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SUMMARY: Respiratory syncytial virus (RSV) is the most important virus associated with bronchioli-
tis in infants and young children. The regulated upon activation, normal T-cell expressed and secreted
protein (RANTES, also known as CCL5) appears to be a key player in the etiology of RSV-infected air-
way inflammation. In this study, we genotyped three single-nucleotide polymorphisms in the RANTES
gene: －403G/A, －28C/G, and In1.1T/C in 59 infants with severe RSV bronchiolitis and 201 control
subjects. The frequencies of the －403G/A ＋ A/A, －28C/G ＋ G/G, and In1.1T/C ＋ C/C geno-
types were significantly lower in patients with severe RSV bronchiolitis than in control subjects, and the
frequencies of the －403A, －28G, and In1.1C alleles were significantly lower in RSV patients than in
control subjects. The present results suggest that RANTES polymorphisms may confer risk for severe
RSV bronchiolitis.

Respiratory syncytial virus (RSV) is the most im-
portant pathogen causing lower respiratory tract infec-
tion in infants and young children (1–3). Bronchiolitis is
an important disease in infancy and early childhood,
and the development of severe bronchiolitis is closely
related to RSV infection. Previous studies have impli-
cated cellular immunity in airway inflammation after
RSV infection (4,5). Multiple proinflammatory
cytokines and chemokines released by alveolar macro-
phages and epithelial cells are involved in the activation
of cellular immunity after RSV infection (6). Regulated
upon activation, normal T-cell expressed and secreted
protein (RANTES, also known as CCL5) is a chemo-
kine that attracts monocytes, eosinophils, basophils,
and memory T lymphocytes (7–11). RANTES is gener-
ated by macrophages, CD8＋ T lymphocytes, and
epithelial cells (12–15).

The human RANTES gene is composed of three ex-
ons and two introns (16), and in the RANTES gene,
three single-nucleotide polymorphisms (SNPs) have
been characterized: －403G/A (rs2107538), －28C/G
(rs2280788), and In1.1T/C (rs2280789) (17–19). SNPs
－403G/A and －28C/G are located in the promoter
region of the human RANTES gene, and In1.1T/C is
located in intron 1. Thus far, a few studies have report-
ed on the association between these RANTES SNPs and
RSV bronchiolitis (12,20,21), with conflicting results.
Tian et al. compared the allele frequency and genotype
of RANTES －403G/A in an RSV bronchiolitis group
to a control group and failed to find a significant differ-

ence (20). Zhao et al. reported a significant association
between RANTES －28C/G and RSV bronchiolitis
(21). Amanatidou et al. examined －403G/A, －28C/G,
and In1.1T/C and found no significant association
between these SNPs and RSV bronciolitis when
tested separately; however, there was a significant dif-
ference in the frequency of the genotype combination
－28C/C ＋ －403G/A ＋ In1.1T/T between patients
and control subjects (12).

The purpose of the present study was to survey the as-
sociation between genetic variation in the RANTES
gene and RSV bronchiolitis in a Japanese infant popula-
tion.

A total of 59 infants who had been hospitalized with
severe RSV bronchiolitis at Chiba University Hospital,
Asahi Central Hospital, Chiba Children's Hospital,
Shimosizu Hospital (Chiba, Japan), and Ono Pediatric
Clinic (Nagasaki, Japan) were recruited. The diagnosis
of RSV bronchiolitis was established on the basis of
wheezing and the presence of RSV antigen in
nasopharyngeal secretion specimens. Exclusion criteria
included prematurity, chronic respiratory disease, previ-
ous wheezing episodes, cardiac disease, and age À24
months. The mean age of the patients (± standard error
of the mean [SEM]) was 5.32 ± 0.81 months (range,
1–19 months).

The control subjects were 201 children who had never
had a wheezing episode and were selected from 411 chil-
dren recruited at an elementary school affiliated with
Chiba University. This study was approved by the
Ethics Committee on Human Research at Chiba Univer-
sity. Informed consent was obtained from the parents or
guardians of all subjects.

