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Anti-moesin antibodies derived from patients with
aplastic anemia stimulate monocytic cells to secrete
TNF-a through an ERK1/2-dependent pathway
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Abstract

Antibodies specific to moesin, which are frequently detectable in the serum of patients with
aplastic anemia (AA), can induce tumor necrosis factor-a (TNF-a) secretion from monocytes and
a human monocytic leukemia cell line THP-1. We investigated the mechanisms responsible for
TNF-« secretion from monocytic cells induced by the auto-antibodies that are purified from the
sera of AA patients. TNF-a induction by anti-moesin antibodies depended on the amount of cell
surface moesin expressed by THP-1 cells. F(ab’), fragments prepared from the anti-moesin
antibodies were able to stimulate THP-1 cells to secrete TNF-« and this stimulatory effect was
enhanced by cross-linking of moesins. with anti-human IgG F(ab’), fragment antibodies. Anti-
moesin antibodies as well as their F(ab’), fragments induced the phosphorylation of ERK1/2.in
monocytic cells and this effect was suppressed by the addition of an ERK1/2 inhibitor. Moreover,
anti-moesin antibody treatment induced the phosphorylation of moesin proteins in the monocytes
and THP-1 cells within 30 min. These results indicate that anti-moesin antibodies induce TNF-«
secretion from monocytes through the activation of the ERK1/2 pathway provoked by direct

binding to moesin on the cells.

Introduction

Acquired aplastic anemia (AA) is a disease characterized by
bone marrow (BM) failure and pancytopenia. Although several
lines of evidence suggest that T cells play a central role in the
pathogenesis of AA (1, 2), the humoral immune response to
self-antigens may- also be implicated in its: pathophysiology.
Auto-antibodies specific to. hematopoistic. cell-derived. pro-
teins are: frequently ‘detected in. the. serum of AA: patients
(3-5). It remains: unknown whether such antibodies play a role
in the pathophysiology of AA.

Antibodies specific. to: moesin, 'a membrane: cytoskeleton
cross-linking -protein;: are detectable. in-the-serum of ~40%
of -patients with - AA' (8). Several ‘reports have: shown that
moesin is expressed on.the cell surface of peripheral blood
T cells and monocytes (7-10). In a recent report, we con-
firmed these observations and demonstrated that anti-
moesin antibodies derived from the serum of AA patients,
as well as anti-moesin mAb clone 38/87, can induce such
immunocompetent cells to secrete myelosuppressive cyto-
kines in vitro (11). Because the PBMC of AA patients were

highly sensitive to stimulation with anti-moesin antibodies
that induced secretion of tumor necrosis factor-a (TNF-«) and
IFN-y in the previous study, anti-moesin antibodies were
thought to contribute to the pathophysiology of AA. Although
anti-moesin antibody is a novel type auto-antibody that can
stimulate autologous immunocompetent cells to secrete in-
flammatory cytokines, it is totally unknown how the antibod-
ies: activate T cells or monocytes. [ntensive analysis using
monocytic cell lines which express moesin on the cell sur-
face may help to ciarify the molecular mechanisms responsi-
ble for anti-moesin antibody-induced cytokine secretion.

To test these hypotheses, this study examined the effect
of anti-moesin antibodies purified from AA patients’ sera
on the signaling pathway which mediates TNF-a secretion
from THP-1 cells. The present study shows that anti-
moesin antibodies induced the activation of the ERK1/2
pathway in monocytic cells and this effect was mediated
by the direct binding of anti-moesin antibodies to moesin
on THP-1 cells:
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Materials and methods

Antibodies and reagents

The following antibodies and reagents were used in this
study: anti-CD40 mAb (clone 82111), isotype mouse [gG1
and mouse 1gG2b (R&D Systems, Minneapolis, MN, USA),
FITC-labeled goat anti-mouse IgG (BD PharMingen), mouse
anti-phospho ERK1/2 mAb (#3106) and rabbit anti-phospho-
ezrinfradixin/moesin polyclonal antibody (pAb) (#3142) were
purchased from cell signaling technology; anti-total ERK1/2,
anti-active p38 and JNK rabbit pAbs were purchased from
Promega. Mouse anti-human mAbs including anti-CD14-
FITC, anti-CD40-FITC, anti-CD11c-PE and FITC- or PE-
labeled isotype IgG were purchased from BD Biosciences.
Mouse anti-human Toll-like receptor 4 (TLR4) antibody was
purchased from Abcam Inc. (Cambridge, MA, USA) and
mouse anti-human CD43 was from AbD Serotec (Oxford,
UK). The secondary antibodies used for western blotting were
HRP-labeled goat anti-rabbit 1gG (Vector, Burlingame, CA,
USA), HRP-labeled anti-mouse: IgG (GE healthcare, Little
Buckinghamshire, UK) as well as alkaline phosphatase-
labeled horse anti-mouse IgG,; goat anti-human IgG: Fab
fragment-specific antibody and goat anti-human 1gG F(ab’),
fragment-specific antibodies - (Jackson Immuno Research):
The JNK inhibitor | (L)-form (UJNK ) was purchased from Cal-
biochem. An ERK1/2-specific inhibitor PD98059,a protease
inhibitor cocktail, polymyxin B;- BSA, - fetal. bovine serum
(FBS), mouse anti-human a-tubulin-antibody:-(clone 'B-5-1-2)
and FITC-abeled anti-human-igG: Fab fragment - antibody
were purchased from: Sigma. Both anti-moesin mAb clone 38
(Transduction laboratories, Lexington,  KY, USA)-and: anti-
moesin mAb clone 38/87 (NeoMarkers, ‘Fremont; CA; USA)
labeled with FITC by Immuno-Biclogical Laboratories Co. Ltd
(Gunma, Japan) were used for the detection of moesin by
western blotting and by flow cytometry, respectively.

