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MRI

MRI is the best diagnostic technique, providing
optimal analysis of soft-tissue masses and accurate
diagnosis; -and ‘can-'be used to distinguish tissular
form ‘cystic:.lesions; ‘and “delineate -fast. or ‘slow
vessel-flows. Venous: and lymphatic:malformations
may ~demonstrate «a" similar: pattern. They “are
hyperintense on-spin-echo:T2-weighed sequences
and-optimally seen-in fat- -suppression sequences
T1-weighed -and fat-suppression sequences with
gadolinium +»=injection: v demonstrate - intense
enhancement - in:/IH; ,whereas “enhancement is
inconsistent: and- <progressive ::on :dynamic’se-
quences:.in VMs. :Gadolinium contrast médium en-
ables differential diagnosis :among VMs ‘ahd :LMs.
LMs can-be distinguished from VMs, as-LMs‘indicate
enhancement -only at-the-margins- of ‘cysts. By
contrast; VMs enhance clearly and homogeneously.
MRI'is essential before treatment to-determine the
extent:of .the lesion-and therelationship between
the vascular-malformation-and:intact neighbouring
nerves and vessels: It is also useful for-identifica-
tion -and dragnosrs of the:lesion. In fast-flow ves-
sels; they are identified as flow: voids. it
Magnetic - resonance’ angiography ‘(MRA) can
confirm:the diagnosis-of fast:flow vessels; howev-
er, it remains insufficient teo ‘accuratély depict the
nidus of AVMs and for analysis of angiostfructures.

Vascular imaging

bourmg arteries and veins. Ang1ography‘i’s used for
diagnosis of qmescent AVMs, which simulate

capillary malformation.

Clinical course and treatment . - -

anetoderma (shrink skin), and fibro-fatty residual
tissue (Fig. 1). When the lesion is beneath
clothing; there is no functional loss or damage,
and no further -treatment but observation is
required,. careful’ and regular check-ups -are
advised: [Hs::may -occasionally demonstrate -ul-
ceration-in the plateau:(22%)-and involution {(13%)
phases, althoughthis typically occurs during the
proliferating phase [3]. Once finally.involuted and
regressed; if the IH lesion occupies a functional
vital -organ.or isin an:aesthetically .important
exposed- area, surgery should-be: attempted-to
reconstruct.-and reduce the size. When-the lesion
is-located~in the eye; thé. visual acuity may:be
disturbed and‘the wvisual field may be limited. In
cases “such as-these, surgical removal:of the
involuted and regressed skin in the upper eye and
removal: of the:cheek’ tlssue toward the lateral
side is indicated (Fig:-2). o i

Atypical haemangioma

Some congenital haemangiomas, distinctive of IH,
demonstrate -a uniqué clinical ‘course without
spontaneous reduction in sizé even after 4 years
(Fig. 3).This predominately occurs with NICH in
which-findings at duplex Doppler and" ultrasound
often deplct artenovenous shuntmg (Frg 4) '

VMs are,vvolume occupymg lesmns contammg

l,e :rarely develops an ulcer, a secondary ulcer

and'subsequent haemorrhage may develo wdue to
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AVMs

AVMs are the most frequently occurring skin lesion
among the vascular malformations. AVM  can
develop into ulcers during the patural clinical
course and -as a result -of post-therapeutic
morbidity. from.- embolization-or sclerotherapy, as
the blood flow and perfusion in the local tissues
are erroneous and unpredictable. with [8] .or
without pre-existing disease [9]. Embolization
using N-butyl cyanoacrylate (NBCA) can be used to
control-flow supply and drainage, and subsequent
percutaneous-or transcutaneous ultrasonic-guided
sclerotherapy within 24 h may generate sufficient
reconstruction- of the wound bed. Additional
sclerotherapy .is used to suppress and control
vessel malformations that are tiny or invisible at
angiography. -Surgical debridement and recon-
struction are then performed (Fig. 6).

Treatment

Some vascular tumours (haemangiomas) and
vascular malformations develop wounds and ul-
cers. Medication and management will follow
clinical and imaging diagnostics. AVMs generally
demonstrate the most severe ulcers, but ulcerated
IH may produce intractable pain in the perioral
region. Topical use of a sealant and systemic
corticosteroid may control the pain, with easy
access to feeding and healing of the ulcer itself
[10]. Corticoids may induce cessation of the pa-
tient’s growth if used other than during the
growing phase of IH [11]. Thus, other agents, such
as B-blockers, have recently been used for periods
of 2—6 weeks and exhibit earlier wound healing
and regression of the tumour [12].

By contrast, in the chronic stasis ulcer, arterio-
venous communication resembling the features of
AVMs causes rapid-growth ulceration [8]. Skin ne-
crosis is demonstrated on the hands in patients with
primary AVM ulcers as well as in 40% of patients
after treatment with embolo/sclerotherapy [9].

In AVMs, a practical clinical staging system is
proposed, which describes the progression of AVMs
proposed by Schobinger [13]. In the initial quies-
cent stage (stage ), the lesion presents as warm,
pink—blue macules. It subsequently expands with
pulsations, thrills, and bruits (stage 1), and even-
tually becomes destructive with pain, haemor-
rhage, or ulceration (stage lll). The final stage
demonstrates decompensation and results in
congestive heart failure (stage IV) [13]. Ideally
treatment should commence at stages | and I, but
frequently, AVMs will not be detected until stage

Ill, when ulceration is observed as a destructive
clinical sign. In the study of Kohout et al., with a
mean follow-upof 4.6 years, the cure rate of AVMs
was reported as 75% for stage |,-67% for stage ll,
and 48% for stage Il [13]. AVMs are exacerbated
after trauma, :hormonal change, : pregnancy, or
puberty. Duplex ultrasonic:and- clinical -signs--and
symptoms can assist 'in therapeutic. decision-
making; -however, . more - precise :and effective
evaluation using MRl and angiography are neces-
sary. Although MRI can provide insight ‘into- the
spatial relationship between the lesion and the
surrounding tissues and organs, angiography: is
most important for the ‘assessment of -abnormal
vasculature and therapeutic evaluation when
embolization is required. Embolization is most
often necessary for the abolition or reduction.of
the nidus, which denotes the main lesion of
vascular shunting, supplying flow, pooling, and
drainage. When AVM lesions are localized, as often
seen in stage ll, and are distinct from vital organs,
either surgical removal alone or combined therapy
with precedent embolization within 24—48 h is the
initial choice of treatment. If the defect is large,
reconstruction will follow [14]. If the lesion is
extensive or destructive (stage Ill) and the lesion is
not clearly delineated, controlled attenuation of
the lesion should be considered.

