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Figure 4

Expression of eNOS and NO production in aortas. (a) Immunoblot analysis for eNOS in aortas. Expression of eNOS in aortas from eNOS-Tg
and apoE-KO/eNOS-Tg mice was significantly higher than that in WT mice. Note that the protein levels in aortas from apoE-KO mice or apoE-
KO/eNOS-Tg mice were not reduced compared with WT mice oreNOS-Tg mice, respectively, but rather increased in the early phase of athero-
sclerosis. (b) Immunoblots were analyzed and quantified by densitometry. n = 6 for each group. *P < 0.001 vs. WT mice; **P < 0.05 vs. WT
mice; ***P < 0.01 vs. apoE-KO mice. (c-g) NO production in aortas was evaluated by fluorescence detection with DAF-2 DA as described in
Methods. (c-f) Shown are representative photographs of the detected NO production in aortas from apoE-KO (cand e) and apoE-KO/eNOS-
Tg mice (d and f) before (¢ and d) and after (e and f) incubation with acetylcholine (1 wmol/l). NO production was clearly visualized by admin-
istration of acetylcholine (e and f). (g) Quantitative analysis showed that endothelium-derived NO production in apoE-KO/eNOS-Tg mice was
significantly higher than that in apoE-KO mice. Acetylcholine-stimulated NO production was expressed as picowatts per centimeter square.

n =6 for each group. *P < 0.05 vs. apoE-KO mice.
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plaque lesions of apoE-KO mice (Figure 5, b and e). In
apoE-KO/eNOS-Tg mice, MCLA signal was intensely
visualized and more extensively distributed from the
aortic arch to the iliac bifurcation (Figure 5, c and f).

Quantitative analysis showed that superoxide produc-
tion in nonplaque areas was increased 3.3-fold in apoE-
KO/eNOS-Tg mice and 2.1-fold in apoE-KO mice com-
pared with normal aortic vessels in WT mice (Figure 5g).
In plaque areas, superoxide generation was further
increased more than tenfold in both apoE-KO and apoE-
KO/eNOS-Tg mice compared with WT mice. However,
the increase in superoxide production was more signifi-
cantly augmented in both areas of apoE-KO/eNOS-Tg
mice compared with those of apoE-KO mice.

To examine the source of superoxide generation in
aortas, the endothelium was sequentially removed. In
apoE-KO mice, the endothelial denudation resulted in
only slight reduction of superoxide production in
both plaque and nonplaque areas (Figure 5h). In con-
trast, superoxide levels in nonplaque areas in apoE-
KO/eNOS-Tg mice were significantly decreased by the
endothelial denudation, showing that the vascular
endothelium is the pivotal source of superoxide gen-
eration in aortas of apoE-KO/eNOS-Tg mice.

Reduced BH, contents in atherosclerotic vessels. Enhanced
superoxide production and decreased NO bioactivity

in the endothelium raised a possibility that activation
of eNOS might be dysregulated under hypercholes-
terolemia in our model. Previous studies demonstrat-
ed that loss or insufficiency of BH.,, an essential cofac-
tor of NOS, impaired the physiological function of
NOS in vitro or in vivo (18, 30, 31). Therefore, we sub-
sequently measured tissue biopterin contents in aortas
to examine the roles of BH; on the atherogenesis. In
apoE-KO mice, BH,4 contents in aortas were approxi-
mately 50% decreased compared with WT mice (WT:
5.13 + 0.01 pmol/mg protein; apoE-KO: 2.56 + 0.01
pmol/mg protein; P < 0.01). BH4 contents in apoE-
KO/eNOS-Tg mice were also significantly lower than
those in WT mice (apoE-KO/eNOS-Tg: 2.48 + 0.01
pmol/mg protein), whereas these BH, levels in aortas
did not differ between apoE-KO and apoE-KO/eNOS-
Tg mice. This finding indicates that dysfunctional
eNOS was more abundantly present in aortas of apoE-
KO/eNOS-Tg mice.

Effects of BH ; on the development of atherosclerosis in apoE-
KO/eNOS-Tg mice. We hypothesized that supplementa-
tion of BH, could inhibit the progression of atheroscle-
rosis by restoring eNOS function in apoE-KO/eNOS-Tg
mice. After 12 weeks of administration, BH, treatment
significantly reduced the lesion size in the aortic tree by
26% in male and by 28% in female apoE-KO/eNOS-Tg
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Figure 5

In situ superoxide detection with MCLA in aortas. Shown are representative photographs for chemiluminescent signal of MCLA (d-f) and
each corresponding aorta (a-c) that was stained with Sudan {ll from WT mice (a and d), apoE-KO mice (b and e), and apoE-KO/eNOS-Tg
mice (¢ and f). The chemiluminescent signal due to superoxide production was more widely distributed and more strongly visualized in apoE-
KO/eNOS-Tg mice compared with apoE-KO mice. (g) Quantitative analysis for superoxide levels in nonplaque and plaque areas in WT mice
(white bar), apoE-KO mice (black bars), and apoE-KO/eNOS-Tg mice (gray bars). Superoxide levels were expressed as the ratio (fold increase)
to the control values obtained from the normal aortic vessels of WT mice. Superoxide production in apoE-KO/eNOS-Tg mice was signifi-
cantly increased in both nonplaque and plaque areas compared with apoE-KO mice. n = 6-10 for each group. *P < 0.05 vs. normal vessels
in WT mice; **P < 0.05 vs. nonplaque areas in apoE-KO mice; ***P < 0.01 vs. plaque areas in apoE-KO mice. (h) Reduction of superoxide
levels by endothelial denudation in nonplaque and plaque areas of apoE-KO mice (black bars) and apoE-KO/eNOS-Tg mice (gray bars).
Shown is the percentage of decreased superoxide production from each predenuded level. In apoE-KO/eNOS-Tg mice, removal of the
endothelium resulted in significantly marked decreases in superoxide production in nonplaque areas of the vessels. n = 5-6 for each group.

*P < 0.01 vs. nonplaque areas in apoE-KO mice.

mice (Figure 6¢). In apoE-KO females, the aortic tree
lesion size was also decreased by BH4 treatment com-
pared with untreated females (Figure 6d); however, the
degree of the reduction size was comparatively smaller
than in apoE-KO/eNOS-Tg mice. In contrast, apoE-KO
males did not show a significant change in the lesion
size under BH, treatment (P = 0.25 vs. untreated males).
Plasma lipid profiles were not affected by BH; adminis-
tration at 8 or 12 weeks of treatment (data not shown).

