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With the increased use of “immunosuppressive” agents in severe asthma and the increasing
use of cyclosporine in other conditions of possible immune pathogenesis, the following pro-
vocative article should interest many of our readers.

Is there a role for cyclosporine in asthma?

Eduardo Calderon, MD, Richard F. Lockey, MD, Samuel C. Bukantz, MD,
Ronald G. Coffey, PhD, and Dennis K. Ledford, MD Tampa, Fla.

Airway inflammation is a characteristic feature of
asthma. After contact with a specific allergen on the
surface of bronchial airway mast cells, IgE-dependent
degranulation induces the early phase bronchial re-
sponse, consisting of smooth muscle contraction and
increased vascular permeability. The inflammatory
LPR that begins 4 to 8 hours after the early phase is
characterized by inflammatory cellular infiltrates in
the bronchial mucosa and submucosa. The cells pres-
ent in the bronchial airway wall and lumen, including
mast cells, basophils, eosinophils, neutrophils, plate-
lets, T- and B-lymphocytes, macrophages, and epi-
thelial cells, are all involved in the pathogenesis of
the inflammation in asthma. Although none of the cells
can be identified as the primary effector cell, lym-
phocytes appear to have a critical role because of their
immunoregulatory functions.

Systemic glucocorticoids remain the cornerstone of
the treatment of severe asthma in patients refractory
to bronchodilator therapy. Their long-term use sys-
temically, however, is associated with substantial and
often irreversible adverse side effects. The favorable
experience with nonsteroidal anti-inflammatory ther-
apy of dermatologic and rheumatologic diseases has
prompted studies of drugs in the treatment of severe
asthma. Anti-inflammatory agents studied for their
steroid-sparing capability include methotrexate, gold,
nedocromil, colchicine, dapsone, hydroxychloro-
quine, and azathioprine, among other drugs. Only
methotrexate, gold, and nedocromil have proven to
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Abbreviations used
CsA: Cyclosporine
I.: Interleukin
IL-2R: Interleukin-2 receptor
PG: Prostaglandin
FO: Fish oil
LT: Leukotriene
mRNA: Messenger ribonucleic acid
PAF: Platelet-activating factor
GM-GSF:  Granulocyte-macrophage colony-stim-
ulating factor
INF: Interferon
TNF: Tumor necrosis factor
LPR: Late-phase reaction

have some effectiveness in randomized, double-blind,
placebo-controlled studies.'

CsA, as discussed below, affects inflammatory cells
and their mediators. Its effects appear to exceed those
effects induced by other anti-inflammatory agents and
suggest its probable usefulness in the management of
severe steroid-dependent asthma. Méchanisms of the
action of CsA have been reviewed with that objective
in mind.

CsA

CsA is a cyclic undecapeptide metabolite extracted from
the fungus, Tolypocladium inflatum. CsA, available as
Sandimmune (Sandoz Pharmaceuticals, East Hanover,
N.J.), is used to prevent and treat organ allograft rejection
and a variety of inflammatory and autoimmune diseases.
The actions of CsA on cells and their mediators involved
in bronchial airway inflammation indicate the rationale of
its use in the management of bronchial asthma.

Mechanisms of action of CsA

The precise mechanism of action of CsA is not defined,
but studies with 'ymphocytes and thymocytes have revealed
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FIG. 1. CsA blocks IL-1 and prolactin (PRL) receptors and also blocks cytosolic (cyclophilin,
calmodulin, and T cell-specific transcription factor [TCSTFs/) and nuclear {nuclear factor of
activated T cells /NF-ATJ, activator protein 3 [AP-3/, and nuclear factor-xB /NF-«B]} lymphocytic

proteins after diffusing through cell membrane.

