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Abstract

Milk fat globule-epidermal growth factor 8 (MFG-E8), a gly-
coprotein secreted from various cells, enhances engulfment
of apoptotic cells by forming a link between phosphatidyl-
serine on apoptotic cells and «,Bs-integrin on phagocytes.
This process is essential for maintaining the host immune
system under physiological conditions. Apart from this scav-
enging function, MFG-E8 also directly regulates a variety of
cellular functions, such as attenuating inflammation and
healing of injured tissues. Furthermore, recent studies have
revealed that MFG-E8 has anti-inflammatory and regenerat-
ing roles during intestinal inflammation. This review high-
lights novel findings regarding the roles of MFG-E8 in intes-
tinal pathophysiology as well as its therapeutic potential for

gut inflammatory disorders. Copyright © 2012 S. Karger AG, Basel

Introduction

Apoptotic cells are rapidly engulfed by phagocytes to
avoid the release of numerous inflammatory mediators
from dying cells. This function is essential for maintaining
immune homeostasis and highly regulated by various
unique molecular mechanisms. The glycoprotein milk fat
globule-epidermal growth factor 8 (MFG-E8) was origi-
nally discovered as a mammalian milk fat globule mem-
brane component. Later, it was shown that MFG-E8 binds
to apoptotic cells and bridges them to phagocytes for ac-
celerating engulfment [1]. Severe inflammatory and auto-
immune consequences with abnormal homeostasis in
MFG-E8 null mice are due to infiltration by apoptotic cells
[2]. Recent studies have also revealed that MFG-ES is func-
tionally involved in the pathogenesis of sepsis, ischemia,
atherosclerosis, and neurodegenerative disorders [3-6].

In addition to its scavenging function, MFG-E8 was
shown to be effective in attenuating inflammation, by con-
trolling epithelial integrity and healing of injured mucosa
in the intestinal tract [7, 8]. Those functions have been sug-
gested to be dependent not only on enhanced clearance of
apoptotic cells, but also on various novel molecular mech-
anisms. We recently reported that MFG-E8 attenuated in-
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Fig. 1. Structure and noble functions of MFG-E8. The long form
of murine MFG-E8 is a 64-kDa glycoprotein, with two cysteine-
rich EGF domains at the N-terminus and two discoidin-like
domains resembling blood coagulation factor V/V111 at the C-
terminal site. The nascent MFG-E8 peptide possesses a signal
sequence that directs the protein to be secreted into the extracel-
lular region. The most prominent function of MFG-E8 is to clear
apoptotic cells by forming a link between PS on apoptotic cells
and o, PB;-integrin on phagocytes.

testinal inflammation in murine experimental colitis by
modulating «,f;-integrin signaling [9]. Since the intesti-
nal tract is one of the major immune organs that contrib-
utes to maintaining normal tissue homeostasis, as well as
regulating infections and inflammation, it is reasonable to
speculate that MFG-E8 plays important roles in preserving
intestinal functions. The aim of the present review is to
highlight recent findings regarding the role of MFG-E8 in
intestinal pathophysiology as well as its therapeutic poten-
tial for treatment of intestinal inflammation.

Features of MFG-E8: Expression Profile and Its
Regulation

The MFG-E8 gene is located on chromosome 7 in mice
and chromosome 15 in humans. In mouse tissues, MFG-
E8 is expressed as two different isoforms, termed short
and long forms [1]. The structure of long-form MFG-E8
is shown in figure 1. MFG-E8 possesses two epidermal
growth factor (EGF) repeats at the N-terminal and the
blood coagulation factor V/VIII at the C-terminal end,
while an arginine-glycine-aspartate (RGD) motif is con-
tained in the second EGF repeat. MFG-E8 participates in
phagocytosis of apoptotic cells by forming alink between
phosphatidylserine (PS) on apoptotic cells and e, 35-inte-
grin on phagocytes [1].

MFG-E8 expression was initially discovered in sam-
ples obtained from lactating mammary glands. However,
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recent reports revealed that MFG-ES is also ubiquitously
expressed in the brain, heart, lungs, intestines, liver, and
kidneys under normal physiological conditions [10-12].
We examined MFG-E8 expression in different tissues of
normal BALB/c mice and observed high levels in the co-
lon, spleen, lungs, and kidneys [9]. In each organ, MFG-
E8 is expressed in a variety of cell types, including mam-
mary epithelial cells, macrophages, splenocytes, dendrit-
ic cells, fibroblasts, vascular smooth muscle cells, glail
cells, and astrocytes [13-18].