Beneficial effects of BH, on the generation of superoxide and
NO in the endothelium. Subsequently, the biochemical
effects of BH,4 on the production of superoxide and
NO were examined in BHy-treated apoE-KO/eNOS-Tg
mice. As shown in Figure 7a, superoxide generation in
plaque areas was markedly decreased by BH4 adminis-

tration (Figure 7a). Superoxide production in non-
plaque areas was also slightly decreased by BH, treat-
ment, although the reduction did not reach statistical
significance (P = 0.51). Endothelial removal decreased
superoxide levels in aortas from either BHy-treated or
untreated apoE-KO/eNOS-Tg mice (Figure 7b). How-
ever, the degree of the reduction was attenuated by
BH4 treatment. These findings show that supplemen-
tation of BH, reduced superoxide production in the
endothelium. In addition, acetylcholine-stimulated
NO production was significantly increased by BH,4
administration (Figure 7c). Thus, the supplementa-
tion of BH, decreased superoxide generation and
increased NO production in the endothelium of
apoE-KO/eNOS-Tg mice.

Figure 6
BH. suppresses atherosclerotic progression in apoE-KO/eNOS-Tg
mice. Representative photographs of Sudan Ili-stained, longitudi- C
nally opened aortas from BHg-treated (b) and untreated (a) apoE- 30 Male  Female 30, Male Female
KO/eNOS-Tg mice on a high-cholesterol diet for 12 weeks. Athero- @ 25] © ° «© 25
sclerotic lesion formation was remarkably suppressed by BH4 & 20 _g_ « 8 s 5 20
administration in apoE-KO/eNOS-Tg mice. (¢) Quantitative analysis 5 15 8 g g 8 S 15 g *
of atherosclerotic lesion size in aortas from apoE-KO/eNOS-Tg mice. @ 1 8 7 & T 2 50 4 %_ —§— 8
In BHj-treated apoE-KO/eNOS-Tg mice, atherosclerotic lesion size = ° ° = b3 ‘é‘
was significantly smaller than in untreated mice. *P < 0.05vs. ° 5 ® S °
untreated apoE-KO/eNOS-Tg males; **P < 0.01 vs. untreated apoE- 0 0 .
KO/eNOS-Tg females. (d) Quantitative analysis of atherosclerotic §% @‘b\' éoq; @‘2“‘ Q}_O @‘2\\’ Q/}{Q @‘2“
lesion size in aortas from apoE-KO mice. BH4 treatment also o & % & & © YQO L
decreased atherosclerotic lesion size in apoE-KO females; however, Q;’b \Qe q,* \$ ¥ & é(z'
the reduction was comparatively smaller than in apoE-KO/eNOS-Tg ?.QO {-o V.Qo Q YQO W
mice. ApoE-KO males did not show a significant reduction of lesion & &
size. *P < 0.05 vs. untreated apoE-KO females. W &
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Figure 7

Reduced superoxide production and increased NO production in aortas by BH,4 supplementation in apoE-KO/eNOS-Tg mice. (a) Quanti-
tative analysis of superoxide production in both nonplaque and plaque areas in BHy-treated (black bars) and untreated apoE-KO/eNOS-
Tg mice (white bars). BH4 administration significantly decreased superoxide production in plaque areas in apoE-KO/eNOS-Tg. n = 6-10 for
each group. *P < 0.01 vs. plaque areas in untreated apoE-KO/eNOS-Tg mice. (b) Effects of BH,4 on the superoxide production in the endothe-
lium. Removal of the endothelium reduced superoxide levels in both nonplaque and plaque areas; however, the degree of the reduction was
significantly attenuated in nonplaque areas by BH, treatment. *P < 0.05 vs. nonplaque areas in untreated apoE-KO/eNOS-Tg mice. (¢)
Effects of BH4 on NO production in aortas. Acetylcholine-stimulated NO production was significantly increased by BH,4 supplementation

in apoE-KO/eNOS-Tg mice. n = 6 for both groups. *P < 0.05 vs. untreated apoE-KO/eNOS-Tg mice.
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Discussion

The roles of eNOS on the development of atheroscle-
rosis have been vigorously investigated. Previous stud-
ies reported that eNOS expression was decreased in the
severe atherosclerotic lesions in arteries (32, 33). Recent
studies also showed that eNOS deficiency augmented
atherosclerotic lesion formation in apoE-KO mice (34,
35). These studies suggest that eNOS acts as an
antiatherogenic factor on the vessel walls and that the
reduced expression of eNOS precedes more advanced
lesion formation of atherosclerosis. Therefore, upreg-
ulation of eNOS at the vessel walls has been expected
to inhibit the development of atherosclerosis. Howev-
er, our present study demonstrated that overexpression
of eNOS in the endothelium did not inhibit, but accel-
erated, atherosclerosis in apoE-KO mice.

In the present study, we observed much greater
expression of eNOS protein in aortas from apoE-
KO/eNOS-Tg mice than in apoE-KO mice (Figure 4,2
and b). However, the amount of NO production rela-
tive to the eNOS expression level was much lower in
apoE-KO/eNOS-Tg mice (Figure 4, c and d). This find-
ing suggests that there exists dysfunction of overex-
pressed eNOS, which leads to the decrease in NO bioac-
tivity. In accordance with our present results, it was
reported that eNOS expression was maintained or even
increased in hypercholesterolemic or atherosclerotic
vessels (29, 36, 37). These studies raise a possibility that
the impaired NO bioactivity, rather than eNOS expres-
sion, plays an important role in the initiation or pro-
gression of atherosclerosis.

Reactive oxygen species generated by a variety of cells
existing in the atherosclerotic vessels are profoundly

“implicated in the pathogenesis of atherosclerosis (38).

Superoxide is one of the strongest oxidants and playsa
central role as the source of many reactive oxygen

species. Therefore, we next examined the superoxide
production in aortas of apoE-KO/eNOS-Tg mice. As
shown in Figure 5, the superoxide production in apoE-
KO/eNOS-Tg mice was more extensively distributed
and significantly increased not only in the atheroscle-
rotic plaque, but also in nonplaque areas, as compared
with apoE-KO mice. Removal of the endothelium sig-
nificantly decreased superoxide production in non-
plaque areas in apoE-KO/eNOS-Tg mice, revealing that
the endothelium is a major source of superoxide gener-
ation in apoE-KO/eNOS-Tg mice. In contrast, the pro-
duction of NO that is capable of scavenging superoxide
was also increased in apoE-KO/eNOS-Tg mice (Figure
4). Therefore, the increases in superoxide generation
from the endothelium in apoE-KO/eNOS-Tg mice do
not seem to result from the reduced production of NO.