that (Fig. 1) (1) CsA diffuses readily and completely into
the cell, although there is no specific CsA membrane re-
ceptor.’ Of the cytoplasmic proteins that bind to CsA with
varying affinity, the best characterized is cyclophilin, which
is an immunophilin with protein kinase activity that may
catalyze gene activation of T cells.®” CsA could block this
activation by directly inhibiting the protein kinase activity
of cyclophilin. Cyclophilin has identical enzymatic activity
to peptidyl prolyl cis-trans isomerase, the latter of which is
essential for refolding of proteins.® * Calmodulin, another
cytosolic protein that activates exocytosis, binds CsA with
less affinity than cyclophilin and regulates other kinases,
cyclic nucleotides, and phospholipase A,.** T cell-specific
transcription factors are additional cytoplasmic CsA-binding
proteins. (2) CsA binds to nuclear regulatory proteins, such
as nuclear factor of activated T cells, activator protein 3,
and, to a lesser extent, nuclear factor-B. These regulatory
proteins are important in the transcriptional activation of the
genes for IL-1, IL-2, IL-6, TNF-a and B, IFN-B, and for
the IL-2R." "2 CsA also inhibits the synthesis of mRNAs
for other lymphokine genes, such as IL-3 and IFN-y."*"
Other cytokines, such as IL-4, IL-5, colony-stimulating fac-
tor, and GM-CSF are also decreased by CsA.*" (3)
The receptors for IL-1 and prolactin can be blocked by
CsA." 2 Therefore, CsA inhibits the synthesis of a whole
cascade of lymphokines and has various sites of action for
its anti-inflammatory properties.

Pharmacokinetics of CsA

CsA is available for oral, topical, intralesional, and in-
travenous use but is not administered intramuscularly be-
cause of unpredictable absorption by this route.” Approx-
imately 40% of an oral dose is absorbed; of that dose, 30%
is bioavailable.”” CsA is metabolized by the hepatic cyto-
chrome P-450 system and is eliminated primarily via biliary
excretion with a significant enterohepatic circulation.”

Drugs that are also nephrotoxic, for example, amphotericin
B (Lyphomed, Inc., Rosemont, Ill.) and the aminoglyco-
sides, among others, should be avoided.”* CsA, >7.5
mg/kg/day, is considered a high dose; 5 to 7.5
mg/kg/day, a medium dose; and <5 mg/kg/day, a low
dose.™

CsA has a variable absorption and elimination rate and
anarrow concentration range for safe and effective therapy.*
Optimal doses to achieve maximal anti-inflammatory and
minimal side effects require a maintenance level in whole
blood of between 80 and 150 ng/ml that can be determined
by high-performance liquid chromatography.””*

Side effects of CsA

Acute nephrotoxicity, the most common and serious side
effect of CsA, can occur rapidly, is dose-related, and is
reversible. Chronic CsA-related nephrotoxicity is irrevers-
ible but is infrequent with lower-dose regimens.* Other side
effects include hypertension, mild hepatotoxicity (transient
hyperbilirubinemia and transient elevated transaminases),
gastrointestinal disturbances (anorexia, nausea, and vom-
iting), neurologic problems (muscular weakness, tremor,
paresthesias, and seizures), hypertrichosis, gingival hyper-
plasia, and normochromic anemia.*-** The risk of infection
and neoplasms is also low.? *

Nephrotoxicity can be avoided by (1) initially adminis-
tering CsA at a low dose not to exceed 5 mg/kg/day, (2)
maintaining serum creatinine at no more than 150% of the
baseline level, (3) increasing the dose gradually, as toler-
ated, (4) maintaining CsA levels <150 ng/ml in blood
(high-performance li¢"id chromatography), (5) not admin-
istering CsA to individuals with preexisting kidney disease,
and (6) obtaining a renal biopsy specimen after long-term
therapy.” The concurrent use of omega-3 (n — 3) fatty
acid-rich FO has been proposed to prevent the nephrotox-
icity.® CsA selectively increases intrarenal vasoconstrictor
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thromboxane A, synthesis and reduces synthesis of the va-
sodilator PGE, and PGE,. FO maintains balanced production
of renal vasodilating and vasoconstricting prostanoids. Stud-
ies with FO, 6 gm/day, with low-dose CsA in 13 patients
with psoriasis and in a group of transplant recipients,
confirmed that FO attenuates CsA-associated renal dys-
function.™ *

