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Risk Stratification Assessed by Combined Lung and Heart
Iodine-123 Metaiodobenzylguanidine Uptake in Patients With

Idiopathic Dilated Cardiomyopathy

Yuichi Kamiyoshi, MD?, Yoshikazu Yazaki, MD, PhD"#*, Kazutoshi Urushibata, MD",

Tomonori Koizumu, MD, PhD", Hiroki Kasai, MD?, Atsushi Tzawa, MD?,

Osamu Kinoshita, MD, PhD*, Minoru Hongo, MD, PhD*, and Uichi lkeda, MD, PhD"

lodine-123 metaiodobenzylguanidine ('**1-MIBG) has been used to myocardial sympa-
thetic nervous activity and severity of heart failure. '*I-MIBG is also used as a potential
marker of pulmonary endothelial cell function and may be related to z}:mh‘nonary hypertension.
Thus, we hypothesized that combined assessment of lung and heart '>'I-MIBG kinetics predicts
future clinical outcome more accurately than myocardial evaluation alone in patients with
chronic heart failure, To test this hypothesis, we examined '*'I-MIBG scintigrams in 62
consecutive patients with idiopathic dilated cardiomyopathy. Anterior planar imazn?es were
obtained 15 minutes and 3 hours after '"Z1-MIBG injection. Cardiac and pulmonary ' I-MIBG
activities were quantified as heart-to-mediastinum activity ratio and lung-to-mediastinum
activity ratio. We introduced lung-to-heart activity ratio as the new '“I-MIBG parameter
including myocardial sympathetic nerve activity and pulmonary endothelial cell function.
Delayed lung-to-heart ratio was correlated with pulmonary vascular resistance (r = 0.48,
p <0.0001), disease duration (r = 0.49, p <0.0001), and number of heart failure episodes (r =
0.55, p <0.0001). During a mean follow-up of 25 months, 15 patients had a cardiac event. Area
under receiver operating characteristic curves for prediction of the event was greatest in
delayed lung-to-heart ratio (lung to heart 0.92, heart to mediastinum 0.83, lung to mediastinum
0.80). In multivariate analysis, the lung-to-heart ratio (hazard ratio 2.76/0.1 increase, p = 0.002)
was selected as an independent predictor for a future cardiac event. In conclusion, the com-
bined assessment of lung and heart '**I-MIBG uptake may help to predict future clinical
outcome for patients with idiopathic dilated cardiomyopathy more accurately than myocardial

evaluation alone.
1482-1486)
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The purpose of this study was to evaluate not only myocar-
dial uptake but also lung uptake of '*I-MIBG in patients
with idiopathic dilated cardiomyopathy (IDC) and to inves-
tigate the relation of lung, heart, or combined lung and heart
I3 MIBG parameters with clinical variables and outcome,
Todine-123 metaiodobenzylguanidine ('Z1-MIBG) is an an-
alog of guanethidine that is metabolized in a manner qual-
itatively similar to that of norepinephrine' and has been
used 10 assess myocardial sympathetic nervous activity. We
previously demonstrated cardiac sympathetic denervation in
patients with familial amyloid polyncuropathy using this
tracer > A decrease in myocardial "*I-MTBG uptake corre-
lates with severity of heart failure and prugnt:sis,“”
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Methods

We recruited 62 consecutive patients with IDC diagnosed
from April 1996 to November 2002 and meeting the
following criteria: left ventricular diastolic diameter =55
mm and left ventricular ¢jection fraction <40% as deter-
mined by left ventriculogruphy or echocardiography.
There were 45 men and 17 women with a mean age of 53
+ |4 years. Average ejection fraction was 31 £ 10%, and
left ventricular end-diastolic diameter was 67 = 11mm.
All patients underwent coronary angiography and endo-
myocardial biopsy to cxclude cases with ischemic or
inllammatory cardiomyopathy. Diabetic patients requir-
ing medical treatment were excluded from this analysis.
Patients with chronic pulmonary diseases were also ex-
cluded.

All patients underwent '“I-MIBG imaging for =3
months during swbilization of heart failurc. New York
Heart Association functional cliss assessed at the ume ol
MIBG study showed 9 patients in ¢lass 1, 36 in class 1, and
17 in class L All patients were being treated with angio-
tensin-converting enzyme inhibitors and 45 patients with p
blockers, There wus no trearment possibly interfering with
PULMIBG uptake. Echocardiographic and hemodynamic
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Figure 1. "“"-MIBG inage of a case of dilated cardiomyopathy shows a
decrease i hean uptake and an increase in long uptake. H = hean; L =
lung: M = mediastinum

assessments were performed within 1 week before or alter
scintigraphic study.

Under conditions of rest and fasting, patients were in-
Jected intravenously with commercially available '*[-
MIBG 111 MBgq (Daiichi Radioisotopes Labs, Tokyo, Ja-
pan). Anterior planar images were acquired 15 minutes and
3 hours after mjection and stored in a 64 X 64 matrix by
means of a scintillation camera (model ZLC 7500; Siemens,
Solana, Sweden) equipped with a long-energy, general-
purpose collimator interfaced o a minicomputer (Scintipac
7000; Shimazu, Kyoto, Japan), with a 20% window cen-
tered on the 159-keV photopeak of '**I. Regions of interest
were manually drawn over the heart, upper mediastinum,
and right lung by a nuclear cardiologist without knowledge
of a patient’s data (Figure 1). The total number of counts of
cach regions of interest was determined, and a geomeltric
mean was calculated as counts per pixel. Heart-to-medias-
tinum activity ratio, lung-to-mediastinum activity ratio, and
lung-to-heart activity ratio were then caleulated o quantity
cardiac and lung '"*'I-MIBG uptake. '**I-MIBG washout
rate from the lung and heart was calculated from the differ-
ence between varly and delayed images.

Prospective observation of all patients was performed
during a mean follow-up of 25 = 18 months (range 1 to 60).
The end point of this study was defined as o cardiae event
including worsening heart failure requiring hospitalization,
sustained ventricular tachycardia, and cardiac death. Dis-
case duration was caleulated on the basis ol the time pa-
uents had initial heant failure symproms, We also assessed
the number of previous New York Heart Association func-
tional class TV heart Tailure episodes belore scintigruphy.

Student™s £ test was used (o compare all continuous
variables expressed as mean = SD of the 2 groups. Inci-
dence was compared by chi-square tests. and correlutions of
FH-MIBG parameters with various clinical variables were
determined by least-squares linear regression analysis. Cor-

—20
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Table |
Relation ol ioding- 123 metaiodobensylguanidine parumeters with
hemodynamic parameters and history of hean failure
Vanahles Delaved  Delayed  Delayed
LM HM 1/H
Pulmonary capillary wedpe pressune
r value 032 =0.19 035
p value 0.016 0.146 0.006
Mean pulmonary anery pressure
r value D32 =031 0.45
p value 0014 0016 <0,0001
Cardiac index
r value -0.32 0.056 =021
p value nms 0.67 0.105
Pul y vascular ¢
r value 023 =044 0.48
p value 0.088 0001 =0.0001
DMisease duration
rvalue 046 -027 049
p value <0.000] 0043 <0,000]
No, of New York Hean Association
class IV heant failure episodes
r value 0.35 ~0.41 0.55
i value 0007 001 <L

Resulis of linear regression analysis are presented
H/M = hean-to-mediastinum activity ratio; [/H = lung-to-hean activity
ratio; LM = lung-to-mediastimum activity ratio.

relation coefficients are shown as Pearson r values. Receiver
operating characteristic ana!g‘sis was used (o select the most
appropriate indicator of '*[-MIBG. Survival rates were
estimated with the Kaplan-Meier method, and differences in
survival were assessed with log-rank test. Univariate and
multivariate analyses of event risks associated with selected
clinical vanables used the Cox proportional hazard model
(SPSS 9.0: SPSS, Inc., Chicago, Winois). A p value <0.05
was considered statistically significant,

Results

Delayed lung-to-mediastinum activity ratio weakly corre-
lated with mean pulmonary artery pressure and cardiac
index and closely correlated with disease duration (Table 1)
Combined lung and heart '2*I-MIBG pacameter (delayed
lung-to-heart activity ratio) showed close correlation
with meuan pulmonary artery pressure, pulmonary vascu-
lar resistance, number of previous New York Heart As-
sociation class IV heart failure episodes, and disease
duration (Table 1),

During the follow-up periods, cardiac events occurred in
15 patients. with [0 having worsening heart falure and 5
sudden deaths. Of the varous parameter comhinations,
lung-to-heart activity ratio was the most elfective of the 3
"M-MIBG parameters to predict the occurrence or absence
of a future cardiac event (Figure 2).

