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Tenascin-C Regulates Recruitment of Myofibroblasts
during Tissue Repair after Myocardial Injury

Masashi Tamaoki,* Kyoko Imanaka-Yoshida,”
Kazuto Yokoyama,* Tomohiro Nishioka,*
Hiroyasu Inada,* Michiaki Hiroe,T

Teruyo Sakakura,* and Toshimichi Yoshida*

From the Department of Pathology and Biology,* Mie University
Graduate School of Medicine, Tsu; and the Department of
Nephrology and Cardiology,’ International Medical Center of
Japan, Tokyo, Japan

Tenascin-C (TN-C) is an extracellular matrix molecule
that is expressed during wound healing in various
tissues. Although not detectable in the normal adult
heart, it is expressed under pathological conditions.
Previously, using a rat model, we found that TN-C was
expressed during the acute stage after myocardial in-
farction and that a-smooth muscle actin (a-SMA)-pos-
itive myofibroblasts appeared in TN-C-positive areas.
In the present study, we examined whether TN-C con-
trols the dynamics of myofibroblast recruitment and
wound healing after electrical injury to the myocar-
dium of TN-C knockout (TNXO) mice compared with
wild-type (WT) mice. In TNXKO mice, myocardial re-
pair seemed to proceed normally, but the appearance
of myofibroblasts was delayed. With cultured cardiac
fibroblasts, TN-C significantly accelerated cell migra-
tion, «-SMA expression, and collagen gel contraction
but did not affect proliferation. Using recombinant
fragments of murine TN-C, the functional domain
responsible for promoting migration of cardiac fibro-
blasts was mapped to the conserved fibronectin type
I (FNIH)-like repeats and the fibrinogen (Fbg)-like
domain. Furthermore, alternatively spliced FNIII and
Fbg-like domains proved responsible for the up-reg-
ulation of a-SMA expression. These results indicate
that TN-C promotes recruitment of myofibroblasts in
the early stages of myocardial repair by stimulating
cell migration and differentiation. (4m J Pathol
2005, 167:71-80)

Tenascin-C (TN-C), an extracellular matrix molecule ex-
pressed at high levels during embryonic development
and cancer invasive fronts, as well as in response to

injury, is known to influence various cell activities.”*
Each subunit of a hexameric glycoprotein consists of TA
(tenascin assembly domain), epidermal growth factor
(EGF)-like repeats, fibronectin type 11l (FN Hi)-like re-
peats, and a C-terminal fibrinogen (Fbg)-related domain.
Alternative splicing results in several different forms of
TN-C, containing variable numbers of FN Il repeats.
Accumulating results of in vitro studies point to each
domain having specific functions, for example in the reg-
ulation of cell adnesion, migration, or growth.' 4

In the heart, TN-C is expressed at very early stages of
embryonic development,® is not detected in normal adult
myocardium, but is re-expressed in various pathological
conditions.®~ '3 After myocardial infarction, TN-C appears
during the acute stages, at the interface between infarcts
and intact myocardium.”® We previously reported that
TN-C may loosen the linkage between cardiomyocytes
and connective tissue and thus helps with tissue remod-
eling at the edges of residual myocardium.® Furthermore,
we found a-smooth muscle actin (a-SMA)-positive myo-
fibroblasts in TN-C-positive areas and that deposition of
TN-C precedes their recruitment.®

Myofibroblasts are specialized fibroblasts that share
characteristics with smooth muscle cells expressing
a-SMA. They play an important role in wound healing by
synthesizing collagens and exerting strong contraction
forces to minimize wound areas.” 7 It is thought that
residential interstitial fibroblasts at the edges of injured
tissue differentiate into myofibroblasts and migrate into
damaged areas. In the present study, we investigated
whether TN-C contributed to myocardial tissue repair,
with particular attention to recruitment of myofibroblasts.
For this purpose TN-C knockout (TNKO) and wild-type
(WT) mice were compared with regard to the healing
processes after electrical injury to the myocardium. Fur-
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thermare, the effect of TN-C on cell proliferation, migra-
tion, and differentiation of cardiac fibroblasts into myofi-
broblasts was examined in vitro. Functional domains were
also determined using recombinant fragments of murine
TN-C.

Materials and Methods
TN-C Knockout Mice

The originally produced TN-C knockout mouse'® was
backcrossed with BALB/c inbred mice.

Myocardial Injury Model

TNKO and WT mice, 8 weeks old, were handled accord-
ing to guidelines approved by the Mie University Animal
Experiment and Care Commitiee. Animals were anesthe-
tized by an intraperitoneal injection of 50 mg/kg of so-
dium pentobarbital and the left diaphragm was exposed
through a midline incision in the abdomen. The ventricu-
lar wall was injured through the diaphragm by an electric
pulse current (160 A, 0.5 second) using an electric
coagulator {OPERER lI-F; J. Morita, Tokyo, Japan) that
was delivered with a probe of 2 mm in diameter. This
procedure caused a transmural injury at the postinferior
wall of the left ventricle of ~2 to 3 mm in diameter. Mice
were sacrificed 1, 2, 3, and 5 days after injury. The hearts
were removed and fixed in a 4% paraformaldehyde so-
Jution at 4°C for 16 hours, embedded in paraffin, and cut
into 4-um-thick sections. To examine cell proliferation,
some mice received an intraperitoneal administration of
20 mg/kg of 8-bromodeoxiuridine (BrdU) 30 minutes be-
fore sacrifice.

Immunohistochemistry

Production and characterization of an anti-TN-C poly-
clonal rabbit antibody and mouse monoclonal antibody
clones 4F10TT (IBL, Gunma, Japan) and 4C8MS (IBL),
as well as the immunostaining procedures with tissue
sections, were previously described.®*'? 4C8MS spe-
cifically recognizes the alternative splicing sites,
whereas 4F10TT reacts with constitutive sites of TN-C
molecules. Sections on slides were incubated with ei-
ther rabbit polyclonal antibodies (1 ug/ml), 4F10TT (1
wg/mh), or 4C8MS (5 ug/ml), overnight at 4°C, and
subsequently with peroxidase-conjugated anti-mouse
or anti-rabbit IgG Fab’ (1:500; MBL, Nagoya, Japan)
for 1 hour. After washing, diaminobenzidine/H,O, so-
lution was used to demonstrate antibody binding. The
sections were then lightly counterstained with methyi-
green or hematoxylin to facilitate orientation. Incorpo-
rated BrdU in tissue sections was immunostained ac-
cording to Yoshimura and colleagues.®® The labeled
cells excluding inflammatory cells in the injured areas
near the border zone were counted in three different
fields of x40 objective, and the average of each sam-
ple (n = 5 for each) was calculated. Myofibroblasts
were labeled by a direct immunoperoxidase method

Fidli
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Figure 1. Diagram of mouse TN-C and its recombinant fragments. FL: FNIH
repeats including both consernved (1w 5.6 10 9) and alternatively spliced
repeats (AL, A2, Ad, Bo Do SV Aliernatively spliced FNTIT sepeats. SO:
Conserved FNII repeats, EGF: the EGF-like domain. Fbg: fibrinogen-like
domain.

with anti-a-SMA antibody (EPOS; Dako Japan, Kyoto,
Japan) and the o-SMA-positive cells in the injured
areas were also counted. Double immunohistochemis-
try for TN-C and «-SMA was performed as previously
described.®

