immunofluorescence photographs for phosphorylated FAK at Y397 and Y925 in conditions

with or without TNC treatment. Larger and brighter focal adhesions were visible in the cells

on TNC substrate. Bar, 20 um. B: By immunoblotting, FAK phosphorylation at Y397 and
Y925was determined. C: The graph shows the relative values of the phosphorylation to total
FAK. TNC coating significantly enhanced FAK phosphorylation at both Y397 and Y925 after

10 min of PDGF-BB stimulation.

Fig. 6. TNC enhances SRC recruitment to av integrin. A: Immunofluorescence of
phosphorylated SRC at Y418 showed stronger labeling of the focal adhesions in TNC-treated
cells after PDGF-BB stimulation. Bar, 20 um. B: Cells were lysed with a lysis buffer,
immunoprecipitated with av subunit antibody (clone 21) and subjected to immunoblotting.
Increased SRC was co-precipitated with integrin av after PDGF-BB treatment. C:
Furthermore, TNC treatment significantly increased the relative amount of SRC bound to

integrin av complex.
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Inhibition of autophagy in the heart
induces age-related cardiomyopathy
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Introduction

In developed countries, heart failure is one of the major causes
of death, and novel effective therapies are needed for patients
that experience this disease. Heart failure is an age-related dis-
ease and the incidence increases with age.' Increasing age causes
a progressive, functional impairment of tissues and organs and
enhances their vulnerability to stress. Damage to proteins,
membrane lipids, DNA and cellular organelles plays an impor-
tant role in aging.>* The accumulation of damaged proteins
and organelles, such as mitochondria, accounts for the age-
associated malfunction of many biological processes. Reduced
degradation of proteins and organelles may contribute to their
accumulation and to the aging process.* The ubiquitin/protea-
some and autophagy systems are two major proteolytic systems.
Autophagy is a cellular process that degrades long-lived pro-
teins and recycles components’ The age-associated reduction

of autophagic activity has been reported.*¢ Autophagy-related
genes are required for life-span extension in various long-lived
mutant nematodes, and they promote survival in worms and
flies exposed to prolonged starvation.” Furthermore, promotion
of expression of the autophagy gene, A#g8, in the nervous sys-
tem of Drosophila extends its life span.® These data implicate
autophagy in aging.

We previously reported on the role of autophagy, using car-
diac-specific Azg5-deficient mice.? Atg5 is an essential protein for
autophagy.'® Atg5, conjugated with Atgl2, is required for elonga-
tion of the phagophore to form an autophagosome, and also for
targeting of Atg8 to the phagophore membrane. When the Azg5
gene is floxed out in adulthood, Arg5-deficient mice show left
ventricular dilation and contractile dysfunction. On the other
hand, when the Azg5 gene is floxed out early in embryogenesis,
the mice show no cardiac phenotypes under baseline conditions
up to 10 weeks of age. In this study, we attempted to determine
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that the level of autophagy in the heart decreases with
increasing age, in agreement with previous reports. 61112

In order to elucidate the role of autophagy in the heart,
we generated cardiac-specific Azg5-deficient mice. We
crossed mice bearing a floxed Azg5 allele with transgenic
mice expressing Cre recombinase under the control of
o-myosin heavy chain promoter (0-MyHC-Cre), to pro-
duce Azg5"f;,0-MyHC-Cre* mice. In these mice, the
Arg5 gene was floxed carly in embryogenesis. The cardiac-
specific Azg5-deficient mice were born normally and exhib-

ited no cardiac abnormalities at 10 weeks of age;® we used
Arg5teliox, 0. MyHC-Cre littermates as controls. We next
evaluated the survival rate of the Azg5%/f>x;0-MyHC-Cre*
mice (Fig. 1B). These mice started to die at 6 months of age,
and the median life span was approximately one year, while
no Azg5%fx;, a-MyHC-Cre” mice died within one year. We
also evaluated physiological parameters in 3- and 10-month-

old Azg5%/8x;0-MyHC- Cre* mice (Table 1). There were no

significanc differences in body weight, heart weight, lung
weight or liver weight between Atg5%<fx;0-MyHC-Cre®
and Azg5"%*;a-MyHC-Cre” mice at 3 months of age. The
heart weight, lung weight, the ratio of whole heart weight
to tibia length, and the ratio of lung weight to tibia length
-5 Weré Lgmﬁcamly htghc: in Atg5“°" flox, a:MyHCr‘CrL’ mice

