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Figure 3 Correlation between log HOMA-IR and fibrous cap
thickness in SAP. There was a significant correlation between
log HOMA-IR and fibrous cap thickness identified by OCT in SAP
(r=—0370, P=0.004). r, correlation coefficient; SAP, stable
angina pectoris; other abbreviations are as in Figure 1.

Table 4 Loglstlc regress:on analysus for predlctmg the;,,
presence ofTCFA e i e

95% confidence P-value

i Varlable Odds
ratio interval

ACS 17.98 7.12-52.02 <0.0001 -
DM 2.55 0.76-9.10 013
~ HOMA-IR (>2.50) 3.57 1.42-9.55 0.007

LDL-cholesterol 1.01 0.99-1.03 0.38
- Statin use 0.62 0.21-1.77 0.37
Triglyceride 1.01 0.99-1.01 0.20
 Hs-C-reactive 0.95 0.69-1.35 0.75

protein

Adjusted for risk factors (age, sex, BMI, HT, smoking and HbATc level). -
,ACS acute coronary syndrome, DM, duabetes melhtus, TCFA thm~cap

; LDL low-density llpopro i
: protem .

might not be a major marker of plaque vulnerability. Since the first
report of plaque rupture in 1844,"” many clinical investigators have
noted vulnerable/unstable plaque features, which lead to ACS
in vivo. As a widely recognized histological concept, a vulnerable
plaque is characterized by the presence of TCFA, and defined as a
large necrotic core with a thin fibrous cap (<65 pum) and increased

macrophage infiltration.'® Currently, OCT is the best validated

imaging modality for detecting vulnerable plaques, including TCFA :

and ruptured plaques. A recently published study demonstrated
that insulin resistance calculated by HOMA-IR is an independent pre-
dictor of post-procedural myocardial injury and cardiovascular
events after PCl with a drug-eluting stent.”® Another study revealed
that the presence of OCT-defined TCFA predicts post-procedural
Mlin PCl patients.2’ Our present study might suggest complementary

relationships among insulin resistance, vulnerable plaque, and cardio-
vascular events after PCL. In addition, our present study demon-
strated that insulin resistance was significantly associated with the
presence of microvessel as identified by OCT. Intraplaque microves-
sels play a pivotal role in coronary plaque growth by increasing red
blood cells, thereby supplying inflammatory cells and cytokines into
the plaque. Sluimer et al.”! revealed that microvessel was increased
in advanced plaques compared with early plaques, and the microves-
sel mural cell coverage was incomplete in normal and atherosclerotic
arteries in a human histological study. They suggested that the com-
promised structural integrity of intraplaque angiogenesis might
explain the microvascular leakage responsible for extensive leuco-
cyte infiltration, intraplaque haemorrhage, and plaque instability.
Furthermore, a recent clinical study described that TCFA and micro-
vessels identified by OCT were the potential predictors of subse-
quent progression of coronary plaques.22 These results support
our hypothesis about insulin resistance and plaque instability. To
the best of our knowledge, this is the first report to evaluate the
association between insulin resistance and coronary plaque compo-
nents assessed by OCT.

Although the concept that systemic/local inflammation accelerates
the progression of atherosclerotic plaque has been well establishedina

large number of previous studies,”**

the relationships among insulin
resistance, inflammation, and plague instability are intricately inter-
twined pathophysiologically. Elevated levels of pro-inflammatory cyto-
kines such as tumour necrosis factor «, interleukin (IL)-6, IL-18, and
monocyte chemoattractant protein-1 have been shown in individuals
with insulin resistance and DM.>*"%" These cytokines play important
roles in the activation of macrophage foam cells, resulting in early
plaque development and fibrous cap weakening. Our results demon-
strated that macrophage infiltration as assessed by OCT tended
to be more frequently present in the higher HOMA-IR tertile.
However, our present results could not demonstrate a significant
association between insulin resistance and hs-C-reactive protein
level—a clinical biomarker of inflammation. C-reactive protein levels
correlate well with known risk factors such as smoking, low levels of
HDL-cholesterol, and obesi‘cy.28 In addition, although we excluded
the subjects with active inflammatory conditions from the present
study, C-reactive protein—an acute-phase reactant produced by the
liver upon stimulation by IL-6—is a non-specific indicator of inflamma-
tion and thus may not directly influence atherogenesis.29

Although DM is a well-known risk factor for the development of
cardiovascular events, the previous studies using OCT imaging
reported conflicting results as to whether continuous hypergly-
caemia was associated with coronary plaque vulnerabi[ity.5'30’31 In
the present study, both the presence of DM and HbA1c level were
not significantly associated with TCFA. There are potential reasons
for these results. We excluded diabetic patients receiving insulin
therapy who have a higher risk of in-stent restenosis and cardiovas-
cular events than those who were treated with oral glycerides,*?
because it is difficult to assess insulin resistance in subjects receiving
insulin therapy. In addition, we excluded subjects with fasting plasma
glucose level >140 mg/dL from this study. There is general consen-
sus that HOMA model is incredible when fasting glucose level is
>140 mg/dL, because basal fasting insulin production becomes less
responsive to increasing glucose production of >140--160 mg/
dL*® Indeed, it has been reported that HOMA-IR showed lower
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correlation with M-value, insulin sensitivity as the average rate of ex-
ogenous glucose infusion for 30 min, by using the euglycaemic hyper-
insulinaemic clamp technique in type 2 diabetic patients with
moderate hyperglycaemia (fasting plasma glucose >140 mg/dL).>*
Although we adopted strict inclusion criteria in the present study
for reliable assessment of insulin resistance, we speculate these
factors might attenuate the influence of DM itself for plaque instabil-
ity. Furthermore, the prognostic value of HbA1c, whichis anindicator
of the average blood glucose concentrations over the preceding 2—3
months, in CAD remains controversial.>>3¢

The present study revealed a significant association between
insulin resistance and coronary plaque vulnerability. Additional treat-
ment with insulin sensitizer may be a suitable approach for preventing
future cardiovascular events.

Study limitations

This study has several limitations. First, this study included patients with
both SAP and ACS. As shown in this study, although the presence of
ACS is the strongest confounding factor related to vulnerable
plaques, there were no differences in the percentage of ACS among
the three groups. Furthermore, multivariate analysis including ACS
revealed that higher HOMA-IR values were independently related to
the presence of TCFA. Second, we assessed the plaque component
usingboth M2and C7 OCT systemsin this study. Although the use per-
centage of the C7 system did not significantly differ among the three
groups, potential differences in the ability to detect tissue characteris-
tics, including lipid content, TCFA, and microvessels (due to difference
of frame spacing between M2 and C7), might have affected the plaque
classification of the three groups. Third, intracoronary thrombi were
observed in many cases with ACS. Although we excluded lesions
with a large quantity of thrombi from the OCT analysis and we per-
formed aspiration thrombectomy for lesions with delayed cokonary
flow, these thrombi might have affected analysis of the plaque left
behind. Fourth, as we described above, the true effect of DM against
plaque vulnerability cannot be properly assessed using the present
study design and population (including only mild or wellcontrolled
DM). Finally, this study was conductedata single centre with a relatively
small sample size. Further large-scale studies are warranted to deter-
mine whether insulin resistance as defined by HOMA-IR may predict
coronary plaque progression.