Purification of TN-C and Its Recombinant
Fragments

TN-C was purified from conditioned medium of the
U-251MG human glioma cell line.”* Recombinant frag-
ments of TN-C (Figure 1): FNIll repeats including the
alternative splicing site (FL), FNII repeats of the alterna-
tive splicing site (SV), FNIli repeats without the site (SO),
the EGF-like domain, and the fibrinogen (Fbg)-like do-
main, were obtained from conditioned media of CHO K-1
cells permanently transfected with cDNAs encoding the
respective domains, and purified.'®

Cell Cultures

Primary cultures of cardiac fibroblasts were obtained
from cardiac ventricles of either TNKO or WT mice. Five
mice were used for each preparation. The mice were
sacrificed by cervical dislocation and the hearts were
quickly removed under sterile conditions. Ventricular tis-
sue was excised, thoroughly minced, and digested with
0.1% collagenase (class iI; Worthington, Freehold, NJ) in
Dulbecco's phosphate-buffered saline. The isolated cells
were collected by centrifugation, resuspended in Iscov's
modified Dulbecco’s medium (IMDM; Sigma, St. Louis,
MO) supplemented with 10% fetal bovine serum (FBS;
Life Technologies, inc., Grand Island, NY), and plated on
a 75-cm? Primaria culture flask (Becton Dickinson Lab-
ware, Frankiin Lakes, NJ). After the cardiac fibroblasts
had attached to the bottom surface of the flask, nonad-
herent cells (primarily myocytes, leukocytes, and endo-
thelial cells) could be washed away. This approach en-
abled us to obtain virtually pure cultures of fibroblasts.
The cells were grown in IMDM with 10% FBS at 37°C in a
humidified incubator gassed with 5% CO,. Experiments
were performed using cells at the second passage. The
effects of intact TN-C and recombinant fragments of
TN-C on fibroblasts were examined using the cells from
TN-C-null mice to exclude the influence of intrinsically
synthesized TN-C.
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BrdU Incorporation

Cells {1 x 10°) of cardiac tibroblasts from TNKO mice
were plated on each well of Falcon four-chamber culture
slides (Becton Dickinson Labware), grown in IMDM/10%
FBS for 12 hours, washed with serum-free medium, and
then incubated in medium with 0.1% FBS for 24 hours.
Thereafter, TN-C was added to a final concentration of 1
to 10 ug/ml. After incubation for 12 hours, the cells were
labeled with BrdU (10 pg/mt) for 2 hours, fixed with 100%
ethanol at —20°C for 30 minutes, and treated with 1 N HCI
solution at room temperature for 20 minutes. Labeled
nuclet were detected with monoclonal anti-BrdU antibody
(Dako Japan) and peroxidase-conjugated goat anti-
mouse IgG (MBL). The BrdU-positive nuclei and total
number of nuclei (more than 500) were counted and
percentage values were determined.

Migration Assays

We first compared the migration of cardiac fibroblasts
from TNKO and WT mice, by a transwell migration assay
using cell culture inserts (8-um pore size, Becton Dick-
inson Labware). Cells (5 x 10* of either type) in 0.5%
bovine serum albumin/serum-free IMDM were plated into
the inner chamber. The medium, containing 5% FBS as a
chemoattractant, was poured into the outer chamber
(Falcon 24-well plate, Becton Dickinson Labware). To
examine the effect of TN-C on cell migration, intact TN-C
(0 to 10 pg/mi) or one of the recombinant fragments (10
ng/ml) was added to medium of the upper chamber of
TN-C-null cells. The cells were allowed to migrate to the
lower membrane surface for 8 hours. The cells remaining
on the upper surface were then wiped off and the inserts
were fixed with 100% ethanol and stained with 0.1%
crystal violet (Sigma) in 10% ethanol. Stained cells on 1
mm? of the lower membrane surface were counted under
a X 10 objective lens.

Expression of a-SMA

Cardiac fibroblasts from either TNKO or WT mice were
plated on Falcon four-chamber culture slides (5 X 10* for
each well) in IMDM/10% FBS for 3 hours, washed with
serum-free medium, then incubated in medium with 0.1%
FBS for 24 hours. Thereafter, intact TN-C (5 to 20 ug/ml)
or one of the recombinant fragments (10 ug/ml) was
added to TN-C-null fibroblasts. After incubation for 24
hours, the cells were fixed with 4% paraformaldehyde
and labeled with antibodies against a-SMA (Sigma) for
1.5 hours, then exposed to secondary antibodies (fluo-
rescein isothiocyanate-conjugated anti-mouse IgG, MBL)
and rhodamine-phalloidin (Molecular Probes, Eugene,
OR}) for 1 hour. Cells were examined with a X 20 objective
lens by epifluorescence microscopy (BX-50; Olympus,
Tokyo, Japan). Polyclonal monospecific antibodies
against either TN-C or calsequestrin were affinity-purified
with antigen-conjugated columns. Calsequestrin is pro-
tein of the sarcoplasmic reticulum, and anti-calsequestrin
antibody was used as a control 1gG. Purified TN-C (10
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pa/mi) was incubated with either antibodies (10 ug/ml) at
room temperature for 30 minutes, and then added to the
culture medium.

Collagen Gel Contraction Assay

Cellular collagen gel contraction assays were performed
in Falcon 24-well plates. A collagen solution in IMDM with
0.1% FBS was prepared from porcine collagen | accord-
ing to the manufacturer's instructions (Nitta Gelatin,
Osaka, Japan) and combined with cardiac fibroblasts of
either TNKO or WT mice at 2 X 10%/ml. Five hundred wl of
the collagen/cell mixture (final collagen concentration,
1.0 mg/ml) was plated into each well and allowed to
polymerize at 37°C. After incubation for 24 hours, 0.5 mi
of IMDM containing 0.1% FBS with or without TN-C (10
ug/ml) was added to each well, and the gels were care-
fully detached from the dishes. The mean size of the gel
(n = 3 for each sample) was taken at each time point with
the aid of a flatbed scanner (Epson, Tokyo, Japan). To
estimate the contractility of the cells, the size of the gel
was subtracted from the starting area and expressed as
a percentage. This experiment was repeated three times.

Results

Wound Healing and Expression of TN-C in
Injured Mouse Myocardium

In WT mice, coagulation necrosis of cardiomyocytes and
edema around lesions were apparent 1 day after injury
(Figure 2A), becoming more pronounced on day 2 (Fig-
ure 2B). On day 3, granulation tissues began to be
formed in the border zone and eventually replaced ne-
crotic masses (Figure 2C). TN-C began to be expressed
within 1 day after injury at the border between intact
myocardial tissues and necrotic areas (Figure 2D) and
was gradually deposited in developing granulation tissue
(Figure 2, E and F). Using the monoclonal antibody
4C8MS, it was confirmed that the deposited molecules
contained the large splice variants (Figure 2G). In TNKO
mice, myocardial healing appeared to proceed normally
and there was no obvious difference from WT mice on
routine histological analyses (Figure 3).