Conclusion

The treatment of wounds caused by vascular
anomalies involves detailed assessment of the
clinical manifestations and imaging data. Control
of the pathological abnormal vasculature precedes
surgical removal and reconstruction. In vascular
tumours, clinical diagnosis and observation are
important, whereas extensive imaging is useful in
vascular malformations, especially in AVMs.
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Fig. 1. Prenatal images of color Doppler ultrasonography at 29 weeks of gestatxon showing the 65 x 67 x 43-mm hete

( ntact with the infant's spine and

skull, Rich vascular formation and blood flow in the tumor was observed (A). T2-weighted images of magnetic resonance imaging (MRI) ¢ obtained at 34 weeks of gestation revealed

iso-high signal intensity (B).

proliferation (Fig. 3A) and a GLUT-1-negative status in the vascular
endothelial cells, in contrast to the positive findings in red blood
cells observed in the vessels as an internal control of GLUT-
(Fig. 3B), compatxble with a dlagn051s of congenxtal hemangloma
The infant was discharged without complications on day 14 after
tumor resection. Currently, at age 5 years of age, no tumeor recur-
rence has not been observed since the tumor resection.

2. Discussion

The concept of a classification system for pediatric vascular
anomalies was first established in 1982 based on the pathologic
findings reported in a study by Mulliken and Glowacki and later
modified by the International Society for the Study Group of
Vascular Anomalies [2]. Congenital hemangioma (CH) is a subtype
of benign vascular tumor that is further characterized as rapidly
involuting (RICH) or non-involuting (NICH). Infantile hemangioma
(IH) and CH are distinguished based on their clinical features and
the presence of a GLUT-1-positive expression in the endothelial

Fig. 2. Postnatal photograph showing the neonate with a tumor on the posterior neck.

cells of infantile hemangioma (IH) [3]. The involution observed in
cases of RICH is very similar to that observed in cases of IH, which
regresses slowly” after occurring during the first year of life [4]. In
contrast, NICH does not exhibit the regression. Consequently, the
possibility of NICH' bemg a later stage of RICH has been suggested.
Therefore, to determine the fate of RICH and NICH, monitoring for
an observation period of a few years and performing serial post-
natal imaging can provide insight into imaging evolution and
involution of RICH during the first year of life.

Both CH and IH appear as fast-flow lesions on ultrasound and
exhibit flow voids on MRI. RICH and NICH are more likely to be
heterogeneous on US and much more likely to contain identifiable
calcification. On MRI, these lesions exhibit high 1nten51ty on T2-
weighted images and iso-intensity on T1-weighted images; prior to
involution, they enhance avidly and homozygously [5] Fast-flow is
also detected in arterial vascular malformations; however, it can be
easily differentiated on MRL Prenatal screening with ultrasonog-
raphy allows for the early detection of CH as early as 12 weeks of
gestation [4]. A distinction between RICH and NICH lesmns cannot
be made on prenatal ultrasound [6]. If CH is dlagnosed antenatally,
the lesion can be followed on ultrasonography and MRI to further
deﬁne the tumor charactenstxcs and monitor growth [ i

In our case, immunohistochemical staining revealed negative
GLUT-1 results, suggesting a diagnosis of CH. However, it is difficult
to distinguish RICH from NICH before and at birth without the
knowledge obtained from histological ﬁndmgs and observatlon for
at least one year. Since the tumor in our case was hkely tobe injured
by mechamcal fnctxon we belxeved that it should be excised
without observation to dlstmgmsh involution.

As Nolan et al. [8] previously reported, life-threatening hemor-
rhage associated with passage through the birth canal can result in
by birth traurna if the tumor is large and located on the surface of
the neonate. In such cases, cesarean séction should be used for
dehvery Bleeding may also occur, even after birth, due to
mechanical friction. Powell et al. [9] reported that two cases of
severe bleeding episodes occurred during the first - week of life.
Close antenatal evaluation, including the frequent use of US to
monitor lesion size and blood flow, should be conducted. Large
hemangiomas can cause congestive heart failure due to hyper-
dynamic circulation leading to increasing cardiac output; therefore,
fetal circulatory parameters should also be monitored, When these
findings are observed, surgical excision should be considered
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Fig. 3. Microscopic examination showing capillaries and feeding vessels with flattened endothelial cells on hematoxylin eosin staining (A, x200). GLUT-1 immunostaining was

negative (B, x200), consistent with a diagnosis of congenital hemangioma.

immediately after birth. Otherwise, the first line of treatment
should be close observation.

3. Conclusion

We herein reported a rare case of a fetus with a giant congenital
hemangioma detected on the fetal ultrasonography and MRI that
was treated with the extirpation. Close follow-up before and after
birth led to concerns of bleeding after birth, and a surgical approach
was ultimately selected.
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Apelin Inhibits Diet-Induced Obesity by Enhancmg
Lymphatic and Blood Vessel Integrlty

Mika Sa,w:me,1 2 Kentaro Kaglya, HJ.royasu Kldoya, Masaya Takagl, Fumltaka Muramatsu, and
Nobuyukl Takakura :

balance of adipokine production is disrupted by excess
adlpose t1ssue leadmg to chromc vascular mﬂamnamon

Anglogenesm is tlghtl “associated with the outgro‘ h.of . dlpose»

outgrowth .of adipose tissue is tightly correlated with
angiogenesis (4). Thus, antiangiogenesis therapy has emerged
as-a potentlal treatment of obesn:y However, this: ldea