Conclusions

This study demonstrated - that insulin resistance assessed by
HOMA-IR is independently related to coronary plaque vulnerability
identified by OCT. Insulin resistance assessed by HOMA-IR might
be a useful marker for risk stratification in patients with CAD.
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Visualization of pericarditis by fluorodeoxyglucose PET

Soile Pauliina Salomiki'#, Ulla Hohenthal', Jukka Kemppainen??, Laura Pirild!, and Antti Saraste?*

"Division of Medicine, Turku University Hospual Turku Finland; *Turku PET Centre, University of Turku, Turku Finland; 3Departmen’c of Chmcal Phys;o[ogy and Nuclear
Medicine, Turku University Hospital, Turku, Finland; and *Heart Centre, Turku University Hospital and University of Turku, Turky, Finland * :

We describe a case of postpericar-
diotdmy syndrome imaged by posi-
tron emission tomography (PET) with
"®F-fluorodeoxyglucose  ("°F-FDG)
and computed tomography (CT). .

A 53-year-old woman had surgi-
cal aortic valve replacement with
mechanical prosthesis due to severe
aortic valve regurgitation. Within
1 month of surgery, shewas diagriosed
inflammatory pericarditis with 2 cm
of excess pericardial . fluid by
echocardiography (Panel D, peri-
cardial space between arrows).
The postpericardiotomy syndrome
responded well to colchicine treat-
ment. ' §

Two months after the operaﬁon
she was re-admitted to the hospital
because of fever, raised C-reactive -
protein level (275 mg/L) and leuko-
cytosis. Blood cultures were nega-
tive and the procalcitonin level was"
normal (0.18 pg/L). Transoesopha-
geal echocardiography = showed
normal function of the aortic valve
prosthesis and no vegetations or ,
other signs of endocarditis. There was only a small amount of pericardial fluid (up to 4 mm).

To detect focus of infection, PET and CT with '®F-FDG was performed. Physiological FDG uptake in the myocardium was efficiently
suppressed by patient preparation with non-carbohydrate diet and overnight fast. However, there was strong metabolic activity surround-
ing the heart co-localizing with the pericardium (Panels A—C). Maximum standardized uptake value was 5.0. There was mild "®F-FDG uptake
associated with the aortic valve prosthesis and few reactive lymph nodes in the thoracic area.

The "8F-FDG PET/CT revealed active postperlcardlotomy syndrome. Treatment was continued with colchicine and cortncosteroxds,
without antibiotics. Inflammatory markers and clinical condition normalized qwckly.

To our knowledge, this is the first case showing pericardial inflammation by "®F-FDG PET/CT.

Published on behalf of the European Society of Cardiology. All rights reserved. © The Author 2013. For permissions please email: journals.permissions@oup.com
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Lipid synthesis is promoted by hypoxic adipocyte-derived exosomes in
3T3-L1 cells
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Hypoxia occurs within adipose tissues as a result of adipocyte hypertrophy and is associated with adipo-
cyte dysfunction in obesity. Here, we examined whether hypoxia affects the characteristics of adipocyte-
derived exosomes. Exosomes are nanovesicles secreted from most cell types as an information carrier
between denor and recipient cells, containing a variety of proteins as well as genetic materials. Cultured

Ke}fWOTdSi differentiated 3T3-L1 adipocytes were exposed to hypoxic conditions and the protein content of the exo-
Adipocytes somes produced from these cells was compared by quantitative proteomic analysis. A total of 231 pro-
f{’;‘;ﬁg;e teins were identified in the adipocyte-derived exosomes. Some of these proteins showed altered

expression levels under hypoxic conditions. These results were confirmed by immunoblot analysis. Espe-
cially, hypoxic adipocyte-released exosomes were enriched in enzymes related to de novo lipogenesis
such as acetyl-CoA carboxylase, glucose-6-phosphate dehydrogenase, and fatty acid synthase (FASN).
The total amount of proteins secreted from exosomes increased by 3-4-fold under hypoxic conditions.
Moreover, hypoxia-derived exosomes promoted lipid accumulation in recipient 3T3-L1 adipocytes, com-
pared with those produced under normoxic conditions. FASN levels were increased in undifferentiated
3T3-L1 cells treated with FASN-containing hypoxic adipocytes-derived exosomes. This is a study to char-
acterize the proteomic profiles of adipocyte-derived exosomes. Exosomal proteins derived from hypoxic
adipocytes may affect lipogenic activity in neighboring preadipocytes and adipocytes.

© 2014 Elsevier Inc. All rights reserved.

Proteomic analysis
De novo lipogenesis

1. Introduction

Adipose tissues store excess energy in the form of lipids [1,2].
The tissues are the largest energy reserve in mammals and are
capable of accommodating prolonged nutrient excess by altering
their mass. However, abnormal or excess accumulation of lipids
in adipose tissues causes obesity, which may impair health [3-5].

Abbreviations: ACN, acetonitrile; ACC, acetyl-CoA carboxylase; FASN, fatty acid
synthase; FBS, fetal bovine serum; G6PD, glucose-6-phosphate dehydrogenase;
GAPDH, glyceraldehyde-phosphate dehydrogenase; Hsc70, heat shock cognate
71 kDa protein; Hsp, heat shock protein; Hsp72, heat shock 71 kDa protein 1A; HIF-
1o, hypoxia-inducible factor-1o; WT, wild-type.

* Corresponding author at: Department of Pharmacology, Osaka City University
Graduate School of Medicine, 1-4-3 Asahi-machi, Abeno-ku, Osaka 545-8585, Japan.
E-mail address: izumi@msic.med.osaka-cu.ac.jp (Y. Izumi).

http://dx.doi.org/10.1016/{.bbrc.2014.01.183
0006-291X/© 2014 Elsevier Inc. All rights reserved.

Adipose tissue expansion occurs when adipocyte numbers and size
increase, which is known as hyperplasia and hypertrophy, respec-
tively [6]. Limiting adipocyte hyperplasia leads to lipid accumula-
tion in existing adipocytes, resulting in hypertrophy. Uptake of
exogenous lipids or synthesis of endogenous lipids in the cytosol
causes hypertrophy. Smaller adipocytes may be more likely to syn-
thesize fatty acids endogenously (de novo lipogenesis) to begin the
lipids accumulation process, while uptake of exogenous fatty acids
is more predominant in developing cells [7].

De novo lipogenesis [8] is the process in which non-lipid precur-
sors are converted to fatty acids, and requires acetyl-CoA, which is
generated during various metabolic processes. Acetyl-CoA provides
the carbon atoms necessary for fatty acid synthesis. It is converted
to malonyl-CoA, and the rate-limiting steps in de novo lipogenesis
are catalyzed mainly by acetyl-CoA carboxylase (ACC). Successive



328 S. Sano et al./Biochemical and Biophysical Research Communications 445 (2014) 327-333

malonyl-CoA molecules, which serve as a two-carbon donor, are
added to acetyl-CoA by the multi-functional enzyme complex,
fatty acid synthase (FASN). Glucose-6-phosphate dehydrogenase
(G6PD) is a key enzyme that supplies the cellular NADPH required
for lipid biosynthesis.

Adipocytes have a limited capacity to accumulate lipid droplets.
When adipocytes suffer from lipid overload, hypoxia develops; the
reduction in oxygen tension is directly linked to adipocyte dysfunc-
tion. To avoid lipid overload and the associated cellular stress in adi-
pose tissues, expression of enzymes related to de novo lipogenesis is
reduced [9]. Additionally, adipocytes do notincrease in size in a syn-
chronized fashion [ 10]. Small adipocytes and preadipocytes can act
as reservoirs by increasing their storage capacity when larger adipo-
cytes no longer accommodate increased lipid storage. However,
how adipocytes without lipid overload are activated to store excess
energy remains unknown. Adipocytes communicate with each
other and with other tissues [11], but the types of communication
between stressed larger adipocytes under hypoxic stress and non-
stressed, less hypoxic adipocytes are unknown. Three types of sig-
nals are known to control communication between adipocytes
[11]: cell-to-cell contact, soluble factors, and exosomes.