In addition to many potential sources of superoxide
in the endothelium, such as NADH/NADPH oxidase,
xanthine oxidase, and cyclooxygenase (39), NOS has a
potency to produce superoxide rather than NO under
the conditions in which its substrate L-arginine or
cofactors such as BH, are absent (10, 11). It is indicat-
ed that lack of or insufficiency of BHj relative to the
eNOS protein amount is responsible for the impaired
endothelial function and superoxide production (40,
41). Therefore, as a mechanism of the accelerated ath-
erosclerosis in apoE-KO/eNOS-Tg mice, we explored a
possibility that eNOS dysfunction is due to the relative
insufficiency of intracellular BHy levels. Indeed, we
found that BH, contents in aortas were significantly
reduced in both apoE-KO and apoE-KO/eNOS-Tg
mice compared with those in WT mice. Supplemental
BH, decreased superoxide production in the endothe-
lium of both plaque and nonplaque areas (Figure 7, a
and b) and dramatically reduced the size of atheroscle-
rotic lesions in apoE-KO/eNOS-Tg mice (Figure 6c).
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Furthermore, NO production in the endothelium was
also significantly increased by BH4 treatment (Figure
7c). Because BH, is proposed as an antioxidant factor
at high doses (42), the reduced atherosclerotic lesion by
BH, treatment might be caused by its antioxidant
action. However, the extent of the reduced lesion size
was much smaller in BH4-treated apoE-KO mice than
BHy-treated apoE-KO/eNOS-Tg mice (Figure 6, c and
d). Therefore, the inhibitory effects of BH, on the ath-
erosclerotic development were much greater in the
presence of eNOS overexpression. This observation
suggests that the restoration of eNOS function by BH,
rather than its antioxidant action is mainly responsible
for the amelioration of atherosclerotic development.
On the other hand, L-arginine is also an essential deter-
minant for NOS activity. It is proposed thar its defi-
ciency also causes vascular endothelial dysfunction via
a decrease in NO production (43). Although we have
not examined the effects of L-arginine treatment on
atherogenesis, the possibility can not be excluded that
L-arginine also inhibits atherosclerotic progression in
apoE-KO/eNOS-Tg mice. Thus, accelerated atheroscle-
rosis by the overexpression of eNOS in apoE-KO mice
is at least partly caused by superoxide production from
the endothelium through eNOS dysfunction.

Inducible NOS (iNOS) is also shown to be involved
in atherogenesis (21, 44, 45). In immunohistochem-
istry, we detected iNOS expression mainly in the foam
cell-rich regions of atherosclerotic lesions in both
apoE-KO and apoE-KO/eNOS-Tg mice. However, the
expression of iNOS was not obviously different
between the two genotypes (data not shown). In accor-
dance with our findings, Niu et al. reported that the
depletion of INOS did not affect the susceptibility to
atherosclerosis in mice (44). In contrast, it was also
demonstrated that iINOS accelerated lesion formation
from the early phase of atherosclerosis and that tissue
injury mediated by iNOS progressed along with lesion
formation (21, 45). This inconsistency might be due
partly to the diversity of atherogenic models; however,
the roles of iNOS in atherogenesis might become
greater over time with the progression of atheroscle-
rosis. Because the present study was conducted in the
relatively early stage of atherosclerosis, the roles of
iNOS could be comparatively smaller than the effects
of overexpressed eNOS.

Thus, we investigated chronic effects of eNOS over-
expression on the development of atherosclerosis using
genetically engineered apoE-KO/eNOS-Tg mice. Evi-
dence demonstrates that overexpression of eNOS in
the endothelium promoted atherosclerosis in apoE-KO
mice. Dysfunction of eNOS that is manifested by the
reduced production of NO and increased generation of
superoxide in the endothelium seems to be responsible
for the progression of atherosclerosis in apoE-
KO/eNOS-Tg mice. Furthermore, insufficiency of NOS
cofactor BH, appears to be involved mainly in the
eNOS dysfunction. Our study indicates that eNOS
function rather than eNOS protein expression is cru-

cial for the maintenance or the increase of NO bioac-
tivity. Our present findings also provide insight that
modulation of NOS cofactors, including BH,, a major
regulator of eNOS, might be a new strategy for the pre-
vention or inhibition of atherosclerosis.
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Identification of Autoantibodies With the Corresponding
Antigen for Repetitive Coxsackievirus Infection-
Induced Cardiomyopathy
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Background The hypothesis that viral myocarditis causes an autoimmune response and subsequent dilated
cardiomyopathy is controversial. To further investigate the autoimmune mechanism of cardiac dilatation and
dysfunction after repeated episodes of viral myocarditis, the cardiac autoantigens induced by repetitive coxsack-
ievirus B3 (CVB3) infection were examined.

Methods and Results Male inbred A/J mice were inoculated intraperitoneally with CVB3 at 3 and 40 weeks
of age. At 8 weeks after the second inoculation, the mortality of the repetitive CVB3 group was significantly
increased compared with that of the control group, and was associated with a significant reduction in fractional
shortening and marked left ventricular dilatation without inflammatory cell infiltration. The cardiac antigens in
the repetitive CVB3 infection were identified by 2-dimensional electrophoresis and subsequent liquid chromato-
graphy/tandem mass spectrometry (LC-MS/MS) using the serum at 2 weeks after the second inoculation. LC-
MS/MS and immunohistochemistry demonstrated a-cardiac actin and heat shock protein 60 (HSP60) as cardiac
near-surface antigens induced by the repetitive CVB3 infection. Immunoelectron microscopy disclosed the
selective localization of anti-IgM antibody on the membrane of the myocytes in the repetitive CVB3 group.
Conclusions IgM antibodies against a-cardiac actin and HSP60, which were induced by repetitive CVB3 in-
fection, may play an important role in the pathophysiology of the subsequent cardiac dysfunction and dilatation.