&

body wclgi'lt, r'vcr wc:ght or tibia lcngth between Ath“'“"
e, 0-MyHC-Cre* and Atg5ﬂ°""°" o-MyHC-Cre mice at 10
Qnths of af . ,
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anaIYSls to evatia cflangcs i tht cardiac function of Azg5-

deficient mice with increasing age (Table 2, Fig. 1C and D).
Representative images of tracings indicate that 10-month-
old Atg5%x/8ox; 0 MyHC-Cre* mice showed chamber dila-
tation compared with Azg5%fx;0-MyHC-Cre” mice (Fig.
1C). There were no differences in the end-diastolic and
end-systolic left ventricular internal dimensions or frac-
tional shortening between Atg5%~f>*;a-MyHC-Cre* and
Azg5* % 0-MyHC-Cre' mice at three months of age.
However, the end-diastolic and end-systolic left ventricular
internal dimensions of 6- and 10-month-old Azg5%fox; ot

the longer-term consequences of Atg5-deficiency in the heart.
Our results suggest that constitutive continuous autophagy plays
an important role to maintain cardiac structure and function.

Results

We first attempted to evaluate the alteration of autophagic
activity in the heart brought about by aging. We performed west-
ern blotting analysis of LC3, which has been used as a molecular
marker of autophagic activity. The conversion of LC3-I to LC3-1I
is an essential step during autophagosome formation. The protein
level of LC3-IT in homogenates prepared from the hearts of 6-,
14- or 26-month-old wild-type C57Bl/6] mice was lower than
that from the hearts of 10-week-old mice (Fig. 1A). This suggests
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MyHC-Cre* mice were significantly larger than the corre-
sponding controls. Furthermore, fractional shortening of the
Arg5""x; 0-MyHC-Cre* mice was significantly lower than that
of the corresponding controls.

The hearts of 10-month-old Azg5%¥/**;0-MyHC-Cre* mice
showed chamber dilatation compared with Azg5%; o.-MyHC-
Cre mice, in agreement with echocardiographic analysis (Fig.
2A). The Atg5"x0-MyHC-Cre* mice showed a significant
increase in the cross-sectional area of cardiomyocytes, compared
to the control mice (Fig. 2A and B). Furthermore, Mallory-Azan
staining indicated that Azg5%“%*0-MyHC-Cre* mouse hearts
had enhanced intercellular and peri-vascular fibrosis (Fig. 2A). In
agreement with the histological analysis, the mRNA level of col-
lagen type 1 (Colla2) in Atg5*";0-MyHC-Cre* mouse hearts
was higher than that in controls. We observed higher levels of the
mRNA expression of molecular markers for cardiac remodeling,
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Table 1. Physiological parameters of cardiac-specific Atg5-deficient mice at 3 or 10 months of age

Atg sﬂnlnox

Atg5nex/fox; Cre*

Atg5fiex/fex Atg5"eex; Cre*

Liver (mg) 1280.6 + 195.33

1414.5 £ 130.87

1269.8 + 78.25 1328.8 + 108.31

HW/BW (mg/a) 5.21+0.368

4.84+£0.135

4.96 + 0.180 5.52+0.212

Atg5eviex, Argshoox, o-MyHC-Cre'; Atg5™<e; Cre*, Atg5"™"%; a-MyHC-Cre*; BW, body weight; HW, whole heart weight; HW/BW, whole heart-to-body
weight ratio; HW/Tibia, whole heart weight-to-tibia length ratio; Lung/BW, lung-to-body weight ratio; Lung/Tibia, lung weight-to tibia length ratio.
Values represent the mean + s.e.m. of data from 3 to 15 mice in each group. ‘p < 0.05 versus corresponding group.