Exosomes are small 50-150 pum membrane vesicles secreted
from most cell types [12]; they play an important role as informa-
tion carriers between donor and recipient cells. Exosomes contain
a wide variety of cytosolic contents as well as membranous com-
ponents from donor cells, including genetic materials, lipids, and
proteins, which determine the types of information carried
[13,14]. Exosome content is thought to reflect the conditions sur-
rounding the donor cells [15]. Exosomes could fuse with and trans-
fer their internal contents into the cytosol of recipient cells [14].
Upon interacting with exosomes and receiving the internal con-
tents, recipient cells undergo morphological and physiological
changes, including cancer metastasis, angiogenesis, and cell differ-
entiation [16-19]. Adipocytes also secrete exosomes [20]; how-
ever, the characteristics of adipocyte-derived exosomes are
poorly understood, particularly under pathological conditions.

In this study, we first conducted quantitative proteomic analy-
sis in 3T3-L1 adipocyte-derived exosomes. We demonstrated that
multiple enzymes related to de novo lipogenesis were enriched in
exosomes secreted under hypoxic conditions. These exosomes
may promote lipid accumulation by transferring lipogenic en-
zymes into recipient cells.

2. Materials and methods
2.1. Reagents, cell lines, and animals

Detailed material information can be found in the data
supplement.

2.2. Exosome purification

Donor cells (3T3-L1 cells or HEK 293T cells) were cultured in
DMEM (4500 mg/L glucose) supplemented with 10% exosomes-de-
pleted fetal bovine serum (FBS). Exosomes were depleted of FBS by
12 h ultracentrifugation at 100,000g, 4 °C. Exosomes were pre-
pared from cell supernatants using sequential centrifugation and
filtration steps. Briefly, cell supernatants were diluted in an equal
volume of phosphate-buffered saline (PBS) and centrifuged for
30 min at 2000g, 4°C. The supernatants were centrifuged for
60 min at 10,000g, 4 °C. Next, the supernatants were ultracentri-
fuged for 3 h at 100,000g, 4 °C. Pellets were resuspended in a large
volume of PBS and the suspension was filtered through a 0.22-pm
filter. Exosomes were pelleted by 3 h of ultracentrifugation at
100,000g, 4 °C. Total amount of exosomes was determined by using

the BCA assay (Thermo Scientific, Rockford, IL, USA). Purified exo-
somes were resuspended in PBS and stored at —80 °C until use.

2.3. Electron microscopy analysis

PBS-resuspended exosomes were deposited onto formvar/car-
bon-coated EM grids (EMJapan Co., Ltd., Tokyo, Japan). Membranes
were allowed to absorb for 10 min in a dry environment; excess li-
quid was removed gently using absorbent paper. Exosome-coated
grids were stained with 1% uranyl acetate and the preparations
were examined under a transmission electron microscope (TEM;
H-7500, JEOL Ltd., Tokyo, Japan).

2.4. Proteomic analysis of purified exosomes

Exosomes purified from supernatants of 3T3-L1 adipocytes un-
der normoxic (20% O,) or hypoxic (1% O3) for 48 h were solubilized
in 0.8% RapiGest SF (Waters, Milford, MA, USA) and lysed by 3
freeze-thaw cycles in liquid nitrogen under sonication. Next,
60 g of exosomal proteins were reduced, alkylated, digested with
trypsin, and labeled with 2-plex iTRAQ reagents (AB Sciex, Fra-
mingham, MA, USA) according to the manufacturer’s instructions
with minor modifications. After the labeling reaction (114, Nor-
moxia; 116, hypoxia), the 2 samples were pooled and 10 pL of
20% (v/v) trifluoroacetic acid was added to cleave the RapiGest.
Samples were vortexed, incubated at 37 °C for 1 h and centrifuged.
Supernatants were purified using a cation exchange column (AB
Sciex) using standard procedures, as previously described [21].
Briefly, mobile phase A contained 98% water (2% acetonitrile
(ACN), 0.1% formic acid) and mobile phase B contained 70% ACN
(0.1% formic acid, 30% water). The column effluent was introduced
into a spray chamber through a tapered stainless steel emitter and
directly electrosprayed into the QSTAR System ion trap mass spec-
trometer in positive mode for nanoESI-tandem mass spectrometry
(MS/MS) analysis. Each sample was run for 150 min. Protein iden-
tification was performed using Analyst QS Software 2.0 (AB Sciex)
in positive-ion mode. Both data sets were processed using Protein-
Pilot Software 2.0.1 with the Paragon™ search algorithm (AB
Sciex). MS/MS data were searched against the NCBI database using
a Mus musculus taxonomy filter. The minimum threshold for pro-
tein identification was set at a protein score of 0.47, corresponding
to a confidence level >66% and 1% false discovery rate.

2.5. Immunoblot analysis

Detailed material information can be found in the data
supplement.

2.6. Exosomes taken up by 3T3-L1 cells

For red fluorescent labeling of cells, we incubated HEK 293T
cells with PKH26 (Sigma-Aldrich, St. Louis, MO, USA) according
to the manufacturer’s instructions. 3T3-L1 preadipocytes were cul-
tured in media containing PKH26 exosomes.

2.7. Statistical analysis

All data are presented as means + SD. Data were analyzed using
paired Student’s t-test. P < 0.05 was considered significant.

3. Results
3.1. Serum exosomes are increased in obese animals

To examine whether obesity affects serum exosomes, serum
exosomes from leptin-deficient (ob/ob) obesity mice and wild-type
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(WT) mice were isolated. Exosomes from ob/ob mouse serum con-
tained more protein amount than WT mouse serum (Fig. 1A). Nota-
bly, the amount of exosomal protein in ob/ob mice was similar to
that in WT mice after compensating for body weight (Fig. 1B), indi-
cating that the increase of serum exosomes in ob/ob mice was due
to increased body weight.

3.2. Hypoxia enhances exosome secretion in 3T3-L1 adipocytes

Next, using 3T3-L1 cells as a model of differentiated-adipocytes,
we examined whether adipocytes secrete exsomes. Conditioned
medium were collected from pre-differentiated or differentiated
3T3-L1 cells after 24-48 h culture under normoxic conditions.
Sequential centrifugation steps with increasing centrifugal forces
up to 100,000g yielded a greasy pellet, which contained the exo-
somes (Fig. 1C). TEM analysis revealed that both conditioned med-
ium from pre-differentiated and differentiated 3T3-L1 cells
contained 50-150 pm intact membrane vesicles with typical exo-
some morphology (Fig. 1D).

Substantial evidence indicates that hypoxia develops in adipose
tissue as the tissue mass expands, contributing to adipocyte dys-
function in obese animals [22]. Therefore, we examined the effect
of hypoxia on exosome secretion of 3T3-L1 adipocytes. Expression
of hypoxia-inducible factor-1a (HIF-1a), a regulator of hypoxic re-
sponse, was markedly up-regulated under hypoxic conditions
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(Fig. 1E). As in normoxic 3T3-L1 adipocytes, 3T3-L1 adipocytes un-
der hypoxic conditions secreted exosomes (Fig. 1E). Additionaly,
3T3-L1 adipocytes under hypoxic conditions showed a 3-4-fold in-
crease in exosome secretion based on protein levels (Fig. 1F).