Therefore, -induction of vessel: abnormahty by ad.xpokmes has
been well-studied; whereas how. altered.vascular function. pro-
motes. obesity. is-relatively -unexplored..-Also, surviving Proxl1:
heterozygous mice-have :shown. abnormal lymphatic patterning-
and adult—onset obesn.y, mdlcatmg that accumulanon of adlpo— :

occurring mouse ‘model’ of Iymphedema attnbuf:able to
heterozygous macmvatmg mutations in: Vascular endothe-

onset obesity (7)‘ Thus, accumulatlon .of ’ad1pocytes could
be closely linked with the structure and-‘function of lym-
phatic vessels However httle is known about how vessel

The full length mature peptlde compnses 36 amino acids

(apelin= 36),'and. other ‘active fragments mcludmg a 13-
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for 8 weeks. Mice had free access to food and water. We measured body
weight and the mass of od- consumed every week. At the end of the study,
we weighed the inguinal and mesenteric fat pads and collected the ears, back

skin, and mesenteric fat for histological analysis, and collected blood samples -
for analysis of the circulating levels of glucose, triglyceride, free fatty acids; -

HDL cholesterol, insulin, leptin, and adiponectin. Plasma of HR-1 hairless mice
fed a regular diet (RD; CRF-1; Oriental Yeast, Tokyo, Japan) or HFD (D12492,
60 kcal % fat; Research Diets) for 11 weeks also was collected. The current
study was approved by the Ethics Committee of Shiseido Research Center in
accordance with the guidelines of the National Institute of Health.

Immunohistochemical and computer-assisted morphometric vessel
analysis. Immunofluorescence analysis was performed on 6-um cryostat
sections of mouse back skin or 12-pm cryostat sections of mesenteric fat using
antibodies against the macrophage monocyte marker CD11b (BD Biosciences,

Bedford, MA), the blood: vessel-specific: marker meca-32 (BD Biosciences),.

the lymphatic-specific .marker LYVE-1 (MBL, Nagoya, Japan), podoplanin
(AngloBlo, Del Mar, CA), APJ 10, penhpm (PROGEN Biotechnik GrabH,
Heldelberg, Germany), Ki-67 antigen (Dako Cytomation, Glostrup, Denmark),
and correspondmg ‘secondary antlbodles labeled -'with AlexaFluor488 or
AlexaFluor594 (Molecilar Probes, Eugene, OR). Routine hematoxyhn and
eosin staining also was performed. Sections were examined with an Olympus
AX80T microscope (Olympus, Tokyo, Japan) and images were captured with
a DP-controlled. digital camera (Olympus). Morphometric analyses were per-
formed using the IP] LABORATORY software as described (13). Three different
fields of each section were examined and the number of macrophages and the
average vessel size in. the dermis and in the’ mesenteric fat were determined.
Whole-mount unmunohlstochemcal analysis of ear skii was performed. Tis-
sues were incubated in 30% H;O», 3% normal goat serum (Invitrogen, Cama-
rillo, CA); and 0.25% Triton X-100 in PBS, and incubated overnight at 4°C with
anticlaudin-5 antibody (Santa Cruz Biotechnology, Santa. Cruz, CA) or anti-
cD31 antxbody (BD .Biosciences), as an endothelial marker, and anti-
podoplanin antibody (AngioBio, Del Mar, CA) or anti-LYVE-1 anubody, as
a lymphatic marker. Then, corresponding secondary antibodies labeled with
AlexaFluord88 or AlexaFluor594 (Molecular Probes) were applied. Speci-
mens were viewed with a LSM5 :Pascal confocal laser-scanning microscope
(Carl Zeiss, Thornwood, NY).

Adipose tissue imaging. Adipose tissue imaging of inguinal fat was performed
as described previously (14). The inguinal subcutaneous fat was minced into
small pieces and mcubated with BODIPY (4,4-difluoro-3a, 4adlaza-s—mdacene)
conjugated with ‘Alexa Fluor (Invitrogen-Molecular Probes, Carlsbad, CA) as a
lipid droplet marker and Isolectin IB, Alexa Fluor dye conjugates (Invitrogen-
Molecular Probes) as an endothelial marker. The three-dimensional structure
of adipocytes was observed using a LSMb Pascal confocal laser-scanning
microscope (Carl Zeiss). Ad.\pocyte diameter was determined using IPLab
software. Four image fields were acquired from three animals in each group,
and the ‘diameters of 20 cells in each field were measured by an observer
blinded regarding the status of the sample. Adipocytes were defined as regu-
lar, round, BODIPY* cells without plasma membrane disruption.

Blood analysis. Plasma glucose, HDL cholesterol, and triglyceride levels were
measured using a Fuji DRI-=CHEM analyzer (Fuji Film, Tokyo, Japan). Plasma
free fatty acid level was determined with a Wako NEFA C test kit (Wako
Chemicals, Neuss, Germany). Insulin, leptin, and adiponectin were assayed
with a mouse insulin ELISA kit (Shibayagi, Gunma, Japan) and a leptin and
adiponectin ELISA kit (R&D Systerns, Minneapolis, MN), respectively, accordmg
to the manufacturers’ instructions.

Plasma extravasation and lymphatic functional analysis. To examine the
blood vascular permeability, Miles assay was performed as previously de-
scribed (11). Briefly, mice were anesthetized and intravenously injected with
100 L of a 1% solution of Evans blue dye in 0.9% NaCl. At 30 min after dye
injection, pictures were taken and the epididymal fat was removed. The dye
was eluted from dissected samples with formaldehyde at 56°C and the optical
density was measured by spectrophotometry (Biotrak II; GE Healthcare,
Fairfield, CT) at 620 nm. For lymphatic functional analysis, a 1-ul aliquot of 1%
solution of Evans blue dye in 0.9% NaCl was injected intradermally at the inner
surface of the rim of the ear using a 10-pL Hamilton syringe; this is a standard
method to macroscopically visualize cutaneous lymphatic vessels and lym-
phatic drainage. Mouse ears were photographed at 1 and 5 min after the dye
injection. Addltxonally, 100 pL of 1% solutlon of Evans blue dye in 0.9% NaCl
was uuected into the stomach and at 30 min after dye injection, the mesentenc
fat was carefu]ly removed from the mtestlne ‘The optical density of the eluted
dye in the mesenteric fat was measured

Cells. Human dermal Ilymphatic: endothelial cells (LECs) were isolated from
neonatal human foreskins by immunomagnetic purification as descnbed pre-
viously (15). Lineage-specific differentiation was confirmed by real- -time RT-
PCR for the lymphatic vascular markers Proxi, LYVE-1, and podoplanin, as
well as by immunostaining for Proxl and podoplanin as described (13). Hu-
man umbilical vein endothelial cells were purchased (PromoCell, Heidelberg,

diabetes.diabetesjournals.org

_ommended.by. the supp i

Germany) and cultured in endothelial basal medium (Lonza, Verviers, Swit-
zerland) with supplements provxded by the supphers for up to 11 ‘passages.
Primary human subcutaneous preadxpocytes ‘(Lonza) were cultured as rec-
in preadlpocybe basal medium 2 contammg 10%
FBS, 2 mmol/L L-glutaming “and antibiotics. The 3T3-L1 preadxpocytes were
cultured in DMEM with 10% FBS and antibiotics.