Clinical uses of CsA as an
anti-inflammatory drug

CsA has been well tolerated at low dose and had signif-
icant anti-inflammatory effects in randomized, double-
blind, placebo-controlled trials in rheumatoid arthritis, pso-
riasis, atopic dermatitis, oral lichen planus, nephrotic syn-
drome. and primary biliary cirrhosis.”” % °** A therapeutic
response was also observed in open, uncontrolled
studies of systemic lupus erythematosus, Sjogren’s syn-
drome, dermatomyositis, myasthenia gravis, vernal kera-
toconjunctivitis, uveitis, Behget’s syndrome, and ulcerative
colitis.***

ACTIONS OF CsA ON CELLS AND
MEDIATORS INVOLVED IN THE
INFLAMMATION OF ASTHMA

Mast cells and basophils

CsA inhibited, in vitro, in a dose-dependent fashion, the
release of histamine and PGD, from human lung mast cells
induced by anti-IgE.** At lower concentrations, 3 X 10°°
pg/ml. CsA inhibited IgE-mediated and non-IgE—mediated
release of LTC, by human lung mast cells.” In addition,
CsA. in vitro, induced a dose-dependent inhibition of IgE
receptor-mediated serotonin release from rat basophilic leu-
kemia cells as well as histamine and LTC, release from
human basophils.™ ' Thus, CsA, at low concentrations, is
an effective inhibitor of the release of the proinflammatory
and vasoactive mediators from mast cells and basophils.

These laboratory observations have been confirmed in
clinical studies of 21 children with severe vernal kerato-
conjunctivitis who had been refractory to treatment with
topical systemic glucocorticoids and cromolyn sodium.
Treatment with 2% CsA eye drops inhibited local mast cell
degranulation and mediator release with considerable clin-
ical improvement.*

Lymphocytes

CsA most likely affects lymphocytes by suppressing lym-
phokine production. This likelihood has been observed both
in vivo and in vitro.”> CsA suppressed the production of
IL-2, IL-4. IL-5, and other lymphokine mRNA transcripts.
Two hours of preincubation with CsA inhibited the con-
canavalin A-, lectin-, and phorbol myristate acetate—in-
duced synthesis of IL-4 mRNA in a T cell line.'"* CsA
inhibited, in a dose-dependent manner, the early events of
IgE isotype selection induced by IL4-stimulated human
B-lymphocytes from atopic individuals but did not inhibit
the ongoing and IL-4-independent IgE synthesis by the
same cells.™ The spontaneous and the IL-4-induced IgE
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synthesis by human mononuclear cells alse can be sup-
pressed by CsA, 1 pg/ml.” The primary mechanism for
the enhanced IgE production is through the IL.-4-mediated
increase in numbers of IgE secretory B-lymphocytes. UsA
not only inhibits IgE production but also decreases the num-
bers of IgE-secreting B cells.

A clinical study that supports an immunomodulatory ef-
fect of CsA, 3 mg/kg/day, for 15 days on Ivmphocytes.
was performed in seven adult patients with severe psoriasis.
The results demonstrated a significant decrease in the total
number of T cells with a more pronounced reduction of CD4
cells. Clinical improvement occurred concomitantly. sug-
gesting that the therapeutic effects of CsA on psoriasis were
due to inhibition of CD4 cells.™

CsA, 25 mg/kg/day for S days, prevented the endotoxin-
induced impairment of (3;-adrenergic—receptor ivmphocvtes
in guinea pigs.”