Receiver operating charactenistic analysis (Figure 3)
showed that the curve of delayed lung-to-heart activity ratio
was situated clearly left of delayed lung-ro-mediastinum
activity ratio and heart-to-mediastinuim. activity vativ, and
the area under the curve was largest for delayed lung-to-
heart activity ratio (lung (o mediastinum (0799, heant o
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Figure 2. Companson of {A) delayed hean-to-mediasunum activity rano (HIM[D]), (B) delayed lung-to-mediastinum activity ratio (L/M[D]). and (€) delayed
lung-to-heart activity ratio (L/H[D]) of MIBG between patients with a cardiac event and event-free patients

mediastinum 0.828, lung (o heart 0.921). Receiver operating
charactenistic analysis also indicated that the optimal cut-off
point of lung-to-heart activity ratio was 1.1, Event-free
survival of patiemts with a delayed lung-to-heart activity
ratio Atl.1 was significantly worse than that of patients
with a delayed lung-to-heart activity ratio <1.1 (log-rank
test 19.4, p <0.0001; Figure 4),

Univanate predictors are presented in Table 2. Age. left
ventricular ejection fraction. pulmonary capillary wedge
pressure, delayed heart-to-mediasunum acuvity ratio, de-
layed lung-to-mediastinum activity ratio. delayed lung-1o
heart activity ratio, and heart 7 -MIBG washout rate were
ussociated with o futore cardiae event, Cox muluple vari-
able logistic regression model with a backward stepwise
approach including 10 clintcal varables (age. gender.

delayed heart-to-mediastinum ratio, delayed lung-to-me-
diastinum ratio, delayed lung-1=-heart ratio, heart wash-
oul rate, lung washout rate, left ventricular ejection frac-
tion, cardiac index, pulmonary l..:pll[.nry wedge pn,ssmc)
identified delayed lung-to-heart activily ratio, heart I
MIBG washout rate and pulmonary capillary wedge pres-
sure as independent predictors of a future cardiac event
(Table 3),

Discussion

The major finding of our study is that the combined lung-
w-hean uptake ratio of "-MIBG is associated with pul-
monary hemodynamics and history of congestive heart fuil-
ure in paticnts with IDC and seems 0 be supenor to
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Figure 3. Revaving operating charactenstics curves of ' I-MIBG param-
eters for prediction of a future cardiac event according to hean-to-medi-
astinum activity ratio (dorred fine), long-to-hean activity ratio (black solid
fime ), and lung-to-mediastinum actvity mbo {gray solid fine).
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Figure 4 Kaplan-Meier survival curves by best cut-off point of lung-to-
heart activity ratios < L1 (solid line) and =10 (dorted line) obtained from
receiver operting characteristics analysis.

assessiment of heart uptake alone for prediction of clinical
outcome. To the best of our knowledge, ours is the first
reported study assessing the prognostic value of not only
heart but also lung "I-MIBG kinetics.

'"L.LMIBG has been used 10 assess the functioning of
pulmonary capillary endothelium under a vanety of exper-
imental or clinical conditions.” " Transport of '**[-MIBG
across the capillary endothelial cell membrane of the lung,
like that of serotonin and norepinephrine, requires normal
cell function.""'? Decreased pulmonary '"*'I-MIBG uptake
has been reported in various animal models and clinical
condittons such as bleomycin-treated rat Iungs.” sheep
lungs with endotoxemia,'? prolonged hypoxia.” pheochro-
mocytoma,® and high-altitade pulmonary edema.”

Several studies have demonstrated that pulmonary he-
modymamics 1s assoctned with lung I.I"Ililki.' ol the biogenie
amine and "EMIBGH Mu e al' speculated that in-
creased lung uptake of "I-MIBG in patients with heart
lailare might be due w an inereased permeability of puline-
nary endothehal cells Our resulis are in agreement with
those reports, but the correlation was weak in our data, Of

Tahle 2

Unbvariate analysis for o candiae event

Yariahles Wald

Harard Ratin P Value
(93% C1)
Age* 4200 105 (1.00-1.09) 0.040
Male pender P36 668 (088-509) 0067
Left ventnicular ejection 301 094089099 0022
fraction®
Pulmonary capillary wedge 162 L (1L0-L16) 006
pressure®
Cardiac index” 351 DBTI0.75-1.01) 0,061
Dielayed heant-to-mediastinum 108 A (1.55-4) 860 AN
fatio’
Delayed lung-to-mediastinuin o | 5841.19-2.09) 0.002
i’
Dielayed lung-to-hcan ratio’ 25t 15801.30-193)  <0.0001
Hearnt washout rare® 631 L4 (1.01-1.0T) 0.011
Lung washout rate® LRY  L03(099-1.07) 07

Hazard ratio reflects risk with increases of 1™ and 015"
C1 = confidence interval

Table 2

Multivadate analysis for a cardine event

Variables Wald Hazard Ratio p Value
(95% C1)

Delayed lung-to-hearn ratio® 9.47 27601 45-52T) n.002

Hean washour rare’ 6.01 Largnoz-1.2n 0.014
Pulmonary capillary wedge 451 112 11.01-1.25) 0034
pressure’

Hazard ratio reflects risk with increases of 0.1* and |

special interest was our finding of a positive correlation of
lung '"PI-MIBG accumulation with disease duration and
frequency of New York Heart Association functional class
IV hean failure episodes. These results suggest that long-
term or repetitive exposure to high pulmonary artery pres-
sure may cause a [unctional change ol pulmonary endothe-
lial cells in patients with heart failure,

Many studies have tried to evaluate the prognostic value
ol chronic heart failure," and it was found that an increase
in plasma norepinephrine has a negative impact on progno-
sis for patients with chronic heart failure,'” and that an
inerease 1 cardiae sympathetic nervous aetivity seemed 1o
have a greater ngnmtic value than whole-body sympa-
thetic activity.'" Thus, it has been reported that cardiac
'MLMIBG uptake. which largely reflects altered myoeardial
noradrenergic pathway dysfunction, is related o prognosis
for patients with heart failure. > 18 However, Cohen-Solal
et al'” found that peak oxygen consumplion per unit time
obtained from cardiopulmonary exercise testing had a
greater prognostic value than cardiac '*'I-MIBG uptake.
Runge of interest placed over the heart for obtaining mea-
surements overlaps with the lefi lower lung field, so that in
cases of increased lung "'I-MIBG uptake. actual "I
MIBG uptake i the myocardinm seems o be overestimated
cven if patients have severe heart failure

In the present study, we first introduced lung-to-heart
activity ratio o "MIBG s o new parameter, which may
include myocardial sympathetic nerve activity and pulmo-
nary endothelial cell function. Indeed, the combined lung-
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to-heart parameter more sirongly reflected severity of he-
modynamic abnormalities and history of congestive heart
failure than heart or lung "*'I-MIBG parameter and was
chosen as the most powerful predictor for a future cardiac
event in our .mulxs:s Thus. the combined ussessment of
lung and heart 'I-MIBG activily can more accurately
predict future clinical outcome than heart or lung evaluation
alone.

There are several limitations in this slud)' First, we could
not compare pulmonary uptake of "*'I-MIBG with that of
thallium-201 because an increase in lung uplukc ul' thalli-
um-201 is also associated with clinical outcome.® Second.
pulmonary "*'I-MIBG kinetics may in part represent sym-
pathetic nerve activity in the lung. There are 2 mechanisms

of '""I-MIBG accumulation such as neuronal uptake and
storage in the sympathetic nerve ending (neural component)
and uptake in another site such as vascular endothelial cells
(non-neural component). Sympathetic nerves are present in
the walls of 30- to 300-pm pulmonary arteries and of larger
pulmonary veins,®' and stimulation of the sympathetic
nerves causes pulmonary vasoconstriction and increased
transcapillary lymph and protein flow in the lung.®? Al-
though we need Lo contirm the precise mechamism of pul-
monary '3L.MIBG kinetics, accumulation in the lung may
be influenced by pulmonary endothelial cell function (non-
neural component) because lung uptake was not correlated
with heart uptake in our patients with IDC (data not shown).
Our study is stll of a preliminary nature because the number
of patients was small and the Tollow-up period was not long
cnough, so that more extensive case studies and longer
follow-ups are required to validate the present results. If
validated, our resulls may provide new insights into risk
stratification for patients with IDC.