Permeability assay. LECs and human umbilical vein endothelial cells were
grown to confluence on the fibronectin-coated surface of 0.4-um pore-size
tissue culture inserts (Corning, Lowell, MA). Oleate (20 or'100 pmo)/L) and
steareate (20 or 100 pmol/L) were placed into the upper and lower chambers
for 5 h after incubation with apelin-13 (1,000 ng/mL) or a selective COX2 in-
hibitor, CEL (1 pmoVL), for 1 h. FITC-dextran was added to the upper
chambers, and the apparatus was then placed in a CO; incubator at 37°C. After
incubation for 15 min, a 100-pL sample was taken from the lower chamber and
the absorbance of FITC-dextran was determined at 492 nm using a spectro-
photometer (Fluoroskan Ascent Thenno Fisher Sc1ent1.ﬁc, Waltham, MA).
Adipocyte dxfferentlauon assay. leferenuatxon of 3T3-L1 preadipocytes
was performed by treatment’ with insulin, dexamethasone, and 3-1sobutyl 1-
memylxantlune in DMEM with 10% FBS for 2 days as described (16). Then, the
medium: was replaced with DMEM containing 10% FBS and insulin before .
coculture with LECs. Coculture was performed by incubating LECs to con-
fluence on the 0.4-pwm pore-size cell culture insert (Corning) and placing them
in 6-well plates containing 3T3-L1 adipocytes differentiated for 2 days; 0.5%
plasma from mice fed RD or HFD for 11 weeks was added to the upper
chambers, After incubation for 7 days, the cells in the lower wells were stained
with Oil-Red-O (Wako Pure Chemical Industry, Osaka, Japan) as described
previously (17). .The stained lipids presenp in the mature adipocytes were
solubilized with isopropanol and measured spectrophotometrically at 510 nm.
To induce differentiation of. human preadipocytes into mamre adxpocytes,
confluent preadlpocytes in plates were cultured in preadlpocyte basal medlum
2 plus 10% FBS, 2 mmol/L glutamme, and antibiotics for 2 days a.nd then
sw1tched to, preadlpocyte basal medium 2 plus 10% FBS, 2 mmol/L glutaxmne
antibiotics, 10 ug/mL insulin, 500 wmoVL xsobutyhnethylxanthme, 1 wmolL
dexamethasone, and 200 umo]/L indomethacin in the presence or absence of
oleate (100 wmol/L) and steareate (100 wmol/L). After 9 days of incubation,
cells were fixed with 10% formaldehyde, stained with Oil-Red-O (Wako Pure
Chemical Industry) and observed under a bnght field microscope (Olympus)
as described previously (17).

Immunofluorescence microscopy. LECs and human umbilical vein endo-
thelial cells were seeded on cover slips and incubated until confluence. For the
detection of VE-cadherin, cells were fixed with 1% PFA and incubated with anti-
VE-cadherin antibody (R&D Systems, Minneapolis, MN). AlexaFluor594-la-
beled secondary antlbody was used for. ﬂuorescence detecmon All unages
were acquired using a DP-controlled digital camera (Olympus) on'an Olympus
AX80T microscope (Olympus).

Quantitative real-time RT-PCR. Total RNAs were isolated from’ LECs cul-
tured in the presence or absence of apelin (1,000 ng/mL) for 4 h after serum
starvation. The expression of COX2 mRNA was examined by quantitative real-
time RT-PCR using a LightCycler 480 (Roche Applied Science, Indianapolis,
IN). The primers for COX2 were as follows: forward primer, 5'- TAGAGC-
CCTTCCTCCTGTGC-3', and reverse primer, 5'- CTGGGCAAAGAATGCAAA-
CA-3'. Expression levels _were normalized with respect to B-actin as an
internal control (forward primer: 5’—TCACCGAGCGCGGCT 3'; reverse primer:
5’-TAATGTCACGCACGATTTCCC—3’)

Statistical analysis. All data are expressed as means + SD and as the sta-
tistical significance of differences with an unpaired ¢ test.

RESULTS

Disruption of apel.m/APJ signaling in vivo promotes
obesity. To investigate the physiological role of apelin in
obesity, apelin KO mice were fed HFD. Surprisingly, after 5
weeks of HFD, apelin KO mice showed increased body
weight compared with WT littermates (Fig. 14); at the end
of the feeding period, the body weight gains were 20 *
0.5 g for WT mice and 30 = 0.5 g for apelin KO mice (P <
0.01) (Fig. 1B). As expected, both inguinal subcutaneous
and mesenteric fat depots were significantly increased
by HFD in apelin KO mice compared with WT mice (Fig.
1C, D). Moreover, hematoxylin and eosin staining re-
vealed a thickened subcutaneous adipose layer in the
skin of HFD-fed apelin KO mice as compared with WT
mice (Fig. 1E). To visualize the three-dimensional struc-
ture of adipose tissue, we used fluorescence staining with
BODIPY, which recognizes intercellular lipid droplets in
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Abnormal lymphatic dysfunctlon and inflammation in
skin of HFD-fed apelin KO mice. To examine infiltration
of macrophages in the adipose tissue, we used immuno-
histochemical staining
strated an increase of
subcutaneous adipose I
compared with WT mics