(Circ J 2004; 68: 677-682)
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ilated cardiomyopathy (DCM) is characterized by
the dilatation and impaired contraction of the
ventricles and clinically progressive heart failure!
It may be idiopathic, familial/genetic, viral and/or immune,
alcoholic/toxic, or associated with recognized cardiovascu-
lar disease in which the degree of myocardial dysfunction is
not explained by the abnormal loading conditions or the
extent of ischemic damage. Although the relationship be-
tween viral myocarditis and DCM remains controversial, a
causal link has become more evident because of the tre-
mendous developments in the molecular analyses of autop-
sy and endomyocardial biopsy specimens, new techniques
of viral gene amplification, and advances in modern immu-
nology?3 :

It has already been reported that an autoimmune response
plays a key role in the progression after viral myocarditis34
This occurs in the context of a polyclonal stimulation of the
immune system after the initial viral assault that may have
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been already cleared when the autoreactive B- and T-cell
response occurs? Recently, we demonstrated that repetitive
coxsackievirus B3 (CVB3) infection produced cardiac
dilatation without inflammatory cell infiltration in the heart
of mice with post-myocarditis, and autoimmunity mediated
by the circulation of certain antibodies (eg, antibodies
against the CVB3 genome or a CVB3-related protein) may
be part of the pathogenic mechanism for this phenomenon.
Moreover, only the autoreactive IgM antibody was appar-
ent on the cell membrane of the myocytes and interstitial
tissue in the repetitive infected mice, and may play a pivot-
al role in the early response to the virus in our repetitive
viral myocarditic mice$ To identify the autoantigen against
the components of the myocardium in repetitive CVB3
myocarditic mice, particularly targeting the cell membrane,
we examined whether IgM type-autoantibodies were pres-
ent in the serum of these animals.

Methods

The experimental protocols used in this study were
approved by the Ethics Committee for Animal Experimen-
tation at Yamaguchi University School of Medicine, and
carried out according to the Guidelines for Animal Experi-
mentation at Yamaguchi University School of Medicine,
and Law No. 105 and Notification No. 6 of the Japanese
Government.
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Experimental Protocol

Three-week old, inbred, certified, virus-free A/J (H-2a)
male mice were purchased from Japan SLC (Shizuoka,
Japan). Fourteen normal mice were also housed for 40
weeks as a control (3W—/40W—). The CVB3 (Nancy strain)
was obtained from the American Type Culture Collection
and stored at —80°C until use. Each 3-week old mouse was
initially infected by an intraperitoneal injection of 2x104
plaque-forming units of CVB3 in 0.2ml of saline. The
infected mice were isolated, 5 per cage, in a special unit for
37 weeks 3W+/40W-). A total of 31 mice first inoculated
at 3 weeks were reinfected in the same manner with CVB3
at 40 weeks (3W+/40W+). In addition, 5 normal mice were
inoculated at 40 weeks (3W—-/40W+) as a further control
group. At 8 weeks after reinfection, the mice were weighed
and killed with KCI injection via the inferior vena cava to
stop the heart in end-diastole. Body weight was measured,
and the hearts, lungs, and livers were excised and weighed.
The control mice were treated in the same manner, but with
saline that did not contain the virus.

Morphometry and Histopathological Study

The ventricles from the mice killed at 8 weeks after the
second inoculation were halved transversely and one por-
tion was fixed with 10% formalin solution, then embedded
in paraffin solution and sectioned into slices of 4-mm thick-
ness stained with hematoxylin-eosin and Azan solutions.
The left ventricular (V) dimensions and wall thickness
were measured using the transverse section of the middle
portion of the ventricle. The cavity dimensions and wall
thickness of the left ventricle were calculated according to
the method of Matsumori et al? Cardiac fibrosis was also
evaluated quantitatively using a Fotovision FV-10 camera
(Fuji Film Co, Japan) and a (Macintosh 8500/120) computer
equipped with NIH Image version 1.62 software.

Echocardiography

Prior to death at 8 weeks after the second inoculation,
the mice underwent light anesthesia with ether. The LV
end-diastolic dimension (EDD), end-systolic dimension
(ESD), and fractional shortening (%FS) were obtained by
averaging the data from 3 cardiac cycles using an echo-
cardiographic system (ALOKA 5500; Aloka, Japan) with a
dynamically focused 10-MHz linear array transducer.

Immunoelectron Microscopy

Immunoelectron microscopy was performed by the
method of Yamaguchi et al® Briefly, the hearts at 2 weeks
after the second inoculation were fixed by perfusing
with paraformaldehyde. For immunostaining, horseradish
peroxidase (HRP) conjugated anti-mouse IgM was used.
Sections 10-19nm thick were examined with a JEOL 200
CX transmission electron microscope at 160kV. Sarcomere
lengths were measured in a blinded fashion at a magnifica-
tion of 3,700. This process was repeated for 50 fields per
animal.

Two-Dimensional Western Blotting

Fresh murine heart tissue at 2 weeks after the second in-
oculation was minced and resuspended in 5 volumes of STE
buffer containing 320 mmol/L sucrose, 10mmol/L Tris—
HCI, pH 7.4, 1 mmol/L. EGTA, 5 mmol/L NaN3, 10mmol/L,
-mercaptoethanol, 20 mmol/L leupeptin, 0.15 mmol/L pep-
statin A, 0.2mmol/L. phenylmethylsulfonyl fluoride, and
50mmol/L. NaF, with a Polytron homogenizer (PT1200;
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Kinematica, Germany), at its maximum speed for 30s,
repeated 3 times. Homogenates were mixed with an equal
volume of STE buffer and centrifuged at 1,000 G for 10 min,
and the supernatant was centrifuged at 100,000G for
60min. The 1,000-G and 100,000-G pellets were designated
as P1 and P2 fractions, respectively, and the 100,000-G
supernatant as the S fraction. The P1 and P2 fractions were
resuspended in STE buffer. The total protein concentration
in each fraction was determined, using bovine serum
albumin as a standard?