3.3. Exosomes from hypoxic 3T3-L1 adipocytes contain more lipogenic
enzymes

To investigate whether hypoxic stress is reflected in exosomal
protein content, we performed silver staining. Interestingly, a dif-
ferent protein band pattern was observed in 3T3-L1 adipocyte-de-
rived exosomes under normoxic and hypoxic conditions
(Supplementary Fig. 1). Additionally, we performed iTRAQ-based
quantitative proteomic analysis. 3T3-L1 adipocyte-derived exo-
somes purified from normoxic or hypoxic culture conditions were
analyzed using liquid chromatography-MS/MS. A total of 231 pro-
teins were identified, with measured weighted median protein ra-
tios reported in the Supplementary Tables 1-3 (ratio of hypoxia to
normoxia, 116:114). A higher than 1.2-fold increase or less than
0.8-fold decrease was considered biologically significant. Among
these, 75 and 67 exosomal proteins were up-regulated and
down-regulated under hypoxic conditions, respectively. (Fig. 2A,
and Supplementary Table 1A-C).

To confirm the quantitative proteomics data, the differential
abundance of a subset of proteins was investigated using
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Fig. 1. Characterization of adipocyte-derived exosomes under hypoxic conditions. (A) Serum exosomes were purified from 7-week-old WT (+/+) and ob/ob mice using
ExoQuick™ reagent and exosomal proteins per unit serum were determined. The graph represents the ratio of protein in serum exosomes for each group. Values are
mean £ SD (each n=3). *P < 0.01. (B) Data in (A) are corrected by body weight. Values are mean * SD. (C) Flow chart of differential centrifugation-based protocol for exosome
purification from culture supernatants. (D) Expression level of HIF-1a protein in 3T3-L1 preadipocytes and adipocytes cultured under normoxic or hypoxic conditions for
24 h. (E) Morphology of 3T3-L1 preadipocyte- and adipocyte-derived exosomes from normoxic or hypoxic conditions visualized by electron microscopy. Scale bar, 100 nm. (F)
Protein concentrations in preadipocyte- and adipocyte-derived exosomes generated under normoxic or hypoxic conditions. The graph represents the ratio of normoxic
exosomal proteins to hypoxic proteins. Values are mean £ SD (n = 3). *P < 0.01. 3T3-L1 adipocytes 10 days post differentiation were used for assays in (C)-(F).
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Table 1

Up-regulated proteins in hypoxic adipocyte-derived exosomes, compared to control (>1.20-fold).

Accession Protein names Unique peptdes detected  Sequencecoverage% 116:114(Nx:Hx) Expectation-
numbers value
2i|93102409 Fatty acid synthase 18 19 142 1.70E-22
gi}31981562 Pyruvate kinase isozymes M1/M2 isoform 1 6 22 137 1.32E-05
£i|33859482 Elongation factor 2 5 8 1.53 1.34E-05
gi|70794816 Uncharacterized protein LOC433182 5 21 134 3.62E-05
gi|6679937 Glyceraldehyde-3-phosphate dehydrogenase 4 21 1.51 1.91E-05
gi|6678483 Ubiquitin-like modifier-activating enzyme 1 isoform 1 4 10 1.51 2.67E-06
gi|6755901 Tubulin alpha-1A chain 4 18 1.41 5.03E-05
gi]309264022 PREDICTED: 40S ribosomal protein SA-like 3 19 1.88 2.15E-04
gi|31980648 ATP synthase subunit beta, mitochondrial precursor 3 10 1.81 1.04E-03
gi[52353955 D-3-phosphoglycerate dehydrogenase 3 8 1.68 8.92E-03

This table included up-regulated proteins having at least 3 unique peptides with >99% confidence using ProteinPilot 2.0 software. Accession numbers are from the NCBI

database. For additional information, see Supplementary Tables 1A and 2).

immunoblot analysis. In agreement with the proteomics data, an
increase in heat shock protein (Hsp) 90 kDa -alpha, and -beta
(Hsp90o:, Hsp90B) and heat shock cognate 71 kDa protein (Hsc70)
was found. In exosomes from 3T3-L1 adipocytes cultured under
hypoxic conditions, heat shock 71 kDa protein 1A (Hsp72) was
slightly decreased under hypoxic conditions, and Hsp60 was not
detected, in agreement with our quantitative proteomics analysis.

From the proteomic analysis, we found that FASN was identified
with significantly high confidence (Tables 1 and Supplementary
Tables 1A and 2), and thereby focused on this enzyme in later anal-
ysis. Moreover, some of enzymes that could lead to fatty acids pro-
duction were included among the proteins increased in hypoxic
adipocyte-derived exosomes (Fig. 2B). In agreement with the pro-
teomics data, an increase in FASN and G6PD was confirmed by
immunoblot analysis. The ACC level was also increased in hypoxic

adipocyte-derived exosomes, although the level was not statisti-
cally significant in proteomic analysis (Fig. 2C).

We next investigated whether such lipogenic factors were
increased in serum exosomes, although serum contains both
adipocyte-derived exosomes and a wide variety of tissue- and
cell-derived exosomes. Serum exosomes from ob/ob mice showed
increased protein levels of FASN, ACC and G6PD, compared with
age- and sex-matched WT mice (Fig. 3D). Adipose tissue from
WT and ob/ob mice expressed similar protein levels of FASN, ACC
and G6PD (Supplementary Fig. 3).

3.4. Hypoxic adipocyte-derived exosomes promote lipogenesis

We examined whether 3T3-L1 adipocyte-derived exosomes in-
duce changes in recipient cells, particularly regarding FASN. 3T3-L1
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preadipocytes. PKH26-labeled exosomes (red) were added to 3T3-L1 cells and incubated as indicated. Cells were fixed and stained for nuclei (DAPI, blue). (B) Lysates from
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Western blot analysis using the indicated antibodies (FASN, ACC, and G6PD). (C) HEK 293T cells were transfected with plasmid encoding Halo-FASN. In Western blotting
analysis, the same amounts of cell lysates (20 pg) and exosomes (1 g) were loaded into the indicated lanes. (D) Lysates from 3T3-L1 preadipocytes after incubation with
exosomes from HEK 293T cells transfected with plasmid encoding Halo-FASN were subjected to Western blot analysis using the anti-FASN antibody. (E) 3T3-L1 cells were
induced to differentiate after confluence with a cocktail of hormones/steroids as described in the Section 2 for 6 days. 100 pg of adipocyte-derived exosomes from normoxic
or hypoxic conditions was added to culture medium every 2 days. Original magnificaiton 100x.

preadipocytes were selected as recipient cells because this cell line
accumulates cytosolic lipid droplets upon differentiation to adipo-
cytes and its ease of use in assessing promoted lipogenesis.

First, we examined whether 3T3-L1 adipocyte-derived
exosomes under normoxic conditions are internalized by 3T3-L1
preadipocytes. Exosomes labeled with PKH26 dye were added to
3T3-L1 preadipocytes. An efficient increase in the PKH26-derived
signal from 3T3-L1 preadipocytes occurred in a time-dependent
manner (Fig. 3A). Confocal microscopy confirmed that exosomes
were inside 3T3-L1 preadipocytes rather than attached to the cell
surface, suggesting that 3T3-L1 adipocyte-derived exosomes were
taken in by 3T3-L1 preadipocytes.

We next examined whether proteins carried in exosormes can be
transferred between donor and recipient cells. Recipient 3T3-L1
preadipocytes with 3T3-L1 adipocyte-derived exosomes were har-
vested from normoxic or hypoxic conditions. FASN level was ele-
vated in recipient cells cultured with exosomes from hypoxic
3T3-L1 adipocytes (Fig. 3B). However, G6PD and ACC levels in reci-
pient cells were not increased. To demonstrate that the increased
FASN level was not a result of increased endogenous FASN expres-
sion but due to exosomal transfer, Halo-tagged FASN was
expressed in human embryonic kidney (HEK 293T) cells, and exo-
somes were purified from untransfected or Halo-FASN-transfected
cells. Exosomes from Halo-tagged FASN-overexpressed HEK 293T

cells contained Halo-tagged FASN protein (Fig. 3c). 3T3-L1 cells
incubated with purified exosomes including Halo-tagged FASN
confirmed the transfer of Halo-FASN protein in exosomes into
3T3-L1 cells (Fig. 3D). These results suggest that exosomal FASN
is transferred into recipient cells.

