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Table Il. Clinical profile at admission Table HI. In-hospital management
Variable n (%) Variable n (%)
No. of patients 1100 No. of patients 1100
New York Heart Association funcfional class Intravenous drugs
| 8(0.7) Diuretics 894 (80.4)
Il 134 (12.1) Carperifide 770 (69.4)
1] 434 (39.1) Isosorbide dinitrate 102(9.2)
v 524 (47.2) Nitroglycerin 289 (26.0)
Physical findings Nicorandil 118 (10.4)
Paroxysmal nocturnal dyspnea 615 (55.4) Inotropes, any 230 (20.7)
Orthopnea 760 (68.5) Dobutamine 141 (12.7)
Rales 861 (77.6) Dopamine 122 (11.0)
Third heart sound 449 (40.5) Norepinephrine 69 (6.2)
Jugular venous distension 680 (61.3) Milrinone ) 31(2.8)
Peripheral edema 752 (67.7) Olprinone 8(0.7)
Cold exiremities 259 (23.3) Digoxin 72 (6.5)
Noninvasive hemodynamic assessments Calcium-channel blocker 91(8.2)
Warm & dry 44 (4.0) Nonpharmacologic managements
Warm & wet 818 (73.7) Continuous positive airway pressure 241 (21.7)
Cold & dry 30 (2.7) Bilevel positive airway pressure 160 (14.4)
Cold & wet 188 (16.9) Intubation 123 (11.1)
Swan-Ganz catheter 223 (20.1)
Pacemaker 52 (4.7)
and mortality is examined as follows: (1) readmission for heart Copdiex: resynchrgmzuhon ﬂ?ergpy iz
failure; (2) death from heart failure; (3) sudden death; (4) death Implantable cardioverter-defibrilator 29(26)
< g ¢ | , Hemodialysis 39 (3.5)
from other cardiac causes; (5) death from cerebral or vascular Continuous hemodidfiltration 41 (3.7)
causes; (6) death from a noncardiac, cerebral, or vascular cause; Percutaneous coronary intervention 107 (9.6)
and (7) idiopathic death. Hospital and 30-day mortality are Coronary artery bypass grafiing 15(1.4)
evaluated using composite and component end points. Medium- Valve replacement 19(1.7)
term morbidity and mortality is also examined for the same Intracortic balloon pump 40 (3.4)
components as for shortterm morbidity and mortality. Sixty-, Percuton?ous Cdrd_iOPU‘mO"OrY support 710.6)
90-, and 180-day morbidity and mortality are estimated by the Left ventricular assist system 1.1

Kaplan-Meier method using the dates of admission and
discharge as observation start points. Short- and medium-term
morbidity and mortality data are obtained and updated by the
attending physicians in the ATTEND Web database at the
appropriate times. Thus, the present report provides informa-
tion about the demographic characteristics, clinical profile,
management, and in-hospital mortality, whereas further data
will be reported once the database is closed at the end of study.

This study is being conducted based on the Helsinki
Declaration and the Japanese Ethical Guidelines for Clinical
Studies. During the planning, implementation and reporting of
this study, there were no issues such as conflict of interest,
conflict of responsibility, or intellectual property rights. The
present study does not affect patient rights.

Funding, creation of the paper, and conflict of interest

The present study is funded by the Japan Heart Foundation.
The authors are responsible for the design and conduct of this
study, the drafting and editing of the present article, and its final
content. All analyses were performed at an independent
biostatistics and data center (STATZ Institute, Inc, Tokyo,
Japan). All authors have no disclosures.

Statistical analysis

Descriptive statistics were calculated based on clinical
characteristics and treatment information for the registered
patients. When continuous variables were assumed to show a
normal distribution, the data were expressed as the mean =+

SD. When normality was not assumed, the data were
expressed as the median with interquartile range. Categorical
data were summarized as the frequency and proportion. The
95% CIs of the mean, median, and proportion values were
also estimated.

Results
Clinical profile of AHFS in the present study and
comparison fo those of Western studies

As of May 18, 2009, a total of 1,110 patients had been
enrolled at 29 hospitals. The characteristics of these
patients are shown in Table I. The mean age was 73 + 14
years and 58.9% were men. The percentage of patients
with a history of hospitalization for heart failure was
lower than that of patients with de novo heart failure
(37.4% vs 62.6%). Hypertension was the most common
risk factor (70.6%). The underlying diseases that led to
AHFS were ischemic heart disease in 33.2%, hypertensive
heart disease in 18.4%, dilated cardiomyopathy in 12.7%,
and valvular disease in 17.3%.

The demographic characteristics and prevalence of
comorbidities were broadly comparable with those in
Western countries, except for chronic obstructive
pulmonary disease. Ischemic etiology was relatively -
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registry (ADHERE), and the EuroHeart failure survey Il (EHFS Il). Angiotensin
present study, which was quite different from those of Western studies.

Il receptor blockers were prescribed more frequently than ACEI in the

less frequent in this study than in Western studies.
However, this comparison is inappropriate because
most of the Western studies included ACS. Regarding
clinical status on admission, de novo AHF and
orthopnea were surprisingly common in the present
study, which was different from the results of Western
studies. Length of hospital stay was longer than that in
Western countries. This difference may be due to
differences in health insurance systems or treatment
and education for comorbidities during hospitalization.
In-hospital mortality was relatively higher in our study,
put this could be related to the greater length of
hospital stay. Therefore, mortality rates for 30 days or
longer should be evaluated.

Clinical profile at admission

The major symptoms and findings regarding clinical
assessments are shown in Table II. Most of the patients
were of New York Heart Association functional class III or
IV and “warm and wet” as assessed by noninvasive
hemodynamic assessments.

In-hospital management

As shown in Table III, most of the enrolled patients
were treated with diuretics, mainly furosemide. Carperi-
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tide, which is a recombinant human atrial natriuretic
peptide preparation that is only available in Japan, was
used in 69.4% of the patients. Other vasodilators were
used in about 30% of patients, and included nitroglycerin,
isosorbide dinitrate, and nicorandil in 26.0%, 9.2%, and
10.6% of patients, respectively, and inotropes were
administered in 20.7%. Noninvasive positive pressure
ventilation (ie, continuous positive airway pressure and
bilevel positive airway pressure) was performed in 21.7%
and 14.4% of the patients, respectively. A Swan-Ganz
catheter was inserted in 20.1%.

Oral medications before admission and at discharge:
comparison with Western studies

There were differences in oral medications used before
admission between the present study and the Western
studies, which seems to be related to the lower rate of
prior heart failure-related admission in the present study.
At discharge, the prescribed rates of diuretics, angioten-
sin-converting enzyme inhibitors (ACEIs) or angiotensin
11 receptor blockers (ARBs), and R-blockers were similar
to those in Western countries. Interestingly, ARBs were
more frequently administered to patients with AHFS in
Japan. In addition, pimobendan was prescribed in 6.6%
of patients at discharge (Figure 2).
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Discussion

To the best of our knowledge, the ATTEND registry is
the first epidemiological study of AHFS in the Asia
Pacific region. It has provided detailed data on the
baseline characteristics and profile of Japanese patients
with AHFS (except those with ACS) and has revealed
several important differences compared with patients
with AHFS in Western countries. The present study not
only investigated patient characteristics but also the
hemodynamic profile of patients with AHFS. Regarding
the etiology of AHFS, ischemic heart disease was less
common (33.2%) than that in Western registries."
Diuretics were used to treat most patients during
hospitalization, which was similar to the management
of AHFS in Western countries, although carperitide was
also used in 69.4% of the patients, which was far higher
than the recently reported frequency of nesiritide use in
the United States (8%)." The use of oral medications
was also somewhat different from that in Western
countries because ARBs were prescribed more fre-
quently than ACEIs. Finally, the median of length of
hospital stay was longer in our registry (21 days) than in

other countries.
It is important to determine the clinical characteristics

and profiles of patients with AHFS in different regions
because such data are necessary to evaluate whether
patients are being managed appropriately in the real world
according to the patient characteristics and pathophysio-
logic conditions in line with clinical guidelines and
evidence-based medicine. If the baseline characteristics
and the clinical profile are different, then the results of
clinical studies performed in Western countries may not
be applicable, suggesting that clinical trials on AHFS would
need to be performed separately in Japan. However, data
from the ATTEND registry indicate that the baseline
patient characteristics, including physical findings and
vital signs, were broadly similar to those shown in
previous Western studies, suggesting that clinical assess-
ments in the Western studies (eg, clinical scenarios'’
and noninvasive hemodynamic assessments'”) might be
applicable for Japanese patients and that collaboration
with Western countries in clinical research or trials would
be possible. In the present study, the “warm and wet” type
of AHFS was observed in 73.7% of patients, which was
almost the same as those in Western countries, although
this has never been documented in epidemiological
studies from those countries. Ischemic heart disease
seems to be less common than in Western countries, but
it is difficult to precisely compare the data because
ischemic heart disease was defined by the presence of
myocardial ischemia in the present study, whereas only
the patient's history was used in other studies.'* It is
necessary to examine the baseline characteristics and the
clinical profile using the same protocol to precisely
compare different counties, which means that a global
collaborative epidemiological study of AHFS is needed.
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Carperitide was administered during hospitalization
very frequently in Japan. In contrast, nesiritide was used
much less frequently (8%) in Western countries,” possibly
because meta-analyses have demonstrated no improve-
ment of renal function'® and poor short-term outcomes.'”
In contrast, acute low-dose carperitide infusion has been
reported to improve the long-term prognosis of patients
with ADHF."® A beneficial effect of low-dose nesiritide on
renal function was recently demonstrated,'® but low-dose
nesiritide has not yet been reported to improve the long-
term outcomes.

