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MESANGIAL ATIR ACTIVATION VIA MECHANICAL STRAIN
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1I) induce the activation of ERK in a time-dependent 20 1
and elongation strength (dose)-dependent manner. .g 600 1 [ ] .
Phosphorylation (p) levels of ERK were expressed ¢ 400 ?
as % change from the control. A: increase in p-ERK 200 *
by stretch was time dependent; maximal response 4 s
was obtained at 5 min after the initiation of stretch.
B: increase in p-ERK by stretch was elongation 0 20 40 60 80 100 120 e 25 5 10 15 20
strength dependent; maximal response was obtained . . . o
with 20% elongation. The increase in p-ERK by Time (min) Elongation strength (%)
Ang 11 was time dependent (C) and concentration
dependent (D). Ang II concentration of 1071 M p-ERK
was used for the time-course study, and an incuba-
tion time of 10 min was used for the dose-response {otal-ERK
study. The maximal response was obtained with
10719 M of Ang I at an incubation time of 10 min. o 10 60min
Means = SE (n = 4) are given. Ctl, control.
300
250
]
é’ 200
g
50
£ 1
"éo 100
e 50
N3
0

Time (min)

manner ((J, ECsp = 1.3 X 10* M, maximal inhibition, 50.6 +
11.0% at 1073 M) with olmesartan treatment. In contrast,
olmesartan did not have a significant inhibitory effect on the
activation of ERK at 5 min of mechanical stress when maximal
p-ERK activation was obtained by mechanical strain (Fig. 24,
@®). Because ERK was only minimally active at basal condi-
tions without added Ang II in RMCs, olmesartan did not
significantly affect the basal phosphorylation levels of ERK
(Fig. 2B). To compare the effects of two different ARBs, the
cells were preincubated with losartan or oimesartan. In contrast
to olmesartan, losartan did not show a significant inhibitory
effect on the activation of ERK induced by mechanical strain
at the plateau phase. Losartan did not change the basal phos-
phorylation levels of ERK, similar to the result obtained with
olmesartan (Fig. 2B).

The effect of AT1R blockade by olmesartan was observed
only at plateau phase. For this reason, in subsequent studies,
the levels of ERK phosphorylation were studied at 60 min of
cyclic stretch at 20% elongation. Because several mechanisms
have been described as pathways of mechanotransduction in
mechanosensitive tissues including the heart, vasculature, and
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kidney, the rapid activation of ERK not blocked by olmesartan
may be mediated by an AT1R-independent pathway. Integrins,
interacting with the connecting matrix/environment, mediate
increases in intracellular Ca’* levels and activate MAPK
cascades to cause ERK phosphorylation. Also, previous reports
have implicated a stretch-activated ion channel in mediating
mechanotransduction (10).

To determine the autocrine/paracrine effects of Ang I,
activation of the renin-angiotensin system was assessed. There
were no changes in angiotensinogen mRNA levels following
60 min of cyclic mechanical strain (control: 1.51 + 0.04;
olmesartan only: 1.50 = 0.05; stretch only: 1.52 %= 0.03;
stretch after olmesartan pretreatment: 1.51 * 0.03, no signif-
jcant differences among groups; data are expressed as AC,
value normalized to B-actin = SE, n = 6). The concentration
of Ang II in the culture medium was below the detection limit
using EIA (3 pg/ml) before and 10, 20, 30, and 60 min after
application of the mechanical strain. The stimulatory effect of
Ang IT on ERK peaked at 10 min and disappeared after 60 min
(Fig. 1C). This result supports our contention that the effects of
60 min of mechanical strain on ERK phosphorylation were not
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Fig. 2. Effect of mechanical strain and olmesartan on the phosphorylation levels of ERK. A: concentration-dependent effect of olmesartan (Olm) on mechanical
strain-induced activation of ERK. Phosphorylated ERK levels were expressed as % change from the control. #*P < 0.01 vs. control. Means * SE (n = 5) are
given. p-ERK levels at the platean phase (13) were reduced in a concentration-dependent manner (ECsy = 1.3 X 10™® M, maximal inhibition 50.6 = 11.0% at

10~5 M) with olmesartan treatment. In contrast, p-ERK levels at early phase (@) were not attenuated by pretreatment with ol
losartan (10~ M) did not change basal p-EBRK levels but attenuated the elevated levels of p-ERK induced by cyclic mechani

tan as well as
phase. In contrast

tan. B: ol
| strain at pl

to olmesartan, losartan did not have any inhibitory effect on the stretch-induced ERK activation at the plateau phase of 60 min. Means * SR (n = 5) are given.

n.s., not significant.
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attributable to an increase in Ang II that was below the
detection limit of our method.

Effect of ATIR miRNA on mechanical strain-induced ERK
activation. It is possible that the inhibition of stretch-induced
p-ERK elevation by olmesartan is independent of AT1R block-
ade. To further demonstrate that the activation via mechanical
strain was transduced through the AT1R even in the absence of
Ang 11, Rattus norvegicus AT AR gene expression was inhib-
ited using RNA interference (RNAI) technique. miRNA
against rat AT;aR, which was produced by BLOCK-iT Pol II
miRNA RNAI expression vector, decreased protein expression
levels of AT AR by 76.8 * 6.8% relative to the mock vector-
treated control (Fig. 34). ATaR miRNA treatment attenuated
the p-ERK levels at the plateau phase (60 min) (53.5 = 9.7%,
Fig. 3B) but did not affect p-ERK levels at the initial peak (5
min) (Fig. 3C), corroborating the resuits obtained with olme-
sartan.

Involvement of oxidative stress caused by mechanical strain
through AT1R. Oxidative stress is known to be involved in the
activation of ERK by ATIR. In this study, Tempol, a super-
oxide dismutase mimetic, also lowered the plateau phase p-
ERK levels induced by mechanical strain in a dose-dependent
manner (Fig. 4; maximal inhibition of ~50% was obtained at
10~5 M). NADPH oxidase is activated by Ang II, and NADPH
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oxidase-dependent O, and H,0; production transactivate the
MAPK cascade via receptor tyrosine kinases (8, 26). Hydrogen
peroxide time and concentration dependently stimulated ERK
phosphorylation in RMCs (maximal response of 521.6 =*
47.5% increase in ERK phosphorylation from control was
obtained with 0.001% H,0; at 60 min; means + SE, n = 4).
Thus, to determine the relationship between mechanical strain-
induced activation of ERK through ATIR and NADPH oxi-
dase activity, the translocation of p47P, a cytosolic compo-
nent of NADPH oxidase, to the cell membrane was examined
by Western blotting. The abundance of p47°™* in the cell
membrane fraction and phosphorylated p47°"°* in whole cell
was significantly increased by mechanical strain (Fig. 5).
Olmesartan was able to block the stretch-induced translocation
and the serine phosphorylation of p47p">*,

We also examined the effect of olmesartan on the mRNA
expression levels of NADPH oxidase subunits p22phox,
paT7Prx | peTPMOX gp91PheX Nox-1, and Nox-4 using real-time
RT-PCR. The basal expression levels of p22°h°% and p67phox
were significantly decreased after olmesartan treatment (Fig. 6).
Cyclic mechanical strain increased the expressions of p47Pho%,
p22Phox and p67PP%, and olmesartan attenuated the elevated
expression levels. In contrast, cyclic mechanical strain did not
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Fig. 4. The effect of Tempol on plateau-phase ERK phosphorylation induced
by mechanical strain (Str). Phosphorylation levels of ERK were expressed as
% of the control. Similar to the result obtained with olmesartan pretreatment,
Tempol dose dependently lowered ERK activity at plateau phase induced by
mechanical strain, Maximal inhibition was observed with 10™° M of Tempol
(Tem). Means = SE (n = 3) are given. $P < 0.01 from control; *P < 0.01 vs.
control,

have any significant effect on the expression levels of gp91Ph°*,
Nox-1, and Nox-4.