To determine whether exosomes from hypoxic 3T3-L1 adipo-
cytes modify adipose differentiation in 3T3-L1 cells, we first exam-
ined the effect of exosomes maintained in cell culture during
adipose differentiation. Normoxic exosomes did not show remark-
able changes in lipid accumulation, while hypoxic exosome treat-
ment of 3T3-L1 cells during preadipocyte differentiation
enhanced lipogenesis and induced deposits of lipid droplets
(Fig. 3D).

4. Discussion

Cellular stress conditions are reflected in the content of cell-
derived exosomes [15]. Exosomes contain genetic materials and
protein from the cell of origin, and thus depend on the stresses
of the donor cells at the time of exosome biogenesis. Exosomes
modulate the physiological functions of recipient cells through
the transfer of RNA and proteins [14]. Exosomes exposed to some
stress have been suggested to generally induce tolerance against
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or small adipocytes due to hypoxic adipocyte-derived exosomes.

further stresses in recipient cells [23]. Although adipocytes secrete
exosomes [20], the functions of adipocyte-derived exosomes in
pathological situations are poorly understood.

We here characterized the proteome profiles of mouse 3T3-L1
adipocyte-derived exosomes and evaluated the effect of hypoxia
on adipocyte-derived exosomes as a stress model mimicking
hypertrophied adipocytes. Lipid overload and subsequent hyper-
trophy of adipocytes triggers hypoxia due to insufficient blood sup-
ply [24]. We also demonstrated that both protein amounts and
composition in adipocyte-derived exosomes varied significantly
depending on the oxygen pressure under which cells were cul-
tured. This suggests that adipocytes employ exosome-mediated
cell communication to transfer information under hypoxic condi-
tions. Using electron microscopy, isolated vesicles were found to
have characteristisc that werre typical of exosomes [25]. Several
exosome marker proteins, such as Hsp70, CD81 [26], and flotillin
[27] were also detected in proteomics data. The amount of secreted
exosome-associated proteins increased by 3-4-fold from adipo-
cytes under hypoxic conditions. A recent study reported that sev-
eral cell lines increase the number of exosomes under hypoxia
[28], while others do not, even when exposing to hypoxia [18].
Whether increased exosome-associated proteins in hypoxic adipo-
cytes are due to an increased number of exosomes or increased
protein content in exosomes remains unknown, Using proteomic
methods, we found that hypoxic adipocyte-derived exosomes
showed much different protein profiles compared with normoxic
exosomes. We subjected exosomal proteins to quantitative proteo-
mics and identified 231 proteins. Seventy-five proteins were in-
creased and 67 proteins were decreased in hypoxic 3T3-L1
adipocyte-derived exosomes. Analysis of enriched GO-terms
showed that proteins related to metabolic processes were signifi-
cantly increased in hypoxic adipocyte-derived exosomes. Interest-
ingly, enzymes related to de novo lipogenesis such as G6PD, ACC,
and FASN [8] were increased.

We found that adipocyte-derived exosomes from hypoxic con-
ditions, which contain lipogenic enzymes, promote lipid accumula-
tion in non-stressed, normoxic cells. Multi-enzyme complex FASN
catalyzes palmitic acid synthesis from acetyl-CoA and ACC-pro-
duced malonyl-CoA in the presence of G6PD-produced NADPH
(Fig. 4A). Therefore, upon exosomal transfer, donor hypoxic adipo-
cytes may transfer the “lipogenic system”, in which fatty acid syn-
thesis is encoded, to recipient cells. As a result, donor cells decrease
lipogenic enzymes, while recipient cells may increase these

enzymes (Fig. 4B). Because the levels of FASN [29], G6PD [30],
and ACC [31] are positively correlated with lipid synthesis in adi-
pocytes, exosomal transfer of these enzymes promotes lipid syn-
thesis in recipient cells. In our study, the FASN level in recipient
3T3-L1 preadipocytes was increased after treatment with hypoxic
3T3-L1 adipocyte-derived exosomes. However, the levels of GGPD
and ACC were not increased. The reason may be because the high
base-line level of G6PD and ACC interrupted the detection of exo-
some-derived proteins. Moreover, even a slight increase in G6PD
has been reported to promote lipogenesis in 3T3-L1 cells [32].

In addition, we found that exosomes purified from ob/ob mice
contain detectable FASN, ACC, and G6PD levels compared with
those in WT mice. Thus, these exosomal proteins reflect metabolic
stress in mammals and may be novel biomarkers, although the ori-
gin of exosomes may be non-adipose tissues. Serum FASN is ele-
vated in patients with insulin resistance, although they exosomes
have not been examined [33]. Future studies should be conducted
to determine how exosomal proteins are incorporated in exosomes
and the mechanisms involved.

In conclusion, adipocyte-derived exosomes are potential infor-
mation carriers under pathological conditions that transfer internal
proteins into neighboring cells. Adipocyte-derived exosomes are
potential targets for obesity-associated adipose dysfunction.
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Abstract

A high prevalence and a rapid progression of aortic valve stenosis (AS) in patients undergoing
hemodialysis (HD) has been reported. In these circumstances, intraleaflet hemorrhage of aortic
valve may be related to the development of AS in HD patients. We immunohistochemically exam-
ined the relationship among intraleaflet hemorrhage, neovascularization, hemoglobin scavenger
receptor (CD163), and heme oxygenase-1 (HO-1) using surgically resected aortic valve specimens
from AS patients undergoing HD. The study population consisted of 26 HD patients and 25 non-HD
patients with severe AS who had undergone aortic valve replacement. Frozen aortic valve samples
surgically obtained from AS patients were stained immunohistochemically with antibodies against
smooth muscle cells, macrophages, glycophorin-A (a protein specific to erythrocyte membranes),
CD31, CD163, and HO-1. Morphometric analysis demonstrated that the CD163-positive macro-
phage score, the number of CD31-positive microvessels, and the percentage of glycophorin-A and
HO-1-positive area were significantly higher in HD patients than in non-HD patients (CD163-positive
macrophage score, P < 0.0001; CD31-positive microvessels, P < 0.0001; glycophorin-A, P < 0.0001;
HO-1, P < 0.0001). Double immunostaining for CD163 or HO-1 and macrophages revealed that the
majority of CD163- or HO-1-positive cells were macrophages. Furthermore, CD163-positive mac-
rophage score was positively correlated with glycophorin-A, HO-1-positive area, and the number of
CD31-positive microvessels (glycophorin-A, R=0.66, P <0.0001; HO-1, R=0.50, P <0.0005;
microvessels, R = 0.38, P < 0.01). These findings suggest a positive association among intraleaflet
hemorrhage, neovascularization, and enhanced expression of CD163 and HO-1 as a response to
intraleaflet hemorrhage in stenotic aortic valves in AS patients undergoing HD.

Key words: Aortic valve stenosis, hemodialysis, intraleaflet hemorrhage, CD163, HO-1
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precise mechanism of the relationship between HD treat-
ment and rapid development of AS is still unknown. Pre-
viously, Kajbal etal.” showed that surgically removed
aortic valves in AS patients with HD had a signihcant
increase in inflammatory cells and neovascularization,
indicating that development of AS in HD patients is a
more aggressive process in aortic valve leaflet with inflam-
mation and neoangiogenesis than that in non-HD
patients. Very recently, we reported that plasma levels of
oxidized low-density lipoprotein (ox-LDL) and myelo-
peroxidase (MPO), a neutrophil-derived enzyme that
catalyzes the formation of reactive oxidant species, signifi-
cantly increased after a single HD session, and that there
was a direct association between plasma MPO levels and
plasma ox-LDL levels during initial HD.® Therefore,
patients undergoing HD are under the severe levels of
oxidative stress that could contribute to cellular damage,
leading to inflammation and neoangiogenesis in aortic
valves.

