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Figure 3 EV capsid protein VP1/TLR4 double staining of serial
sections of myocardial tissue obtained from patients with DCM
and controls. (a) Immunostainings of EV capsid protein VP1
(arrow, blue coloring) and TLR4 {arrow head, brown coloring)
were positive in cardiac myocytes in biopsy samples obtained
from DCM patients. VP1/TLR4 double staining showed colocali-
zation of VP1 and TLR4 proteins in cardiac myocytes. (b}
Immunostainings of VP1 and TLR4 in myocardial tissue obtained
from control subjects. Neither VP1 nor TLR4 immunostaining was
present in any specimens. Magnification: x 250,

higher in DCM patients with TLR4 immunostaining
than in those without TLR4 immunostaining (TLR4/
GAPDH ratio: 0.334+0.04 vs 0.06+0.02, P<0.001).
TLR4 immunostaining was also positive in all EV
capsid protein VP1-positive patients with DCM.
There was no evidence of nonspecific immunostain-
ing in myocardial tissues obtained from patients
with DCM. Neither VP1 nor TLR4 immunostaining
was present in any specimens from control subjects
{Figure 3b).

Clinical Outcome

Table 1 summarizes results of RT-PCR and immuno-
histochemistry, and clinical outcomes in DCM
patients. EV RNA-positive patients with DCM
(n=19) showed significantly lower LVEF compared
with EV RNA-negative patients with DCM (n=37)
(27.3+1.2% vs 34.6+1.5%, P=0.002) (Figure 4a).

_Laboratory Investigation (2004) 84, 173-181

LV end-systolic diameter (LVESD) was larger in EV
RNA-positive patients than in EV RNA-negative
patients (54.4+1.4mm vs 50.3+0.6 mm, P=0.004)
(Figure 4b). There was weak negative correlation
between plus-strand EV RNA levels and LVEF in EV
RNA-positive patients with DCM (r=-0.52,
P=0.02). Both plus- and minus-strand EV RNA
levels were also correlated positively with IVESD in
EV RNA-positive patients with DCM (plus-strand
EV RNA vs LVESD: r=0.68, P=0.001; minus-strand
EV RNA vs LVESD: r=0.59, P=0.007).

We examined the differences in LVEF and LVESD
between two groups with DCM divided relative to
the mean TLR4 mRNA/GAPDH ratio (=0.24). The
group with high TLR4 (>0.24) showed lower LVEF
and larger LVESD than the group with low TLR4
{<0.24) (LVEF: 24.6+1.3 vs 36.1+1.2%, P<0.001;
LVESD: 56.7+1.1 wvs 49.14+0.5mm, P<0.001)
(Figure 5). TLR4 mRNA levels were negatively
and weakly positively correlated with LVEF
and LVESD respectively (TLR4 mRNA vs LVEF:
r=-0.72, P<0.001; TLR4 mRNA vs LVESD:
r=0.69, P<0.001).

Discussion

The most important finding of the present study is
high levels of TLR4 mRNA and EV RNA in
myocardium obtained from DCM patient with
advanced LV dysfunction. Both strand types of EV
RNA were positive in DCM patients, suggesting the
possibility of EV replication in myocardium.
Furthermore, there was a positive correlation be-
tween TLR4 mRNA and EV RNA levels in DCM
patients. Both VP1 and TLR4 immunostaining were
seen in scattered cardiac myocytes in DCM. These
data therefore support a link between the toll
signaling pathway and EV replication in human
DCM.

Transcription of minus-strand RNA from the plus-
strand EV genomic template is the essential first step
of EV replication. This minus-strand RNA is then
used as a template to generate multiple copies of
plus-strand genomes that are translated into EV
structural proteins and ultimately packed into new
virions.'® Therefore, detection of minus-strand EV
RNA is an indicator of active EV replication. In this
study, minus-strand EV RNA was detected in all
plus-strand-positive DCM patients. These findings
indicate that active EV replication occurs in the
myocardium in a significant proportion of cases of
DCM.