Peripheral blood was collected in tubes containing
ethylenediaminetetraacetic acid. DNA was extracted
from blood with a QIAamp DNA Blood Kit (Qiagen,
Valencia, Calif., USA) or from buccal cells with a Buc-
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Table 1. Distribution of genotype in infants with severe respiratory syncytial virus
(RSV) bronchiolitis and control subjects

Infants with
severe RSV
bronchiolitis

(n ＝ 59)

Control
subject

(n ＝ 201)
P OR (95z CI)

RANTES －403 G/A
G/G 34 (57.6) 80 (39.8)
G/A ＋ A/A 25 (42.4) 121 (60.2) 0.017* 0.49 (0.27–0.88)

Allele
G 88 (74.6) 249 (61.9)
A 30 (25.4) 153 (38.1) 0.012* 0.56 (0.35–0.88)

RANTES －28 C/G
C/C 52 (88.1) 143 (71.1)
C/G ＋ G/G 7 (11.9) 58 (28.9) 0.010* 0.33 (0.14–0.77)

Allele
C 109 (92.4) 340 (84.6)
G 9 (7.6) 62 (15.4) 0.032* 0.45 (0.22–0.94)

RANTES In1.1 T/C
T/T 34 (57.6) 83 (41.3)
T/C＋C/C 25 (42.4) 118 (58.7) 0.037* 0.52 (0.29–0.93)

Allele
T 89 (75.4) 254 (63.2)
C 29 (24.6) 148 (36.8) 0.015* 0.56 (0.35–0.89)

Data are presented as number (z) of subjects unless otherwise indicated.
CI, confidence interval; OR, odds ratio. *Statistically significant.
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calAmp DNA Extraction Kit (Epicentre Biotechnol-
ogies, Madison, Wis., USA), according to the manufac-
turers' instructions. Genomic DNA was amplified with
an Illustra GenomiPhi V2 DNA Amplification Kit (GE
Healthcare UK, Little Chalfont, Buckinghamshire,
UK) according to the manufacturer's instructions.
RANTES gene polymorphisms in In1.1T/C (rs2280789)
were genotyped with a Taqman system (Applied
Biosystems, Foster City, Calif., USA), while genotyping
of －403G/A (rs2107538) and －28C/G (rs2280788) was
performed using the SNaPshot method (Applied
Biosystems).

Statistical comparisons between patients and control
subjects were performed using the contingency x2 test or
unpaired Student's t test. Hardy-Weinberg equilibrium
was assessed with a x2 goodness of fit test. Strength of
linkage disequilibrium (LD) and haplotype frequencies
were estimated with SNPAlyze Pro software (version
7.0; Dynacom, Mobara, Japan). All statistical analyses
were performed with SPSS Statistics software (version
17.0; SPSS Japan, Tokyo, Japan) unless otherwise stat-
ed. P values of less than 0.05 were considered significant
unless otherwise stated.

We investigated the characteristics of the 59 patients
and 201 control subjects. The following were considered
risk factors for the development of RSV bronchiolitis:
sex, birth weight, the presence of older siblings, breast-
feeding, day care attendance during infancy, and paren-
tal smoking during infancy. None of these factors
differed significantly between the patients and control
subjects (data not shown).

The genotypes and allele frequencies of the three
SNPs in the patients and control subjects are shown in
Table 1. In the control subjects, all the genotypes were
in Hardy-Weinberg equilibrium. The －403A, －28G,

and In1.1C alleles were minor alleles. In a dominant
model, the frequencies of －403G/A ＋ A/A, －28C/G
＋ G/G, and In1.1T/C ＋ C/C were significantly lower
in patients than in control subjects.

The LD status was evaluated for the 201 control sub-
jects; the r2 values between －403G/A and －28C/G,
－403G/A and In1.1T/C, and －28C/G and In1.1T/C
were 0.297, 0.948, and 0.313, respectively. Because the
LD between －403G/A and In1.1T/C was strong, the
genotype results for these two SNPs were nearly identi-
cal (Table 1).

