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reduction of NTHi adherence caused by DSCG is associated
with attenuation of ICAM-1 expression on A549 cells. Mean-

" while, cytokine-induced ICAM-1 expression was reduced
more strongly by the corticosteroids than DSCG. The differ-
ence in the extent of ICAM-1 inhibition between RSV-
induced and cytokine-induced indicated that DSCG might
affect RSV infection.

As seen in plaque assay and viral syncytium assay, DSCG
treatment after RSV adsorption significantly reduced the viral
infectivity of A549 cells. DSCG is a safe and widely used drug
for the prevention of bronchial asthma (19-21). DSCG 1is
known to have effects such as mast cell stabilization and
suppression of various inflammatory cells (22-24). Previous
studies have also demonstrated that DSCG has antiviral ef-
fects, and there has been a recent report about inhibitory
effects on influenza virus in vitro and in vivo (18). However,
the molecular mechanisms underlying DSCG-induced signal-
ing and anti-viral effects have remained unclear. In this study,
to determine the inhibitory effect of DSCG on RSV infection,
treatment with DSCG at different stages of viral infection was
investigated. DSCG administered after, but not before or
during, RSV adsorption effectively inhibited viral infection.
These results suggest that DSCG predominantly inhibits the
late stages of viral infection, such as the budding of progenitor
viruses. Hidari et al. have supposed that the anti-influenza
viral effect of DSCG is a combination including an inhibition
of viral neuraminidaze activities and inhibition of membrane
fusion. We speculate that the inhibition of membrane fusion is
one of the mechanisms of anti-RSV effect of DSCG. Further
elucidation of the mechanism underlying the anti-RSV effect
of DSCG is needed.

We showed that DSCG inhibited RSV infection of A549
cells and attenuated the cell surface expression of ICAM-1. It
is indicated that ICAM-1 down-regulation is one of the mech-
anisms that modulate NTHi adhesion to A549 cells. Not only
ICAM-1 but also CEACAMI and PAFr have been reported to
be NTHi adhering receptors and up-regulated by RSV infec-
tion (8). This is why blocking of NTHi adhesion to RSV-
infected cells with anti-ICAM-1 MAb did not completely
prevent excess NTHi adhesion. It is speculated that inhibition
of RSV infection by DSCG might also down-regulate these
receptors, i.e. not only ICAM-1.

Differences in the magnitude of bacterial adhesion and
receptor expression have been reported for different cell types
(8). Avadhanula et al. (8) asserted that the differences in the
responses of distinct cell types must be taken into consider-
ation when interpreting the findings of in vitro studies. In this
study, we used A549 cells as lower airway epithelial cells,
because of the characteristic higher increase in adhesion mol-
ecules expression and bacterial adhesion when they are in-
fected with RSV.

There has been a report that DSCG treatment in hospital-
ized infants with RSV bronchiolitis has no clinical effect (25).
This clinical study was for the hospitalized infants who prob-
ably have already received considerable airway injury and
represented respiratory dysfunction by RSV infection. It sug-
gests that the effect of DSCG on the RSV-induced airway
inflammation including scavenging oxygen radicals is not

clinically sufficient. We demonstrated that DSCG inhibits
RSV infection and NTHi adhesion to the RSV-infected epi-
thelial cells in vitro in this study. DSCG treatment on the
earlier stage of RSV infection might have a clinical effect by
inhibiting RSV infection and secondary NTHi infection. Fur-
ther examinations including an in vivo study will clarify the
effects of DSCG on RSV infection and NTHi adhesion to
RSV-infected cells.

In conclusion, we demonstrated that DSCG inhibits en-
hanced adherence of NTHi to A549 cells infected with RSV,
whereas Dex and Fp do not. It is suggested that DSCG exerts
an anti-RSV effect, and consequently attenuates the expres-
sion of NTHi receptors.

Acknowledgment. We thank Dr Junichiro Nishi of the
Department of Pediatrics, Graduate School of Medical and
Dental Sciences, Kagoshima University, Japan, for analyzing
the gene expression of NTHi adhesins.

REFERENCES

—

. Ogra PL 2004 Respiratory syncytial virus: the virus, the disease and the immune
response. Paediatr Respir Rev 5:5119-§126

2. Thorburn K, Harigopal S, Reddy V, Taylor N, van Saene HK 2006 High incidence
of pulmonary bacterial co-infection in children with severe respiratory syncytial
virus (RSV) bronchiolitis. Thorax 61:611-615

3. Resch B, Gusenleitner W, Mueller WD 2007 Risk of concurrent bacterial infection
in preterm infants hospitalized due to respiratory syncytial virus infection. Acta
Paediatr 96:495-498

4. Korppi M, Leinonen M, Koskela M, Makela PH, Launiala K 1989 Bacterial
coinfection in children hospitalized with respiratory syncytial virus infections.
Pediatr Infect Dis J 8:687-692

5. Randolph AG, Reder L, Englund JA 2004 Risk of bacterial infection in previously
healthy respiratory syncytial virus-infected young children admitted to the intensive
care unit. Pediatr Infect Dis J 23:990-994

6. Hament JM, Kimpen JL, Fleer A, Wolfs TF 1999 Respiratory viral infection
predisposing for bacterial disease: a concise review. FEMS Immunol Med Microbiol
26:189-195 _

