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FIG. 1. Numbers of CV-A16 isolates in Fukushima Prefecture and in Japan between 1983 and 2003. Numbers of CV-A16 isolates in Fukushima
(closed circles and solid line) and in Japan (open circles and broken line) are expressed, as reported to the Infectious Disease Surveillance Center
in Japan by prefectural and municipal public health institutes through the Japanese infectious agents surveillance program. A, B, and C refer to
genogroups designated based on phylogenetic analysis of the VP4 sequences of CV-A16 strains. Solid bars and broken bars indicate HFMD
outbreaks and epidemic periods, respectively, due to corresponding genogroups.

cDNA reaction mixture was added to 45 pl of 1X Tag buffer containing 12.5
pmol of a forward primer, MD91 (nt 444 10 468, 5'-CCTCCGGCCCCTGAAT
GCGGCTAAT-3') and 2.5 U of Tag DNA polymerase (Roche Diagnostic Sys-
tems). Seminested PCR was performed using 5 pl of the PCR product with a pair
of primers, EVP4 (nt 541 to 560, 5'-CTACTTTGGGTGTCCGTGTT-3’) and
QL68-1. After initial denaturation at 94°C for 5 min, 40 cycles of amplification
were performed by using the GeneAmp PCR System 9600 (PE-Applied Biosys-
tems). Each cycle consisted of denaturation at 95°C for 30 s, primer annealing at
55°C for 30 s, and an extension reaction at 72°C for 1 min. The 40 amplification
cycles were followed by a final extension at 72°C for 7 min. The first PCR primer
pair allowed for amplification of 753 bp, and the seminested PCR primer pair
allowed for amplification of 656 bp. The final PCR products encoded the 3’
one-third of the 5' nontranslated region, the entire VP4, and the 5' one-third of
VP2 of each CV-A16 strain. The PCR products, including the entire VP4 se-
quences, were separated in 1% agarose gels and purified with a QLAquick gel
extraction kit (QLAGEN). The nucleotide sequence was determined by using a
373A DNA autosequencer (PE-Applied Biosystems) with fluorescent dideoxy
chain terminations (PE-Applied Biosystems) and EVP4 and OL68-1 primers.
Phylogenetic analysis based on the VP4 gene. The entire VP4 nucleotide
sequences of the 129 strains isolated in Fukushima were determined and used for
phylogeny-based analysis, along with those of 64 prototype enterovirus strains.
We estimated the evolutionary distances using the Kimura two-parameter
method (8) and constructed unrooted phylogenetic trees with the neighbor-
joining method (14). Bootstrap analysis was performed by resampling the data
sets 1,000 times. Bootstrap values greater than 70% were considered to be
statistically significant for the grouping. The VP4 sequences of representative 54
CV-Al6 strains isolated in Fukushima were also compared to those of 20 strains
isolated in other areas of Japan, 29 strains in China, and 1 strain in the United
Kingdom taken from international databases {(GenBank) by using phylogenetic
analysis.

PCR and phylogenetic analysis based on the VP1 gene. To confirm the rele-
vance of genogrouping based on the VP4 region, we used the phylogeny-based
classification methods using the VP1 sequences that were reported by Oberste et
al. (12). Twenty-five CV-A16 strains isolated in Fukushima were randomly se-
lected, and their VP1 regions were amplified using two sets of primer pairs, i.e.,
055/VP3-011/2A and 055/VP3-009/2A. The VP1 sequences were determined and
compared by using phylogenetic analysis with those of 28 strains isolated in
China and 1 Taiwan strain taken from international databases.

RESULTS

Chronologic genetic diversity. Enterovirus surveillance data
in the Fukushima Prefecture for the period from 1983 to 2003
indicate that peaks of CV-Al6 isolations from HFMD oc-
curred in 1985, 1988, 1991, 1995, 1998, and 2002. This epidemic
pattern is very similar to that observed in Japanese national
surveillance data (Fig. 1) (6). A total of 322 CV-Al6 strains
were isolated and identified during this period in the Fuku-
shima Prefecture. A nested RT-PCR assay was performed for
the detection of enteroviral genome sequences in 63 randomly
selected samples collected from 1983 to 1999 and in the 69
samples collected from 2000 to 2003. A positive PCR result
was obtained in 129 of 132 samples, and all detected entero-
viruses were identified as CV-A16 using PCR-based analysis.
Phylogenetic analysis of the VP4 sequences of 129 CV-A16
strains isolated in Fukushima demonstrated the existence of at
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least three genetically distinct groups (bootstrap value of
>70%) relating to the epidemics that occurred from 1984 to
1994, from 1987 to 1998, and from 1995 to 2003 (Fig. 2). These
three groups were designated genogroups A, B, and C, respec-
tively. The outbreaks in 1985 and 1991 were due to genogroup
A, those in 1988 and 1998 were due to genogroup B, and those
in 1995 and 2002 were due to genogroup C (Fig. 1). All isolates
in Fukushima since 2000 were of genogroup C. CV-A16 strains
within a genogroup were slightly genetically divergent in sev-
eral epidemics.

Geographic genetic relationship. VP4 sequences of repre-
sentative 54 CV-A16 strains isolated in Fukushima were com-
pared to those of 50 strains taken from international databases
(GenBank), which included 20 strains isolated in Japan, 29
strains in China, and 1 United Kingdom strain. Genogroup A
strains included 11 CV-A16 strains isolated in Fukushima from
1984 10 1994 and 1 strain isolated in another part of Japan in
1986. Genogroup B strains included 30 CV-A16 strains iso-
lated in Fukushima from 1987 to 1998, 6 strains isolated in
other parts of Japan from 1979 to 1998, and 3 strains isolated
in Asia from 1999 to 2000. Genogroup C strains included 88
CV-A1S6 strains isolated in Fukushima from 1995 to 2003, 11
strains isolated in other parts of Japan from 1998 to 2002, 26
strains isolated in Asia from 1998 to 2003, and 1 United King-
dom strain in 1999. In general, each genogroup relating to the
epidemics from 1984 to 1994, from 1987 t01998, or from 1995
to 2003 in Fukushima formed a single cluster with CV-A16
strains isolated during almost the same time period in other
areas of Japan and in China (Fig. 3). Although the clustering
seemed to be more closely related to the period of isolation
rather than the area of isolation, the VP4 sequences of strains
isolated in Japan were not identical to those isolated in China
during the same time period. The GenBank accession numbers
of the nucleotide sequences of 54 representative CV-A16 iso-
lates in Fukushima are AB266393 to AB266446. These are
indicated in parentheses in Fig. 3, as well as 50 additional
strains taken from GenBank.

To clarify whether the genetic diversity occurred as clusters
in the VP4 gene or scattered across the gene, the entire VP4
nucleotide sequences of all strains were aligned (Fig. 4). Com-
mon genetic diversities were observed in each genogroup. They
did not form clusters but appeared randomly throughout the
VP4 gene.

Phylogenetic analysis based on the VP1 gene. To confirm the
relevance of genogrouping based on the VP4 region, bootstrap
analysis was performed using VP1 sequences of 25 CV-Al16
strains isolated in Fukushima and 29 strains isolated in other
countries. The analysis based on the VP1 gene revealed three
genetically distinct groups, and the grouping was completely
identical to the results based on the VP4 gene (data not
shown). Bootstrap values for the grouping of A, B, and C based
on the VP1 gene were 97, 81, and 100%, respectively, and were
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higher than those based on the VP4 gene (90, 39, and 71%,
respectively).

