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Fig. 4. GFP-Bry " /c-kit" cells contain the definitive endoderm progenitors and efficiently secrete FVIIL (A) FACS profile for GFP-Bry and c-kit
among day 3.5 embryoid bodies cultured in serum-containing medium. (B) Reverse transcription polymerase chain reaction analysis demonstrating the
presence of endoderm-related genes in populations derived from presorted cells (pre) or cells sorted on the basis of GFP-Bry and c-kit. (C) Cells from
presorted populations or those sorted on the basis of GFP-Bry and c-kit were reaggregated for | day, and then cultured in serum replacement medium
and replated on day 10. Alh and Afp mRNA was expressed in GFP-Bry * /c-kit* cells on day 15. (D. E) Levels of FVIILC (D) and FVIIL:Ag (E) in
medium conditioned by presorted cells and those sorted on the basis of GFP-Bry and c-kit, with or without doxycycline (Dox) (1 pg mL™") induction
The data presented are means of three independent experiments; the error bars represent the SEM. ND, not detected; FITC, fluorescein isothiocyanate;

PE, phycoerythrin; GFP, green fluorescent protein; Bry, brachyury

and GFP-Bry " fc-kit™ cells did not secrete FVIII at all, even
after induction with Dox,

Discussion

ES cells capable of secreting human FVIII may represent a
unique source for a future cell-based treatment protocol for
hemophilia. In the present study, we were able 1o establish
mouse ES cells secreting functional human FVIII with
coagulant activity. Tet-WT-F8 ES cells were established by
integrating full-length human F8% ¢cDNA under the control of
the tet operator, which enabled F¥ transcription to be induced
by Dox stimulation. We found that levels of FVIII secretion
depended on the conditions under which the ES cells were
differentiated. regardless of F§ mRNA expression. Among the
conditions that we evaluated, those leading to development of
endoderm/liver EBs were the most suitable for efficient FVIII
secretion. Furthermore, the efficacy of FVIII secretion was
dramatically improved by using 226aa/N6 ¢cDNA, a recently
described B-domain variant of F£8 [13]. To our knowledge, this
1s the first report of an ES/EB system that secretes detectable
levels of active human FVIII in vitro.

We found it noteworthy that FVIIl was present in the
supernatant of liver-like EBs, but not in that of undifferentiated
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ES cells or hematopoietie-like EBs, although the induction of F§
mRNA was detected in all conditions. It has previously been
shown that the transeriptional acuvity of £8 is not a critical
determinant of plasma FVIII levels, and that mRNA levels are
not, themselves, sufficient to predict FVIII secretion [22). The
primary FVIII translation product must be translocated into
the lumen of the endoplasmic reticulum (ER), where folding
and N-linked glycosylation occurs. Improperly folded FVIII
molecules are recognized by chaperones and are not released,
but are instead transferred into degradative pathways [23). Our
results indicate that cells with this capacity only appear during
differentiation of liver-like EBs, making them more suitable for
FVIIl secretion than undifferentiated ES cells or hematopoietic-
like EBs, Although liver-like EBs expressed hepatocyte-specific
marker gene such as Alb, Tir and Tat, mouse F8 mRNA was
not induced. The reason for this is currently unclear, but liver-
like EBs may be sull have an immature phenotype for
endogencous F§ expression. Previous reports have demon-
strated that platelets are good targets for the lentivirus-mediated
gene therapy of FVIII production [24]). Our hematopoictic EBs
were previously showed 1o contain megakarvocytes, but not
platelets [11]. Thus, hematopoietic EBs probably fail to produce
FVIII because of the immature differentiation of platelets from
megakaryocyles.
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We also observed that the 226aa/N6 construct is an
extremely useful tool for FVIII production from ES cells. It
is known that expression of BDD-FX resulls in a seventeen-fold
increase in mRNA levels over WT-F8, although it vields only a
1.3-fold increase in the amount of secreted protein [22]. As the
reason for imbalance between mRNA and protein levels,
BDD-F¥ may have a defect in efficient transfer of the primary
translation product from the ER to the Golgi via interaction
with the 53-kDa ER-Golgi intermediate compartment proltein
[25] To overcome this problem, Miao et al [13] created
another bioengineered construct, 226aa/N6. They showed that
transfecting COS-1 and CHO cells with 226aa/Né resulted in a
4-11-fold increase in FVIII secretion, as compared to trans-
fection with BDD-F¥. Consistent with those studies, we found
that BDD-F3 improved FVIII secretion only about 1.5-fold, as
compared to WT-F¥, whereas tet-226aa/N6 ES cells showed a
ten-fold increase in FVII secretion, as compared to tet-WT-F§
ES cells. Thus 226aa/N6 appears to provide a significant
advantage over BDD-F¥ with respect 10 FVIII production
from ES cells, making it the optimal construct for FVIII
secretion.,

