agonists and antagonists on lymphokine secretion in
vitro. Int. J. Immunipharmacol. 9, 761-768, 1987.
Pavoni, D., Secchi, A., Crosti, F., et al. Rapporto tra
livelli ematici di glucosio ed insulina ed attivita sop-
pressiva teofillina indotta in pazienti IDDM. Abstract
IX Congresso Soc. Italiana Immunologia Immu-
nopatologia, Bologna 1986.

Podleski, W. K., Panaszek, B. A., Shmidt, J. L. &
Burns, R. B.: Inhibition of eosinophils degranulation
by ketotifen in a patient with milk allergy, manifested as
bronchial asthma. An electron microscopic
Agents Actions /5, 177-181, 1984.

Poggi, A., Sciallero, S. & Indiveri, F.: In vitro effects
of ranitidine on human lymphocyte function. Int. J.
Immunopharmacol. 7 (A), 369, 1985.

Ricei, M., Del Prete, G. F., Maggi, E. & Romagnani,
S.: New trends on the pathogenetic aspect of allergic
bronchial asthma. Respiration 50, 103-109, 1986.

study.

30.

31.

32.

33.

34.

35.

36.

DRUGS AND IMMUNE RESPONSE 5

Romagnani, S., Giudizi, M. G., Biagiotti, R., et al.: B
cell growth factor activity of interferon. Recombinant
human interferon promotes proliferation of anti-acti-
vated human B lymphocytes. J. Immunol. 136, 3153~
3516, 1986.

Romagnani, S., Del Prete, G. F., Maggi, E., et al.:
Possibile ruolo di alterazioni della produzione di inter-
leuchina nella patogenesi delle malattie atopiche. Atti
XVIII Congr. Soc. Italiana Allergologia. Immunol.
Clin. Firenze. 1987.

Scordamaglia, A., Ciprandi, G., Ruffoni, S., et al.:
Theophylline and the immune system in vitro and in
vivo effects. Clin. Immunol. Immunopathol. 48, 238-
246, 1988.

Scudeletti, M., Piccardo, C., Piovano, P. L., Imbim-
bo, B. & Indiveri, F.: Effects of a new heterocyclic
glucocorticoid, deflazacort (DFC), on the functions of
lymphocytes from patients with rheumathoid arthritis
(RA). Int. J. Immunopharmacol. 9, 133-139, 1987.
Sollid, L. M., Kvale, D., Markus-
sen, G. & Thorsby, E.: Interferon- enhances expression

Brandtzaeg, P.,

of secretory component, the epithelial receptor for poly-
meric immunoglobulins. J. Immunol. 734, 4303-4306,
1987.

Weinberger, M.: Clinical and pharmacokinetic con-
cerns of 24-hour dosing with theophylline. Ann. Allergy
56, 2-8, 1986.

Williams, W. R. & Davies, B. H.: Modulation of lym-
phocyte  adrenergic receptors and transformation
responses by therapeutic drugs. J. Clin. Lab. Immun.

13, 29-34, 1984.

Address:

G.

W. Canonica

Allergy Center

I.S.M.I.

University of Genoa
Viale Benedetto XV, n.6
16132 Genova

Italy



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.