DISCUSSION

CV-AL16 causes large outbreaks of HFMD worldwide. En-
terovirus surveillance data in the Fukushima Prefecture for the
period from 1983 to 2003 indicate that the annual proportion
of CV-AlG6 isolates relative to total enterovirus isolates fluctu-
ated widely, from 0% in 1983, 1986, and 1999 to 35.3% in 2002.
Peaks of CV-A16 isolations from HFMD occurred in the years
1985, 1988, 1991, 1995, 1998, and 2002 (6). This epidemic
pattern is very similar to that observed in the Japanese national
surveillance data (Fig. 1) (6). These observations indicate
that CV-A16 follows an epidemic mode of transmission,
causing large outbreaks and then becoming quiescent for a
period of a few years. Similar quiescence between outbreaks
is observed in the meningitis epidemics caused by echovirus
type 30. The quiescence is probably due to the development
of population immunity that occurs during a high-infection-
rate epidemic. The virus might cause only sporadic cases
until a large cohort of nonimmune individuals has devel-
oped, often over a period of several years, setting the stage
for another large epidemic (12).

Phylogeny-based classification using the VP4 sequence is
useful for the identification of human enteroviruses (3, 4). The
method takes advantage of the detection of the divergence in
VP4 sequences both between and within serotypes, and thus is
also of use for global epidemiologic studies of enteroviruses (1,
5, 7). We investigated the genetic diversity of CV-A16 strains
associated with HFMD epidemics in the Fukushima Prefec-
ture, Japan, from 1983 to 2003 and compared their genetic
relation to those isolated in other areas of Japan and in China
using the same method. CV-A16 strains isolated in Fukushima,
from 1983 to 2003, made at least three distinct clusters on the
phylogenetic tree. The three clusters were designated geno-
groups A, B, and C and were associated with the HFMD
epidemics from 1984 to 1994 (including the 1985 and 1991
outbreaks), 1987 to 1998 (including the 1988 and 1998 out-
breaks), and 1995 to 2003 (including the 1995 and 2002 out-
breaks), respectively. The predominant genogroup was re-
placed with a new genogroup. CV-Al6 strains within a
genogroup gradually became genetically divergent in several
epidemics. These results demonstrated that the introduction of
a new genogroup in addition to the genetic divergence within
a genogroup resulted in repeated HFMD outbreaks in Fuku-
shima, Japan.

Each genogroup formed the same cluster with CV-A16
strains isolated during essentially the same time period in other
areas of Japan and in China. The clustering seemed to be more
closely related to the date of isolation than to the geographic
location. Genetic diversities appeared randomly throughout

FIG. 2. Phylogram depicting the phylogenetic relationships on the basis of the VP4 sequence among 129 CV-A16 strains isolated in Fukushima
from 1983 to 2003. Bootstrap analysis was performed by resampling the data sets 1,000 times. Bootstrap values greater than 70% were considered
to be statistically significant for the grouping and were denoted in the figure. Isolated place, strain name, and isolated year were indicated. The
GenBank accession number of one isolate to represent isolates with identical sequences is also indicated in parenthesis. CA-A16/G-10/51 is the
prototype CV-A16 strain. The VP4 nucleotide sequence of prototype HEV71/BrCr/71 was used as an outgroup in the analysis.
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FIG. 3. Phylogram depicting the phylogcnetic relationships on the basis of the VP4 sequence among representative 54 CV-A16 strains isolated
in Fukushima and 50 CV-A16 strains isolated in Japan, China, and United Kingdom taken from international databases (GenBank). Bootstrap
analysis was performed by resamplmg the data sets 1,000 times. Bootstrap values greater than 70% were considered to be statistically significant
for the grouping and were denoted in the figure. Isolated place, strain name, and isolated year were indicated. GenBank accession numbers of
CV-A16 strains isolated in Fukushima and the strains taken from international databases are indicated in parentheses. CA-A16/G-10/51 is the
prototype CV-A16 strain. The VP4 nucleotide sequence of prototype HEV71/BrCr/71 was used as an outgroup in the analysis.
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CV-A16 VP4 Gene Alignment (1-70 bp)
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CV-A16 VP4 Gene Alignment (71-140 bp)
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the VP4 gene and were common to each genogroup. These
indicated that a new CV-A16 genogroup might derive from
other regions of the world, be predominant for several years
with genetic divergence, and then disappear.

The protein encoded by the VP1 gene is the most exposed
and immunodominant of the capsid proteins. Serotypic iden-
tification and classification rely on antigenic methods, and VP1
gene sequence data are likely to give the most useful informa-
tion in molecular epidemiologic studies (13). Shimizu et al.
analyzed the phylogeny of HEV71 isolates, which is the other
major etiologic agent of HFMD, based on the nucleotide se-
quence alignment of both the VP1 and VP4 regions (15).
Phylogenetic trees based on VP4 sequences revealed that the
HEV71 strains isolated from the Western Pacific Region
formed two major genogroups, B and C, and were similar to
those based on the VP1 sequences. Cardosa et al. reported that
the VP1 and VP4 gene sequences both provide similar phylo-
genetic information, but the higher bootstrap values in the VP1
dendrograms provide greater confidence, particularly when
elucidating new genotypes. Thus, the use of the shorter VP4
gene might be helpful for HEV71 surveillance, but the VP1
gene should be used for confirming data obtained with VP4-
based analysis (1). Therefore, we confirmed the data obtained
from the analysis based on VP4 genes of CV-A16 isolates by
using VP1-based analysis. Phylogenetic analysis based on the
VP1 gene demonstrated the existence of three genetically dis-
tinct groups, and the grouping was completely identical to the
result obtained with VP4-based analysis. Bootstrap values for
the grouping of A, B, and C based on the VP1 gene were
higher than 80%, whereas those for the grouping of A and C
based on the VP4 gene were higher than 70%. Although boot-
strap values are slightly higher in the VP1 dendrograms than in
the VP4 dendrograms, the VP4 gene as well as the VP1 gene
seems to be-appropriate for the epidemiologic study of CV-
Al6. In conclusion, phylogenetic analysis based on the VP1
gene confirmed that CV-A16 strains isolated in Fukushima
formed three genogroups, and each genogroup formed the
same cluster with CV-A16 strains isolated during essentially
the same time period in China.

In summary, we describe the evident genetic diversity and
changes in the VP4 protein region of CV-A16 strains that were
isolated in a restricted region through more than 20 successive
epidemics. Our results indicate that CV-Al6 strains causing
HFMD had genetically changed twice during the period and
that these CV-A16 strains might have been transmitted over-
seas. We conclude that the repeated outbreaks of CV-Al16-
related HFMD might be caused, in part, by the worldwide
transmission of the genetically changed CV-A16 strains, as well
as a large cohort of nonimmune individuals. To test this hy-

J. CLIN. MICROBIOL.

pothesis, a worldwide surveillance system for HFMD and ge-
netic analysis of isolated CV-A16 strains is necessary.

ACKNOWLEDGMENT

We do not have a commercial or other association that might
pose a conflict of interest (e.g., pharmaceutical stock ownership,
consultancy, advisory board membership, relevant patents, or re-
search funding).

REFERENCES

1. Cardosa, M. J., D. Perera, B. A. Brown, D. Cheon, H. M. Chan, K. P. Chan,
H. Cho, and P, McMinn. 2003. Molecular epidemiology of human entero-
virus 71 strains and recent outbreaks in the Asia-Pacific region: comparative
analysis of the VP1 and VP4 genes. Emerg. Infect. Dis. 9:461-468.

2. Chang, L. Y, T. Y. Lin, Y. C. Huang, K. C. Tsao, S. R. Shih, M. L. Kuo, H. C.
Ning, P. W. Cbung, and C. M. Kang. 1999. Comparison of enterovirus 71 and
coxsackievirus A16 clinical illness during the Taiwan enterovirus epidemic,
1998. Pediatric. Infect. Dis. J. 18:1092-1096.