We then analyzed the association between the three
SNP haplotypes and RSV (Table 2). The estimated fre-
quencies of the H4 haplotype (－403A, －28C, and
In1.1T), H5 haplotype (－403G, －28C, and In1.1C),
and H6 haplotype (－403G, －28G, and In1.1T) were
very low (H4 haplotype [patients, 0.026; control sub-
jects, 0.012]; H5 haplotype [patients, 0.017; control
subjects, 6.24 × 10－22]; H6 haplotype [patients, 9.24 ×
10－3; control subjects, 4.79 × 10－9]) and were nearly
undetectable in the actual samples. We therefore exclud-
ed the H4, H5, and H6 haplotypes from the association
analysis. Among the three remaining haplotypes, the
frequency of H3 (－403A, －28G, and In1.1C) was sig-
nificantly lower in patients than in control subjects (P
＝ 0.0156). The frequency of H1 (－403G, －28C, and
In1.1T) was higher (P ＝ 0.0443) by 0.100 in patients
than in control subjects. However, this difference was
not significant after Bonferroni correction. The fre-
quency of the H2 haplotype was similar between the two
groups (P ＝ 0.2081).

In this study, we examined the association of three
SNPs in the RANTES gene with RSV bronchiolitis in a
population of Japanese infants. The frequencies of
genotypes containing －403A, －28G, and In1.1C were
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Table 2. Frequency of RANTES －403/－28/In1.1 haplotypes
in infants with severe respiratory syncytial virus (RSV) bron-
chiolitis and control subjects

Haplotype of
RANTES

－403/－28/In1.1

Infants with severe
RSV bronchiolitis

(118 Alleles)

Control subject
(402 Alleles) P1)

H1 G-C-T 0.719 0.619 0.0443
H2 A-C-C 0.161 0.214 0.2081
H3 A-G-C 0.067 0.154 0.0156*

1): Significant P value after Bonferroni correction for three
haplotypes is 0.0167 (0.05/3).

*Statistically significant.
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significantly lower in patients than in control subjects,
suggesting that these RANTES polymorphisms are asso-
ciated with the risk of developing RSV bronchiolitis.
The present results differ from those of several previous
studies (12,20,21), and the reasons for these differences
are not clear but may include the following. First, the
patients in the present study may differ from those in
other studies. We applied strict selection criteria for
RSV bronchiolitis; in order to exclude preexisting asth-
ma as much as possible, we recruited only patients who
had experienced their first wheezing episode during the
RSV infection. Second, our case-control data were ad-
justed for risk factors (sex, birth weight, the presence of
older siblings, breast-feeding, day care attendance dur-
ing infancy, and parental smoking during infancy).

To clarify the functional significance of the SNPs in
RANTES, several studies have compared the transcrip-
tional activity of different alleles by luciferase assay
(19,20,22,23). Taking into consideration our results and
those of previous studies, the relationship between RSV
bronchiolitis and RANTES polymorphisms may be as
follows. If we take into account only the RANTES
promoter region, －403A reported by Tian et al. (20)
and －28G reported by Liu et al. (23) are associated with
increased promoter activity. Because our patients
showed a lower frequency of －403A and －28G, we can
speculate that individuals with higher RANTES produc-
tion may be less susceptible to severe RSV bronchiolitis.
In fact, there are a few studies that agree with this
hypothesis (24,25).

If we also take the intron sequence into consideration,
based on the results of An et al. (19) and Tian et al. (20),
the A-C-T and A-G-T haplotypes are thought to be as-
sociated with higher promoter activity than the other
haplotypes. However, the estimated frequencies of A-C-
T and A-G-T haplotypes were very low in our subjects;
therefore, any relationship between RSV bronchiolitis
and these two haplotypes can be neglected. In our study,
the frequency of the C allele (lower transcriptional ac-
tivity) in In1.1T/C was lower in patients than in control
subjects. In other words, the frequencies of the A-G-C
and A-C-C haplotypes, which correspond to lower tran-
scriptional activity, were lower in patients than in con-
trol subjects. This suggested that individuals with lower
RANTES production might be less susceptible to severe
RSV bronchiolitis. There are many studies that are com-
patible with this hypothesis (26–28). It is generally ac-
cepted that RANTES recruits memory T cells, mono-
cytes, eosinophils, and basophils and is implicated in
airway inflammation (29,30). Considering these data