Sisson JC, Wieland DM, Sherman P, Mangner T, Tobes MC. Jacgues
§ Jr. Metaiodobenzylguanidine as an index of the adrenergic nervous
system integrity and function. J Nuc! Med 1987.28:1620-1624,

2. Tanaka M, Hongo M, Kinoshita O, Takabayashi Y, Fujii T, Yazaki Y.
Isobe M, Sekiguchi M Iodirue-ll! metaiodobeneylguanidine scinti-
graphic of m le innervation in patients
with familial amyloid polyneum-;mhy I Ami Coll Cardiol 199729;
168174,

Schofer J, Splellmnn K. S:huchm A, Weber K. Schiuter M, Todine-
123 iod ylg scintigraphy a non invasive method 1o
demonstrate myocardial adrenergic disintegeity in patients with idio-
pathic dilated cardiomyopathy, J Am Coll Cindiol 1988,12:1252-

-

1258.
4 Glowniak JV. Tumer FE, Gray LL, Palm RT, Iugunur. -Solar MC,
Woodward WR. lodine-123 iodot ging of the

hear in idiopathic congestive c.mlmnynpnlh)- and cardiag (ransplants,
J Nucl Med 1989;30:1182-1191,

Merlet P, Valette H, Dubois-Rande J1., Moyse D, Duboc D, Dove P,
Bourguignon MH, Benvenul C, Duval AM, Agostini 1. Prognostic

[

-~

22,

- Murashimna §, Takeda K, M

The Americens Joursatl 1of Cardiology (o ASCondine org)

value of cardiac dobeneylg

U ging in patients with
heart failure. J Nuel Med 1992, 33.471- 477

. Eisenholer G. Friberg P, Rundgvist B, Quyyumi AA, Lamben G. Kaye

M. Kopin 11, Goldsten DS. Esler MD. Cardisc sympathetic nerve
lunction in congestive hean (ailure, Circulation 1996:93: 16671676
Richalet I, Merlet P, Bourguignon M, Vaysse 1, Larmignat P, Boom
A. MIBG scintigraphic assessment of cardiac adrenergic activity in

w altitude hyposia. J Nucl Med 1990:31-34-37

. Suga K, Tsukamoto K. Nishigauchi K. Kume N, Matsunaga N,

Hayano T. fwami T. lndmc-l"‘—Ml'BG imaging i pheochromocy-

toma with cardiomyopathy and pul v ederma. J Nurl Med 1996;
37:1361-1364.

. Kowumi T, Knbo K, H ka M, Y H. Y 5. Fupi
T. Kobayashi T. Senal scintigraphi of iodine-123 meta-

iodobenzylguanidine lung uptake in a patient with high-aliinnde pul-
monary edema. Chesr 1999,116:1129-1131

. Unlu M, Inanir S. Prolonged lung retention of iodine-123-MIBG in

diabetic patients, J Nucl Med 1998;39:116-118.

- Slosman DO, Davidson D). Brill AB, Alderson PO "' l-metaiodoben-

rylguanidine uptake in the isolated rat lung a potential marker of
endothelial cell function. Eur J Niecl Med 1988:13:543-547.

. Slosman DO, Polla BS. Donath A. '*'I-MIBG pulmonary removal: a

biochemical marker of mimimal lung endothelial cell lesions. Eur
I Nucl Med 1990;16:633-637.

Mu X, Hasegawa S. Yoshioka J. M A, Maruyama K, Paul AK,
Yamaguchi H, M. i T, Hasha K, Kusuoka H, Nishimura T
Clinical value of lung uptake of idine- 123 metaindobenzylgoanidine
IMIBG). a myocardial sympathetic nerve imaging agent, in patienis
with chronic beart fuilure. Ann Nucl Med 2001;15:411-416

. Eichhom EI. Prognostic determination in heant failure. Am J Med

20011 1isuppl); 145-33S,

Cobn IN, Levine TH. Olivan MT, Garberg V. Lura D, Francis G5,
Simon AB, Rector T. Plasma norepinephrine as a guide to prognosis in
patients with chronic congestive heant faillute. N Engl J Med 1984,
JLR19-823

- Dae MW, Marco TD, Botvinick EH, O'Connell JW, Hattner RS.

Huberty JP, Yuen-Green MS. Scintigraphic assessment of MIBG up-
take in globally denervated human and canine heans- implications for
climeal swdies. J Nuel Med 1992:33:1444 1450,

. Kaye D, Lefkovits J, Jennings G, Bcrgm P, Broughton A, Esler MDD,

Adverse q of high sy ic nervous activity in the
failing human heart, J Am Coll Cardiol 1995:26:1257-1263.

. Merlet P, Benvenuti C. Moyse D. Pouillart F, Dubois-Rande JL, Duval

AM Lunmct D. Castaigne A. Syrota A. Prognostic value of MIBG
g in idiopathic dilated ¢ yopathy. J Nucl Med 199940
'IIT-GIJ.

. Cohen-Solal A, Fsanu Y, Logean D, Peszione F, Dubois C, Dreyfus G,

Gourgon R, Merler P. Cardiac metaiodobenzylguanidine uptake in
patients with moderate chronic heant faulure: relationship with peak
oxygen uptake and prognosis. J Am Coll Cardiol 1999,33.759-766,

. Gill JB, Ruddy TD, Newell JB, Finkelstein DM, Strauss HW, Boucher

CA. Prognostic of uptake by the lung during
exereise in umm.lrp antery discase. N Engl J Med 1987:317: 1486
1489

K. Yamakado K, Sa H.
Kitano T, Nakagawa T, [chihara T, Yamakado T, Murata K. Increased
lung uptake of iodine- 123-MIBG in dinbetics with sympathetic ner-
vous dysfunction. J Nucl Med 1998;39:334-338

Fillenz M. Inncrvation of pulmonary and bronchial blood vessels of
the dog. J Anat 1970:106:449-461.




International Jouraal of

Cardiology

International Journal of Cardiology 131 (2009) 240 - 245

www. elsevier.com locate yjeard

Anti-betal-adrenoreceptor autoantibodies and myocardial sympathetic
nerve activity in chronic heart failure

Shin-ichi Aso®, Yoshikazu Yazaki**, Hiroki Kasai *, Masafumi Takahashi ®,
Taku Yoshio ©, Keiji Yamamoto, Uichi Tkeda®

* Division of Cardiovascular Medicine, Shinshu Universin: School of Medicine, Matsumoto, Japan
Y Department of Organ Regeneration, Shinshu University Graduate School of Medicine, Matsumato, Japan
* Division of Rhewmatology and Clinical Immunology, Jichi Medical University, Tochig, Japan
“ Division of Cardiovascular Medicine. Jichi Medical Umversity. Tochigi, Japan

Received 4 March 2007; received in revised form 15 September 2007: accepted 27 Ocober 2007
Available online 15 January 2008

Abstract
Buckground: The autoantibodies stimulate the betal-ad eptors on cardiac myocytes sumilar to pinephrine, and are inted with
fuced cardiac function. lodine-123 metsiodobenzylguanidine ('*'I-MIBG) is metabolized similarly w norepinephrine. This study was

undertaken to investigate the relationship between cardiac stimulation by anti-betal-adrenoreceptor autoantibodies and myocardial
sympathetic nervous activity in patients with chronic heart failure.

Methods: We screened for the anti-betal-ad plor awoantibodies in 52 patients with chronic heart failure by conducting an enzyme-
linked immunosorbent assay, and underwent '**I-MIBG scintigraphy in 27 of the patients. Anterior planar images of PHMIBG were
obtained 15 min and 3 h after the injection. We determined the heart to mediastinum radioactivity ratio (H/M), and calculated the rate of
washout of '*'I-MIBG from the heart.

Resules: Patients with New York Heart Association functional class [T or IV had higher levels of anti-beta| -adrenoreceptor autoantibodies than
those with class T or Il (2<0.01). The autoantibody level was significantly correlated with delayed H/M (r=-0.65, p<0.001) and washout rate
{r=0.65, »<0.001), Sixteen patients with » cardiac event showed higher levels of the autoantibodies (p<0.05). Cardiac event-free survival was
poorer in patients with the autoantibody levels > 10 U/ml than that <10 Ufml (log-rank=12.1, p<0.001)

Conclusion: The anti-betal-ad ptor autoantibodies are closely sssocinted with cardiac sympathetic nervous activity assessed by
FLMIBG and cardiac event in patients with chronic heart failure.

i 2008 Elsevier Ireland Ltd. All rights reserved.

Kevwords: Anti=betal -ad , ibody; Cardiae sympathetic nervous activity lodine-123 metaiodobenzylguanidine; Chronic heart failure
1. Introduction antibodies against betal-adrenoreceptors has long been in-
vestigated in expenmental models [2—4] and human DCM
Various autoantibodies against cardiac cellular proteins, [5-7] or ischemic cardiomyopathy [6]. The autoantibodies
which might be related 10 the progression of cardiac injury. stimulate the second extracellular domain of the betal-
have been identified in patients with dilated cardiomyopathy adrenoreeeptor like norepinephrine, and are associated with

(DCM) and heart failure [1]. The pathogenetic role of auto- reduced cardine function in patients with heart failure [6].
4 § 133 .y s
. lodine-123 metaiodobenzylguanidine (" 1-MIBG) 1s an
) ) ? i analogue of guanethidine that is metabolized in a qualita-
* Comesponding author. Division of Cardiovaseular Medicine, Shinshu i bl ]._ ; ) : h t the synaptic
Uiiversity Sehool of Medicine, Asali 3«1-1. Matsumoto 390-8621, Japan. Hvely slmrdr macney do nOmHISpIANe o ” :_-}' A
Tel +%1 363 37 1486, fax; <81 17 1430 nerve terminal, and has been used to assess myocardial sym-
E-anail wilidress: vaeabvesa b md imsb-uae jp (Y. Yozaki) pathetic nervous activity 8] Increased neuronal release of

D6HT-5273 5 - see front matter v 2008 Elsevier lrelind Lub All myhes reserved
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norepinephrine and decreased efficiency in the reuptake of
norepinephrine through the uptake-1 mechanism contribute
to the increased cardiac adrenergic drive 1n congestive
heart failure [9). Increased washout and decreased uptake
of '""'I-MIBG in the myocardium are related to the sever-
ity and prognosis of heart failure [10,11]. The uptake-|
function and beta-receptor downregulation can be evaluated
by '"PI-MIBG imaging [12,13]. Therefore, we hypothesized
that cardiac stimulation by the anti-betal-adrenoreceptor
autoantibodies is associated with enhanced myocardial sym-
pathetic nervous activity and poor clinical outcome in
patients with heant failure. The aim of this sudy was to
clarify the relationship berween the anti-betal-adrenorecep-
tor autoantibody level and '**I-MIBG parameters in chronic
heart failure patients. Prognostic value of the autoantibody
was also investigated in this study.