Eosinophils

Blood. tissue, and bone marrow eosinophitia are sup-
pressed by CsA in a time and dose-dependent fashion. Cy-
clophosphamide-induced eosinophilia in rats was not inhib-
ited on days 14 and 21 by CsA, 10 or 25 mg/kg/day for
21 days, but bone marrow eosinophilia was depressed sig-
nificantly on day 21.”* The lymphoid tissue and liver ¢o-
sinophil infiltrates were more effectively reduced on days
14 and 21 by the higher dose. )

Accessory cells

The effect of CsA, 1 pg/ml, on the antigen-presentation
capacity has been studied in two human monocyte subpop-
ulations. The monocyte subpopulation that is mest effective
in presenting antigens was relatively more sensitive to CsA
than the subpopulation that induces immunosuppression.™

Macrophages have receptors specific for UsA,* and
1 pg/ml interferes with the monocyte/ macrophage function
of antigen presentation to T-lymphocytes. CsA inhibits this
initial step of the specific immune response by interference
with the presentation of processed antigen by accessory cells
to specific T cells and by reduced production of 1L-1 by
monocytes and macrophages. Before T cell recognition,
antigen is processed by accessory cells. Subsequently, the
processed antigen is complexed with the major histocom-
patibility complex and displayed on the extracellular mem-
brane surtace. Specific T cell responses cannot vccur with-
out the recognition of processed antigen in the coutext of
major histocompatibility.®

The in vitro synthesis and release of IL-1 by macrophages
and dendritic cells are decreased by CsA at concentrations
of 30 pg/ml.** CsA also inhibits the induction of macro-
phage membrane IL-1 expression.” Thus, both the initial
antigen recognition and subsequent T cell-accessory cell
interaction are inhibited by CsA. The effects of CsA. at low
concentrations, are specific for the inductive interaction of
accessory cells and T-lymphocytes. Other accessory-cell
effector functions of the immune response. such as antigen
uptake, are normal.

Production of superoxide anions is a mechanism by which
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mononuclear cells eliminate invading microbes or tumor
cells and contributes to the inflammatory response. CsA,
1 pg/ml, inhibits the respiratory burst and generation of
superoxide in mouse peritoneal macrophages, as demon-
strated by a decrease in phorbol myristate acetate—stimu-
lated superoxide and H,0O, production.®

Neutrophils

In a study of seven patients with psoriasis, the migration
of neutrophils through the dermal capillaries was inhibited
by CsA, 3 mg/kg/day, administered for 3 to 4 weeks.”
The decline in neutrophil chemotaxis coincided with sig-
nificant clearing of the psoriasis.

PAF

The administration in human subjects of a single dose of
CsA, 5 mg/kg/day, at the time of intradermal injection of
antigen, completely suppresses the cutaneous IgE-depen-
dent LPR, antigen activation of mast cells, or direct PAF-
induced inflammation.* PAF-induced bronchoconstriction
was unaffected in guinea pigs administered a single dose of
CsA, 25 mg/kg, but was markedly inhibited when it was
administered with a dose of the PAF antagonist, BN 52021,
which by itself was insufficient to cause bronchodilatation.®
However, pretreatment with CsA alone for 2 days inhibited
PAF-induced bronchoconstriction threefold, decreasing it
from 60% in control-treated to 20% in the CsA-treated
guinea pigs (p < 0.01).

DISCUSSION

Mast cells and basophils, which release proinflam-
matory mediators, are important in the pathogenesis
of asthma. These mediators stimulate mucus secre-
tion, are chemotactic for inflammatory cells, increase
microvascular permeability and airway edema, and
cause smooth muscle contraction. These mediators
include histamine, L'Ts, PGs, chemotactic factors for
lymphocytes, monocytes, neutrophils and eosino-
phils, IL-3, IL-4, IL-5, IL-6, and GM-CSE.%* ©
IL-3, IL-5, and GM-GSF recruit basophils and IL-5
enhances degranulation of basophils and histamine
release.”® CsA may prevent the activation and release
of mediators by mast cells and basophils and result in
the reduction of the inflammatory component of
asthma.