and the expression data of An et al. (19), our results
support the notion that individuals with higher
RANTES expression are more susceptible to severe RSV
bronchiolitis. However, there are few reports focusing
on the relationship between disease severity and
RANTES concentration in airway tissues (25). In addi-
tion to RANTES expression, there are other factors that
are important in the pathophysiology of severe RSV
bronchiolitis, including the antigenicity of RSV and
host immune conditions, among others (31). A study
evaluating the relative importance of RANTES expres-
sion and the interaction between RANTES expression
and the aforementioned factors would be an interesting
next step.

In conclusion, our results show an association of
RANTES gene polymorphisms with risk for severe RSV
bronchiolitis. Because the high-risk alleles in this study
differ from those in previous studies, further analyses
are needed to clarify the relationship between RANTES
polymorphisms and RSV bronchiolitis.

Acknowledgments This study was supported, in part, by the Mi-
nistry of Education, Culture, Sports, Science and Technology of
Japan and the Ministry of Health, Labour and Welfare of Japan
(Health and Labour Sciences Research Grants, Research on Allergic
Disease and Immunology).

Conflict of interest None to declare.

REFERENCES
1. Hall, C.B. (2001): Respiratory syncytial virus and parainfluenza

virus. N. Engl. J. Med., 344, 1917–1928.
2. Simoes, E.A. (1999): Respiratory syncytial virus infection. Lan-

cet, 354, 847–852.
3. Glezen, W.P., Taber, L.H., Frank, A.L., et al. (1986): Risk of

primary infection and reinfection with respiratory syncytial virus.
Am. J. Dis. Child., 140, 543–546.

4. Openshaw, P.J. (2002): Potential therapeutic implications of new
insights into respiratory syncytial virus disease. Respir. Res., 3
(Suppl. 1), S15–20.

5. van Schaik, S.M., Welliver, R.C. and Kimpen, J.L. (2000): Novel
pathways in the pathogenesis of respiratory syncytial virus dis-
ease. Pediatr. Pulmonol., 30, 131–138.

6. Welliver, R.C. (2003): Respiratory syncytial virus and other
respiratory viruses. Pediatr. Infect. Dis. J., 22, S6–10; discussion
S10–12.

7. Casola, A., Henderson, A., Liu, T., et al. (2002): Regulation of
RANTES promoter activation in alveolar epithelial cells after
cytokine stimulation. Am. J. Physiol. Lung. Cell. Mol. Physiol.,
283, L1280–1290.

8. Dahinden, C.A., Geiser, T., Brunner, T., et al. (1994): Monocyte
chemotactic protein 3 is a most effective basophil- and eosinophil-
activating chemokine. J. Exp. Med., 179, 751–756.

9. Alam, R., Stafford, S., Forsythe, P., et al. (1993): RANTES is a
chemotactic and activating factor for human eosinophils. J. Im-
munol., 150, 3442–3447.

10. Schall, T.J. (1991): Biology of the RANTES/SIS cytokine family.
Cytokine, 3, 165–183.

11. Schall, T.J., Bacon, K., Toy, K.J., et al. (1990): Selective attrac-
tion of monocytes and T lymphocytes of the memory phenotype
by cytokine RANTES. Nature, 347, 669–671.

12. Amanatidou, V., Sourvinos, G., Apostolakis, S., et al. (2008):
RANTES promoter gene polymorphisms and susceptibility to se-
vere respiratory syncytial virus-induced bronchiolitis. Pediatr. In-
fect. Dis. J., 27, 38–42.

13. Moriuchi, H., Moriuchi, M. and Fauci, A.S. (1997): Nuclear fac-
tor-kappa B potently up-regulates the promoter activity of
RANTES, a chemokine that blocks HIV infection. J. Immunol.,
158, 3483–3491.

14. Berkman, N., Robichaud, A., Krishnan, V.L., et al. (1996): Ex-
pression of RANTES in human airway epithelial cells: effect of



245245

corticosteroids and interleukin-4, -10 and -13. Immunology, 87,
599–603.