In various tissues and cells, MFG-E8 expression is
tightly regulated by several factors and stimuli. Prolactin
(PRL), a growth hormone, as well as insulin and steroid
hormones are potent stimulators of MFG-ES8 expression in
their target cells [11, 19, 20]. We recently investigated the
effects of PRL on MFG-ES8 expression in macrophages by
evaluating its promoter function [21]. Following treatment
with PRL, significant up-regulation of MFG-E8 was ob-
served in macrophages, while its effect was mediated by
the presence of a responsive element of the transcription
factor C/EBPR in the MFG-E8 promoter. In addition, hor-
mone-related regulation of MFG-E8 production, fractal-
kine (a CX3C chemokine), peroxisome proliferator-acti-
vated receptor (PPAR)-3 ligand, and granulocyte macro-
phage colony-stimulating factor (GM-CSF) have also been
reported to induce MFG-E8 expression [16, 22, 23]. These
factors are up-regulated in sites of inflammation in organs,
suggesting that MFG-E8 may play essential roles for at-
tenuating inflammation and regenerating injured tissues.

In contrast to the above findings, LPS is known to
down-regulate MFG-E8 expression in macrophages. Ko-
mura et al. [3] used LPS-induced septic mice and found
that endotoxemia decreased the endogenous levels of
MFG-E8 in serum and several organs. Their findings also
indicated that LPS-induced down-regulation of MFG-E8
expression in macrophages is mediated via the Toll-like
receptor 4 (TLR4)/CD14 pathways.

MFG-E8 Expression in Intestinal Tissues with Normal
and Pathophysiological Stress

As in other tissues and organs, basal levels of MFG-E8
expression have been observed in different compartments
of mice gut tissues, e.g. the stomach, and small and large
intestines, while that expression level in the colon was
shown to be relatively higher as compared to the stomach
and small intestine [9]. Furthermore, an immunohisto-
chemical study detected MFG-E8 expression in lamina
propria mononuclear cells in mice colonic sections.
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On the other hand, altered MFG-E8 expression has
been found during intestinal inflammation. We recently
examined changes of MFG-E8 expression during dex-
tran sulfate sodium (DSS)-induced colitis in mice [9]. In
that model, MFG-E8 expression was dramatically re-
duced during the acute phase of the disease, while it grad-
ually became elevated during the regeneration phase af-
ter DSS in water intake was stopped and finally returned
to a normal level when the disease was abrogated. Similar
time-course changes of MFG-E8 expression were also
found in a trinitrobenzene sulfonic acid (TNBS)-induced
colitis model [24]. In an experimental model of sepsis es-
tablished by cecal ligation and puncture, MFG-E8 levels
in small intestinal tissues were markedly decreased [7].
Moreover, severe injury and inflammation were induced
in small intestines of mice after intestinal ischemia and
reperfusion (I/R), which decreased MFG-ES8 levels in the
spleen and other affected tissues [25]. Thus, MFG-ES8 ex-
pression is down-regulated during the acute and severe
inflammatory phases of intestinal disorders.

Although the underlying mechanism of this decreased
production of MFG-E8 has not been clearly revealed, the
abundance of pro-inflammatory mediators and involve-
ment of LPS/TLR4 signaling may play important roles.
One recent speculation states that the increased expres-
sion of MFG-ES8 in injured intestinal mucosa during the
acute phase of DSS-induced colitis may be due to the ex-
tent of inflammation and/or variations in mouse strains
[26]. Consistent with these findings, in the majority of
stress-induced disease conditions, e.g. renal I/R, alcohol-
intoxicated septic animals, and human atherosclerosis
plaques, MFG-E8 expression has been found to be abrupt-
ly decreased [4, 8, 27].

Roles of MFG-E8 in Intestinal Inflammation

Anti-Inflammatory Effects

Based on our findings of down-regulation of MFG-E8
during DSS-induced colitis, we treated mice with recom-
binant MFG-E8 (rMFG) and observed its beneficial ef-
fect to inhibit intestinal inflammation (fig. 2) [9]. In ad-
dition, an anti-inflammatory effect of IMFG was shown
in a mouse model of I/R-induced intestinal injuries [25].
A recent study also revealed that DSS-induced colonic
inflammation in MFG-E8 null mice is more severe than
that in wild-type mice [26], indicating that MFG-E8
plays a crucial role in inhibiting intestinal inflammation
(fig 2). In injured intestinal mucosa of MFG-E8 null
mice, infiltration of apoptotic cells was not clearly evi-
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Fig. 2. Anti-inflammatory effects of MFG-E8 on DSS colitis.
a Mice given DSS in drinking water showed clinical, histological,
and inflammatory signs of colitis. b DSS-induced colonic inflam-
mation in MFG-E8 null mice was more severe than that in wild-type
mice. ¢ IMFG-ES effectively ameliorated the development of DSS-
induced colitis by attenuating inflammation and disease status.