Recruitment of Myofibroblasts in Granulation
Tissue of the Heart

Immunostaining of a-SMA of WT mice showed that on
day 1, only vascular walls were positive and few myofi-
broblasts were present, although TN-C deposition was
clearly detectable (Figure 2D). On day 2, myofibroblasts
emerged in TN-C-positive areas of the interstitium of the
border zone (Figure 2E), and increased in number on day
3, moving into necrotic areas. The number of myofibro-
blasts per optic field in WT mice on days 1, 2, and 3 were
22 % 03, 166 = 6.2, and 30.6 £ 0.3, respectively
(Figure 4). In TNKO mice, they were 0.7 = 0.6, 4.9 £ 3.3,
and 33.2 = 3.5. On days 1 and 2, myofibroblasts in WT
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day 1

day 2

day 3

Figure 2. Tissue healing and TN-C expression after electrical injury of the myocardium at day 1 (A, D). day 2 (B. E). and day 3 (C. F. G), A~C: lI&E staining:

D, E: double immunotuabeling for a-SMA (blue) and TN-C (hrown). F and G: Immunolubeling with the antibody clone 1FT0TT reacting with constitutive »

tes of

TN-C (F), and 4C8MS that specifically recognizes an alternative spliced repeat of TN-C (G). On day 1. TN-C deposition is clearly detectable in the ingerstitial spaces
of border zone myocardiun. but only vascular walls are positive for a-SMA (D). E: On day 2, myofibroblasts are apparent in TN-C-positive areas. G: Note staining
for large splice variants of TN-C. int, intact arca; inj, injured arca. Scale har, S0 pm.

mice were significantly more numerous than in TNKO
mice (P < 0.01), but the difference disappeared on day
3 (Figure 4).

Cell Proliferation in Granulation Tissue of
the Heart
Since it is well known that TN-C enhances proliferation of

some cell types, we examined DNA synthesis in granu-
lation tissue by BrdU incorporation assay. The percent-

i

Figure 3. Comparison of the histopathology of myocardial repair in a W1
(A) and TN-C knockout mouse (BY 5 days after elecuric injury. HEE staining.
Scale bar, 50 um.

ages of BrdU-labeled nuclei in WT mice on days 1, 2, and
3 were 57 £ 3.4%, 17.5 = 2.7%, and 24.2 = 59%,
respectively, whereas in TNKO mice they were 6.1 *x
2.9%, 17.7 £ 2.8%, and 26.6 = 7.0%, with no significant
differences between the two animal groups (Figure 5A).

Effect of TN-C on Proliferation, Migration, and
Differentiation of Cultured Cardiac Fibroblasts
in Vitro

To confirm the in vivo results, we first investigated the
effect of TN-C on cell proliferation of cultured cardiac
fioroblasts from TNKO mice by BrdU incorporation assay.
Addition of TN-C in various concentrations to the fibro-
blasts was without significant effect (Figure 5B). In trans-
well migration assays, the number of TN-C-null fibro-
blasts that migrated through insert membranes was
significantly lower than those from the WT mice (28.8 =
3.7 cellsimm? versus 42.0 = 3.6 cells/imm?, P < 0.01).
Addition of TN-C to TN-C-null cells at the concentration of

5 and 10 ug/ml, significantly increased the number of

migrated cells to 50.8 + 12.3 cells/mm? and 53.1 + 5.2 cells/
mm?, respectively (P < 0.01 and P < 0.001, Figure 6).
Differentiation to myofibroblasts was assessed by ex-
pression of a-SMA (Figure 7) and collagen gel contrac-
tion assay (Figure 8). Cardiac fibroblasts in culture from
TNKO mice showed well developed stress fibers and
some cells expressed a-SMA (Figure 7A). However, the
percentage of a-SMA-positive cells was significantly
lower than that of WT cardiac fibroblasts (35.4 * 2.03%
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Figure 4. Myofibroblasts in the border zones of necrotic cardine tissue. As
Ayofibroblasts fabeled with unti-a-SMA antibody. On day 2, a-SMA-positive
cells are evident (arrows) in the myocardial interstitium near the necrotic
area in a WT mouse, Fewer cells are appasent in a TN-C knockout (TNKO)
mouse. Br a-SMA-positive cells were counted in three fields of view under o
%40 objective and the average of each sample was calealated. On days T and
2, the myofibroblusts in WT mice were more frequent than in TNKO mice
(P < 0.01), but there was no difference on day 3. The data are averages and
SDs of results from five animals. Scale bar, 50 wm.

versus 50.8 * 3.7%, P < 0.01). Addition of TN-C signif-
icantly increased the a-SMA-positive ratio of the TN-C-
null fibroblasts in a dose-dependent manner (Figure 7B).
To confirm this result, we tested whether addition of an
antibody against TN-C blocked this effect and found that
treatment with the TN-C antibody (95 = 5%) restored the
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Figure 5. Effcct of TN-C on proliferation of cardiac fibroblasts i eivo and in
citro. A: BrdU-fabeled cells in the injured areas of WT and TNKO mice.
BrdU-positive nuclei were counted in three fields of view of a X40 objective
and the average of each sample was caleulated. The data are expressed as
averages and SDs of results from five animals. Note the lack of significant
differences between WT and TNKO. B: Cells isolated from TNKO mice were
plated and grown on culture glass slides. After serum starvation for 24 hours,
TN-C was added. Cells lubeled with BrdU were visualized by immunocyto-
chemistry and BrdU-positive and total number of nuclei (more than 500)
were counted and percentage values generated. The data are averages and
SDs from three independent experiments. Note the lack of any increase with
TN-C treatment.

a-SMA-positive cells to the levels in fibroblasts that were
cultured without TN-C (100 %= 5%), while addition of con-
trol IgG had no effect (117 * 8%). Both TN-C-null and WT
cells contracted collagen gels, but contraction by TN-C-
null cells was significantly weaker than those by WT celis.
Addition of TN-C significantly increased the gel contrac-
tion of TN-C-nult fibroblasts (Figure 8).

Functional Domains of TN-C on Migration and
a-SMA Expression of Cardiac Fibroblasts

Having shown that TN-C promoted migration and «-SMA
expression, we tried to determine the responsible func-
tional domains of TN-C, using the following recombinant
fragments: FNIII repeats including alternative splicing
sites (FL), conserved FNIII repeats (SO), alternative
splice sites (SV), the EGF-like domain, and the fibrinogen
(Fbg)-like domain (Figure 1). On addition to fibroblast
cultures, FL and SO increased the numbers of migrating
cells to 151 * 28% and 151 = 18%, respectively, of the
control value. The Fbg-like domain also caused a 165 =
32% elevation, while addition of neither EGF nor SV frag-
ments had significant effects (Figure 9). Therefore, the
conserved FNIIl repeats and the Fbg-like domain may
have the ability to promote migration of fibroblasts.

FL also augmented the proportion of a-SMA-positive
fibroblasts (123 = 15%) as compared with the controls
(Figure 10). Although SO did not exert any apparent
influence, SV also caused a significant increase, along
with the Fbg-like domain (118 = 16%). Addition of EGF
was without effect. Therefore, alternatively spliced FNiIl
repeats and the Fbg-like domain may thus induce ditfer-
entiation from fibroblasts to myofibroblasts.

