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Table L. Heart we che ! fiem data on day 14
Sham (n 4 MIC | MIG MI-GM
BW, g 152 13 254 14 $2 242 i
RVW/BW 05 .03 1B 006 18+ 005 09 * 006
LYW/BW 20 =0 21 =008 2 .08 21 =012
LVEDD. mn 6.2 ) 8.5+02 B X} 90 0.1
LYESD. mm 317 0 6.9 « 0.1 6l =02 76 0.1
FS. 5 1l =19 19 | 5" 1 1.1 15 0.7
123 + 1 ({1)] 4 12 2 [}] 5
14 + 0.4 9.7 + 0.6 80+ 05 12 i1
9415 14 5 195 5828 127 i is i5h
(Y T280 = B3) 1536 = 242 -3505 = |59 =3R7TS = 220
hi: LVEDID, left ventricular el

ment; LV

~ham "

plasmacytond DC followed by proliferation of Th2 cells (24-26)
Therefore, we hypothesized that G-CSF and GM-CSF diversely

regulute DC maturation through modulation of the Th1/Th2 bal
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rat DC subpopulavion (27). and clarified the effects of G-CSF and
GM-CSF on DC infiltration and LV remodeling. Although resident
DC i the rat heart are mostly negative tor OX62, most inhitrating

DC in a cardiac allograft model (28) and in a liver inflammation

model (29) were shown to be OX62" . Furthermore, we investi-
gated the expression of HSP70 and TLRs to evaluate the triggers
uration. and IFN-vy, IL-4. and IL-10 as

representative Thl and Th2 cytokines in the infarcted hean

of DC acuvanon and my

Materials and Methods

Antmiails and surgical procedire

All procedures were performed in accordance with the Keio Unmiversity
animal care guidelines, which conform to the "Guide for the Care and Use
of Laboratory Animals™ (National Institutes of Health publication §5-23
sed 1996). Lefi ventricular M1 was created in 9-wk-old male Wista
220-280 g, by len

rals (Sankyo Laboratory Service

artery hgation as previowsly described

performed for shum-operated
gature was left untied. The MI
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tirmied in 166 mts, The same procedure o
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ay ) admmistered 1p. for 7 doys (MI-GM

riromuoriade. X0 ppfk

n 10}, and (3} salme-treated contmls (MI-C. 7 = 66), Rats were hoosed
under standardized conditions with free access to standard food and drimk
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Antibendies and reagents

For immunchistochemical analyses, mouse mAbs specitic for rat deter
minants. including Abs against rat DC (OX62), MHC class 11 RTIB
(0X6), CD4
ED-3, CD45, CD4SR (His24)
Serotec. An anti-Brdl
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FIGURE 3, Prolifera
Tople immune myocardium (A) and spleen
{8 for OX62 (hluer, Brdl! (redy, and type 1V collagen
(tissue framework: brown) was performed, Arrows in
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ve response of DC atter M
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up at 7 davs post-MI were

aperated group and MI-C g
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Vector blue substrate kit (Vectn Laboratones). As the second step, see
tioms were reacted with a second mAb and then with a HRP-labeled anti
mouse Igl and developed as brown with a dinminobenziding substrate for
5-10 min. For BrdU stining, the above samples were further tiaed in 1%
glutaraldehyde for 10 min and digested in a pepsin solution (0.006% in
.01 N HCH for 10 min at 37°C. Samples were treated with 4 N HCL fuor
) min at room empesature and neatralized with borate buifer (0.1 M ipH
K50, Brdl was detected with an anti-BrdU mAb and then with an ALP:
labeled anti-mouse 1gG and developed as red with a New Fuchsin substraie
kit (DakoCytomation) for S=10 min. Al rms for immunobistochemical
analyses receved BrdU Ly, (Sigma-Aldnch; 1 mg/30 g body weight) and
were ssicnificed | b laver. Slides were mounted m AgquaTex (Merch) afier
immunostaining. Cells infiltrating the myocardium were evaluated in the
infarcted. border. and noninfarcted areas

Immunoflucrescent starming

Immunofluorescent staining was performed for double labeling by cach
Ab against cell surface Ags. Mouse mAhs as described above were used
as the first Abs. We applied CyS-conjugated donkey amti-rabbit 1gG
(lackson ImmunoResearch Laboratories) as the secondary Ab for type
IV collagen, and a Zenon Alexa Fluor 485 mouse labeling kit and
Alexa Fluor 546 mouse 1gG labeling kit (Invitr
were used as secondary reagents Tor mouse mAbs

Muolecular Probesy

Flow cytometric analyses

The spleens were minced and digested i 2 mg/ml collagenase 1 (Roche
Diggnostics) in RPMI 16315 FCS for 30 min at 37°C. EDTA at 10 mM
was added for the last 5 min, and the cell suspension wis pipetted up and
donwn several times and filtered with a cell strainer. To lvse the RBC, ACK
Iy<is butfer (0,15 M NHCL LOmM KHCO,, 0.1 mM Na,EDTA (pH 7.2))
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Sham day3 doy7 day 14
MI-C

pe0os

Sham day7
(MI-C)

p<0.05

- BN W
omwomnowme #

OX62*'BrdU* cells
1 OX62* cells

Sham day7

day 7 (MI-C) (MI-C)

wis added (o the cell suspension for § mun at room twemperature, and the

cells were washed twice. Peripheral blood was collected mto o hepanmized
tbe, ACK lIysis buffer was also added o peripheral blood for 5 min a
room temperature o remove RBC. For cytometnic analyses, 2 = 1y
splenceyvies and peripheral blood cells were incubisted with PE-conjugated
OX62 mAb and FITC-conjugated OX6H mAb or FITC-conjugated CDRG
maAb for 40 min at 4°C. Cells were washed twice and analy zed on o Coulter
EpicsXL-MCL flow cytometer ( Beckman Coulter)

Real-time guantitative RT-PCR

Alter the heart had been excised, all tssues were snap troven m ligud
nitrogen and then preserved e =80°C. The LV of sham-operated rats
was collected for control studies. Total RNA was isolated by a moi-
fication of the acid guamidinium thiocyanate and phenol/chloroform ex-
traction method. After homogemizing the heart tissues with a Polviron
homogenizer in TRIzol reagent (Invitrogen), total RNA was extracted
with chloroform and samples were centrifuged ot 16,0600 % ¢ for 1S man
at 4°C. RNA was precipitated by addibon of isapropanal, and the pellet
was dissolved in diethyl pyrocarbonate water. Total RNA concentration
was det ned by spectrophotomelric analysis at 260 nm. Reverse
transcription was performed using TagMan reagents (Applied Biosys
tems), Real-time guantitative PCR of each sample was conducted with
TogMan Gene Expression Assays and an ABI Prism 7700 sequence

detection system (Applied Biosystems). based on methods described
previously (223 The TagMan  assays  wsed  were  TLR2
(Rn02133647_s1), TLR4 (Rn0D0569848_m 1, IL-4 (Rn() 1456866 ml)

TL-HY i RnOOS634089 _ml ), and IFN ¥ | RotO5940TE _m | ) from Apphed
Biosvstems, For each sample, CT values were subtracted from that of
the housckeeping gene GAPDH i generute the Ct values Primer
and probe for GAPDH were as follows: lorward primer. AACTCCCT
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CAAGATTGTCAGCAA, reverse primer. GTGGTCATGAGCCCT
TCCA: TagMan probe: CTGCACCACCAACTGCTTAGCCCC