The effect of BAPTA and cytochalasin D on stretch-induced
ERK phosphorylation. Finally, an additional experiment was
performed to explore the reason why neither olmesartan nor
AT(aR gene silencing had any inhibitory effect on ERK
phosphorylation at the rapid phase (5 min) after the initiation of
mechanical strain. BAPTA-TM, a potent chelator of calcium
ion, and cytochalasin D, an inhibitor of actin polymeration,
were used to study the ATiR-induced, oxidative stress-inde-
pendent activation of ERK (Fig. 7). The early-phase activation
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of ERK induced by cyclic mechanical strain was abolished
almost completely by preincubation with either 1 pM
BAPTA-TM or 1 pM cytochalasin D. In contrast, the phos-
phorylation of ERK at the plateau phase by mechanical strain
was still observed with BAPTA-TM or cytochalasin D.

DISCUSSION

This study demonstrates for the first time that mechanical
strain increases the phosphorylation levels of ERK in RMCs
via AT1R even in the absence of Ang II. An ARB, olmesartan,
attenuates ERK activation after 60 min of mechanical strain.
This is not due to inhibition of locally de novo synthesized Ang
11 (13, 20, 21) because the concentrations of secreted Ang II
and the expression levels of angiotensinogen are unchanged by
stretch. Indeed, it is widely known that the intrarenal renin-
angiotensin system is highly active, especially in the renal
tubules (2). However, in mesangial cells, there are only a few
reports on the activation of local renin-angiotensin system, and
the existence of mechanical strain-induced local Ang Il forma-
tion has not been reported. In the present study, evidence of a
local activation of the remin-angiotensin system is not ob-
served, but the effect seems to be mediated by ATIR because
the knockdown of AT; AR using miRNA has the same effect as
olmesartan. These observations indicate that cyclic mechanical
strain stimulates AT1R independent of Ang II.

A recent study reported ATIR activation by mechanical
strain in the absence of Ang II in cardiomyocytes, leading to
the activation of JNK, p38 MAPK, and ERK (29). Endogenous
activation of renin-angiotensin system is also not detected in
strain-exposed cardiomyocytes since the cells were obtained
from angiotensinogen-null mice. Our present report demon-
strates that a similar signal transduction system may exist in
renal mesangial cells. However, the findings more closely
resemble the physiological situation because in the present
study the cells were isolated from normal Sprague-Dawley rats
with an intact renin-angiotensin system. There are also differ-
ences between the reported studies in cardiac myocytes and our
studies in renal mesangial cells. In cardiac myocytes, the
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Fig. 6. Changes in the mRNA expression levels of NADPH oxiduase subunits
pd7ebox p2oPEX and p67PH%. Quantification of mRNA was determined on the
basis of the C; value, normalized to B-actin, and expressed as the magnitude of
change under mechanical strain application relative to the corresponding
control. Means * SE (n = 3) are given. &P < 0.01 vs. control; *P < 0.01 vs,
stretch group.

maximal inhibition of ERK phosphorylation with AT1R block-
ade is observed at the initial peak after 8 min in cardiomyo-
cytes, as opposed to the plateau phase after 60 min of stretch
stress in mesangial cells. There are several cell signaling
molecules that activate ERK, such as integrins (10, 15) and

MESANGIAL AT1R ACTIVATION VIA MECHANICAL STRAIN

intracellular calcium ion accumulation (10). In additional stud-
ies, early-phase activation of ERK induced by cyclic mechan-
ical strain is abolished by preincubation with either cytochala-
sin D, a potent inhibitor of actin polymerization, or BAPTA-
TM, a calcium ion chelator. However, these treatments
minimally affect the phosphorylation levels of ERK at the
plateau phase (Fig. 7). It is possible that the initial peak of ERK
phosphorylation with mechanical strain is caused mainly by the
early signal transduction systems (e.g., calcium influx or cy-
toskeleton modification), such that the effect of ATIR may be
masked by these short-term signals but becomes apparent only
at the plateau phase. Since stretch stress attributable to high
blood pressure is a chronic stimulus, the effects of ATIR
activation and antagonism at the plateau phase may be more
relevant in the pathogenesis of long-term organ damage.

We found that Tempol, a potent superoxide dismutase mi-
metic, decreases the phosphorylation levels of ERK at the
plateau phase. To evaluate further the mechanisms of ERK
activation caused by strain through ATIR at the platean phase,
the role of NADPH oxidase activation, one of the major
sources of O»~ and H,O, in oxidative stress, was evaluated.
Previous studies have shown that Ang II activates NADPH
oxidase (5, 11, 14), and the resulting oxidative stress in turn
activates the MAPK cascade (3, 7). In the present study, we
show that mechanical strain increases both the translocation of
pd7Pho% to the cell membrane and phosphorylated levels of
p47P"o%, which may reflect NADPH oxidase activation (25). As
stated earlier, calcium ion influx leads to rapid activation of
ERK, whereas the activation of ERK through H,0, production
via NADPH oxidase activation may take longer (26). This is
indeed the case; HoO; increases phospho-ERK gradually with
the highest value observed at 60 min. The activation of
NADPH oxidase and production of reactive oxygen species
may explain the delayed effect of AT1R blockade on ERK
activation induced by mechanical strain. However, there have
been reports that ARBs, including olmesartan, are potent
antioxidants (11). It is possible that part of the attenuation of
mechanical strain-induced ERK phosphorylation may be ex-
erted through the free-radical scavenging of olmesartan in
combination with the Ang II-independent ATIR inactivation.

BAPTA(IpM) - - - -+ - - -

Cytochalasin D (1 uM) - - - - “ - N + +

Fig. 7. Effect of BAPTA and cytochalasin D on stretch-induced
ERK phosphorylation. Phosphorylation levels of ERK were
expressed as % change from control, The early-phase (5 min)
activation of ERK induced by cyclic mechanical strain was
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Olmesartan has a greater blood pressure-lowering and or-
gan-protective effects than other ARBs (23, 24). Some inves-
tigators speculate that these enhanced effects may be related to
the inverse agonistic activity of ARBs. Some receptor antag-
onists have inhibitory effects in spite of the absence of specific
agonists; these drugs are called inverse agonists (17, 29).
Olmesartan has strong inverse agonist activity against consti-
tutively active AT1-F77A or N111G mutant ATIR, relative to
losartan (18, 19). Indeed, losartan has been reported to prevent
Ang II-induced, but not stretch-induced, VEGF protein secre-
tion in human mesangial cells (8). In the present study, olme-
sartan but not losartan significantly attenuates stretch-induced,
agonist-independent ERK activation in mesangial cells. This
observation can be explained by the strong inverse-agonist
effect of olmesartan (18, 19). Olmesartan, unlike losartan, has
a-carboxyl groups, and of the currently available ARBs olme-
sartan has the largest number of estimated binding domains
that can interact with AT1R. The greater number of interacting
domains and affinity to AT1R possibly affect the potency of
inverse agonistic activity of ARBs. Olmesartan also signifi-
cantly decreases basal and stretch-induced NADPH oxidase
subunit mRNA expression. Our results show that there may be
a low level of constitutive ATIR activity in cultured RMCs,
which can be blocked by a potent inverse agonist of ATIR
such as olmesartan. Another inverse agonist of AT1R, cande-
sartan, was also able to attenuate the agonist-independent,
stretch-induced ATIR activation in cardiomyocytes (29). In
that report, a competitive inhibitor for Ang II, (Sarl, Ile8)-Ang
II, was unable to replicate the effect of candesartan. Further
investigation will be required to determine whether other
ARBs with inverse-agonist effect can also block Ang II-
independent, stretch-induced ATIR activation.

We have recently demonstrated that selective knockdown of
renal ATIR expression using antisense oligodeoxynucleotides
markedly reduces urinary protein excretion and glomerular
sclerosis in spontaneously hypertensive rats (28). The reduc-
tion in urinary protein excretion and glomerular sclerosis
occurs despite elevated circulating Ang II and aldosterone
levels and sustained high blood pressure. This may be due to
the fact that both Ang II-dependent and Ang Il-independent
mechanical stretch-induced AT1R activation are blocked by
the knockdown of the ATIR gene. Although a high salt intake
decreases plasma renin activity and aldosterone in hypertensive
patients (6, 16), renal damage is not prevented. It is possible
that the hypertensive renal damage and mesangial proliferation
in these patients may partly be caused by agonist-independent,
stretch stress-induced ATIR activation.