2. Patients and methods
2.1, Study patients

We screened for anti-betal-adrenoreceptor autoantibodies
in 52 patients with stable chronic heant failure who had
expenienced at least one previous episode of exacerbation
of symptomatic heart failure requiring hospitalization.
There were 28 men and 24 women with an average age of
58.5+ 12,6 years, including 8 patients with ischemic cardio-
myopathy and 44 with non-ischemic cardiomyopathy. The
ischemic etiology was defined by the presence of angiogra-
phically advanced coronary artery disease (>75% stenosis of
> | major coronary arteries). Active myocarditis was excluded
by cardiac biopsy in DCM patients. Forty patients showed
systolic dysfunction with a left ventricular ejection fraction
<50%, and the other 12 had preserved left ventricular systolic
function. All patients had been taking a stable dosage of oral
medications (e.g., angiotensin-converting enzyme inhibitors
or angiotensin receptor blockers, and diuretics) for at least
three months. Twenty-tree patients were on carvedilol at the
time of the examination. We underwent '*I-MIBG scinti-
graphy for 27 patients of the 40 patients with systolic dys-
function. Blood samples were also obtained as a control from
23 normal subjects. Our institutional committee on human
research has approved this sudy protocol. We obtained wnitten
informed consent from all patients and normal subjects.

2.2, Measurements of the anmti-betal-adrenoreceptor
ﬂ.l.ﬁf]uﬂ“"hﬂl!ﬂ.‘&'

We measured the level of anti-beta | -adrenoreceptor auto-
antibodies using an enzyme-linked immunosorbent assay.
We used synthesized peptides corresponding to the sequence
of the second extracellular loop of the human betal-adreno-
receptor (Peptide Institute Inc., Minoh, Japan). Wells of
O6-well microtiter plates (SUMITOMO BAKELITE Co.,
Lid. Tokyo. Japan) were incubated for 2 h ar 37 °C with
100 plwell of WSC (1-Ethyl-3-{3-dimethylaminopropyl)
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carbodiimide, hydrochlonde; Dojindo, Kumamoto, Japan) at
10 mg/ml in phosphate-buffered saline (PBS), pH=58.
After 3 washes with 200 pliwell of PBS (pH =5.8), wells of
the plates were coated with 100 pliwell of the synthetic
peptide-BSA conjugates at 5 pg/ml of the synthetic peptide
in PBS at 37 °C ovemight. The wells were blocked with
Block Ace (Dainippon Pharmaceutical, Osaka, Japan)
diluted 1:4 with distilled water at 4 °C overnight. Serum
samples were diluted 1:500 in PBS containing 1% bovine-
serum albumin, and added to the synthetic pepude con-
Jugate-coated wells at room temperature for 2 h. The rest of
the process was performed as previously described™*,
The values for the anti-betal -adrenoreceptor autoantibodies
were determined from a standard curve of optical density
using high-titer positive serum as previously reported
[14,15)] and expressed as arbitrary units/ml.

2.3 " IMIBG imaging

A lugol solution (40 mg iodure/day) was administered
orally for 2 days before the scintigraphic examination, After
a 20-minute rest period, a dose of 111 MBq of commercially
available '*'1-MIBG (Daiichi Radioisotopes Labs; Tokyo,
Japan), was intravenously injected. Anterior planer images
were acquired 15 min and 3 h after the injection and were
stored in a 64 * 64 malrix using a scintillation camera (model
ZLC 7500; Siemens; Solana, Sweden) equipped with a long-
energy, general purpose collimator interfaced to a mini-
computer (SCINTIPAC 7000; Shimadzu; Kyoto, Japan). The
cnergy window was sct at the 159 keV photopeak of iodine-
123. Regions of interest were manually placed over the heart
and upper mediastinum (Fig. 1). Size and positioning were
checked with the anterior view of the chest radiograph. The
total counts of each region of interest were measured, and a
geometric mean was calculated as counts per pixel. The

Fig. 1 LMIBG £ An arterior planar image s shown in this pancl
Sce Pauems and methods’ section. 11 hearn: " EMIBG: wodinel 23
mectarodobenzyipuanidme: Lo hiver: M- meduastmum
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heart-to-mediastinum  radioactivity ratio (H'M) was then
calculated to quantify cardiac "**1-MIBG uptake. The mte of
which "I-MIBG was washed out from the heart was
defined as the percent change in heart activity between the
early and delayed images within the heart region of interest
as follows: washout rate = ([H-M] carly) - ([H-M] delayed)
([H=M] early)> 100 (%).

2.4. Assessment of clinical findings for heart failure

We investigated the medical records of all patients and
reviewed clinical findings and medications. New York Heart
Association functional status was estimated at the time of
sample acquisition, without knowledge of anti-betal-adre-
noreceptor autoantibody levels. We obtained hemodynamic
data (pulmonary capillary wedge pressure, mean pulmonary
wedge pressure, and cardiac index) and echocardiographic
variables (diastolic diameter, systolic diameter, and ejection
fraction of the left ventricle). These examinations were done
around the time the sample of anti betal-AR autoantibody
sample was acquired, Follow-up information was also inves-
tigated to determine the presence or absence of a cardiac
event including cardiac death or hospitalization due to wors-
ening heart failure, ischemic event or grave arthythmias,

2.3. Statistics

All continuous data are expressed as mean=5.D and the
statistical analyses [or two groups were performed with the
unpaired Student’s ¢ test, The differences among three
groups were analyzed by ANOVA, The chi-square test was
used to compare dicholomous variables. The comelation
between anti-betal -AR antoantibody levels and '*1-MIBG
parameters was examined using least squares linear regres-
sion analysis. The correlation coefficients are Pearson’s r
values. Cardiac event-free survival was estimated by
Kaplan-Meier's method using the log—rank test. For anti-
betal-adrenoreceptor autoantibody levels, we used the
median as cutoff value 1o compare the survival curves, Dr
SPSS 11 for windows (SPSS Japun Inc., Tokyo, Japan) was
used for statistical analysis, A probability (p) value of <0.05
was considered to be stanstically significant.

3. Results

3.1 New York Heart Association functional class and anti-
hetal-adrenoreceptor autoantibodies

Anti-betal-adrenoreceptor autoantibody levels in patients
with heart failure and normal volunteers are compirred in
Fig, 20 The mean values of the awtoantibodies in both
patients with New York Heart Association functional elass |
or 11 (n=32) and ¢lass 1 or IV (0=20) were sienificantly
higher than those in the normal contral zroup (cluss | or 11
8.5 3.5 units/ml vs, 6.0=3.0 units'ml, p=0.01: class I or
IVE 155254 unusiml vs, 6.0 3.0 units'iml, p=0.000] )
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Fig. 2. Comparison of anti-betal -adrenorceeptor ibady levels among

nommal controls, and of patients with NYHA functional ¢lass [or 1 and class
1T or IV. NYHA: New York Heart Association. *p<0.01; +p<0.0001;
tp<0.001

Patients with New York Heart Association functional
class [T or IV showed sigmificantly higher anti-betal-
adrenoreceptor autoantibody levels as compared to those
with New York Heart Association functional class | or I
(p=<0.01). There were significant differences in left ventri-
cular end-dinstolic dimension (60.0+8.5 mm vs. 523+
7.6 mm, p<0.01), fractional shortening (18.4+10.4% vs.
2R.0+11.6%, p<0.05), and pulmonary capillary wedge
pressure (15.5+7.8 mm Hg vs. 99244 mm Hg, p<0.05)
between the patients with New York Heart Association
functional class T1T or [V and 1 or 1.

There was no statistically significant difference in the
autoantibody levels between patients with and without beta-
blocker therapy (10.1£5.1 units/ml vs, 10.7£4,9 units/ml,
p=065).

3.2 New York Heart Association fimctional class and 1231-
MIBG vartables

OF the 27 patients who underwent ' [-MIBG scintigra-
phy, 4 were New York Heart Association functional status [,
11 were status 11, and another 11 were status IT1. Patients with
New York Heart Association functional class 111 or IV
(n=11) had significantly lower early H/M ratio (1.64+0.22
vs 1.95£0.22, p=0.01) and delayed HM ratio (1.51£0.27
vs. 1.86+0.22, p<0.01), and higher washout rate (423+
15.6% vs. 26.2+9.9%, p+=0.01) as compared to those with
New York Heart Association functional class | or I (1= 16).