Discussion

TN-C has been proposed to play significant roles in
wound healing in various tissues because of its dramatic

~ 244 -



76  Tamaoki et al
AJP July 2005, Vol. 167 No. 1

increase after injury.®? Although TN-C knockout mice
were initially reported to be phenotypically normal, *® sev-
eral reports have documented abnormal tissue restora-
tion after injury to the cornea,®® skin,®* or after habu
venom-induced glomerulonephritis.?>2% Using different
models, others have reported no significant differences in
the wound healing on morphological analysis,®”*% but
deposition of fibronectin was found to be reduced in the
granulation tissue of skin wounds in TN-C-null mice.?” In
vitro, TN-C promotes epithelial cell migration and prolif-
eration,® which could be partly responsible for abnormai
repair of epithelial tissue in TNKO mice.

Because of the limited ability for regeneration of car-
diomyocytes, myocardial wound healing mostly depends
on interstitial fibroblasts, which form and contract granu-
lation and scar tissue via multiple cell activities *® Espe-
cially, myofibroblasts, specialized fibroblasts, are key
players in the myocardial repair*°=>2 In the present
study, we found that their appearance in injured myocar-
dium was clearly delayed in TN-C knockout mice, indi-
cating that TN-C promotes recruitment of myofibroblasts.

On tissue injury, primarily in response to mechanical
stress, interstitial fibroblasts evolve into proto-myofibro-
blasts with a contractile microfilamentous apparatus,
then, with various stimuli, into differentiated myofibro-
blasts characterized by expression of a-SMA. These then
migrate into the injured areas, generate contraction
forces, synthesize, organize, and degrade collagen and
other ECMs, and finally results in a shortening of collagen
matrix with corresponding wound closure, 14153334

A close relationship between TN-C and myofibroblasts
in cancer stroma or normal tissue has been report-
ed* % In cancer stroma, myofibroblasts have often
been identified as the source of TN-C deposits®® and it is
supposed that they may provide a proinvasive signal to
p<0.01  p<0.001 cancer cells mediated with TN-C.*° By careful sequential
) I_~ﬂ - observation in a rat model after myocardial infarction, we

|

Co
o

i

| have found that, initially a-SMA-negative interstitial cells
p<0.01 in the border zones express TN-C, and then myofibro-
blasts appear in the TN-C-positive areas.® Similar results
were observed in mouse myocardial wound healing in
this study. It seems likely that interstitial cells synthesize
TN-C, which, in an autocrine and paracrine manner, then
causes interstitial cells to change their phenotype to dif-
ferentiated myofibroblasts and promotes migration into
damaged areas.

Our in vitro findings support this possibility. Cardiac
fibroblasts from TNKO mice showed lower cell migration
and a-SMA expression than WT cells that synthesize
TN-C in culture. Addition of TN-C to TN-C-null cells re-
covered both cell migration and «-SMA expression. Ex-
pression of a-SMA is a critical step for myofibroblast
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- Figure 6. Effcots of TN-C on migration of cardiae fibroblasts in o transmigra-
tion assay. Cells isolated from cardiac ventricles of either TNKO or WT mice
O 5 10 were plated on the culture insests. reated with TN-C (5 or 10 pg/mly or

without TN-C, and allowed to migrate for 8 hours. Az Cells migrating through
TN-C (ng/mi) 2 o

the membrane were stained with 0.1% crystal violet. B: Migration of TN-C-
null celts was significanty Jower than that of WT-cells. und addition of TN-C
significantly enhunced cell migration in a dose-dependent manner, Cells

WT ‘T’N KO were counted in three fields of view of 1 mm= in cach insert. and the data are

averages and SDs of results from three independent esperiments.
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Figure 7. Lifects of TN-C on @-SMA expression in cardiac {ibroblusts. Cells
isolated from cardiac ventricles of ¢ither TNKO or WT mice were plated
and grown on the culture glass slides. After 24-hour serum starvation,
TN-C (0 or 20 pg/mbD was added to TN-C-null cells and incubated for
another 24 hours. As a-SMA expression was detected by indirect immu-
nofluorescent stiining with fluorescein isothiocyanate-conjugated sce-
ondary antibody, and all cells were counterstained with rhodamine-
phalloidin. The a-SMA-positive ratio of TN-C-null cells was significantly
lower than that of WT cells. B: Addition of TN-C significantly up-regulated
a-SMA - capression in o dose-dependent manner. The a-SMA-positive
and total cells (more than 200) were counted o allow generation of
pereentage values, The data wre averages and SDs of results from three
independent experiments.
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Figure 8. Effects of TN-C on collagen gel contraction by cardiac fibroblasts.

Cardiae fibroblasts of either TNKO of WT mice were combined with collagen
gel mixture and allowed to polymerize. After 24 hours medium with or
without TN-C (10 ug/mD was added, then the gels were detached from the
dish. Percentages of the contraction were measured at -4, 8, 12, and 24 hours.
Contraction by WT cells (closed circle) was significantly stronger than that
by TN-C-null cells (open triangle) ar cach time point. Addition of TN-C
(closed triangle) significantly increased the gel contraction of TNKO {ibro-
blasts at 8, 12, and 24 hours, The data are expressed as averages and SDs of
triplicate samples.

differentiation and functionally important for force gener-
ation.#°#" Although gel contraction could be regulated
by various factors including differentiation of myofibro-
blasts, cell-matrix adhesion, and maturation of cytoskel-
etal contractile apparatus,®42-41 the increment of con-
traction by addition of TN-C in our experiment shouid
partly reflect the up-regulation of a-SMA expression. Al-
though TN-C is well known to stimulate migration of var-
ious types of cells, it has also been suggested to modu-
late differentiation of cells.*6=47

Functional domains responsible for differentiation into
myofibroblasts were mapped to alternative spliced FNI
repeats, but not the conserved repeats, and the Fbg-like
domain of TN-C. In contrast, the responsible domain for

200 « 1,

150

100

S0 |

Migrating cells (%)

Cont EGF SO SV FL Fbg TN-C

Figure 9. Determination of functional donuins promoting cell migration
using recombinant fragments of TN-C. TN-C-null cardiac fibroblasts were
plated on culture inserts and treated with TN-C (10 pwg/mD or TN-C fragments
(10 pmg/mb), and allowed o migrate for 8 hours. The cells were counted in
three fields of view of 1 mm? in cuch insert, and the data are averages and
SDs of results from six independent experiments, relative o the control
without TN-C. *P < (.01,
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Figure 10. Determination of functional domains up-regulating a-SMA ex-
pression using recombinant fragments of TN-C.PN-C-null cardiac fibroblasts
were plated and grown on the culture glass slides. After 24-hour serum
starvation, they were treated with TN-C (10 pg/ml) or TN-C fragments (10
ug/mby, and incubated for 24 hours. a-SMA expression was detected by
immunofluorescence. a-SMA-positive cells and total number of cells (more
than 200) were counted and the percentage values were generated. The data
are averages and SDs of results from six independent experiments. relative to
the control without TN-C. *P < 0.01, *FP < 0.05.

promoting migration of cardiac fibroblasts was mapped
to the conserved FNIII repeats and the Fbg-like domain.
Several receptors might bind to the respective domains
of TN-C and transmit multiple signals that could trigger
various cellular functions.