Table 2. Echocardiographic parameters of cardiac-specific Atg5-deficient mice at 3 or 10 months of age

LVDs (mm)

140+ 0.03

1.51 £0.05

Atg5fiox/ox Atg5"oxMox; Cre*

1.56 £ 0.05 3.24+0.22

Heart rate (bpm)

726+ 7.3
LVDd, diastolic left ventricle |nternal djmepsnon ﬁVBs, systoh

LVPW, diastolic left ventnclepost’enoz will thickneiss; ES,fractional shattexﬁng oflef:.veﬁmde chmensmn

from 11 to 17 mice in each group. °p < 0.05 versus corresponding group.

such as atrial natriuretic factor (Nppa), brain natriuretic pep-
tide (Nppb) and skeletal ai-actin (Actal) mRNAs (Fig. 2C), in
Atg5*fx,0-MyHC-Cre* mouse hearts. Thus, Azg5™*~a-
MyHC-Cre* mice showed contractile dysfunction and heart fail-
ure at 10 months of age.

We examined the levels of polyubiquitinated proteins, p62
and proteasome activity in Azg5"**0-MyHC-Cre' mouse
hearts (Fig. 3). The levels of polyubiquitinated proteins and p62
were increased in Azg5"/tex;0-MyHC-Cre* mouse hearts (Fig.
3A). We observed no significant difference in the proteasome
activity between Arg5™ ;- MyHC -Cre* mouse hearts and
controls (Fig. 3B).

We also performed ultrastructural analysis using electron
microscopy. The hearts of 10-month-old Azg5%* 0.-MyHC-
Cre* mice showed dysalignment, aggregation and variety in the size
of mitochondria (Fig. 4A), and the intramitochondrial structure
was destroyed, as shown in the subpanel. To elucidate the cause
of cardiac remodeling in aged Azg5"**;0-MyHC-Cre* mice, we
performed ultrastructural analysis on the hearts of 3-month-old
Atg5t/fox; o-MyHC- Cre* mice. Although the mice did not exhibit
cardiac dysfunction at three months of age, the hearts already
showed the abnormality of the mitochondria similar to that of the
10-month-old Azg5%*/fx;0-MyHC- Cre* mouse hearts.
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To evaluate the functional effect of the mitochondrial abnor-
malities, we measured the respiratory chain enzyme activities
of mitochondria in the hearts of 3-month-old Azg5**; -
MyHC-Cre* mice (Fig. 4B). The activitics of both complex I +
I1I and complex I + IIT in the hearts of Arg5%/f*0-MyHC-
Cre* mice were significantly decreased, compared with those
in Azg5%*%x;a-MyHC- Cre” mice. Next, we measured the level
of heme oxygenase-1 mRNA, which is an oxidative marker,"?
using real-time PCR (Fig. 4C). The expression level of heme
oxygenase-l mRNA in Azg5*¥%*;0-MyHC-Cre* mouse hearts
was higher than that in 4zg5%%;a-MyHC-Cre” mouse hearts
at three months of age. Furthermore, we performed western
blocting analysis of 4-hydroxy-2-nonenal (HNE) adduct pro-
teins in the mitochondrial fraction of the heart to confirm the
increase in oxidative stress in Azg5%%0-MyHC- Cre* mouse
hearts (Fig. 4D), and showed that the increase of adduct pro-
teins did occur. Then, we evaluated the level of cardiomyocyte
apoptosis using the TUNEL assay (Fig. 4E). The number of
TUNEL-positive cardiomyocytes in Azg5*/%:;o-MyHC-Cre*
mouse hearts was higher than that in Azg5%/%0-MyHC- Cre
mouse hearts at 3 months of age. The TUNEL-positive cells
were Ol-sarcomeric actin-positive, indicating that these were
cardiomyocytes.
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Discussion

In the present study, we showed that cardiac-specific
Atg5 ablation led to chamber dilatation and cardiac
dysfunction with increasing age. Cardiac-specific
Atg5-deficient mouse hearts showed no cardiac
phenotypes at three months of age. Some com-
pensatory mechanisms prevented the pathological
consequences of autophagy inhibition. Such mecha-
nisms will involve Atg5-independent autophagy and
chaperone-mediated autophagy.*'# In addition, mito-
chondria are continuously remodeled by fusion and
fission.”” Mitochondrial fusion and fission is a mecha-
nism to maintain normal functional mitochondria.
However, it remains to identify the compensatory
mechanisms.