33 "AIBG variables and  anni-beta -advenorec epror
arttouantibodies

Relationship between " I-MIBG variables and anti-beta |-
AR autoantibody levels are shown in Fle, 3. The ann betal-
adrenoreceptor autoantibody value is significantly negatively
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Fig 3. Relationship between values for anti-beta l-adrenoreceptor autoanti-

body and '*'I-MIBG variables such as early HM ratio (panel A), delayed H/

M ratio (panel B) and washout rate (panel C). All '**1-MIBG variables were

closely correlated with the swoantibody levels. HM rmtio: heart 10

mediastinum activity ratio; "IIMIBG: iodinel23 metaiodobenzylguani-
dine; NYHA: New York Heant Association.

correlated with carly HM (r=-0.593, p<0.001) and delayed
H/M (r==0.650, p=0.001), and positively correlated with the
washout rate of ' I-MIBG (+=0.651, p<0.001), Echocardio-
graphic and hemodynamic parameters were not correlated
with the autoantibody levels.

3.4 Anti-betal-adrenoreceptor antoantibodies and clinical
onlcome

During a mean follow-up of 35.04 14.3 months, 6 had a
cardiac event including 10 cases of worsening heart failure, 4
cases of sudden death, | case of ventricular tachycardia and |
case of ischemic event with deteriorated heart failure. The
anti-beta | -adrenoreceptor autoantibody titer and '**1-MIBG
pirameters were compared between patients with and without
a cardiae event i Tuble |, The patents with a cardiae event
showed significantly higher values for the autoantibodics
(12757 units'ml vs. 9.3 +4.5 units/ml, p<0.05). Among

Table |
Companson of anti-beta | -adrenoreceptor sutoantibody values and ' *'1-MIBG
vanables between the patients with and without u condiac cvent

(A) All patients (n=32)

Event (+)  Evemt (<)

(n=16) (r1=36) p value
Anti-betal -AR autoantibody (unisml) 12.7=57 93245 <005
{B) Paticnts who underwent '*'[-MIBG scintigraphy (n=27)

Event (+) Event (=)

tm=11) =17 p value

Anti-betal-AR autoantibody (units'ml) 140264 9345 <005
Early HM ratio of "' I-MIBG 1692026 19140.25 <0.05
Delayed HM mtio of '*1-MIBG 1532026 1852025 <001
Washout rate of '*'I-MIBG (%) 4224156 263+100 <001

AR: adrenergic receptor; HM ratio: heart to mediastinum activity mtio,
"HLMIBG: jodinel23 metatodobenzylguanidine,

patients who underwent '**I-MIBG scintigraphy, 11 patients
experienced a cardiac event requiring hospitalization.
Restricted in those patients, the 11 with an event also
showed significantly higher values for the autoantibody
levels (14.0£6.4 units/ml vs. 9545 units/ml, p<0.05).
There were also significant differences in early H/M ratio
(1.69£0.26 vs. 1.91£0.25, p<0.05), delayed HM ratio
(1.53+£0.26 vs. 1.85+0.25, p<0.01), and washout rate
(42.2415.6% vs, 26.3+10.1%, p<0.01) of 'Y I-MIBG.

Cardiac event-free survival was depicted with Fig. 4.
Patients with anti-betal-adrenoreceptor autoantibodies
greater than 10 units/ml revealed a significant worse event-
free survival than those less than 10 units/ml (log—rank =9.4,
p<0.01). Difference in the event-free survival was still
statistically significant in restricted patients who received
'1.MIBG study (log-rank=4.1, p<0.05).

10 1 Anti-betal-AR autoantibody <10uml

Cardiac event-free survival

e

Anti-betal.AR autoantibody >10uw/mi ;
e

-

L] 0 0 30 40 50 L]
months

Fig. 4 Comparson of cordine event-fiee sun wal acconding 1o the vahies for
inti-betal -adrenoreceptor autoantibodies. The difference in the event-free
survival agcording to the Kaplan- Mewr analysis was statishically sipgnificant
as fested by log—rank tes (p - 0,001 Doted hine: patients with antebetal
sdrenorccepror sunsantbody levels eogual woor ater than 10 wmtsul: sold
fie: panents with amn=betal -sdrenvrecepror auoantibody levels fess than

10 wmits il

—37—
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4, Discussion

The principal finding of this study is that levels of anti-
betal-adrenoreceptor autoantibodies closely correlated to the
results of '**I-MIBG scintigraphy and clinical outcome in
patients with chronic heart failure. To the best of our
knowledge, this is the first report to show a relation between
anti-betal-adrenoreceptor autoantibodies and cardiac sym-
pathetic nervous function using "LMIBG.

4.1 Anti-betal adrenoreceptor antoantibodies and severity
of heart failure

Jahns et al. [6] demonstrated that the autoantibody-
positive DCM patients showed significantly deteriorated
New York Heart Association functional class and reduced
cardiac function than autoantibody-negative patients. In their
report, the same tendency was observed in patients with
ischemic cardiomyopathy, but the results were not statisti-
cully significant because of the small number patients. In our
present study, we investigated chronic heart failure patients
including non-ischemic and ischemic eriology, and recon-
firmed their results in relation o NYHA functional.
However, we could not find the association of anti-betal
adrenoreceptor autoantibodies with echocardiographic and
hemodynamic variables. In the Jahns' paper [6). none of
their patients were treated with beta-adrenergic receptor
blockers, and none of them showed preserved systolic
function. In contrast, at the time of the examination, 40% of
our patients were on beta-blockers and 20% showed
preserved systolic function. Therefore, we believe that
these discrepancies are due to different patient characternistics
included in cach study.

A recent experimental study [4] using immunized rats has
demonstrated that DCM-like conditions such as left
ventricular dilatation and systolic dysfunction are induced
by an autoimmune reaction to the second extracellular loop
of the betal-adrenoreceptors. Interestingly, those conditions
can be transferred by the sera from rats positive for the
autoantibodies to healthy rats of the same strain. However,
there is no definitive evidence that the autoantibodies play a
causal role in human DCM,

4.2. Cardiac sympathetic nervous function and anti-betal
adrenoreceptor autoantibodies

The present study focused on the refationship between
anti-betal-adrenoreceptor autoantibody levels and myocar-
dial sympathetic nervous activity assessed by '**I-MIBG
scintigraphy in patients with chronic heart failure. '*'I-
MIBG shares the same reuptake pathway as norepmephrine
through the uptake-1 pathway within the cardiac synapse [¥)
The impuired uptake-1 mechanism and mereased novepi-
nephrine spillover are observed in patients with chronic heart
fatlure [9], and can be evaluated as the decreased heart 1o
mediastnum activity ratio and the increased washout rate of

_38.

"MIBG [10,11.13]. In our study, we demonstrated the
close association between those '“*I-MIBG variables and
anli-beta l-adrenoreceptor autoantibodies, Since cardiac
betal-adrenoreceptors were downregulated in the presence
of receptor-stimulaung anti-betal-adrenoreceptor autoanti-
bodies like norepinephrine [3,4], the association may reflect
the downregulation of the betal-adrenoreceptors caused by
the exposure of anti-betal-adrenoreceptor autoantibodies.
An animal study using '*'I-MIBG and *H-CGP-12177 has
demonstrated that the downregulation of the uptake-| carrier
sites in parallel with the desensitization of the betal-
adrenoreceptors is induced by continuous infusion of high
levels of circulating norepinephrine [ 12]. Long-term agonist-
like actions of anti-betal-adrenoreceptor autoantibodies may
lead to impaired sympathetic nervous function in the myo-
cardium and poor clinical outcome in patients with chronic
heart failure.

4.3, Influence of beta-blocker therapy

Stimulatory effects of the autoantibodies against human
beta-adrenergic receptors are blocked by bisoprolol, a selec-
tive betal -receptor antagonist [6]. A recent report [16] sug-
gests that patients with positive anti-betal adrenoreceptor
autoantibodies had greater improvement in left ventricular
function and better lolerance to metoprolol than negative
patients. Thus, there is a possibility that beta-blocker therapy
influenced our results. In the present study, the autoantibody
levels were similar between patients with and without
carvedilol, a nonselective and vasodilatative third-generation
beta-blocker, The effect of carvedilol on beta-adrenergic
receptor density is different from that of selective betal-
receptor blockers [ 17]. Therefore, status of anti-beta| adreno-
receptor autoantibodies may be less influenced by carvedilol
than selective betal-receptor blockers in patients with
chronic heart failure. We need to investigate serial changes
in anti-betal adrenoreceptor autoantibody levels before and
during beta-blocker therapy, and compare those changes
between carvedilol and selective beta l-receptor blockers.