Histologic studies of bronchi, obtained at autopsy
of subjects with asthma, reveal that lymphocytes play
an important role in asthmatic bronchial inflammation.
CsA inhibits the synthesis of many lymphokines that
may contribute to inflammation of the airways. CsA,
like corticosteroids, inhibits IL-2 and I1.-3 synthesis
and the expression of IL-2R on lymphocytes. Al-
though the role of IL-2 in asthma has not been estab-
lished, IL-2 would increase the levels of several cy-
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tokines by activating T-lymphocytes, and IL-2 aug-
ments IL-4-induced synthesis of IgE.® 1L-2
production by T cells from children with asthma, but
not from control subjects, has been observed after
stimulation of lymphocytes with Dermatophagoides
farinae antigens.”'- 7 The serum concentrations of
[L-2R and INF-y were elevated in patients with severe
acute asthma compared with that of all control
groups.” Concentrations decreased as the patients
clinically improved during the first 3 days of therapy.
Improvement in airway obstruction correlated with the
decrease in the serum concentrations of soluble
IL-2R and CD4 cells expressing IL-2R. CsA reduces
formation of mRNA of IL-3, IL-4, IL-5, and
GM-CSF. IL-3 is essential for differentiation and
growth of mucosal mast cells from bone marrow pre-
cursors and causes histamine release from mast cells
and basophils. Atopic patients have a higher propor-
tion of circulating T cells capable of producing IL-4
than nonatopic subjects.” IL-4 is an important lym-
phokine regulating IgE production and mast cell dif-
ferentiation.” 1L-4 and IL-5 are potent stimulants
of IgE secretion and synthesis and induce expres-
sion of the IgE low-affinity receptors (FcRII) on B
cells.”® 7" IL-3, IL.-5, and GM—CSF have pronounced
effects on eosinophils, including enhancement of ad-
herence and activation of the hypodense phenotype.™
IL-5 can preferentially augment IgA secretion by B
cells that may be important to the initiation of inflam-
mation at mucosal surfaces.” Another potential ben-
efit of CsA in bronchial asthma can be its protective
action on 3,-adrenergic receptors, since their blockade
in respiratory airways promotes bronchial hyperre-
sponsiveness and production of IgE.”’

Eosinophils are important in the pathophysiology
of asthma, a disease some authors have referred to as
chronic eosinophilic bronchitis. These cells infiltrate
the lungs, and when they are degranulated, produce
functional and lytic damage to the airway and alveolar
epithelial cells through the synthesis and release of
bronchoconstrictor, chemotactic, and vasoactive fac-
tors, such as LTs, PAF, and cationic proteins. CsA
inhibited eosinophilia at doses of 10 mg/kg/day after
21 days of treatment.*® This dose is twice the anti-
inflammatory dose, and additional research is needed
to determine if lesser dosages of CsA can inhibit eo-
sinophilia in allergic human diseases. CsA also in-
hibits the production of several factors capable of stim-
ulating eosinophil growth and migration, including
GM-CSF, IL-3, and IL-S.

Macrophages constitute the majority of cells re-
covered by bronchial alveolar lavage of both normal
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subjects and individuals with asthma.” Activated
macrophages secrete potent chemotactic substances,
such as LTs, PAF, IL-1, IL-6, IL-8, TNF, platelet-
derived growth factor, and GM—CSF.* Alveolar mac-
rophages can recruit monocytes, eosinophils, lym-
phocytes, and neutrophils into the lungs, all of which
are involved in the pathogenesis of asthma. The pro-
duction of monocyte chemotactic factors and the mac-
rophage response to lymphokines are blocked by
CsA.®® CsA also decreases the production of super-
oxide and H,0,, substances that damage the airways.

Evidence of the role of neutrophils in human asthma
is based mainly on (1) in vitro studies with peripheral
blood cells, (2) histologic studies of the bronchial
infiltration observed at the beginning of the LPRs,
and (3) a study of human bronchial biopsy specimens
with immunofluorescence techniques, which demon-
strated an association between the epithelial deposi-
tion of neutrophil elastase and bronchial epithelial
damage.® The neutrophil chemotactic activity that ap-
pears in serum during the early and late asthmatic
reactions after provocative challenge by allergen or
exercise also suggests an important role of neutrophils
in asthma.®* Bronchial alveolar lavage fluids obtained
during the LPR after antigen challenge of a sensitized
individual contain increased numbers of neutrophils.
The presence of neutrophil chemotactic activity in
serum of the patients with LPRs correlates with the
appearance of neutrophils in the circulation.® Neu-
trophils accumulate in many tissues involved in acute
IgE-dependent allergic responses. Bronchial damage
results from the release of the neutrophil enzyme,
nicotinamide adenine dinucleotide (reduced) oxidase,
as well as superoxide radicals and proteolytic en-
zymes.® The production and release of LTB, and PAF,
potent chemotactic factors for neutrophils, are
blocked by CsA, and neutrophil emigration is thus
inhibited.