In conclusion, cyclic mechanical strain increases the phos-
phorylation levels of ERK and activates NADPH oxidase in
mesangial cells in the absence of local Ang II production.
These effects are blocked by olmesartan, an ARB with inverse
agonistic activity. The ARBs with inverse agonistic activity
such as olmesartan could be beneficial in the prevention of
renal mesangial proliferation and hypertensive organ damage
regardless of circulating or tissne Ang II levels.
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Abstract

Background Mesangioproliferative glomerulopathy
(MesPGN) is a well-defined pathohistological entity.
However, the clinical characteristics and prognosis have
not been fully established in patients without immuno-
globulin (Ig)A (N-IgAN) in contrast to patients with IgA
nephropathy (IgAN). :

Methods A total of 837 consecutive patients underwent
renal biopsies. Among them, 465 patients were diagnosed
with MesPGN by light microscopy. With immunofiuores-
cent study and electron microscopy (EM), 344 were diag-
nosed as having IgAN. Among the rest, 84 patients who
had no immunofluorescence evidence of IgA and no
deposits in EM were defined as N-IgAN. We compared the
clinical characteristics, histological findings, and genotypes
of the angiotensin-converting enzyme (ACE) gene and
plasminogen activator inhibitor-1 gene between IgAN and
N-IgAN patients.

Results  Urinary protein excretion and the degree of
hematuria were significantly lower in N-IgAN than IgAN
patients (0.50 vs. 0.82 g/day; P = 0.01), (1.33 vs. 2.50;
P < 0.001, respectively). Creatinine clearance was higher
in N-IgAN than IgAN patients (89.4 vs. 74.4 ml/min;
P < 0.001). Histopathologically, N-IgAN patients had
significantly less advanced glomerular and tubulointersti-
tial lesions than IgAN patients. Pathological grades in
patients with untreated IgAN were more advanced in a
time-dependent manner, whereas there was no relationship
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between histological grades and time of iliness in N-IgAN
patients. Frequency of the DD genotype of the ACE gene
was significantly lower in N-IgAN (DD/ID+II = 8/76)
than IgAN (24/90) patients.

Conclusions I1gA-negative MesPGN is a distinct type of
glomerulopathy with a benign renal prognosis. Insertion/
deletion polymorphisms of the ACE gene may play some
role in the genesis and progression of MesPGN.

Keywords ACE polymorphism - IgA nephropathy -
Mesangioproliferative glomerulopathy

Introduction

Mesangioproliferative glomerulopathy (MesPGN) is a
well-defined pathohistological entity with increased cell
number and extracellular matrix in the glomerular mesan-
gium [1-3]. Patients with immunodeposits containing
immunoglobulin (Ig)A in the mesangium are denoted as
having IgA nephropathy (IgAN), which is recognized as
the most common form of primary glomerulopathy
worldwide, particularly in southern Europe and eastern
Asia. IgAN is a heterogeneous disease, with 30-40% of
IgAN patients developing end-stage renal disease (ESRD)
in a 20-year observation period [3-5]. In contrast, for
patients with MesPGN and without IgA deposition
(N-IgAN), there are few reports describing its clinical
characteristics and prognosis [1]. It is still uncertain whe-
ther it may be a unique disease entity or whether it is a
histological “trash box” for diverse pathologic conditions,
with only clinically present asymptomatic proteinuria and/
or hematuria.

It has been suggested that genetic factors may influence
the pathogenesis and prognosis of renal glomerular
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diseases [6-12]. Insertion/deletion (I/D) polymorphisms of
angiotensin-converting enzymes (ACE) have been dem-
onstrated to be significantly associated with the incidence
and prognosis of various cardiovascular disorders [13-15]
and progression of glomerular disease. An I/D polymor-
phism of the ACE gene plays an important role in the
progression of IgAN [9-11]; however, its exact role is still
controversial [16-19]. It also remains to be elucidated
whether I/D polymorphisms of the ACE gene may affect
the pathogenesis and progression of N-IgAN. We previ-
ously reported that the 4G/5G polymorphism of the plas-
minogen activator inhibitor-1 (PAI-1) gene is associated
with IgAN progression [12], whereas its role in N-IgAN
has not been reported. In this study, we investigated the
clinical characteristics, renal pathological findings, and
genotypes of the ACE and PAI-1 genes patients with
N-IgAN in comparison with those with IgAN.

Methods

Patients and definition of non-IgA glomerulopathy
(N-IgAN)

Renal biopsies were performed at the Third Department of
Medicine, Fukushima Medical University, for patients
with proteinuria >2+ by dipsﬁck urine test or with both
proteinuria (>1+4) and hematuria or with hematuria
(>1+) for more than 1 year without urological abnor-
malities. We defined MesPGN as being four or more cells
per mesangial area. At least 80% of glomeruli should be
involved [20, 21], with a mesangial matrix index (MMI)
>7% of glomeruli. We regard an MMI of <7% as minor
glomerular abnormality and distinguished such cases from
N-IgAN. Among 961 consecutive renal biopsy specimens
acquired between January 1999 and October 2005, 465
patients were diagnosed with mesangioproliferative glo-
merulitis by light microscopy according to the criteria.
Based on immunofluorescent and electron microscopy
(EM) analyses, 344 of these patients were diagnosed with
IgAN and 23 with purpura nephritis. In addition, 84
patients whose specimens showed no IgA under immu-
nofluorescence examination and no dense deposits detec-
ted by EM were diagnosed with N-IgAN [1-3]. A total of
14 patients whose specimens showed dense deposits by
EM but not upon immunofluorescence were excluded
from the study. Of the 344 IgAN patients, 114 patients
who were consecutively diagnosed with N-IgAN through
January 1999 to December 2000 were examined to make
the number of each group comparable.

The grade of microscopic hematuria was defined with a
high power field (HPF) and was rated as 0 [1-4 red
blood cells (RBC)YHPF), 1 (5-9 RBC/HPF), 2 (10-29

RBC/HPF), 3 (30-50 RBC/HPF), 4 (50~100 RBC/HPF), or
5 (>100 RBC/HPF). Blood pressure level was defined as
the mean level of three consecutive measurements on dif-
ferent days during admission at our hospital. Mean urinary
protein excretion was determined for 3 days.

Genetic analysis of ACE polymorphism

DNA was isolated from peripheral blood leukocytes using
a commercial kit (BDtractTM, Maxim Biotech, Inc., USA)
and was used for polymerase chain reaction (PCR). Two
primers were designed to flank the polymorphic region of
the ACE gene. The sense oligonucleotide primer was
5'-CTGGAGACCACTCCCATCCTTTCT-3 and the anti-
sense primer was 5'-GATGTGGCCATCACATTCGAC
AGAT-3. For the amplification reaction, 80 ng genomic
DNA was used in a final volume 50 pl containing 3 mM
magnesium chloride (MgCl,), 50 mM potassium chloride
(KCD), 10 mM Tris—HCI (pH 8.4), 10 pmol of each primer,
0.2 mM of each deoxynucleotide triphosphate (ANTP), and
1 U Taq polymerase (Takara, Tokyo, Japan). DNA was
amplified using a DNA thermal cycler (Takara, Tokyo,
Japan) with 1-min denaturation at 94°C, 1-min annealing at
55°C, and 2-min extension at 72°C for 30 cycles. In the last
cycle, the extension step was carried out for 10 min. PRC
products were separated on 1.5% agarose gels and visual-
ized by ethidium bromide staining.