It has been reported that cardiac-specific over-
expression of a protein led to apoptosis and car-
diomyopathy with increasing age.' To exclude the
possibility that overexpressed Cre protein led to the
cardiac abnormalities observed in the present study,
we evaluated Atg5-deficient mice in which Cre was

... knocked-in downstream of the myosin light chain 2v
: Promotc The: rcsultmg mice exhxbl.tcd phenotypes

snmllar cardlac function to their control non-trans-

gges that the efficiency of the com-

. pmsﬁto‘fy méchaistns® is‘not sufficient enough to

eliminate damaged proteins and organelles and to
maintain cardiac function for a long time period, and
that basal continuous Atg5-dependent autophagy is
required to maintain cardiac structure and function.

We observed increases in accumulation of polyu-
biquitinated proteins and p62, and structural and
functional abnormalities in mitochondria in Asg5-
deficient hearts. Failure to turn over organelles and
toxic proteins leads to their accumulation and func-
tional abnormalities. The accumulation of dysfunc-
tional organelles and toxic proteins in cardiomyocytes
may result in global cardiac dysfunction.

We observed structural and functional abnor-
malities of the mitochondria in 3-month-old Azg5-
deficient hearts, when we did not yet observe cardiac
dysfunction. The mitochondrial abnormalities could
not, therefore, be the result of age-related cardiomyo-
pathy, but could be a cause of it. Mitochondria in aged
post-mitotic cells are enlarged and structurally dete-
riorated, showing swelling and loss of cristae, and are
deficient in ATP production.””!® These senescent-like
abnormalities of mitochondria in autophagy-deficient
cardiomyocytes might be responsible for cardiac dys-
function at 10 months of age.

Mitochondrial activity is a major source of endoge-
nous reactive oxygen species (ROS) causing oxidative
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damage of cytosolic materials."” We detected increases in the lev-
els of heme oxygenase-1 mRNA and HNE adduct proteins and
the number of apoptotic cardiomyocytes in 3-month-old Azg5t
flox; 0-MyHC- Cre* mouse hearts. Increased oxidative stress in the
heart can lead to cardiomyopathy.?*** It is possible that the accu-
mulation of abnormal mitochondria results in increased oxidative
stress, leading to cardiomyocyte apoptosis.

It has been reported that autophagy plays a pivotal role in
aging.” We observed that the protein level of LC3-II in heart
homogenates from 6-, 14- or 26-month-old mice was lower than
that from 10-week-old mice. This suggests that the autophagic
activity in the heart decreases with aging, in agreement with
previous reports.*®!"'? Although one has to measure autophagy
flux to conclude age-associated reduction of autophagic activity,
it is difficult to measure the flux in vivo. Cellular senescence is
associated with typical phenotypic changes, such as an increase
in senescence-associated B-galactosidase activity and cell cycle
inhibitors such as p16 and p19.?> Some of the phenotypic altera-
tions have also been observed in animal tissues. In addition,
lipofuscin, an autofluorescent, nondegradable and polymeric
substance composed of cross-linked protein and lipid residues,
is thought to be generated from damaged protein.* Aged post-
mitotic gells such as cardiac myocytes and neurons accumulate

a larg: moum'of lipofuscin. We cvaluatcd, -seneseence,: mnrkw-,

).

not shown

associated ﬁ gal acnvuy m - 3- or 10-month-old Azg5fexfiox;

compared to controls. We- fdund - 'dlfféreﬁccs m thtf amiuift -

of lipofuscin between Azg5%¥#%;0-MyHC- Cre* and control mice
at 3 or 10 months of age. Although the inhibition of autophagy
is not directly related to all features of senescence, reduction of
autophagy during aging may be one of the causes of age-related
cardiac dysfunction. Aging is a multifactorial process, with many
mechanisms contributing to functional decline in organs and
tissues.

In conclusion, we reported here that cardiac-specific Azg5-
deficient mice showed age-related cardiomyopathy. Continuous
constitutive autophagy plays an important role in maintaining
cardiac structure and function. Thus, upregulation of autophagy
might be a therapeutic target for the prevention of age-related
cardiac dysfunction.