ARBs were prescribed for many patients with AHFS,
which differ from that in Western countries and conflicts
with clinical guidelines. One reason for this is the
frequent prescription of ARBs for the management of
hypertension because hypertension was highly prevalent
(70.6%) in patients with AHFS and because ARBs are
well tolerated, with a strong antihypertensive effect,
although the guidelines used in Western countries
recommend an ARB as an alternative for patients who
are intolerant of an ACEIL

The hospital mortality rate was similar to that in
Western countries and was strikingly similar to the 30-
day mortality rate because the length of hospital stay was
much longer (mean 31 days) than in Western countries
(range of means 4-11 days).]‘1 The longer hospital stay is
partly due to differences in the health insurance system
and education programs for managing comorbidities
during hospitalization. The results of the shortterm
(6-month) outcome after discharge are not yet available,
but the present study is patient based rather than event
based, so the readmission rate will be more precise than
those obtained in other studies, and this information
should be useful to improve the management of patients
with AHFS.

When several epidemiological studies are being com-
pared, there are several important issues that need to be
clarified. First, what is the definition of AHFS? The
modified Framingham criteria were used in the present
study. We excluded change in body weight from the
original criteria because the physician cannot estimate it
at admission. The definition of AHFS should be based on
data available at the time of admission. In addition, brain
natriuretic peptide levels at admission were not included
for the diagnosis of AHFS because a cutoff value has not
yet been defined for Japanese patients, although the data
were collected in the present study. In some studies, the
definition for AHFS was not clarified. In particular, it
should be clarified whether patients with ACS are
included inr the study. In the ATTEND study, patients
with ACS are excluded because the management of ACS
is quite different from that for other patients with AHFS.
Thus, the criteria for the diagnosis of AHFS should be
discussed and defined more precisely. Second, the setting
to which the enrolled patients are admitted (ie, cardiac
care unit, emergency department, or general ward)
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should be recorded because this influences the char
acteristics of patients with AHFS and the outcomes. For
example, the shortterm prognosis was worse in the
EFICA st:udyz0 than in other studies because all patients
were admitted to an intensive care unit, which means
that more critical patients with AHFS were enrolled. The
ATTEND registry includes several intensive care units and
cardiac care units. Therefore, the characteristics of the
participating hospitals will be considered in the final
analysis. Third, how should patients with AHFS be
evaluated clinically? The ATTEND registry not only
records physical findings but also noninvasive hemody-
namic assessments. Based on European guidelines,
noninvasive hemodynamic assessments are commonly
used in clinical settings to assess the characteristics of
patients with AHFS; however, its validity for AHFS has not
yet been confirmed in scientific studies. Therefore, the
present study will provide useful information regarding
its merits and limitations.

In conclusion, data from the ATTEND registry have
demonstrated the clinical characteristics of patients with
AHFS in Japan. This ongoing study will continue to
provide valuable information regarding the pathophysio-
logic, therapeutic, and prognostic issues related to AHFS,
such as new clinical scenarios.
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Tottori University Hospital: Kato M

Toyota Memorial Hospital: Ishii R, Yokota §

Yamaguchi University Hospital: Okuda S, Kobayashi S
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Tenascin-C, an extracellular matrix glycoprotein, appears only in
the early stages of embryonic development. It is not normally
expressed in the adult heart but does reappear transiently in
distinct areas in association with active tissue remodeling. The
aim of this study was to explore serial changes in the expression
of tenascin-C after myocardial ischemia and reperfusion, using
125|-labeled anti-tenascin-C antibody ('25I-TNC-Ab) in a rat
model of acute ischemia and reperfusion. Methods: The left
coronary artery was occluded for 20 or 30 min, followed by reper-
fusion for 1, 3, or 7 d in rats with 20 min of ischemiaand for 1, 3, 7,
14, or 28 d in rats with 30 min of ischemia. At the time of the study,
125]-TNC-Ab (1.0-2.5 MBq) was injected. Three to 5 h later, to
verify the area at risk, 9®™Tc-methoxyisobutylisonitrile (100-200
MBq) was injected intravenously just after the left coronary artery
reocclusion and the rats were sacrificed 1 min later. Dual-tracer
autoradiography was performed to assess 25-TNC-Ab uptake
and the area at risk. Resuits: In rats with 20 min of ischemia,
1251-TNC-Ab uptake peaked at 3 d after reperfusion, followed
by faint uptake after 7 d (uptake ratios at 1, 3, and 7 d after reper-
fusion were 1.81 * 0.53, 2.46 = 0.79, and 1.23 + 0.17, respec-
tively [P < 0.05 vs. 3 d]). In rats with 30 min of ischemia, uptake
was high at 1 and 3 d after reperfusion (2.99 + 0.90 and 2.71 *
0.80, respectively), decreased at 7 and 14 d (1.94 + 0.23 and
2.06 + 0.37, respectively), and was weak at 28 d (1.47 * 0.27,
P < 0.005 vs. 1 d, P < 0.05 vs. 3 d). Conclusion: These data
indicate that '25]-TNC-Ab imaging may be a way to monitor
myocardial injury and its repair process after ischemia and reper-
fusion by visualizing tenascin-C expression.

Key Words: tenascin-C; 25]-anti~tenascin-C-antibody; myocardial
ischemia; reperfusion; autoradiography

< Nucl Med 2010; 51:1116~1122
DOI: 10.2967/jnumed.109.071340
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Cardiac repair after myocardial infarction is regulated
thorough activation and repression of the acute inflamma-
tory process, followed by timely infiltration of the infarcted
myocardium with myofibroblasts. These secrete large
amounts of extracellular matrix proteins, leading to
formation of collagen-based scar tissue in the infarct.
Inflammatory and fibrotic processes are critically involved
in the pathogenesis of ventricular remodeling, which is
a significant predictor of left ventricular dysfunction and an
adverse prognosis (/). Extracellular matrix and cardiac
cells are essential for maintaining the integrity of cardiac
tissue and play an important role not only in structural and
mechanical support but also in modulation of cell function.

It has been reported that tenascin-C, an extracellular
matrix glycoprotein, could provide important biologic
signaling that influences cell motility, proliferation, differ-
entiation, survival, or apoptosis via cellular—extracellular
matrix interaction during remodeling of various tissues
(2,3). Tenascin-C appears in the heart only in the early
stages of embryonic development and is not normally
expressed in adults. However, it reappears transiently in
association with myocardial injury such as myocardial
infarction (4-6), hibernating myocardium (7), myocarditis
(6,8,9), and dilated cardiomyopathy (10,11). Its site-spe-
cific expression suggests that tenascin-C plays important
roles during tissue remodeling but also that it can serve as
an indicator of myocardial disease activity.

Recently, we and other groups have reported increased
serum tenascin-C in heart failure patients, reflecting the
severity and progression of ventricular remodeling (12-15).
Of particular interest is that patients with acute myocardial
infarction with high serum levels of tenascin-C within 1 wk
of infarction have a greater incidence of ventricular
remodeling 6 mo later and a worse long-term prognosis
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(16), indicating that tenascin-C can be a possible predictor
of ventricular remodeling and poor prognosis after myo-
cardial infarction. These considerations make it important
to assess the expression of tenascin-C in the acute phase of
myocardial infarction.

In previous animal studies on acute myocardial infarc-
tion induced by permanent ligation of a coronary artery, it
was reported that tenascin-C appears transiently during the
acute stage, plays several significant roles in myocardial
tissue remodeling, and may be a potential candidate for
molecular imaging (9,17). For clinical application of the
imaging, it is essential to analyze the molecular dynamics
in the model of myocardial ischemia and reperfusion that is
the general scenario in the era of percutaneous coronary
intervention in acute coronary syndrome.

The aim of this study was to explore spatial and temporal
changes in the expression of tenascin-C after myocardial
ischemia and reperfusion using '2°I-labeled anti—tenascin-C
antibody (‘2°I-TNC-ADb) in a rat model of acute ischemia
and reperfusion.

MATERIALS AND METHODS

Animal Moded of Acute lsohemia and Reperfusion

All experimental procedures involving animals were conducted
in accordance with the institutional guidelines set by the Institute
for Experimental Animals, Kanazawa University Advanced Sci-
ence Research Center. Ten- to 14-wk-old male Wistar rats (n =
51) were anesthetized with an intraperitoneal administration of 40
mg of pentobarbital per kilogram of body weight and ventilated
mechanically with room air. After left thoracotomy and exposure
of the heart, a 7-0 polypropylene suture on a small curved needle
was passed through the myocardium beneath the proximal portion
of the left coronary artery (LCA), and both ends of the suture were
passed through a small vinyl tube to make a snare. The suture
material was pulled tightly against the vinyl tube to occlude the
LCA. Myocardial ischemia was confirmed by regional cyanosis of
the myocardial surface and ST-segment elevation on the electro-
cardiograph. Two series of experiments were performed. The first
evaluated a 20-min interval of LCA occlusion and reperfusion,
and the second evaluated a 30-min interval of LCA occlusion and
reperfusion, to determine the distribution of tenascin-C expres-
sion. Reperfusion was obtained by release of the snare and
was confirmed by a myocardial blush over the area at risk. The
snare was left loose on the surface of the heart until repeated
thoracotomy for reocclusion of the LCA just before sacrifice to
identify the area at risk (/8). Groups of animals with 20 min of
occlusion were studiedat 1d (n = 6),3d (n = 5),and 7d (n = 5)
after reperfusion, and groups of animals with 30 min of occlusion
were studiedat 1d (n = 6),3d (n = 6),7d (n = 5), 14d (n = 6),
and 28 d (n = 6) after reperfusion. At the time of the study, '*I-
TNC-Ab (1.0-2.5 MBq) was administered via a tail vein. In 6 rats
with 30 min of ischemia and 3 d of reperfusion, 1.5-2.0 MBq of
125]-labeled nonspecific antibody were injected. Three to 5 h
afterward, 100-200 MBq of %*™Tc-methoxyisobutylisonitrile
(MIBI) were injected via a tail vein just after reocclusion of the
proximal portion of the LCA for delineation of the area at risk.
One minute later, the rat was euthanized and the heart was
removed for analysis. The excised heart was rinsed in saline,
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frozen in isopentane, cooled in dry ice, and embedded in methyl
cellulose. Serial short-axis heart sections 20 pm thick were
obtained on a cryostat to create a series of rings for autoradiog-
raphy.