The extracted protein samples were diluted in a rehydra-
tion buffer (8 mol/L urea, 2% CHAPS, 2.8 mg/ml dithio-
threitol (DTT), trace of bromphenol blue) containing 0.5%
immobilized pH gradient (IPG) buffer (pH range 3-10;
Amersham Pharmacia Biotech, Sweden), and loaded onto
7cm Immobiline Drystrips (Amersham Pharmacia Biotech)
in the IPG reswelling tray (Amersham Pharmacia Biotech)
at room temperature overnight. Up to 400mg of the ex-
tracted proteins was applied onto the drystrip gels for
western blotting, and up to 1,000mg for the analysis by
mass spectrometry. Isoelectric focusing (IEF) was per-
formed in a horizontal electrofocusing apparatus (MultiPhor
II; Pharmacia Biotech, Sweden) according to the manu-
facturer’s instructions. After the IEF, the IPG strips were
equilibrated in 2 equilibration solutions. The first equilibra-
tion solution consisted of 10mg DTT per 1 m! sodium
dodecyl sulfate (SDS) equilibration buffer (1.5mol/L
Tris-Cl, pH8.8; 6 mol/L urea, 30% glycerol, 2% SDS), and
the second equilibration solution consisted of 25 mg iodo-
acetamide per 1 ml SDS equilibration buffer. The equili-
brated strips were placed on top of a 12.5% SDS polyacry-
lamide gel electrophoresis (PAGE) slab and sealed with
0.5% lower melt gel, and then the second electrophoresis
was performed with a 40mA constant current in the sepa-
rating gel at 20°C.

After electrophoresis, the SDS-PAGE gels were stained
with Coomassie Brilliant Blue (CBB) or used for protein
transfer onto nitrocellulose membranes (Protran, Schleicher
& Schuell, Germany). In the western blotting, the mem-
branes were blocked in phosphate-buffered saline (PBS)
containing 1% bovine serum albumin (BSA) and 0.1%
Tween 20 for 1h, washed in PBS with 0.1% Tween 20
(PBST) for 30min, and incubated with serum samples,
which were collected from mice at 2 weeks after the second
inoculation, diluted adequately in PBST containing 1%
BSA for 1h. After 5 washings in PBST, the bound anti-
bodies were reacted with HRP-conjugated goat anti-mouse
IgM (Sigma, St Louis, MO, USA) for 1h. Finally, the
bound antibodies were visualized by diaminobenzidine.

Mass Determination and Mass Fingerprinting

Liquid chromatography/tandem mass spectrometry (L.C-
MS/MS) was performed as follows to determine the molec-
ular weight of the protein spots. Protein spots on the gel
stained with CBB, which corresponded to the positive
spots on the western blotting membranes, were recovered
and then the recovered gel fragments were washed in
double distilled water for 15min, de-colored in 50ml de-
coloring solution (0.1 mol/L. ammonium hydrogen carbon-
ate, 50% methanol) at 40°C for 15min, and cut into small
pieces. The gel pieces were re-hydrated in 20ml trypsin
solution (0.1pmol/ml trypsin in 50mmol/L. Tris-HCL;
Wako Pure Chemical Industries, Ltd, Japan) and incubated
at 37°C. The digested peptides were extracted from the gel
pieces using trifluoroacetic acid (TFA) and acetonitrile.

Circulation Journal Vol.68, July 2004
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Specifically, the digested products were added to 50ml of
0.1% TFA/50% acetonitrile, vortexed, and sonicated for
10min. After centrifugation, the supernatant was recovered.
After 2 more cycles of this extraction, a similar extraction
was performed with 50ml of 0.1% TFA/80% acetonitrile.
The collected supernatant was centrifuged again, filtered,
and concentrated down to 50ml in an evaporator, and was
then desalted using a Zip-Tip desalting column (Millipore
Corp, Milford, MA, USA). The peptide sample solution
was stored at —20°C until mass spectrometry analysis.

The mass of the digested peptides in the samples was
determined using a mass spectrometer with matrix-assisted
laser desorption/ionization-time of flight (MALDI-TOF:
Voyager DE-STR; PerSeptive Biosystems, USA). Alpha-
cyano-4-hydroxycinnamic acid was used as an assisting
matrix. A list of the determined peptide masses was made
by a mass fingerprint search of the NCBI protein databases
using the Mascot software program (Matrix Science, Ltd,
UK), in which the NCBI protein databases were searched.

Immunohistochemistry

For immunoenzymatic staining, the remaining ventricu-
lar portion was quickly frozen with OCT compound (Miles,
Inc, USA) in liquid nitrogen and stored at —80°C. The
frozen specimens were sectioned at 4-mm thickness. Immu-
noenzymatic staining was performed with a DAKO LSAB
kit (DAKO, USA) according to the manufacturer’s instruc-
tions. Antibody against murine heart shock protein 60
(HSP60) (Stressgen, Canada) was used as the primary anti-
body.

Statistical Analysis

Data were expressed as the mean+SD. Statistical analy-
sis of the data was performed by an analysis of variance
with multiple comparisons. The survival of all animals was
assessed by Kaplan-Meier analysis. A level of p<0.05 was
considered statistically significant.

Results

Survival Rates

Fig1 shows the survival curve at 8 weeks after the
second inoculation at 40 weeks. Five of the 21 mice died
after the second CVB3 inoculation {mortality rate: 23.8%,
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Table 1 Assessment of the Systemic Parameters of Viral Myocarditis

Group
3W—/40W-  3W+/40W- 3W+/40W+

Physiological analysis

No. of experiments 5 5 5

Body weight (g) 29.2+2.8 30.2+2.5 26.3+2.0t

Heart weight (mg) 108+4.2  140.8%38.4 201.4%91.0*

Lung weight (mg) 212+3.6 199+92 221%93

Liver weight (mg) 1,173+268  1,023+101 967+4

HW/BW(mg/g) 3.7320.45  4.65%1.1]1  7.89+4.15%

LW/BW (mg/g) 7.25+0.90  6.55%2.75 8.544.38

LIW/BW (mg/g) 40.2]128.31 34.21+2.44 36.28+1.99
Morphometry

Wall thickness (mm) 0.8£0.1 0.7+0.1 0.7£0.1

Fibrosis (%) 3.1+0.7 16.5+11.1*  26.9+6.0%1

Inflammatory grading 0 0.210.4 0.2+04
Echocardiography

LVEDD (mm) 2.4+0.3 2.610.4 3.4%0.3%1

LVESD (mm) 0.9+0.1 1.3+0.3* 2.4+0.5%1

%FS (%) 60.8+5.4 50.6+7.6%  29.6+7.9*

HW/BW, ratio of heart weight/body weight; LW/BW, ratio of lung weight/body
weight; LIW/BW, ratio of liver weight/body weight; LVEDD, left ventricular
end-diastolic dimension; LVESD, left ventricular end-systolic dimension; %FS,
fractional shortening.