Interestingly, using the same recombinant fragments
and the same assays, our previous study demonstrated
that the alternative spliced FNIIi domains promoted mi-
gration of breast cancer cells, but the conserved repeats
and Fbg domain did not.'® The conserved repeats of
FNIIE 3 and 6 have similarly been demonstrated to be
involved in glioma migration.*® It has also been reported
that the Fbg-like domain, but not the entire FNIII repeats,
can mediate migration of aortic smooth muscle cells on a
TN-C substrate.?® Conversely, a recombinant fragment of
alternatively spliced FNIIl A to D, but not the conserved
FN Il repeats or the Fbg domain, was found to enhance
migration of endothelial cells.®® Therefore, cell-type
specificity is apparent. A number of molecules, such as
members of the integrin family, annexin I, EGF receptor,
cell adhesion molecules (CAMs), syndecan, and phos-
phacan/receptor-type protein tyrosine phosphatase ¢/,
have been reported as receptors for TN-C.® Moreover,
TN-C may also regulate cell behavior by direct or indirect
modulation of other ECM proteins. For example, it has
been reported that TN-C may inhibit fibronectin initiating
signaling by interfering fibronectin-syndecan 4 bind-
ing. 442152 Therefore, functional activities provided by
TN-C could occur through different mechanisms, possi-
bly using separate receptors depending on the cell.

In this study, we demonstrated that TN-C plays critical
roles in stimulating myofibroblasts in response to injury.
However, after 3 days there was no longer any difference
in myofibroblasts in TN-C-nuil and control mice, and myo-
cardial healing did not show distinct morphological dif-
ferences so that a compensatory mechanism must exist.
Indeed, TN-C is not the only factor that controls behavior
of myofibroblasts. For example, the transition between
proto-myofibroblasts and differentiated myofibroblasts is

known to be stimulated by many factors, such as various
cytokines, growth factors, endothelin 1, angiotensin I,
and newly synthesized extraceliular matrix proteins. ' It
is well established that the combined action of the splice
variant of cellular fibronectin containing ED-A and trans-
forming growth factor-g8 is important in this regard.>>>* In
cancer tissues, TN-C is often co-expressed with fibronec-
tin containing ED-A,*>° and also can enhance the func-
tions of transforming growth factor-g in cancer cells.”®
Therefore, TN-C might control behavior of myofibroblasts
in a complex way, collaborating and interfering with many
other factors.

Nevertheless, it is clear that TN-C is a major factor for
recruitment of myofibroblasts in early stages of myocar-
dial tissue repair. Although this would increase contrac-
tion forces to prevent ventricular dilatation, TN-C also has
been reported to inhibit cell contraction by suppressing
focal adhesion kinase and Rho A activity in fibrinogen-
fibronectin matrix. 444 Furthermore, TN-C may loosen
adhesion of cardiomyocytes® and stimulate MMP expres-
sion in some types of cells.*® Although these effects, as
well as integrin shedding, should be beneficial for celis to
modify cell-ECM interaction during tissue remodeling,®”
they also have potential to cause slippage of myocytes
resulting in ventricular dilatation. Therefore, TN-C could
be a key molecule in controlling the balance of benefi-
cial and undesirable cellular responses in cardiac
remodeling.
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Current Status of Cardiac Sarcoidosis with Dilated Cardiomyopathy

— with Special Reference to Patients who Underwent Left
Ventriculoplasty (Batista Operation)—

Fumioe Terasaki, Yasushi Kitaura
[ABSTRACT]}

Cardiae involvement is a crucial factor of death in sarcoidosis. Thus, the carly dingnosis of cardiac sarcoidosis is quite imporiant,
This study was performed to assess the current status and problems invelved in the diagnesis, treatment, and prognosis of eardiac sar-
coidosis, from the viewpoint of cardiologists, We analyzed 10 patients with histologically proven cardisc sarcoidosts (6 cases by
myocardial specimens obtained at the left ventriculoplasty, 2 at biopsy, and 2 at sutepsy). Ten patients with idiopathic dilated cardionyy-
opathy (DCMY served as controls. We discovered the following: 1) We frequently found cardiac sarcoidosis patients who had been
dingnosed as having DCM with fack of other organ involvements, 2) These paticnts had some characteristic clinienl features, such as
nof-ischemic cardiomyopathy that developed in middle-age or older, and association with or precedence by advanced atrioventricular
block, lecal ventricular wall motion ahnonnalities (ventricular ancurysm formation or thinning of the interventricular septum), 3)
Though the clinical course of most patients was chronic and slowly progressive, fulminant progressive cases with poor prognosis were
alse observed, 4) From malecular biological and immunohistochemical studies of inflammatory cytokines, the expression of helper T
cell type 1 {Th1Y eytokines was enhanced specifically in the myccardium of cardise sarcoidosis patients, Inn conclusion, the diagnosis of
cardise sarooidosis was difficult, pasticularly in cases without involvement of any other organs. These cases are frequently misdiag-
nosed as idiopathic DOM or upclassified cardiomyopathy, Many guestions and problems still remain unresolved conceming
epidemiology, eticlogy, pathogenesis {activity), t]tem’py, and prognosis of cardise sarcoidosis, Further elucidation of the etiology and
the development of speeific tools are anticipated for the tmprovenent of the diagnosis and the estimation of disease activity of cardiac

sarcoidosis,
[JJSOG 2004:24.21-30)

keywords ; Cardiac sarcoidosis, Dilated cardiomyopathy, Left ventriculoplasty (Batista operation),
Complete atrioventricular block, Cytokines

.....
AEBRNXSBEI AN The Third Division, Depadment of inlernal Medicine, Osaka Medical College

B ST
¥ 569-0668 X BRI AT X P EI2-7
ABRESAPRBIRE
TEL : 072-883-1221
FAY, | D72-6B4-6598
E-mall | in3012@poh.osaka-med.acjp

—250—-



B2 2004, 24(3)

U shic

a4 e A CHEY NI O Sk SRR R
BTSRRI R R A R L 4 . T
A A =2 R L) DR L *i’fﬁizi‘nﬁ
A SUENY AR QKMLL‘WMMka%M
foC, WLetentilt L PRI B IR %m
WECh R A LML TRE ST 6 Th i,
EAERO T8 { FORBEITNE . LCRTRORe
LEiro ozt o %0, £, LHEOTD
P e R o bR L unm A sw, EEs
UE, B L O e L3 & B 8 Al il
(239 2 & U0 HUAT S A B OWER LI A I TR
E0Es L ORI RIS S T TEA Y, Togl,
2004452 BOBESC, SR MRS & Sire i
WRMLLAGAE 1O 78 (6%) 200 'a*{x”"i'}!ﬁbi:\ =
OHIHLHRTE LV L OTH L, AR CLL, B,
WERRLCEAR O B L 2200 LR & s?.».w#‘%}. b
W, FHEHC A TOHE Err OB - AN - i - 7
BT HBURE M 2 Bt . B a0, LRl
Wi SR, Mo e i S ou A A R
A AL 2 RS

FEFIE R

G2RE, W [T ORI, [RRBE] W WG
W, R CINBE . [BEREE] 53 ol A
A0, SERFERTO v Y OL BRI — R A= B i
AHTH. 6V, LBIHIRY. WUHRRE, 20PN SR K
WRE, L. UBLUEY S3BEEE LU o i O it
TREBBISHBE L T/, 598G L VLo St aiE L

