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ABSTRACT. Curcumin, a dietary pigment responsible for the yellow color of curry, has been used for the 

treatment of inflammatory diseases and exhibits a variety of pharmacological effects such as anti-inflammatory, 

anti-tumor, anti-oxidant, and anti-viral activity. However, it has not been determined whether the effect of 

curcumin on the production of cytokine affects eosinophil functions and IgE synthesis. In the present study, we 

examined the effect of curcumin on the production of interleukin (IL)-2, IL-5, granulocyte macrophage-colony 

stimulating factor (GM-CSF), and IL-4 by lymphocytes from atopic asthmatics in response to house dust mites 
(Dermatophagoides jhrinea: Df) in order to clarify a potential application for allergic diseases. Curcumin inhibited 

Df-induced lymphocyte proliferation and production of IL-2. Exogenous IL-2 reconstituted the proliferative 
responsiveness of lymphocytes to Df in the presence of curcumin. Furthermore, curcumin inhibited IL-5, 

GM-CSF, and IL-4 production in a concentration-dependent manner. These results indicate that curcumin may 

have a potential effect on controlling allergic diseases through inhibiting the production of cytokines affecting 
eosinophil function and IgE synthesis. BIOCHEM PHARMACOL 54;7:819-824, 1997.0 1997 Elsevier Science Inc. 
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Curcumin, a dietary pigment responsible for the yellow 
color of curry, has been shown to exhibit anti-inflammatory 
[l], anti-tumor [2, 31, anti-oxidant [4, 51, and anti-viral [6] 
activity. In the modulatory effects of curcumin on immune 
functions, inhibitory effects of curcumin on lymphocyte 
proliferation [7], monocyte chemotactic protein production 
by osteoblastic cells [B], and tumor necrosis factor-a pro- 
duction by the human monocytic macrophage cell line 
Mono Mac 6 [9] have been shown. Consequently, curcumin 
may have a potential efficacy in controlling inflammatory 
disease. Indeed, curcumin has been used for the treatment 
of inflammatory diseases in certain countries [lo]. 

Bronchial asthma is a disease that is characterized by 
episodic reversible airway obstruction, airway hyperrespon- 
siveness, and allergic inflam.mation in the airway [ll]. In 
the production of allergic inllammation, T lymphocytes are 
thought to orchestrate eosinophilic inflammation in bron- 
chial asthma through the release of cytokines [12-141. Of 
the cytokines produced by activated T cells, IL-5?, GM- 
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CSF, and IL-3 are particularly implicated in the production 
of allergic inflammation, since these cytokines exhibit a 
potentially important influence on eosinophilic inflamma- 
tion by promoting differentiation, growth, and survival of 
eosinophils, by enhancing adhesion of eosinophils to vas- 
cular endothelial cells, and by activating eosinophils [15- 
201. Consequently, a suppression of cytokine production 
affecting eosinophil functions is an important strategy for 
the treatment of bronchial asthma [21, 221. 

Although curcumin has been used for the treatment of 
inflammatory diseases and its mode of action has been exam- 
ined, little is known about the effect of curcumin on cytokine 
production by lymphocytes. In the present work, we studied 
the effect of curcumin on the production of cytokines, 
which affect eosinophil functions by lymphocytes from 
patients with atopic bronchial asthma, in response to Dj’ in 
order to examine a potential application of curcumin in the 
treatment of allergic diseases. In addition, we also examined 
the effect of curcumin on IL-4 production since a crucial 
role of IL-4 in IgE synthesis has been well documented [23]. 

MATERIALS AND METHODS 

Subjects 

The study group consisted of 8 patients with atopic bron- 
chial asthma with a mean age of 32.2 years (range 28 to 38), 
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FIG. I. Effect of curcumin on the proliferative response and IL-2 production by lymphocytes stimulated with Df. Lymphocytes from 
atopic asthmatics were stimulated with Df in the presence or absence of curcumin (Cr, 10 PM). Lymphocyte proliferation (Fig. la) 
and the concentrations of IL-2 (Fig. lb) in Df-stimulated cultures were determined on day 7 and on day 3 after cultivation, respectively. 
The results are exmessed as the means f SD in eight different subjects. Key: (*)P C 0.05 compared with m-induced proliferation or 
IL-2 production in the absence of curcumin. 