Recent studies have revealed that intraplaque hemor-
rhage is associated with the progression of atheroscle-
rotic lesions and plaque instability”™ In coronary
atherosclerotic plaques, we have shown a close associa-
tion among oxidative stress, neovascularization, and
intraplaque hemorrhage." Immune activation in response
to intraplaque hemorrhages is reflected by the induction
of CD163 and heme oxygenase-1 (HO-1). CD163 is
recognized as the specific macrophage receptor for
hemoglobin-haptoglobin (Hb-Hp) complexes, respon-
sible for the clearance of Hb,'*"* and binding of Hb to
CD163 induces HO-1, which is a cytoprotective enzyme
that is induced by intraplaque hemorrhage and degrades
free heme and releases ferrous iron, which is rapidly
sequestered by ferritin.'*"® Induction of HO-1 via
CD163-Hb transport is an important step in the Hb clear-
ance pathway in the macrophage, especially under con-
dition of intraplaque hemorrhage leading to extreme Hb
release.'® We have previously demonstrated that CD163 is
overexpressed in accumulated macrophages of coronary
atherosclerotic lesions in patients with unstable angina
pectoris.’!

A recent study showed that intraleaflet hemorrhage in
aortic valve was associated with 4-hydroxy-2 nonenal, a
major product of lipid peroxidation, neovascularization,
and rapid progression of AS in non-HD patients.'” We
hypothesize that intraleaflet hemorrhage is also closely
associated with a rapid development of AS in HD patients
and that CD163 and HO-1 play a critical role in AS
progression in patients undergoing HD; however, the
localization and relationship of hemorrhage in aortic
valve, neovascularization, and the expression of CD163

Hemodialysis International 2014; 18:632-640

CD163 and HO-1 in AS undergoing HD

and HO-1 have not been evaluated in HD patients. There-
fore, we investigated the immunolocalization and associa-
tion ol intraleaflet hemorrhage, neovascularization, and
the expression of CD 163 and HO-1 using surgically
resected aortic valve specimens from AS patients under-
going HD.

METHOD

Study population

Aortic valve specimens were obtained in 108 consecutive
patients undergoing aortic valve replacement (AVR) for
degenerative AS at Osaka City General Hospital between
May 2008 and April 2012. Patients with infectious endo-
carditis (n = 13), rheumatic valvular heart disease (n = 5),
congenital abnormality of valves (n=3), and chronic
inflammatory disease (n = 7) such as collagen disease and
malignancy were excluded. We also excluded patients for
which frozen aortic valve specimens were not available
(n=27). Ultimately, 51 patients were enrolled in the
study. Of these 51 patients, 26 had chronic renal failure
on HD and 25 were non-HD patients. Immediately after
AVR, the tissue specimens were snap frozen, and stored
at -80°C. In addition, frozen aortic valve specimens
obtained at autopsy from individuals who died of noncar-
diovascular causes (n = 11) were used as references (mean
age 68). The snap-frozen samples obtained by AVR were
serially sectioned to produce sections of 5 um in thick-
ness, and then fixed in acetone. The first section of each
sample was stained with hematoxylin—eosin stain. Sub-
sequent sections were used for immunohistochemical
staining.

To define the presence of chronic kidney disease (CKD),
we applied the Modification of Diet in Renal Disease
Study equation for evaluating Japanese CKD patients:'®"
0.741 x 175 x age®® X (serum  creatinine)'** x (0.742
for female) ml/min/1.73 m®. Chronic kidney disease was
defined as estimated glomerular filtration rate (eGFR)
<60 ml/min/1.73 m*. The degree of renal dysfunction
was graded as follows: CKD stage 1: minimal damage to
kidneys with normal renal function, eGFR =90 mI/min/
1.73 m?, CKD stage 2: mild renal dysfunction, 60 < eGFR
<90 ml/min/1.73 m* CKD stage 3: moderate renal dys-
function, 30 £eGFR <60 ml/min/1.73 m*, CKD stage
4: severe renal dysfunction, 15<eGFR <30 mL/min/
1.73 m?, CKD stage 5: end-stage renal dysfunction, eGFR
<15 ml/min/1.73 m? or HD. In 25 non-HD patients,
there were eight patients with CKD (seven patients with
CKD stage 3 and one patient with CKD stage 4).
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Clinical data were obtained from medical charts.
Hypertension, hyperlipidemia, and diabetes mellitus cri-
teria followed the guideline of each society. All patients
underwent preoperative echocardiography by experi-
enced sonographers. The severity of AS and cardiac
function was assessed by using transthoracic echocardiog-
raphy. The continuity equation was utilized to calculate
aortic valve area. Left ventricular end-diastolic volume,
end-systolic volume, and ejection fraction were also cal-
culated. The study was approved by the hospital’s ethics
committee, and informed consent was obtained from all
patients before the study.

Immunohistochemistry

Single immunostaining

The sources and specificity of all antibodies used in this
study are summarized in the supplementary file. Microve-
ssels of the tissue sections were assessed using antibodies
for CD31 (DAKO, Glostrup, Denmark), CD34 (DAKO),
and von Willebrand factor (DAKO). MPO (MPO-7,
DAKO) was used as pro-oxidant enzyme. Sections were
incubated at 4°C overnight or for 1 hour at room tem-
perature, and then a three-step indirect streptavidin-
biotin technique with peroxidase was used, followed by
final visualization of the peroxidase activity with
3-amino-9- ethylcarbazole used as chromogen. Nuclei
were faintly counterstained with hematoxylin. In negative
controls, the primary antibody was replaced by an irrel-
evant mouse monoclonal antibody of the same subclass.

Double immunostaining

To identify CD163- or HO-1-positive cells, we performed
double immunostaining for macrophages (CD68) and
CD163 or HO-1 using modifications of procedures
reported previously.?® For double immunostaining, alka-
line phosphatase was visualized with fast blue BB (blue:
CD68) and peroxidase with 3-amino-9-ethylcarbazole
development (red: CD163 or HO-1). In addition, simul-
taneous identification of smooth muscle cells and macro-
phages was performed using two primary antibodies to
different IgG subclass proteins (1A4/CD68), as reported
previously®® The enzymatic activity of B-galactosidase
for 1A4 was presented as turquoise (BioGenex Kit,
BioGenex, CA, USA), while alkaline phosphatase for
CD68 was presented as red (New Fuchsin Kit, DAKO).

Quantitative methods

We have used the Win Roof ver. 6.40 (Mitani Corporation,
Tokyo, Japan) for the quantitative method for immunos-
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taining. The tissue area occupied by immunostained mac-
rophages or glycophorin-A-, CD163-, HO-1-, IL-10-, and
ferritin-positive areas was quantified using computer-
aided planimetry and expressed as a percentage of the
total surface area of the tissue section. Based on these
quantifications, a “CD163-positive macrophage score”
was calculated as the ratio of the CD163-positive area to
the macrophage-positive area. Microvessels were investi-
gated based on the analysis of CD31-, CD34-, and von
Willebrand  factor-positive endothelial cells forming
tubular structures. In this study, the number of CD31-
positive endothelial cells forming tubular structures was
counted in the entire tissue section, and expressed as the
number of microvessels per mm? of the tissue. The mor-
phometric analysis was performed by a single investigator
who was blinded to the patients’ characteristics and his-
tological classifications.