Immunoblotting analvses

For Western blotting, frozen tissue was homogenized in cell lysis buffer
(Cell Signaling Technology) containing 1% Triton X-100 and protease
inhibitors. After cemrifugation at 16,000 * ¢ for 30 min ot 4°C. the su-
pematant liquid was collected. Protein concentrations were measured using
Coomassie protein assay reagent (Pierce Biotechnology) based on the
Bradtord assay. Immunoblotting analysis was conducted as previously de-
seribed (22). Equal amounts of S0 ug protein were electrophoresed on 10%
SDS polyacrylamide gels (150 V. 60 min), Proteins were electroblotied
onto mitrecellulose membranes { Amersham Biosciences) for 60 min at 100
V. Afler blocking with 5% nonfat dried milk in Tris-bulfered saline for 60
min. the membranes were incubated with the first Ab for 60 min, tollowed
by exposure to the second Ab for 45 min. The immunoblits were devel-

oped by enhanced chemiluminofluorescence method. The signals were
quantiited by densnometey (GS-800. Bio-Rad)

Statistical analvsiy

All data were expressed as mean = SEM, One-way ANOVA followed
by Bonferroni’s multiple-comparison tests was performed for statistical
comparisons. All statistical analyses were performed using $PSS 13.0
for Windows. Stanstical significance was defined as a p-value of <0.05,

Results
LV functional analvses

Table | shows heart weight and echocardiographic and hemodynamic
dats on day 14 Left and nght ventncular weight per body weight and
LV systwolic pressure in the MI-C, MI-G, and MI-GM groups did not
differ significantly. Maximum dP/di was lower and LV end-diastolic
pressure (LVEDP) was higher in MI-GM than in MI-C animals
MI-GM animals had significantly larger LV end-diastolic dimension
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MI-G

FIGURE 5. Effects of G-CSF and
GM-CSF mducer om infthmation of DC
it mbarcied (A and ©) and border (8
and 1) areas of myvocardium. OX62

DC are stained blue, and tvpe 1V colla
gen (tissue framework ) 1s suuned brown
(= Sfgroup). All images in A and 8
are from day 7 after ML Values are
means = SEM. =, p < (105 vs MI-C

120
100+

s8¢

Dendritic cells
(0X62* cells)

[X]
o o

(LVEDD) and LV end-systolic dimension (LVESD), and lower fruc-
tonal shortenng (FS) than did MI-C animals. Higher maximum dP/dt
and lower LVEDP were observed in MI-G animals than in MI-C
animals. LVEDD and LVESD were smaller, and FS was greater in
MI-G than in MI-C animals. Infarct size was sumilar m all groups.

Infiltration of DC and MHC class I-positive cells o myocardium

To evaluate involvement of DC in the- myocardium, double im-
munostaining was performed with OX62, a specific marker of rat
DC. and OX6 for MHC class 11 Most OX62 ° cells were positive
for OX6 (Fig. 1A). Senal sections were stained with V65 mAb. a
marker of 48 T cells, which are known to be recognized by OX62
mAb. No V65" were detected in the myocardium of both shum-
operated and Ml-created rats (Fig. |8). Thus. OX62" cells de-
tected in the myocardium atter M1 were most probably DC. More-
over, we examined the expression of CD4 on OX62° DC that
infiltrated the myocardium after M1 to analyze DC subsets. Ap-
proximately 55% of OX627 cells were also CD4°, and the re-
maining cells (45%) were CD4 (Fig. 1O

The time course of DC infiltration into the infarcted, border, and
nomnfarcted areas in MI-C animals is shown in Fig. 1. A marked

increase in DC was noted in the infarcted (90 = 9 cells/mm”) and

== MI-C
£S5 MI-G
O MI-GM

-

Dendritic cells
(OX62* cells)
oB8888

sham day3d day7 day14
= p<0.05vs. MI-C

border (83
abserved in the nominfarcted area or in the myocardium of sham-

= 6 cells/mm”) areas, peaking on day 7. DC were rarely

operated rats (2 © 1 cells/fmm™).

Fig. 24 shows the nme course of MHC class 11 (OX6)
filtration into the myocardium in MI-C group. A marked increase of
MHC class 117 cells was noted in all areas after M1, peaking on day
7 (infarcted area, 751 = 39 cells/mm®; border area. 718 = 48 celly/
mm’; noninfarcted area, 105 = 11 cells/mm™). A few MHC class 11
cells were observed in the myocardium of sham-operated rats (41
9 cells/mm). Most of MHC class 117 cells were OX62 7, ED-1 " (Fig.
1B). and ED-2  (Fig. 20). indicaung a predominance of recruited
infiltrating macrophages in MHC cluss 117 cells, ED-3
rarely observed in the mfarcted myocardium (Fig. 203 Abundum
CD45" (pan-leukocyte marker) cells filrted the myocardium
mainly from epicardial sites after M1, Infilration of these cells was
found in the infarcted heart from the early phase after M1 peaking on
day 7, und was considerably decreased on day 14, ED-1" cells also
infiltrated similar sites of the myocardium o CD45 ™ cells.

cell in-

cells were

Proliferative responses of DC after M1

Triple immunostamning for OX62, BrdU. and type IV collagen
was performed to detect DC with a proliferative response
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FIGURE 6. Eifects of G-CSF and
GM-CSF anducer on anfiltration of
MHC class 117 cells into infarcied (A
and 1), burder (B and E), and nonin
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Farcted (€ and F) myocardium, OX6
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and type IV collagen {tissue frame

) cells are stained blue

work) 1s stained brown (n = Sfgroup)
Images i A and B are trom day 7, and
those i C are from day 14 alter Ml
Values are means = SEM. «_p =< 1008
va MI-C,

MHC class |l positive
(OXE") calls =
8888
- §

sham day3 day? day'd
* p<0.05vs. MI-C

(OX62 " BrdU " cells) i the myocardium after M1, OX62 " BrdU '
vells were observed mainly in the border area on days 3, 7, and 14
(Fig. 3A). The ratio of OX62 " BrdU " cells/OX62" cells was 16%
(day 3), 24% (day 7). and 11% (day14). Cells positive for OX62
or BrdU were rarely observed in the myocardium of sham-oper-
ated rats. A persistent proliferative response of DC was observed
for at least 14 days after ML These findings suggested that acti-
vated DC are present in the myocardium after ML

T'o evaluate the proliferative response of DC in the spleen. we
performed triple immunostaining for OX62, BrdU. and type 1V
collugen. The number of OX62"BrdU" cells increased signifi-
cantly in the spleen after M1, whereas such cells were uncommon
m ruts that had undergone sham operation (Fig. 38). These find-
ings indicated that M1 induced activation of DC in the spleen.