Values are the mean+SD. *p<0.05 vs the 3W-/40W- group. Tp<0.05 vs the
3IW+/40W- group.

p<0.05). All of the dead mice had pleural effusion and
ascites, indicating that they probably died from heart fail-
ure. No mice died after the second vehicle injection.

Physiological Analysis

The mean body weight in the 3W+/40W+ group was
significantly reduced compared with that in the 3W+/40W-
group (p<0.05). The heart weight and the ratio of heart
weight/body weight in the 3W+/40W+ group was signifi-
cantly increased compared with that in the 3W—/40W—
group (p<0.05) (Tablel). There were no differences be-
tween the 3W-/40W- and 3W+/40W- groups in body
weight or heart weight, or in the ratio of the heart
weight/body weight. In addition, there were no significant
differences in the weights of the lungs and livers among the
3 groups.
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Fig2. Ultrastructural localization of anti-heart antibodies was con-
firmed on the surface of the myocytes and interstitial tissue with
immunoelectron microscopy (x10,000).

Histology

There was a significant increase in the LV dimension in
the 3W+/40W+ group compared with the 3W+/40W- group
(p<0.05). The ratio of cardiac fibrosis in the 3IW+/40W—
and 3W+/40W+ groups was significantly higher than in the
3W-/40W- group (p<0.05). The ratio of cardiac fibrosis in
the 3W+/40W+ group was the highest among the 3 groups
(Table1). There was no significant difference in the mean
wall thickness among the 3 groups. Inflammatory cell infil-
tration was less than 5% in all groups (Table1).

Echocardiography

To evaluate cardiac function, we performed transtho-
racic echocardiography at 8 weeks after the second inocu-
lation. Both the LVEDD and LVESD of the 3W+/40W+
group were significantly increased compared with those of
the other 2 groups; %FS was significantly reduced in the
3W+/40W+ group compared with that in the other 2 groups
(Table1).

pl3 piic pI3
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Immunoelectron Microscopy

The sarcomere length in the 3W+/40W+ group was
1.8+0.24 mm, which is comparable to the data previously
obtained® Staining of bound IgM in the myocardium was
recognized only in the 3W+/40W+ group. The cell mem-
branes of the myocytes and interstitial tissue were positive-
ly stained with the anti-IgM antibody by immunoelectron
microscopy (Fig2).

Two-Dimensional Western Blotting and Subsequent
LC-MS/MS

On 2-dimensional western blotting, 2 spots were detected
as A3 (pI 5.2) and A5 (pI 5.9) in the membranous fraction
that specifically cross-reacted with the serum in the
IW+/40W+ group (Fig3). By subsequent LC-MS/MS, A3
(MW 42001 Da) and AS (MW 60941 Da) were recognized
as a-cardiac actin and HSP60, respectively (Fig3).

Immunohistochemistry

Because a-cardiac actin is known to be ubiquitously
distributed in myocytes, and only HSP60 is reported to be
upregulated on the cell surface, as well as in the cytosol
and mitochondria in response to many different stresses, !0
we performed further immunohistochemical analysis for
HSP60 at 2 weeks after the second inoculation. We showed
that HSP60 was positively stained in the myocytes and
interstitial tissue (yielding a brown color with a pale blue
background) taken from the hearts in the 3W+/40W+ group
(Fig4A). No myocytes were positively stained with the
HSP60 antibody in the 3W-/40W-, 3W+/40W- or
3W-/40W+ groups (Fig4B,C and 4, respectively).

Discussion

There is some clinical evidence that DCM is a late sequel
of acute or chronic viral myocarditis? Infectious and auto-
immune myocarditis has also been extensively proven
using murine and rat models?-5 We previously demon-
strated that repetitive CVB3 infection in mice could cause
LV dilatation with dysfunction through autoantibodies,

pli0 pi3 pito
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Fig3. Two-dimensional western blotting with the serum in the 3W—/40W-, 3W+/40W-, and 3W+/40W+ groups. Two
spots were detected as A3 and A5 in the membranous fraction that specifically cross-reacted with the serum in the
3W+/40W+ group compared with the other 2 groups. A3 and A5 were recognized as a~cardiac actin and murine HSP60,

respectively, by subsequent LC-MS/MS.
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which were immunologically maximally activated at 2
weeks after the second CVB3 inoculation® Moreover, these
pathophysiological changes were present even at 8 weeks
after the second inoculation. Electron microscopy showed
that these antibodies belong to the IgM subtype, and were
distributed on the surface of the myocytes and interstitial
tissue at 2 weeks after the second viral inoculation in mice.
The results of our study are entirely different from the pre-
viously reported anti-heart antibodies in viral myocarditis3
First, in the present study repetitive CVB3 infection pro-
duced cardiac dilatation and dysfunction without inflamma-
tory cell infiltration in post-myocarditic mice. This poor T
cell response may be related to the protective effect of
neutralizing antibody against CVB3 induced by the first
inoculation, as well as to CVB3 being less able to cause
myocardial lesions related to senescence$ Second, anti-
bodies that react to the membranous fraction of normal
myocytes were produced in the repetitive viral infection,
but not in the post-myocarditis mice with simple viral
infection. Third, the antibodies were classified as the IgM
subtype, as distinct from the other IgG-type antibodies,
such as ADP-ATP carrier protein and cardiac sarcoplasmic
reticulum calcium ATPase, which were previously identi-
fied as cardiac autoantibodies’ Fourth, the antibodies
reacted to the membrane fraction of the myocytes, so that
these antibodies identified in the serum of the repetitive
myocarditic mice could easily bind the targeting antigen
and cause immunological cytotoxicity accompanied by
activation of the complementary system in vivo!l It has
also been reported that some anti-heart IgM autoantibodies
can activate the complementary system and cause subse-
quent cardiac damage, especially in membranous proteins
such as myolemmal!2 Fifth, we identified 2 autoantibodies
(e-cardiac actin and HSP60) against the cardiac membrane
protein. Finally, we have already reported that interleukin-
la and tumor necrosis factor-a were elevated in our model$
They are able to potentiate the immune response and
induce cell death, both of which appear to have a special

Circulation Journal  Vol. 68, July 2004
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Figd. Immunohistochemistry of the myocardium with
the anti-HSP60 antibody. The HSP60-positive cells
were scattered in the myocardium in the 3W+/40W+
mouse (A). No specific staining for the anti-HSP60
antibody was observed in the heart tissue of either the
IW-/40W- (B), 3W+/40W- (C), or 3W-/40W+ (D)
groups.

importance in the pathogenesis of myocarditis. As a result,
the IgM antibodies, which can activate the complementary
system, and cytokines may cooperatively cause the cyto-
toxic effect on the target myocytes.

