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Annexins | and IV inhibitStaphylococcus aureus
attachment to human macrophages

Mari Gotoh?, Yukiko Takamotd, Kahori Kurosak&, Junko Masud& Michiru Ida?,
Ayano SatoR, Eiji Takayamé&, Kyoko Kojima-Aikawa?,
Yoshiro KobayasH!, Isamu Matsumotd *

a Graduate School of Humanities and Sciences, Ochanomizu University, Otsuka 2-1-1, Bunkyo-ku, Tokyo 112-8610, Japan
b |aboratory of Molecular Immunology, Faculty of Science, Toho University, Miyama 2-2-1, Funabasi-shi, Chiba 274-8510, Japan
¢ Department of Parasitology, National Defense Medical College, Namiki 3-2, Tokorozawa-shi, Saitama 359-8513, Japan

Received 6 October 2004; received in revised form 1 December 2004; accepted 4 December 2004
Available online 29 December 2004

Abstract

Annexins are a family of proteins that bind to phospholipids and carbohydrates in a calcium-dependent manner. They are present in a variety
of body fluids. Previous studies have shown that annexins have anti-inflammatory activities for lipid A of Gram-negative bacteria.

The present study investigated the effect of annexins on interaction between Gram-positive bacteria and immune cells such as macrophages
Annexins | and IV bound to lipoteichoic acids which are surface molecules on Gram-positive bacteria. Binding of annexins | and IV to whole
Staphylococcus aure§S. aureuswere observed and these bindings were inhibited by lipoteichoic acid$r@ureusMoreover, annexins
I and IV suppressed the attachmentofaureuso phorbol 12-myristate 13-acetate-treated THP-1 cells (human macrophages). These results
suggest that annexins | and 1V have ligand specificities toward foreign substances, and that the annexins might have some anti-inflammatory
property for Gram-positive bacteria.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction annexins in extracellular fluids is remarkably increased dur-
ing various diseases and by treatment with glucocorticoid,
Annexins are a family of structurally related proteins that which is one of anti-inflammatory hormof-11]. For these
bind to phospholipids and carbohydrates in the presence ofreasons it has been proposed that annexins might play a role
calcium iong1-3]. They are widely distributed in mammals in immune system.
bodies, extracellular annexins have been found in [4r§], Since annexins were identified as phospholipase A
plasma[10-16] intestine[17], bile [18], and prostatic se- inhibitors [1], the evidences of annexins as modulators
cretions[19], where infectious agents must be cleared by an of inflammation have been widely provided. Annexin |
efficient host defense system. Moreover the concentration ofcontributes to the resolution of inflammation through the
regulation of interleukin-6 and tumor necrosis faaigboth
Abbreviations:PMA, phorbol 12-myristate 13-acetate; GST, glutathione  Of Which are considered to be major inflammatory cytokines
Stransferase; PVDF, polyvinylidene difluoride; HRP, horseradish peroxi- [20]. Annexin | reduced neutrophil and monocyte infiltration
dase; ELISA, enzyme-linked immunosorbent assay; FCS, fetal calf serum; in several animal model@1-23] In addition, cell-surface
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the mechanism still remains unclear. More recent studies haveglycerol was added to reach a final concentration of 15 mM,
shown that annexins | and Il themselves bind to lipid A of andincubation continued for 5 min atG and then 10 mg/ml
Gram-negative bacteria and suppress cellular responses to erbiotin hydrazide dissolved in dimethylsulfoxide, which was
dotoxin[27], suggesting that annexins function as modulators prepared just before use, was added to allow reaction for
of anti-inflammation via recognition of foreign substance.  2h at room temperature. The excess biotin hydrazide was
These lines of evidence have led us to hypothesize that antemoved by ultrafiltration through an Ultrafree-4 Centrifu-
nexins might also have some anti-inflammatory property for gal Filter Unit (Millipore, Bedford, MA). To purify lipote-
Gram-positive bacteria stimuli in host defense. In this study, ichoic acids, the solution was separated with gel filtration
to gain insight into anti-inflammatory cellular mechanisms on a NAP-5 column pre-packed with Sephadex G-25 (Amer-
of annexins against Gram-positive bacteria, we have investi- sham Pharmacia Biotech). Absorbance of each fraction from
gated the interaction of annexins | and 1V, which are known 200 to 300 nm was measured, and lipoteichoic acid-rich frac-
to be especially abundant in lung and blood, with lipoteichoic tions were collected. The fractions were blotted onto a PVDF
acids and Gram-positive bacteria. In addition the effects of membrane and stained with toluidine blue or further incu-
annexins | and IV on attachment of macrophages and Gram-bated with HRP-avidin and 4-chloro-1-naphthol. The frac-
positive bacteria are reported. tions, which were positive for both the toluidine-blue staining
and biotin detection, were used as biotin-labeled lipoteichoic
acids for the following assays.
2. Materials and methods
2.3. Binding of annexins | and IV to lipoteichoic acid
2.1. Preparation of recombinant annexins | and IV
A 96-well microtiter plate (Immulonl; Dynatech Labora-
The total RNA was extracted from HT29 (a human colon tories, Chantilly, VA) was first coated with varying concen-
cancer cell line) by the method using guanidine-thiocyanate trations of GST, annexin | or GST-annexin IV and then in-
and cesium chloridg28]. The cDNAs were generated with  cubated overnight at4C. For interactions between annexin
oligo (dT)-primers by using recombinant MMLV reverse | and lipoteichoic acids, we used untagged annexin | pre-
transcriptase. Human annexin | cDNA encoding complete pared as described above. The wells were washed three times
open reading frame (ORF) was amplified by a PCR method with 10 mM Tris—HCI, pH 7.6, 150 mM NaCl (TBS) and then
with synthesized primers based on the sequence reportedlocking of unoccupied sites was achieved by using TBS con-
by Wallner et al.[29]. The PCR-amplified human annexin taining 3% BSA for 2 h at room temperature. Subsequently,
| cDNA was subcloned into pGEX-5X witBarrHI andXhd the blocking solution was removed and biotin-labeled lipote-
restriction enzymes. A full length cDNA encoding human ichoic acid was incubated in the presence of 1mM GaCl
annexin IV was derived from HT29, previously reported by for 2 h at room temperature. All subsequent incubations and
Satoh et al[30]. The sample was subcloned into pGEX-3X washing solutions used TBS contained 1 mM Gadlhe
with BanHl andEcadRl restriction enzymes, respectively. The wells were washed three times as described above. Bound
expression vectors, pGEX-3X and pGEX-5X were obtained biotin-labeled lipoteichoic acid was analyzed using HRP-
from Amersham Pharmacia Biotech (Uppsala, Sweden). Re-avidin (1:1000 dilution in 1% BSA/TBS). The wells were
combinant annexins | and IV were expressed as glutathionewashed, and the color was developed by the addition ofi200
Stransferase (GST) fusion proteins in coli HB101. Ex- 0.04% (w/v)o-phenylenediamine and 0.01% (v/v}©s in
pression, purification and enzymatic digestion of the recom- citrate-phosphate buffer (pH 5.0). Color development was
binant GST-annexins | and IV were performed as previously stopped by addition of 4 M }50,. The absorbance of each
described?]. well was measured at 490 nm.
We also prepared untagged annexin | by treatment of GST-
annexin | with factor Xa. The untagged annexin | thus ob- 2.4. Binding of annexins | and IV to S. aureus
tained was recognized by a monoclonal antibody directed bioparticles
against the N-terminal portion (N-19) of human annexin |