Flow evtometric analvses of splenoevies and .j'Jl'j'f'l].‘"'f'”f Ilesined
celly

OX627 cells were observed
sham-operated rats. There was no significant ditference 1n the

- 3% in splenocytes (Fig, 4A) from

aan
£

(OXE") calls
- 28888
MHC class il positive
|OXE") calls
g &

MHC class |l positive
N
w

sham dayd day7 dayid
* p<0.05vs. MI.C

number of splenic OX62 " cells between sham and MI-C groups.
The ratio of OX62"0X6"/0X62
in MI-C group than in sham group (Fig. 4A4). The ratio of
OX62 ' CDS6 /OX62 " cells was also higher in MI-C group than
i sham group (Fig. 4A). These findings indicated that splenic DC
matured after ML There was no significant difference in the num-
ber of OX62' cells. and both OX62 OX6 /OX62" and
OX62'CDE6"/OX62" cell ratios in the spleen among MI-C,
MI-G. and MI-GM groups, Few OX62' cells were detected in
peripheral blood (Fig. 48). However, there was no significant dif-
ference in the number of OX62" cells among all groups,

cells in the spleen was higher

Effects of G-CSF and GM-CSF inducer on infiltration of DC
and MHC class Il-pasitive cells imo myvocardinm

The effects of G-CSF and GM-CSF inducer on DC infiltration into
the infurcted area (Fig. 5. A and ) and border areu (Fig. 5, B and
) were examined. The infiltration of DC was suppressed in the
MI-G group on day 7 in the infarcted (55 £ 6 vs 90 = 9 cells/mm”.
po= 0.003) and border (51 * 7 vs 83 * 0.004)

6 cells/mm®, p
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FIGURE 7. mRNA expression of TLR2 and TLR4 by RT-PCR. Effects
ol G-CSF and GM-CSF inducer on mRNA expression of TLR2 (A) and TLR4
(81 All samples except those from shameoperated s were from inl
005 vs MI-C

area (n = Sgroup). Vilues are means = SEM. =, p =

areas. and on day 14 in the infarcted (24 ¢ S vs 44+ 5 cells/mm”,
p = 0.008) and border (20 = 3 vs 43 = 7 cell/mm”, p = 0.008)
areas compared with that in MI-C group (Fig. 5). The nfiltranon
of DC was increased in the MI-GM group in the infarcted (89 + 8 vs
54 = 5 cellsimm™. p = 0.007) and border (92 = 8 vs 59 = 7 cells/
mm-. p = (.008) areas on day 3 and day 7 (infarcted 119 = 5 vs 90 +
9 cell/mm’. p = 0.011; border 114 = 7 vs 83 = 6 cells/mm’, p=
0.004) compared with the MI-C group (Fig. 5)

Fig. 6 demonstrates the effect of G-CSF and GM-CSF inducer
on infiltration of MHC class 11" cells into the infarcted area (Fig.
6. A and D), border area (Fig. 6, B and E), and nomnfarcted area
(Fig. 6. C and F) of myocardium. On day 7, positive cells were
decreased in the MI-G group in the infarcted (59] + 40 vs 751 =
39 cells/mm’, p = 0.013) and border (524 + 41 vs 718 = 48
cells/fmm®, p = 0.013) areas, and the same was found on day 14
(infarcted 332 = 35 vs 500 = 44 cells/mm?, p = 0.007; border
150+ 47 vs 531 = 46 cells/mm”, p = 0.036, Flg 6,A, 8. D, and
E). The infiltration of MHC class 11 cells was also suppressed in
the noninfarcted area in the MI-G group on day 14 (61 * 6 vs
105 = 11 cellsfrmm?®, p = 0.022, Fig. 6, C and F), whereas GM-
CSF inducer increased the infiltration of MHC cluss 117
day 3 in both the infarcted (460 + 39 vs 262 * 40 cells/fmm?, p
0.011) and border (550 = 33 vs 382 + 49 cells/mm”, p = 0.016)
areas. The same was true on day 7 (infarcted area 917 = 37 vs
751 = 39 cellsfmm?, p = 0.010; border area 912 £ 52 vs TI8 =
48 cellsimm”, p = 0,013, Fig. 6. A, B. D, and E). There was no
significant difference in DC infiltration into the noninfarcted area
between the MI-C and MI-GM groups.

cells on

HSP70. TLR2, and TLR4 expression

Treatment with G-CSF decreased myocardial mRNA expression of
TLR2 on day 7 tFig. 74), and of TLR4 on days 7 and 14 (Fig. 78) in
the infarcied area compared with that in the MI-C group. In the
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FIGURE 8. Immunoblotting analyses of HSP70 and TLR4 in infarcied
myocardium, G-CSF suppressed and GM-CSF inducer enhanced HSPTD
(A) and TLRA (8) expression in infarcted area (n = Sfgroup). Values are

mean = SEM. = p < 0.05 va MI-C

MI-GM group, TLR2 expression was increased in the infarcted area
on days 3 and 7 (Fig. 7TA) and TLR4 expression was increased in the
infarcted area on davs 7 und 14 (Fig. 7B) compared with that in MI-C
animals,

Immunoblotting showed that the expression of HSP70 and
TLR4 proteins was significantly increased in the infurcted area,
peaking on day 7 after ML similar to the time course of DC in-
filtration. The expression of HSP70 and TLR4 was lower in MI-G
than in MI-C animals on day 7 (Fig. 8). HSP70 and TLR4 in the
infarcted area were up-regulated in MI-GM compared with those
in MI-C animals (Fig. 8), Expression of HSP70 and TLR in the
infarcted area on days 3 and 14 did not differ among the groups

[EN-v and IL-10 expression in infarcted myocardium

To evalumte the expression of both Thl and Th2 cytokines in the
infarcted myocardium  after MI, we investigated the mRNA
expression of IFN-vy as a representative Thi cytokine. and of 1L-4 and
IL-10 as Th2 cyokines, No 1L~ was detected in this study. The
expression of IFN-y was higher in MI-GM and lower in MI-G on day
7 than in MI-C ammals (Fig. 94). On the other hand. the expression
of IL-10 was lower in MI-GM on day 7 and higher in MI-G on days
3 and 7 than in MI-C group (Fig, 98). Neither IFN-y nor IL-10 was
detected in the myocardium of sham-operated rats and MI rats on
day 14.
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FIGURE 9. mRNA expression of IFN-y (A) and 1L-10 (8) on days 3
and 7 in imfarcied myocandium by RT-PCR in = Sfgroup). Ratios of
mRNA expression in MI-G and MI-GM groups are shown relative to the
MI-C group. IFN-y and IL-10 were not detected in myocardium of sham-
operated rats or MU rats 14 days after surgery. Values are means = SEM,
o= 008 vs MI-C

Discussion
We demonstrated activated innate immune responses. including
mfiltration of OX62° DC with a proliferative response, up-regu-
lation of HSPT0 and TLRs, and increased IFN-y and decreased
IL-10 expression. in the infarcted myocardium of the rat. Our find-
imgs also revealed that M induced proliferation and maturation of
DC in the spleen. Induction of GM-CSF by romurtide increased
infiltration of DC into the necrotic myocardium and adversely al-
fected LYV remodeling, whereas G-CSF administration decreased
DC infiltration and improved LV function. Immunoblotting re-
vealed that GM-CSF induction increased, but G-CSF decreased,
the expression of HSP70 and TLR4 in the infarcted myocardium.
Moreover, mRNA expression of TLR2, TLR4. and IFN-y in the
infarcted area was increased in MI-GM, but decreased in MI-G
animals, and 1L-10 was decreased in MI-GM and increased in
MI-G animuls. These findings suggest that CSFs regulate mnate
immune responses, especially DC mobilization, thereby affecting
LY remodeling after MIL

