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Background: The increasing prevalence of obesity has led to a higher incidence of metabolic syndrome.
Nonalcoholic fatty liver disease (NAFLD) is thought to be a hepatic phenotype of metabolic syndrome. The
prevalence of NAFLD increases with age among females. On the other hand, obesity is responsible for a variety
of changes in skin physiology. For instance, psoriasis a multifocal skin disorder, and its severity has been found to
be related to the level of obesity. To investigate whether a dermatologic disorder could be induced in NAFLD-
harboring mice, we established a mouse model of obese mice with a skin disorder. Methods: Female C57BL/6
mice were ovariectomized one month prior to the start of feeding with a high caloric diet (HCD). These HCD-fed
mice were divided into two groups: the abdominal subcutaneous tissues in group 1 were inoculated with bacteria,
while the same tissues in group 2 were inoculated with PBS. A total of 3 inoculations were performed over a pe-
riod of three months. These mice were then fed with HCD for an additional 6 months and sacrificed to obtain the
tissue samples. Results: In both groups 1 and 2, NAFLD-like hepatic alterations were observed in the liver. In
group 1, but not in group 2, skin inflammation at the shoulder and neck, consisting of acanthosis, intracellular
edema, epidermal necrosis, and cellular inflammation in the dermis and subcutaneous tissues, was observed. In
the inflamed skin of the group 1 mice, a marked thickness of the epidermis and lymphocyte infiltration were de-
tected. Conclusions: Bacteria may trigger immune-mediated dermatologic disease in NAFLD-harboring mice.
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Introduction

The increasing prevalence of obesity has led to a
higher incidence of metabolic syndrome (visceral
obesity, hyperglycemia, hyperlipidemia, and hyper-
tension)”. Furthermore, obesity, type 2 (non-insulin
dependent) diabetes mellitus, and hyperlipidemia
are coexisting conditions that are frequently associ-
ated with nonalcoholic fatty liver disease (NAFLD)”.
NAFLD covers a spectrum of disorders from sim-
ple steatosis to nonalcoholic steatohepatitis (NASH)

and cirrhosis”. NASH is defined as a subgroup of
NAFLD where steatosis coexists with liver-cell in-
jury and inflammation (steatohepatitis)”. In addition,
NAFLD is thought to be a hepatic phenotype of

P9 The prevalence of metabolic

metabolic syndrome
syndrome increases rapidly among women after
menopause”. Yatsuji et al. reported that the sever-
ity of NASH increases with age, and among sub-
jects older than 55 years, women were more com-

mon than men. In addition, if the patients were di-
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vided according to their menopausal status, the dif-
ference was much more prominent”. Also, in a se-
ries of patients with NASH, more advanced cases
were generally observed among women®. Further-
more, it was reported that among females, the ratio
of the area of visceral fat to that of subcutaneous fat
increases with age, especially after menopause”.
Based on this clinical evidence, we prepared ova-
riectomized mice and used them in the present
study.

Obesity is responsible for a variety of changes in
skin physiology and has been implicated in some of
dermatologic diseases, such as psoriasis, and acan-

' More than several decades ago,

thosis nigricans
the relationship between skin manifestations and
fatty infiltration in the liver had already been de-
scribed (11 and therein). Zachariae et al. reported
that significantly higher grades of steatosis, peripor-
tal inflammation, and focal necrosis were found
among patients with psoriasis than among con-
trols'. In 1986, Lindegard described that psoriasis
in women was associated with diabetes, obesity,
and myocardial infarction?, which are the major en-
tities of metabolic disease. Lindegard also noticed
that liver cirrhosis coexisting with psoriasis seemed
to be related to diabetes, rather than alcoholism™.
Recently, the involvement of bacteria in the
pathogenesis of metabolic syndrome has been
speculated. For example, Gordon et al. reported a
relationship between obesity and microbiota .
Weak oral bacteria, such as periodontal bacteria,
are thought to play an important role in the devel-
opment of vascular disease, including atherosclero-
sis”. A relationship between Helicobacter pylori and
diabetes mellitus, obesity, and dyslipidemia has also
been reported”. On the other hand, we recently es-
tablished two different autoimmune disease mouse
models. Chronic exposure to a Gram-positive bacte-
rium, Streptococcus intermedius, resulted in primary
biliary cirrhosis-like nonsuppurative destructive
cholangitis in the liver of BALB/c mice”, while
chronic exposure to a Gram-negative bacterium, Es-
cherichia coli, resulted In autoimmune pancreatitis-
like chronic inflammation in the pancreas of
C57BL/6 mice™. These results indicate that bacte-
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rial infection abrogates normal immune responses.
Based on these findings, we speculated that bacte-
rial exposure might also trigger the onset of
immune-mediated dermatitis in NAFLD-harboring
mice.