Figure 1. Chest X-ray film before left ventriculoplasty {Batista
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congestion, Bilateral kilar lymphadenopathy {s mot
apparent.
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Ol (Figures 2A, 2B STRERFOLITER oA 1 e
sty W, W, aVE B S prominent Q B &Y
ST-T 8L, ORPUHNEE h 5 (Figure 2A) . 628
B (TR OB — A 2 — o — U b Tl ax
BRI A @0 B Fgare 28) . OISR
{Figures 3JA, 3B) f;"‘“ ool & OV ATEO N N A i'
(I’i&ut‘e 3AL, LROTRE N G OdRAE (Figure

3 A GG, Mﬁ;(” TR (Figure 4) @ §EERT)
m (AU O o, RS RDE Y ) OB R
WD, Ly v F AL EFREHT YN (TG v
F G AT ST, [GRERE] AR NN
W G L A ORB oM R A0S A T A i i o
LU oBE Lo s, fiEOTORY Lo F-
AW SN (Figure 5). RF 94 FEBEELNE
g iR FL AT BB R RS B = AT s
Bl oAt 9 o lfh O AR IR0 ib 2 5y B
AR B,
WHEHE

JLARGLORE RS L, SRR e o RIS
BN TRAT R S i 1 mﬁrﬁ (A B N RN T bR Lo
G, LI 2EE (5 B T O dRD, TERLRE2
By & & UMERNE SR R P LA A 1O )
{ASSER VNG ) S it gl L7 (Table 1AY. Bk
ML, MRS E Lo dalashe, IR, Wi,
IS, B NY HACERE SR DRSS R AT
B LRI AL RS o, BECTIRL, L
WG, SOBRMECARIT AL, BTRERE (G FHE) Sol
TRl LL g u(lxu‘wt*ta’)aﬁc-igigif,1} g bh S
W2, RPN, R B PORIE S BT Lh#
%%ﬁés":s::lmu%‘ﬂﬁf {4 4 > mBRNA OSBRI & 470 7
Rtz H 4 b4 T AN A A SRR SRR LR
(sm&,%:é?whuﬁib@ﬂ;&?z :M 4+ b fr{:f‘fhit' YR (e
HEbd L, AERE TS U B E LR EAY & ik
h:m%’;%*:?wif:“mufi.:.h{4’ VAR REFN m{ ¥ H C4i a8
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Figure 24, Electrocardiogram at the age of 57, showing Figure 28. Electrocardiogram at the age of 62 bafore left ventriculo-
prominent O wave and S7-T slterationa n 1| , 1, plasty, showing basic agtificial pacemaker rhythm, and fre-
aVF, and a pramature ventricular contraction. quent premature ventrivular contractions.

end-dinstale

end-dinstole end-systole

Figure JA. Ultrasenic echocardiogram before left ventriculo- Figure 38. Ultrasonic echocardiogram before lefl ventricuio-
plasty from four-chamber view under color-kinesis plasty from four-chamber view, showing thinnlng of
maode, showing severely and diffusely reduced laft basal portion of imterventricular septum {arrows).
ventricular wall motion. (LV; left ventricle) (LV: left ventricle, RV right ventricle)

Flgura 4.

Computed tomography at the
time of left ventriculoplasty
reveals the swelling of mediasti-
nal iymphnodas, including pre-
tracheal and main bronchus
lymphadenopathy {arrows).

p heal lymph nodes main bronchus lvmph node
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Figure 5. Histoleglicsl {indings of resected myeocardivm at left ventrcutoplasty reveal noncaseous epithetioid cell granulomas includ-
ing mullinucisar glant coells associated with relatively sevare fibrosis.

Table 1A, Clinlco! features of patients with cardiac sarcoldosis.
Praoperative (premortem) dlagnosis, duration and complications.

Cisw | Age | Geodor ¢ Mode of detecton | Preoperative {presnortem] dingnosis | Symotonms at enset | Duration of iiness {yoars} History of cardias probiem

] &3 M LV DeM DOE MVP (MR - ot s bomy o onset
2 | 63 3 Lve DM BOE g P {1 AVEY - 6 yasrs after onsat
% | 5 13 [RE [ Gt AVE & PO AWEY - ot the tiee of onsat
4 | 59 ¥ [REY DOM Lot 5 PR {10 AVEY - 1 yearafter onset
5 | 8% F [ AV DCM 508 10 LV aneurysm - ptthe time of onset
& 1 36 ] Lve BeM 0E 0.2 (-}

7T {45 f MYPL oM DOE .3 (-}

8 5% F cardiae Hopsy UM piipitition % LV anearysny - al the time of onsnt
9 | 3% M MRSy cardine sorcoltosis 00t 0.2 (=~

101 43 ¥ autepsy DM DOE 1.3 {=1

AVE: Atrioventriculer ook, DOM: Disved cardionyyopathy, DOE: Dyspnea on exartion, LV left venticular
LV Lefy vemtriculoplasty, MR: Mitral regurgitation, MYP: Mitral valve prolapse

BvPL: Mitral vatwuloplasty, PRI Permanent pacemaher implantation, S08: Shoetaass of breath

LCM: Unalassified cardiomyopathy

[BBMPCREO /OO TEBEE O, HER RO o o FINERR O
A SE R N BT L o — SR B o sl L 80T BEFol, BT, ARBRER~v—— (LCA [V »t
IR, YAV AF AN 4 T A ML S mRNA® 1, CD45Ro [~ THIEZ], CDR {7V o¥—T

%15 < %2, Random hexamers % 77 4 w — & L Cills Hile), CD6g (2 v 7 -] DAKO JAPAN, Tokyo,
RIS EAT, ABIHERML 2 | u— - fi] Human total Japan} T ORI Redeto w4 b o VY
RNA WO RNAD S cDNA BB L2, Zheo Wi 33t st bR o e e L 20, S o
cDNA BRI T ABIELPRISMTI00IC L B N0 S b9 A4 b 4 2 (IL-18, IL-8 JL-12. IL-15, IFN-y
1 (interfeukinela (IL-1a), IL-14. -2, 1L-4, 1L- TNE- ¢ « DAKO JAPAN, Tokyo, lJapan) {ZA ¥ A4k
8, IL-10, [L-12p35, 1L-12p40, 1L-15, interferon- y e TR R AR b o RIS BT S 2
{IFM-3 } BEUFTNP-g) O mRNA L DWTERWE & N4 bA 4 O L
ot Thibb &4 DDNALHLT, ribosomal RNA [Kg g1 -~ 11 2 DE]
4y PRIETHT ST 4w, Fu—TOil% LG enr 4 VP INAEEEA G TR A 3 i

v, ABIREPRISM7700 1S C[—F 0= 7T 7§ 4 VAT T A FESHERTLS mrwru fao WL mmm*‘
LDERMPCREAT 12 DSBS 74 MR P L LRI L L iy & -80°C Tl L2z
ORBRIIo Y bo—- L RNARO Z -y FEETORIC ﬁmf%- 1 +hqgrBLU l‘l{t;mﬁ\@tj\-éz LCIL-2, IL-4, -
HE AREGRAE LTk A, 6, IL-8, [L-10. 1L-12, 1L-18, TNF-a, IFN-y, 0@
&E\Efilzé‘a‘h‘%*ﬁf b hq 2 DBE] L2 GIL2R) EEL L. T, ACEBLU

FE SRR IR O & 10%ARE R ) o ORI S S G BT L7

Lf:?i%. AT I L e LB SRR
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Table 18. Clinlcal features of patlents with cardiac sarcoldosis.
Extracardlac organ lnvolvemanis and Galllum upiake of heart,

Case| Age| Gender | Myocardial biopsy | Extracardiac involvement | Wediastingl lymphadencpathy at chiest T | Cardiag uptube ot Ga seintigraphy
1|60 M ND {-) {+) KD
2 183 i HD {1 {+1 kD
3 | 51 F negative aya {+) MD
4159 ¥ ND (=) {-) Ko
§ | 5% § positive =) {+) MO
6 | 36 M D uncartaln ND ND
749 3 wh (-3 {+) {~}
815 F positive () {+) {+}
23 M ND BHL{¢) aye {+) -}

10§ 43 F negative (] ND ND

BHL: Bilateral hilar lymphadenopathy, CT: computed womography, 8B rot dooe

Tebla 4G, CHnlcal features of patients with cardlac sarcoldosis.