3. Hosoya, M., M. Sato, K. Honzumi, M. Katayose, Y. Kawasaki, H. Sakuma,
K. Kato, Y. Shimada, H. Ishiko, and H. Suzuki. 2001. Association of non-
polio enteroviral infection in the central nervous system of children with
febrile seizures. Pediatrics 107:E12.

4. Hosoya, M., H. Ishiko, Y. Shimada, K. Honzumi, S. Suzuki, K. Kato, and H.
Suzuki. 2002. Diagnosis of group A coxsackieviral infection using polymer-
ase chain reaction. Arch. Dis. Child. 87:316-319.

5. Hosoya, M., Y. Kawasaki, M. Sato, K. Honzumi, A. Kato, T. Hiroshima, H.
Ishiko, and H. Suzuki. 2006. Genetic diversity of enterovirus 71 associated
with hand, foot, and mouth disease epidemics in Japan from1983 1o 2003.
Pediatr. Infect. Dis. J. 25:691-694.

6. Infectious Disease Surveillance Center. 2004. Infectious agents surveillance
report: enterovirus isolation from aseptic meningitis cases, 1982-2003,
Tokyo, Japan. Infectious Disease Surveillance Center, Tokyo, Japan. (In
Japanese.)

7. Ishiko, H., Y. Shimada, M. Yonaha, O. Hashimoto, A. Hayashi, K. Sakae,
and N. Takeda. 2002. Molecular diagnosis of human enteroviruses by phy-
logeny-based classification by use of the VP4 sequence. J. Infect. Dis. 185:
744-754.

8. Kimura, M. 1980. A simple method for estimating evolutionary rates of base
substitutions through comparative studies of nucleotide sequences. J. Mol.
Evol. 16:111-120.

9. Li, L., Y. He, H. Yang, J. Zhu, X. Xu, J. Dong, Y. Zhu, and Q. Jin. 2005.
Genetic characteristics of human enterovirus 71 and coxsackievirus A16
circulating from 1999 to 2004 in Shenzhen, People’s Republic of China.
J. Clin. Microbiol. 43:3835-3839.

10. McMinn, P, K. Lindsay, D. Perera, H. M. Chan, K. P. Chan, and M. J.
Cardosa. 2001. Phylogenetic analysis of enterovirus 71 strains isolated during
linked epidemics in Malaysia, Singapore, and Western Australia. J. Virol.
75:7732-7738.

11. Nomoto, A., T. Omata, H. Toyoda, S. Kuge, H. Horie, Y. Kataoka, Y. Genba,
Y. Nakano, and N. Imura. 1982. Complete nucleotide sequence of the at-
tenuated poliovirus Sabin 1 strain genome. Proc. Natl. Acad. Sci. USA
79:5793-5797.

12. Oberste, M. S., K. Maher, M. L. Kennett, J. J. Campbell, M. S. Carpenter,
D. Schnurr, and M. A. Pallansch. 1999. Molecular epidemiology and genetic
diversity of echovirus type 30 (E30): genotypes correlate with temporal
dynamics of E30 isolation. J. Clin. Microbiol. 37:3928-3933.

13. Oberste, M. S., K. Maher, D. A. Kilpatrick, and M. A. Pallansch. 1999.
Molecular evolution of the human enteroviruses: correlation of serotype
with VP1 sequence and application to picornavirus classification. J. Virol.
73:1941-1948.

14. Saitou, N., and M. Nei. 1987. The neighbor-joining method: a new method
for reconstructing phylogenetic trees. Mol. Biol. Evol. 4:406—425.

15. Shimizu, H.,, A. Utama, N. Onnimala, C. Li, Z. Li-Bi, M. Yu-Jie, Y. Pong-
suwanna, and T. Miyamura. 2004. Molecular epidemiology of enterovirus 71
infection in the Western Pacific region. Pediatr. Int. 46:231-235.

- 229 -



Nuclear factor-xB activation in peripheral blood mononuclear cells

in children with sepsis

Noriko Hotta, MD; Takashi ichiyama, MD; Masahiro Shiraishi, MD; Tsuyoshi Takekawa, MD;

Tomoyo Matsubara, MD; Susumu Furukawa, MD

Objective: To determine the activation of nuclear factor-«B in
peripheral blood CD14+ monaocyte/macrophages and CD3+,
CD4-+, and CD8+ T cells in children with sepsis.

Design: Observational study.

Setting: University hospital.

Patients: Twenty-six children with sepsis (nine females and 17
males, aged between 10 days and 15 yrs; median, 4.3 yrs) on
admission to our hospital between August 1999 and November
2005.
Interventions: None.

Measurements and Main Results: The percentages of periph-
eral blood CD14+ monocyte/macrophages and CD3+-, CD4+-, and
CD8+ T cells exhibiting nuclear factor-«B activity were deter-
mined by flow cytometry. In addition, relationships among the
degree to which nuclear factor-«xB was activated, serum levels of
cytokines (interferon-vy, tumor necrosis factor-a, interleukin-2,
interleukin-4, interfeukin-6, and interleukin-10), and clinical vari-
ables were analyzed. The percentage of cells exhibiting nuclear
factor-«xB activity was increased among CD14+, CD3+, CD4+,

and GD8+ cells in the sepsis group and was significantly higher
among CD14+, CD3+, and CD4-+ cells of the patients with severe
sepsis (n = 9) than those of patients with nonsevere sepsis (n =
17). The percentage of cells exhibiting nuclear factor-«B activity
was significantly higher among CD14+ cells than CD3+ cells in
the patients with severe sepsis. In addition, this percentage was
significantly higher among CD14+ cells than CD3+, CD4+, and
CD8+ cells in septic patients who had positive blood cultures
(n = 16). Serum interfeukin-6 levels were correlated with the
percentages of CD14+, CD3+, CD4+, and CD8+ cells exhibiting
nuclear factor-«B activity, and serum IL-10 levels were correlated
with the percentages of CD14+, CD3+, and CD4+ cells exhibiting
nuclear factor-xB activity.

Conclusions; Nuclear factor-xB in peripheral blood menonu-
clear cells was activated in children with sepsis and was related
the severity of sepsis. (Crit Care Med 2007; 35:2385-2401)

Kev Wonos: sepsis; children; NF-kappaB; interleukin-6; inter-
leukin-10

espite many advances in
therapeutic techniques, sep-
sis is still a severe and poten-
tially lethal condition. Previ-
ous studies have demonstrated that the
clinical condition of patients with sepsis
is modified by the release of large
amounts of proinflammatory cytokines,
such as tumor necrosis factor (TNF)-q,
interleukin (IL)-1, and IL-6, into the
blood (1, 2).
Nuclear factor (NF)-«B is a ubiquitous
transcription factor for genes that encode
proinflammatory cytokines (3-7). The
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prototype of NF-«B is a heterodimer con-
sisting of p50 and p65 bound by members
of the IkB family, including IkBa, in the
cytoplasm (8, 9). Phosphorylation of IkB
by bacterial products, viruses, drugs, or
cytokines rapidly leads to its degradation
and the translocation of NF-kB to the
nucleus (10, 11). Activation of NF-xB re-
sults in the binding of specific promoter
elements and the expression of messen-
ger RNAs for proinflammatory cytokine
genes (10, 11).