The aim of the present study was to investigate
the above possibility by examining whether chronic
persistent exposure to bacteria in mouse abdominal
subcutaneous tissue could cause immune-mediated
skin inflammatory change in elderly NAFLD-
harboring mice with a postmenopausal status.

Methods

Experimental mouse model for dermatitis

C57BL/6 mice were purchased from Japan SLC.
Inc. (Hamamatsu, Japan) and bred in the animal fa-
cility at the Department of Microbiology and Immu-
nology, Tokyo Women’s Medical University. For
feeding, a maintenance feed diet (MF) (359.7 kcal/
100 g: protein, 26.2%; carbohydrate, 60.5%; and fat,
5.3%) was used. Approximately 10-week-old female
mice were used for the experiments; all the experi-
ments were performed in accordance with the
guidelines of the ethics review committee for ani-
mal experiments, Tokyo Women’s Medical Univer-
sity. Mice were ovariectomized under anesthesia
using diethyl ether. One month after the ovariec-
tomy, 12 mice were fed a high caloric diet (HCD)
(450.8 kcal/100 g: protein, 158%:; carbohydrate,
44.3%; and fat, 39.9%): one month later, 5 mice were
inoculated with 1 pg of lipopolysaccharide (LPS) in
0.1 ml of PBS emulsified with the same amount of
Freund’s complete adjuvant (CFA) into the abdomi-
nal subcutaneous tissue once a month for a total of
three months (group 1). The remaining seven mice
were continuously fed an HCD and inoculated with
0.2 ml of PBS without bacteria and with CFA
(group 2). Group 3 (n=4) was fed with MF without
bacteria inoculation after ovariectomy. Ten months
later, the mice were sacrificed under deep anesthe-
sia using diethyl ether. The tissues were then re-
moved, fixed in 10% formalin, and embedded in par-
affin. Simultaneously, serum samples were taken
and kept frozen at —80C until use. Multiple 4-um-
thick sections were used for the pathological exami-

nations.
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Fig. 1 Visible skin inflammation in the shoulder and
neck lesion in a group 1 mouse. Note the marked
erythemas with crusts.

Pathology

Sections were deparaffinized, stained with hema-
toxylin and eosin (H&E) and evaluated using light
microscopy. The pathological findings were evalu-
ated for acanthosis, intercellular edema, dermal in-
flammation, and inflammation in the subcutaneous
fat tissues as follows: none —, mild to moderate +, or
severe + +.

Thickness of epidermis

The skin around the shoulder and the neck be-
hind the ears were used to measure the thickness of
the epidermis in 3 of the 5 randomly selected mice
from group 1 with macroscopic skin inflammation.
To compare the effect of bacterial stimulation in the
HCD-fed mice, 3 randomly selected mice from
group 2 were studied. The thickness was also calcu-
lated using the Image] software package (National
Institute of Health, Bethesda, Maryland, USA, htt
p//rsbweb.nih.gov/ij/). The results of the five
microscopic fields for each mouse were calculated,
and the mean value was regarded as the thickness
of the epidermis in each mouse.

Statistical analysis

The thickness of the epidermis was statistically
compared using a one-way ANOVA using
GraphPad Prism software (San Diego, CA, USA). A
value of p < 005 was considered statistically

significant.

Immunohistochemistry

Serial sections were subjected to Immuno-
histochemical staining with monoclonal anti-CD3
antibody (clone SP7; Abcam, Tokyo, Japan), a B cell
antibody specific for CD45R,/B220 (clone RA3-6B2;
BD Pharmingen, Franklin Lakes, NJ, USA), and
anti-pan-monocyte / macrophages F4,/80 antibody
(clone BM& BMA Biochemicals AG, Augst, Switzer-
land). The sections were then stained using a per-
oxidase technique with a Vectastain Elite ABC Kit
(Vector Laboratories, Burlingame, CA, USA) ac-
cording to the manufacturer’s instructions, followed
by staining with hematoxylin.

Results

Pathology of the liver

We sequentially examined histopathological
changes in the liver in each of the groups. The liv-
ers obtained from both groups 1 and 2 mice showed
NAFLD-like hepatic alterations. In contrast, almost
no fatty change was observed in the livers obtained
from the group 3 mice (Haruta et al., manuscript in
preparation).

Induction of inflammation in the skin

We next investigated visible findings for distant
skin lesion in each mouse. Marked erythemas with
crusts were observed on the shoulder and neck and
behind the ears in group 1 mice (Fig. 1), but not in
group 2 or 3 mice (data not shown). The results are
summarized in Table 1A.