phages in the subcutaneous adipose tissue of apelin KO
mice (P < 0.01) (Fig. 3B). We have previously demon-
strated that apelin promotes lymphatic function during
mﬂammatlon (12). Therefore, to determme whet! her apehn
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FIG. 2. No significant difference was found in food conswmption. or lipid
metabolism between apelm KO and WT mice after HFD. A: Food intake
was similar in apelm KO mice and WT littermates. B: Obese apelin KO
mice had a lower plasma insulin level, but the difference was not sig-
nificant. C: Serum leptm levels were approxnnately two times higher in
apelin KO mice than in WT mice (**P < 0.01). D: Serum adiponectin
levels tended to be lower in apelin KO mice, but the difference was not
significant. There was no significant difference of plasma glucose (E),
HDL cholesterol (HDLC; F), tnglycende (@), or free fatty acid (FFA;
H) between apelin KO mice and WT mice. Data are expressed as mean
values = SD (N = 7; **P < 0.01, P < 0.1). N.S., not significant.
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mice, we examined the expressmn of the APJ in lymphatic
and blood vessels in vivo. Double immunofluorescence
staining for the lymphatic marker podoplanin or the vas-
cular marker meca- -32 and. APJ revealed weak APJ ex-
ion in cutaneous lymphauc vessels from mice fed RD,
eas HFD-fed mice showed-increased expressmn of
in LECs (Fig. 3C). In contrast, APJ expression levels
similar in blood vessels of RD fed.and HFD-fed mice
(Fig. 3D). Given these data, we speculated that disruption
of apelin signaling resulted in abnormal structure of Iym-
phatic or blood vessels and increased their leakiness.
Lymphauc and blood vessels in dermis of HFD-fed apelin

nice were clearly enlarged (Flg SE'), and the diameter

\at the large vessels stained for
claudin-5 were lymphatlc marker podoplanin-positive
vessels (Fig. 3G). Whole-mount immunofluorescence for
claudin-5 of ear skin from HFD-fed WT and apehn KO mice

,also revealed dﬂaﬂonpf lymphatm vessels in apehn KO

subcutaneous fat lay Whereas this was not the case in
subcutaneous adlp_ se_ tissue of HFD-fed WT mice (Fig.
3H). Functional analyses by means of intradermal in-
jection of Evans blue dye into mouse ears revealed lym-
phatic backflush and leakiness in HFD-fed apelin KO mice
as compared with WT mice (Fig. 3]).

Dietary fatty acids cause hyp srpermeability of lymphatic

and adipocyte hypertrophy. To un-
derstand the mechamsm rough which HFD-fed apelm
1 icant obesity, we investigated in
vitro the effects of dietary fatty acids on LECs. The 3T3-L1
preadlpocytes were. cocultured with confluent LECs on
Transwell inserts in the presence of plasma from HFD-fed

.or RD-fed WT mice ,to mimic the lymphatic endothelial

wall (Fig. 44). Surpnsk :,gly the amount of lipid droplets
was increased in the presence of plasma from HFD-fed
mice, whereas no major difference was found in the
presence or absence of plasma from RD-fed mice (Fig. 4B,
C). Because 51gn1ﬁcant increases of oleic acid and stearic
acid were found in plasina of HFD-fed mice (M. Takagi,
unpublished observatlon), we speculated that the ele-
vated fatty acids in plasma of HFD-fed mice would induce
dysfunction of lymphatic and blood vessels via apelin

‘depletion, thereby promoting obesity. Treatment of LECs

with 20 and 100 pmol/L oleic acid resulted in hyper-
permeability of LECs compared with untreated cells (Fig.
4D). Moreover, we confirmed that these dietary fatty
acids promoted differentiation of human subcutane-
ous adipocytes (Fig. 4F). Preincubation with apelin-13
blocked the hyperpermeablhty of 1ymphamc and blood
vessel endothelial cells induced by oleic acid (Fig. 4F, @).
Moreover, whereas unstimulated endothelial cells were
stained evenly with VE-cadherin at sites of cell-cell
Jjunctions, cells incubated with oleic acid displayed dis-

continuous staining with considerable gaps. Surprisingly,
cells pretreated with apelm~13 before incubation with
oleic acid retained the normal staining pattern of VE-
cadherin (Fig. 4H). These data indicate that the oleic acid
in HFD enhances the leakiness of lymphatic and vascular
structures via disruption of VE-cadherin, and that leakage
of dietary fatty acids from the vessels mediates adipocyte
hypertrophy. ,

DIABETES, VOL. 62, JUNE 2013 1973



1974 DIABETES, VOL: 62, JUNE 2013 diabetes.diabetesjournals.org



O Conlral . 20. 100

Ol?;ﬁ\%cid

LEC

kR Ak

tm ipeﬁnd@( ) apelini3 (+)
Oleic acid (20uM)

day 2 after initiation of diff
Qnantltatxve evaluation of 1j

pocytes. D: Treatment thh oleic acld inéreased the ‘fluorescence mtensn:y of permeated

Human subcutaneous preadipocytes were stained with Oil-red-O (red) on day 9 after
atty acld—exposed culture showed an mcreased amount of lipid droplets compared with

with oleic acid. Apelin-13 blocked the
pm (E) and 100 pm (B and

we treated HFD-fed ap’e ;
inhibitor, CEL. It has been shown that COX2 inhibitors
block angiogenesis and lymphangiogenesis during tumor
growth (19). The CEL-treated, HFD-fed, apelin KO mice
gained 30% less welght than HFD-fed apelm KO mice, and
showed differences in subcutaneous and mesenteric fat
accumulation (Fig. 5A4-D). Hematoxylin and eosin staining
of skin sections confirmed a decreased adipose layer in the
CEL-treated apelin KO mice, with a decreased adipocyte
diameter (Fig. 5E, F"). However, no significant difference in