Previously. Zhang et al. reported o marked increase in cells with
dendrites in the infarcted and border myocardiom in rat experi-
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mental M1, These invesngators suggested the presence of DC by
mmmunohistochemical staining using OX6 Ab (30). However.
OX6 Ab recogmzes the MHC class 11 molecule, which is ex-
pressed on several types of APCs as well as DC. The presence of
DC in the intarcted heart has not been confirmed since their report
In the present study. using OX62, OX6. and V65 Abs und Brdl
staining, we clearly demonsteated that DC infiltrate the infarcted
hean in association with a proliferanve response. Addinonally, we
confirmed that MHC class 117 cells were markedly increased in the
mfurcted and nomnfarcted myocardium atter M1, Most MHC cluss
I cells were OX62 ., ED-1 7, and ED-27 cells, suggesting that
maost of these cells were recruited infiltrating macrophages (31,
32), However. il 1s possible that some of MHC class 11" OX62
cells are also DC. because OX62 is not expressed on all DC (33),
Abbate et al. desenbed widespread myocardial inflammation in the
peri-infarct and remote regions after recent M1 (1), Our findings
also indicated the existence of an inflammatory reaction in both
infarcted and remote areas of the myocardium. Besides Ag-pre-
senting funchion. cytotoxic activity has been reported in a subset of
DC (CD4 ™ subsets of OX627 DC) in the lymph nodes (34) and
spleen (35). We observed both CD4 " OX62" and CD40X62'
DC in the mfarcted myocardium. 1t s possible that such subsers
of DC also play some role in myocardial injury after ML

DC play critical roles in initiating and modulating immune re-
sponses and are charactenized by a high capability for Ag capture
and processing, migration o lymphoid organs, and expression of
various costimulatory molecules, Several recent investigations re-
vealed that endogenous toxins such as molecules released from
necrotic cells can activate DC (20, 36). The heart possesses a gene-
encoded innute stress response that is actvated by different types
of injury such as ischemia (37). Varda-Bloom et al. have shown
that lymphoeytes obtained from the spleen of rats that have suf-
fered M1 can injure normal cardiomyocytes (38), and Maisel et al
reported that heart failure was induced by adoptive ransfer of splenic
lymphocytes from rats after M1 (11}, Therefore, autoimmune re-
sponses against myocardial Ags may be a novel mechanism of postin-
farction LV remodeling (13). Although there are few papers examin-
ing DC in the heart, o previous study using a rt permanent cerebral
artery occlusion model showed that the grade of DC infiltration cor-
reluted with the extent of infarction (39). Another study using 1sch-
emia/reperfusion of rat kidney revealed infiltration and maturation of
DC in infarcted renal tissue (400, Therefore, DC may play some role
in secondury injury after ussue necrosis.

DC mature in lymphoid organs such as the lymph nodes and
spleen after capturing Ag in peripheral tissues. Maturation of DC
is essential for efficient T cell differentiation und 15 associated with
high surface expression of MHC class 11 and costimulatory mol-
ecules. We observed proliferation and maturation of splenic DC
after M1, indicating that M1 induced intense activation of the innate
immune system. The autoimmune response is regarded as one of
the mechanisms of unnecessary inflammitory reactions induced
secondary to myocurdial injury (1113} Our findings suggest that
DC, which are potent regulators of the immune system, have &
significant role in the excessive inflammatory response after M.
Morcover, the appearance of OX62" cells was not altered in pe-
ripheral blood after M1, despite dynamie movement of OX62 " DC
in the infarcted myocardium. These findings indicate that local
expansion of DC occurred in the myocardium after M1

Considerable evidence indicates that HSPs, especially HSPT0,
are potent activators of the mnate wmmune system, which can in-
duce production of promflammatory cytokines by the monocyie-
macrophage system and activation and maturation of DC via the
TLR2 and TLR4 signal-transduction pathways (41-43), Previous
reports also have shown that HSP released from necrotic cells after
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ussue imury achivates and matores DC through TLR stimulation
(19, 20 In fact. Dvbdahl et al. revealed that HSP70 s increased
in the serum of MI patients and comeltes with the extent of myo-
cardial damage (44). Thus, HSP may serve as a danger signal to
the innate immune svstem at the site of ischemie injury. Frantz
et al. reported that TLR4 expression is up-regulated in failing myo-
cardium (451 und that TLR4 plays an important role in the influm-
mautory response after M1 (46, 47). TLR2 also 1s reported to con-
tribute to  ventricular remodeling (48), We found that the
expression of HSP70, TLR2. and TLR4 was up-regulated after ML
peaking on day 7, similar to the time course of DC infiltraton. We
proposed that the increased expression of HSP70 and TLRs tng-
gers activation of DC after M1

DC are divided into mujor two subsets, myeloid and plasmacy-
tond, Several investigators demonsirated that GM-CSF increased
myeloid DC. which induce Thl cell differentiation, and G-CSF
mereased plusmucytoid DC, which induce Th2 cell differentiation
(24, 25). OX62 is known to be a marker of myeloid, but not plas-
macytoid, DC (330, In the present study. we revealed that G-CSF
decreased and GM-CSF inducer increased the number of OX627
DC and the expression of [FN-y1n the infarcted myocardium com-
pared with control tissue. These findings suggest that G-CSF could
suppress differentiation to myeloid DC (OX62 ), with a decreased
Thi/Th2 ratio, whereas GM-CSF facilitates differentiation to my-
elord DC. wath an increased Th1/Th2 rato. A ThI/Th2 functional
imbalance influences various allergic and autoimmune diseases
For example, acute coronary syndrome 1s associuted with a Thi/
Th2 balance tending to Thi cell dominance i the myocardium
(21) und peripheral blood lymphocytes (49, 50). It was reported
that statins inhibited secretion of Thl cytokines and induced se-
cretion of Th2 eytokines (51). Statin treatment for patients with M1
also resulted in decreased Th1/Th2 ratio in peripheral T cells eval-
wated by flow eytometry (52. 53), Moreover, Thl-polanized mice
are charactenized by nssue damage, which s caused by promflum-
matory responses and suppression of collagen synthesis, including
matrix metalloproteinase (MMP) activation and tissue inhibitor of
MMP (TIMP) deactivation (54-56). In contrast, Th2 responses
direct wound healing and fibrosis, which accounts for antiinflamima-
tory responses und enhanced collagen deposition (54 -56). These find-
ings suggest that Th1/Th2 balance may disturb reparative fibrosis and
fucilitate infurct expansion. Therefore, the changes in DC subtypes
after alteration of the Th1/Th2 balance by CSFs may influence the
healing process and ventncular remodeling after M1,

This paper has several limitations. First. numerous studies have
revealed that G-CSF improves ventricular remodeling and cardiac
function after M1 by vanous mechamisms in mice and rats (22,
57-59). Although previous mvestigators postulated that G-CSF in-
duces regeneration, angiogenesis, and an antiapoptotic response
(58-61), we did not examine such effects in the present study
Instead, we focused on its immunomodulatory effects, espectally
the DC-mediated innate immune response. The dose of G-CSF
used wus a tenth lower than that in previously descnbed studies
using & murine MI model to mobilize bone marrow stem cells into
the periphersl circulation. Moreover, accumulating evidence his
guestioned whether G-CSF induces transdifferentiation from bone
mamrow progenitor cells to cardiomyocytes (62-65). Second, we
could not exclude direct effects of CSFs on cardiomyocytes
Hurada et al. reported G-CSF receptor expression on both adult
mouse heart and cultured neonatal munne cardiomyocytes (58)
The GM-CSF receptor is also reported 1o be expressed on human
cardiomyocytes (66), Additionally, GM-CSF induction in cancer
patients aggravated LY dysfunction (671 Their findings suggest
that G-CSF and GM-CSF directly affect LY function. Alterma-
tively, CSFx might affect the postinfarction healing process by