Materials and Methods

Mice and in vivo assessment of cardiac function. The generation
of mice bearing an A#g5%* allele, in which exon 3 of the Azg5 gene
is flanked by two loxP sequences, has been previously reported.
Mice bearing an Azg5"~ allele were crossed with transgenic mice
_ expressing Cre recombinase under the control of 0-myosin heavy
chain promoter (0-MyHC-Cre).* The mice were maintained
individually and allowed access to water and mouse chow ad libi-
tum. To perform echocardiography on unsedated mice, we used
ultra-sonography (SONOS-5500, equipped with a 15-MHz lin-
ear transducer, Philips Medical Systems). This study was carried
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out under the supervision of the Animal Research Committee
of Osaka University and in accordance with the Guidelines
for Animal Experiments of Osaka University and the Japanese
Animal Protection and Management Law (No. 25).

Antibodies. The following antibodies were used for the western
blotting analysis: mouse monoclonal GAPDH-specific antibody
(Abcam, ab9482), rabbit ubiquitin-specific polyclonal antibody
(DakoCytomation, Z0458), guinea pig p62-specific (C-terminal-
specific) polyclonal antibody (Progen, GP62-C), rabbit NHE
Michael Adducts-specific polyclonal antibody (Calbiochem,
393207), mouse COX I'V-specific monoclonal antibody (Abcam,
ab33985) and antibody to LC3.% Tissues were lysed in a homog-
enization buffer (50 mM Tris-HCI (Sigma, T1503), pH 7.4, 1
mM EDTA (Wako, 345-01865), 1 mM EGTA (Wako, 346-
01312), 1% Triton X-100 (Wako 168-11805)) with proteinase
inhibitors (PMSF (Wako, 160-12183), Leupeptin (Wako, 126-
03754)). Western blots were developed with the ECL Plus kit
(Amersham Biosciences Corp., RPN2132) or ECL Advance kit
(Amersham Biosciences Corp., RPN2135).
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uantmmve fea.la—tl.mc reverse.-- transcnpta.se-PCR
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e
i
Ly

Hmox1/Gapdh

Atgsnexmal A'g5ﬂuﬂm‘;
Cre*

Atg5tectos Afgshostios;
Cre*

HNE

(RT- PCR we 1mlatcd cecat*RN’ fro" e fcft ven-

Life chhnologlcs, 15596-026). We determined mRNA
. levels for Nppa, Nppb callagm type 1 alpha2 (Colla2),

";Gzzpdh by quamiramrt RFZPER. For reverse transcrip-
tion and amplification, we used the TagMan Reverse
Transcription Reagents (Applied Biosystems, N808-
0234) and Platinum Quantitative PCR SuperMix-UDG
(Invitrogen Life Technologies, 11730-025), respec-

TUNEL-positive

70 4
60 *
50.
40..
30.
20.
10 1

Atg§toxtor Atg5ecios;

Overlay Cre*

cardiomyocytes (/10° nuclef)

tively. The PCR primers and probes of Nppa (Assay ID:
Mm01255747_gl), Nppb (Assay ID: Mm00435304_gl),
Colla2 (Assay ID: MmO01165187_m1), Actal (Assay ID:
Mm00808218_gl) and Gapdh (4352339E) were obtained
from Applied Biosystems. The PCR primers and probe of
Hmox] were designed as follows: forward primer GCC
TCA CTG GCA GGA AAT CA, reverse primer GGA
GAC GCT TTA CAT AGT GCT GTG T and probe
CCT TGC ACG CCA GC. We constructed RT-PCR
standard curves using the corresponding cDNA. All dara

were normalized to Gapdh content and are expressed as

fold increase over the control group.

Histological analysis. The hearts were excised and imme-
diately fixed in buffered 4% paraformaldehyde (Wako, 162-
16065), embedded in paraffin, and sectioned to a thickness of
3 pm. We performed hematoxylin-cosin or Mallory-Azan stain-
ing on serial sections. For electron microscopy, the hearts were
fixed with 2.5% glutaraldehyde (Wako, 071-02031) in PBS. To
determine the number of cells undergoing nuclear fragmenta-

tion, we performed a TUNEL assay on paraffin-embedded heart

www.landesbioscience.com

Autophagy

Proteasome activity analysis. We evaluated protea-
some activity in homogenates of hearts using the 208 Proteasome
Activity Assay Kit (Chemicon, APT280).