(Santa Cruz Biotechnology, Santa Cruz, CA). S. aureusbioparticles were obtained from Molecular
Probes (Eugene, OFS. aureugl1.5 x 108 cells/500ul) were
2.2. Coupling of biotin hydrazide to lipoteichoic acids suspended in TBS containing 1 mM Ca@r 1 mM EDTA,

and centrifuged at 2000 gfor 1 min. All subsequentincuba-

Lipoteichoic acids were labeled with biotin using biotin tion and washing solutions contained 1 mM Ca@i 1 mM
hydrazide (Pierce, Rockford, IL). Two mg of lipoteichoic EDTA. The pellet was added to 2.8 GST (control), GST-
acid from Streptococcus mutar(§. mutang Enterococcus  annexinlor 1V, inthe presence or absence pfjdipoteichoic
faecalis(E. faecali3, Bacillus subtilis(B. subtilig or S. au- acid fromS. aureugo make a total volume of 20l and then
reus(Sigma, St. Louis, MO) were added to 2 ml of 3.3mM incubated for 2 h at 4C. After centrifuging at 200& g for
NalO4/0.1 M NaOAc and subjected to periodate oxidation for 1 min, the supernatant was saved and the pellet was washed
1h at room temperature in the dark. To stop the oxidation, three times with 50Q.1 TBS. The supernatant and the pellet
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