DENDRITIC CELLS IN POST-MI LV REMODELING

modulanon of other cytokines, although our previous study
showed that the mRNA expression of 11L-6 and TNF-a was not
altered by G-CSF tremtment. Third, the ratio of DC subsets in the
rat spleen depends on strain (68) and OX62 is not expressed n all
rat DC (33), The precise roles of all the DC subsets during LV
remodeling are stll undetermimed. Fourth, CD45 " und CDAR”
cells were also observed in the infarcted myocardium. We could
not clanify which cell mostly operates in the healing process in this
study. Further study will be required to clarify the specific role of
DC duning LV remodeling after M1

In conclusion, experimental MI petivates innite immumty, such as
DC infiltration, HSP70 and TLRA expression, and elevation of IFN-y
and reduction of [L-10 expression n the mfarcted heart. G-CSF im-
proves postintarction LY remodeling in association with an attenuated
innate immune reacnon. whereas GM-CSF exacerbates LV remodel-
mg with enhanced innate immunity. Suppression of DC-medited 1m-
munity could be a new strtegy to treat LV remodeling after MIL
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Clarithromycin Attenuates Acute and
Chronic Rejection Via Matrix Metalloproteinase
Suppression in Murine Cardiac Transplantation

Masahito Ogawa, BS,* Jun-ichi Suzuki, MD,* Keiichi Hishikari, BS,* Kiyoshi Takayama, PuD,*
Hiroyuki Tanaka, MD, PuD,t Mitsuaki Isobe, MD, PuD*

Tokyo, fd_,t-u n

Clarithromycin (CAM). a major macrolide antibiotic, has many biological functions, including matrix metallopro-
teinases (MMPs) regulation. However, little Is known about the effect of CAM in heart transplantation via MMP-3
The purpose of this study was to clarify the role of MMPs regulated by CAM In the progression of rejection

The MMPs are critical in the development of inflammation and tissue remodeling. The MMP-9 level is associated

We orally administered CAM into murine cardiac allograft recipients. Total allomismatch combination and class

Clarithromycin Improved acute rejection judged by graft survival and by myocardial cell infiltrating area in a total
allomismatch combination. The CAM-treated allografts showed affected expression of T-cells, macrophages. and

MMP-9 in Immunohistochemistry. Zymography Indicated that enhanced MMPs activities were observed in non-
treated hearts, whereas CAM suppressed the levels, In chronic rejection, CAM suppressed the development of
graft arterial disease and myocardial remodeling compared with that of nontreatment. Clarithromycin Inhibited
the expression of MMP-9, whereas the treatment did not alter the expression of MMP-2 and tissue inhibitor

and smooth muscle cells. Inhibition of MMP-9 by CAM was associated with

Objectives
Background
with the rejection of heart transplantation.
Methods
Il mismatch combination were used for the analysis of graft survival, pathology and molecular.
Results
metallog I 1inm phag:
suppression of smooth muscle cell migration and proliferation.
Conclusions

diac rejection through the suppression of MMP-9.
American College of Cardiology Foundation

Acute cardiac rejection is still a major complication of heart
transplantation. Inflammatory factors such as cytokines,
chemaokines, and adhesion molecules play a critical role in
the development of acute rejection (1-3). The allografts
show diffuse arterial neointimal formation (graft arterial
disease [GAD]), that consists of smooth muscle cells
(SMCs), extracellular matrix (ECM), and variously mono-
nuclear leukocytes during long-term’ observation. Although
GAD ultimately culminates in vascular stenosis and isch-
emic graft failure, the infallible care and prevention mea-
sures are still unknown.
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Clarithromycin is useful to suppress allograft remodeling, because it is critically Invelved in the prevention of car

(J Am Coll Cardiol 2008,51:1977-85) @ 2008 by the

Clarithromycin (CAM) is known as a 14-member ring
macrolide and a potent antibiotic for the treatment of
various microbial infections. Recently, CAM has been
reported to have multiple biologic effects, such as alteration
of inflammatory factors (4,5). Many inflammatory cells,
such as Iymphucyt::s (6,7) and monocytes/macrophages
(8,9), produce matrix metalloproteinases (MMPs), and
levels have been shown to be upregulated in grafts with
human and various mammal organ transplantation (10-12).
The MMPs are a large family of proteinases that proteo-
lytically degrade ECM such as collagen and proteoglycan.
The degradation of ECM is an important event in the
process of inflammation and tissue remodeling. A member
of MMPs, MMP-9 (gelatinase B) is known to play an
important role in tissue remodeling and the migration of
various cells, such as SMCs (13,14), macrophages, and
other cells. Smooth muscle cells are shown to express
MMP-2 and -9, and excess activation of MMP-2 and -9
induce the destruction of the ECM and can lead to
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Abbreviations
and Acronyms

CAM = clarithromycin

pathological remodeling and vas-
cular restenosts. However, lirtle is
known about the role of MMP-9
tor acute and chronic rejection in
heart transplantation. This study
demonstrated that CAM sup-
pressed acute and chronie rejection
through the inhibition of the
MMP-9 expression from mono

GAD = graft arterial
diseaso

DMEM = Dulbececo’s
modified Eagle’s medium

ICAM = intercellular

adhesion molecule :

I nuclear cells and SMCs.

MHC = major

histocompatibility complex  MI€thods

MMP = matrix Reagents. The CAM was kindly
metiipslalone provided by Taisho Toyama

mRNA = messenger
ribonucieic acid

Pharmaceutical Corporation,
Led (Tokyo, Japan).

Experimental animals and car-
diac transplantation. The male
BALB/c (H-2%) and C57BL/6
(H-2") mice (4 to 6 weeks, 20
25 g) were obtained from Japan
Clea Corporation (Tokyo, Ja-
pan), and this combination was
used as the major histocompatibility complex (MHC) toral
allomismatch group for analysis of acute rejection (8 animals
for graft survival analysis in each group). A combination of
male C57BL/6 Bm12 (H-2"""%) and C57BL/6 mice (4 o
6 weeks, 20 to 25 g) was used as the MHC class [I
mismatch group for analysis of chronic rejection (n

NF-«8 = nuclear factor-
koppa B

RNA = ribonucleic acid
SMC = smooth muscle cell

TIMP = tissue inhibitor
metalloproteinase

6 each
group). Heterotopic cardiac transplanration was performed
as described previously (15). Recipient mice were given oral
administration CAM (100 mg/kg/day) twice/day. We se-
lected the dose for mice on the basis of previous papers
(16,17). Graft survival and function were evaluated by daily
palpation, and cessation of beating was interpreted as
rejection as previously reported (18). The mortality rate
induced by surgical or technical failure of this murine heart
transplant procedure is <2% in our laboratory. This inves-
tigation conforms with the Guide for the Care and Use of
Laboratory Animals in the Tokyo Medical and Dental
University.