diabetes.diabetesjournals.org

weight gain or’fat accumlﬂatlon was found between WT
mice fed with and without CEL (Fig. 5A-D). Immunohis-
tochemical analyses revealed that CEL blocked enlarge-
ment of lymphatic and blood vessels in HFD-fed apelin
KO mice (Fig. 5G), and morphometric analysis confirmed
that the vessel size was decreased (Fig. 5H). Moreover, fat
pads from CEL-treated, HFD-fed, apelin KO mice showed
decreased CD11b" macrophages (Fig. 5I). CEL-treated,
HFD-fed, apelin KO mice showed a decreased number of
macrophages- in subcutaneous adipose tissue (Fig. 5J).
Further, CEL blocked the lymphatic and blood vascular
hyperpermeability induced by oleic acid, like apelin-13
(Fig. 5K). In contrast, COX2 expression in LECs was
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similar in controls and apelin-treated cells (Fig. 5L). Taken
together, these results show that the selective COX2 in-
hibitor CEL ameliorated both inflammation and the dys-
function of lymphatic and blood vessels in HFD-fed apelin
KO mice, resulting in the inhibiti ' of HFD-induced obesn,y
Re51stance to obesity in apelin transgenic mice. To
f lymphatlc and blood

used apelin transgenic mice under the control of K14 (K14-
apelin). Interestingly, HFD-fed Kl4-apélin mice showed
significant inhibition of weight gain and decreased accu-
mulation of subcutaneous adipose tissue as corpared with

HFD-fed WT mice, although there was no srgmﬁcant dif-

ference of weekly food intake between the two groups
(Fig. 64, B). The adipose layer of skin and the amount of
subcutaneous adipose tissue in HFD-fed K14-apelin mice
were decreased (Fig. 6C, D). Morphometric analysis. a]so

confirmed a decrease of hpld droplets within adlpocytes in.
K14-apelin mice (Flg 6E) Next, lymphatic function in the - ves
mesenteric fat was analyzed - by injecting dye into the Vi

stomach, revea.hng the inhibition of lymphatic hyper—
permeabﬂlty in Kl4-apelin mice as compared with WT

mice (Fig. 6F). To evaluate the structural change of lym- a1
phatic and blood vessels, we performed whole-mount

staining for LYVE-1 (green)/meca -32 (red) in ears of mice.

Interestingly, both blood and lymphatic vessels of WT mice
were enlarged after HFD, whereas the diameters of b od
and lymphatic vesséls were comparable between R --and. - h

HFD-fed Kl4~apel1n mice (Fig. 6G). These results are
consistent with the idea that apelin regulates the ‘accu-

mulation of adipose tissue by promoting vessel mtegnty '
Structural and functional change of vesséls in the ar
adipose tissues of K14-apelin and KO mice after HFD -

Miles assay was performed to determine of the effect of
apelin on blood vessels in epididymal fat. We found that
leakiness was mh1b1ted in Kl14-apelin mice and enhanced
in apelin KO mice after HFD (Fig. 7A). Quantitative anal-

ysis showed that HFD enhanced dye leakage in WT mice,
whereas the increase of dye leakage was inhibited in K14- y

apelin mice. In contrast, dye leakage was strongly ‘en-
hanced in apelin KO mice after HFD (Fig. 7B).
Immnofluorescence analysis was performed with anti-
bodies for blood vessels (Fig. 7C’) and lymphatic vessels
(Fig. 7E). HFD induced enlargement of lymphatic and
blood vessels of WT mice as compared with RD-fed WT
mice. Moreover, lymphatic vessels as well as blood vessels
were markedly enlarged in HFD-fed apelin KO mice.
Morphometric analysis of lymphatic and blood vessels
confirmed an increase in the average size of lymphatic
vessels of HFD-fed WT mice as compared with RD-fed WT
mice. Importantly, HFD induced marked enlargement of
both blood and lymphatic vessels in apelin KO mice. In
contrast, no significant difference of blood vessels was
found between RD- and HFD -fed WT Tice (Flg 7D, F)

DISCUSSION

Our results indicate that apelin/APJ signaling plays a cru-
cial role in the control of fat accumulation by enhancmg
the integrity of lymphatlc and blood vessels. It is well-
established that fat intake is associated with the growth of
adipose tissue vasculature. This, in turn, suggests that in-
hibition of angiogenesis in adlpose tissue could be an ap-
proach to treat obesity, but this idea is controversial
because of the physiological importance of angiogenesis. It
was reported that partial blockade of the VEGFR pathway

diabetes.diabetesjournals.org

fpletlon 'because Aatty ac1ds are absorbed‘by lymphatlc

had no effect on diet-induced obesity (5). Additionally,
recent reports indicated that'blockmg the VEGFR-3 path-
way in skin resulted in an increase of subcutaneous adipose
tissue (20), and ‘that Proxl heterozygous mice showed
obesity and abnormal lymphatlc function, particularly at the
mesentery and thoracic duct (7). These results suggest that
there 1s a link. between»lymphahc funchon and adipose

could be a novel approach to ant10bes1ty therapy
-Although HFD-fed apelin KO mice showed a markedly
obese phenotype accompanied by dysfunction of lym-
phatic and blood vessels, it was also found that there was
no significant difference of either vessel

accurnulatlon between apehn KO and W

and transported 1o penpheral tissues by. blood
- Our in Vltro study demonstrated that plasma from

: i’d
hyperpermeablhty ‘of endothelial cells by “disrupting
adherens junctions. Apelin is required for the assembly of

obe31ty Moreover lymphatlc hyperplasm Was found m the
subcutaneous fat layer from extremely obese apelin KO
mice in contrast to normal and obese WT mice. In inflamed
skin, increased interstitial ﬂu1d pressure caused by in-

1gn
therapeutic target although further study is needed to
determine whether infiltrated macrophages in obese adi-
pose tissue or mature adipocyte-derived VEGF-C are in-
volved in the promotion of lymphangiogenesis in adipose
tissue.

What is the role of apelin in obesity? In vivo, an orally
administered COX2 inhibitor rescued apelin KO mice from
HFD-induced obesity. A COX2 inhibitor directly affects
vascular function, suppressing angiogenesis and lym-
phangiogenesis associated with tumor growth (19). The
COX2 inhibitor, CEL, blocked angiogenesis and blood/
lymphatic VeSSel enla.rgement in HFD-fed apelin KO mice.
In vitro, we found that CEL treatment blocked oleic acid-
induced hyperpermeability of Iymphatic and blood vessel
endothelial cells. Taken together with the fact that several
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\

mesenteric fat. Arro
vessels (F) in mesenteric fat of WT,

adlpocytes (26). Therefore, further mvesngatlon of the Tole
of apelin in COX2-overexpressmg brown adlpose tlssue is-

needed.