Treaiment and progaosis.

Case] Age | Gander |  Granulomatous lesions In myecardium | Sterold therapy | Propnosls - Postoperative pariod » Causa of daath | NYMA (pee/post operativa)
1} 60 M nidtel {+} abkiva + B years 372
2163 M athed (€3] daed - 0.2 year - haart haidura 474
38 F roatioed {+} doast + ¥ yordr - bt fathee /4
4 | 59 F moderate {+} ave « 3 years e
1% 3 marked {+) v - | year 472
6|36 2] marked {+) dead - postoperative - heart fallure 444
7149 F marked {(+) abvie + 0.2 yoor 472
5|5t F rarked {+} altve + 4 yoars 372
94§33 M marked (€D deed - 0.7 year - sudden death 472
101 43 F raarkad {+} dend - 1.3 years - carebral embeli 4/2

BYHA: Hew Yark Heart Association functionsd cisssification of candovasoutyr disabiity

Table 2. E;p;g?lon of eytokine mRNA In myecardium from patlents with cardiee zarecidosis (8) and Idiopathis dilated cardiomyopa-
} 4 A

Casa Age Gender 1L-1 o IL-2 IL-12p40 IFN-7
S1 60 M fn 0.883 n 0.0429
83 51 F 53.4 22.5 22.2 128
54 59 F 4.38 1.34 0.865 1.67
85 51 F 472 0.35 0.868 45.3
86 36 M 1.72 n 0.591 7.24

510 43 F n 3. 2.53 .51
D1 60 M f n n 0
D2 56 1 ) n n n
03 56 F f n n n
D4 55 ] n i n n
D5 48 F n n f R
317} 65 M n ] n 0.0096
b7 61 M n n n i}
Da 49 i n n f n
D3 s F 17.9 n n i
D10 47 M n n f 0

Relathve Quantification = ZA(-Average 2aCT).
Because the values for the calibrator wells are always substracted from themselves, their refative guantification values will always be 1,
i negative, S Cardiac sarcoidosis, D: Idivpathic difated cardiomyopathy
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uﬁ%
[BSERIR] (Table 1A. 1B, 1C)

FER ALY OB b 2 AR R s
Megrsdl, HnivERC PR EY, B CHRERENIDG
WA ARSI A ARSI 11O {6.0%) (Table
tASER1-7) Cdhois,

Sialeb & L2 R 0P B O LR AL R R
WA BN W] C VIR, 2O/ (48
UL RO F 2 RO Th o s W)
SRR {AUH{F R I B oo de OR etk ¢, 10
O GERTS) MRAERTOe s Thol El M
BN 0.2-104, SR TlRET RO b oS u
M, AHERE - AR TR AR R OMEN 10T 2
(e 9) Asis LRI R, afbge L
Tk, SR 7Dy 71 E HUARN S — 2 X~ =2
ABRAIR, A2 B, MHEERREY  FRS S
172 (Table 1A).

N At A E e T b L s S Lo Pl a )
TEOW, %A1 E OB F S CHEANE E SO E
HI - B A AR A SR TERHL 2 ChH o . UK
I G DR R OISR H S AL ONL 1050 |
HEFI0) OHCh-A LdL, BARSITHCTRE
B LK, 100 7 SIS Y LIRS S
L, BRI o A Y 7 T AT S U F A
el (3, WEtNE 10 (IR CH -7 (Table 1B).

P

B SR 7 o FIs bR, TRz
WL, 10T S BlAEBRN B L FEBE A
I, SRR RS L ECH o L HLETIL O
BRI Ch - A HFHACHE, LS TR,
AT A FEERL L RS LAl LA
{Table 1C}.

DB BT BY b7 Y mRNADERBRIPCR] {Table 2)
& s LG iE 10w o e LB ik A
MRNADIEDHETH = F, KBl LRy 1 b
#A4 2, Hela, L2 IL-12p40, IFN-y mERNADL
S RE LB BV TRIEITE L T 11 8,
IL-8, W10, TNF-q ®mRNAORBULL S & U5
BURAOBESEOOBCES SR IL4B LTS
DRIUTHHERE b s a RS Y,

(U bh+v »ERORE]

L4 FRFEBL B RS L
CDASRo B DA 23— THIRLE X U CD6S ko AR
HERCh-1:. SHEMRIEICDERBY TH -

WA RHA4 rORIBHEAORECHIL12BLY
IEN- y DAL E RO L By OIS e 11202
AT A RN KRR E L S B E AL,
IFN- y O8O B0y ) 2 SER TR < i
20N E e RN ORRIREERS S E IR 1L
AT H -2 (Figure 6. FESEIEARELOARE D ¥ L
T H O MR AT 508, Shbilby
THAL-128 L FIFN- y ORBULM G R d - 22

Figure 6. lmmunohistochemical findings of resected myocardium at 1eR veniriculoplasty using an anti-IL-15 andbody reveal specitic
positive stalning In the cytosol of multinucleated glant cells and macrophages.
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Table 3. Serum lavels of eytokines In active cardiae sarcoidosis cases with marked granuloma-

tous lesions In myocardium,

Cytokines Case & Case 8 Case 7 Normal range
FN-7 <01 <01 <0 <01 HU/ml
-2 <0.8 <08 <0.8 < 0.8 UWml
-1z <78 <78 <7.8 < 7.8 pg/mi
1-18 162 59% 295 36-258 po/mi
S-L-2R 8G9 6580 358 220-530 U/ml
L4 45.6 5.2 21.5 <6.0 pg/m
-6 7.1 364 22.5 <4.0 pgédmi
-8 16.3 103 40.2 <20 pg/ml
H-10 <20 16 <28 <503 pgsml
TNE- o 5.0 <5.0 < 5.0 <7 5.0 py/ml
ACE 12.9 9.3 25.2 8.3-21.4 UL
Lysozyme 7.4 9.7 18.9 5.0-10.2 uwa/mi

(g b0 W ORIET (Table 3)

ARGt ne ot 4 VNIRRT A A 34ER (R 5-7)
o CAF U4 PR O E By R o 2
AL by 2 Ted 12, PNy, TNFen
PRI TS o sIL-2R B LU TL-612 3 4,
L4, L8, TL-1882300 23 C, 11042 1R CAT TR
MLTes, 3 (Jal—fERT7) LBV TACES L
U= AD LD B 121D

ZR
(BEpR{S & B2

AT A IR R I AT o b A
hTws B3 sElomEEEIsowT b RSO MR A
BIAS,  HEREHE TR L e O B s
Blh 1028 (EF6, ) AbRIs BECOMEED
RO i B 1 b S B B T
WS B,