4.4. Clinical implications and linutations

Removal of autoantibodies belonging to the IgG-3
subclass induces hemodynamic improvement and increased
systolic function in paticnts with DCM [18]. Although anti-
betal-adrenoreceptor autoantibodies are included in the
[2G3, Mobini et al. has reported that the effect of hemo-
dynamic improvement during immunoadsorption was similar
among patients positive and negative for betal-adrenorecep-
tor autoantibodies [19]. Their results suggest that the bene-
ficial effects of immunoadsorption are not directly associated
with the selective elimmation of the betal-udrenoreceptor
autoantibodies [20]. An extremely high incidence of anu-
beta ] -adrenoreceptor autoantibodies is reported in end-stage
DM patients who require mechamcal cardine support [ 5] In
selected patients in whom cardiac function can be normalized
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by mechanical cardiac support, a gradual disappearance of
those autoantibodies accompanies the recovery Other
clinical evidences have documented that the presence of
these autoantibodies is closely related to serious ventricular
arthythmias [21] and predicts increased cardiovascular
mortality risk in dilated cardiomyopathy [22]. Thus,
measurements of the autoantibodies are still important and
useful for the management of chronic heart failure patients.
Furthermore, we demonstrated that the elevated anti-betal-
adrenoreceptor autoantibody levels were associated with
impaired myocardial sympathetic nervous activity and poor
clinical outcome in patients with heart failure. These results
suggest that the autoantibodies may be available as a potential
marker of sympathetic nervous function in the myocardium
like "*I-MIBG. Further case experiences and long-term
follow-up are required to validate our results because this
study included a small number of patients and the follow-up
period was not long enough.

4.5. Conclusions

We investigated the relationship between '*I-MIBG
findings and autoantibodies directed against the betal-
adrenoreceptor in patients with chronic heart failure. The
autoantibodies are closely associated with cardiac sympa-
thetic nervous aclivity assessed by ' -MIBG scintigraphy
and with poor clinical outcome. Our data, thus, confirm that
anti-beta | -adrenoreceptor autoantibodies play a harmful role
on the progression of heart failure at the myocardial synaptic
nerve endings. Measurements of this autoantibody may be
helpful for the monitoring of clinical status and myocardial
sympathetic activity in patients with chronic heart failure.
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Abstract: Several autoantibodies directed against cardiac cellular proteins including G-protein-linked receplors, contrac-
tile proteins and mitochondrial proteins, have been identified in patients with dilated cardiomyopathy (DCM) Among
these autoantibodies. anti-Bl-adrenoreceptor (AR) antibodics have long been discussed in terms of their pathogenetic role
i DEM. Anti-f1-AR antibody-positive patients with DCM showed significant deterioration of NYHA functional class as
well as reduced cardine function compared to those in autoantibody-negative patients. Various studies with a limited
number of patients indicate that the use of immunoadsorption 1o eliminate immunoglobulin G (IgG) significantly im-
proves cardiac performance and clinical status in heart failure patients. Since removal of autoantibodies of the 1gG3 sub-
class induces hemodynamic improvement and an increase in the left ventricular ejection Iraction, antibodies belonging to
1eG3 such as anti-p1-AR antibodies might play an important role in reducing cardiac function in patients with DCM. A¢-
cording fo a recent report, however, the effect of hemodynamic improvement by immunoadsorption threapy was similar
amang patients who were positive and negative for anti-f1-AR antibodies, indicating that the beneficial effects of immu-
noadsorption might be not directly associated with the selective elimination of the BI-AR autoantibodies. Immunoadsorp-
tion therapy 1s a new therapeutic option for patients with DCM and heart failure, but further investigations are required to

ardiomyopathy

elucidute the specific antigens of cardiae autoantibodies responsible for the hemodynamic effects.

Key Words: Cardiomyopathy, adrenoreceptor, autoantibody, immunoadsorption, heart failure.

INTRODUCTION

Dilated cardiomyopathy (DCM) is a progressive myocar-
dial disease characterized by contractile dysfunction and
ventricular dilatation. DCM is not a rare cause of congestive
heart failure and the leading reason for heart transplantation
world wide [1]. Although many different pathogenetic
mechanisms and therapeutic treatments have been discussed,
the ultimate answers to these questions are still Tacking.

AUTOANTIBODIES IN DCM PATIENTS

A variety of experimental studies suggest that alterations
of the immune system might be involved in the pathogenesis
of DCM [2]. A number of antibodies against various cardinc
proteins have been identified in DCM, which can be divided
into sarcolemmal proteins (e.g. myosin, actin, troponin and
tropomyosin), mitochondrial enzymes (e.g. the ADP-ATP
carrier, nicotinamide adenine dinucleotide dehydrogenase,
ubiquinol-cytochrome-c reductase, lipoamide dehydrogenase
and pyruvate dehydrogenase), heat-shock proteins (e.g. hsp70,
hsp60 and hsc70) and surface receptors (e.g. Bl-adrenorecep-
tors (AR) and muscarinic receptors [3-8]. Among these, the
pathogenetic role of autoantibodies against B1-AR has been
well investigated in experimental models [9-11] and human
DCM [12-14]). The B1-AR is a 7-transmembarane G-protein-
coupled receptor abundantly expressed on cardiomyocytes.

* Address correspondence to this author at the Department of Cardiovascular
Medicine, Shinshu University Graduare Schaal of Medicine, 3-1-1 Asahi,
Matsumoto, Nogano 390-8621, Japan, Tel: $1-263-37-3191, Fax 81263«
3793 E-mail wikedw@shinshu-u ue jp

1573403X/08 $55.004,00

Catecholamine binding to the B1-AR transmits an intracellu-
lar signal through a cAMP-dependent protein kinase A
pathway that drives functional alterations in cardiomyocyte
contractility.

Previously, Wallukat and his colleagues observed the
immunoglobulin G (1gG) fraction in sera from DCM patients
could induce a positive chronotropic effect on neonatal rat
cardiac myocytes [15]. That effect was inhibited by the pl-
blocking agent bisoprolol. It has also been reported that up to
33% of patients with DCM produce detectable circulating
autoantibodies directed against epitope regions of the §1-AR
[16], which bind to the second extracellular loop of f1-AR
and cause a sustained stimulation of the cAMP-dependent
protein kinase A pathway, and are finally associated with
reduced cardiac function in those patients [13], The patho-
genic potential of BI-AR-specific autoantibodies was af-
firmed by recent swdies in which recipient rodents devel-
oped DCM after passive transfer of [}1-AR-specific antisera
[17]. Jane-wit et al. [18] also reported that sustained agonism
by BI-AR autoantibodies elicited caspase-3 activation, car-
diomyocyte apoptosis, and DCM in vive.

An extremely high incidence of anti-fi1-AR autoantibod-
ies is also reported in end-stage DCM patients who require
mechanical cardiac support [12]. In selective patients in
whom cardiac function can be normalized by mechanical
cardiac support, a gradual disappearance of autoantibodies
accompanies the recovery. Other clinical evidence have
documented that the presence of these autoantibodies is
closely related 1o serious ventricular archythmias [19.20] and
predicts increased cardiovascular mortality risk in DCM

2008 Bentham Science Publishers 1od.
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[21]. We screened for anti-f1-AR autoantibodies against the
second extracellular loop of human f1-AR in 52 patients
with chronic heart failure, and found that the mean values of
autoantibodies in those patients were significantly higher
than those in normal control subjects (Fig. 1) [22]. Further-
more, during a follow-up of 3 years, patients with cardiac
events had high anti-B1-AR autoantibody titers compared
with patients without cardiac events, Thus, measurements of
the B1-AR autoantibodies are important and useful for the
management of chronic heart failure patients.

Control
(n=23}
p=001
Patients
(n=52)
¥ L
10 20
Anti-f1-AR autoantibody (unitimi)

Fig. (1). Companison of plasma anti-}1-AR autoantibody levels in
patients with chronic heart failure and control subjects.

IMMUNOADSORPTION THERAPY

Removal of B1-AR autoantibodies with immunoadsorp-
tion (IA) is achieved by passing a patient’s plasma over col-
umns that remove immunoglobulins (Fig. 2). This 1A for
patients with DCM was first reported in an uncontrolled pilot
study by Wallukat er al. [23], who showed that this tech-
nique efficiently removed circulating antibodies directed
against the i1-AR. They also observed an improvement in
NYHA functional class in those patients. That study was
followed by other pilot studies that reported an improvement
in short- and long-term hemodynamic effects in patients with
heart failure, who were refractory to conventional medical
therapy [24-26]. Dorffel er al. [24] performed IA on nine
patients with DCM, left ventricular ejection fraction (LVEF)
<25% on 5 consecutive days, During therapy, hemodynamic
parameters were monitored with a Swan-Ganz thermodilu-
tion catheter. In those patients, a significant increase in car-
diac output (from 3.720.8 10 5.521.8 L/min; p<0.01) and a
significant decrease in mean arterial pressure and mean pul-
monary arterial pressure was noted. Felix ef al. [25] random-
ized 25 patients with DCM, LVEF<30% with evidence of
f1-AR autoantibody to 1A therapy vs. conventional therapy.
The treatment group underwent monthly 1A followed by
immunoglobulin substitution for 3 months. IA therapy led to
a significant decrease in fl1-AR autoantibody levels. The
increase in LVEF and improvement of NYHA class were
significantly greater in the treatment group compared with
those in the control group. Muller er al. [26] evaluated 34
patients with DCM with NYHA class 1I-1V, LVEF<29%,
and cvidence of elevated levels of B1-AR autoantibodies.
The active treatment group of 17 patients underwent [A on 5
consecutive days. At | year, the treatment group experienced
a significant increase in LVEF (022 to 0.38, p=0.0001) and
improvement in NYHA class compared with no significant
changes in LVEF in the control group. Staudt ef al. [27]
studied the effect of 1A on plasma nt-BNP and nt-ANP levels

3

theda et al

in 15 patients demonsirating severe heart failure (LVEF<33%)
due to DCM. Four courses of 1A therapy were performed at
monthly intervals until month 3. Three months after IA, pa-
tients demonstrated significant improvement in LVEF, re-
duction in left ventricular dimension and plasma nt-BNP
levels. Those single-center, case-control studies sugeested
that IA therapy could improve NYHA class and LVEF in
subjects with chronic DCM and heart failure

: i

Immusorba
column

Fig. (2). Immunoadsorption using the Immusorba column.