5 patients with non-atopic bronchial asthma with a mean 

age of 34.6 years (range 28 to 42), and 8 healthy normal 

subjects with a mean age of 32.4 years (range 25 to 43 
years). All patients with bronchial asthma met the Amer- 

ican Thoracic Society’s definition of asthma [ll]. We 

emphasize that all asthmatic patients had a history of 

episodic wheezing and dyspnea, reversible bronchoconstric- 

tion, and airway hyperresponsiveness measured by directly 

writing the dose-response curve of respiratory resistance 

during the continuous inhalation of methacholine in step- 

wise incremental concentrations [24]. Atopic or non-atopic 

bronchial asthma was defined by a history of bronchocon- 

strictive response after allergen exposure, total serum IgE 

levels (>250 IU/mL), and specific IgE levels against Df 

[>0.34 Phadebas RAST Unit (PRU)/mL] and/or skin prick 

tests to Df. At the time of this study, none of the patients 

were taking inhaled and oral corticosteroids. The severity of 

asthma was defined as follows: mild, dyspnea attacks less 

than three times a week; moderate, dyspnea attacks more 

than three times a week; and severe, daily dyspnea attacks. 

All patients were mild cases. Blood samples from patients 

with bronchial asthma were taken in stable conditions. 

Asthma attacks and stable conditions (asymptomatic pe- 

riod) were defined on the basis of the presence of clinical 

symptoms such as wheezing and chest tightness, and values 

of peak expiratory flow rate (PEFR). The patients had 

wheezing and chest tightness, and decreased values of PEFR 

during asthma attacks, whereas they were asymptomatic 

and their PEFR values were greater than 70% of the 

predicted in stable conditions. Informed consent was ob- 

tained from all patients and normal control subjects. 

Materials 

Curcumin was obtained from the Sigma Chemical Co. (St. 

Louis, MO, U.S.A.). Df and human recombinant IL-2 was 

provided by the Torii Pharmaceutical Co. Ltd. (Tokyo, 

Japan) and the Shionogi Pharmaceutical Co. Ltd. (Osaka, 

Japan), respectively. 

Cell Preparation 

Human peripheral blood mononuclear cells (PBMC) were 

isolated from heparinized blood by centrifugation over 

Ficoll-Hypayue gradients. The PBMC were washed three 

times and resuspended in HEPES-buffered RPM1 1640 

(Irvine, Santa Ana, CA, U.S.A.) supplemented with 10% 

heat-inactivated fetal bovine serum (Mitsubishikasei, To- 

kyo, Japan), streptomycin, and penicillin (Meiji Pharma- 

ceutical, Tokyo, Japan). 

Cell Culture 

PROLIFERATION ASSAY. PBMC (2 X lo5 cells/well in 0.2 

mL) were cultured in flat-bottomed microplates (Costar, 

Cambridge, MA, U.S.A.) with Df (10 kg/mL) in the 

presence or absence of curcumin at 37” in a humidified 5% 

CO, atmosphere. Tritiated thymidine was added to cell 

culture wells for the last 4 hr of the 7-day incubation period 

for Df-stimulated culture. After incubation, the cells were 

harvested onto glass fiber strips with a cell harvester, and 

retained radioactivity was counted in a scintillation 

counter. In the experiment designed to determine the effect 

of exogenous IL-2 on lymphocyte proliferation, IL-2 (100 

ng/mL) was added at the initiation of culture. 