Mitochondrial enzyme activities. The activities of NADH-
cytochrome-c oxidoreductase (complex I + III) and succinate-
cytochrome-c oxidoreductase (complex IT + III) were determined
in mitochondrial fractions from hearts using previously described
spectrophotometric methods.?® Results are shown as nmol/min/

mg pr oteln.
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Statistical analysis. Results are shown as the mean * s.e.m.
Paired data were evaluated using the Student’s t-test. The Kaplan-
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CASE REPORT

A Case of Localized IgG4-Related Thoracic Periarteritis and
Recurrent Nerve Palsy

Masao Takahashi, MD, Takashi Shimizu, MD, Tsukasa Inajima, MD, Yumiko Hosoya, MD,
Norifumi Takeda, MD, Nobukazu Ishizaka, MD, Hiroshi Yamashita, MD, Yasunobu Hirata, MD
and Ryozo Nagai, MD

Abstract; Periarteritis, including periaortitis, is a systemic disorder
characterized by an excessive fibroinflammatory reaction that can result
in the compromise of great vessels and periarterial/periaortic structures.
Recent studies have suggested that IgG4-related inflammation may
play a role in chronic periaortitis. These pathologic conditions might
represent a systemic disorder with fibrotic reaction rather than local
inflammation. In this report, the authors describe a case of a 31-year-
old man with marked periaortic fibrous thickening localized to the
aortic arch, which was histologically and serologically proven to be
1gG4 related. Positron emission tomography showed increased '°F-
fluorodeoxyglucose uptake at this region. Histologic examination re-
vealed infiltration of lymphoplasmacytes and marked fibrosis with
numerous [gG4-positive plasma cells. The serum concentration of IgG4
was 263 mg/dL. The size of the periaortic mass and '*F-fluorodeoxy-
glucose uptake at this region markedly decreased under corticosteroid
therapy. This case suggests that IgG4-related periarteritis can also
occur as a solitary focus in the cardiovascular system.

Key Indexing Terms: Periarteritis; Periaortitis; [gG4-related scleros-
ing disease. [Am J Med Sci 2011;341(2):166-169.]

hronic periarteritis and periaortitis are a part of a spectrum

of idiopathic diseases characterized by fibroinflammatory
reaction surrounding the arteries and the aorta. Chronic peri-
aortitis includes idiopathic retroperitoneal fibrosis and inflam-
matory abdominal aortic aneurysm, and it is considered as a
systemic disorder caused by the extended involvement of the
aorta and raised inflammatory markers.! On the other hand, IgG
(immunoglobulin G) 4-related sclerosing disease is also known
as a systemic disorder of protean manifestations that may
involve the pancreas,? retroperitoneum,? bile duct* and salivary
glands.5 It has been recently suggested that IgG4-related scle-
rosing disease may be linked to chronic periarteritis and that
these 2 disorders might overlap, at least in part.! We encoun-
tered a case of IgG4-related periarteritis at the thoracic aortic
arch without evidence of other organ involvement.

CASE REPORT
A 31-year-old Japanese man was admitted to our hospi-
tal because of an episode of hoarseness with no previous
history of any serious disease. He had not been prescribed any
medication. He was a current smoker. On physical examina-
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tion, blood pressure was 116/70 mm Hg, and other vital signs
were within normal range. His left vocal cord was paralyzed
because of recurrent laryngeal nerve paralysis. A chest radio-
graph showed abnormal protrusion of the aortic arch (Figure
1A), and computed tomography (CT) revealed a mass sur-
rounding the aorta at its bifurcation to the subclavian artery
(Figure 1B). **F-fluorodeoxyglucose (**F-FDG) positron emis-
sion tomography (PET) showed increased tracer uptake at the
aortic arch with no abnormal tracer uptake in other regions
(Figure 1C). The following laboratory data were obtained:
serum C-reactive protein, 0.62 mg/dL; erythrocyte sedimenta-
tion rate, 41 mm/hr; IgG, 1884 mg/dL; IgG4, 263 mg/dL;
serum soluble interleukin-2 receptor, 458 U/mL; and absence
of detectable antinuclear antibodies. IgG4 subtype accounted
for 14.0% of the IgG fraction. CT and magnetic resonance
imaging showed no abnormality in the lymph nodes, pancreas
or retroperitoneum. Histologic analysis of the thoracoscopic
biopsy specimen of the mass at the aortic arch demonstrated
diffuse infiltration of lymphoplasmacytes and marked fibrosis,
with no significantly atypical cells (Figures 2A and 2B).