TR R OURACIE & WS R, LS NI
DG & 3 S NFIBO 6% AN b WAl
FBCEEVAOTHA Y LIHEIEEOBRECR
Ay BB ARLE & IO & WPHCIR D T
AN 5 2 Ehh 5. HEREORMEE PN
LolHED BT 288 b &a00'S LR ORI
O SHTRVME LB n L 121 gk
FTHIEMNULELIETHS, LHEOMRENHL O
THMEREA S MR E S 2 I 2 2 R L D b
L LAEAHIRE T D Y T R
Fuieh, FARDE A TSR & PSSR SR B S
A ORI 19% & 4 A AT B 16

i, & OIEEC LB A AU RE SV B
DGR A fe, B X MR 2 50T S IR &

AEREER (BHL) 2O ERDL 1080 1 THho T,
Lianl., SBAMEIIBNCTHIREEE LA 1080
TR ) > 7R AR B R (Table 1B), B4
3o V2 AGUER OB O, DN LR
@ 80% BL LS HER Y o AR S U b T A NS
HY T LRSS T IR O IR O
IO R TFAH D 120 5SS A 1Y, Loy v
PRI oW RIS s Tl EL, &
o LTSRN TS D,

FRFRR S CIR O RO it i bhd o o,
LHEOBIICR L CORRINE, & o Tosinil
2 RBELI EHEWTAWTHS, RipolTREED
OO § 19 29 2ol e v Y
RREE Ty 2PRETHL, BTy 2 800 L%
HEE T LAKE, 0RBALHETH L ORED
B2 SRIONGBEIZIT & 1B 3PS
RS 70 & F S AN A R A 3 A
FAMAF B LTV {Table 1A}, WIRBLOHECEEDIE
T 2 RS LSO R W BE S AR B
7, OEMIR VEIEOEET R b IR s
HfbHEALECHS. —k, W OBRINEHIAS
RAVEE L H D EELET 52D,

Ao O —BULOEL BWT 5 LTRETH L, AR
o s BE BT 6 BT Ao gl
SEME ¥R B WARRLLAE L Bl s T vl Ll
TORIR 3PS, R EREOIEY R BB iy, RBMYRGREMHE
F LS 258D & HOMlT BRI A LR b
ek TR O.OIE L B S ATV (Table 1A).

JR BRI & D e - R S R R R R LA S
DD, OB LRGSR I L e b
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SRTD D) B TR O SR R i B
FREMRE (DSOS oIRiELe &) ofEsusY
FICIRRIEDWE < 2 25 hpndE s CIR b G
WEEETABH T DL D PR HIILLHIEEE <
BEGIGREUH Z0EAH S, B, Yaraki SiL0HER
EEERLOEE IR B & LR, oo -l L SR I
Bt L 7R A s L 0w 3 260,

SEOR SBIHIYUI L D OEE B TV L
FHS L OOBBESERES E DT IR TRy,
25 Ga ¥ 2 F 7 9 AN SN 3 L R OBRENC
WRBRE RS, AEFTIETL Py o r d0mg/ HER
PR SR L T 2 AR REDSNELE. YCadd
s ava) i (epYP) YrFSI AN
VeGSR RS RE { EE O R
RIS E E L O NP RV E B 2
B0 myen (0 2 rF T alzisiy IR T
SR IR BT & I E A ot LR B
T HARRR RIS b R IES IR T A W, OEE
BRI A ORI S LS EORE S 0 i
Wasdh 5. HH0R S ha BB E & LTI
Ak (MRY) 2829 L BT R EE  (positron
cmission tomography : PET) ¥ 2% 1 65, MRIEE
EREDKERMIELTEY, F =94 {GDTPA) @
BRI E D EBEROBL LTS S0 E B,
AR — A A — =B 2 AAGEOFEI IS ERE T T
v,

L EOBER A E8EAH1, SRHORENTE
Bk v v LT, £ OYEORTEERS
oh, THEDIEe (JERRL) O, MEEg Yy s,
OHEEFELGOHEEBA ] bwnd o b, B6IGERR
CHMEPHRRT AL LS RLAMEE AR bR E Y,

[ L T4 K —3 R ER)
OAHEDBRICBIL T, A EWERR0 S AR
BEEmRE R st Tl val F— AR
Fo1E 3 eI L, LdL, Wk LERREY
AO ALV O TS X £ 5 A VIEr b AR
WAEH | P, TEFAD 4 PR /RIS
bB L U DR EEOEEOL ELEY LD 4 F e
ABEREOBE LS L ThS,

[ b4 IcBT B8]

WMDY A A A4 rSFEORK - BECHETAZE
RGBTV RD, DTRILBTAY Fh 4y ORIE
RS ERT PR, BRI L B OERED

LR B Y A S A ORI FOR
MRLMI ol Thbb, BRNLRENY 4 Fh T
Y OETHEN RO SR, FO% CF 1RSI THIE
CThi) WY A b 4 > Thod, IS holk
CEELTHE, Y >80 Bt 2 0B st ad
D THESL, Ll AREROSEBRIIEGTETh
FAA ORI L ANLERT LS EH LTRSS, L
B, —EIHEFT TR YA A A O LA SR
ERIMOW £ P A A 2 AUV CRBEINC BT A Th
freatk A4 b A CEEBEOTLLEBL BWEEZ GLE,
Tzt Thiab4 b o OISy T antoerine
#3& UparacrineWici < O EARIR B RS, F/, 40y
LT ThiFTh2 235 o A (o fr ISR Tha 4 4
A ZHEERLToBWERLH S, 610 sILI2RSE
S EE LA 3IFERTHEII LA LTBY, &<
W slL2RIGOHEER Ao L a4 VESEoOREHES IR
L TA i #2605, IL-6IEMES oM
PO L ORI S B LTV AT NS 5 121D,

=t gt

SEOHEEEI Sy TR, Bk 0pefl AT
4 FitfEdiTbhTusd. Lil, FRSETI06S
PSRBT L, BNV IP, RMRIE LA,
B 1 IChar, 2oBdgHE, O 2R
BMOBRREH A LS EREAEREE T SR
2 AFO4 ViR s RO oM E S EE
Zoha, EOEPTIRORRE, & CoOiiigels
WEThH7 LTI, AREANREHNE AFod
Fifitic & 0 sRAesE LOAEIIRA N L7z (Table
1C).

B ORI A 7 0 4 KRBk s 5530, 25
04 FREMSOMIGE. 1) BENEY Oy s, 2) LF
Hise POTEORFENR, 5 L003) BITEEREH S
WEH OB T L SR TWS. G, AFIcBUS
LHEO RS & FHICMT MR L LT a0 i
1 INYHAGERESE, ARIRRE, EREO8M
M) AFROBEETCHL S LM S K
(2. AFad PRk 2 B OHEDTFHRAAESh, LS
LR C SIS S LA AR, &
BHCH DO EMNFIRENTWS, BT, LR &
BEANCSER, S L TOREMET T AMWCAFOL ¥
B BET A I LA THREEE: RS, WEHTC
LA EAFTL FORSEL W, 85 RY 30mg/
HECP & 40mg/ U Eis B TP RO RN i o /o
T, BERSBERIL 0my B E20 o0me/ B0
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