CYTOKINE PRODUCTION. PBMC were stimulated with Df 
in the presence or absence of curcumin and cultured in tubes 

(Falcon 2003; 1 X lo6 cells/tube) containing 1 mL of culture 

medium at 37” in a humidified 5% CO1 atmosphere for 
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FIG. 2. Reconstitution by exogenous IL-2 of the proliferative 
response inhibition induced by curcumin. Lymphocytes from 
atopic asthmatics stimulated with of in the presence or absence 
of curcumin (Cr, 10 PM) were cultured with or without 
exogenous IL-2 (100 ng/mL), and lymphocyte proliferation was 
determined on day 7 after cultivation. The results are expressed 
as the means + SD in five different subjects. 

various time periods as specified in the Results. At the end of 

culture, supernatants were harvested and stored at -80”. 

Measurement for Concentrations of Cytokine in the 
Culture Supernutants 

Concentrations of IL-2, IL,,5, GM-CSF, and IL-4 were 
measured by commercially available ELISA kits (T Cell 

(a) 

Cr 1 F 

30 60 

IL-6 @g/ml) 
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Cr 

F 

; lb 1; 
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1 

Science Inc., Cambridge, MA, U.S.A.). ELISA was per- 

‘armed according to the manufacturer’s instructions. 

Statistical Analysis 

Statistical significance was analyzed using Student’s t-test. 

P values less than 0.05 were considered significant. 

RESULTS 

Effect of Curcumin on the ProliferatiPre Response and 
[L-2 Production of Lymphocytes Stimulated with Df 

In the initial experiments, we examined the effect of 

:urcumin on the Df-induced proliferative response of lym- 

?hocytes from patients with bronchial asthma. In addition, 

iince IL-2 is a major cytokine controlling the proliferation 

3f lymphocytes, we also examined the effect of curcumin on 

:he production of IL-2. To this end, lymphocytes from 

patients with atopic bronchial asthma were stimulated with 

Df in the presence or absence of curcumin. 

Lymphocyte proliferation on day 7 after cultivation and 

[L-2 concentrations in the culture supernatants on day 3 

vere measured. Curcumin inhibited Df-induced lympho- 

:yte proliferation (Fig. la) and IL-2 production (Fig. lb). 

When lymphocytes from patients with non-atopic bron- 

:hial asthma and normal healthy subjects were stimulated 

with Dfi no lymphocyte proliferation and IL-2 production 

were observed (data not shown). 

(b) 
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FIG. 3. Effect of curcumin on IL-5, GM-CSF, 
and IL-4 production by lymphocytes stimu- 
lated with Df. Lymphocytes from atopic asth- 
matics were stimulated with Df in the presence 
or absence of curcumin (Cr, 10 PM). The 
concentrations of IL-5 (Fig. 3a), GM-CSF 
(Fig. 3b) , and IL-4 (Fig. 3c) in the culture 
supematants were determined on day 3 after 
cultivation. The results are expressed as the 
mean + SD in five different subjects. Key: (*) 
I’ < 0.05 compared with w-induced IL-5, 
GM-CSF, or IL-4 production in the absence of 
curcumin. 
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FIG. 4. Concentration-related inhibition by curcumin of cytokine production by lymphocytes stimulated by Df. Lymphocytes from 
atopic asthmatics were stimulated with Df in the presence or absence of several concentrations of curcumin. The concentrations of IL-2 
(W), IL-5 (0). GM-CSF (X), and IL-4 (A) in th e culture suuernatants on day 3 were determined. The results are representative of 
two different subjects. 

Reconstitution by Exogenous IL-2 of the Proliferative 

Response Inhibition induced by Curcumin 

If the reduction in IL-2 measured on day 3 after cultivation 

in curcumin-treated cultures is primarily responsible for the 

inhibited proliferation on day 7, then the proliferative 

response would be expected to be reconstituted by the 

addition of exogenous IL-2. Indeed, we found exogenous 

IL-2 reconstituted the proliferative responsiveness of lym- 

phocytes to Df in the presence of curcumin (Fig. 2). 