Genetic analysis of PAI-1 4G/5G polymorphism

We also analyzed the genotype of the 4G/5G polymor-
phism with a method combining rapid-cycle PCR with
real-time monitoring of the amplification process and the
generation of allele-specific fluorescent probe melting
profiles on a LightCycler™ (Roche, Basel, Switzerland)
[22}. The primers 5-AGCCAGACAAGGTTGTTGACA
C-3' and 5-CAGAGGACTCTTGGTCTTTCCC-3" were
used to amplify, respectively, a 134- or 135-bp fragment
of the PAI-1 gene (GenBank accession no. X13323). The
detection probe was an 18-mer oligonucleotide labeled at
the 3’-end with fluorescein. The sequence 5-TGACT
CCCCCACGTGTCCT-3 is complementary to the leading
strand of the 5G allele. The anchor probe (5'-AC
TCTCTCTGTGCCCCTGAGGGCTCT-3") was a 26-mer
labeled with LightCycler Red 640 at its 5'-end and
modified at the 3’-end by phosphorylation to block
extension. PCR was performed by rapid cycling in a
reaction volume of 10 pl with 0.3 uM of each primer,
0.2-uM anchor and detection probes, and 50 ng genomic
DNA. After an initial denaturation step at 94°C for 45 s,
amplification was performed using 50 cycles of denatur-
ation (94°C for 0s), annealing (57°C for 5s), and
extension (72°C for 2 s).
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Histopathological analysis

Lesions detected by light microscopy in MesPGN patients
were classified into four glomerular grades and three tub-
ulointerstitial grades described below.

GO: Glomerulosclerosis, crescent formation, or adhesion
to Bowman’s capsule is not observed.

G1: Glomerulosclerosis, crescent formation, or adhesion
to Bowman’s capsule seen in <10% of all biopsied
glomeruli.

G2: Glomerulosclerosis, crescent formation, or adhesion
to Bowman’s capsule seen in 10-30% of all biopsied
glomeruli.

G3: Glomerulosclerosis, crescent formation, or adhesion
to Bowman’s capsule seen in >30% of all biopsied
glomeruli, When sites of sclerosis are totaled and converted
to global sclerosis, the sclerosis rate is >50% of all
glomeruli. Some glomeruli also show compensatory
hypertrophy.

T1: Prominent changes are not seen in the interstitium,
renal tubuli, or blood vessels.

T2: Cellular infiltration is slight in the interstitium
except around some sclerosed glomeruli. Tubular atrophy
is slight, and mild vascular sclerosis is observed.

T3: Interstitial cellular infiltration and tubular atrophy,
as well as fibrosis, are seen. Hyperplasia or degeneration is
seen in some intrarenal arteriolar walls.

The degree of glomerular matrix accumulation was
examined by imaging analysis consisting of the following
steps, as described previously [23]: (1) capturing
glomeruli on the periodic acid Schiff (PAS) preparation
at a magnitude of 200x, (2) tracing the outline of the
glomeruli to obtain the whole glomerular area, (3)
selecting the PAS-positive area manually with the mouse
pointer. Finally, MMI was calculated from the ratio of
the PAS-positive area to glomerular area measured as
above. The mean of each glomerular MMI in the spec-
imens was regarded as representing the magnitude of
matrix accumulation in each case. Control values of
MMI were obtained from needle biopsy specimens from
patients with minimal-change nephrotic syndrome (MCD)
(n = 39).

All renal biopsy samples were examined independently
by a researcher who was not provided with any clinical
information about the patients. The study was approved by
the research ethics committee at Fukushima Medical
University.

Statistical analysis
All data are presented as mean =+ standard deviation

(SD). As nonnormal distributions or inequality of vari-
ances was present in some variables, nonparametric

@ Springer

analysis was performed. Statistical comparisons were
performed using Mann—Whitney’s U test and chi-square
test for independence. Values of P < 0.05 were regarded
as statistically significant. These calculations were per-
formed with StatView, Ver. 5.0 (Abacus Concepts,
Berkeley, CA, USA).

Results

Clinical characteristics of patients with N-IgAN and those
with IgAN are shown in Table I. Urinary protein excretion
(0.50 £ 0.66 vs. 0.82 £ 1.26 g/day; P = 0.01, respec-
tively) and degree of hematuria (1.33 £ 1.60 wvs.
2.50 £ 1.57; P < 0.001, respectively) were significantly
lower in patients with N-IgAN than in those with IgAN.
Creatinine clearance (Cer) was higher in N-IgAN in IgAN
patients (89.4 4 29.7 vs. 74.4 4 25.1 ml/min; P = 0.001,
respectively). Serum concentration of IgA was lower in
N-IgAN than IgAN patients (236 & 107 vs. 404 + 157
mg/dl; P < 0.001, respectively). Age at the time of renal
biopsy (40.92 £ 16.00 vs. 36.67 = 14.94 years old,
respectively), gender (male/female 50/34 vs. 59/55,
respectively), duration of hematuria and/or proteinuria
(7.38 & 7.86 vs. 7.13 £ 7.58 years, respectively), serum
creatinine (0.89 £ 0.32 vs. 1.01 £ 0.58 mg/dl, respec-
tively), and systolic blood pressure (128.02 £ 17.59 vs.
123.42 + 15.30 mmHg, respectively) did not differ.

The degree of mesangial matrix accumulation measured
by MMI was increased by rank of order as in patients with
IgAN, N-IgAN, and controls (MCD group) (13.65 & 5.01,
9.83 + 3.37, and 3.99 + 1.57%, respectively P < 0.001)
(Fig. 1). As shown in Fig. 2a and b, glomerular and tubu-
lointerstitial changes were significantly milder in N-IgAN
than IgAN patients (GO, G1, G2, and G3 were 33, 28, 14,
and 9; and 18, 20, 44, and 32, respectively; T1, T2, and T3
were 58, 14, and 12; and 39, 46, and 29, respectively), as
estimated by chi-square test. There were no obvious dif-
ferences in vascular changes, although we did no quanti-
tative evaluation.

To examine the time dependency of histological find-
ings, glomerular and tubulointerstitial grades as well as
other clinical characteristics in patients with >6 years
between onset of proteinuria and renal biopsy (longer
duration) were compared with those with an interval <6
years (shorter duration) (Tables 2 and 3). IgAN of shorter
duration had significantly milder glomerular findings
(GO:G1:G2:G3 14:15:25:14 vs. 4:5:19:18, respectively,
P = 0.043) (Table 2, and Fig. 3a), and creatinine was
lower (0.95 + 0.50 vs. 1.11 &+ 0.66 mg/dl, respectively;
P = 0.0188) and higher (80.53 £ 23.48 vs. 65.31 &+
24.58 ml/min, respectively; P = 0.0008) (Table 2). Dis-
ease duration did not affect tubulointerstitial findings in
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Tab]e~ 1 Clerlcal characteristics N-IgAN (1 = 84) TgAN (1 = 114) P value
of patients with
mesangioproliferative Age (year) 40.92 £ 16.00 36.67 £ 14.94 0.48
glomerulopathy without ) ) i
immunoglobulin (Ig)A Male:female 50:34 59:55 0.35
deposition (N-IgAN) and with Interval from the onset (year) 7.38 £+ 7.86 7.13 £ 7.58 0.93
IgA nephropathy (IgAN) BP (S) mmHg 128.02 + 17.59 12342 + 15.30 0.10
BP (D) mmHg 7645 + 11.92 73.55 4+ 11.45 0.02
Urinary protein excretion (g/day) 0.50 £ 0.66 0.821 £+ 1.26 0.01
Hematuria score 1.33 +£ 1.60 250 + 1.57 <0.001
Crea (mg/dl) 0.89 + 0.32 1.01 £ 0.58 0.07
L Cer (ml/min) 89.35 £ 29.74 74.39 £ 25.08 0.01
Serum creatinine in mg/dl may
be converted to pmol/l by IgA (mg/d) 236 £ 107 404 + 157 <0.001
multiplying by 88.4 G grade (G0:G1:G2:G3) 33:28:14:9 18:20:44:32 <0.001
BP (S) systolic blood pressure, G grade score 0.99 £ 1.00 1.78 + 1.03 <0.001
BP (D) diéstolic blood c T grade (T1:T2:T3) 58:14:12 39:46:29 <0.001
pressure, Crea creatinmine, (cr T grade score 145 + 0.74 1.87 + 0.64 <0.001
creatinine clearance, MM/
mesangial matrix index, ACE MMI (%) 9.83 £ 3.37 13.65 £+ 5.01 <0.001
angiotensin-converting enzyme,  ACE polymorphism (DD:ID:II) 8:41:35 24:48:42 0.03
PAL-1 plasminogen activator PAIL-1 polymorphism (4G4G:4G5G:5G5G) 15:36:9 40:54:20 0.38

inhibitor-1

p<0.001

p<0.001

1 - ]

Control

IgAN N-1g AN

Fig. 1 Degree of mesangial matrix accumulation measured by
mesangial matrix index (MMI) is significantly increased in patients
with immunoglobulin (Ig)A nephropathy (JgAN) compared with
patients with mesangioproliferative glomerulopathy without IgA
deposition (N-IgAN). MMI in N-IgAN patients is significantly
increased compared with the control group

either group (T1:T2:T3 24:35:9 in shorter duration vs.
8:31:7 in longer duration, respectively, P = 0.11)
(Table 2). On the other hand, in patients with N-IgAN,
there was no difference in the histopathology between
those with shorter duration and longer duration
(GO:G1:G2:G3 23:11:7:4 vs. 10:17:7:5, respectively, and
T1:T2:T3 33:7:5 vs. 25:7.7, respectively) (Table 3;
Fig. 3b), suggesting a less progressive nature of N-IgAN
compared with IgAN.