Immunostaining for CD3 and CD20 showed that the
lymphocytes were polyclonal and included mainly CD20-pos-
itive B cells and CD3-positive T cells. The number of CD20-
positive B cells was larger than that of CD3-positive T cells
(Figures 3A and 3B). In addition, immunostaining for IgG4
revealed many IgG4-positive plasma cells within the lesion
(Figure 3C). On the basis of these findings, we made the
pathologic diagnosis of IgG4-related periarteritis localized to
the aortic arch. IgG4-positive disease frequently accompanies
sclerosing pancreatitis. However, magnetic resonance cholan-
giopancreatography showed that in this patient, the pancreatic
duct and bile duct were intact. No finding characteristic of
sclerosing pancreatitis was observed. Consequently, we treated
him with 40 mg of prednisolone daily for localized IgG4-
related periarteritis. Eight weeks later, hoarseness was found to
have gradually ameliorated, the chest radiograph and CT scan
revealed improvement of the periaortic mass (Figures 4A and
4B), abnormal '®F-FDG uptake of the aorta on PET scanning
was reduced (Figure 4C) and all laboratory data were within
normal range. We tapered the dose of prednisolone to 5 mg,
and no signs of recurrence have been observed during the
follow-up examinations (1 year).

DISCUSSION

IgG4-related sclerosing disease was first reported as
sclerosing pancreatitis.? Since then, patients with histologically
proven IgG4-positive plasma cell infiltration and/or markedly
elevated serum IgG4 levels are being increasingly diagnosed.
These abnormal findings lead to the development of IgG4-
related diseases, which may affect different organs or tissues
such as the bile duct, the salivary glands and the retroperito-
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Localized 1gG4-Related Periarteritis

FIGURE 1. Before the
corticosteroid therapy,
the chest radiograph (A)
showed an abnormal
protrusion of the aortic
arch, contrast medium-
enhanced CT (B) of the
chest revealed a periaor-
tic mass in the mediasti-
num and '8F-FDG-PET
(C) showed increased
tracer uptake at the aor-
tic arch.

neum. Chronic periaortitis is characterized as a fibroinflamma-
tory reaction usually affecting the abdominal aorta. Although
the clinical spectrum of chronic periarteritis or periaortitis has
not been well defined, retroperitoneal fibrosis and inflammatory
abdominal aortic aneurysm are considered to belong to this
entity.! Of note, there is an increasing body of evidence
showing that chronic periaortitis is a feature of TgG4-related
sclerosing diseases. For example, in retroperitoneal fibrosis,
thickened fibrotic tissue is characterized by diffuse infiltration
of IgG4-positive plasma cells.5 Moreover, IgG4-related dis-
eases can occur not only in tissues near the aorta but also in the
wall of arteries including coronary arteries.” Therefore, periar-
teritis is an entity similar to periaortitis.

Although in most cases, the abdominal aorta and neighbor-
ing structures are affected, in few cases, only the thoracic aorta is
involved.3? One of the reported cases showed not only fibrosis of
the thoracic aorta but also retroperitoneal fibrosis with raised [gG4
levels and involvement of other organs.® Another patient had an
IgG4-related inflammatory aneurysm of the aortic arch whose
maximum diameter was 55 mm.® In contrast to these 2 cases, no

FIGURE 2. Histopatho-
logic findings of the
periaortic mass biopsy
specimen. Hematoxylin
and eosin staining
showed lymphoplasma-
cytic infiltration inter-
mixed with irregular fi-
brosis (A). Elastic van
Gieson stain revealed
marked fibrosis (B).

© 2011 Lippincott Williams & Wilkins

evidence of other organ involvement or of aneurysmal change of
the aorta was found in our patient.