Effect of Curcumin on IL-S, CjM-CSF, and IL-4 
Production by Lymphocytes &n&ted with Df 

Lymphocytes from patients with atopic bronchial asthma were 

stimulated with Df in the presence or the absence of curcumin 

and cultured for 3 days, and the concentrations of IL-S, GM- 

CSF, and IL-4 were measured to determine the effect of 

curcumin on the production of these cytokines. The accumula- 

tion of IL-5 over 3 days in Df-stimulated cultures was inhibited 

markedly by curcumin. Similarly, the concentrations of GM- 

CSF and IL-4 in Df-stimulated cultures in the presence of cur- 

cumin were lower than those in the absence of curcumin, in- 

dicating that curcumin inhibited the production of IL-5 (Fig. 

3a), GM-CSF (Fig. 3b), and IL-4 (Fig. 3c), as well as IL-Z. 

Concentration-related Inhibition by Curcumin of 
Cytokine Production by Lymphocytes Stimulated by Df 

Addition of curcumin to cultured lymphocytes at a concen- 

tration of 0.1 to IO JJ,M resulted in a concentration- 

dependent inhibition of Df-induced production of IL-2, 

IL-5, GM-CSF, and IL-4 (Fig. 4). 

Kinetics of Inhibition of IL-2, IL-5, CjM-CSF, and 
IL-4 Accumulation by Curcumin 

The concentrations of IL-2, IL-5, GM-CSF, and IL-4 in the 

culture supernatants from lymphocytes stimulated with Df 

in the presence or the absence of curcumin were measured 

at l-day intervals from day 1 to day 4. As shown in Fig. 5, 

the concentrations of IL-2 from lymphocytes stimulated 

with Df in the presence of curcumin were lower than those 

in the absence of curcumin at any time of culture. Similar 

observations were obtained in IL-5, GM-CSF, and IL-4. At 

the end of the culture period, cell viability as determined by 

the trypan blue exclusion assay did not differ with the 

culture conditions indicated in Figs. 1 through 5. 

DISCUSSION 

Our results showed that curcumin inhibited the prolifera- 

tive response of lymphocytes and the production of IL-2, 

IL-5, GM-CSF, and IL-4 by Df-stimulated lymphocytes. 

Curcumin inhibited Df-induced proliferation and pro- 

duction of IL-2 by lymphocytes. The correlation between 

the inhibition of proliferation and IL-2 production by 

curcumin, as well as the reconstitution of the inhibited 

proliferative response by exogenous IL-Z, suggests that, at 

least in this system, the primary role played by curcumin is 

in the events that lead to the production of (rather than 

responsiveness to) this lymphokine. The reconstitution of 

the inhibited proliferative response by exogenous IL-2 and 

the trypan blue exclusion assay indicated that the 10 PM 

concentration of curcumin used in this study did not have 

a toxic effect on lymphocyte functions. 

There are several mechanisms by which curcumin inhib- 

its lymphocyte proliferation and lymphokine production. 

The promoter of the gene encoding IL-2, IL-5, GM-CSF, 

and IL-4 contains sequences for binding of several nuclear 

transcription factors including Al’-1, NF-KB, and NF-AT 

[25-291. These transcription factors participate to various 

extents in the inducible expression of the genes encoding 

cytokines. Although curcumin has been shown to inhibit 

the activation of c-Jun/AP-1 in osteoblastic cells [8] and 

mouse fibroblasts [30], and of NF-KB in a human monocytic 
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FIG. 5. Kinetics of inhibition of IL-2, IL-4, IL-5, and GM-CSF accumulation by curcumin. Lymphocytes from atopic asthmatics were 
cultured either with medium (O), curcumin (Cr, 10 PM, X), Df (O), or Df and Cr (0). The concentrations of IL-2, IL-S, GM-CSF, 
and IL-4 in the culture supernatants on days 1, 2, 3, and 4 were determined. The results are representative of two different subjects. 

macrophage cell line [9, 311, there is no direct evidence in 

the literature for such a mechanism in lymphocytes. An- 

other possibility is the inhibition of intracellular signals 

including protein kinase C by curcumin, since curcumin 

has been shown to inhibit protein kinase C activation [32]. 