Figure 4a demonstrates that the frequency of the DD
genotype was significantly lower in patients with N-IgAN
(DD:ID-+II 8:76) than those with IgAN (DD:ID+II 24:90,
P = 0.0294) or healthy control volunteers (DD:ID+II
53:217, P = 0.033), whereas the PAI-1 gene allele

frequency of 4G4G was similar in N-IgAN and IgAN
patients and healthy control volunteers (Fig. 4b).

Patients with N-I[gAN were followed wup for
3.25 £ 1.91 (range 0.8-7) years, having taken essentially
no medications. Their renal function did not deteriorate
(from 0.89 £ 0.32 to 093 £ 0.71 mg/dl, P = 0.073),
whereas those with IgAN decreased from 1.01 + 0.58 to
[.17 &+ 0.69 mg/dl, P = 0.134) with treatment by steroid,
ACE-inhibitor, and/or angiotensin receptor blocker
(ARB). Data indicate that there were few changes in renal
function in patients with N-IgAN without any specific
treatment.

Discussion

Mesangioproliferative glomerulonephritis is the most
common form of primary glomerulopathies. Among them,
IgAN is the most common and well-characterized. In con-
trast, the clinical course and pathophysiology of N-IgAN
has not been well described. This study demonstrated that
MesPGN without IgA deposition might take a benign
course compared with MesPGN with [gAN (Tables 2, 3;
Figs. 2a, b, 3a, b). The clinical and histological charac-
teristics were significantly and clearly different between
patients with IgAN and those with N-IgAN (Table 1;
Fig. 2a, b), suggesting that the basic pathological processes
in N-IgAN are independent of those of IgAN.

In the genotyping assay, the low frequency of the DD
genotype in patients wtih N-IgAN may indicate that the
pathogenesis of N-IgAN is distinguished from IgAN
(Fig. 4a). The genotype of ACE in IgAN patients as well

@ Springer
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Fig. 2 a Degree of pathological glomerular changes are significantly
milder in patients with mesangioproliferative glomerulopathy without
immunoglobulin (Ig)A deposition (N-IgAN) than those with IgA
nephropathy (IgAN) by chi-square test. As indicated, the ratio of
G0+G1 is 72.6% in N-IgAN patients and 33.3% in those with IgAN,
b Degree of pathological tubulointerstitial changes are significantly
milder in patients with mesangioproliferative glomerulopathy without
IgA deposition (N-IgAN) than those with IgA nephropathy (IgAN) by
chi-square test. As indicated, the ratio of T1 is 69.0% in N-IgAN
patients and 34.2% in IgAN patients

as normal controls, of which samples were examined in
parallel with those of patients with N-IgAN, were similar
with the average frequency in the Japanese population

[9, 24, 25], which indicates that technical bias was
unlikely. Moreover, the genotypes of PAI-1, which we
previously demonstrated [12] to be associated with the
progression of histological changes and a decrease in
kidney function, are similar in N-IgAN and IgAN
patients, thus suggesting a unique genotypic feature of
ACE in N-IgAN patients. The sample size of N-IgAN
patients was adequate for statistical analysis of gene
polymorphisms of ACE, also considering its distribution
in the Japanese population.

Patients with the DD genotype are supposed to have
higher local angiotensin II concentrations, and angiotensin
I promotes pathological glomerular processes [26]. The
small number of DD genotypes in N-IgAN patients may
indicate that N-IgAN is a less advanced subgroup of this
particular disorder. It could be speculated that N-IgAN is a
less pathogenic subtype of IgAN, because angiotensin Il
has been demonstrated to stimulate mesangial uptake of
immune complexes, possibly resulting in IgA accumulation
in mesangial cells {27]. However, the frequency of the DD
genotype in IgAN patients was not increased compared
with the control population in this study, a result reported
by others [16, 18]. The influence of the low frequency of
the DD genotype in N-IgAN patients should be further
investigated.

In conclusion, these findings suggest that N-IgAN is a
distinct type of primary glomerular disorder and is clearly
distinguished from IgAN by clinical, histological and
genetic characteristics, although there should be several
limitations because of the relatively small number of
patients in this study. The /D polymorphism of the ACE
gene may play some role in the genesis and progression of
MesPGN.

Table 2 Comparison of clinical

characteristics in patients with IgAN <6 years (n = 68) 26 years (n = 46) P value
26 years between onset of Age (year) 3525 + 14.99 45.15 + 13.63 <0.001
proteinuria and renal biopsy and ) 3 5 9
in those with an interval of <6 Male:female 35:33 24:22 0.
years in immunoglobulin (IgA) Interval from onset (year) 2.07 £ 1.55 14.33 4+ 6.85 <0.001
nephropathy (IgAN) BP (S) mmHg 121.68 + 15.06 126.84 £+ 16.33 0.13
BP (D) mmHg 71.52 £ 10.63 76.94 £ 12.19 0.02
Urinary protein excretion (g/day) 0.85 £ 0.66 077 £ 1.29 0.68
Hematuria score 2.68 £ 1.43 224 £ 1.73 0.15
L Crea (mg/dl) 0.95 £ 0.50 1.11 + 0.66 0.02
Serum creatinine in mg/dl may ) .
be converted to pmol/l by Cer (ml/min) 80.53 + 23.48 65.31 £ 24.58 <0.001
multiplying by 88.4 G grade (G0:G1:G2:G3) 14:15:25:14 4:5:19:18 0.04
BP (S) systolic blood pressure, G grade score 1.57 & 1.04 2.11 £ 0.92 0.01
BP (D) diastolic blood T grade (T1:T2:T3) 24:35:9 8:31:7 0.10
pressure, Crea creatinine, Cer o ge geore 178 + 0.67 1.98 + 0.58 0.09
creatinine clearance, MM/
mesangial matrix index, ACE MMI (%) 133 £ 5.1 144 £+ 4.8 0.21
angiotensin converting enzyme, ACE polymorphism (DD:ID:1I) 15:25:28 9:22:15 0.49
PAI-1 plasminogen activator PAL-1 polymorphism (4G4G:4G5G:5G5G)  29:30:9 11:24:11 0.08

inhibitor-1
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Table 3 Comparison of clinical T - —
characteristics in patients with N-IgAN <6 years {n = 45) >6 years (n = 39) P value
=6 years between onset of Age (year) 37.58 + 18.56 44.769 + 10.21 0.05
proteinuria and renal biopsy and ) ) )
in those with an interval <6 Male:female 26:19 24:15 0.90
years in mesangioproliferative Interval from the onset (year) 170 £ 1.62 1392 £ 7.05 <0.001
glomerulopathy without BP (S) mmHg 126.44 + 19.87 129.85 + 14.58 0.15
immunoglobulin (Ig)A
deposition (N-IgAN) BP (D) mmHg 73.38 + 12.13 80.00 £ 10.77 0.04
Urinary protein excretion (g/day) 0.46 £ 0.69 0.55 £ 0.61 0.18
Hematuria score 1.51 £ 1.83 1.13 £ 1.28 0.60
. Crea (mg/dl) 0.86 + 0.28 0.92 + 0.35 0.40
Serum creatinine in mg/dl may .
be converted to pmol/l by Cer (ml/min) 92.79 £ 32.72 85.38 + 25.72 0.27
multiplying by 88.4 G grade (G0:G1:G2:G3) 23:11:7:4 10:17:7:5 0.10
BP (S) systolic blood pressure, G grade score 0.82 £ 1.00 1.18 + 0.97 0.06
BP (D) diastolic blood ‘ T grade (T1:T2:T3) 3375 25717 0.60
pressure, Crea creatinine, ¢ T grade score 1.38 + 0.68 1.54 % 0.79 0.33
creatinine clearance, MMI
mesangial matrix index, ACE MMI (%) 9.30 &+ 3.02 10.45 £ 3.67 0.17
angiotensin converting enzyme,  ACE polymorphism (DD:ID:1I) 5:19:21 3:22:14 0.43
PAI-I plasminogen activator PAL-1 polymorphism (4G4G:4G5G:5G5G) 19:20:6 20:16:3 0.59