Biodistrthutinn Study

Biodistribution was studied in rats with 30 min of ischemia and
3 d of reperfusion with injection of 1.5-2.0 MBq of '2’I-TNC-Ab.
Groups of rats were euthanized at 1 h (n = 4), 5h (n = 5), and
24 h (n = 5) after tracer injection. Hearts (nonischemic area
and infarcted area), other organs (lung, liver, spleen, kidney, and
muscle), and blood were weighed and then counted for radioac-
tivity to calculate the percentage injected dose per gram of tissue.

Radiniabeling of Aoth-Tenascin € aotiody

Anti—tenascin-C mouse IgG Fab’, a mouse monoclonal anti-
body against tenascin-C, clone 4F10TT, was raised by immuni-
zation of a tenascin-C—null mouse with purified human tenascin-C
as described previously (6).

Anti-tenascin-C antibody was radiolabeled with 125 by the
chloramine-T method (/9). Briefly, '25I-sodium iodide solution
(37 MBg/10 pL; Perkin Elmer) was added to 60 pL of antibody in
phosphate-buffered saline (0.32 mg/mL). After mixing, 4 pL of
chloramine-T aqueous solution (1 mg/mL) were added. After 15
min at room temperature, the reaction was quenched with 20 wL
of Na,H,SOs. The crude product was purified with a PD-10
column (GE Healthcare U.K,, Ltd.) with saline as the eluate. The
radiochemical purity of 2’I-TNC-Ab was determined by thin-
layer chromatography, which was performed with silica plates
(catalog no. 5553; Merck) and with saline as the developing
solvent. Radiochemical purity was defined as the percentage of
protein-bound activity, which was assessed by dividing counts at
the thin-layer chromatography origin by total thin-layer chroma-
tography counts.

As a nonspecific control antibody, mouse F(ab’), IgG1 (Beck-
man Coulter, Inc.) was reduced to Fab’ with 50 mM 2-mercap-
toethylamine in phosphate-buffered saline containing 10 mM
ethylenediaminetetraacetic acid at 37°C for 1 h. Radiolabeling
of the control antibody (Fab') with 21 was performed as
described above.

Dual-Tracer Sutoradisgraphy

Dual-tracer autoradiography of the left ventricular short-axis
slices was performed for the assessment of '2I-TNC-Ab uptake
and ischemic area (°*™Tc-MIBI image). The first autoradiographic
exposure on an imaging plate (BAS-MS; Fuji Film) was per-
formed for 15-20 min to visualize the area at risk as expressed by
99mTc-MIBI distribution at 1-2 h after sacrifice. Three days later
(12 half-lives of %°™Tc), the second exposure was made for 7 d to
image the distribution of '>I-TNC-Ab.

iaia Analysis

125I.TNC-Ab accumulation was evaluated in 3 myocardial
slices at the mid-ventricular level spaced 1 mm apart from one
another. The distribution of the tracers was determined by analysis
of the digitized autoradiographs. The photostimulated lumines-
cence in each pixel (100 x 100 wm) was determined using
a bioimaging analyzer (BAS-5000; Fuji Film). For quantitative
analysis, the uptake values of each region of interest (ROI) were
expressed as the background-corrected photostimulated lumines-
cence per unit area (1 mm?). A background ROI was set adjacent
to the left ventricle. Ischemic and normally perfused areas were
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defined from the *°™Tc-MIBI image, and these ROIs were applied
to the '2SI-TNC-Ab images to evaluate the uptake of '25I-TNC-
Ab. An area of significant '2SI-TNC-Ab uptake was also defined
manually as an ROI. The '25I-TNC-Ab uptake ratio was calculated
by dividing the uptake value in an ischemic area by that of
a normally perfused area. The ratio of a '2[-TNC-Ab uptake ROI
to an ischemic ROI was defined as the percentage of the '25[-TNC-
Ab uptake area (/8). All parameters in each rat were expressed as
the average value obtained from the analysis of 3 representative
slices.

ornunoiistensheming Staining

Short-axis frozen sections adjacent to the slices for autoradi-
ography were mounted on slides. These short-axis heart sections
were washed with phosphate-buffered saline and stained with
mouse anti-tenascin-C antibody 4F10TT, the same antibody used
for autoradiography, using direct immunoperoxidase technique.
For paraffin sections, the heart was fixed in 4% paraformaldehyde,
embedded in paraffin, and immunostained as previously described
(5). Briefly, after treatment with pepsin for 10 min for antigen
retrieval, sections were incubated with anti-tenascin-C antibody
4F10TT and subsequently with peroxidase-conjugated antimouse
IgG Fab’ (Medical and Biological Lab Co., Ltd.). After washing,
diaminobenzidine/H,0, solution was used to demonstrate antibody
binding. The site and distribution of the expression of tenascin-C
were examined with the aid of the hematoxylin- and eosin-stained
slice adjacent to the immunohistochemically stained slice.

Sladistinal Analvsis

All results were expressed as mean = SD. Statistical analyses
were performed using a Macintosh computer (Apple) with JMP
software (version 5.0.1J; SAS Institute, Inc.). Groups were
compared using the Tukey—Kramer method. A value of P less
than 0.05 was considered statistically significant.

RESULTYS

Raginiabeling

125I.TNC-Ab was prepared with high radiochemical
yield (89%). After purification by PD-10, '25I-TNC-Ab
showed a radiochemical purity of over 99%.

Araa with PPLTNO-AL Uplake Yeraus Srem s Risk

The percentages of '2’I-TNC-Ab uptake areas against
areas at risk in rats with 20 min of ischemia at 1, 3, and 7 d
after reperfusion were similar (59.5% * 10.4%, 52.9% *
4.0%, and 62.3% * 3.1%, respectively; not statistically
significant) (Fig. 1).

In rats after 30 min of reperfusion, the percentages of
125 TNC-Ab uptake areas at 1, 3, 7, 14, and 28 d after
reperfusion tended to decrease with longer reperfusion
periods (70.2% * 8.2%, 63.7% * 4.3%, 63.5% * 3.7%,
61.0% * 14.3%, and 52.3% * 13.0%, respectively), but
statistical significance was observed only when 1 d was
compared with 28 d (P < 0.05) (Fig. 1).

When !25I-TNC-Ab uptake areas against areas at risk
were compared between rats with 20 and 30 min of
ischemia, the uptake areas of rats with 30 min of ischemia
were larger than those of rats with 20 min of ischemia only
at 3 d after reperfusion (P < 0.05).
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In visual analysis, significant '2’I-TNC-Ab uptake was
observed predominantly in the midmyocardial to endomyo-
cardial layers in the area at risk in rats with 20 min of
ischemia at 1 d after reperfusion, and the intensity in-
creased at 3 d followed by faint uptake at 7 d. In rats with
30 min of ischemia, strong '?’I-TNC-Ab uptake was also
observed in the midmyocardial to endomyocardial layers in
the area at risk at 1 and 3 d after reperfusion, followed by
moderate uptake at 7 and 14 d and weak uptake at 28 d
(Fig. 2).

In the quantitative analysis, the '25I-TNC-Ab uptake ratio
of the rats with 20 min of ischemia was 1.81 * 0.53 at 1 d after
reperfusion and increased at 3 d (2.46 = 0.79), followed by
a significant reduction at 7d (1.23 = 0.17, P < 0.05 vs. 3 d).
The uptake ratio of the rats with 30 min of ischemia at 1 and
3 d after reperfusion was equally high (2.99 = 0.90and 2.71 =
0.80, respectively); the uptake decreased at 7 and 14d (1.94 =
0.23 and 2.06 * 0.37, respectively) and then was weak at 28 d
(147 = 0.27,P<0.005vs. 1 d, P < 0.05 vs. 3 d). When rats
with 20 and 30 min of ischemia were compared, '2I-TNC-
Ab uptake in rats with 30 min of ischemia was higher at 1 d
(P < 0.05) and 7 d (P < 0.001) after reperfusion but was
similar at 3 d (Fig. 3).

125].1abeled nonspecific antibody accumulated only
slightly in the ischemic area (uptake ratio, 1.36 = 0.27)
in rats with 30 min of ischemia at 3 d after reperfusion. This
uptake was significantly lower (P < 0.005) than that of
125-TNC-ADb (2.71 *= 0.80).

Biodistibulion of PP THNG-Ab
As shown in Table 1, uptake of !2’I-TNC-AD in the
infarcted area was 0.53 * 0.089, 0.62 * 0.13, and 0.27 =
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1d 3d 7d

251.TNC-Ab

14d

284d

0.11 percentage injected dose per gram of tissue at 1, 5, and
24 h after tracer injection, respectively. Because of the
rapid blood clearance of '>’I-TNC-Ab and good retention
in infarcted areas, a decent infarcted area—to-blood ratio
was obtained at 5 and 24 h after injection (1.85 % 0.14 and
4.8 = 1.0, respectively), and the infarcted area—to—lung
ratio at 5 and 24 h after tracer injection was 1.97 * 0.19
and 4.9 * 1.2, respectively, suggesting feasibility for in
vivo imaging. However, liver uptake that was relatively
high but less than double the infarcted area was observed
until 24 h.

Misiopathologic Findings
The accumulation of '2I-TNC-Ab seen on autoradiog-
raphy corresponded closely to the area with positive

0 20 min of ischemia & 30 min of ischemia

P <0.005

P<0.05

Uptake ratio

14 d
Reperfusion time
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immunohistopathologic staining by '2’I-TNC-Ab. Repre-
sentative cases are shown in Figure 4A.

One to 3 d after 30 min of ischemia and reperfusion,
coagulation necrosis of cardiomyocytes and severe inflam-
matory cell infiltration were apparent in the infarcted area.
Tenascin-C deposition and inflammation were observed
throughout the infarcted area. Especially strong staining
was noted at the border zone. No tenascin-C expression
was detected in the intact area (Fig. 4B). Necrotic tissue was
gradually replaced by granulation tissue, with attenuation of
inflammation. Tenascin-C deposition gradually decreased
and had almost disappeared on day 28, when collagen fiber—
rich scar tissue had formed in the injured lesion.