It has been suggested that chronic periarteritis and
IgG4-related sclerosing disease might represent a systemic
inflammatory disorder rather than local inflammatory dis-
ease, because each is characterized by constitutional symp-
toms and raised inflammatory markers with extended in-
volvement of the aorta.'® However, in our patient, the
inflammatory reaction was restricted to the surrounding
tissue of the aortic arch, and no abnormal involvement of
other organs was detected. The mechanism of solitary and
localized involvement in our patient remains to be identified.
Some investigators have suggested that local inflammatory
reaction to oxidized low-density lipoproteins and ceroids in
the atherosclerotic plaques might cause periarteritis.!! Our
patient was a young man with few risk factors for athero-
sclerosis except for smoking. No atherosclerotic plaque was
found in the biopsy specimen.

A recent study reported that T-helper 2 (T,2) cells and
regulatory immune reactions are upregulated in tissues affected by
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A

IgG4-related sclerosing disease,!? suggesting the involvement of
T,2 cell-mediated immune reaction in the pathogenesis of this
disorder. Nevertheless, we did not evaluate the activity of T,2-
associated cytokines before corticosteroid therapy in our patient.

CT revealed a periaortic mass surrounding the aortic
arch at a narrow region, and 'F-FDG-PET disclosed remark-

B
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FIGURE 3. Immuno-
staining of the biopsy
specimen for CD3 (A)
and CD20 (B) showed
that the infiltrate in-
cluded mainly CD20-
positive B cells and
CD3-positive T cells. Im-
munostaining for 1gG4
revealed many 1gG4-
positive plasma cells
within the lesion (C).

ably localized tracer uptake. According to these findings, other
diseases such as malignant lymphoma should be ruled out.
Soluble interleukin-2 receptor level was found to be within
normal range (458 U/mL), and serum IgG4 was elevated (263
mg/dL). Although these findings may not be characteristic of a
malignant tumor,® pathologic examination was considered cru-

FIGURE 4. After the
corticosteroid therapy,
the chest radiograph (A)
and CT scan (B) re-
vealed a decrease in size
of the periaortic mass.
PET scanning (C) re-
vealed no abnormal up-
take of "8F-FDG at the
aortic arch.

Volume 341, Number 2, February 2011

—B53—



Localized IgG4-Related Periarteritis

cial for the differential diagnosis. Presence of the diffuse
infiltration of the IgG4-positive lymphoplasmacytic cells with-
out the evidence of atypicality was useful in distinguishing
IgG4-related periarteritis from malignant lymphoma in our
case. Serum IgG4 is useful for the diagnosis and evaluation of
IgG4-related periarteritis. '*F-FDG-PET is not specific for the
diagnosis of IgG4-related periarteritis or chronic periaortitis, '3
but it is useful to assess the progression of the disease and
search for other abnormalities in the whole body.

In conclusion, we have presented a case with IgG4-
related periarteritis localized to the thoracic aorta. After the
induction of corticosteroid therapy, the size of the fibrous mass
surrounding the aortic arch decreased, the enhanced uptake of
'8F-FDG also decreased and recurrent nerve palsy disappeared.
In this patient, accurate diagnosis led to suitable treatment.
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RETRACTION

Respiratory Stress Response: A Novel Diagnostic Method for Detection of Significant Coronary Artery Disease From
Finger Pulse Wave Analysis During Brief Respiratory Exercise: RETRACTION

The authors have informed us that the above article by Dr. Shiyovich et al published in The American Journal of the
Medical Sciences contains results that were significantly biased. The authors continued investigating the above novel
diagnostic test in additional studies in the target population — ambulatory patients referred to evaluate the presence of
significant coronary artery disease and found much lower diagnostic efficacy. In cooperation with the developing company
(SPIROCOR) the authors meticulously reanalyzed the above study results and found that the results of the new test were
matched incorrectly with the gold standard (QCA) in a significant amount of cases, hence the results reported in the
published article were significantly biased and not reliable. This incorrect matching is the subject of an ongoing
investigation. Retrospectively, the authors believe it was nearly impossible to notice this incorrect matching at the time,
Following these findings SPIROCOR is shutting down all clinical studies and activities. Importantly, the new test has not
been implemented into clinical use anywhere in the world.

We are therefore retracting the paper by Dr. Shiyovich et al published in The American Journal of the Medical Sciences.
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