inhibitor-1
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Fig. 3 a Degree of pathological glomerular changes are signifi-
cantly and severely advanced when examined by chi-square test in
immunoglobulin (Ig)A nephropathy (/gAN) in a time-dependent
manner. The ratio of G2+G3 is 80.4% in patients for whom the
interval between the onset proteinuria and renal biopsy was
>6 years. On the other hand, the ratio of G2-+G3 was 57.4% in
patients with an interval <6 years. b Degree of pathological
glomerular change is not statistically different according to chi-
square test in patients with intervals between the onset of
proteinuria and renal biopsy >6 years of mesangioproliferative
glomerulopathy ~ without  immunoglobulin ~ (Ig)A  deposition
(N-IgAN) compared with those whose intervals were <6 years.
Ratio of G2+4+G3 was 30.8% in patients with an interval of
>6 years. On the other hand, the ratio of G2+G3 was 24.4% in
patients with an interval of <6 years

(@)

100

1
5G5G
B 4656
[]4G4G

Control

N-IgAN IgAN

Fig. 4 a Frequency of the DD genotype of angiotensin-converting
enzyme (ACE) was significantly lower in patients with mesangiopro-
liferative glomerulopathy without immunoglobulin (Ig)A deposition
(N-IgAN) than in those with IgAN or healthy control volunteers.
b Plasminogen activator inhibitor-1 (PAI-1) gene allele frequency of
4G4G, 4G5G, and 5G5G is similar in patients with mesangioprolif-
erative glomerulopathy without IgA deposition (N-IgAN), with IgA
nephropathy (IgAN), and healthy control volunteers
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Significant Association Between Neutrophil Aggregation
in Aspirated Thrombus and Myocardial Damage
in Patients With ST-Segment Elevation
Acute Myocardial Infarction

Kentaro Arakawa, MD*{; Satoshi Yasuda, MD**; Hiroyuki Hao, MD'; Yu Kataoka, MD*;
Isao Morii, MD*t; Yoichiro Kasahara, MD*; Atsushi Kawamura, MD*;
Hatsue Ishibashi-Ueda, MD#; Shunichi Miyazaki, MD#

Background This study was designed to clarify the relationship between myocardial damage and platelet-neu-
trophil aggregation in patients with acute myocardial infarction (AMI).

Methods and Results The study group comprised 107 patients with ST-segment elevation AMI, in whom
aspiration catheter was used during emergency percutaneous coronary intervention. Patients were divided into 2
groups according to the cellular density of neutrophils in the aspirated sample: group L (n=53), <100 neutrophils/
0.025 mm? thrombus; group H (n=54), >100 neutrophils/0.025 mm? thrombus. Myocardial blush grade (MBG)
<1 and ST-segment resolution (STR) <50% were more frequently found in group H than in group L. Peak creatine
kinase level tended to be higher and left ventricular ejection fraction (LVEF) at 6 months after onset was lower
in group H than in group L. Multivariate analysis showed that high neutrophil density in aspirated thrombus was
an independent predictor of MBG <1, STR <50%, and low LVEF at 6 months after onset.

Conclusions Platelet-neutrophil aggregates retrieved from ruptured plaque may be associated with impaired
coronary microcirculation and resultant myocardial necrosis/dysfunction. These findings underscore the clinical
importance of the interaction between thrombosis and inflammation in the pathogenesis of AML.  (Circ J 2009;

73: 139—144)

Key Words: Inflammation; Lesion; Leukocytes; Myocardial infarction; Thrombus

characterized by increased platelet activation within
the coronary circulation! Thrombus formation at a
ruptured or eroded plaque and distal embolization of platelet
aggregates eventually lead to myocardial necrosis? Several
lines of evidence in experimental ischemia-reperfusion
models suggest the pathological significance of neutrophil—
platelet interaction in ACS3-6 However, the importance of
this interaction in humans, especially its in vivo significance,
remains unknown.
Thrombus aspiration devices can retrieve thrombi from
the culprit coronary lesion and the aspirated samples may

Patients with acute coronary syndrome (ACS) are
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provide intraluminal pathological information. In a previous
flow cytometric study, neutrophil-platelet aggregate forma-
tion indicated activated thrombus? so in the present in vivo
study we sought to evaluate the specific role of platelet-
neutrophil aggregation in myocardial reperfusion injury,
infarct size, and left ventricular (LV) remodeling in patients
with ST-segment elevation acute myocardial infarction
(STEMI).

Methods

Study Patients

From January 1, 2003 to July 31, 2005, 267 consecutive
patients with STEMI were treated with emergency percuta-
neous intervention (PCI) within 24h of the onset of chest
pain. Inclusion criteria of STEMI were (1) continuous chest-
pain that lasted >30min, (2) ST-segment elevation 20.1 mV
in 2 or more contiguous leads on the 12-lead electrocardio-
gram (ECG), (3) angiographically detected culprit lesion
with diameter stenosis 275% and/or Thrombolysis In Myo-
cardial Infarction flow grade O or 1, (4) subsequent increase
in the serum creatine kinase (CK) level to more than 3-fold
of the upper limit of normal.

We used an aspiration device in 147 of the 267 patients.
The choice to use aspiration was made by the operator and
was based on angiographic images. In total, 40 of the 147
patients without aspirated thrombus were excluded, so in
the final analysis, we used the data from 107 patients with
STEMI (77 men, 30 women; age 6612 [mean+standard
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267 consective patients with STEMI

{who underwent emergent PCl within 24 h after the onset)

No patients received GPIlib/llla inhibitor

(from January, 2003 to July, 2005)

Use of aspiration catheter (+
(Thrombuster: KANEKA Co)

147patients

Aspirated thrombus(+) (-)

40 patients

[107 STEMI patients

maleffemale; 77/30, age; 66t 12years

()
120 patients

Figl. Flowchart of the study. STEMI, ST-
segment elevation acute myocardial infarction;
PCI, percutaneous intervention. GP, glyco-
protein.

Fig2. Histological analysis of thrombus burden aspirated from the culprit lesion. (A,B) Fragment of aspirated thrombus
(H&E; A, x20; B, x20). (C,D) Serial sections examined by immunostaining for myeloperoxidase (MPO) and CD66 (C,
x400; D, x400, respectively). In the quantitative analysis, the numbers of MPO- and CD66-positive cells/0.025 mm? were
counted in at least 3 high-power fields (x400). The average of the counts from 3 fields with the highest numbers of neutro-

phils was taken as the neutrophil density.

deviation (SD)] years) (Fig1). Elapsed time to reperfusion
was 6.02:x0.40 [mean +SD] hours in these patients.