dent, suggesting that the protective role of MFG-ES is
not only due to efficient clearance of apoptotic cells, but
also that this glycoprotein directly modulates innate im-
mune functions [7]. Mice treated with rMFG-E8 at the
onset of acute colitis showed significant down-regula-
tion of the tissue contents of pro-inflammatory cyto-
kines from inhibition of NF-«B activation [9]. During
activation of the innate immune system, integrin signal-
ing pathways are up-regulated, which then recognize
potent ligands to boost the intracellular inflammatory
cascade. Osteopontin (OPN) is an extracellular matrix
phosphoprotein that contains the RGD domain, which is
predominantly expressed in macrophages and induces
the production of NF-kB-mediated inflammatory cyto-
kines after binding to «,33-integrin. We employed sev-
eral in vitro experiments and observed that MFG-ES re-
duced LPS-induced NF-«B activation by blocking OPN
binding, while it also modulated «,3;-integrin-depen-
dent downstream signaling (fig. 3). After OPN binding,
activation of a,33-integrin also results in recruitment of
phosphorylated focal adhesion kinase (FAK), leading to
NF-«kB activation. Moreover, stimulation with LPS in-
creases phosphorylation of FAK to enhance binding of
exogenous OPN to «,B;-integrin. By targeting this path-
way, MFG-E8 can reduce LPS-induced NF-kB activation
by blocking OPN binding, as well as modulation of o, 33-
integrin-dependent and FAK-mediated downstream sig-
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Fig. 3. Anti-inflammatory mediation roles of MFG-E8. LPS acti-
vates an innate immune response in macrophages via TLR4 signal-
ing, which augments NF-«xB-mediated production of pro-inflam-
matory cytokines. LPS also up-regulates o, 33-integrin and gener-
ates inside-out signaling to promote the binding of several
inflammatory mediators, e.g. OPN, which activates o, 33-integrin-
mediated outside-in signaling to further augment the downstream
pathways. After OPN binding, activation of «,;-integrin also re-
sults in recruitment of phosphorylated FAK, leading to NF-«B ac-
tivation. Moreover, stimulation with LPS increases phosphoryla-
tion of FAK to enhance binding of exogenous OPN to o, 33-integrin.
By targeting this pathway, MFG-E8 can reduce LPS-induced NF-xB
activation by blocking OPN binding, as well as modulation of «,35-
integrin-dependent and FAK-mediated downstream signaling.

naling (fig. 3). Similar to OPN, high-mobility group pro-
tein Bl (HMGBI) has the ability to directly bind to cell
surface o, B;-integrin and induce tissue injury during
colitis [28, 29]. MFG-E8 also competitively inhibits
HMGBI binding.to «,f;-integrin and may ameliorate
HMGBI1-mediated intestinal tissue injury.

Expressions of a,f33-integrins have been detected in
intestinal epithelial cells (IECs) [24]. Also, MFG-E8 can
inhibit TLR ligand-mediated production of pro-inflam-
matory cytokines by modulating NF-«kB activation in
cultured IECs. This result is quite similar to that observed
in an experiment that utilized macrophages. However,
the detailed mechanisms of the anti-inflammatory ef-
fects of MFG-E8 on IECs remain unknown.

Regeneration Role in Intestinal Injured Tissues

Bu et al. [7] reported that MFG-ES8 plays a crucial role
in tissue regeneration during the healing process of in-
jured colonic mucosa. They investigated whether MFG-
E8 stimulates IEC migration in an in vitro wound-heal-
ing model and observed that treatment with rMFG-E8
promoted the migration of IECs by activating intracellu-
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lar protein kinase C (PKC). In addition, administration
of rMFG-E8 to experimental septic mice accelerated mu-
cosal healing by binding to the transiently exposed PS
receptor of the injured IECs. In DSS- and TNBS-mediat-
ed mice colitis models, increased levels of colonic MFG-
E8 were detected during the regenerating phase of colitis
[9, 24], which may contribute to healing of injured co-
lonic mucosa by promoting IEC migration. On the other
hand, angiogenesis is also a crucial event for intestinal
tissue regeneration. MFG-E8 binds to a,;-integrin on
endothelial cells and accelerates vascular endothelial
growth factor-induced angiogenesis under physiological
and pathological conditions [30], which may contribute
to colonic tissue regeneration during inflammation.