In patients with histologically proven myocarditis or
familial DCM, autoreactive autoantibodies to components
of the myocardium are often present, including intracellular
targets such as the ADP/ATP translocator and other mito-
chondrial proteins!3 Dorffel et al demonstrated that the
extraction of autoimmunoreactive antibodies by immuno-
adsorption results in a functional improvement in hemody-
namics in DCM patients!4 Those authors have proven indi-
rectly that autoantibodies against the ADP-ATP carrier!s
contractile proteins of cardiomyocytes, and the cardiac Bi-
adrenergic receptor!6.17 contribute to cardiac malfunction in
DCM. They proposed that the immunoadsorption may be
an additional therapeutic possibility for the acute hemody-
namic stabilization of patients with severe DCM. More-
over, Kishimoto et al reported that antibody-mediated
immune enhancement is involved in the pathogenesis of
CBV3 myocarditis in micel® Nishimura et al also proved
that PD-1, which binds to the 33-kD protein, may be an im-
portant factor contributing to autoimmune cardiomyopathy
in mice!® These results raise the possibility that some form
of cardiomyopathy may have a CVB3-induced autoimmune
basis, and that identifying possible autoantigen(s) may
open up new diagnostic and therapeutic approaches for this
disease. Regarding their results, molecular mimicry may be
involved in these mechanisms2® This occurs when an
immune response mounted by the host against a specific
determinant of an infecting viral or bacterial agent cross-
reacts with a similar ‘mimicked’ host sequence, leading to
autoimmunity, and, in some cases, tissue injury and disease.
However, one question that has been raised is how these
antibodies recognize cytosolic antigen in intact myocytes,
because these antigens are isolated and tolerated from
circulating antibodies!! Interestingly, Maish et al demon-
strated that anti-membrane antibodies circulated not only in
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the peripheral blood, but were also bound to the sarcolemma
and interstitial tissue in the endomyocardial biopsy speci-
mens of patients? Their results are compatible with our
electron microscopy findings, indicating that the antibodies
belong to the IgM subtype, and respond to the surface of
the myocytes in repetitive CVB3 infection. In this study,
we compared the serum of repetitive CVB3 with other
groups to identify autoantigens in the myocardium, and
identified 2 cardiac antigens in the membranous fraction:
a-cardiac actin and HSP60. Although wa-cardiac actin is a
well-known cytosolic component of myocytes, there is a
technical limitation to purifying the membrane fraction in
the process of extraction from a heart sample? As we
observed in our study, c-cardiac actin has already been
reported as a cytosolic autoantigen in CVB3 myocarditis?!

In this study, we demonstrated that HSP60 may be a
candidate for a membrane-bound autoantigen in repetitive
CVB3 inoculation. The HSP family has been identified as a
prominent target of ongoing immune responses during
microbial infections. Cross-reactive immune responses be-
tween mammalian and microbial HSPs have been suggested
as underlying several autoimmune and inflammatory disor-
ders, including chronic arthritis, systemic lupus erythema-
tosus, atherosclerosis, Crohn’s disease, and diabetes?? In
addition to constituting an endogenous stress response that
protects cells from injury, members of the HSP family are
also candidate molecules that potentially signal tissue dam-
age or cellular stress to the immune system, the so-called
‘danger theory’. The expression of HSP is upregulated
rapidly during several forms of cellular stress, and HSP can
be released from damaged tissue?? Portig et al reported that
antibodies against HSP60 were found in the sera of patients
with DCM, and may interfere with the functions this stress
protein plays in cell physiology (ie, protein transport, pro-
tein maturation, and protection of the cell under stress
conditions)?* Latif et al also reported that not only was the
anti-heart antibody against HSP60 present in the sera, but
HSP60 was upregulated in the myocardium of patients with
DCM!0 They confirmed that the cell surface expression of
HSP60 after heat stress can be visualized using immunoflu-
orescence. Taken together with our results, these findings
suggest that IgM antibodies against a-cardiac actin and
HSP60, which were induced by repetitive CVB3 infection,
may play an important role in the pathophysiology of the
subsequent cardiac dysfunction and dilatation.

Conclusions

In the present study, repetitive CVB3 infection caused
cardiac dysfunction and dilatation with an induction of a
variety of anti-heart antibodies. Exploring the nature of
these autoantibodies found in the sera of our model will
provide further immunological and virological insights into
the mechanism of subsequent DCM after viral myocarditis.
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Original Article

Comparison of Gene Expression Profiling in
Pressure and Volume Overload-Induced
Myocardial Hypertrophies in Rats

Hiroshi MIYAZAKIY, Naoki OKAD, Akimasa KOGAP, Haruya OHMURAD,
Tamenobu UEDAY, and Tsutomu IMAIZUMID?

Gene expression profiling has been conducted in rat hearts subjected to pressure overload (PO). However,
pressure and volume overload produce morphologically and functionally distinct forms of cardiac hypertro-
phy. Surprisingly, gene expression profiling has not been reported for in an animal model of volume over-
load (VO). We therefore compared the gene expression profiles in the hypertrophied myocardium of rats
subjected to PO and VO using DNA chip technology (Affymetrix U34A). Constriction of the abdominal aoria
and abdominal aortocaval shunting were used to induce PO and VO, respectively. The gene expression pro-
files of the left ventricle (LV) 4 weeks after the procedure were analyzed by DNA chips. There were compa-
rable increases in the left ventricular weight/body weight ratio in rats subjected to PO and VO.
Echocardiography revealed concentric hypertrophy in the PO animals, but eccentric hypertrophy in the rats
subjected to VO. The expressions of many genes were altered in VO, PO, or both. Among the genes that
were upregulated in both forms of hypertrophy, greatly increased expressions of B-type natriuretic peptide,
lysyl oxidase—like protein 1 and metallothionein-1 (MT) were confirmed by real-time reverse transcription—
polymerase chain reaction (RT-PCR). Because free radicals are increased in the hyperirophied heart and
may contribute to apoptosis, we examined the role of MT, a free radical scavenger, in apoptosis. The over-
expression of MT in H9¢c2 cells inhibited norepinephrine-induced apoptosis, suggesting that MT may act as
an anti-apoptotic molecule in cardiac hypertrophy. In conclusion, we found that many genes were regulated
in VO, PO, or both. In addition, a novel role of MT in the hypertrophied myocardium was suggested. (Hyper-
tens Res 2006; 29: 1029-1045)