PCI

PCI was performed after intravenous administration of
10,0001U heparin using a 6 or 7F sheath and catheters.
Antiplatelet therapy before PCI consisted of aspirin only,
because glycoprotein (GP) IIb/IIa inhibitors and clopido-
grel are not available in Japan. Facilitated thrombolysis
with intravenous tissue plasminogen activator (tPA) was
performed in 24 patients. After crossing the target lesion

with the gnidewire, coronary thrombus-aspiration was per-
formed several times {(depending on the operator’s judg-
ment). Aspiration was performed by 6 or 7F Thrombuster
(Kaneka Co, Tokyo, Japan), which is a rapid exchange
catheter with a central aspiration lumen and soft, flexible,
non-traumatic tip with a large hole that communicates with
the central lumen. A 20-ml screw syringe was connected to
the proximal hub of the central lumen for thrombus-aspira-
tion. In 23 patients, a distal protection catheter, PercuSurge
GuardWire Plus (Medtronic Corp, Santa Rosa, CA, USA)
was also used with the aspiration catheter at the operator’s

Circulation_Joumal Vol.73, January 2009
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Table 1 Baseline Clinical Characteristics and Coronary Angiographic Findings

Group L (n=53)

Group H (n=54)

Neutrophil density <100 Neutrophil density >100 Pvalue
Age (years) 67.7+1.6 63.7£1.6 0.083
Gender (male, n (%)) 42 (78%) 34 (64%) 0.119
Coronary risk factors, n (%)
Hypertension 34 (63%) 36 (68%) 0.589
Diabetes mellitus 39 (74%) 32 (63%) 0.235
Hyperlipidemia 38(70%) 31(58%) 0.199
Smoking 33(61%) 27 (54%) 0.092
Family history of CAD 11 (20%) 12 (23%) 0.755
Drugs n (%)
Anticoagulant 12 (24%) 14 (26%) 0.821
Statins 16 (32%) 11 (21%) 0.194
ACEI/ARB 12 (24%) 6(12%) 0.152
Ca-antagonists 11(22%) 16 (30%) 0.344
p-blockers 3 (6%) 6(11%) 0.334
Nitrates 7 (13%) 3(6%) 0.210
Inflammatory markers (peripheral blood)
WBC (/ul) 9,615£455 12,1724451 <0.001
Neutrophil (/u1} 6,609+426 9,218+418 0.001
CRP (mg/dl) 1.12+0.286 0.8110.286 0.210
Previous MI, n (%) 6(11%) 8 (14%) 0.424
Pre MI angina, n (%) 28(52%) 21 (40%) 0.204
Time to reperfusion (h) 4.70+0.54 7.33+0.54 <0.01
Prior tPA, n (%) 16 (30%) 8(15%) 0.061
Distal protection, n (%) 10(19%) 13 (24%) 0.512
Killip score 1 vs 2/3/4, n (%) 46/7 (87/13%) 51/3(94/6%) 0.169
RCA/LAD/LCX/LMT, n (%) 26/21/6/0 (50/39/11/0%) 26/22/5/1(49/41/9/1%) 0.825
Multivessel disease, n (%) 34 (55%) 26 (58%) 0.431
Pre-reference diameter (mm) 3.4240.08 3.48+0.09 0.595
Post-reference diameter (mm) 3.4120.08 3.56+0.09 0.186
Pre-minimum diameter (mm) 0.19£0.05 0.16+0.05 0.748
Post-minimum diameter (mm) 3.20£0.07 3.33+0.08 0.275
Pre Yostenosis (%) 96.04+1.34 96.64+1.25 0.748
Post Jostenosis (%) 5.03x1.10 6.54+1.21 0.359
Bare metal stent (%) 46 (87%) 48 (89%) 0.970
Final TIMI 0/1/2 vs 3, n (%) 6/47 (11/89%) 7/47 (13/87%) 0.795

Data are meanxSD or median value (25-75" percentile range) or n (%).

CAD, coronary artery disease; ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin Il receptor blocker; WBC, white
blood cell; CRP, C-reactive protein; MI, myocardial infarction; tPA, tissue plasminogen activator inhibitor; RCA, right coronary
artery; LAD, left coronary artery; LCX, left circumflex; LMT, left main trunk; TIMI, Thrombolysis In Myocardial Infarction.

discretion. Bare metal stents were implanted in cases of
coronary dissection or suboptimal results after balloon
angioplasty. Quantitative coronary angiographic analysis
was performed by QCA-CMS version 5.0 (MEDIS Medical
Imaging Systems, Leiden, The Netherlands).

Assessment of Coronary Microcirculation by ST-Segment
Resolution (STR) and Myocardial Blush Grade (MBG)

A 12-lead ECG was recorded immediately (£30min)
before recanalization, and 1h after recanalization. ST-
segment elevation was measured at 80ms after the J-point
by 2 independent observers who were unaware of all clini-
cal and angiographic findings. The sum of the ST-segment
elevations in 3 contiguous leads with the highest ST-
segment elevations was calculated. STR was defined as a
reduction of at least 50% in ST-segment elevation on ECGs
obtained 1h after recanalization compared with the initial
value8 In this study group, there were no patients with left
bundle-branch block or pacemaker rhythm.

MBG scale was determined by 2 observers, who were
unaware of the clinical and angiographic findings, using a
previously reported grading scale?

Assessment of LV Function and Infarct Size )
LV function was evaluated on right anterior oblique

Circulation_Joumal  Vol.73, January 2009

views of left ventriculograms (LVG) obtained immediately
and then 6 months after PCI. LV end-diastolic volume
index (LVEDVI), and LV ejection fraction (LVEF) were
determined by the centerline method (QLV-CMS version
5.0, MEDIS Medical Imaging Systems).

Blood samples were obtained on admission and at 3-h
intervals until the CK level peaked and that value was used
as the enzymatic marker of infarct size.

Measurement of Neutrophil Density in Aspirated Thrombi
The thrombi obtained by aspiration were immediately
fixed in 10% buffered formalin solution for 6h at 4°C and
embedded in paraffin. Sections (4-¢m thick) were stained
with hematoxylin-eosin, and serial sections were immunos-
tained for myeloperoxidase (MPO) and CDG66 to identify
neutrophils. After deparaffinization, tissues were pretreated
with heat-induced epitope retrieval and the endogenous
peroxidase activity was blocked with 3% hydrogen peroxi-
dase in methanol for 10min. The sections were then incu-
bated with a monoclonal antibody against human CD66
(DAKO Japan, Kyoto, Japan) and a polyclonal antibody
against human MPO (DAKO Japan). Antibodies were used
at a dilution of 1:50 and 1:600, respectively. Sections were
washed with phosphate-buffered saline followed by incu-
bation with Envision+ (DAKO Japan) for 30min. After
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Fig3. Association between neutrophil density and time to reperfu-
sion. Regression analysis showing that the curve has a peak of neutro-
phil density around 13h (P<0.01, r=0.285); the increased neutrophil
density was not a simple function of time.

further washes, the sections were incubated with 0.005%
3,3’ diaminobenzidine solution diluted with 5% hydrogen
peroxide and counterstained with Meyer’s hematoxylin. As
the negative control for immunostaining, normal mouse
immunoglobulin G was used instead of the primary anti-
body. The tissue from a lung abscess obtained at autopsy
was used as the positive control.

The following quantitative analysis was performed by a
pathologist who was unaware of the clinical information, As
shown in Fig2, the number of neutrophils in each aspirated
thrombus was counted in a 0.025-mm? recutanglar region of
interest (ROI). The neutrophil density in the thrombus was
taken as the average of 3 ROL

Statistical Analysis

Data are expressed as mean = SD for continuous variables
and as percentages for categorical variables. For testing of
significance, continuous variables were compared using
Student’s t-test, and categorical data were compared using
the chi-square test.-To examine the relationship between
nentrophil density and time to reperfusion, we constructed a

Myocardial blush grade

ARAKAWA K et al.

quadratic regression curve and also assessed linear trend by
analysis of variance. The variables included the clinical
baseline (age, gender, medications, coronary risk factors,
time to reperfusion, systolic blood pressure and heart rate
on admission, peripheral inflammation data, culprit lesion,
previous angina, the use of thrombolytic agents, and distal
protection) and the neutrophil count in thrombi. Univariate
and multivariate analyses were performed by logistic regres-
sion to determine independent predictors of impaired myo-
cardial reperfusion and LV dysfunction (LVEF<45%) 6
months after onset. In this analysis, factors associated with
the dependent variable at P<0.20 in the univariate analysis
were entered into the multivariate model and eliminated
using a backward procedure. A P-value <0.05 was regarded
as statistically significant. All analyses were performed
using the JUMP 5.1 software (SAS Institute, Cary, NY,
USA).

Results

Neutrophils were detected in all of the aspirated thrombi.
Patients were divided into 2 groups on the basis of the
median density of all samples, which was 100.33 (27.33-
287.33): group L, neutrophil density £100/0.025 mm? (n=53),
and group H, neutrophil density >100/0.025 mm? (n=54).