DISCUSSION

The present study demonstrated the feasibility of imag-
ing targeted at tenascin-C expression and documented for
the first time, to our knowledge, spatiotemporal profiling of
tenascin-C expression after myocardial ischemia and re-
perfusion. In myocardium with 20 min of ischemia and
reperfusion, significant tenascin-C expression was observed
inhomogeneously but predominantly in the midmyocardial
to endomyocardial layers within the area at risk at 1 d after
reperfusion, and the expression peaked at 3 d, followed
by a marked reduction of tenascin-C expression at 7 d.
However, when the ischemia was prolonged to 30 min,
the time course of the tenascin-C expression differed
considerably; it peaked at 1 and 3 d after reperfusion, and
a reduced but still significant expression persisted over
7-14 d, followed by an obvious decline in tenascin-C
expression at 28 d. We surmise that in the model of
ischemia and reperfusion, the duration of coronary artery
occlusion or the severity of ischemia is the most potent
factor determining the degree and time course of tenascin-C
expression. Histopathologic examination also demonstrated
similar results obtained from autoradiography. More pro-
longed tenascin-C immunostaining was observed in the
model of 30 min of ischemia and reperfusion than in the
model of 20 min of ischemia.

A previous immunohistopathologic study on rats with
permanent coronary ligation demonstrated interstitial
positive tenascin-C immunoreactivity in the border zone
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between infarcted and intact areas at 1 d after ligation.
Approximately 3 d after ligation, necrotic myocardium
began to be replaced by granulation tissue, and tenascin-C
immunoreactivity was observed at the marginal zone and at
developing fronts of granulation tissue around necrotic
cardiomyocytes (5). However, in the present study with
ischemia and reperfusion, '25I-TNC-Ab accumulation and
tenascin-C immunostaining were scattered throughout but
restricted within the ischemic area at 1 d after reperfusion.
Three days after reperfusion granulation, tissues were
formed intricately in the midmyocardial to endomyocardial
layers, with a vague border, and tenascin-C immunoreac-
tivity was observed rather widely around granulation tissue.
This finding can be explained by the presence of scattered
surviving foci of myocardial tissue in the infarcted area
because of tissue salvage by reperfusion.

A wrromisl TTINC-AD Immunostaning B

1120

After myocardial infarction, tenascin-C is markedly but
transiently upregulated during the early phase of tissue
repair, is predominantly produced by interstitial fibroblasts,
and is localized in the border zone between infarcted and
viable myocardium (4,5). Tenascin-C may have a dual role
in cardiac tissue repair and healing. Tenascin-C may loosen
cardiomyocytes from the matrix, causing slippage of
cardiomyocytes, and may facilitate inflammatory cell in-
filtration. Tenascin-C upregulates the transcription and
activity of matrix metalloproteinases (20,21), thereby pro-
moting degradation of the extracellular matrix and slippage
of myocytes within the ventricular wall, resulting in an
increased risk of ventricular thinning and dilatation. On the
other hand, tenascin-C may increase matrix production,
resulting in reinforcement of the cardiac matrix (5,6,22). A
timely and proper degree of tenascin-C expression might

3d 28d
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benefit myocardial tissue repair, whereas prolonged over-
expression of tenascin-C might interfere with sound tissue
repair and cause inappropriate reconstruction of the in-
farcted ventricle, resulting in so-called ventricular remod-
eling. In patients with acute myocardial infarction, the peak
serum tenascin-C level at 5 d after ‘infarction is an
important independent predictor of prognosis. A higher
tenascin-C level is associated with a greater risk of left
ventricular remodeling at 6 mo after infarction, indicating
that overexpression of tenascin-C may aggravate ventricu-
lar remodeling (/6). Furthermore, Frangogiannis et al.
revealed that, in patients with severe chronic ischemic
heart disease, dysfunctional myocardial segments express-
ing more tenascin-C showed significantly better functional
recovery after bypass surgery than did segments without
tenascin-C expression. Expression of tenascin-C in the
dysfunctional segment may suggest that active continuous
fibrosis is in progress in that area and may be beneficial for
surgical interventional revascularization therapy to prevent
ventricular remodeling (7).

The application of targeted radionuclide imaging of re-
gional tenascin-C expression as proposed in the present study
holds the potential to quantify the extent, amount, and
localization of tenascin-C expression in vivo and to relate
pathophysiologic events to tissue repair and remodeling after
severe myocardial ischemia. Furthermore, the proposed
imaging approach would provide the opportunity to monitor
novel therapeutic interventions directed toward the reduction
of extracellular matrix remodeling after myocardial infarc-
tion. Although the current study demonstrated changes in
spatiotemporal '>’I-TNC-Ab accumulation after myocardial
ischemia and reperfusion, further study should investigate
the relationship between the degree or temporal prolongation
of '25I-TNC-Ab uptake and ventricular dilatation or remod-
eling after myocardial infarction. In addition, assessments of
whether interventional therapy to protect against myocardial
damage and ventricular remodeling is related to changes in
tenascin-C expression, and whether these really reflect the
therapeutic effect, are also required.

In the present study, the anti—tenascin-C-antibody frag-
ment was labeled so that the radioactivity would reveal
inherent in vivo behaviors of the antibody fragment. The
concordant spatial distribution of '>’I-TNC-Ab and immu-
nohistochemical staining confirmed that the '>’I-TNC-Ab
had bound to tenascin-C expressed in rat myocardium.
Specific accumulation of '2’I-TNC-Ab in the myocardial
area with ischemia and reperfusion was confirmed by
a significantly lower accumulation of the nonspecific
antibody in the area at risk.

For future clinical application as a SPECT agent,
I123I.TNC-Ab or '''In-TNC-AD is required. Labeling with
123] can easily be performed in the same way as for 2%,
and '''In labeling has already been achieved (9,17). Rapid
blood clearance and retention of '*’I-TNC-Ab in the
infarcted area, resulting in a decent target-to-blood ratio
and good target-to-lung ratio, indicate the feasibility of in

TeNASCIN-C IN MYOCARDIAL IscHEMIA ¢ Taki et al.

vivo imaging at 5 h or later after tracer injection. However,
relatively high liver uptake resulted in a low target-to-liver
ratio (0.66 at 5 h and 0.82 at 24 h), suggesting that careful
interpretation might be required for myocardial uptake
adjacent to the liver.

CONCLUSION

The present study demonstrated the feasibility of tar-
geted '2I-TNC-Ab imaging for serial assessment of re-
gional expression of tenascin-C after myocardial ischemia
and reperfusion. The study also demonstrated the spatio-
temporal expression pattern after 20 and 30 min of
ischemia and reperfusion. The data from this study implied
that, by allowing visualization of tenascin-C expression,
radiolabeled TNC Ab imaging may be a noninvasive way to
monitor myocardial injury and its repair process after
ischemia and reperfusion.
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Heart-specific Small Subunit of Myosin Light Chain
Phosphatase Activates Rho-associated Kinase and Regulates
Phosphorylation of Myosin Phosphatase Target Subunit 1*
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Phosphorylation of myosin regulatory light chain (MLC)
plays a regulatory role in muscle contraction, and the level of
MLC phosphorylation is balanced by MLC kinase and MLC
phosphatase (MLCP). MLCP consists of a catalytic subunit, a
large subunit (MYPT1 or MYPT2), and a small subunit. MLCP
activity is regulated by phosphorylation of MYPTs, whereas the
role of small subunit in the regulation remains unknown. We
previously characterized a human heart-specific small subunit
(hHS-M,,) that increased the sensitivity to Ca®* in muscle con-
traction. In this study, we investigated the role of hHS-M,, in
the regulation of MLCP phosphorylation. Two isoforms of hHS-
M,,, hHS-M,, A and hHS-M,, B, preferentially bound the C-ter-
minal one-third region of MYPT1 and MYPT?2, respectively.
Amino acid substitutions at a phosphorylation site of MYPT1,
Ser-852, impaired the binding of MYPT1 and hHS-M,,;. The
hHS-M,, increased the phosphorylation level of MYPT1 at Thr-
696, which was attenuated by Rho-associated kinase (ROCK)
inhibitors and small interfering RNAs for ROCK. In addition,
hHS-M,, bound ROCK and enhanced the ROCK activity. These
findings suggest that hHS-M,, is a heart-specific effector of
ROCK and plays a regulatory role in the MYPT1 phosphoryla-
tion at Thr-696 by ROCK.

Phosphorylation of myosin regulatory light chain (MLC)?
plays pivotal roles in activation of actomyosin, regulation of cell
shape, cell motility, and cytokinesis in eukaryotic cells (1—4).
MLC phosphorylation is regulated by a balanced activity of two
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key enzymes: MLC phosphatase (MLCP) and MLC kinase (5).
MLCP dephosphorylates the phosphorylated MLC, resulting in
inactivation of myosin to cross-link actin filaments (6). It is well
known that the MLC dephosphorylation induces Ca?* desen-
sitization of contractility, especially in the smooth muscle (6).

Many earlier works focused on MLCP in smooth muscle, and
the current model for MLCP is based on the chicken gizzard
MLCP (6). MLCP in smooth muscle is composed of a catalytic
type 1 8 isoform (PP1cé) subunit of ~38 kDa, a myosin phos-
phatase target subunit (MYPT) of ~110 kDa, and a small sub-
unit of ~20 kDa (sm-M20) (6). PP1c8 required MYPT to inter-
act with specific substrates at precise cellular localizations, and
there are two isoforms of MYPT, MYPT1 and MYPT2. MYPT1
distributes ubiquitously in various tissues (7), whereas MYPT2
is mainly expressed in striated muscle and brain (8). MYPT1
and MYPT2 have common structural features as follows:
ankyrin repeats in the N-terminal half and leucine zipper (LZ)
motif in the C-terminal part. It was reported that both MYPT1
and MYPT2 formed a complex with PP1céd and other mole-
cules, such as moesin, microtubule-associated protein Tau, and
MAP2, at the ankyrin repeats (9, 10). The C-terminal part of
MYPT functions as a scaffold of substrates for several kinases
and signal proteins, including small GTPase RhoA (11).