Future Perspective

The crucial roles of MFG-E8 have been delineated
in several animal models as well as knock-out mice studies
that mimicked human intestinal disorders. Notably, MFG-
E8 has been shown to have both anti-inflammatory and
regenerating roles during colitis. However, most of those
findings were obtained in experiments that used acute and
severe intestinal inflammation models, and the precise
roles of MFG-E8 in chronic gut immune disorders remain
largely unknown. Moreover, there have been no studies of
the expression and functions of MFG-E8 in human intes-
tinal mucosa. On the other hand, recent findings have re-
vealed direct roles of MFG-E8 in innate immune func-
tions by activating regulatory T cells, and subsequent pro-
duction of IL-10 and transforming growth factor- B, which
may further promote immunoregulatory functions within
the tissue microenvironment [31, 32]. Collectively, these
results will provide direction for future investigations of
MFG-E8 administration for ameliorating gut inflamma-
tory disorders, including inflammatory bowel diseases.

Conclusion

In this review, findings regarding the various roles of
MFG-E8 in intestinal tissues are presented, indicating
the glycoprotein to be an essential factor for maintaining
intestinal homeostasis.
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A case of eosinophilic esophagitis with atypical clinical course

Yuji Tamagawa - Tatsuya Miyake + Tsuyoshi Mishiro -
Shunji Ohara - Kenji Furuta - Hideaki Kazumori -
Shunji Ishihara - Yuji Amano - Yoshikazu Kinoshita

Received: 15 February 2011/ Accepted: 2 April 2011/Published online: 3 June 2011

© Springer 2011

Abstract Eosinophilic esophagitis is a rare chronic dis-
ease that mainly occurs in middle-aged males. Treatment
with a glucocorticoid and/or proton pump inhibitor is
usually necessary to relieve unpleasant symptoms. An
83-year-old female patient with dysphagia and heartburn
was diagnosed with eosinophilic esophagitis based on
endoscopic findings, while histological examination iden-
tified dense infiltration of intraepithelial eosinophils. The
symptoms and eosinophil infiltration spontaneously disap-
peared without any treatment approximately 2 months
later. No obvious lifestyle or dietary changes to explain
elimination of possible antigens were identified in this case.
We report an atypical case of eosinophilic esophagitis with
spontaneous regression.

Keywords Eosinophilic esophagitis - Endoscopy -
Glucocorticoid - Dysphagia

Introduction

Eosinophilic esophagitis is a disease characterized by
chronic esophageal mucosal inflammation with dense
infiltration of eosinophils in esophageal squamous epithe-
lium [1]. It is considered to be caused by local allergic
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reactions to food or airborne antigens, and affected patients
have reported various esophageal symptoms, including
food impaction, dysphagia, and heartburn [2]. For diag-
nosis of eosinophilic esophagitis, characteristic endoscopic
findings and identification of dense eosinophilic infiltration
in endoscopic biopsy specimens are considered to be
important. Eosinophilic esophagitis is reported to be a
chronic disease, with a risk of esophageal stenosis caused
by long-standing inflammation-induced fibrosis in the
esophageal submucosal layer [3, 4]. Fewer than 20 cases
have been previously reported in Japan, and all of those
patients required drug administration for remission induc-
tion, based on a MEDLINE search using “eosinophilic
esophagitis” and “Japanese” as keywords. Herein, we
report a case of eosinophilic esophagitis in an elderly
female, whose symptoms and esophageal eosinophilic
infiltration spontaneously regressed without treatment.

Case report

An 83-year-old female periodically visited the outpatient
clinic of Okuizumo Hospital for postsurgery follow-up
examinations. She had been treated in 2002 for pituitary
adenoma by surgical resection and was administered
hydrocortisone at 10 mg/day for subclinical postsurgery
hypopituitarism. She began to report dysphagia and
heartburn when eating food in February 2010. The symp-
toms gradually worsened, and endoscopic examination was
performed in September 2010. Although endoscopy failed
to show any organic esophageal diseases, including reflux
esophagitis and neoplastic diseases, narrow-band imaging
(NBI) revealed shallow linear furrows in the mid-esopha-
gus area (Fig. la, b). Other endoscopic findings charac-
teristic of eosinophilic esophagitis, such as multiple rings,
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Fig. 1 Endoscopic images
obtained with standard white-
light (a) and narrow-band
imaging (b). In narrow-band
images, longitudinal linear
furrows were identified. Lugol
staining showed uneven staining
of esophageal mucosa (c)

white stipple-like exudates, wrinkled pattern, and corru-
gated esophagus, were not found. Following Lugol stain-
ing, brownish change of esophageal mucosa was weak and
uneven, suggesting possible diffuse inflammation (Fig. 1¢).
Two esophageal biopsy specimens taken from the middle
and lower esophagus showed dense infiltration of more
than 20 eosinophils in a high-power field of esophageal
squamous epithelium (Fig. 2). A diagnosis of eosinophilic
esophagitis was established, since other clinical conditions
related to possible esophageal eosinophilic infiltration were
not found.