In our data, the levels of FVII:C seem to be higher than
those of FVIIEAg, especially in tet-226aa/N6 ES cells. To
investigate this discrepancy, we also assessed FVIIEC by a
COAtest chromogenic assay (Chromogenix, Mdlndal, Sweden)
with recombinant FVIII as a standard. In this experiment,
FVIILC was detected at lower levels (about 40-50%) than that
evaluated by plasma standard (data not shown). These results
were in good accordance with previous reports that FVIILEC
level against a plasma standard was higher than that against a
recombinant FVIII standard by the chromogenic assay [26].
Thus, the discrepancy between FVIEC and FVIIE:Ag may
resull from the overestimation of FVIII:C by the APTT
clotting assay with plasma standard.

Recently, Gouon-Evans er al. [20] demonstrated that
the GFP-Bry "' /c-kit” cell population contained definitive
endoderm progenitors when ES cells were differentiated in
serum-free medium with activin stimulation. Using serum
differentiaion, we also found that the GFP-Bry " jc-kat * cell
population contained endoderm progenitors and that cells with
the liver marker genes Alb and Afp appeared in this fraction.
We further showed that cells differentiated from endoderm
progenitor (GFP-Bry " jc-kit ") cells secreted FVIII more
efficiently on day 14 of differentiation than presorted cells.
By contrast. the sorted GFP-Bry ™ (ectoderm progenitor) and
GFP-Bry” /c-kit™ (mesoderm progenitor) fractions secreted no
FVIIL. even after induction with Dox. These findings suggest
that cells with the capacity for FVIII production are probably
present within endoderm-derived 1ssue such as liver.

When we consider applying these strategies for human
therapy, safety issues will be a big concern. An earbier study
showed that grafts containing the undifferentiated ES cells
rapidly form teratomas. even when only 0.2% of the cells
within the transplanted clusters are positive for the undiffer-
entiated marker SSEA-1 [27]. A recent study succeeded in
transplanting ES-derived cardiomyocytes without evidence of

teratoma formation in i vive mouse models when selectable
markers were employed to climinate undifferentated ES cells
[28]). Thus, it will probably be necessary to develop a system
involving selection markers in our tet-226aa/N6 ES cells for
further in vivo studies.

In conclusion, we established ES cells secreting human FVIII
with tetracycline regulation. The combination of endoderm
progenitors, liver condition and 226aa/N6 cDNA could
improve production to a significant level of human FVIII from
ES cells. Our it virro findings will be the first step for ES cell-
based therapy as a potentially useful approach to the treatment
of hemophilia A. Further in vivo studies are anticipated.
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Original Article

Progression of Non-Culprit Coronary Artery Atherosclerosis After
Acute Myocardial Infarction in Comparison with Stable Angina
Pectoris

Satoshi Okayama, Shiro Uemura, Taku Nishida, Yoshinobu Morikawa, Kenji Onoue, Yasuhiro Takemoto.
Tsunenari Soeda. Satoshi Somekawa, Ken-ichi Ishigami, Yukiji Takeda, Manabu Horii, Hiroyuki Kawata,
Minoru Takaoka, Tamio Nakajima, and Yoshihiko Saito

First Department of Internal Medicine. Nara Medical University. Nara, Japan.