Key Words: gene expression, hyperirophy, DNA chip, mestallothionein-1, apoptosis

phy whereas VO produces eccentric hypertrophy. At the cel-
lular level, cardiomyocytes grow vertically in PO and

Introduction longitudinally in VO. The molecular mechanisms of these
Pressure and volume overload (PO and VO, respectively) differences have been unknown. Changes of some specific
produce morphologically and functionally distinct forms of genes have been reported in the hearts of PO and VO, i.e., the
cardiac hypertrophy (/—4); PO produces concentric hypertro- expressions of collagen isoforms (5, 6) and matrix metallo-
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Fig. 1. Echocardiographic measurements of the hypertrophied rat heart. Echocardiography was performed 28 days after hemo-
dynamic overload as described in Methods. VO, volume overload group; PO, pressure overload group, LVDd, end-diastolic
diameter of the left ventricle; IVST, interventricular septal wall thickness; %FS, percent fractional shortening; LAD, left atrial
diameter. Values are the mean £SD. **p <0.01 vs. the sham group.

proteinases (7), the expression of  myosin heavy chain (8),
the transcriptional regulation of adrenomedullin (9), and the
expressions of growth factors (J0, 1/) and B-tubulin (12).
Based on these previous reports, it is anticipated that some
specific genes are regulated similarly or differentially in PO
and VO, but the regulation of genes other than those listed
above has not been clarified. Microarray analysis is a useful
method to analyze the behavior of many genes. With this
method, gene profiling has been conducted in animal hearts
subjected to PO (13, 14). Surprisingly, however, gene expres-
sion profiling has not been conducted in hearts subjected to
VO. Accordingly, we compared the gene expression profiles
in the hypertrophied myocardium of rats subjected to PO and
VO using the DNA chip technology.

Methods

Animal Models

Male Wistar rats were used for the experiments. PO was pro-
duced in rats by abdominal aortic banding (15), and VO by
aortocaval shunting (/6). The rats were sacrificed 28 days
after the procedure. All animal procedures were conducted
according to the guidelines provided by the Kurume Univer-
sity Institutional Animal Care and Use Committee under an
approved protocol.

Echocardiography

At the day before sacrifice, rats were lightly anesthetized with

pentobarbital, then examined by echocardiography with an
SSD 5500 and a 7.5 MHz probe (Aloka, Tokyo, Japan).

DNA Chip Analysis

DNA chips (GeneChip Rat Genome U34A arrays) were pur-
chased from Affymetrix (Santa Clara, USA). Poly (A) RNA
was extracted from the left ventricle (LV) by using a FAST
track RNA purification kit (Invitrogen, Carlsbad, USA). We
mixed poly (A) RNAs prepared from the LV of five rats and
the samples were analyzed by three DNA chips in each group.
DNA chip analysis was performed according to the manufac-
turer’s recommended protocol. Each of the groups was com-
pared with each of the other groups, resulting in 27
comparison tests. Average intensity values for each probe set
were obtained from the Affymetrix MicroArray Suite 4.0. A p
value less than 0.01 was arbitrarily assigned as the level of
statistical significance. We considered genes that were ele-
vated by >2 fold compared with controls as “upregulated,”
genes that were reduced to <0.5 as “downregulated,” and
genes that were altered by 0.8-1.2 fold as showing “no
change.” The genes that were expressed at very low levels
(those with a signal intensity less than 100) or genes that were
considered not to be present based on low signal intensity by
the Affymetrix software under all conditions were omitted.
For clustering analysis, the CEL files were converted into
DCP files using dCHIP analysis software (www.biostat.har
vard.edu/compalab/cdhip/), as described previously by Li and
Wong (/7). Genechips were normalized, and model-based
expression values were generated. We used hiérarchical clus-
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Fig. 2. Left ventricular weight and heart weight 28 days after hemodynamic overload. A: LVW/BW. B: HW/BW. VO, volume
overload group; PO, pressure overload group; LVW/BW, left ventricular weight normalized to body weight; HW/BW, heart
weight normalized to body weight. Values are the mean+SD, ¥p <0.05, **p <0.01 vs. the sham group.
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Fig. 3. Comparisons of differentially regulated genes. Venn diagrams were produced to compare the number of genes altered in
the volume overload (VO), pressure overload (PO), and sham groups. A: Genes differentially upregulated between the sham
group and the VO group, PO group, or both. B: Genes differentially downregulated between the sham group and the VO group,
PO group, or both. C: Genes unaltered between the sham group and the VO group, PO group, or both. D: Genes upregulated in
the PO group, downregulated in the VO group, or both. E: Genes upregulated in the VO group, downregulated in the PO group,

or both.

tering with the average linkage method. The functions of
these altered genes were classified by clusters of orthologous
groups analysis.

Real-Time Reverse Transcription—-Polymerase
Chain Reaction

Total RNA was prepared with an RNeasy Midi Kit
(QIAGEN, Tokyo, Japan) from LV. Real-time reverse tran-
scription—polymerase chain reaction (RT-PCR) was per-
formed by a GeneAmp 5700 and a TagMan One-Step RT-
PCR Master Mix Reagents Kit (Applied Biosystems, Foster
City, USA) according to the manufacturer’s instruction.
Expression values for each gene were normalized to 18 S ribo-

somal RNA (TagMan ribosomal RNA control reagents;
Applied Biosystems). The primers and TagMan probes used
in these experiments were as follows: guanosine monophos-
phate (GMP) reductase TagMan probe, CTCTGACGG
AAGCTGCACATGTCCA; GMP reductase sense-primer,
GGCCTCAAGGGACACATCA; GMP reductase antisense-
primer, AAAGGCTTTGGCGACATCTC; metallothionein-1
(MT) TagMan probe, TGCAAAGGTGCCTCGGACAAG
TGC; MT sense-primer, GTGGGCTGCTCCAAATGTG;
MT antisense-primer, GGTCCGGAAATTATTTACACC
TGA; B-type natriuretic peptide (BNP) TagMan Probe,
CGGCGCAGTCAGTCGCTTGG; BNP sense-primer, TGG
GCAGAAGATAGACCGGA; BNP antisense-primer, ACA
ACCTCAGCCCGTCACAG; lysyl oxidase-like protein 1
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