In the present study, we shed light on the effect of curcumin 

on cytokine production by lymphocytes and did not exam- 

ine the mechanism in curcumin-mediated inhibition of 

cytokine production. The precise mechanism in curcumin- 

mediated inhibition of cytokine production by lymphocytes 

remains to be clarified. 

Inhaled and oral corticosteroids have been well docu- 

mented to be effective in reducing airway inflammation and 

controlling asthmatic symptoms [33, 341, but some patients 

with chronic severe asthma are dependent on or refractory 

to their effects despite oral therapy [35, 361. In the past few 

years, the effects of several anti-inflammatory agents and 

immunomodulators, including cyclosporin and methotrex- 

ate, on controlling asthmatic symptoms and reducing the 

dependence on high-dose c orticosteroid therapy have been 

investigated [37-391. The ‘Effects of these agents are often 

thought to be associated with a reduction in mRNA 

expression and production of cytokines affecting eosinophil 

functions [34, 36, 39, 401. ‘We currently are examining the 

effect of curcumin on cytokine mRNA levels, airway 

eosinophilia, and airway hyperresponsiveness in mice. 

From data presented here, we conclude that curcumin 

exhibits an inhibitory effect on IL-5, GM-CSF, and IL-4 

production. These results indicate that curcumin may have 

a potential effect on controlling allergic diseases through 

inhibiting the production of cytokines affecting eosinophil 

function and IgE synthesis. However, the precise effect of 

curcumin on allergic diseases remains to be clarified. 

REFERENCES 

1. 

2. 

3. 

4. 

5. 

Srimal RC and Dhawan BN, Pharmacology of diferuloyl 
methane (curcumin), a non-steroidal anti-inflammatory 
agent. J I’hann I’harrnacol 25: 447-452, 1973. 
Huang MT, Smart RC, Wong CQ and Conney AH, Inhibi- 
tory effect of curcumin, chlorogenic acid, caffeic acid, and 
ferulic acid on tumor promotion in mouse skin by 12-O- 
tetradecanoylphorbol-13.acetate. Cancer Res 48: 5941-5946, 
1988. 
Rao CV, Rivenson A, Simi B and Reddy BS, Chemopreven- 
tion of colon carcinogenesis by dietary curcumin, a naturally 
occurring plant phenolic compound. Cancer Res 55: 259- 
266, 1995. 
Joe B and Lokesh BR, Role of capsaicin, curcumin and dietary 
n-3 fatty acids in lowering the generation of reactive oxygen 
species in rat peritoneal macrophages. Biochim Biophys Acta 
1224: 255-263, 1994. 
Reddy ACP and Lokesh BR, Studies on the inhibitory effects 
of curcumin and eugenol on the formation of reactive oxygen 