CsA blocks production by basophils, alveolar mac-
rophages. platelets, neutrophils, and eosinophils of
the chemoattractants LTB, and PAF. The latter is a
potent bronchoconstrictor, induces microvascular
leakage, and is chemotactic for eosinophils. It regu-
lates bronchopulmonary reactivity by recruiting plate-
lets, neutrophils, and eosinophils into the lung.** *
The presence of PAF receptors on T cells suggests
that T cells are also a target of this mediator.
PAF also acts synergistically with IFN-y and TNF
to increase the production of IL-1 and additional
PAF.** The lungs of guinea pigs, treated with PAF
for 2 weeks, revealed congestion, bronchial smooth
muscle contraction, smooth muscle hyperplasia, meta-
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plasia of the mucus glands, and eosinophil and mast
cell infiltration.®®* PAF itself may. lead to airway
edema, plasma extravasation, inflammatory cell in-
filtration, bronchoconstriction, and smooth muscle hy-
perplasia. CsA, at low dose, inhibits the cutaneous
IgE-dependent LPR, which is also PAF dependent.
Higher doses of CsA have inhibitory effects on PAF-
induced bronchoconstriction.

CONCLUSIONS

CsA does more than inhibit production of cytokines;
it interferes with at least two series of biochemical
events in human inflammatory cells: (1) those occur-
ring at the pretranslational mRNA level of lympho-
cytes and (2) those controlling the release of chemical
mediators from inflammatory cells involved in the
pathogenesis of asthma. These potentially beneficial
effects in asthma include inhibition of (1) mast cell
exocytosis and release of histamine, serotonin, LTC,,
PAF, PGD., and chemotactic peptides, {2) basophil
release of histamine and LTC,, (3) lymphocyte syn-
thesis of IL-2, IL-3, IL4, IL-5, GM-CSF, 1FN-y,
and the IL-4—-induced synthesis of human IgE. (4)
eosinophilia, (5) macrophage synthesis of 1L.-1, TNF,
superoxide, and H,0,, (6) chemotaxis of neutrophils,
(7) cutaneous LLPR and bronchoconstriction induced
by PAF, and (8) the prevention of B.-adrenergic—
receptor impairment on lymphocytes and probably
other cells.

It is possible that CsA affects a critical Ca* " -de-
pendent step in cell activation resulting in inhibition
of both gene transcription and granule exocytosis in
proinflammatory cells involved in asthma. Since CsA
is currently used in humans and has high efficacy as
an anti-inflammatory drug with safe doses tenfold less
than that used for immunosuppression, CsA shouid
be evaluated, both systemically and by inhalation, for
the therapy of chronic asthma, especially of the ste-
roid-dependent type.

*Studies demonstrating CsA glucocorticoid-sparing properties have
been published since this article was prepared. They include:
1. Szczeklik A. Nizankowska E, Dworski R, et al. Cyclosporin

for steroid-dependent asthma. Allergy 1991:46:312-5,

2. Finnerty NA, Sullivan TJ. Effect of cyclosporine-on corticos-
teriod-dependent asthma [Abstract]. J ALLERGY CiiN IMMUNOL
1991:87:297.

3. Alexander E, Bammes NC, Kay AB. Cyclosporm A (CyA) in
chronic severe asthma: a double-blind, placebo-controlled trial
[Abstract]. Am Rev Respir Dis 1991;143:633.

4. Elwood W, Lotvall J, Barnes PJ, Chung KF. Effects of cyclo-
sporin A and dexamethasone on allergen-induced bronchial hy-
perresponsiverness and inflammatory cell infiltration in sensitised
rat airways {Abstract]. Am Rev Respir Dis 1991:143:647.
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