To determine the role of NF-«kB acti-
vation in children with sepsis, we mea-
sured the percentages of CD14+ mono-
cyte/macrophages and CD3+, CD4+, and
CD8+ T cells exhibiting NF-«B activity in
the peripheral blood mononuclear cell
(PBMC) population by flow cytometric
analysis. In addition, relationships among
the degree to which NF-«B was activated
in PBMCs, serum proinflammatory cyto-
kine concentrations, severity of sepsis,
and clinical variables were analyzed in
children with sepsis.

- 230 -

MATERIALS AND METHODS

Sepsis. Informed consent was obtained
from the parents of the patients enrolled in
this study. The protocol was approved by the
Institutional Review Board of Yamaguchi Uni-
versity Hospital. Peripheral blood samples
were obtained from 26 children with sepsis
(nine females and 17 males, aged between 10
days and 15 yrs; median, 4.3 yrs) on admission
to our hospital between August 1999 and No-
vember 2005 (Table 1). Septic children who
did not receive any antibiotics before blood
sampling and provided blood samples within 5
days from the onset of the illness were en-
rolled in our study. Sepsis for a pediatric pop-
ulation was defined as systemic inflammatory
response syndrome in the presence of or as a
result of suspected or proven infection (12).
Systemic inflammatory response syndrome
was defined as the presence of at least two of
the following four criteria, one of which must
be an abnormal temperature or leukocyte
count: 1) hyperthermia or hypothermia; 2)
tachycardia or bradycardia; 3) tachypnea; 4) an
elevated or depressed leukocyte count (12).
Severe sepsis was defined as sepsis plus one of
the following: cardiovascular organ dysfunc-
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Table 1. Clinical characteristics of 26 patients with sepsis and controls

Nonsevere Sepsis

(n=17

Severe Sepsis
(n=29)

Age, median, range 1.9 yrs, 27 days-15 yrs

Sex, female:male 3:6

Type of infection Meningitis 3
Catheter-related infection 2
Pneumonia 2
Enterocolitis 1
UTI 1

Primary causative bacteria Haemophilus influenzae 3
MRSA 2
Enterobacter aerogenes 1
Escherichia coli 1
MRSE 1
Pseudomonas aeruginosa 1

Blood culture Positive - 8
Negative 1

Sampling days, median, range 3,1-5

Comorbid conditions Cerebral palsy 2
Acute encephalopathy 1
Lowe syndrome 1

5.5 yrs, 10 days-15 yrs
6:11
Pneumonia
Bronchitis
Acute otitis media
Arthritis of the hip
Enterocolitis
Meningitis
Meningoencephalitis
UTI
Haemophilus influenzae
MSSA
Escherichia coli
MRSA
Pseudomonas aeruginosa
Streptococcus pyogenes
Unknown
Positive
Negative
3,15
Cerebral palsy

Control
(n = 18)
3.2 yrs, 26 days—13 yrs
7:11
8
3
1
1
1
1
1
1
6
2
1
1
1
1
5
8
9
4

UTI, urinary tract infection; MRSA, methicillin-resistant Staphylococcus aureus; MSSA, methicillin-sensitive Staphylococcus aureus; MRSE, methi-

cillin-resistant Staphylococcus epidermidis.

The day of fever onset was considered to be the first day of illness.

tion, acute respiratory distress syndrome, or
two or more other organ dysfunctions, includ-
ing neurologic, hematologic, renal, and he-
patic dysfunction (12). The day of fever onset
was considered as the first day of illness.
Twenty patients had fever before admission,
and six patients had fever while their original
diseases were treated in the hospital. Blood
samples were obtained from patients with sep-
sis on days 1 through 5 (mean, 2.9 days) of
iliness and as soon as they were diagnosed as
having sepsis.

Controls. The control subjects were 18
healthy children (11 males and seven females,
aged between 26 days and 13 yrs; median, 3.2
yrs). They included children who were under-
going surgery (for inguinal hernia, strabis-
mus) and those who were brought for blood
type determination. There were no significant
differences of age or gender between septic
children and healthy controls by the Mann-
Whitney U test.

Flow Cytometric Analysis. The flow cyto-
metric analysis was performed according to a
previously published procedure (13-15). Pe-
ripheral blood cells were labeled with a phy-
coerythrin-conjugated anti-CD14 monoclonal
antibody, a peridinin chlorophyll protein-
conjugated anti-CD3 monoclonal antibody, a
phycoerythrin-conjugated anti-CD4 monoclo-
nal antibody, or a peridinin chlorophyll pro-
tein-conjugated anti-CD8 monoclonal anti-
body and then permeabilized with 4%
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Figure 1. The percentage of CD14+ (4), CD3+ (B), CD4+ (C), and CD8+ (D) cells exhibiting nuclear
factor (VF)-xB activity. /, patients with severe sepsis (n = 9); I/, patients with nonsevere sepsis (n =
17). Horizontal lines are geometric mean values.
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paraformaldehyde in phosphate-buffered sa-
line, pH 7.2, containing 0.1% saponin and 10
mM HEPES. The cells were labeled with
mouse anti-NF-kB (nuclear-localized signal)
antibody (immunoglobulin G3; CHEMICON,
Temecula, CA). The mouse anti-NF-«xB (nucle-
ar-localized signal) antibody recognizes an
epitope overlapping the nuclear location sig-
nal of NF-«xB-p65 and therefore selectively rec-
ognizes the activated form of NF-xB. The cells
were then labeled with a fluorescein isothio-
cyanate-conjugated rat anti-mouse immuno-
globulin G3 monoclonal antibody (BD PharM-
ingen, San Diego, CA). After being washed, the
cells were fixed with 1% paraformaldehyde in
phosphate-buffered saline and stored at 4°C
until the flow cytometric analysis. Immuno-
fluorescence staining was analyzed with a
FACScan flow cytometer equipped with

CellQuest software. We analyzed 5,000 cells by -

flow cytometry for each patient.

Determination of Cytokine Concentra-
tions. The concentrations of interferon
(IFN)-y, TNF-a, IL-2, IL-4, IL-6, and IL-10 in
serum were measured with a cytometric bead
array kit (BD PharMingen) according to the
manufacturer’s manual, as described previ-
ously (16-18), with modifications of the data
analysis using GraphPad Prism software
(GraphPad Prism Software, San Diego, CA).
Briefly, a cytometric bead array comprises a
series of beads exhibiting discrete fluorescence
intensities at 670 nm. Each series of beads is
coated with a monoclonal antibody against a
single cytokine, and a mixture of six series of
beads can detect six cytokines in one sample. A
secondary phycoerythrin-conjugated mono-
clonal antibody stains the beads proportionally
to the amount of bound cytokine. After fluo-
rescence intensity calibration and electronic
color compensation procedures, standard and
test samples were analyzed with a FACScan
flow cytometer equipped with CellQuest soft-
ware (BD PharMingen), and the data were
transferred to GraphPad Prism. Starting with
standard dilutions, the software performed log
transformations of the data and then fitted a
curve to ten discrete points using a four-
variable logistic model. The calibration curve
created for each cytokine was used to deter-
mine the cytokine concentrations in the sam-
ples. The lower detection limits for IFN-v,
TNF-a, IL-2, IL-4, IL-6, and IL-10 were 7.1
pg/mL, 2.8 pg/mL, 2.6 pg/mL, 2.6 pg/mL, 2.5
pg/mL, and 2.8 pg/mL, respectively.

Clinical Data. The relationships among the
percentages of cells exhibiting NF-xB activity
and clinical data, including the species of
causative bacteria, white blood cell counts,
platelet counts, serum C-reactive protein,
body temperature, heart rate, respiratory rate,
blood pressure at the time of specimen collec-
tion, and aspartate aminotransferase, alanine
aminotransferase, and lactate dehydrogenase
levels, were investigated. Disseminated intra-
vascular coagulation was diagnosed as in a
previous paper (19). Moreover, the Pediatric
Risk of Mortality score (20) was calculated.