Statistical analysis

The results are expressed as a mean + SD and as a per-
centage for categorical variables. For continuous variables,
the two groups of patients (HD and non-HD) were com-
pared with a Mann-Whitney U test. When comparing
three groups of individuals, the nonparametric Kruskal-
Wallis test was used. We compared categorical variables
using a chi-square test or Fisher's exact test. Values of
P < 0.05 were considered significant.

RESULTS

Patients’ characteristics

Patients’ demographics and echocardiographic data are
shown in Table 1. There were no differences with respect
to age, presence of hypertension, smoking, and prevalence
of angiotensin-converting enzyme/angiotensin 11 receptor
blocker treatment between HD and non-HD patients.
However, prevalence of male and coronary artery disease
was significantly higher, and prevalence of diabetes mel-
litus, hypercholesterolemia and statin treatment, and body
mass index were lower in HD patients than in non-HD
patients. Echocardiographic data showed no differences in
aortic valve area and left ventricular ejection fraction.

Histological findings

In the lesions of HD patients, there were abundant
macrophages, large numbers of microvessels, and
MPO-positive cells (Figure 1A2-A4). In these lesions,
erythrocytes were present (Figure 1A5). In addition, the
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Table 1 Patients’ characteristics
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HD (n = 26) Non-HD (n = 25) P value
Age, years 7247 76t7 0.06
Male (%) 17 (65) 8 (32) 0.01
Body mass index (kg/m?) 20%3 24+ 4 <0.0001
Hypertension (%) 19 (73) 23 (92) 0.07
Hypercholesterolemia (%) 707 14 (56) 0.02
Diabetes mellitus (%) 5(19) 11 (44) 0.047
Smoking (%) 52D 2 (10) 0.50
Coronary artery disease (%) 19 (73) 3(12) 0.003
ACEI/ARB (%) 10 (38) 13 (52) 0.21
Statins (%) 4 (15) 8 (32) 0.02
Aortic valve area (cm?) 0.72+0.16 0.76 £0.28 0.40
LVEF (%) 55413 65+ 10 0.08

ACEI = angiotensin-converting enzyme inhibitor; ARB = angiotensin 11 receptor blocker; HD = hemodialysis; LVEF = left ventricular ejection

fraction.

sites with abundant CD163-positive macrophages ap-
proximately colocalized with the site of erythrocytes
(Figure 1A6). HO-1 positive cells were also found in
these lesions (Figure 1A7). In contrast, scattered macro-
phages were seen in the lesions of non-HD patients
(Figure 1B2). Endothelial cells were present at the surface
area, but microvessels were not seen (Figure 1B3). In
these lesions, there were no erythrocytes (Figure 1B5).
The anti-CD163 antibody indicated that the scattered
macrophages were negative for CD163- and HO-1-
positive cells (Figure 1B6,B7). In the lesions of HD
patients, double immunostaining for CD163 or HO-1 and
macrophages revealed that the majority of CD163- or
HO-1-positive cells were macrophages (Figure 2A1-A3).
In the aortic valve specimens from reference cases, there
were scattered macrophages, but no microvessels, eryth-
rocytes, and CD163- or HO-1-positive cells were found
(Figure 1C1-C8).

Morphometric analysis

Morphometric results are shown in Figure 3. Quantita-
tive analysis demonstrated that the percentage of the
macrophage-positive area was significantly higher among
HD patients than among either non-HD patients or refer-
ence cases (HD vs. non-HD, P < 0.01; HD vs. reference,
P <0.0001). In addition, the number of CD31-positive
microvessels was significantly higher in HD patients
than in either non-HD patients or reference cases (HD
vs. non-HD, P<0.001; HD vs. reference, P < 0.0001).
Compared with lesions from non-HD patients or
reference cases, lesions from HD patients had significantly
higher glycophorin-A-positive areas (HD vs. non-HD,
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P < 0.0001; HD vs. reference, P < 0.0001). The CD163-
positive macrophage score was also significantly higher
in HD patients than in non-HD patients or reference
cases (HD vs. non-HD, P<0.0001; HD vs. reference,
P <0.0001). Furthermore, the percentage of the HO-1-
positive area was significantly higher in HD patients than
in either non-HD patients or reference cases (HD vs. non-
HD, P<0.0001; HD vs. reference, P<0.0001). The
CD163-positive macrophage score positively correlated
with the glycophorin- A-positive area, the HO-1-positive
area, and the number of CD31-positive microvessels
(CD163 vs. glycophorin-A, R = 0.66, P < 0.0001; CD163
vs. HO-1, R = 0.50, P < 0.0005; CD163 vs. microvessels,
R =0.38, P<0.01). Moreover, the number of CD31-
positive microvessels positively correlated with the
number of MPO-positive cells (R = 0.73, P < 0.0001).
We evaluated the differences observed in the study
parameters between CKD and non-CKD in non-HD
patients. In the present study, however, we did not find
any differences in the macrophage-positive area, the
number of CD31-positive microvessels, the glycophorin-
A-positive area, the CD163-positive macrophage score,
and the HO-1-positive area between the two groups.

DISCUSSION

To the best of our knowledge, this study is the first to
report that expressions of Hb scavenger receptor CD163
and HO-1 were enhanced in aortic valve in AS patients
undergoing HD by analyzing frozen sections of surgically
resected aortic valve specimens. Furthermore, we also
demonstrated a positive association among neovas-
cularization, intraleaflet hemorrhage, and the expression
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Figure 1 Micrographs of aortic valve specimens obtained [rom a patient with hemodialysis (HD) (A1-A8), a patient with
non-HD (B1-B8), and a patient with noncardiovascular disease (C1-C8). (A1) Hematoxylin—eosin stain. The cross section
shows distinct calcilication. The boxed area is enlarged in (A2)~(A8). (A2) Double immunostaining (smooth muscle cells,
turquoise; macrophage, red) reveals abundant macrophages. (A3) The adjacent section stained with anti-CD31 antibody reveals
a large number of CD31-positive microvessels. (A4) The adjacent section stained with anti-MPO (myeloperoxidase) antibody
reveals that abundant MPO-positive cells are present. (A5) The antiglycophorin-A antibody shows the presence of erythrocytes.
(A6) The anti-CD163 antibody shows that abundant CD163-positive cells ave present. (A7) The anti-HO-1 (heme oxygenase-1)
antibody shows that abundant HO-1-positive cells are also present. (A8) A section treated with nonimmune mouse IgG1
antibody shows absent staining. (B1) Hematoxylin—eosin stain. The boxed area is enlarged in (B2)~(B8). (B2) Double
immunostaining (smooth muscle cells, turquoise; macrophage, red) shows scattered macrophages in the lesion. (B3) The
adjacent section stained with anti-CD31 antibody reveals no microvessels with CD31 positivity. (B4) The anti-MPO antibody
shows that there are no MPO-positive cells. (B5) The antiglycophorin-A antibody shows that there are no erythrocytes. (B6) The
anti-CD163 antibody shows that there are no CD163-positive cells. (B7) The anti-HO-1 antibody shows that there are no
HO-1-positive cells. (B8) A section treated with nonimmune mouse IgG1 antibody shows absent staining. (C1) Hematoxylin—
eosin stain. The boxed area is enlarged in (C2)—~(C8). (C2) Double immunostaining (smooth muscle cells, turquoise; macro-
phage, red) shows a [ew macrophages in the lesion. (C3) The adjacent section stained with anti-CD31 antibody reveals no
microvessels with CD31 positivity. (C4) The anti-MPO antibody shows that there are no MPO-positive cells. (C5) The
antiglycophorin-A antibody shows that there are no erythrocytes. (C6) The anti-CD163 antibody shows that there are no
CD163-positive cells. (C7) The anti-HO-1 antibody shows that there are no HO-1-positive cells. (C8) A section treated with
nonimmune mouse [gG1 antibody shows absent staining. Bar: A1, B1, and C1: 500 wm; A2-A8, B2-B8, and C2-C8: 100 pm.