There are several mechanisms proposed for the regulation of
MLCP activity, and the phosphorylation and dephosphory-
lation of MYPT were recognized as a major regulatory mecha-
nism {12). Rho-associated kinase (ROCK), which belongs to a
family of serine/threonine kinase and is activated by small
GTPase RhoA, is known as a primary regulator of MYPT (13),
and ROCK phosphorylates MYPT1 at threonine 696 (Thr-696)
and threonine 853 (Thr-853) (numbering according to the
human isoform) (12). Because MYPT2 contains equivalent
phosphorylation sites (Thr-646 and Thr-808), it may also be
regulated by the phosphorylation similar to MYPT1 (14). In
addition, several other kinases, such as zipper-interacting pro-
tein kinase (ZIPK) and p21-activated kinase, are able to phos-
phorylate Thr-696 of MYPT1 (15, 16). Phosphorylation of
MYPT1 at either Thr-696 or Thr-853 inhibited the MLCP
activity and increased the sensitivity to Ca>* of muscle contrac-
tion in smooth muscle (17). On the other hand, only limited
information is available for the MLCP small subunit. The sm-
M20 was characterized only in chicken gizzard, and it could
bind the C-terminal part of MYPT1. However, it was reported
that the binding of sm-M20 and MYPT1 did not affect the
MLCP activity (6). It was demonstrated that sm-M20 increased
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Regulation of Myosin Phosphatase Function by ROCK

the Ca>* sensitivity of the contractile apparatus in vascular
smooth muscle, the effect of which was conferred by the N-ter-
minal half of sm-M20 (18). However, little is known about the
functional roles of the small subunit in the regulation of MLCP
activity, especially in muscles other than smooth muscle, such
as cardiac muscle. _

We have previously isolated heart-specific 21-kDa isoforms of
the small subunit from human cardiac muscle, designated as hHS-
M,; (7). The hHS-M,, is encoded by the same gene for MYPT?2,
involving exons 1425, and there are two isoforms, hHS-M,, A
and hHS-M,,B, which differed by structures of LZ motif at the
C-terminal end, generated by an alternative splicing of exon 24 (7).
It was revealed that hHS-M,, augmented the contraction of per-
meabilized porcine renal artery and rat cardiomyocyte at a con-
stant Ca®* concentration and that the N-terminal half of RHHS-M,,
conferred this action. In addition, kHS-M,, bound the C-terminal
one-third region of MYPT1 with high affinity, and it bound to the
corresponding region of MYPT2 only to a small extent. These
findings implied that hHS-M,, played a role in the regulation of
MYPT, although it has been established that the sensitivity to
Ca®* concentration in cardiac muscle contraction is mainly regu-
lated by the troponin complex.

‘We demonstrate here that hHS-M,, is a positive regulator of
ROCK and involved in the MYPT phosphorylation. This is the
first study suggesting a regulatory mechanism by which hHS-
M, activates ROCK and modulates MYPT1 phosphorylation
at Thr-696 by ROCK.

EXPERIMENTAL PROCEDURES

Mammalian Two-hybrid (M2H) Assay—The cDNA fragments
for MYPT1 corresponding to amino acids (aa) 1-344 (N-terminal
one-third of MYPT1; MYPT1-A), aa 345—688 (middle one-third
of MYPT1; MYPT1-M), and aa 689 —1030 (C-terminal one-third
of MYPT1; MYPT1-P) and for MYPT2 corresponding to aa 1-328
(N-terminal one-third of MYPT2; MYPT2-A), aa 329 — 656 (mid-
dle one-third of MYPT2; MYPT2-M), and aa 657-982 (C-termi-
nal one-third of MYPT2; MYPT2-P) were obtained by PCR from
total heart cDNA. The C-terminal one-third regions of MYPTs
were further divided into two parts as follows: MYPT1-Ptl (aa
689-877 of MYPT1) and MYPT1-Pt2 (aa 878-1030 of
MYPT1) for MYPT1, and MYPT2-Ptl (aa 657-783 of MYPT?2)
and MYPT2-Pt2 (aa 784-982 of MYPT2) for MYPT2. The
c¢DNA fragments for hHS-M,, were hHS-M,, A and hHS-M,,B
{two isoforms of hHS-M,; aa 1-208 and 1-224, respectively),
hHS-M,,-t1 (deletion of the LZ motif from hHS-M,,), hHS-
M,,-t2 (N-terminal half of hRHS-M,,), hHS-M,, -t3 (deletion of
N-terminal 56 residues and LZ motif from hHS-M,;), hHS-
M,,-t4 (C-terminal half of hHS-M,, A), hHS-M,,-t5 (C-termi-
nal half of hHS-M,, B), hHS-M,, -0l (N-terminal 56 residues of
hHS-M,,), and hHS-M,;-02 (deletion of N-terminal 56 resi-
dues from C-terminal half of hHS-M,,). These cDNAs for
MYPT1, MYPT2, and hHS-M,, were obtained by PCR from the
MYPT1, MYPT2, and hHS-M,, plasmids, respectively (7). A
full-length cDNA fragment (aa 1-186) of human sm-M20 was
amplified by RT-PCR from human uterus ¢cDNA. The PCR
products were cloned into pCRII (Invitrogen) and sequenced to
confirm that no PCR errors were introduced, and the insert
cDNAs were excised by digestion with BamHI and Sall (for

OCTOBER 29, 2010+-VOLUME 285-NUMBER 44  NASEIB\_

hHS-M,,, sm-M20 and MYPT2, MYPT1-A, and MYPT1-M
constructs) or Sall and Notl (for MYPT1-P, -Ptl, and -Pt2 con-
structs). Excised cDNA fragments were then cloned into pACT
vector containing VP16 as a prey (for hHS-M,, and sm-M20
constructs) and the pBIND vector containing GAL4 as a bait
(for MYPT constructs) (CheckMate mammalian two-hybrid
system, Promega). Sequence of primers and PCR conditions are
available upon request. M2H assays were performed using
Dual-Luciferase reporter assay system (Promega) as described
previously (19). Arbitrary units (AU) were expressed as Firefly
luciferase activities corrected by Renilla reniformis luciferase
activities to normalize the transfection efficiency.

Pulldown Assay—The cDNA fragments for hHS-M,, and
sm-M20 were generated by PCR from VP16-tagged hHS-M,,
and sm-M20 plasmids described above and cloned into the
pcDNA4/HisMax vector (Invitrogen) to obtain hexahistidine
(Hisg)-tagged hkHS-M,, and sm-M20. The cDNA fragments for
MYPT1-Pt3 (aa 822-1002) and MYPT2-Pt3 (aa 775-954),
which lacked the LZ motifs and contained the phosphorylation
sites at Ser-852/Thr-853, were generated by PCR and cloned
into the pACT vector. Pulldown assay was performed using a
HIS buffer kit (GE Healthcare) according to the manufacturer’s
instructions. Briefly, COS-7 cells (2 X 10°) were seeded onto
150-mm dishes 1 day before the transfection, and each con-
struct (10 pg) was individually transfected into the cells with 12
pl of COSFectin lipid reagent (Bio-Rad) according to the man-
ufacturer’s instruction. After 72 h of transfection, cells were
harvested in binding buffer (20 mM sodium phosphate, 500 mm
NaCl, 20 mm imidazole, 1% Nonidet P-40) containing a prote-
ase inhibitor mixture (Sigma). Total protein concentration was
measured by BCA protein assay (Pierce). To evaluate the
expression levels of transfected VP16-tagged MYPT, aliquots of
the cell lysates were subjected to SDS-PAGE and transferred to
a membrane for Western blotting (WB) with primary mouse

anti-VP16 monoclonal antibody (mAb) (1:100, Santa Cruz Bio-

technology) and secondary rabbit anti-mouse IgG HRP-conju-
gated Ab (1:1000, Dako A/S). Equivalent amounts of VP16-
tagged proteins were used in the experiments. Cell lysates
containing Hisg-tagged hHS-M,,/sm-M20 or VP16-tagged
MYPT1/MYPT2 were mixed with each other, and incubated at
37°C for 2 h to form a binding complex. Subsequently, the
admixture was incubated with nickel-Sepharose™ 6 Fast Flow
(GE Healthcare) overnight at 4 °C. After washing three times
with binding buffer, bound proteins were eluted by binding
buffer containing 500 mm imidazole. The eluted samples were
subjected to the SDS-PAGE followed by the WB analysis. The
membrane of WB was incubated with primary mouse anti-
VP16 mAb or rabbit anti-Hisg polyclonal antibody (pAb) (1:100
each, Santa Cruz Biotechnology) and with secondary rabbit
anti-mouse (for mAb) or mouse anti-rabbit (for pAb) IgG HRP-
conjugated Ab (1:1000, Dako A/S). Signals were visualized by
Immobilon Western chemiluminescent HRP substrate (Milli-
pore) and analyzed in Luminescent Image Analyzer LAS-
3000mini (Fujifilm). The densitometric intensities were mea-
sured by MultiGauge version 3.0 (Fujifilm).