Crit Care Med 2007 Val. 35, No. 10

Statistical Analysis. All data were log
transformed to get an approximately normal
distribution. The differences in the results be-
tween groups were analyzed with a #-test, and
those with a p value <.05 were considered
significant. Correlations were analyzed using
Pearson’s coefficient correlation. All values are
geometric means. Analyses and calculations
were performed using SPSS-12.0 (SPSS, Chi-
cago, IL).

RESULTS

Patients With Sepsis. Clinical data of
patients with sepsis are shown in Table 1.
Type of infection included pneumonia
(n = 10), bacterial meningitis (n = 4),
acute bronchitis (n = 3), acute enteroco-
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litis (n = 2), urinary tract infection (n =
2), catheter-related infection (n = 2), en-
cephalomeningitis (n = 1), acute otitis
media (n = 1), and arthritis of the hip
(n = 1). Nine of the 26 septic children
had severe sepsis. Blood cultures yielded
Haemophilus influenzae (n = 6), methi-
cillin-resistant Staphylococcus aureus
(n = 3), Escherichia coli (n = 2),
Pseudomonas aeruginosa (n = 2), Enter-
obacter aerogenes (n = 1), methicillin-
sensitive S. aureus (n = 1), and Strepto-
coccus pyogenes (n = 1). Blood cultures
from ten septic patients were negative.
The comorbid conditions of the patients
included cerebral palsy (n = 6), acute en-
cephalopathy (n = 1), and Lowe syn-
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Figure 2. Relationship between blood culture and the percentage of CD14+ (4), CD3+ (B), CD4+ (C),
and CD8+ (D) cells exhibiting nuclear factor (VF)-xB activity. /, patients with positive blood cultures
(n = 16); II, patients with negative blood cultures {n = 10). Horizontal lines are geometric mean

values.
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drome (n = 1). The other 18 patients
were healthy before having infections
complicated with sepsis. Three cases of
severe sepsis and one of nonsevere sepsis
were complicated with disseminated in-
travascular coagulation. The patients
were treated with multiple antibiotics ef-
fective against these bacteria. One male
patient aged 27 days with severe sepsis
died 3 days after specimen collection, and
the other 25 patients survived without
sequelae.

Percentage of Cells Exhibiting NF-«xB -

Activity. The percentages of CD14+,
CD3+, CD4+, and CD8+ cells exhibiting
NF-kB activity among the controls were
2.4%, 2.6%, 2.3%, and 2.2%, respectively
(Fig. 1). Those of CD14+, CD3+, CD4+,
and CD8+ cells from the patients in the
sepsis group were significantly higher:
21.0%, 18.0%, 17.0%, and 16.8%, respec-
tively (all p < .001). The percentages of
CD14+, CD3+, and CD4+ cells exhibit-
ing NF-«xB activity were significantly
higher in the patients with severe sepsis
than those with nonsevere sepsis

{(p = .008, p =.017, and p = .011, re-
spectively), but not so for the percentage
of CD8+ cells (Fig. 1). A logistic regres-
sion analysis demonstrated that the per-
centages of CD14+, CD3+, and CD4+
cells, but not CD8+ cells, exhibiting NF-xB
activity were significantly higher in the
patients with severe sepsis than those
with nonsevere sepsis (p = .023, p =
0034, and p = .034, respectively) after ad-
justment for age, gender, and sampling
days. In the patients with severe sepsis,
the percentage was significantly higher
among CD14+ cells than CD3+ cells
» =.037).

The percentages of CD14+, CD3+,
CD4+, and CD8+ cells exhibiting NF-xB

. activity were significantly higher in septic

patients who had positive blood cultures
than those who had negative blood cul-
tures (p = .001, p = .010, p = .025, and

= .012, respectively) (Fig. 2). In the
septic patients who had positive blood
cultures, the percentage of cells exhibit-
ing NF-kB activity was significantly
higher among CD14+ cells than CD3+

(p = .006), CDA+ (p =.011), or CD8+
(p = .028) cells. There was no significant
difference in the percentages of cells ex-
hibiting NF-«B activity between the sep-
tic patients who tested positive in the
blood culture for H. influenzae (n = 6)
and the others (n = 10).

The percentages of CD14+, CD3+,
CD4+, and CD8+ cells exhibiting NF-«xB
activity were significantly higher in the
septic patients with disseminated intra-
vascular coagulation (n = 4) than those
without disseminated intravascular coag-
ulation (p = .007, p <.001, p < .001,
and p = .011, respectively). There was no
significant correlation between the per-
centages of cells exhibiting NF-«xB activ-
ity and differential white blood cell
counts, serum C-reactive protein, body
temperature, heart rate, respiratory rate,
blood pressure, or aspartate aminotrans-
ferase, alanine aminotransferase, or lac-
tate dehydrogenase levels at the time of
specimen collection. There were no sig-
nificant correlations between the per-
centages of cells exhibiting NF-«B activ-
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ity and Pediatric Risk of Mortality scores
in the patients. The Pediatric Risk of Mor-
tality score of patients with severe sepsis
was significantly higher than that of pa-
tients with nonsevere sepsis (p = .007;
median, range: 6, 0-29 vs. 0, 0-8).

The concentrations of IFN-y, TNF-a,
IL-2, IL-4, IL-6, and IL-10 in the serum of
the control subjects were <42.9 pg/mL,
<11.1 pg/mL, <45 pg/mL, <15.0 pg/
mL, <19.9 pg/mL, and <14.2 pg/mL, re-
spectively. Serum cytokine levels were
determined in 22 of the 26 patients. Se-
rum IL-6 levels were elevated in 21 of the
22 patients (15.8-9701 pg/mL) and were
correlated with the percentage of cells
exhibiting NF-kB activity among CD14+
(r = 0.823, p < .001), CD3+ (r = 0.683,
p <.001), CD4+ (r = 0.790, p < .001),
and CD8+ (r = 0.599, p =.003) cells
(Fig. 3). Serum IL-10 levels were elevated
in 12 of the 22 patients (15.3-302.8 pg/
mL) and were correlated with the per-
centage of cells exhibiting NF-«B activity
among CD14+ (r = 0.702, p < .001),
CD3+ (r = 0.525, p = .012), and CD4+

cells (r = 0.628, p = .002), but not CD8+
cells (Fig. 4). Serum IFN-y, TNF-a, IL-2,
and IL-4 levels were elevated in two (76.6
and 509.4 pg/mL), three (93.4 to 306.8
pg/mL), one (4.7 pg/mL), and five (21.1 to
50.9 pg/mL) of the 22 patients, respec-
tively. There was no correlation between
the percentage of cells exhibiting NF-«xB
activity in the PBMC population and se-
rum IFN-y, TNF-q, IL-2, or IL-4 levels.

DISCUSSION

Previous studies have revealed that
NF-kB in PBMCs is activated in adult
patients with sepsis (21-25). Levels of
NF-«B activity were higher in the PBMCs
of nonsurvivors than those of survivors
(21-23). An analysis of each cell type in
the PBMC population has not been per-
formed. Moreover, no pediatric sepsis
studies related specifically to the activa-
tion of NF-kB have been reported.