Histopathology. Histopathological analysis was performed
as described previously (19). We obtained 5 transverse
sections/heart for histopathologic examination. The sections
were stained with hematoxylin and eosin, Elastica van Gieson,
and Mallory. The area of myocardium and surrounding tissue
affected by acute rejection and chronic rejection were deter-
mined with a computer-assisted analyzer (Image-Pro Express,
Nikon, Tokyo, Japan). The area ratio (affected/entire area as
a percentage) was calculated as described previously (15).
All data were analyzed in a blind fashion by 2 independent
investigators and averaged. Samples from 9 animals in each
group of the total allomismatch combination and 6 animals in
each group of the MHC class 11 mismatch combination were
used for histological analysis.

JACC Vol 5. ha. 20. 2008
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Film in situ zymography. Film in situ zymography was
performed as described previously (20). Frozen sections
were cut to a thickness of 7 pm (4 samples in each gmup).
These sections were mounted on polyethylenetelephthalate
film coated with gelatin (FIZ-GN) (Wako Pure Chemical
Industries, Ltd., Osaka, Japan). As a control, these sections
were mounted on polyethylenerelephthalate film coated
with gelatin and an MMP inhibitor (FIZ-GI) (Wako).
Frozen sections on these flms were incubated in a moist
chamber at 37°C for 6 h. After incubation, these films dned
for 30 min and were then stained with Biebrich Scarlet
Stain Solution (Wako) for 4 min. Gelatinolytic activity is
visible as a clear area unstained by Biebrich Scarler; this
solution stains only gelatin on the film, leaving arcas with
gelatinolytic activity unstained and bright.
Immunochistoch ry. Sections (4 samples in each
group) were incubated with primary antibodies against
murine intercellular adhesion molecule (ICAM)-1 (YN1/
1.7) (provided by Professor Ko Okumura, Juntendo Uni-
versity), CD4, CD8, CA11b (BD Biosciences Pharmingen,
San Diego, California), nuclear factor-kappa B (NF-«B)
p65, or MMP-9 (Santa Cruz Biotechnology, Inc., Santa
Cruz, California) at 4°C for 12 h. Antibody-HRP conjugate
was detected with Histofine Simplestain Kit (Nichirei
Corporation, Tokyo, Japan), used according ro the manu-
facturer's instructions. Enzyme activity was detected with
3-Amino-9-ethylcarbazole.

Ribonuclease protection assay. Trizol (Invitrogen Corpo-
ration, Carlsbad, California) was used to isolate toral ribo-
nucleic acid (RNA) according to the manufacturer’s proto-
col. The probe was synthesized by the in vitro transcription
method with a Multi-Probe Template Set mCK-1 (Pharm-
ingen), T7 polymerase, and [**P] UTP. Messenger ribonu-
cleic acid (mRNA) levels were quantified and normalized
against levels of glyceraldehyde-3-phosphate dehydroge-
nases (GAPDH) (4 samples in each group).

Cell preparations. Primary SMCs were obtained from
the thoracic aortas of Bm12 mice by the explant tech-
nique described previously (19). The SMCs were grown
with Dulbecco’s modified Eagle's medium (DMEM)
(Sigma Chemical Corporation, St. Louis, Missouri) sup-
plemented 50 pg/ml streptomycin, 50 IU/ml penicillin,
and 10% fetal bovine serum at 37°C and 5% carbon
dioxide. The J774.1A (BALB/cA) cells were obtained
from Riken Bioresource Center (Tsukuba, Japan) and
were grown with RPMI1640 (Sigma) supplemented 10%
fetal bovine serum.

Western blotting. Western blot analysis was described
previously (21). The polyvinylidene difluoride membrane
incubated with primary antibody MMP-9, MMP-2, and
beta-actin (Santa Cruz). And then, the membrane enhanced
chemiluminescence reagent (Pierce Biotechnology Inc,
Rockford, Illinois). Enhanced chemiluminescence was de-
tected with an LAS-1000 (Fujifilm Corporation, Tokyo,
Japan). The data were obtained from 3 independent exper-
iments (4 samples in cach group).
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Using RT-PCR Primer Design for Mice
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_nm Sequences - !_ﬂ:l::_ulgt:\f_alpﬂ GenBank
MMPS Forward 5'TGT TCA GCA AGG GGC GTG TC-3 6lop NM 013508
Reverse 5-AAA CAG TCC AAC AAG AAA GG-3'
MMP-2 Forward 5 -GGC CAT GCC ATG GGG CTG GA-3 T&2 bp NM_DOB&10
Reverse 5'CCA GTC TGA TTT GAT GCT Te-3
TIMP-1 Forward 5'CTG GCA TCC TCT TGT TGC TA-3 585 bp NM 011593
Reverse 5-AGG GAT CTC CAG GTG CAC AA'
GAPDH Forward 5'-TGA AGG TCG GTG TGA ACG GAT T1G GC-3 983 bp NM_ 001001303
Reverse 5°-CAT GTA GGC CAT GAG GTC CAC CAC-3
be base pair, GAPDM de-} detry MMP matris metalioprotainase RAT-PCH teveTae LranSONptase

polymerass chain reaction: TIMP  tssus inhibitor metalioproteinase
Reverse transcriptase-polymerase chain reaction. Serum
starved-]774.1A cells were stimulated with interleukin (IL)
Ibeta recombinant (10 ng/ml) (R&D Systems, Minneapo-
lis, Minnesota). Serum-starved SMCs were stimulared with
PDGF-BB (5 ng/ml) (Biosource International, Camarillo,
California). Total RNA were collected 16 h after stimula
tion and isolated according to the manufacture’s protocol by
Trizol (Invitrogen). Complementary deoxyribonucleic acid
was prepared with the reverse transcriprase-polvmerase
chain reaction (RT-PCR) kit. The PCR was performed
with PCR-kit in the presence of oligo-primers for MMP-9,
MMP-2, tissue inhibitor metalloproteinase (TIMP)-1, and
GAPDH. The data were obrained from 3 independent
experiments (4 samples in each group) (Table 1).
Transmigration assay. The migration assay was performed
as described previously (9,22). Briefly, the assay was
performed with Transwell chambers (Comning Corpora-
tion, Corning, New York) 24-well tissue culture plates
composed of 5 pm pore polycarbonate filters. The upper
chambers were not coated. The SMCs were seeded at 1 ¥
10" cells/well in 100 ul medium. The lower chamber was
filled with 400 ul of DMEM medium supplemented with
5 ng/ml PDGF-BB and 0.5% fetal bovine serum (FBS),
and then the chambers were incubated at 37°C for 24 h
in 5% carbon dioxide incubator. Cells were counted
under a microscope, and the cells that migrated to the
lower chamber were examined. The data were obtained
from 3 independent experiments (4 samples in each
group).

Proliferation assay. The SMCs were sceded on the 96-
well plates (5 X 10" cells/well) and then incubated with
DMEM supplemented 0.5% FBS and PDGF-BB for 2
days in incubator. Cell proliferation was then assessed with
the Cell Counting Kit-8 (Dojindo, Kumamoto, Japan)
according to the manufacturer’s instructions, Cell prolifer-
ation was expressed as the optical density (15). The data
were obtained from 3 independent experiments (6 samples
in each group).