Figure 2 Micrographs of aortic valve specimens obtained [rom a patient with hemodialysis (HD) (A1-A3), a patient with
non-HD (B1-B3), and a patient with noncardiovascular disease (C1-C3). (A1) Double immunostaining for macrophages (blue)
and CD163 (red) reveals that most cells show double staining (purple), indicating that most CD163-positive cells are
macrophages. (A2) Double immunostaining for macrophages (blue) and heme oxygenase-1 (HO-1) (red) reveals that most cells
show double staining (purple), indicating that the vast majority of HO-1-positive cells are macrophages. (A3) Absent staining
alter use of nonimmune mouse IgG1 antibodies. (B1, C1) Double immunostaining for macrophages (blue) and CD163 (red)
reveals that there are no CD163-positive macrophages. (B2, C2) Double immunostaining for macrophages (blue) and HO-1
(red) reveals that there are no HO-1-positive macrophages. (B3, C3) Absent staining after use of nonimmune mouse IgGl
antibodies. Bar: 50 pm.
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Figure 3 Graphs showing the macrophage-, glycophorin-A-, and HO-1-positive areas expressed as a percentage of the total

surface area, the number of microvessels per mm?, and the

CD163-positive macrophage score in the aortic valve specimens

obtained [rom relerence cases, non-HD (hemodialysis) patients, and HD patients. HO-1 = heme oxygenase-1.

of CD163 and HO-1. These observations suggest that
enhanced expression of CD163 and HO-1 as a response to
intraleaflet hemorrhage may exert anti-inflammatory
effects in stenotic aortic valves in AS patients undergoing
HD.

Aortic valve calcification has been shown to present an
active cellular-mediated process associated with inflam-
mation,”? oxidative stress,”*** and neoangiogenesis.?**’
Moreover, a recent study reported that intraleaflet hemor-
thage of aortic valve was frequently observed in AS
patients with rapid progression, indicating that occur-
rence of intraleaflet hemorrhage in aortic valve may also
be an important factor for the rapid progression of AS." In
the present study, the number of CD31-positive micro-
vessels and the percentage of glycophorin-A were signifi-
cantly higher in HD patients than in non-HD patients, and
there was a positive correlation between CD31-positive
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microvessels and glycophorin-A. These findings support
the hypothesis of a close relationship between neovascu-
larization and intraleaflet hemorrhage in HD patients.
HD treatment causes an increase in neutrophil acti-
vation and enhanced oxidative stress. Accordingly, circu-
lating levels of MPO and ox-LDL increase during the
maintenance of HD.®*®* Ox-LDL induces a dramatic
cytotoxic effect on endothelial cells, and also upregulates
the expression of vascular endothelial growth factor, one
of the angiogenesis-promoting factors, in injured endothe-
lial cells and accumulated macrophages.®® In the present
study, we demonstrated that the number of microvessels
positively correlated with the number of MPO-positive
cells in HD patients. These data support the concept that
biomarkers regarding oxidative stress due to HD treat-
ment could induce not only tissue damages but also
neovascularization and, subsequently, extravasation of
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red blood cells from leaky microvessels in the aortic
valves.

The present study demonstrated that a higher expres-
sion of CD163 and HO-1 was found in aortic valve lesions
in HD patients than in non-HD patients, and the number
of CD163- and HO-l-positive macrophage scores was
positively correlated with intraleaflet hemorrhage and the
number of neovascularization. These observations indi-
cate that intraleaflet hemorrhage from leaky microvessels
may induce HO-1 via CD163-Hb transport, and that
enhanced expression of CD163 and HO-1 is a critical
process which could occur as a response to intraleaflet
hemorrhage induced by oxidative stress during HD treat-
ment. Effective clearance of extracellular Hb is thought to
limit systemic oxidative heme toxicity”** Cell-free Hb
is tightly bound to Hp and subsequently cleared by
CD163." Binding of Hb to CD163 induces HO-1. HO-1
catalyzes the regiospecific oxidative degradation of free
heme into ferrous iron, which is rapidly sequestered by
ferritin, one of the antioxidative and anti-inflammatory
end products linked to heme breakdown."*"” Therefore,
induction of HO-1 is directly involved in the downregu-
lation of inflammation and oxidative stress, and contrib-
utes to improvement of the balance of inflammation and
oxidative stress.

There are several limitations in our study. First, the
study population is relatively small. Furthermore, the
homogeneity of the two study groups is poor that
differ for incidence of diabetes, sex, and cardiovascular
risk factors such as hypercholesterolemia. Second, early
lesions of aortic valve sclerosis in patients undergoing HD
were not included in the present study. However, it is
extremely difficult to obtain frozen samples of such early
lesions during surgery. Third, the partial difference in
distribution of intraleaflet hemorrhage, CD163, and
HO-1 was observed in the lesions of AS in HD patients.
The difference in distribution observed in our study may
provide the difference of time phase of expression in the
cascade of Hb-CD163-mediated HO-1 pathway. Finally,
the measurement of levels of soluble CD163 is important
to understand the relationship between CD163 and AS in
HD patients. However, soluble CD163 data are not avail-
able in the present study. Future study should evaluate
the levels of soluble CD163 in AS patients undergoing
HD.

In conclusion, the present study revealed the associa-
tions among extravasation of red blood cells from leaky
microvessels leading to intraleaflet hemorrhage, enhanced
expression of Hb scavenger receptor CD163, and HO-1 in
human stenotic aortic valve leaflet undergoing HD. These
findings suggest a pivotal process for enhanced expression
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of CD163 and HO-1 which could occur as a response to
intraleaflet hemorrhage, and could contribute to improve-
ment of the balance of inflammation and oxidative stress
during the progression of AS in HD patients.

Manuscript received June 2013; revised December 2013.
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Chronic active Epstein—Barr virus infection complicated with multiple
artery aneurysms '
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A26-year-old woman was admitted to our hospital
to undergo allogeneic periphéral blood stem cell
transplantation for the treatment of chronic active
Epstein—Barr virus (CAEBY) infection.

Transthoracic echocardiography showed hypo-
kinetic inferior, posterior, and lateral left ventricular
(LV) walls. Coronary angiography demonstrated
large - aneurysms in the proximal left (LCA) and
right coronary arteries (RCA). The LCA aneurysm
was located in the bifurcation of the left anterior
descending (LAD) and left circumflex arteries
(LCx), and the LCx was occluded at the diverging
point from the left main coronary artery. The -
RCA was occluded by the distal portion of the an-
eurysm. Distal vessels to the occlusion sites of the
LCx and RCA presented collateral vessels from , S o
the LAD (Panels A and B). Late gadolinium enhancement on cardiac magnetlc resonance (MR) imaging revealed subendocardlal enhance-
ment within the LV walls, which corresponded with the occluded LCx and RCA ter‘rltones (Panels Cand D). Further screening was per-
formed with MR angiography, which showed bilateral vertebral artery aneurysms (Panel E) Fwe months later, asymptomatic occlusion was
also found in the left vertebral artery (Panel F).

Rarely, the primary infection of Epstein—Barr virus in T or natural kll er cells induces CAEBY infection, a fatal syndrome character:zed
by infectious mononucleosis-like chronic symptoms that affect both children and young adults. Patients with CAEBY often develop
multiple artery aneurysms, which are clinically silent until they rupture or cause organ damage. Therefore, screening for cardiovascular
complications is indispensable in patients with CAEBV.

Published on behalf of the European Society of Cardiology. Al rights reserved. © The Author 2014. For permissions please email: journals.permissions@oup.com.
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