We investigated the correlation be-
tween the percentages of cells exhibiting

NF-«B activity in the PBMC population
and the severity of sepsis in children,
although this was not an age- or gender-
matched control study. The percentages
of CD14+, CD3+, and CD4+ cells exhib-
iting NF-«xB activity were significantly
higher in patients with severe sepsis than
those with nonsevere sepsis. Several vari-
ables are used to assess the severity of
sepsis (12, 26, 27). The percentages of
cells exhibiting NF-«kB activity in the
PBMC population were related to the se-
verity of sepsis defined by the Interna-
tional Pediatric Sepsis Consensus Confer-
ence, although children with more severe
sepsis having high Pediatric Risk of Mor-
tality scores might be investigated (12,
20). Therefore, it is likely that the per-
centage among PBMCs is a marker of the
severity of sepsis; in fact, one patient who
died had markedly elevated percentages
of cells exhibiting NF-kB activity among
PBMCs (CD14+, 77%; CD3+, 62%;
CD4+, 61%; CD8+, 59%). However, the
sampling period in the present study was
1-5 days after the onset of fever. Duration
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of fever may affect the percentages of
cells exhibiting NF-«xB activity in the
PBMC population.

Sixteen of 26 septic children in the
present study had positive blood cultures.
The percentages of cells exhibiting NF-«B
activity among CD14+, CD3+, CD4+,
and CD8+ cells were significantly higher
in the septic patients who had positive
blood cultures than those who had neg-

. ative blood cultures, There was no signif-
icant difference in the percentages of
cells exhibiting NF-«B activity with the
type of causative bacteria in this study.
However, a further large-scale study is
necessary to clarify the relationship be-
tween NF-«kB's activation and types of
causative bacteria.

We investigated for the first time the
activation of NF-«xB in CD14+, CD3+,
CD4+, and CD8+ cells of children with
sepsis individually. The percentage of
cells exhibiting NF-kB activity was in-
creased among all four types of cells
and was significantly higher among
CD14+ monocyte/macrophages than
CD3+ T cells in children with severe
sepsis. In addition, the percentage was
significantly higher among CD14+
cells than CD3+, CD4+, and CD8+
cells in septic children who had positive
blood cultures. Unlike CD3+, CD4+,
and CD8+ cells, CD14+ cells show a
direct defensive response to bacterial
infection without mediation by the ma-
jor histocompatibility complex (28). As
a result, CD14+ cells recognize anti-
gens earlier than other cells. It is likely
that the activation of CD14+ cells re-
sults in an immediately higher percent-
age of cells exhibiting NF-«B activity.

IL-6 is a cytokine that plays important
roles in inflammatory responses and is
recognized as a primary mediator in the
pathogenesis of inflammation (29). Sev-
eral previous reports investigated plasma
and serum IL-6 levels of septic patients
(30-35). We revealed that serum IL-6 and
IL-10 levels were correlated with the per-
centage of cells exhibiting NF-«B activity
in the PBMC population, with CD14+
monocytes/macrophages having the
highest correlation. IL-10, as an anti-
inflammatory cytokine, decreases the
production of IL-1, IL-6, and TNF-a in-
duced by endotoxins or bacteria (36, 37).
Moreover, IL-10 can modulate NF-«B ac-
tivation (38). Therefore, we suggest that
IL-10 is produced in response to the over-
expression of IL-6 and activation of
NF-kB to modulate the production of cy-
tokines during sepsis, and the level of

2400

IL-10 may reflect the degree of produc-
tion of proinflammatory cytokines and
NF-«B activation. However, it is difficult
to clarify a causal relationship between
NF-«B activation and serum IL-6 and
IL-10 levels given the limitations of the

study design.

CONCLUSIONS

NF-kB in CD14+ monocytes/macro-
phages and in CD3+, CD4+, and CD8+
T cells is activated in septic children, and
this is related to the severity of the sepsis.
The present findings suggest that PBMCs,
especially CD14+ monocytes/macro-
phages, play important roles in the

. pathogenesis of pediatric sepsis.
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Summary

in MMP-9 production.

Background Matrix metalloproteinase-9 (MMP-9) is an important enzyme responsible for
airway remodelling. Monocytes/macrophages have a cysteinyl leukotriene 1 (cysLT1)
receptor, but its function is poorly understood. ’

Objective To elucidate the function of the cysLT1 receptor of human monocytes/macrophages

Methods We examined the effect of cysLTs (LTC4, -D4 and -E4) on TNF-a-induced MMP-9
production in THP-1 cells, a human monocytic leukaemia cell line and peripheral blood
CD14" monocytes/macrophages. In addition, we examined the effect of pranlukast, a cysLT1
receptor antagonist, on the enhancement of TNF-a-induced MMP-9 production by cysLTs.
Results ELISA revealed that LTC4 and -D4, but not -E4, enhanced TNF-a-induced MMP-9
production in THP-1 cells and peripheral blood CD14™ monocytes/macrophages. Real-time
polymerase chain reaction demonstrated that LTC4 and -D4, but not -E4, increased MMP-9
mRNA expression induced by TNF-a in THP-1 cells. Moreover, we demonstrated that
pranlukast completely inhibited the enhancement of TNF-a-induced MMP-9 production by
LTC4 and -D4 in THP-1 cells and peripheral blood CD14* monocytes/macrophages.
Conclusion LTC4 and -D4 enhanced the TNF-a-induced MMP-9 production via binding the
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Introduction

Matrix metalloproteinases (MMPs) constitute a family of
enzymes that mediate the degradation of extracellular
matrix proteins [1]. MMPs play important roles in normal
and pathological processes, including embryogenesis,
wound healing, inflammation, cardiovascular diseases,
pulmonary diseases and cancer [2]. MMP-9 is a member
of this family, and is capable of degrading collagen IV, a
major component of the basement membrane of airways
[3]. The activity of MMPs is further controlled by specific
tissue inhibitors of metalloproteinases (TIMPs) {4]. TIMP-1
has a high avidity for MMP-9 [5}. The MMP-9, TIMP-1
and MMP-9/TIMP-1 balance is understood to be related to
airway remodelling [6, 7]. A recent study demonstrated
that allergen-challenged MMP-9-deficient mice had less

peribronchial fibrosis and total lung collagen compared
with allergen-challenged wild-type mice {8].

Cysteinyl leukotrienes {cysLTs), such as leukotriene C4
(LTC4), -D4 and -E4, induce contraction of the tracheal
muscle and have potent effects on leucocyte trafficking,
airway mucus secretion and collagen synthesis [9-12].
Normal peripheral blood leucocytes, such-as basophils,
eosinophils, B lymphocytes and monocytes/macrophages,
have a cysLT1 receptor [13]. However, the function of
these cells, especially monocytes/macrophages, is poorly
understood.

Alveolar macrophages (AM) are the most abundant
cells, not only in the alveoli and distal air spaces but also
in the conducting airways [14]. Activated AM in asthma
may participate in the inflammatory events associated
with allergic disease of the lower airways, including the
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release of cytokines, chemokines, arachidonic acid meta-
bolites, products of activated O, and by direct interaction
with T lymphocytes [15-19].

We examined the effect of cysLTs on the productions of
MMP-9 and TIMP-1, and on MMP-9 release by previously
reported inducers of MMP-9, including IL-13, IL-17, TGF-
B1, TNF-a and lipopolysaccharide (LPS), in human mono-
cytes/macrophages [20-24).