824 T. Kobayashi et al. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

species and the oxidation of ferrous iron. Mel Cell Biochem 
137: 1-8, 1994. 
Mazumder A, Raghavan K, Weinstein J, Kohn KW and 
Pommier Y, Inhibition of human immunodeficiency virus 
type- 1 integrase by curcumin. B&hem Pharmacol 49: 1165- 
1170, 1995. 
Huang HC, Jan TR and Yeh SF, Inhibitory effect of cur- 
cumin, an anti-inflammatory agent, on vascular smooth 
muscle cell proliferation. Eur _J Phurmacol221: 381-384, 1992. 
Hanazawa S, Takeshita A, Amano S, Semba T, Nirazuka T, 
Katoh H and Kitano S, Tumor necrosis factor-a induces 
expression of monocyte chemoattractant JE via fos and jun 
genes in clonal osteoblastic MC3T3-El cells. J Biol Chem 
268: 9526-9532, 1993. 
Chan MM-Y, Inhibition of tumor necrosis factor by curcumin, 
a phytochemical. B&hem Phannacol49: 1551-1556, 1995. 
Ammon HP and Wahl MA, Pharmacology of Curcuma longa. 
Planta Med 57: l-7, 1991. 
American Thoracic Society, Standards for the diagnosis and 
care of patients with chronic obstructive pulmonary disease 
(COPD) and asthma. Am Reo Respir Dis 136: 225-244, 1987. 
Corrigan CJ and Kay AB, T cells and eosinophils in the 
pathogenesis of asthma. Immunol Today 12: 501-507, 1992. 
Bochner BS, Undem BJ and Lichtenstein LM, Immunological 
aspects of allergic asthma. Annu Reo Immunol 12: 295-335, 
1994. 
Humbert M, Pro-eosinophilic cytokines in asthma. Clin Exp 
Allergy 26: 123-127, 1996. 
Silberstein DS and David JR, The regulation of human 
eosinophil function by cytokines. Immunol Today 8: 380-385, 
1987. 
Yamaguchi Y, Hayashi Y, Sugama Y, Miura Y, Kasahara T, 
Kitamura S, Torisu M, Mita S, Tominaga A, Takatsu K and 
Suda T, Highly purified murine interleukin-5 (IL-5) stimu- 
lates eosinophil function and prolongs in vitro survival. IL-5 as 
a eosinophil chemotactic factor. 1 Exp Med 167: 1737-1742, 
1988. 
Lopez AF, Sanderson PJ, Gamble JR, Campbell HD, Young 
IO and Vadas MA, Recombinant human interleukin-5 is a 
selective activator of human eosinophil function. J Exp Med 
167: 219-224, 1988. 
Rothenberg ME, Owen WF Jr, Silberstein DS, Woods J, 
Soberman RJ, Austen KF and Stevens RL, Human eosino- 
phils have prolonged survival, enhanced functional proper- 
ties, and become hypodense when exposed to human inter- 
leukin 3. J Clin Invest 81: 1986-1992, 1988. 
Walsh GM, Hartnell A, Wardlaw AJ, Kurihara K, Sanderson 
CJ and Kay AB, IL-5 enhances the in vitro adhesion of human 
eosinophils, but not neutrophils, in a leukocyte integrin 
(CDl1/18)-dependent manner. Immunolog) 71: 258-265, 
1990. 
Warringa RAJ, Koenderman L, Kok PTM, Kreukniet J and 
Bruijnzeel PLB, Modulation and induction of eosinophil 
chemotaxis by granulocyte-macrophage colony stimulating 
factor and interleukin-3. Blood 77: 2694-2700, 1991. 
Robinson D, Hamid Q, Ying S, Bentley A, Assoufi B, Durham 
S and Kay AB, Prednisolone treatment in asthma is associated 
with modulation of bronchoalveolar lavage cell interlukin-4, 
interlukin-5, and interferon-y cytokine gene expression. Am 
Rev Respir Dis 148: 401-406, 1993. 
Lai CKW, Ho SS, Chan CHS, Leung R and Lai KN, Gene 
expression of interleukin-3 and granulocyte macrophage stim- 
ulating factor in circulating CD4+ T cells in acute severe 
asthma. Clin Exp Allergy 26: 138-146, 1996. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

35. 

36. 

37. 

38. 

39. 

40. 