15. Cocchi, F., DeVico, A.L., Garzino-Demo, A., et al. (1995): Iden-
tification of RANTES, MIP-1 alpha, and MIP-1 beta as the
major HIV-suppressive factors produced by CD8＋ T cells.
Science, 270, 1811–1815.

16. Nelson, P.J., Kim, H.T., Manning, W.C., et al. (1993): Genomic
organization and transcriptional regulation of the RANTES
chemokine gene. J. Immunol., 151, 2601–2612.

17. Hajeer, A.H., al Sharif, F. and Ollier, W.E. (1999): A polymor-
phism at position －403 in the human RANTES promoter. Eur.
J. Immunogenet., 26, 375–376.

18. al Sharif, F., Ollier, W.E. and Hajeer, A.H. (1999): A rare poly-
morphism at position －28 in the human RANTES promoter.
Eur. J. Immunogenet., 26, 373–374.

19. An, P., Nelson, G.W., Wang, L., et al. (2002): Modulating in-
fluence on HIV/AIDS by interacting RANTES gene variants.
Proc. Natl. Acad. Sci. USA, 99, 10002–10007.

20. Tian, M., Liu, F., Wen, G.Y., et al. (2009): Effect of variation in
RANTES promoter on serum RANTES levels and risk of recur-
rent wheezing after RSV bronchiolitis in children from Han,
Southern China. Eur. J. Pediatr., 168, 963–967.

21. Zhao, D.Y., Wen, G.Y., Tian, M., et al. (2008): Association of
RANTES gene promoter －28C/G polymorphism with respirato-
ry syncytial virus bronchiolitis. Chin. J. Pediatr., 46, 89–93 (text
in Chinese with English summary).

22. Nickel, R.G., Casolaro, V., Wahn, U., et al. (2000): Atopic der-
matitis is associated with a functional mutation in the promoter
of the C-C chemokine RANTES. J. Immunol., 164, 1612–1616.

23. Liu, H., Chao, D., Nakayama, E.E., et al. (1999): Polymorphism
in RANTES chemokine promoter affects HIV-1 disease progres-

sion. Proc. Natl. Acad. Sci. USA, 96, 4581–4585.
24. Elliott, M.B., Tebbey, P.W., Pryharski, K.S., et al. (2004): Inhi-

bition of respiratory syncytial virus infection with the CC
chemokine RANTES (CCL5). J. Med. Virol., 73, 300–308.

25. Sheeran, P., Jafri, H., Carubelli, C., et al. (1999): Elevated
cytokine concentrations in the nasopharyngeal and tracheal secre-
tions of children with respiratory syncytial virus disease. Pediatr.
Infect. Dis. J., 18, 115–122.

26. Chung, H.L. and Kim, S.G. (2002): RANTES may be predictive
of later recurrent wheezing after respiratory syncytial virus bron-
chiolitis in infants. Ann. Allergy Asthma. Immunol., 88,
463–467.

27. Becker, S., Reed, W., Henderson, F.W., et al. (1997): RSV infec-
tion of human airway epithelial cells causes production of the
beta-chemokine RANTES. Am. J. Physiol., 272, L512–520.

28. Murai, H., Terada, A., Mizuno, M., et al. (2007): IL-10 and
RANTES are elevated in nasopharyngeal secretions of children
with respiratory syncytial virus infection. Allergol. Int., 56,
157–163.

29. Krishnan, S., Halonen, M. and Welliver, R.C. (2004): Innate im-
mune responses in respiratory syncytial virus infections. Viral Im-
munol., 17, 220–233.

30. Casola, A., Garofalo, R.P., Haeberle, H., et al. (2001): Multiple
cis regulatory elements control RANTES promoter activity in al-
veolar epithelial cells infected with respiratory syncytial virus. J.
Virol., 75, 6428–6439.

31. Goto-Sugai, K., Tsukagoshi, H., Mizuta, K., et al. (2010):
Genotyping and phylogenetic analysis of the major genes in
respiratory syncytial virus isolated from infants with bronchioli-
tis. Jpn. J. Infect. Dis., 63, 393–400.