Methods

Cell culture and stimulation conditions -

THP-1 cells, a human monocytic leukaemia cell line that
has a cysLT1 receptor [25], obtained from the American
Type Culture Collection, were maintained at 37 °C under
humidified 5% CO, as stationary cultures. The cells were
grown in RPMI 1640 medium containing 10% fetal bovine
serum (FBS), 100 U/mL of penicillin and 100 pg/mL of
streptomycin. Peripheral blood mononuclear cells (PBMC)
were obtained from heparinized blood from 10 healthy
medication-free volunteers, with informed consent, by
Histopaque 1077 (Sigma Chemical Co., St Louis, MO,
USA) gradient centrifugation and washing. Purification
of individual cell subpopulations was achieved with a
high magnetic gradient Mini MACS purification system
(Miltenyi, Sunnyvale, CA, USA). CD14% monocytes/
macrophages were isolated by depletion of non-mono-
cytes (negative selection) with a Monocyte Isolation Kit II
(Miltenyi). The purity of the isolated cells was determined
using the respective fluorescein isothiocyanate (FITC)-
conjugated monoclonal antibodies (Becton-Dickinson
Biosciences, San Diego, CA, USA) and flow cytometric
analysis (FACScan; Becton-Dickinson Biosciences).

Cells were exposed to 5ng/mL of IL-13, 5ng/mL of IL-
17, 10 ng/mL of TGF-B1, 20 ng/mL of TNF-o and 1 ng/mL
of LPS (from Escherichia coli, 0111:B4) and/or cysLTs
(Sigma Chemical Company). The doses were determined
in accordance with previous studies that investigated
MMP-9-relaease by each mediator [20-24]. Some samples
were pretreated with pranlukast, a cysLT1 receptor an-
tagonist, provided by ONO Pharmaceutical Co. (Osaka,
Japan) for 30min before the addition of cysLTs. The
supernatant fluid, both before and after the addition of
cysLTs, was harvested for the determination of MMP-9
and TIMP-1 levels, and then stored at —20 °C.

Determination of MMP-9 and TIMP-1 concentrations

The concentrations of MMP-9 and TIMP-1 were deter-
mined with sandwich-type ELISA kits (Amersham, Buck-
inghamshire, UK). Assays were performed following the
instructions of the manufacturer. The detection limits
were 0.125 ng/mL for MMP-9 and 2.4 ng/mL for TIMP-1.
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The assay of MMP-9 recognizes the pro and active forms
of MMP-9.

Real-time reverse transcription polymerase chain reaction

Real-time reverse transcription (RT)-polymerase chain
reaction (PCR) was performed to determine the mRNA
levels of MMP-9 in the THP-1 cells subjected to the
indicated treatments. Total cellular RNA was isolated
using the TRIzol reagent (Invitrogen, Leek, the Nether-
lands) according to the manufacturer’s instructions. RT
was carried out with 2ug of total RNA and Random
Primers (Invitrogen) in a reaction volume of 20 pL using

~ the SuperScript™ III RTS First-strand Strips System (In-
vitrogen) following the instructions provided. Real-time
PCR was carried out using TagMan Gene Expression
Assays and the ABI PRISM 7900 HT Sequence Detection
System (Applied Biosystems, Foster City, CA, USA). The
PCRs were recorded in real time and analyzed using the
accompanying software, Relative Quantification Program.
The mRNA level of the GAPDH housekeeping gene was
also determined by real-time RT-PCR in each cDNA
sample to normalize the expression of the genes of interest
(MMP-9).

Statistical analysis

The values of MMP-9 and TIMP-1 concentrations are
expressed as means+ SD. Statistical analysis was per-
formed with the Wilcoxon matched-paired test, with a
P-value of < 0.05 considered to be significant.

Results

Figure 1 demonstrates total MMP-9 release by the stimu-
lation of LTC4, IL-13, IL-17, TGF-81, TNF-a and LPS for
24h in THP-1 cells. Only TNF-a and LPS induced MMP-9
in THP-1 cells. LTC4 significantly enhanced the MMP-9
production induced by IL-13, IL-17, TGF-B1 and TNF-q,
but not by LPS (Fig. 1). The enhancement of TNF-u-
induced MMP-9 release by LTC4 was significantly greater
than that of IL-13, IL-17 and TGF-B1 (P < 0.01 for all).
The levels of active MMP-9 were lower than the detection
limit in the media of cells treated with any stimulators.

LTC4 and -D4 but not -E4 (10-1000ng/mL) signifi-
cantly increased MMP-9 release by TNF-a in THP-1 cells,
and the potencies of LTC4 and -D4 for TNF-a-induced
MMP-9 production were similar (Fig. 2). The potencies of
LTC4 and -D4 were not dose related.

The time course of MMP-9 production was examined by
incubating THP-1 cells with TNF-o and 100 ng/mL LTC4
during a 48-h period (Fig. 3). MMP-9 production could be
observed 8 h after the addition of TNF-a and LTC4, and
gradually increased over 48 h.
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Fig. 1. Matrix metalloproteinase-9 (MMP-9) production, as measured by
ELISA, in THP-1 cells stimulated by IL-13, IL-17, TGF-B1, TNF-a or
lipopolysaccharide (LPS} with/without LTC4, for 24 h. Data (n=8) are
presented as means + SD. A line indicates the detection limit. **P < 0.01
and *P < 0.05 compared with cells treated without LTC4.
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Fig. 2. Matrix metalloproteinase-9 (MMP-9) production, as measured by
ELISA, in THP-1 cells stimulated with TNF-a and cysteinyl leukotriene 1
(cysLTs) (LTC4, -D4 or -E4) for 24h. Data (n=8) are presented as
means £ SD. **P < 0.01 compared with cells treated with TNF-a only.

ELISA demonstrated that LTC4, IL-13, IL-17, TGF-p1,
TNF-a or LPS did not induce TIMP-1 in THP-1 cells (Fig.
4).

The time courses of the inhibitory effects of pretreat-
ments with 10~”m pranlukast on MMP-9 production
induced by TNF-« and 100 ng/mL LTC4 were examined in
THP-1 cells over 48 h (Fig. 3). Pranlukast blocked MMP-9
production during the experiment. Pranlukast similarly
blocked MMP-9 production induced by TNF-o and
100 ng/mL LTD4 during the experiment (data not shown).
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Fig. 3. Kinetics of matrix metalloproteinase-9 (MMP-9) production and
the inhibitory effect of pranlukast on MMP-9 release, as measured by
ELISA, in THP-1 cells stimulated with LTC4 (B), TNF-a (C) and TNF-
a+LTC4 (D} for 8, 24 and 48 h, and cells pretreated with pranlukast for
30 min before TNF-a+LTC4 treatment (E). (A) Cells with no treatment.
Data (n = 8} are presented as means + SD. A line indicates the detection
limit. **P < 0.01 and *P < 0.05 compared with cells with no treatment.
**P < 0.01 and *P < 0.05, compared with cells treated with TNF-a only.
**P < 0.01, and *P < 0.05 compared with cells treated with TNF-a and
LTC4.

[J Without LTC4

[] With 10 ng/mL LTC4
[ With 100 ng/mL LTC4
R With 1000 ng/mL LTC4

ng/10° cells
40-

.8
s

A

TIMP-1 concentrations
8

-
o
n

Medium IL-13 IL-17 TGF-g1 TNF-a LPS
only ’
Fig. 4. Tissue inhibitors of metalloproteinases (TIMP)-1 production, as
measured by ELISA, in THP-1 cells stimulated by IL-13, [L-17, TGF-B1,
TNF-a or lipopolysaccharide (LPS) with/without LTC4, for 24h. Data
(n = 8) are presented as means + SD.

The concentrations of MMP-9 in the culture fluid of
THP-1 cells exposed to TNF-a and 100 ng/mL LTC4, -D4 or
~E4, in the presence or absence of pranlukast, for 24 h are
shown in Fig. 5. The production of MMP-9 induced by
TNF-a and cysLTs was significantly inhibited by
107 %-10"%wm pranlukast. The effect of pranlukast was
dose related.