Vercelli D and Geha RS, Regulation of IgE synthesis in 
humans. J Clin Immunol9: 75-83, 1989. 
Takishima T, Hida W, Sasaki H, Suzuki S and Sasaki T, 
Direct-writing recorder of the dose-response curves of the 
airway to methacoline. Chest 80: 600-606, 1981. 
Siebenlist U, Franzoso G and Brown K, Structure, regulation 
and function of NF-KB. Annu Rev Cell Biol 10: 405-455, 1994. 
Rao A, NF-ATp: A transcription factor required for the 
co-ordinate induction of several cytokine genes. Immunol 
Today 15: 274-281, 1994. 
Masuda ES, Tokumitsu H, Tsuboi A, Shlomai J, Hung P, Arai 
K-I and Arai N, The granulocyte-macrophage colony-stimu- 
lating factor promoter c&acting element CLEO mediates 
induction signals in T cells and is recognized by factors related 
to API and NFAT. Mel Cell Biol 13: 7399-7407, 1993. 
Shaw JP, Utz PJ, Durand DB, Toole JJ, Emmel EA and 
Crabtree GR, Identification of a putative regulator of early T 
cell activation genes. Science 241: 202-205, 1988. 
Campbell HD, Tucker WQJ, Hort Y, Martinson ME, Clut- 
terbuck EJ, Sanderson CJ and Young IG, Molecular cloning, 
nucleotide sequence and expression of gene encoding the 
human eosinophil differentiation factor (IL-5). Proc Nntl 
Acad Sci USA 84: 6629-6633, 1987. 
Huang TS, Lee SC and Lin LK, Suppression of c-Jun/AP-I 
activation by an inhibitor of tumor promotion in mouse 
fibroblast cells. Proc Nail Acud Sci USA 88: 5292-5296, 199 1. 
Singh S and Aggarwal BB, Activation of transcription factor 
NF-KB is suppressed by curcumin (diferuloylmethane). _I Biol 
Chem 270: 24995-25000, 1995. 
Liu JY, Lin SJ and Lin JK, Inhibitory effect of curcumin on 
protein kinase C activity induced by 12-O-tetradecanoyl- 
phorbol-13-acetate in NIH 3T3 cells. Carcinogenesis 14: 
857-861, 1993. 
Schleimer RP, Effects of glucocorticosteroids on inflammatory 
cells relevant to their therapeutic applications in asthma. Am 
Rev Respir Dis 141: S59-S69, 1990. 
Barnes PJ, Effect of corticosteroids on airway hyperresponsive- 
ness. Am Rev Respir Dis 141: S70-S76, 1990. 
Corrigan CJ, Brown PH, Barnes NC, Szefler SJ, Tsai JJ, Frew 
AJ and Kay AB, Glucocorticoid resistance in chronic asthma. 
Glucocorticoid pharmacokinetics, glucocorticoid receptor 
characteristics, and inhibition of peripheral blood T cell 
proliferation by glucocorticoids in vitro. Am Rev Respir Dis 
144: 1016-1025, 1991. 
Corrigan CJ, Brown PH, Barnes NC, Tsai JJ, Frew AJ and Kay 
AB, Glucocorticoid resistance in chronic asthma. Peripheral 
blood T lymphocyte activation and comparison of the T 
lymphocyte inhibitory effects of glucocorticoids and cyclo- 
sporin A. Am Rev Respir Dis 144: 1026-1032, 1991. 
Coffey MJ, Sanders 0, Eschenbacer WL, Tsien A, Ramesh S, 
Weber RW, Toews GB and McCune J, The role of metho- 
trexate in the management of steroid-dependent asthma. 
Chest 105: 117-121, 1994. 
Alexander AG, Barnes NC and Kay AB, Trial of cyclosporin 
in corticosteroid-dependent severe asthma. Lancet 339: 324- 
328, 1992. 
Bonham CA and Thompson AW, AntiNinflammatory agents 
in allergic disease. Clin Exp Immunol 102: 1-5, 1995. 
Davies RJ, Wang JH, Trigg CJ and Devalia JL, Expression of 
granulocyte/macrophage,colony-stimulating factor, interleu- 
kin-8 and RANTES in the bronchial epithelium of mild 
asthmatics is down-regulated by inhaled beclomethasone 
dipropionate. Int Arch Allergy Zmmunol 107: 428-429, 1995. 