Statistical analysis. All data are expressed as mean *
SEM. Kaplan-Meier analysis was used to estimate graft
survival, and the Mann-Whitney [/ test was used for
survival differences berween the 2 groups. Dara were com-
pared, and differences between the 2 groups were analyzed

by the Student ¢ test for histopathological analysis and
ribonuclease protection assay. One-way analysis of variance
was used in the SMC proliferation assay and SMC migra-
tion assay. Differences with values of p < 0.05 were
considered significant.

Results

Graft survival prolonged and affected the histopathology
by CAM. In the major mismatch group, nontreated allo
grafts were acutely rejected (7.3 = 0.2 days, n = 8).
However, CAM administration significantly prolonged al
lograft survival (9.7 = 0.2 davs, p < 0.05, n = 8) in this
model (Fig. 1). Moderate myocardial cell infiltration was
observed in nontreated allografts on d'.l_v 7 (35.7 = 1.99%,
n = 9), whereas CAM trearment markedly arrenuated myo-
cardial cell infiltration (19.7 = 3.0%, p < 0.05, n = 9) (Figs.
2A and 2B). Although significant fibrosis was observed in the
nontreated allografts (39.6 = 1.4%, n = 9), CAM treatment
attenuated fibrosis area (23.4 = 3.4%, p < 0.05, n = 9) (Figs.
2A and 2B).
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Representative aata of graft sunival in the full allomismatch combination, Mice
treated with clanthromycin (CAM) (open clrches) showed prolonged cardiad alle
Eraft survival in comparison with the nontrested mice (open squares). Non
treated allografts were acutely mjected (7.1 - 0.2 days. n ~ B), Howswer

CAM agministration statistically prolonged aliograf survival (9.7
n < B) *p - 0.05 versus nontreated group.
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In the class 11 mismatch group, all cardiac allografts kept

beating during the observation perniod and gratt function was
not different between the groups. Pathologically, severe myo
cardial cell infiltration (33.3 = 1.6%, n = 6) and fibrosis (41.8
* 0.9%, n = 6) were observed in the nontreated group,
whereas CAM trearment significantly suppressed infiltration
(159 + 4.1%, n = 6, p = 005 vs. nontreated group) and
fibrosis (20.0 = 5.5%, n = 6, p < 0.05 vs. nontreated group)
ll"igs. 2C and 2D). The heavy neointimal thickening was
observed in the coronary arteries of untreated allografts in this
combination. However, intimal thickening was attenuated in
the CAM-treated group (Fig. 2C [c]).
Inhibition of inflammatory factors. Immunohistochemi-
cally, enhancement of CD4, CD8, CD11b, NF-«B p65,
and ICAM-1 expression was observed in the nontreated
allografts of total allomismatch combination. However,
CAM rtreatment markedly attenuated expression of these
factors (Fig. 3).

Ribonuclease protection assay was used to examine ex-

pression of cytokine mRNA from full allomismatch cardiac
grafts on day 7. The mRNA levels of interferon-gamma,
IL-6, IL.-10, and 1L-15 were significantly suppressed in the
CAM-treated group compared with those of the nontreared
group (Figs. 4A and 4B) (n = 4 each).
In vivo MMP inhibition. The MMP activity was mark-
edly enhanced in the infiltrated area in the nontreated full
allomismatch group; however, CAM-treated grafts atten-
uated the MMP activity (Fig. 5A). The MMP inhibitor
(+) films show the non—gelatinase-specific activity.

Immunohistochemically, although the nontreated group

enhanced the MMP-9 expression in the infiltrating cells,
CAM suppressed the expression in total allomismatch
combination (Fig. 5B).
In vitro MMP inhibition. Serum-starved-|774.1A cells
were stimulated with 10 ug/ml IL-1beta recombinant,
and after 24 h of stimulation the protein was collected.
Although the control group (supplied IL-1beta and
dimethyl sulfoxide as a vehicle) markedly enhanced the
expression of MMP-9 compared with the native group
(nonstimulated), CAM-treated cells significantly sup-
pressed the expression of protein levels. The MMP-2
levels were comparable between the control group and the
CAM-treated group (Fig, 6A [a]). The CAM-treated
group altered the expression of MMP-9 mRNA but not
MMP-2 and TIMP-1 mRNA (Fig. 6A [b]).

Also, SMCs showed that MMP-9 mRNA level was
markedly enhanced in the nontreated cells, whereas CAM
treatment suppressed the expression of MMP-9 mRNA
(Fig. 6B). However, CAM treatment did not alter the
mRNA levels of MMP-2 and TIMP-1 compared with the
control group.

Migration and proliferation of SMCs. In proliferation
assay of SMCs, PDGF-BB-stimulated SMCs were signif-
icantly proliferated, whereas the CAM treatment (2.0 and
20 ;.lmn|f|) attenuated the cell pmhlu’:n‘[(m (p < 0.05 vs.
control group) (Fig. 7A). The migration assay also showed

Ogawa et al. 1981
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m Immunochistochemistry

o istry of aliograft from the nantreated group
and the clarithromycin (CAMMreated groug, The sechions wore moubatod with
CD4 (a and b), CDS (c and d), CO11b (e and 1), intercellular adhesion mole
cule (ICAM}1 (g and h), and nuclear factor «B (NF.«<B) p65 (I and J). Atthough
04" (a). COB" (c). and CD110" (e} cells were observed in nontreatment on
day T. CAM d them (b, d, and 1), The expression
of ICAM-1 (g) and NF «B p&5 tl] wore phaerved in nontreatment myocandial
mfiltrating, ama; however, CAM treatment markedly attenuated them (h and J)
Scale bars — 50 um (ato )

that enhanced migration into the lower wells was observed
in the control group, whereas the CAM-treated group
inhibited the migration (p < 0.05 vs. control group) (Figs.
7B and 7C).

Discussion

Clarithromycin is nor only antibiotic for the
treatment of various microbial infections but also has
multiple biologic effects. Although the 16-member ring
macrolide do not have multiple effects, it is believed that the
multiple effects by a macrolide might be characteristic of
14-member ring macrolides (9,23). In this report, we have
newly demonstrated that CAM inhibited expression of

| l‘(l[r_‘ll[
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MMP-9 and suppressed acute and chronic rejection in murine
transplantation models.

Firstly, we demonstrated that CAM suppressed the
acute rejection in the MHC total allomismatch combi-
nation group We showed that CAM treatment sup
pressed MMP-9 and NF-«B

model with zymography and immunohistochemistry. The

activity in this allograft
T lymphoeyres and macrophages are a major component
of the cellular infiltration in allografts rejection (24,25);
they contribute to the cic\'t'lnprncnr of tissue injury in
acure mﬁ.lmm;nnr_\- reaction (2 K.EI’)) The MMPs p!d\ an

important role in cell migration (27) and are involved in

1

B

the migratory capabilities of inflimmatory cells such as
T-cells (6). The MMP-9
important in inflammation, and the gelatinase have been

is known to be especially

shown to play a critical role in the process of the
infiltration in inflamed tissues (28). We demonstrated
that CAM attenuated CD4", CD8", and CD11b°
infiltration, altered the expression of inflammatory cyto

y cell
kines, and consequently decreased the infiltration and
fibrosis compared with the control group in cardiac
allografts. It has previously been reported that CAM
inhibits the activation of NF-«B and acrivator protein-1
(4,5). The interaction between ICAM-1 and the receptor
lymphocyte function-associated antigen-1 affects both
alloantigen specific and nonspecific phases of graft de-
struction after heart transplantation. The ICAM-1 is
regulated by NF-«B, which is a key transcription factor
of inflammation or immunosuppression (29). At this
point, there has been no report to compare the immuno
logical effects in transplantation between CAM and
However,
there was a report to clarify the difference between CAM

immunosuppressive agents directly in vivo.
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and immunosuppressive drugs such as FK506 in vitro
(30). The article demonstrated that CAM could modify
T-cell proliferation and IL-2 production. This showed
that CAM has similar effects on FK506. However, they
also showed that combined treatment with CAM (1.6 ro
40 pg/ml) and FK506 (0.0001 to 0.001 pg/ml) resulted
in an additional inhibition of T-cell proliferation. These
results suggest that pharmacokinetics is significantly
different, and there are different immunological receptors
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or signal cascades berween CAM and FK506, Further
studies would be needed to compare the immunological
effects berween CAM and conservative immunosuppres-
sive agents