In conclusion, our results mdlcate that apelm/APJ sig-
naling promotes lymphatic and blood vessel integrity and
blocks the increase of penneabﬂlty induced by dietary
fatty acids, resulting in inhibition of fat accumulation.
Apelin mlght be a novel target for prevention of obesity
and obesity- related diseases via enhancement of vascular
integrity.
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Ligand- independent Tie2 Dimers Mediate Kinase Activity
Stimulated by High Dose Angiopoietin-1"®
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‘Background: Tie2 is essential for angiogenesis and vascular stablhzatlon :

‘Resuilts: Tie2, biit not Tiel, formms ligand-indeperident dimers on the cell surface

"Conclusion: The inactive monomer mutant Tie2YIA/LAS decreases Angl/Tie2 51gna11ng

' 'Slgmﬁcance. The Tie2 11gand-1ndependent dlmer mduces strong phosphorylanon upon. hlgh dose Angl bmdmg

T1e2 isa receptor tyrosme klnase expressed on vascular endo—;
thelial cells (ECs). It has dual roles in promotmg angiogenesis -
and stabilizing blood vessels, and 1t has been suggested that Tie2

forms dimers and/or oligomersin the absence of angroporetm-l
(Angl);.. however, the, mechamsm of hgand— dependent di-
merization of Tie2 and its bxologrcal srgmﬁcance have not been
clarlﬁed Using ‘a bimolecular, fluorescence complementatlon

assay and a kinase-inactive, T1e2 mutant, we show here that

ligand-independent Tie2 dimerization is rnduced w1thout Tie2
phosphorylatlon Moreover, based on the fact that Tiel never
forms heterodimers with T1e2 in the absence of Angl desplte
having high amino acid sequence ,.h‘? gy with Txe2, we

searched for llgand 1ndependent dunerrzatlon domams of T1e2}

'Ihe functions of anglopoletin—l (Anglj,2 a: hgand 'for recep-

tor tyrosme kmase Tie2 expressed on endothehal vcells ~(ECs); in

‘nce, Sports, and:Culture-of Japan.:

ains supp!emental Table S1 and Figs.

ing (5-7). Because Tiez\‘pos’seSSes both anti-angiogenic as
well ‘as'proarigiogenic properties, it is important to investi-
gate how Tie2 activation is altered during angiogenesis. The
Tie receptor farmly consists of Tie2 and Tiel (8210). Recent
studies show that Angl activates Tiel 1nd1rect]y by interac-
tions with Tie2 (11). When Tiel expressmn is silenced, Tie2
s1gnalmg espec1ally via the MAPK pathway is" enhanced;

accordlngly, Tiél-deficient mice show hyperprohferatlve
vascular formatlon and vascular abnormalities (12 13) This
suggests that T1e1 may negatrvely regulate ang1ogen1c srgnal—
ing by Tie2.

Tie2is composed of an extracellular domarn, oneé trarismein-
brane domam, and an mtracellular tyrosme Kinase domam spht
1nto two bya non—kmase sequence Tiel has high'; ammo acid
sequence homology with Tie2 (76 and 33% identity i m mtracel—
lular and extracellular clomams, resj e ly) Baséd on the iso-
lation of Tie2 hgands and analy51s of . srgnal transductron
through Tie2, it is w1dely accepted that Angl ac tes Tjez; but
Ang2 bmdmg mhlblts its srgnalmg Thus, with certain excep-
tions Ang? acts as an Angl antagomst (4, 13 18) ‘

Itisknown that T1e2 is present on the EC surface in the form
of dlmers and htgher order ohgomers, as estabhshed by electron
micr copy (19). It has been reported that EGF receptor, eryth—

1ndependent manner- (20 —25)’ L1gand—mdependent chmenza—
tion.of EGE receptor does not lead to tyrosine phosphorylatlon
of EGE receptor It has. been suggested thata conformatlonal

binding; Therefore, hgand-mdependent dlmers may medxate
rapid signal transduction responses.. Although 'ie2 also forms
l1gand~mdependent duners, the 1mportance of this'has not:yet
been determined: - S ey L

- Inthepresent: study, we estabhshed a system for vrsuahza—,
tion of Tie2 dimers-using bimolecular. fluorescence comple-
mentatron (BrFC) assays in living cells:(26): Using thls sys»

using this mutart.
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Roles of Ligand-independent Tie2 Dimerization

EXPERIMENTAL PROCEDURES

Reagents and_Antibodies—Recombinant human Angl was
purchased from R&D Systems In Western blot analys1s, mouse
anti-phosphotyrosine (4G10) and anti-Tie2 (Ab33) antibodies

(Abs) (Upstate), anti-HA.11 mAb (COVANCE), anti-c-Myc

(9E10) and Tiel (C-18) mAbs (Santa Cruz Biotechnology, Inc.),
anti-HA-tag rabbit serum (Medical & Biological Laboratories
Co., Ltd.), p44/42, phospho-p44/42 (Thr’***/Tyr***), phospho-
Tie2 (Tyr*°%) Abs (Cell Signaling Technology, Inc.} and mouse
anti-HA (12CA5) mAb (Roche Diagnostics) were used as the
first Abs. Anti-phospho-Tie2 (Tyr®**) and anti-phosphoty-
rosine Abs were diluted 1:500, and others were diluted 1:1000.
HRP-conjugated anti-rabbit and anti-mouse IgG (Jackson
ImmunoResearch Laboratories) was used as “the secondary
antibody (dilution: 1:1000). For the immunofluorescence anal-
ysis, HA and Myc were used as the first Abs (dilution, 1:100).
Alexa Fluor 546-conjugated goat anti-rabbit Igs and Alexa
Fluor 647-conjugated goat anti-mouse Igs were used as the sec-
ondary Abs (Invitrogen) (dilution, 1:200).