To mimic the phosphorylation and dephosphorylation states
at Ser-852 and Thr-853 of MYPT1, cDNA fragments for wild-
type (WT) and mutant MYPT1 (mMYPT1s, aa 689 -1002) con-
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Regulation of Myosin Phosphatase Function by ROCK

(for HEK293 cells, Bio-Rad). COS-7
cells were also co-transfected with
pcDNA3.1/Hygro full-length MYPT1
(2 pg) alone, pcDNA3.1/Hygro
full-length MYPT1 (2 pg) plus
pcDNA3.1/Zeo-ROCK2-act (2 ug),
or pcDNA3.1/Hygro full-length
MYPT1 (2 pg) plus pcDNA3.1/
Zeo-ROCK2-act (2 pg) plus pCMV-
Tag3-hHS-M,, (2 pg), with 7.2 ul of
COSFectin lipid reagent. As for the
ERM phosphorylation assay, COS-7
cells (4 X 10%) were seeded onto
60-mm dishes, and pCMV-Tag3-
hHS-M21 (2 pug) or pcDNA3.l/
Zeo-ROCK2-act (2 ug) was trans-
fected using 2.4 ul of COSFectin
lipid reagent. In some experiments,
COS-7 cells were treated with a
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FIGURE 1. Schematic representation of constructs used in M2H and pulldown assays. Full-length and
deletion mutants for large and small regulatory subunits of MLCP are schematically indicated along with their
covering residues. A, constructs for myosin phosphatase target subunits (MYPT1 and MYPT2). Diagonal
hatched boxes in the N terminus of MYPTs represent ankyrin repeats. Shaded and open boxes in the C terminus
of MYPTsindicate LZ motifs of MYPT1 and MYPT2, respectively. 8, constructs for MLCP small subunits (hHS-M,,
and sm-M20}. Open and dotted boxes in the C terminus of hHS-M,, indicate LZ motifs in hHS-M,,A and hHS-
M,, B, respectively. C terminus of MYPT2 has identical sequences to that of hHS-M,, A and sm-M20. N-terminal
34 residues of sm-M20 (vertical hatched box of sm-M20) are different from that of hHS-M,,.

taining TCT to GAT (Ser-852 to Asp-852), TCT to GCT (Ser-
852 to Ala-852), ACA to GAT (Thr-853 to Asp-853), or ACA to
GCA (Thr-853 to Ala-853) were prepared where the substitu-
tions were generated by the primer-directed mutagenesis
method. Each mMYPT1 ¢DNA fragment was cloned into
PACT to obtain VP16-tagged protein in transfection experi-
ments. COS-7 cells (1 X 10%) were seeded onto 100-mm dishes
and co-transfected with a combination of pcDNA4/HisMax-
hHS-M,, A constructs (4 pg) and pACT-mMYPT1 constructs
(4 pg) with 9.6 pl of COSFectin lipid reagent. After 72 h of the
transfection, cells were harvested, and the pulldown assay was
performed as described above.

Phosphorylation Assay for MYPT1 and Ezrin/Radixin/Moesin
(ERM)—The cDNA fragments for hHS-M,, were cleaved from
PACT-hHS-M,, A, -hHS-M,, B, and -hHS-M,,-t1 plasmids and
inserted into pCMV-Tag3 vector (Stratagene) to obtain Myc-
tagged hHS-M,, in the transfection experiments. The cDNA frag-
ments of full-length MYPT1 (major isoform in human heart;
spliced out of exon 13) and constitutively active form of ROCK2
(ROCK2-act, aa 1-557) were amplified by RT-PCR from human
heart cDNA and inserted into pcDNA3.1/Hygro(+) vector and
pcDNA3.1/Zeo(+) vector, respectively. As for the MYPT1 phos-
phorylation assay, COS-7 (4 X 10°) and HEK293 (8 X 10°) cells
were seeded onto 60-mm dishes and co-transfected with a combi-
nation of pcDNA3.1/Hygro full-length MYPT1 (2 pg) and pCMV-
Tag3-hHS-M,, (0.1,0.5,1,and 2 pg) with 4.8 pl of COSFectin lipid
reagent (for COS-7 cell) or 9 ul of TransFectin lipid reagent

33682 JOURNAL OF BIOLOGICAL CHEMISTRY

ROCK-specific inhibitor, Y-27632
(Sigma), or fasudil hydrochloride
(Wako) at a final concentration of
20 M before the transfection, when
it was needed.

After 48 h of the transfection,
cells were subjected to brief sonica-
tion in TNE buffer (1% Nonidet
P-40, 1 mM EDTA, 150 mMm NacCl,
and 10 mMm Tris-HCl, pH 7.8) con-
taining a protease inhibitor mixture
and phosphatase inhibitors (10 mm
NaF and 2 mMm Nay;VO,). After measuring the protein concen-
tration, equal amounts of proteins were subjected to SDS-
PAGE and WB experiments. The following primary Abs were
used: mouse anti-c-Myc mAb (1:100, Santa Cruz Biotechnol-
ogy), rabbit anti-phospho-MYPT1-Thr-696 pAb (1:500), rabbit
anti-phospho-MYPT1-Thr-853 pAb (1:350, Millipore), rabbit
anti-MYPT1 pAb (1:100, Santa Cruz Biotechnology), rabbit anti-
ROKa/ROCKZ pAb (1:500, Millipore), rabbit anti-ezrin/radixin/
moesin pAb (1:500, Santa Cruz Biotechnology), and rabbit anti-
phospho ezrin (Thr-567)/radixin (Thr-564)/moesin (Thr-558)
pAb (1:250, Santa Cruz Biotechnology).

Inhibition Assay of ROCK Activity—CQOS-7 cells (4 X 10°)
were seeded onto 60-mm dishes, and 24 h later, a ROCK-spe-
cific inhibitor, Y-27632 (Sigma) or fasudil hydrochloride
(Wako), was added ata final concentration of 1, 10, or 20 um. Then
pcDNA3.1/Hygro full-length MYPT1 (2 pg), pcDNA3.1/
Hygro full-length MYPT1 (2 ug) plus pcDNA3.1/Zeo-ROCK2-act
(2 pg), or pcDNA3.1/Hygro full-length MYPT1 (2 ug) plus
pCMV-Tag3-hHS-M,, (2 ug) were transfected using COSFectin
lipid reagent. Cells were cultured with Y-27632 or fasudil
hydrochloride for 48 h and harvested in TNE buffer containing
a protease inhibitor mixture and phosphatase inhibitors. Cell
lysates were subjected to SDS-PAGE and WB analysis, as
described above.

Silencing of Endogenous ROCK by Small Interfering RNA
(siRNA)—Pre-designed siRNAs for human ROCK2 (siRNA ID,
s18162 and s225145) and a nonsilencing siRNA as a negative
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COS-7 cells (1 X 10°) were seeded
onto 100-mm dishes, and either
pCMV-Tag3-hHS-M,, (4 ug) or
pCMV-Tag2-full-length MYPT1 (4
ug) alone or both were transfected
using COSFectin lipid reagent.
After 48 h of the transfection, cells
were harvested, and co-IP assay was
performed as described previously
(20). Cell lysates were incubated
with 4 pg of control mouse IgG
(Caltag Laboratories), mouse anti-
c-Myc mAb, or mouse anti-FLAG
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FIGURE 2. M2H assay in evaluating the binding of hH5-M,,/sm-M20 with MYPTs. Luciferase activities
obtained in the M2H assay. A, binding pairs were deletion mutants of MYPT1 or MYPT2 with hHS-M,, A, hHS-
M,,B, or sm-M20. pACT and pBIND indicate transfection with pACT or pBIND vectors, respectively, as controls
(no VP16- and GAL4-tagged proteins). 8, binding pairs were deletion mutants of hHS-M,, A or hHS-M,, B with
MYPT1-P or MYPT2-P. Data for MYPT1-P with hH5-M,,A were arbitrarily defined as 1.00 AU. Data are repre-
sented as means = S.E. (n = 3 for control or n = 4 for each case). ***, p < 0.001 versus controls.

control were obtained from Ambion (Austin). COS-7 cells
(2 X 10°) were seeded onto 60-mm dishes and transfected
with siRNAs at a final concentration of 5 nM using Lipo-
fectamine 2000 (Invitrogen). After 24 h of the treatment with
siRNAs, pcDNA3.1/Hygro full-length MYPT1 (2 pg) and
pCMV-Tag3-hHS-M,, (2 ug) were co-transfected into the
siRNA-transfected cells. After 48 h of the initial siRNA trans-
fection, each siRNA (5 nM) was transfected into the cells. After
an additional 24 h, cells were harvested and subjected to the
SDS-PAGE and WB analysis. The primary Abs used for WB
were as follows: mouse anti-c-Myc mAb (1:100), rabbit anti-
phospho-MYPT1 Thr-696 pAb (1:500), rabbit anti-MYPT1
pAb (1:100), rabbit anti-ROKa/ROCK2 pAb (1:500), and
mouse anti-GAPDH mAb (1:100, Santa Cruz Biotechnology).

Co-immunoprecipitation (Co-IP) Assay—The cDNA frag-
ment for full-length MYPT1 was inserted into pCMV-Tag2
vector (Stratagene) to obtain FLAG-tagged full-length MYPT1.

A CEVEN
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mouse anti-c-Myc mAb (1:100),
mouse anti-FLAG mAb (1:250), and
rabbit anti-ROK«a/ROCK2 pAb
(1:500).

Statistical Analysis—Numerical
data were expressed as means = S.E.
Statistical differences were analyzed
using Tukey’s multiple comparison
tests. Statistical analyses were per-
formed using the R statistical com-
puting environment version 2.6.1. p
values less than 0.05 were consid-
ered to be statistically significant.
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RESULTS

Analysis of Binding Domains in
hHS-M,, and MYPTs—We first
characterized a human equivalent
isoform of sm-M20 that had been
characterized only in chicken giz-
zard (21). It was suggested that the
N-terminal end of human sm-M20
would be encoded within intron 18
of the gene for MYPT2, whereas the
C-terminal residues were translated
from the following exons (7, 22).
Because we found a region homologous to 5’ side of avian sm-
M20 ¢DNA in intron 18, which was 18.6-kbp upstream of exon
19, this information was used to design a 5'-sided primer to
isolate a full-length sm-M20 by RT-PCR. It was demonstrated
that human sm-M20 consisted of 186-aa residues, and the
N-terminal side (aa 1-34) differed from the N-terminal side of
MYPT2 and hHS-M,, (Fig. 1). It was found that exon 24 was
not alternatively spliced in encoding the cDNA for sm-M20
(human sm-M20 cDNA sequence was submitted to DDBJ and
given an accession no. AB588820), Expression analysis of sm-
M20 in various human tissues by RT-PCR showed a high level
expression in the tissues abundant with smooth muscle, includ-
ing uterus, small intestine, and colon, whereas a weak expres-
sion and no expression were observed in skeletal muscle and
heart, respectively (data not shown). '

To determine the binding domains in hHS-M,, and MYPTs,
we first performed M2H assay. A bait construct containing each

JOURNAL OF BIOLOGICAL CHEMISTRY 33683

—292—

1102 ‘L Aenige4 uo ‘nyebieq exiysey| oAqo] Je Bio-agi-mvm woly papeojumoq



Regulation of Myosin Phosphatase Function by ROCK

A A B

Eizga

Hisex &
o

MYPT2-P, and the luciferase activi-

- > . v :
&7 N N ties in the transfectants with
g §& § sm-M20 plus MYPTs were similar
Y

to that of hHS-M,, plus MYPTs
(Fig. 24).