Secondly, we demonstrated that CAM inhibited the
development of graft arterial disease (GAD) formation in
the MHC class I mismatch combination. Although
GAD ultimately culminates in vascular stenosis and
ischemic graft failure, the infallible care and prevention
measures are still unknown. Therefore, it is noteworthy
that CAM, which has been broadly used in clinical
settings, can suppress the development of GAD that
could not be prevented with conservative therapies,
Chronic MHC class II mismatch allo-responses induce
inflammatory and vascular wall cells to secrete growth
factors that promote SMC intimal recruitment, prolifer-
arion, and matrix synthesis (31,32). Whereas pro-
MMP-2 is basally produced by unstimulated SMCs in
vitro, MMP-9 are produced after cytokine stimulation
(33); MMP-9 is known to be required for SMC migra-
tion (34) and contributing to the intimal thickening
hyperplasia of vascular lesion (14,35). The TIMP-1 is
known as a natural inhibitor of MMP-9, and inhibition
of MMP-9 by TIMP-1 is shown to decrease SMC
migration and subsequent neointimal hyperplasia in the
vascular injury model (36). The NF-kB was well known
as the regulator of the MMP-9 and -2; however, our data
showed that CAM attenuated the expression of MMP-9
but not MMP-2 by Western blot and RT-PCR in
macrophages and SMCs. The results might indicate
indirect inhibition of NF-«B activity by CAM treatment.
In addition, our data showed that CAM artenuated the
expression of MMP-9 without the alternation of TIMP-1;
CAM might have an effect that directly inhibits the
expression of MMP-9 mRNA without TIMP-1 activa-
tion. Previously, other investigators reported thar eryth-
romycin, one of the 14-member ring macrolides, sup-
pressed the production of both MMP-9 and -2 in vitro
(9,37). Interestingly, we demonstrated that CAM sup-
pressed the production of MMP-9 but not MMP-2 in
this report. Our data indicate that CAM has the potential
to be a selective MMP-9 inhibitor. However, the detailed
mechanism between CAM and MMP-9 has not yet been
clucidated. Further investigation is nceded. Although
CAM inhibited GAD development and myocardial re-
modeling, graft function was not different between the
groups in the MHC class II mismatch combination.
Because murine graft function was evaluated by palpation
in this study, this method might lack enough sensitivity
to quantitatively evaluate graft function. An echocardio-
gram would be useful to analyze the function when it is
applicable in future.

The dosage of CAM we used in this study (100 mg/kg/
day) was approximately 10 times as large as the clinical

dosage (10 to 20 mg/kg/day). Pharmacokinetics of CAM
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was different between mice and humans, as previously
reported, and the various doses (5 to 600 mg/kg/day) of
CAM could be used for murine examinations (16,17). Thus,
we selected the dose for mice. However, further studies
would be needed to determine an optimal dose-effect
relationship.

We demonstrated for the first time that CAM sup-
pressed myocardial inflammation and fibrosis through the
attenuation of the inflammatory cell migration and myo-
cardial cell infiltration by inhibition of MMP-9 activity,
which resulted in suppression of acute cardiac rejection.
In chronic rejection, CAM suppressed GAD develop-
ment through the suppression of SMC proliferation and
migration by MMP-9 inhibition. Although we focused
on MMP-9 in this study, our results could not show
direct evidence that CAM inhibition of MMP-9 was the
primary effect of the drug. Therefore, further investiga-
tion would be needed to determine the importance of
other factors that are modified by CAM.

In conclusion, CAM plays a significant role in the preven-
tion of acute and chronic rejection through the inhibition of
MMP-9 acuvity. Clarithromycin might be used in the sup-
pression of transplant rejection and cardiovascular and other
inflammatory discases in clinical settings.
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A novel B-myosin heavy chain gene mutation,
p-Met53 | Arg, identified in isolated left
ventricular non-compaction in humans, results
in left ventricular hypertrophy that progresses
to dilation in a mouse model
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A B STRACT

Mutations in the SMHC (f-myosin heavy chain), a sarcomeric protein are responsible for
hypertrophic and dilated cardiomyopathy. However, the mechanisms whereby distinct mutations
in the AMHC gene cause two kinds of cardiomyopathy are still unclear. In the present study
we report a novel AMHC mutation found in a patient with isolated LVNC [LV (left ventricular)
non-compaction] and the phenotype of a mouse mutant model carrying the same mutation. To
find the mutation responsible, we searched for genomic mutations in 99 unrelated probands
with dilated cardiomyopathy and five probands with isolated LYNC, and identified a p.Met531Arg
mutation in AMHC in a |3-year-old girl with isolated LVNC. Next, we generated six lines of
transgenic mice carrying a p.Met532Arg mutant oMHC gene, which was identical with the
p-Met531Arg mutation in the human SMHC. Among these, two lines with strong expression
of the mutant ®MHC gene were chosen for further studies. Although they did not exhibit the
features characteristic of LVNC, approx. 50% and 70% of transgenic mice in each line displayed
LVH (LV hypertrophy) by 2-3 months of age. Furthermore, LVD (LV dilation) developed in approx.
25% of transgenic mice by |8 months of age, demonstrating biphasic changes in LV wall thickness.
The present study supports the idea that common mechanisms may be involved in LVH and
LVD. The novel mouse model generated can provide important information for the understanding
of the pathological processes and aetiology of cardiac dilation in humans.

Key words: cardiomyopathy, left ventricular non-compaction, mutation, myosin heavy chain, transgenic mouse.

Abbreviations: DCM, dilated cardiomyopathy; FS, fractional shortening; GAPDH, glyceraldehyde-3-phosphate dehydrogenase;
gDINA, genomic DNA; H and E, Haemotoxylin and Eosin; HCM, hypertrophic cardiomyopathy; VST, interventricular sepral
thickness; LV, left ventricular; IVD, LV dilation; LVEDD, LV end-diastolic diameter; LVESD, LV end-systolic diameter; LVEF, LV
cjection fraction; IVH, LV hypertrophy; IVNC, LV non-compaction; MHC, myosin heav y chain; PWT, posterior wall thickness;
RT, reverse transeription; SSCP, single-strand conformational polymorphism.

! These authors contributed equally to this study.

Correspondence: Dr Tomoya Kaneda (email tomoyal311@yahoo.co.jp).

(€ The Authors Journal compilation © 2008 Biochemical Society

— 156 -