Comparison of Patients’ Characteristics and
Angiographic Findings

Clinical characteristics and angiographic findings are
summarized in Table1l. The majority of the parameters,
with the exception of the white blood cell (WBC) neutrophil
counts in peripheral blood, and the time to reperfusion, were
similar between groups. The relationship between neutro-
phil density and time to reperfusion was not linear and the
regression curve peaked at approximately 13h (Fig3). Addi-
tionally, there was not a linear relationship even when the
patients were divided into 4 groups according to time to
reperfusion: <6h, 93+7/0.025 mm? (n=66); 6-12h, 148+9/
0.025mm? (n=31); 12-18h, 138+20/0.025 mm? (n=8); 18~
24h, 1024+39/0.025 mm? (n=2).

ST resolution

(%)
100

7%

50

Fig4. Comparison of myocardial reperfusion

25

injury between group H (>100neutrophils/
0.025mm?) and group L (£100neutrophils/
0.025mm?). (Left) Myocardial blush grade.
Open bar indicates blush grade 2 or 3 and solid
bar indicates blush grade 0 or 1. (Right) ST-

segment resolution (STR). Open bar indicates
STR and solid bar indicates no STR.
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Table 2 Comparison of Groups L and H for Left Ventricular Function

Group L (n=53) Group H (n=54) P value
LVEDVI (ml/m?)
Immediately after PCI 67.242.5 71.742.6 0.230
6 months after PCI 72.9%3.1 78.2£2.9 0.215
LVEF (%)
Immediately after PCI 43.6x1.2 41.4+1.2 0.186
6 months after PCI 47.1%1.5 424114 0.021

Data are meantSD.

LVEDVI, left ventricular end-diastolic volume index; PCI, percutaneous coronary intervention; LVEF, left ventricular ejection fraction.

Table 3 Multivariate Analysis for the Incidence of Myocardial Reperfusion Injury and Left Ventricular Dysfunction

OR (95%C1) P value

Blush Grade 0 or 1

LAD lesion 0.324 (0.118-0.826) 0.0216

Neutrophil count in thrombi 9.430(3.777-25.912) <0.0001

Absence of preceding tPA 2.450(0.827-7.712) 0.1120
No ST-segment resolution

RCA lesion 0.438 (0.163-1.117) 0.0898

Neutrophil count in thrombi 3.272 (1.249-9.070) 0.0180

Time to reperfusion 76.960 (6.595-1,385.694) 0.0013
LVEF <45% at 6 months

Neutrophil count in thrombi 5.683 (2.044-17.474) 0.0014

LAD lesion 2.296 (0.830-6.728) 0.1164

Systolic BP on admission 0.024 (0.001-0.425) 0.0157

OR, odds ratio; CI, confidence interval; BP, blood pressure. Other abbreviations see in Tables 1,2.

Impaired Coronary Microcirculation, Myocardial
Damage, and Myocardial Function

Impaired coronary microcirculation, defined as MBG of
0 or 1 (79% and 31%, respectively) and no STR (55% and
13%, respectively) occurred more frequently in group H
than in group L (P<0.001) (Fig4). Also, peak CK levels
tended to be higher in group H than in group L (4,387+
400U/L vs 3,284+403 U/L, P=0.05).

Volumetric data immediately after and at 6 months after
PCI are summarized in Table 2. LVG was performed at both
time points in 38 patients in group L and in 42 patients in
group H. LVEDVI and LVEF were similar for the 2 groups
immediately after PCI, but at 6 months after the onset of
AMI, LVEF was significantly lower in group H than in
group L while LVEDVI remained similar in both groups.

Multivariate Analysis

To investigate which clinical variables and risk factors
were associated with impaired coronary microcirculation
and myocardial damage, we performed univariate and mul-
tivariate analyses (Table 3). Neutrophil density in thrombus
was a common independent predictor for MBG 0 or 1, no
STR, and LVEF<45% at 6 months. A significant association
was found between LAD lesions and MBG 0 or 1, between
time to reperfusion and no STR, and between low systolic
blood pressure and LVEF <45% at 6 months. However, after
incorporation of neutrophil count in thrombi into the multi-
variate regression model, the peripheral WBC and neutro-
phil count were not associated factors.

Discussion

To our knowledge, this is the first report of an analysis of
the immunohistology of aspirated thrombi obtained from
the culprit lesions in patients with STEMI. The major

Circulation Journal Vol.73, January 2009

finding is that high neutrophil density in aspirated thrombus
is associated with impaired coronary microcirculation, con-
sequent ‘myocardial damage (elevated CK level), and LV
dysfunction.

A growing body of evidence suggests that inflammation
plays an important role in ACS, followed by progression of
atherosclerosis, plaque rupture and coronary occlusion
because of thrombus formation. Aspiration devices have
facilitated the recent study of aspirated thrombi, thus pro-
viding novel information regarding the histology of the
culprit lesions.

Neutrophils stained with anti-MPO and anti-CD66 anti-
bodies were detected in all of the aspirated thrombi in the
present study (Fig2). Local accumulation of neutrophils
may be associated with increased platelet activity, as
reported in a flow cytometric study? Neutrophil aggregation
may be also involved in the primary etiology of increased
platelet activity in the process of ACS. Activated neutro-
phils are reported to enhance platelet aggregation and
thromboxane release in a P-selectin—P-selectin glycoprotein
ligand-1 dependent manner, followed by an adhesion-
strengthening interaction mediated by the 5 2-integrin and
Mac-1410.11 Neutrophil-platelet aggregates are vehicles for
the local delivery of surface-bound tissue factor, coagula-
tion factor Xa and fibrinogen, each of which is a key com-
ponent of the local coagulation response!2

A recent randomized trial of patients with STEMI dem-
onstrated that manual thrombus aspiration improved myo-
cardial reperfusion, as compared with conventional PCI!?
The present study focused on the characteristics of aspi-
rated thrombus and demonstrated that peak CK level tended
to be higher in patients in which thrombus contained >100
neutrophils/0.025 mm? compared with those in which
thrombus contained <100/0.025 mm?2. Moreover, although
we did not obtained follow-up volumetric data in all patients
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and medical treatments, especially the usage of statins,
angiotensin-converting enzyme inhibitors and angiotensin
II receptor blockers, were not totally matched between the
2 groups, the paired data demonstrated that LVEF at 6
months after the onset of AMI was significantly different
between the 2 groups (Table 2). Elevated peripheral inflam-
matory markers, which are associated with progression of
myocardial damage after recanalization in patients with
STEMI!4+18 were not independent predictors for impaired
coronary microcirculation and myocardial damage after
inclusion of neutrophil count in thrombi into a multivariate
model (Table3). These findings indicate an important asso-
ciation between intraluminal platelet-neutrophil aggregates
and clinical outcome following reperfusion therapy. Plate-
let-neutrophil aggregates could cause distal embolization
by plugging the microvascular structures and activating the
inflammatory cascade, leading to myocardial injury, prob-
ably because of increased production of reactive oxidants
and diffusible radical species!®

Several experimental studies have shown that inhibition
of neutrophil-platelet aggregation or neutrophil adhesion
to endothelium with monoclonal antibodies can reduce
infarct size; however, the studies in humans have been dis-
appointing?0-24 One possible explanation for the failure of
anti-neutrophil therapy in humans is the pathway of admin-
istration. Systernic drug administration may not result in
sufficient concentration to modulate local inflammation in
the culprit lesion. In addition to local administration, a suc-
cessful strategy against reperfusion injury may require tar-
geting several pathways at once, rather than attempting to
block a single final pathway. In fact, in a mouse AMI model,
combined antibody therapy targeting both P-selectin and
intercellular adhesion molecule-1 achieved a much greater
reduction in infarct size, improved the LVEF, and regional
myocardial blood flow compared with administration of
either one of the antibodies alone?s

In conclusion, platelet-neutrophil aggregates retrieved
from ruptured plaques may be associated with impaired
coronary microcirculation and resultant myocardial necro-
sis/dysfunction. Although further prospective validation is
needed, these findings indicate the clinical importance of
the interaction between the pathways involved in thrombo-
sis and inflammation in the pathogenesis of AMIL
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