Next, the hHS-M,,-binding
site in the C-terminal one-third

PO Hisg,
V3. VP

of MYPTs was analyzed using
MYPT1-Pt1, MYPT1-Pt2, MYPT2-

WB: \P1 [
MYPTis:
WB: Hssye

{206 MECEHS My o MEVEHS M,
12gr 12¢

g
il

g2y

o8

i}

=
“w

-
rS
>

Asbifray mit (80}
»
e
Adbitrary unit{AL
E Y

kA
[

o

~

PD: Hing.,
WB: VP&
W3 ¥Pig
MTET s
W Miges
{22008 M

FIGURE 3. Pulldown assay for binding of hHS-M,,/sm-M20 with C terminus of MYPT1 or MYPT2. Binding
of hHS-M,, A, hHS-M,,B, or sm-M20 with MYPT1 (A) or MYPT2 (B) was analyzed. VP16-tagged MYPT1-P or
-MYPT2-P was pulled down (PD) with Hisg-tagged hHS-M,, A, -hHS-M,,B, or -sm-M20 and detected by using
anti-VP16 Ab. Expression levels of VP16-tagged MYPTs and Hiss-tagged small subunits were evaluated by
immunoblotting of whole-cell lysates. Densitometric data obtained in the pulldown assays are shown in lower
panel. Bars indicate the amounts of pulldown products normalized to the amount of input VP16-MYPTs. Data
for VP16-MYPT1-P with His,-hHS-M,, A (A) or VP16-MYPT2-P with His,-hHS-M,,B (B) were arbitrarily defined as
1.00 AU. Data are represented as means *+ S.E. (n = 5 for each case). C, VP16-tagged MYPT1s pulled down with
Hisg protein alone or VP16 protein alone pulled down with His,-tagged small subunits were not detected.

one-third of MYPTs was co-transfected with a prey construct
for hHS-M,, or sm-M20 (Fig. 1), and luciferase activities in
co-transfectants were measured. When the luciferase activity in
the transfectants with hHS-M,,A plus MYPT1-P was arbi-
trarily defined as 1.00 AU, that of hHS-M,; A plus MYPT2-P
showed a significant binding (0.40 £ 0.01 AU, p < 0.001, as
compared with negative controls containing either MYPT's or
hHS-M,, construct alone), and those of hHS-M,,B plus
MYPTs were 0.21 = 0.01 or 0.39 * 0.01 AU for MYPT1-P or
MYPT2-P, respectively (p < 0.001 in each case), indicating that
both isoforms of hHS-M,, could interact with the C-terminal
one-third of MYPTs (MYPT1-P and MYPT2-P) (Fig. 24), as
reported previously by using an overlay assay (7). In addition,
hHS-M,,A preferentially bound MYPT1-P, whereas hHS-
M,, B preferentially bound MYPT2-P (Fig. 2A). It should be
noted that sm-M20, which differed from hHS-M,, A only at the
N-terminal part (aa 1-34), bound both MYPT1-P and

33684 JOURNAL OF BIOLOGICAL CHEMISTRY

Ptl, and MYPT2-Pt2 (Fig. 1A4). As
shown in Fig. 24, luciferase activi-
ties in the transfectants containing
hHS-M,;A or hHS-M,,B with
MYPT1-Pt2 (1.61 =+ 0.03 or 0.24 *
0.01 AU, respectively) or with
MYPT2-Pt2 (0.29 = 0.01 or 0.18 *
0.01 AU, respectively) were signifi-
cantly higher than those of the neg-
ative controls (p < 0.001 for each
case), demonstrating that the C-ter-
minal end of MYPTs (aa 878 -1030
of MYPT1 and aa 784-982 of
MYPT?2) possessed a binding site for
hHS-M,,. In addition, we analyzed
the MYPT-binding site in the dele-
tion mutant of hHS-M,, (Fig. 1B).
Luciferase activities in the transfec-
tants containing hHS-M,,-t4 plus
MYPT1-P and hHS-M,,-t5 plus
MYPT2-P were significantly higher
(0.37 £ 0.01 and 0.28 * 0.01 AU,
respectively, p < 0.001 for each
case) than the negative controls
(Fig. 2B), suggesting that the C-ter-
minal half of hHS-M,,A preferen-
tially bound MYPT1, whereas that
of hHS-M,,B preferentially bound
MYPT?2.

To confirm and further investi-
gate the binding between hHS-M,,,
and MYPTs, we performed a pull-
down assay. Consistent with the M2H data showing the inter-
action between the C-terminal one-third of MYPT1
(MYPT1-P) and MLCP small subunits (hHS-M,, A, hHS-M,,B,
and sm-M20), WB analysis of pulldown products from the mix-
ture of cell lysates prepared from transfectants of VP16-
MYPT1-P in combination with Hisg-hHS-M,, A, -hHS-M,, B,
or -sm-M20 revealed that the C-terminal one-third of MYPT1
could bind all isoforms of the MLCP small subunit (Fig. 34). To
map the binding site in MYPT1, VP16-MYPT1-Pt2 (aa 878 -
1030) and VP16-MYPT1-Pt3 (aa 822-1002) were tested for
pulldown with His,-hHS-M,, A, -hHS-M,,B, or -sm-M20. As
shown in Fig. 34, the MYPT1 series were pulled down, and the
interaction of the small subunits with MYPT1-Pt3 was higher
than that with MYPT1-Pt2, suggesting that the LZ motif of
MYPT1 was not a major binding motif, whereas the region
around the phosphorylation site of MYPT1 at Thr-853 might
be a binding domain for the small subunits. WB analysis of
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subunits contains two phosphoryla-
tion sites at Thr-853 and Ser-852,
which is phosphorylated by protein
kinase A/G and/or ROCK (23, 24),
we investigated whether the phos-
phorylation status of MYPTI1 at
these sites would affect the binding
between the C-terminal MYPT1
and hHS-M,;A. We generated
VP16-tagged MYPT1 (aa 689-
1002) of WT or mutants (mMYPT1),
in which Ser-852 and/or Thr-853
phosphorylation sites were replaced
by nonphosphorylatable (Ala) or
phosphorylation-mimicking (Asp)
residues (Fig. 4A4) to be used in the
pulldown assay. As shown in Fig.
3¢ 4B, binding of hHS-M,,A with
i mMYPT1-853A or -853D was not
?».: significantly different from that
< with mMYPT1-WT. In clear con-
trast, mMYPT1-852A/853A, -852D/
853D, -852A, and -852D bound
hHS-M,, A significantly less (0.39 +
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FIGURE 4. Binding of hHS-M,, and MYPT1 in mimicking phosphorylation or dephosphorylation status at
Ser-852/Thr-853. A, schematic structures of wild-type (WT) and mutant MYPT1 (mMYPT1) truncated the LZ
motif from MYPT1-P. Nonphosphorylatable (Ala) and/or phosphorylation-mimicking (Asp) substitutions at
Ser-852 and Thr-853 within mMYPT1 are indicated. B, binding of hHS-M,,A and MYPT1 with or without the
substitutions at Ser-852/Thr-853. VP16-mMYPT1s pulled down (PD) with His,;-hHS-M,,A were detected by
using anti-VP16 Ab. Expression levels of VP16-MYPTs and His4-hHS-M,, A were evaluated by immunoblotting
of whole-cell lysates. Densitometric data obtained in the pulldown assay are shown in the lower panel. Bars
indicate the amounts of pulldown products normalized to the amounts of VP16-mMYPT1s. Data for VP16-
mMYPT1-WT with His-hHS-M,, Awere arbitrarily defined as 1.00 AU. Data are represented asmeans = S.E.(n =

5 for each case). **, p < 0.01; ***, p < 0.001 versus WT.

pulldown products from lysates of His-tagged small subunits
with VP16-MYPT2-P, -Pt2, or -Pt3 also confirmed the binding
of the small subunits with the C-terminal one-third of MYPT?2.
As was shown in the M2H assay, hHS-M,,B bound MYPT2-P
stronger than hHS-M,, A and sm-M20 (Fig. 3B).

Binding of MYPT1 with hHS-M,; under Mimicking Phos-
phorylation/Dephosphorylation Status at Ser-852/Thr-853—
Because the possible binding domain of MYPT1 for the small
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phorylation status, affected the
binding of mMYPT1 and hHS-
M,, A, whereas the phosphorylation
status of mMYPT1 at Thr-853 was
suggested not to change the
binding.