A plasmid encoding moesin small hairpin RNA (shRNA)
(PENTR/moesin-shRNA-264) and a corresponding negative
control (control pENTR/UB-GW/lacZshRNA) were generous
gifts of Gregory M. Kelly from the University of Western
Ontario, Ontario, Canada (12).

Furification of anti-moesin antibodies

Serum samples were collected from five AA patients, who
showed a high titer of anti-moesin antibodies at the time of
diagnosis. Anti-moesin pAbs were isolated as described in
a previous report (11) ‘and were used to"stimulate THP-1
cells ‘or monocytes. Before using the pAbs in the cell stimu-
lation“experiments, the ‘purity of the antibodies was deter-
mined by SDS-PAGE and Coomasie Brilliant Blue staining,
and their specificity was confirmed by western blotting using
human recombinant moesin as a target protein.

Purification of human IgG

Serum samples were obtained from 10 mi of blood from
three healthy donors. From each sample, the total IgG frac-
tion was isolated using immobilized protein G column chro-
matography (Amersham Biosciences). The isolated product
was dialyzed, filtered and endotoxin removed using the
same way as the purified anti-moesin pAbs were treated
(11) and then it was used as isotype control pAbs.

Preparation of Fab fragments and F(ab' ), fragments

Fab fragments and F(ab’), fragments were prepared from
anti-moesin pAbs derived from three different patients with
AA and IgG derived from three healthy individuals. Fab frag-
ments were generated as described by Adamczyk et al.
(13): In brief, 10 i of papain (at 10 mg ml~" suspension in
water) was activated by mixing with 90 wl of freshly prepared
activation buffer (1 mM EDTA, 10 mM cysteine, 50 mM so-
dium phosphate, pH 7.0) and incubated at 37°C for 10 min.
The activated papain was added to antibody preparation at
a papain/antibodies ratio of 5% (w/w). This mixture was incu-
bated at 37°C for 2 h. Digestion was stopped by the addition
of 75 puM iodoacetamide (Sigma Chemical Co.) for 30 min on
ice. The digestion product was applied to an immobilized
protein G affinity chromatography column and the Fab frag-
ments were separated from Fc portion and undigested 1gG
by elution with PBS. The Fab fragment preparation was fur-
ther dialyzed with a Float A-lyzer column (Spectrum Labora-
tories) in PBS overnight. The purity of generated Fab
fragments was confirmed by SDS-PAGE and western blot-
ting using anti-human IgG Fab fragment-specific antibodies.
The ability of Fab fragments to bind moesin protein on the
surface of immune cells was determined by flow cytometry.
The purified Fab fragments were endotoxin free as deter-
mined by a limulus amebocyte assay.

F(ab'), fragments were produced by pepsin cleavage of
IgG using an F(ab’), preparation Kit (Pierce Chemical Co.)
following the manufacturer's recommendations. The reaction
mixture was ‘applied to a protein A column ' fo remove Fc
fragments and undigested IgG. The F(ab’), fragments were
further dialyzed with a Float A-lyzer column (Spectrum Labo-
ratories) "in PBS overnight and' thereafter passed through
a 0.20-um filter. The generation of F(ab’), fragments was
confirmed by SDS-PAGE and immunoblotting. The binding
of fragments to moesin on the surface of immune cells was
determined by flow cytometry. The purified F(ab’), frag-
ments were endotoxin free as assessed by a limulus-amebo-
cyte assay and were used to stimulate THP-1 cells.

Isolation of monocytes

Monocytes of five healthy donors were isolated by plastic ad-
herence as previously described (11). Briefly, 5 X 10°-PBMC
per well were distributed into. 12-well plates (Corning Inc., Co-
star Lowell; MA, USA) and allowed to adhere ina 5% CO; in-
cubator at 37°C for 2. h in-RPMI-1640 - supplemented  with
10% {v/v) heat-inactivated FBS, 100 U mi~* penicillin-0.1 mg
mi~! streptomycin (GIBCO) and 10 pg mi™" polymyxin B
(designated thereafter as complete culture medium). Non-ad-
herentcells were removed and: the remaining adherent cells
on the plates were used as monocytes.

Cell culture and determination of cytokines in culture
Supernatants

A human monocytic leukemia cell line THP-1 was obtained from
the Health Sciences Research Resources Bank (Osaka, Japan).
Both monocytes and THP-1 cells were cultured in complete cul-
ture medium at 37°C in a humidified 5% CO, atmosphere. The
cells were incubated in" the presence of 5 ng mi™" of anti-
moesin pAbs or human IgG derived from healthy donors and