Skin pathology

We next compared the pathological alterations in
the skin of the animals in each group. In the group 1
mice, acanthosis (Fig. 2a), intercellular edema
(Fig. 2b), and a crust (Fig. 2¢) were observed in the
epidermis. In addition, marked mixed cellular infil-
tration in the dermis (Fig. 2d) and cellular infiltra-
tion in the subcutaneous fatty tissues (Fig. 2e) were
observed. In group 2 mice, on the other hand, the
histopathological findings were much milder than
those in group 1, and no changes were observed in
the group 3 mice (Fig. 2: group 1, f; group 2, g; group
3, h). The results are summarized in Table 1B.

Thickness of the epidermis

Then, we performed an objective analysis to
evaluate the thickness of the epidermis. We used
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Table 1 Scoring of the severity of the shoulder skin lesions

group 1 group 2 group 3
n=5 n=38 n=4

A Visible skin inflammation 3/5 (60%) 0/8 (0%) 0/4 (0%)

B Epidermis

Acanthosis + + —~+ _
Intercellular edema + + —— /- _
Dermis
Inflammation + + —— 5 _
Subcutaneous tissue
Inflammation + + ——~ _
(+ + : severe, + : mild to moderate, — : none)

Fig. 2 Representative pathological findings of the mouse shoulder skin. In group 1 mice,
acanthosis (a), intercellular edema (b), and a crust (c) were observed in the epidermis.
Marked mixed cellular infiltration in the dermis (d) and mixed cellular infiltration in
subcutaneous fat tissues (e) were observed. Findings of the shoulder skin of groupl (f),
group 2 (g), and group 3 (h) mice (H&E-stained sections are shown).

H& E-stained samples obtained from the shoulder cantly greater than that in group 2 (Fig. 3c). These
skin as shown in Figure 3a in each mouse. Using results indicated that although bacteria were in-
Image ] software, the thickness of the epidermis jected into the subcutaneous tissues of the abdo-
was evaluated as schematized in Figure 3b. The men, distant shoulder and neck skin inflammation
thickness of the epidermis in group 1 was signifi- was observed in these mice. Thus, in mice suffering
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Fig. 3 The thickness of the epidermis in group 1 and 2 mice. Skin samples were obtained
from each mouse at the shoulder and neck lesion as indicated by the red square (a). The
thickness of the epidermis was measured using microscopic images. The thickness of
the epidermis, which was outlined and represented as the red area, was calculated using
Image], software (b). The thicknesses of the epidermis in the shoulder skin of Group 1
mice and that of group 2 mice are shown (c). The boxes indicate the median value, the
25th percentile and the 75th percentile, and the error bars indicate the 10th and 90th

percentiles {(*: p<0.05).

from NAFLD-like liver pathological alterations, bac-
terial loading can easily lead to the establishment of
systemic inflammation including distant skin le-
sions.

Immunohistochemical findings for the shoul-
der skin

To clarify the cell subsets infiltrating the shoul-
der skin, we next performed immunohistochemical
staining. Although in the epidermal lesion, CD 3-
positive and B220-positive cells were occasionally
observed in all the groups, F4/80-positive cells were
more pronounced in the group 1 mice (Fig. 4A). In
the group 1 mice, CD3-positive, B220-positive and F
4/80-positive cells had markedly infiltrated the sub-
cutaneous fat tissue (Fig. 4B). On the other hand, in
group 2 and 3 mice, cellular inflammation in the sub-
cutaneous fat tissue was much milder or not pre-
sent (Table 1B). This observation suggests that bac-
terial stimulation in a local area can induce the up-
regulation of systemic inflammatory responses in
group 1 mice via an immune-mediated mechanism.

Discussion
The present study demonstrated a novel mouse

model of chronic immune-mediated dermatitis in as-
sociation with NAFLD-like hepatic alteration-
harboring mice. The livers obtained from both
groups 1 and 2 mice showed NAFLD-like hepatic al-
terations. In contrast, almost no fatty change was
observed in the livers obtained from the group 3
mice (Haruta et al., manuscript in preparation). Al-
though neither steatotic changes nor inflammation
was observed in the livers of the MF-fed mice
(group 3), steatotic changes were observed in the
livers of both HCD-fed groups (group 1 and 2). How-
ever, severe skin eczematous change at the shoul-
der and neck lesions were only observed in group 1
mice, with some mild change observed in group 2
mice (Fig. 2). We found marked visible skin eczema-
tous change in the shoulder neck lesions of 3 out of
5 (60%) of the mice in group 1 but not in the group 2
or 3 mice, and these areas of inflammation occurred
far from the bacteria-inoculated site, i.e., the subcu-
taneous tissues of the abdomen. The visible skin in-
flammatory change consisted of acanthosis, intercel-
lular edema as well as inflammation of the dermis
and subcutaneous fat tissues, histologically (Fig. 2,
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Fig. 4 Histological findings of the skin lesions. A. Immunostaining of the shoulder skin in
group 1 (a, d, g), group 2 (b, e, h) and group 3 (c, f, i) mice. The immunoreactivity of the
mouse epidermis to CD3 (a, b, ¢), B220 (d, e, ) or F4/80 (g, h, i) in the shoulder skin is
shown. B. Inflammatory cellular infiltrates in the subcutaneous fat tissue in the shoulder
skin of the group 1 mice. The immunoreactivity to CD3 (a, b), B220 (c) or F4/80 (d) is
shown.
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Table 1). Taken together, these findings suggest
that HCD feeding alone in the ovariectomized mice
was not sufficient to trigger skin changes, but that
an additional bacteria-mediated innate immune re-
sponse might be needed to trigger the progression
of dermatitis associated with steatohepatitis.