Previous studies used a variety of IA methods including
specific anti-f1-AR antibody binding peptide columns (Co-
raffin®, Affina Immuntechnik) [28], nonspecific sheep anti-
human 1gG columns (lg-Therasorb®, Plasmasclect) [29], or
staphylococcal protein A-agarose columns (Immunosorba®®,
Fresenius HemoCare). The anti-Bl1-AR autoantibodies are
included in 1gG3, and Staudt er al. [30] reported a signifi-
cantly improved cardiac index and LVEF for patients with
DCM treated by 1A with an anti-1gG column that removed
significantly more 1gG3 (89£3%) than in patients with DCM
treated by 1A with a protein A column that removed only
3724% of 1gG3. The protein A group did not achieve a sig-
nificant increase in cardiac index or LVEF. Follow-up study
of that series showed that 1A with protein A columns with
the addition of an improved treatment regime for 1gG3
climination could induce hemodynamic improvement in
DCM patients [31]. Those studies indicated that the removal
of 1gG3 is essential to achieve therapeutic effects of IA 10
DCM. We have used tryptophan columns (ImmusorbaTR®,
Asahi Kase Kuraray Medical) that contain cross-linked poly-
vinyl alcohol gel beads as the matrix to which the hydropho-
bic amino acid tryptophan is immobilized (Fig. 2). It pos-
sesses nonselective physical features, but causes marked
reduction of plasma levels of 1gG3. In our protocol, plasma
1gG and 1gG3 levels dropped an average of 37% and 58%
per single 1A procedure, respectively,

Usually LA was followed by intravenous immunoglobulin
(IVIG) to prevent infectious complications that might arise
from inappropriate lowering circulating 1gG levels [25], Un-
like most previous studics, however, Cooper er af. [32] did
not substitute IVIG following IA for DCM patients to con-
firm the effect of IA. This was because IVIG at high doses
can affect left ventricular function in chronic DCM [33], and
has been associated with a significant rate of adverse events
in subjects with autoimmune diseases |34]. They found that,
even without IVIG substitution, 1A for the treatment of DCM
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was associated with a significant improvement in the quality
of life for up to 6 months after reatment. Global wall mo-
tion. as assessed by two-dimensional strain echocardiogra-
phy, also showed a tendency towards improvement ar 6
months

Although A 15 a new therapeutic option for patients with
DCM. the mechamism of left ventricular functional benefit
from 1A is not known. 12G adsorption removes not only anti-
B1-AR-autoantibodies but also all other potentially patho-
genic autoantibodies affecting the heart in this class of im-
munoglobulins. Mobini e¢r al. [35] has reported that the effect
of hemodynamic improvement during [A was similar among
patients positive and negative for I-AR autoantibodies.
Their results suggest that the beneficial effects of 1A are not
directly associated with the selective elimination of f1-AR
autoantibodies [36]. Schimke ef al. [37] reported that a de-
crease in oxidative stress may be functionally important. In
their study, three measures of oxidative stress, thiobarbituric
acid-reactive substances, lipid peroxides, and antioxidized
low density lipoprotein antibodies decreased significantly
one year after selective 1A of anti-pl-AR-autcantibodies
with improvement of cardiac performance.

FUTURE DIRECTIONS

According 1o previous reports, the following questions
remain to be resolved [38]: First, it will be important to iden-
tify the subsets of patients with DCM that will benefit the
most from 1A therapy, or determine whether patients with
elevated levels of circulating autoantibodies (e.g., anti-31-
AR autoantibodies) should be studied. Second, the mecha-
nism(s) underlying the action of IA have not yet been identi-
fied. Although studies have demonstrated decreases in circu-
lating autoantibodies, it is not at all clear that a cause-and-
effect relationship has been established. Third, the optimal
strategy for |A has yet to be determined. Different investiga-
tors use different protocols and different immunoadsorbent

devices. Moreover, the use of IVIG replacement in some of

the 1A protocols may improve the clinical status of patients
with DCM [39], rather than neutralization of f1-AR autoan-
tibodies. Finally, it is not clear from existing studies whether
1A alone, which would be expected to modulate humoral
immunity, will be sufficient over the long 1erm, or whether it
may be necessary lo incorporate strategies that lead to sup-
pression of cellular-mediated immunity as well. It is time to
consider performing randomized clinical trials with [A in
order to answer these questions,

CONCLUSION

Measurements of anti-i1-AR autoantibodies may be
helptul for the monitoring of clinical status in patients with
DCM. IA therapy to eliminate autoantibodies is a new and
promising therapeutic option for those patients. However,
further studies are necessary to elucidate the specific anti-
gens of cardiac autoantibodies as well as cellular mecha-
nisms responsible for the observed functional effects.
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Abstract

Background Inflammation plays an important role in the pathogenesis
of hypertension and hypertensive organ damage. Interleukin (IL)-10, a
pleiotropic anti-inflammatory cytokine, exerts vasculoprotective effects in
many animal models. [n the present study, we examined the preventive effects
of adeno-associated virus (AAV) vector-mediated sustained I1-10 expression
against hypertensive heart disease and renal dysfunction in Dahl salt-sensitive
rats.

Methods We injected the rats intramuscularly with an AAV type 1-based
vector encoding rar IL-10 or enhanced green fluorescent protein (EGFP) at
5 weeks of age; subsequently, the rats were fed a high-sodium diet from
6 weeks of age,

Results Sustained IL-10 expression significantly improved survival rate of
Dahl salt-sensitive rats compared with EGFP expression (62.5% versus 0%,
p < 0.001); it also caused 26.0% reduction in systolic blood pressure at
15 weeks (p < 0.0001). Echocardiography exhibited a 22.0% reduction in
hypertrophy (p < 0,0001) and a 26.3% improvement in fractional shortening
(p < 0.0001) of the rat left ventricle in the [L-10 group compared to the
EGFP group, IL-10 expression also caused a 21.7% decrease in the heart
weight/body weight index and cardiac atrial natriuretic peptide levels.
Histopathological studies revealed that IL-10 decreased inflammatory cell
infiltration, fibrosis, and transforming growth factor-8, levels in the failing
heart. Furthermore, 1L-10 expression significantly reduced urine protein
excretion with increased glomerular filtration rates,

Conclusions This is the first study to demonstrate that the anti-
inflammatory cytokine IL-10 has a significant anti-hypertensive effect. AAV
vector-mediated [L-10 expression potentially prevents the progression of
refractory hypertension and hypertensive organ damage in humans. Copyright
© 2008 John Wiley & Sons, Ltd.

Keywards AAV vector; gene therapy; hypertepsion; inflammation; interleukin-
10

Introduction

Inflammation plays an important role in the pathogenesis of hyperten-
sion and hypertensive organ damage Congestive heart [ailure (CHF) is
a erocial life-threatening r.t.'qll;ll.u ul h_v[wrwnun.'e' organ domage, and
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its severity is closely related with the serum tumor necrosis
factor (TNF) levels [1,2]. Recent studies have demon-
strated the marked anti-hypertensive and renoprotective
effects of an immunosuppressant in vivo [3,4]. Although
these ohservations suggesr a therapeutic potential of anti-
inflammatory molecules, anti-TNF antibody treatments
(e.g. infliximab and etanercept) have failed to improve the
survival of CHF patients partly because of their cytokine-
inducing effects and cytotoxicity [5,6].

Interleukin (IL)-10 is a pleiotropic cytokine produced
by monocytes/macrophages and type 2 helper T cells.
It regulates inflammatory and immune reactions by
inhibiting macrophage activation, T-cell proliferation,
and the production of proinflammatory cytokines such
as TNF-a [7]. IL-10 also enhances endothelial nitric
oxide synthase expression [8] and inhibits vascular
smooth muscle cell proliferation [9,10]. Previous stud-
ies have demonstrated the therapeutic effects of IL-10
on CHF models resulting from acute viral or autoim-
mune myocarditis [11,12], However, no studies have
examined the effects of IL-10 on chronic CHF result-
ing from hypertensive heart disease that occurs far
more frequently than acute myocarditis. In the present
study, we examined the effects of I1L-10 using Dahl
salt-sensitive (DS) rats that present with severe hyper-
tension and chronic CHF when fed a salt-rich diet
[13].