Levels of the two strand types of EV RNA were
comparable (plus-strand: 1.63 +0.37, minus-strand:
1.27 +0.30), and were positively correlated in DCM
patients. No report has yet shown myocardial
genome levels of both-strand EV RNA in human
DCM. In a mouse model with persistent coxsackie-
virus infection, actual levels of plus- and minus-
strand EV RNA were nearly equal in persistence in
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Table 1 Levels of each-strand EV RNA and TLR4 mRNA, immunohistochemistry of EV capsid protein VP1 and TLR4, and clinical
outcomes in DCM patients

Patient No.  Age (years) Sex Levels of EV RNA and TLR4 mRNA Immunohistochemistry LVEF (%) LVESD (mm)
Plus-strand Minus-strand TLR4 VP1 TLR4
1 40 M 3.22 0.40 0.16 + + 22 48
2 22 M 3.54 2.36 0.47 + + 22 64
3 56 M 5.21 2.89 0.66 + + 24 55
4 49 M 0.56 0.56 0.13 - + 26 49
5 68 M — —_ 0.06 - - 35 49
6 68 M 1.40 1.56 0.25 + + 29 62
7 52 M 3.15 2,98 0.32 + + 30 56
8 22 F 0.51 0.39 0.47 - + 25 51
9 438 M 2.42 2.62 0.10 + + 22 56
10 70 M 3.48 1.86 0.81 + + 22 54
11 65 F 3.75 2.68 0.43 + + 28 57
12 66 F 7.34 6.34 0.58 + + 22 56
13 67 M 5.31 4.55 0.66 + + 33 66
14 65 M 1.77 1.42 0.563 + + 27 50
15 50 F 0.36 0.29 0.13 + + 38 52
16 42 M 1.01 0.94 0.19 + + 33 46
17 39 M 4.82 5.09 0.88 + + 20 64
18 73 M 1.61 1.77 0.13 + + 28 49
19 38 F 0.27 0.46 0.19 + + 33 49
20 66 M —_ — 0.08 - + 39 50
21 54 M — —_— 0.11 - + 42 51
22 15 M — — 0.10 + 45 46
23 41 M —_ — 0.19 - - 36 49
24 65 M —_ —_ 0.11 - - 43 48
25 70 M —_ —_ 0.02 - - 39 47
26 42 F — — 0.01 - - 38 48
27 65 M —_ —_ 0.02 - - 44 48
28 70 M —_ — 0.01 - - 41 47
29 16 M —_ —_ 0.02 - - 39 48
30 25 M —_ —_ 0.10 - + 42 46
31 28 M —_— —_ 0.11 — + 38 47
32 55 ¥ —_ —_ 0.07 - - 45 49
33 43 F — — 0.01 - - 46 47
34 20 M -_ — 0.11 - + 21 49
35 28 M — —_ 0.27 - + 27 54
36 64 M — —_ 0.28 - + 30 55
37 66 M — s 0.33 - + 32 59
38 53 M — —_ 0.22 - + 19 60
39 48 F —_ — 0.04 - - 39 48
40 49 M —_— — 0.05 — - 37 49
41 68 F —_ —_ 0.02 - - 38 51
42 29 M — —_ 0.10 - - 41 45
43 73 M — — 0.19 - - 44 45
44 66 M — — 0.22 - - 29 49
45 62 F —_ — 0.03 - - 37 49
46 31 F — —_ 0.09 - - 39 52
47 44 M —_ —_ 0.44 - + 18 55
48 60 M — — 0.30 — + 22 49
49 50 M — — 0.23 - + 24 50
50 59 M — — 0.58 - + 19 59
51 53 M — —_ 0.15 - + 29 49
52 66 M —_ — 0.39 - + 26 53
53 35 M 0.85 0.42 0.99 + + 11 59
54 39 F —_ — 0.01 - - 36 52
55 55 F — e 0.02 - - 44 50
56 41 M — —_ 0.03 - - 43 50

EV=enteroviral; TLR4=Toll-like receptor 4; DCM=dilated cardiomyopathy; LVEF=left ventricular ejection fraction; LVESD=left ventricular end-
systolic diameter; M=male; F, female.