Real-time PCR demonstrated that MMP-9 mRNA ex-
pression was significantly increased 24h after the
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Fig. 5. Inhibitory effect of pranlukast on matrix metalloproteinase-9
(MMP-9} release, as measured by ELISA, in THP-1 cells stimulated with
TNF-a and LTC4, -D4 or -E4 for 24 h. The cells were pretreated with
pranlukast for 30 min before TNF-a and LTC4, -D4 or -E4 treatments.
Cells pretreated without pranlukast (A) Cells pretreated with 10~ ° (B},
1077 (C) or 10~%m (D) pranlukast. Data {n=8) are presented as
means £ SD. **P < 0.01 and *P < 0.05 compared with cells pretreated
without pranlukast.
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Fig. 6. Matrix metalloproteinase-9 (MMP-9) mRNA expression and the
inhibitory effect of pranlukast on MMP-9 mRNA expression, as measured
by real-time PCR, in THP-1 cells stimulated with TNF-a and 10~ SmLTC4,
-D4 or -E4 for 24h, and cells pretreated with 107 M pranlukast for
30 min before TNF-a and LTC4, -D4 or -E4 treatments. Data (n=8) are
presented as means+ SD. *P < 0.05 compared with cells treated with
TNF-a only. *P < 0.05 compared with cells treated with TNF-a and LTC4
or -D4.

addition of TNF-a in THP-1 cells (P < 0.01) (Fig. 6).
Moreover, 100 ng/mL LTC4 and -D4, but not -E4, signifi-
cantly enhanced the MMP-9 mRNA expression induced by
TNF-a (Fig. 6). Pretreatment with 10~ m pranlukast sig-
nificantly decreased the MMP-9 mRNA expression caused
by the stimulation of TNF-a and LTC4, or -D4 in THP-1
cells (Fig. 6).
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Fig. 7. Inhibitory effect of pranlukast on matrix metalloproteinase-9
(MMP-9) release, as measured by ELISA, in peripheral blood CD14*
monocytes/macrophages stimulated with TNF-a and LTC4 or -D4 for
24 h. The cells were pretreated with pranlukast for 30 min before TNF-a
and LTC4 or -D4 treatments. Data {n = 10} are presented as means + SD.
*P < 0.05 compared with cells treated with TNF-« only. *P < 0.05
compared with cells treated with TNF-a and LTC4 or -D4.

The purity of the CD14" cells obtained after negative
selection with the MACS system was 85.8 +6.1%. The
MMP-9 production and the inhibitory effect of pranlukast
on MMP-9 production were examined by incubating
peripheral blood CD14* monocytes/macrophages with
TNF-o and LTC4 or -D4 for 24 h, with some samples being
pretreated with 10 ~7 M pranlukast (Fig. 7). LTC4 and -D4
significantly enhanced the MMP-9 production induced by
TNF-oa in peripheral blood CD14* monocytes/macro-
phages (P < 0.05). The production of MMP-9 induced by
TNF-a and LTC4 or -D4 was significantly inhibited by
10~ 7 m pranlukast (P < 0.05).

Discussion

Airway remodelling is an important factor in the patho-
genesis of bronchial asthma. MMP-9 is thought to be an
important mediator in the airway remodelling of asthma
[6, 7, 26-29]. The expressions of MMP-9 in the sputum
[26, 30], bronchoalveolar lavage fluid [31] and airway
epithelial cells [29, 32] were increased in asthma. In
addition, ovalbumin (OVA)-challenged MMP-9-deficient
mice have reduced levels of peribronchial fibrosis com-
pared with OVA-challenged wild-type mice [28]. More-
over, MMP-9 induces T cells, neutrophils ang-eesinophils
through the basement membrane [33-35]. It is likely that
MMP-9 promotes airway remodelling and inflammation
in asthma.
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Several recent papers have demonstrated that TNF-a
plays a critical role in the initiation and amplification of
airway inflammation in asthmatic patients {36-39]. TNF-
a induces the adhesion, migration and activation of
inflammatory cells, secretion of mucin, apaptosis and the
modulation of repair of airway epithelial cells, increased
responsiveness of smooth-muscle cells to contractile
agents, proliferation and activation of myofibroblasts
and fibroblasts and increased synthesis of extracellular
matrix glycoproteins [36]. The expression of TNF-a in the
airway was related to the severity of asthma [38]. The
soluble TNF-a receptor etanercept was beneficial in pa-
tients with refractory asthma {39].

Our present study demonstrated that only cysLTs could
not increase the expression of MMP-9 in THP-1 cells, but
LTC4 and -D4 could enhance TNF-a-induced MMP-9
expression. It is likely that LTC4 and -D4 exert an
enhancement of MMP-9 expression induced by TNF-«
via the cysLT1 receptor because pranlukast completely
blocked the enhancement of TNF-a-induced MMP-9 ex-
pression by LTC4 and -D4. The potency of LTC4 and -D4
for TNF-a-induced MMP-9 expression was not dose
related. The whole MMP-9 detected in our experiment
was the pro form because the levels of active MMP-9 were
lower than the detection limit in the media of cells treated
with TNF-a in the presence or absence of cysLTs. Ménard
and Bissonnette reported that macrophage inflammatory
protein- 1o (MIP-1a) production induced by 10 ™' m LTD4
in AM was more than that induced by 107,102, 10,
10~ "% or 10~ '* M LTD4 [14]. We previously reported that
monocyte chemoattractant protein-1 (MCP-1) production
by cysLTs in human monocytes/macrophages was not
dose related [40]. Therefore, it is unlikely that the potency
of cysLTs is dose related. Another hypothesis is that higher
dosages of LTC4-and -D4 decreased the secretion of MMP-
9 because of the potential cell toxicity of LTC4 and -D4 for
THP-1 cells. LTD4 would be expected to be about 10 times
more potent for calcium flux at the cysLT1 receptors than
LTC4 (and 100 times more than LTE4) [41, 42]. The
mechanism of enhancement of TNF-a-induced MMP-9
production via cysLT1 receptors of monocytes/macro-
phages stimulated by cysLTs is different from that of the
contraction via cysLT 1 receptors of airway smooth muscle
stimulated by cysLTs. The potencies of LTC4 and -D4 for
the enhancement of TNF-a-induced MMP-9 production in
monocytes/macrophages may be different from those for
the contraction of airway smooth muscle via the calcium
flux.

Pranlukast has some actions in asthma other than as an
antagonist of the cysLT1 receptor, including immunomo-
dulation [43]. We have previously demonstrated that
pranlukast inhibits the TNF-a-induced nuclear factor-xB
(NF-«B) activation [44], and cysLTs-induced MCP-1 pro-
duction in monocytes/macrophages [40]. In adults admi-
nistered a single oral dose of 225mg, Cmax was

642.3 + 151.0 ng/mL (1.31 +0.31 um) [45], but this value
included pranlukast bound to plasma protein. The con-
centration of free pranlukast was probably less than a
tenth of this [46]. Therefore, we think that 10~7 and
10~ ®wm pranlukast are clinical doses, and 10~ %um is a
pharmacological dose. In the animal model, cysLTs pro-
moted airway remodelling in asthma, and the cysLT
receptor antagonists inhibited it [10]; however, the me-
chanism has remained unclear. We revealed one of the
mechanisms of airway remodelling associated with
cysLTs, and the inhibitory effect of pranlukast. However,
the contribution of the anti-remodelling activity of pran-
lukast at oral therapeutic doses in asthmatic patients
remains unclear.

In conclusion, cysLTs enhance TNF-a-induced MMP-9
expression via binding cysLT! receptor in human mono-
cytes/macrophages in vitro, and pranlukast inhibits the
enhancement of TNF-a-induced MMP-9 production by
cysLTs in the cells.
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