Regulation of Phosphorylation at
Thr-696 of MYPT1 by hHS-M,,—
To investigate the functional role of
hHS-M,, in the regulation of the
phosphorylation/dephosphorylation
status of MYPT1, nontagged
MYPT1 was co-transfected with
Myc-tagged hHS-M,,A, hHS-
M,,B, or hHS-M,,-t1 into COS-7
cells. WB analyses of the lysates
from the co-transfected cells using
antibodies against MYPT1-Thr(P)-
696 or -Thr(P)-853 demonstrated a
1.8-fold increase of phosphorylation at Thr-696 (p < 0.001) in
the presence of hHS-M,, A, whereas Thr(P)-853 level was not
altered by the co-expression of hHS-M,,, A (Fig. 5, A and B). In
addition, the phosphorylation level of MYPT1 at Thr-696 was
increased depending on the amounts of co-expressed hHS-
M,,A (Fig. 5, C and D). In clear contrast, expression of hHS-
M,,B or hHS-M,,-t1 did not change the phosphorylation level
of MYPT1 at both Thr-696 and Thr-853. Because the increased
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two ROCK-specific inhibitors,
Y-27632 and fasudil, on the phos-

phorylation levels of MYPT1 at
Thr-696 and Thr-853 in the pres-
ence of hHS-M,;;A. COS-7 cells

transfected with nontagged MYPT1

alone or co-transfected with non-
tagged MYPT1 plus Myc-tagged

hHS-M,,A were treated with
Y-27632 or fasudil at the concentra-

tions of 1, 10, and 20 uM, and sub-
jected to the WB analyses. It was
demonstrated that the treatments
with Y-27632 and fasudil inhibited
the increased phosphorylation of
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FIGURE 5. MYPT1 phosphorylation at Thr-696 and Thr-853 in the presence of hHS-M,,. A, amounts of
MYPT1 phosphorylation level in COS-7 cells transfected with nontagged MYPT1 alone (2 u.g) or in the combi-
nation of nontagged MYPT1 (2 ug) and Myc-tagged hHS-M,, (2 ng) (referred to in Fig. 18) were measured by
using anti-phospho-MYPT1-Thr-696 (pThr696) or -Thr-853 (pThr853) Abs. Expression levels of MYPT1 and Myc-
hHS-M,, were evaluated by immunoblotting of whole-cell lysates. 8, densitometric analysis of MYPT1-Thr(P)-
696 blotting data in A. Bars indicate the Thr(P)-696 phosphorylation levels normalized to the amounts of total
MYPT1. Data for MYPT1 without Myc-hHS-M,, was arbitrarily defined as 1.00 AU. Data are represented as
means * S.E. (n = 5 for each case). ***, p < 0.001 versus MYPT1 without Myc-hHS-M,,. G, MYPT1 phosphory-
lation at Thr-696 in the cells transfected with nontagged MYPT1 (2 ug) in combination of Myc-tagged hHS-
M,;A(0,0.1,0.5, 1,and 2 pg). D, densitometric analysis of MYPT1-Thr(P)-696 blotting datain C. Barsindicate the
Thr-696 phosphorylation levels normalized to the amounts of total MYPT1. Data for MYPT1 without Myc-hHS-
M,, were arbitrarily defined as 1.00 AU. Data are represented as means = S.E. (n = 5 for each case). *, p < 0.05;

***, p < 0.001 versus MYPT1 without Myc-hHS-M,,.

phosphorylation of MYPT1 at Thr-696 regulated by hHS-M,, A
might be specific to COS-7 cells, we examined HEK293 cells
co-transfected with nontagged MYPT1 plus Myc-tagged hHS-
M,,A. We obtained essentially the same results of increased
phosphorylation of MYPT1 at Thr-696 in the presence of hHS-
M,,A (data not shown). These findings suggested that hHS-
M,, A specifically regulated the phosphorylation of MYPT1 at
Thr-696 and that the LZ motif of hHS-M,, A played arole in the
regulation, because such effects were not observed for hHS-
M,,B or hHS-M,,-t1 lacking the LZ motif.

Effect of ROCK on the Phosphorylation of MYPT1 Regulated
by hHS-M,,—1It has been reported that ROCK phosphorylates
MYPT1 at two different phosphorylation sites, Thr-696 and
Thr-853 (24, 25), which lead to inhibition of MLCP activity (17,
26). More recently, it was demonstrated that aa 683866 of
MYPT]1 was a minimal binding domain of ROCK (27). Because
the binding region of MYPT1 with hHS-M,, A identified in this
study appeared similar to that with ROCK, we hypothesized
that ROCK might functionally interact with hHS-M,, A in the
phosphorylation of MYPT1. We investigated the effect of

33686 JOURNAL OF BIOLOGICAL CHEMISTRY

MYPT1 at Thr-696 regulated by
Myc-hHS-M,, A and that the inhi-
bition was in a dose-dependent
manner and specific to the phos-
phorylation status, because the
treatment with Y-27632 or fasudil
showed no significant effect on the
expression levels of MYPT1, hHS-
M,, A, and endogenous ROCK (Fig.
6, A and B).

To evaluate the involvement of
ROCK in the regulation of MYPT1
phosphorylation at Thr-696 by
hHS-M,, A, ROCK was silenced by
using two pre-designed siRNAs
(s18162 and s225145) in COS-7
cells co-transfected with non-
tagged MYPT1 and Myc-tagged
hHS-M,;A. The amount of tar-
geted ROCK protein was decreased
by ~72% or 86% with s18162 or
5225145, respectively, as compared
with that with control siRNA (Fig.
7A). Silencing of ROCK by the siRNA, s18162 or 5225145,
caused significant reduction in the phosphorylation status of
MYPT1 at Thr-696 (p < 0.001 for each case versus control
siRNA) regulated by hHS-M,, A, whereas the knocking down of
endogenous ROCK did not affect the expression of MYPT1 and
Myc-hHS-M,,A (Fig. 7B). These data suggested that hHS-
M,,A regulated the phosphorylation at Thr-696 of MYPT1
through ROCK.

Interaction among ROCK, MYPT1, and hHS-M,,—It was
reported that MYPT1 bound both ROCK (27) and hHS-M,, A
(7). To further investigate the interaction among them, FLAG-
tagged MYPT1 and Myc-tagged hHS-M,, were individually
immunoprecipitated using anti-FLAG or -Myc Ab from COS-7
cells transfected with FLAG-MYPT1 or Myc-hHS-M,, A alone.
WB analysis of immunoprecipitates from the transfectants
revealed that endogenous ROCK bound both FLAG-MYPT1
and Myc-hHS-M,, (Fig. 8). We also co-transfected FLAG-
MYPT1 and Myc-hHS-M,, A into COS-7 cells. It was found
that the binding of endogenous ROCK with FLAG-MYPT1 or
Myc-hHS-M,, A was not altered in the presence of Myc-hHS-

A EVEN
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FIGURE 6. Effect of ROCK-specific inhibitors on MYPT1 phosphorylation in the presence of hHS-M,,.
A, COS-7 cells co-transfected with nontagged MYPT1 alone (left panel) or nontagged MYPT1 plus Myc-tagged
hHS-M,, A (right panel) were treated with ROCK-specific inhibitor, Y-27632 (0, 1, 10, and 20 uw; upper panel) or
fasudil (0, 1, 10, and 20 um; lower panel). MYPT1 phosphorylation level was measured by using anti-phospho-
MYPT1-Thr-696 (pThr696) or -Thr-853 (pThr853) Abs. Expression levels of MYPT1, Myc-hHS-M,, A, and endoge-
nous ROCK were evaluated by immunoblotting of whole-cell lysates. B, densitometric analysis of MYPT1-
Thr(P)-696 blotting data in A. Bars indicate the Thr-696 phosphorylation levels normalized to the amounts of
total MYPT1. Data for without Y-27632 or fasudil were arbitrarily defined as 1.00 AU. Data are represented as
means * S.E. (n = 5 for each case). * p < 0.05; **, p < 0.01; ***, p < 0.001 versus no treatment with Y-27632 or
fasudil.

MYPT1 alone, co-transfected non-
tagged MYPT1 plus nontagged
ROCK2-act, or nontagged MYPT1
plus nontagged ROCK2-act plus
Myc-hHS-M,;A. WB analyses of
lysates from co-transfected cells
using antibodies against MYPT1-
Thr(P)-696 or -Thr(P)-853 showed
that the phosphorylation at both
Thr-696 and Thr-853 was signifi-
cantly increased in the presence of
ROCK2-act (Fig. 9). The phos-
phorylation level of MYPT1 at Thr-
696 was further increased by the
presence of Myc-hHS-M, A with
ROCK2-act (Fig. 9, A and B). Inter-
estingly, the increased phosphoryla-
tion level of MYPT1 at Thr-853 by
ROCK2-act was significantly sup-
pressed by Myc-hHS-M,, A (Fig. 9,
A and C), suggesting that Myc-hHS-
M,, A had aninhibitory effect on the
phosphorylation at Thr-853 but not
at Thr-696 of MYPT1 by ROCK.
Regulation of ERM Phosphoryla-
tion by hHS-M,,—Because hHS-
M,, might increase ROCK activity,
we investigated the phosphoryla-
tion level of another substrate of
ROCK, endogenous ERM (28). WB
analyses of lysates from transfected
COS-7 cellsusing antibodies against
phospho-ERM demonstrated a 1.9-
fold increase of ERM phosphoryla-
tion in the presence of hHS-M,,A,
and the phosphorylation was specif-
ically attenuated by the ROCK
inhibitor (Fig. 10), suggesting that
ROCK was activated by hHS-M,, A.

DISCUSSION

Ca’* plays a central role in the
regulation of the muscle contractile
process mediated by the interaction
of myosin with actin. In the smooth
muscle, the phosphorylation status
of MLC is correlated with the Ca®*
sensitivity of muscle contraction
(13). By contrast, in the cardiac
muscle, it is well known that the
Ca®* sensitivity of muscle contrac-

M, A or FLAG-MYPT1, respectively (Fig. 8), suggesting that tion is mainly regulated by the troponin complex, and the sig-
hHS-M,;A and MYPT1 formed a trimetric complex with nificance of MLC phosphorylation in Ca** sensitization is not
ROCK. fully elucidated. It has been suggested that MLC phosphoryla-

Effect of hHS-M,, on the Phosphorylation of MYPT1 Regu- tion by MLC kinase is involved in the regulation of cardiac
lated by ROCK—To evaluate the effect of hRHS-M,, in the reg-  function (29, 30), and recent reports identified a novel heart-
ulation of MYPT1 phosphorylation at Thr-696 and Thr-853 by  specific MLC kinase involved in the MLC phosphorylation (31,
ROCK, we examined COS-7 cells transfected with nontagged  32). Because the MLC phosphorylation is regulated by the bal-
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