the infectious phase (1 month after infection).” In  syndrome. Wessely et al*® have demonstrated that
human skeletal muscle, Cunningham et al/*® have  EV viral genome alone, in the absence of infectious
demonstrated a persistent EV infection of skeletal  virus, can exert direct pathological effects on
muscle in patients suffering from chronic fatigue  cultured cardiac myocytes. These observations
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Figure 4 Comparison of LVEF (a) and LVESD (b) between EV
RNA-positive DCM patients and EV RNA-negative DCM patients.
LVEF = left ventricular ejection fraction; LVESD =left ventricular
end-systolic diameter.
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Figure 5 Comparison of LVEF and LVESD in two groups of
patients with DCM divided by mean TLR4 mRNA expression
levels.

suggest that plus-strand RNA synthesis could
diminish as RNA polymerase activity subsides,
leading to double-stranded EV RNA replication.
EV RNA replication may therefore persist in myo-
cardium in human DCM. The mechanism of equal
synthesis of the two strands of EV RNA in these in
vitro situations is unclear, but it is possible that
downregulation of RNA polymerase activity occurs



in infected myocardium through a host immune
response.

This study has shown advanced LV dysfunction
in EV RNA-positive patients with DCM compared to
EV RNA-negative patients. There was a negative
correlation between EV RNA levels and LVEF.
Wessely et al’” have demonstrated that the trans-
genic expression of replication-resiricted EV gen-
ome in the heart could induce LV dysfunction. In
this model, defective-contraction coupling and a
decrease in the magnitude of isolated myocyte
shortening were observed.’” It has been reported
that the presence of active EV replication can be a
marker for poor outcome in patients with DCM.*
VP1 protein can be found in all DCM patients with
both-strand EV RNA. These results suggest the
possibility of viral protein synthesis in host cells
during virus persistence. Li et al/'® have demon-
strated that the pattern of VP1 detection may
correlate with disease stage and severity of DCM.
Therefore, detection of VP1 protein and both plus-
and minus-strand EV RNA may indicate the persis-
tence of infection in the heart, and may facilitate LV
dysfunction in DCM.

At least two TLRs, including TLR2 and TLR4,
have recently been implicated in lipopolysaccharide
(LPS)-induced signal transduction.”® Although
TLR2 expression is essential for responses to
Gram-positive bacteria, mycobacteria and spiro-
chetes, it is not required for responses to viral
protein.'®? The activation of TLR4 induces a variety
of cytokines and costimulatory molecules that are
crucial to immune responses.? Recent study has
reported that activation of antiviral immune re-
sponse via TLR4 and CD14 is important in the
pathogenesis of viral infection.® A TLR4-deficient
mouse model has shown that inflammatory cells did
not produce any detectable levels of proinflamma-
tory cytokines in response to LPS.?? Fairweather
et al?® have reported that TLR4 influenced coxsackie-
virus replication in mouse model with CVB3-
induced myocarditis. This model has also shown
that TLR4-deficent mice had significantly reduced
levels of myocarditis, viral replication and inflam-
matory cytokine levels.?® Our previous study has
shown that increased expression of TLR4 is asso-
ciated with EV replication in human myocarditis.?
These reports suggest that activation of TLR4 may
play an important role in host immune response
against viral infection. In the present study, high
levels of TLR4 mRNA expression were seen in DCM
patients positive for both plus- and minus-strand EV
RNA. A positive correlation was also found between
TLR4 mRNA and levels of each strand type of EV
RNA. TLR4 immunostaining was found in VP1-
positive myocytes obtained from DCM patients. In
agreement with these findings, Frantz et al® have
reported that TLR4 was abundantly expressed in
dysfunctional cardiac myocytes in failing human
hearts. However, the trigger for toll expression in
failing heart was not clearly identified in Frantz’s
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report. The present study has shown that EV
replication may produce both viral protein and
RNA in the heart. A mouse model of TLR4
expression has demonstrated that viral protein was
an important factor for TLR4 activation during the
immune response to a viral pathogen (respiratory
syncytial virus) and that TLR4 was an important
contributor to the immune response against viral
replication.?® It is therefore likely that activation of
antiviral immune response via TLR4 is triggered by
EV replication, and is important in the pathogenesis
of DCM.