As for obesity-associated skin disorders, some dis-
ease entities have been reported”. An association
between obesity and psoriasis, one of the most com-
mon chronic inflammatory skin disorders, has been
identified in several studies (19 and therein). Estab-
lished psoriasis has been associated with many of
the components of metabolic syndrome including
hypertension, dyslipidemia, obesity and impaired
glucose tolerance™. Matsumoto et al. reported a
case of psoriasis vulgaris associated with NASH™.
Unfortunately, in our experiments, there were no
elongated club-shaped rete ridges of the epidermis
and parakeratosis in the shoulder and neck skin of
the group 1 mice. Therefore, the pathological altera-
tions observed in psoriasis were not observed in the
present study. Acanthosis nigricans should be con-
sidered as another possible obesity-based complica-
tion. Among the types of acanthosis nigricans, pseu-
doacanthosis nigricans is known as a complication
of obesity, possibly arising from insulin resistance™.
Acanthosis nigricans is characterized by papilloma-
tous elevations and pigmentation on body-fold le-
sions clinically and by hyperkeratosis and papillo-
matosis with no inflammation histologically. Conse-
quently, our model was not compatible with acan-
thosis nigricans. We suspected that not only HCD-
feeding but also bacterial stimuli might induce ec-
zematous change and even panniculitis, which is dif-
ferent from psoriasis and acanthosis nigricans. In
particular, chronic bacterial exposure may have af-
fected the pathogenesis of this mouse dermatitis
model, since the skin inflammation in group 1 was
much severer than that in group 2. Thus, the differ-
ences between a group inoculated with bacteria
and a group inoculated without bacteria should be
strictly examined not only in HCD-fed mice, but also
in MF-fed mice. In addition, visible eczematous
change was observed not exactly at the point of
LPS and CFA injection, but on the neck and shoul-

der skin. These findings suggest that distant skin
inflammation can be induced by focal bacterial in-
fection. Some reports have discussed the relation-
ship between chronic focal infection and derma-
tological disorders, pustulosis palmaris et plantaris
(PPP)®, and prurigo chronica multiformis (PCM)®.
The dermatological features of the group 1 mice
were not compatible with these disorders. The
mechanisms that severe inflammatory changes in
group 1 mice were induced in distant area from the
point injected with LPS and CFA are unknown at
this time.

Adipose tissue is an active endocrine organ that
secretes numerous adipokines, cytokines and
chemokines including adiponectin, tumor necrosis
factor o (TNF-a), interleukin (IL)-1B, and IL-6. Ele-
vated levels of pro-inflammatory cytokines have
been noted in the serum of NAFLD patients®. In
PCM, the levels of TNF-o and interferon-y are in-
creased in affected mucosal lesions, suggesting that
T-helper cell (Th) 1-type effector immune responses
are evoked. Human leukocyte antigen (HLA) class
IT antigens are expressed by infected gastric mu-
cosal epithelia, which may stimulate the immune
system. Such immune reactions elicited by H. pylori
might even cause various diseases, including
PCM?®. Similar immune reaction induced by persis-
tent bacterial infection might occur severe eczema-
tous change and even panniculitis in distant skin le-
sion, synergized on this NAFLD-harboring ovarec-
tomized mouse model. To clarify the pathogenesis
of the skin inflammatiory change, a study of cy-
tokine regulation in this NAFLD-harboring ovariec-
tomized mouse model is needed.

In conclusion, bacteria stimulation in HCD-fed
and NASH-like steatohepatitis-harboring mice
surely induced immune-mediated distant skin ec-
zematous change and even panniculitis, accom-
panied by a significant thickening of the epidermis.
Especially, chronic bacterial exposure might affect
the pathogenesis of distant skin inflammation in our
NAFLD-like hepatic alteration-harboring mice. Fur-

ther studies are needed to confirm our speculation.
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