Plasmid Construction—Mouse Tie2 and Tiel were fused to
sequences encoding full-length Venus and Venus residues
1-173 amino acids (VN) or 155-238 amino acids (VC). The
coding regions were connected with linker sequences encod-
ing RSAIT (Arg-Ser-Ala-Ile-Thr). RSAIT is a non-adhesion
sequence (26). HA or Myc epitopes were inserted as tags
between linker and fluorescent genes. Genes were inserted at
the multicloning site in pEGFPN1 vector or pMRX virus vector.
Basing the work on the pE-Tie2-linker-Myc-Venus, pE-Tie2-
linker-HA-VN and pE-Tie2-linker-Myc-VC, we cut between
the BamHI and Mlul sites and the Tie2 mutant (Tie2K854R,
Tie2R848W) was created. Tie2 kinase-dead (Tie2K854R) or Tie2
constitutive-active (Tie2R848W) mutants were amplified from
wild-type Tie2 using Tie2K854R-N, -C primers or Tie2R848W-N,
-C primers, respectively (supplemental Table S1).

For the generation of Tiel®, the signal sequence of Tie2 was
amplified from the Tie2 plasmid using oligonucleotide primers
(forward primer, 5'-GTA GGC GTG TAC GGT GGG AGG
TCT-3" and reverse primer, 5'-GTT AAG TCA ACA GAG
CCT TCT ACT ACT CC-3') and 5'-Tiel core sequence
excluding signal sequence was amplified from Tiel using oligo-
nucleotide primers {forward primer, 5'-GGA GTA GTA GAA
GGC TCT GTT GAC TTA AC-3' and reverse primer, 5'-CCA
CTT CTG AGC TTC ACA GCC TCG CAC GAT-3'). These
two products were amplified with the forward primer for Tie2
and the reverse primer for Tiel. This PCR product was placed
into EcoRI and Agel sites of the Tiel plasmid. For the genera-
tion' of Tie2/Tiel chimeric plasmids, mutagenesis was per-
formed on Tie2 and Tiel plasmids as templates by using spe-
cific primer sets (supplemental Table S1). For generation of 1-3
amino acid mutants of each Tie2 plasmid, mutagenesis was
performed using specific primers (supplemental Table S1).

Retroviral Infection—Plat-E cells were transfected with
pMRX-Tie2-linker-Myc-Venus, pMRX-Tie2YIA/LAS-linker-
Myc-Venus, pMRX-Tie2-linker-HA-VN173 and pMRX-Tie2-
linker-Myc-VC155, pMRX-Tie2YIA/LAS-linker-HA-VN173
and pMRX-Tie2YIA/LAS-linker-Myc-VC155 vectors as indi-
cated in each experiment (1.0 ug each) using Lipofectamine
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2000 (Invitrogen) and then incubated for 24 h at 37 °C after
which the medium was changed. After 12 (36 h from transfec-

tion) ‘and 24 h- (48 h from transfectlon), conditioned medium
~was harvested, sterilized by ﬁltratlon, and used to infect

NIH3TS3 cells. 8 1ig/ml polybrene was added for enhancement of
infection. Stable cell lines were selected by culture in medium con-
taining puromycin (5 pg/ml) or blasticidin (10 ug/ml) (27 28).

Cell Culture—HEK293T and NIH3T3 lines were grown in '_
DMEM supplemented with 10% FBS. Platmum E cells (Plat E;

packagmg cells) and stablV - cell lines transfected by pMRX virus
vector were cultured in 10% FBS containing DMEM. '
Transfection and Bimolecular Fluorescence Complementa-

.tion Analysis—To carry out BiFC in living cells, cells. were co-

transfected with the expression vectors indicated in each exper-
iment (1.0 ug each) using Lipofectamine 2000.. The
fluorescence emissions were acquired in living cells 22~48 h
after transfection using a fluorescence microscope with a
cooled CCD camerg, or by flow cytometry. Protein expression
levels were assessed by Western blotting.

Cell Lysis, Immunoprecipitation, SDS-PAGE, and Western
Blotting—Cells were washed with ice-cold PBS and lysed with
radioimmune precipitation assay lysis buffer (50 mm Tris-HCl,
pH 7.5, 150'mmM NaCl, 1% Nonidet P-40, 0.5% sodium deoxy-
cholate, 0.1% SDS). The cells were incubated on ice for 10 min
followed by centrifugation at 15,000 rpm for 5 minat 4 °C. Cells
were immunoprecipitated from the supernatant using 1-2 pg
of anti-Myc Ab that had been precoupled to 20 ul of protein
A-Sepharose 4 Fast Flow (GE Healthcare).

Proteins electrophoretically separated using 7.5% SDS gels
were transferred to nylon membranes (Amersham Biosciences)
by a wet blotting procedure (140 V, 200 mA, 120 min). The
membrane was blocked with 5% skim milk/TBST for 60 min,
subsequently incubated with the Abs as indicated in the figures
and processed for chemiluminescence detection with ECL
solution. Densitometry was performed with NIH Image] soft-
ware (version 1.43u).

FACS Analysis—BiFC was analyzed by flow cytometry. After
fluorescence complementation, cells were washed with PBS
and resuspended in PBS. FACS analysis was performed with a
FACSCalibur (BD Biosciences) using the 488 nmlaser for exci-
tation and a 515-545 nm band pass filter for detection. For
quantitative evaluation of BiFC fluorescence, we used % Gated
(fluorescent cells) X X Geo Mean (average of fluorescent inten-
sity) as arbitrary fluorescence units.

Confocal Laser Scanning Microscopy—Transfected cells on
0.1% gelatin-coated glass dishes (Sigma Aldrich) were rinsed,
fixed for 10 min in 4% paraformaldehyde-PBS (pH 7.5), and
washed with PBS. Subsequently, the cells were permeabilized
with 0.1% Triton X-100 for 10 min. After washing with PBS,
cells were blocked with PBS containing 5% normal goat serum
and 1% BSA for 30 min and immunostained with first Ab
(1:100) for 1 h. Protein reacting with Ab was visualized with
secondary Abs (1:200). HA or Myc epitopes were inserted as
tags between Tie2 or Tie2YIA/LAS and the BiFC tag (VN or
VC). HA-VN fused with Tie2 or Tie2YIA/LAS was stained by
rabbit anti-HA Ab (Medical & Biological Laboratories Co.,
Ltd.) and Alexa Fluor 546 (red)-conjugated anti-rabbit Igs.
Myc-VC fused with Tie2 or Tie2YIA/LAS was stained with
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