Another important finding of this study was high
levels of both TLR4 mRNA and EV RNA with
advanced LV dysfunction in DCM. An EV genome-
transgenic mouse model has demonstrated that the
presence of both strands of EV RNA may activate an
intracellular signaling mechanism such as the
NF-xB signaling pathway.'” TLR4 activates a host
immune response that is critical for upregulating the
synthesis of a variety of inflammatory mediators and
endogenous proteins, such as chemokines, cell-
adhesion molecules, proinflammatory cytokines,
inducible nitric oxide synthase (iNOS) and heat-
shock proteins.®*”** Our previous studies have
demonstrated that TNF-a cascade is activated in
human DCM via expression of its converting
enzyme and iNOS and that this activation may be
related to the clinical severity of DCM.552 Although
this study could not confirm a direct causal
relationship between activation of the TLR4-signal-
ing pathway and LV dysfunction induced by
inflammatory mediators, the LPS-challenged mouse
model has demonstrated that TLR4 is tightly linked
with NF-kB activation and expression of proinflam-
matory cytokines such as interleukin 1 and TNF-« in
the heart.®® These inflammatory mediators have
been shown in various reports to produce LV
dysfunction.?%2%%%22 Nemoto et al®*® have recently
reported that LPS challenge resulted in depression
of LV systolic function in wild-type mice, whereas
no significant changes in LV systolic function were
noted in TLR4-deficient mice. The activated TLR4-
signaling pathway in the heart may therefore be
linked to inflammatory mediators (eg proinflamma-
tory cytokines and iNOS) and to cardiac dysfunc-
tion. These observations suggest that activation of
the toll-signaling pathway via EV replication may
mediate inflammatory mediators and may induce LV
dysfunction in human DCM. Therefore, TLR4-
mediated-immune response to EV replication may
allow new approach for treatment of human DCM.

In conclusion, the present study has demonstrated
TLR4 expression with the detection of EV RNA and
EV protein suggesting the activation of the toll
signaling pathway via EV replication in human
DCM. In addition, EV RNA and TLR4 mRNA levels
may be related to the clinical severity of DCM. The
activation of the toll signaling pathway against EV
replication may therefore be involved in the patho-
genesis of DCM.
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ABSTRACT
The Current Status of Lipid-lowering Therapy in Iwate Prefecture

: Iwate Survey of Lipid-lowering Therapy (ISULT)

Ikuo Segawa*!, Katsuhiko Hiramori*!, Yoshihito Kaneko*?, Jo Satoh*? and Kazuyuki Suzuki*
*1'The Second Department of Internal Medicine, Iwate Medical University School of Medicine
*2 Department of Diabetes and Metabolism, Twate Medical University School of Medicine

*First Department of Internal Medicine, Iwate Medical University School of Medicine

The anti-atherosclerotic effects of lipid-lowering therapy have not been clarified, either in Japan or in the West. The
Japan Atherosclerosis Society's guidelines for hyperlipidemia patients were initially published in 1997 based on
epidemiologic studies, following by revised guidelines in 2002 based on some non-randomized clinical studies. We
investigated the current status of lipid-lowering therapy in Iwate prefecture by random sampling method after
publication of these guidelines. In order to ascertain achievement rates of target levels recommended in the Japan
Atherosclerosis Society's guidelines, we investigated clinical profiles in patients with hypercholesterolemia who
received lipid-lowering agents. Subjects were 823 randomly selected patients (257 men and 566 women). Statins were
the most frequently used agents (84.1%), high dose statins were used in 6.9% of patients and a combination of two more
drugs was administered in 13.8% of patients. Excluding familial hypercholesterolemia, the attainment rate of treatment
target levels for total cholesterol were 54.2% overall, 57.0% in patients without coronary heart disease but with other
risk factors (category B) and 26.0% in patients with coronary heart disease (category C). The attainment rates of
treatment target levels for low-density lipoprotein cholesterol (LDL-C) were 64.4% overall, 67.0% in category B and
31.0% in category C. The attainment rates of treatment target levels for high-density lipoprotein cholesterol (HDL-C)
were 70.9% overall, and the attainment rates of triglyceride treatment target levels were 63.7% overall. These findings
revealed that the current attainment rates achieved by lipid-lowering therapy are higher than those before new
guidelines were published, due to the use of new powerful statins. However it remains uncertain whether more
aggressive lipid-lowering therapy will be needed in Japan, since the anti-atherosclerotic effects of lipid-lowering

therapy in Japanese patients are not yet established.

Key Words : Hyperlipidemia, Lipid-lowering therapy, Guideline, Treatment target level
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