7. Patel J, Faden H, Sharma S, Ogra PL 1992 Effect of respiratory syncytial virus on
adherence, colonization and immunity of non-typable Haemophilus influenzae:
implications for otitis media. Int J Pediatr Otorhinolaryngo! 23:15-23

8. Avadhanula V, Rodriguez CA, Devincenzo JP, Wang Y, Webby RJ, Ulett GC,
Adderson EE 2006 Respiratory viruses augment the adhesion of bacterial pathogens
to respiratory epithelium in a viral species- and cell type-dependent manner. J Virol
80:1629-1636

9. Avadhanula V, Wang Y, Portner A, Adderson E 2007 Nontypeable Haemophilus
influenzae and Streptococcus pneumoniae bind respiratory syncytial virus glycop-
rotein. J Med Microbiol 56:1133-1137

10. Elahmer OR, Raza MW, Ogilvie MM, Blackwell CC, Weir DM, Elton RA 1996
The effect of respiratory virus infection on expression of cell surface antigens
associated with binding of potentially pathogenic bacteria. Adv Exp Med Biol
408:169-177

11. Raza MW, El Ahmer OR, Ogilvie MM, Blackwell CC, Saadi AT, Elton RA, Weir
DM 1999 Infection with respiratory syncytial virus enhances expression of native
receptors for non-pilate Neisseria meningitidis on HEp-2 cells. FEMS Immunol Med
Microbiol 23:115-124

12. Graham BS, Perkins MD, Wright PF, Karzon DT 1988 Primary respiratory syncytial
virus infection in mice. J Med Virol 26:153-162

13. Jiang Z, Nagata N, Molina E, Bakaletz LO, Hawkins H, Patet JA 1999 Fimbria-
mediated enhanced attachment of nontypeable Haemophilus influenzae to respi-
ratory syncytial virus-infected respiratory epithelial cells. Infect [mmun 67:187-
192

14. Avadhanula V, Rodriguez CA, Ulett GC, Bakaletz LO, Adderson EE 2006 Non-
typeable Haemophilus influenzae adheres to intercellular adhesion molecule 1
(ICAM-1) on respiratory epithelial cells and upregulates ICAM-1 expression. Infect
Immun 74:830-838

15. Shirasaki H, Watanabe K, Kanaizumi E, Sato J, Konno N, Narita S, Himi T 2004
Effect of glucocorticosteroids on tumour necrosis factor-alpha-induced intercellular
adhesion molecule-1 expression in cultured primary human nasal epithelial cells.
Clin Exp Allergy 34:945-951

16. Sabatini F, Silvestri M, Sale R, Serpero L, Raynal ME, Di Blasi P, Rossi GA 2003
Modulation of the constitutive or cytokine-induced bronchial epithelial cell functions
in vitro by fluticasone propionate. Immunol Lett 89:215-224

17. Hoshino M, Nakamura Y 1997 The effect of inhaled sodium cromoglycate on

cellular infiltration into the bronchial mucosa and the expression of adhesion

molecules in asthmatics. Eur Respir J 10:858 865

- 153 -



19.
20.

21

DSCG FOR RSV INFECTION AND NTHi ADHESION

. Hidari K1, Tsujii E, Hiroi J, Mano E, Miyatake A, Miyamoto D, Suzuki T, Suzuki

Y 2004 In vitro and in vivo inhibitory effects of disodium cromoglycate on influenza
virus infection. Biol Pharm Bull 27:825-830

Cox IS 1967 Disodium cromoglycate (FPL 670) (‘Intal’): a specific inhibitor of
reaginic antibody-antigen mechanisms. Nature 216:1328-1329

Altounyan RE 1975 Developments in the treatment of asthma with disodium
cromoglycate (Lomudal). Acta Allergol 30:65-86

Eigen H, Reid JJ, Dahl R, Del Bufalo C, Fasano L, Gunella G, Sahlstrom KK,
Alanko KL, Greenbaum J, Hagelund CH, Shapiro GG, Marques RA, Bellia V,
Bonsignore G, Resta O, Foschino MP, Carnimeo N, Granstrom SA, Herrman F 1987
Evaluation of the addition of cromolyn sodium to bronchodilator maintenance therapy in
the long-term management of asthma. J Allergy Clin Immunol 80:612-621

22.

23.

24.

25.

173

O TS, Cox JS 1969 Disodium cromoglycate, an inhibitor of mas cell degranulation
and histamine release induced by phospholipase A. Nature 223:197-198

Kay AB, Walsh GM, Mogbel R, MacDonald AJ, Nagakura T, Carroll MP, Richerson
HB 1987 Disodium cromoglycate inhibits activation of human inflammatory cells in
vitro. J Allergy Clin Immunotl 80:1-8

Matsuo N, Shimoda T, Matsuse H, Obase Y, Asai S, Kohno S 2000 Effects of
sodium cromoglycate on cytokine production following antigen stimulation of a
passively sensitized human lung model. Ann Allergy Asthma Immunol 84:72-78
Troe JW, Versteegh FG, Mooi-Kokenberg EA, Van den Broeck T 2003 No effect of
cromoglycate treatment in hospitalized infants with respiratory syncytial virus
bronchiolitis. Pediatr Pulmonol 36:455

— 154 -