We employed an adeno-associated virus (AAV) type
I-based vector in order to sustain serum levels of
1L-10 because it has a short biological half-life. AAV
vectors permit long-term transgene expression with
minimal inflammatory and immune responses [14]. If
the intramuscular injection of the AAV serotype 1 vector
carrying the IL-10 gene (AAV1-11-10) produces sufficient
amount of IL-10 in skeletal myocytes, then [L-10 should
be secreted into the systemic circulation [10]. We
examined the preventive effects of IL-10 on chronic CHF
progression in DS rats, focusing on its effects on survival,
hypertension, pathological cardiac remodelling and renal
function.

<Study groups>

(1) Normal {no vector, 0.3% NaCl)
(2) AAVA-EGFP (8% NaCl)

(3) AAVA-IL-10 (8% NaCl)

Protocol 1 lﬁ?l NaCl (8%) —l

369
Materials and methods

AAV vector production

Rat 1L-10 was cloned from rat splenocyte ¢DNA by the
polymerase chain reaction (PCR) using the primers:
5-GCACGAGAGCCACAACGCA-3' (upstream) and 5'-
GATTTGAGTACGATCCATTTATTCAAAACGAGGAT-3'
(downstream) [10]. To achieve efficient transduction of
the skeleral muscles, we developed a recombinant AAV
type 1-based vector encoding rat IL-10 (AAVI-IL-10) or
enhanced green fluorescence protein (EGFP, AAV1-EGFP)
controlled by the modified chicken f-actin promoter with
the cytomegalovirus immediate-early enhancer and by
the woodchuck hepatitis virus post-transcriptional reg-
ulatory element [pBS Il SK (4) WPRE-B11, provided
by Dr Thomas Hope, University of Illinois, Chicago, IL,
USA]. The AAV vectors were prepared by the previously
described three-plasmid transfection adenovirus-free pro-
tocol modified by the use of the active gassing system
[15,16]. Briefly, 60% confluent human embryonic kidney
293 cells were co-transfected with the proviral transgene
plasmid, the AAV-1 chimeric helper plasmid pI1RepCap
(provided by Dr James M. Wilson, University of Pennsyl-
vania, Philadelphia, PA, USA), and the adenoviral helper
plasmid pAdeno (provided by Avigen, Inc., Alamada, CA,
USA). The crude viral lysate was purified by two rounds
of two-tier CsCl centrifugation [14]. The viral stock titer
was determined by dot blot hybridization with plasmid
standards.

Animal experiment protocols

All animal studies were performed in accordance with the
guidelines issued by the commirtee on animal research
and approved by the ethics committee of Jichi Medical
University. For histopathological and physiological studies
(Protocol 1; Figure 1), we divided the male DS rats (Japan
SLC, Shizuoka, Japan) into the following three groups:

IN/RNA analyst
(n=10each) sw 6W 11w 18W.
1 | | Histopathology
Echocardiography
[aav]
Protocol 2 | NaCl (8%) I
(n=8each) sw gw *

Figure 1. Study protocols. The male DS rats were divided into the three groups: (1) normal group, (2) EGFP group, and (3] [L-10
group. The rats without normal group were injected with AAV] vectors at 5 weeks of age. The rats in the normal group were fed
at low-sodium diet (containing 0.3% NaCl), whereas those in the EGFP or 11-10 group were fed a high-sodium diet (containing 8%
NaCl) from 6 weeks of age
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11.-10, EGFP and normal (n = 10, respectively). AAV1-IL-
10 or AAVI-EGFP [1 x 10" genome copies (g.c.)/body]
wis injected bilaterally into the anterior tibial muscles
of the 5-week-old rats in the IL-10 or EGFP groups,
respectively, From 6 weeks onwards, these rats were fed
a high-sodium diet (containing 8% NacCl). DS rats in the
normal group were fed a low-sodium diet (containing
0.3% NaCl). Systolic blood pressure (SBP) was measured
every 2 weeks by the tail-cuff method using a manometer
tachometer (MK-1030; Muramachi Kikai Co., Ltd, Tokyo,
Japan). During the acclimatization period (3-5 weeks),
training for blood pressure measurements was performed
three times a week. The mean of the three measurements
following a 10-min rest at 37°C was used in the
calculations. Blood was collected from the tail vein at 5,11
and 18 weeks; the sera and plasma were stored at —80°C,
At 18 weeks, the rats were sacrificed by administering an
overdose of isoflurane, and their hearts and lungs were
harvested and weighed. The tissues were immediately
frozen in liquid nitrogen and stored at —80°C to obtain
proteins and RNA for the subsequent analysis. For survival
analysis (Protocol 2; Figure 1), the rats were randomly
divided into three groups (n =8 each). Those in the
IL-10 or EGFP group were injected at 5 weeks of age
with the AAV1-IL-10 or AAV1-EGFP (1 % 10'! g.c./body),
respectively, and this was followed by a high-sodium diet
from 6 weeks of age. By contrast, those in the normal
group were fed a low-sodium diet.

Echocardiography

Transthoracic two-dimensional echocardiography was
performed at 5, 11 and 18 weeks of age using a 13- MHz
transducer (ProSound SSD-u5; Aloka Co., Lid, Tokyo,
Japan). The internal diameter in end-diastole or end-
systole of the left ventricle (LVDd or LVDs, respectively)
or the posterior wall thickness (PWT) of the left ventricle
(LV) in end-diastole was measured by M-mode tracing
at the papillary muscle level. The relative wall thickness
(RWT) or the percentage fractional shortening (%FS)
of LV was calculated according to the formula: RWT =
2 x PWT/LVDd, %FS = (LVDd — LVDs)/LVDd x 100 (%).

Cytokine measurements

At 18 weeks, protein samples were prepared by homoge-
nizing the frozen heart tissues in a lysis buffer [10 mmol/I
Tris-HCl (pH 8.0), 0.2% NP40, 1 mmol/l ethylenedi-
aminetetraacetic acid] containing the protease inhibitor
cocktail Complete Mini (Roche Diagnostics, Mannheim,
Germany). After centrifugation of the homogenates or
serum samples, the supernatants were used for mea-
surement. The serum IL-10 and the tissue transforming
growth factor (TGF)-g; concentrations were measured by
enzyme-linked immunosorbent assay (ELISA) (Amersham
PharmaciaBiotech, Bucks, UK; BioSource International,
Ine., Camarillo, CA, USA; R&D Systems Inc., Minneapolis,
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MN, USA). The tissue cytokine levels were standardized
using the total protein concentrations estimated by the
BCA Protein Assay Kit (Pierce, Rockford, 1L, USA).

Quantitative reverse transcriptase
(RT)-PCR

At 18 weeks, total RNA was extracted from the heart by
using RNAzol B (Tel-Test, Inc., Friendswood, TX, USA)
and reverse-transcribed into double-stranded c¢DNA by
using the Superscript Preamplification System (Invitro-
gen, Carlsbad, CA, USA) with the T7-dT primer (5-
GGCCAGTGAATTGTAATACGACTCACTATAGGGA-
GGCGGTTTTTTTTTTTTTTTTTTTTTTTT-3'). To estimate
the atrial natriuretic protein (ANP) mRNA levels, quan-
titative PCR analysis was conducted using the ABI Prism
7900 Sequence Detection System (Applied Biosystems,
Foster City, CA, USA). The GAPDH mRNA was quantified
for normalization. The oligonucleotide primers used were:
for GADPH, 5'-CAGCAATGCAT CCTGCAC-3' (upstream)
and 5"-GAGTTGCTGTTGAAGTCACAGG-3" (downstream)
[17]; for ANP, 5"-GGTAGGATTGACAGGATTGGAGCC-3'
(upstream) and 5'-ACATCGATCGTGATAGATGAAGAC-3'
(downstream) [18]. Quantitative values were obtained
from the threshold cycle (G;) number that indicates expo-
nential amplification of a PCR product.

Histopathology

At 18 weeks of age, the anesthetized rats were perfused
with 50 ml of saline, followed by 100 ml of cold 4%
paraformaldehyde in 0.1 mol/l phosphate buffer (pH
7.4). The hearts were fixed in the same fixative and
finally embedded in paraffin. For evaluation of light
microscopic findings, we stained sections (3 pm thick)
with hematoxylin and eosin (H&E) or the Azan-Mallory
stain using the standard methods.

Statistical analysis

The data were assessed using the StatView, version
5.0 (Starview, Abacus Concepts, Berkeley, CA, USA).
Differences in the values at specific stages between the
groups were assessed by one-way analysis of variance
combined with Fisher's test. p < 0.05 was considered
statistically significant, Survival curves were analysed by
the Kaplan-Meier method and compared using log-rank
tests,

Results

Pro-survival effect of systemic IL-10 in
DS rats

Compared w the contral EGFP transduction, IL-10
transduction significantly improved survival rates in DS
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