The patient had no allergic diseases including bronchial
asthma and no family history of allergic diseases. Labo-
ratory tests were all within normal ranges, including
peripheral blood leukocytes (6750/pl), eosinophils (122/ul),
and IgE (22.2 IU/ml). In addition, plasma interleukin (IL)-
5, IL-13, IL-15, eotaxin3, and thymic stromal lympho-
poietin (TSLP) were all normal. The results of a skin prick
test, patch test, and radioallergosorbent test (RAST) for
standard allergens were all negative.

Computed tomography (CT) and endoscopic ultraso-
nography (EUS) showed normal nonthickened esophageal
wall. Esophageal high-resolution manometry detected
normal esophageal body peristaltic contractions and nor-
mal lower esophageal sphincter resting pressure with
appropriate relaxation during ingestion (Fig. 3).

Fig. 2 Photomicrograph of biopsy specimen showing dense infil-
tration of eosinophilic leukocytes in esophageal squamous epithelium
(>20 eosinophils in x400 high-power field), hematoxylin—eosin
staining

Locally active glucocorticoid administration was plan-
ned for relieving esophageal symptoms by depressing
inflammation caused by eosinophilic infiltration. However,
before starting the administration, the symptoms began to
gradually decline and nearly disappeared 2 months later.
Endoscopic examination performed in November 2010 did
not show characteristic findings of eosinophilic esophagitis
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Fig. 3 Esophageal high-
resolution manometry findings
revealing pressure activity in the
esophagus from the pharynx to
the stomach. Contractile
pressure, peristaltic velocity,
and lower esophageal sphincter
function were within normal
limits. Reddish color shows
higher levels of pressure
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Fig. 4 Tlustration of the clinical course. Esophageal symptoms
spontaneously disappeared without specific treatment

even with NBI imaging and Lugol staining. Endoscopic
biopsy specimens obtained in November 2010 did not show
any abnormal infiltration by intraepithelial eosinophils.
Thereafter, the patient was regularly examined in the out-
patient clinic and confirmed to have no esophageal symp-
toms without drug administration targeting eosinophilic
esophagitis. The clinical course is shown in Fig. 4.

Discussion

Eosinophilic esophagitis is a recurrent long-lasting chronic
disease, and cases of spontaneous remission are rare [7].
Straumann et al. [8] reported the rarity of spontaneous
remission in adult cases with eosinophilic esophagitis fol-
lowed for up to 12 years, while Spergeal et al. [9] reported
that only 2% of pediatric patients with eosinophilic
esophagitis showed spontaneous remission during obser-
vation periods as long as 14 years.
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Food antigens, especially nuts, soy, wheat, milk, eggs,
and seafood, are reported to be related to development of
eosinophilic esophagitis, and their elimination from the
diet frequently relieves symptoms caused by eosinophilic
esophagitis, especially in pediatric patients [10-12]. In
animal studies as well as human case studies,. airborne
allergens such as Aspergillus have been reported to be
important allergens that cause esophageal infiltration by
eosinophils [13—15]. Therefore, elimination of food and/or
airborne allergens appropriate for each patient is expected
to relieve esophageal eosinophil infiltration with symptom
resolution. However, identification of possible allergens in
individual patients is difficult, even following skin prick
and skin patch tests, or RAST [16], and elimination of a
specific food from the diet based on results of those tests
has often been reported to be not adequately effective to
relieve related symptoms [17].

For treatment of eosinophilic esophagitis, oral gluco-
corticoid administration is considered to be the standard
therapy, with high rates of success reported [1, 18]. To
minimize possible adverse effects of glucocorticoid
administration, locally active glucocorticoids that are sys-
tematically inactive because of rapid catabolism in the
liver, such as budesonide and fluticasone, are now used as
first-line therapeutic drugs for the disease [19, 20].

Because of wider distribution of ‘nformation concerning
symptomatic and endoscopic characteristics of eosinophilic -
esophagitis, the number of reports in Japan is increasing [5,
6]. The majority of reported patients are middle-aged males
with some allergic complications. In addition, they
frequently show ring-like multiple strictures in the
esophagus, and require glucocorticoid or proton pump
inhibitor administration to control esophageal symptoms.