Aim: We previously found, using a mouse model, that activation of proinflammatory cytokines after
acute myocardial infarction (AMI) augments neointimal hyperplasia of a remote artery. The present
study assessed the progression of luminal narrowing of non-culprit coronary arteries (NCCAJ in
parients following AMI.

Metheds: The study group comprised 21 AMI patients successfully treated with bare-metal stents
and 16 stable angina (SA) patients treated with sirolimus-eluting stents. Clinical backgrounds were
similar for both groups. Quantitative coronary angiography was performed before and after stent
implantation and at 6-months of follow-up.

Results: We evaluated 126 non-culprit coronary segments (73 in AMI and 53 in 5A). The minimum
lumen diameter (MLD) (mm) of NCCA decreased significantly from 2.6120.79 to 2.4420.71 in
the AMI group, but changed only slightly from 2.02£0.56 1o 2.02£0.50 in the SA group. The abso-
lute change in the MLD of NCCA was significantly greater (0.17£0.53) in the AMI. than in the SA
(0.0070+0.261) group.

Conclusion: luminal narrowing of non-culprit coronary segments progressed in AMI patients within
6 months of stent implantation, but progressed only slightly in SA patients,

J Atheroscler Thromb, 2008; 15:228-234,

Key words; Quantitative coronary angiography, Bare-metal stent, Sirolimus-eluting stent, Inflammartion

Introduction have significantly decreased acute procedural compli-

Percutancous coronary intervention (PCI), first
performed in 1968 ", has dramartically improved the
outcome of rrearmenr for coronary artery disease
(CAD). Even conventional plain balloon angioplasty
has significantly improved ischemia-related symptoms,
but. periprocedural complications such as acute artery
occlusion and chronic restenosis occur in approximare-
ly 5 and 40% of cases. respectively ™. Bare-metal stent
(BMS) implantation and rticlopidine administration
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cations, but have been unable to prevent chronic in-
stent restenosis* ', Sirolimus-cluting stent (SES) im-
plantation significantly decreased the chronic in-stent
restenosis rate o 5-7% through its anu-inflammatory
effects, inhibiring several regulators of cell-cycle pro-
gression, and the migration of vascular smooth-muscle
cells” ', Although SES implantation has the porential
risk of lare thrombosis after the stopping of anriplate-
let therapy'" ', treatment of the culprit coronary ar-
tery is nearly perfect. However, for turther improve-
ments of the |Dng—tcrnl prognosis in CAD parients, it
became apparent that an appropriate treatment strate-
gy for non-culprit coronary arteries is critical.

The genetic background ', pathophysiology N
and prognosis'” of AMI considerably differ from
those of SA. AMI is more associated with an enhanced
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inflammarory response and vulnerable plaques than
SA. Furthermore, subsequent coronary events includ-
ing recurrent AMI and in-stent restenosis after PCI
are more frequent in parients with AMI than with SA.

The plasma concentrations of various proinflam-
marory cytokines and growth facrors, inclucﬁng tumor
necrotic factor-a (TNF-a), interleukin-18 (I1L-18),
interleukin-6 (IL-6), vascular endothelial growth fac-
tor (VEGF), and hepatocyte growth factor (HGF) are
significantly elevared for approximarely 2 weeks after
onset® * in the setring of AMI, but only slightly
clevated in rhar of SA. We previously found, using a
mouse model, thar the acrivation of proinflammarory
oytokines after AMI augments the neointimal hyper-
plasia of a remote artery’™. However, the augmenta-
tion of neointimal hyperplasia of non-culprit coronary
arteries in patients after AMI has not been investigated
in detail.

The present study evaluates the progression of

luminal narrowing among non-culprit coronary arter-
ies in partients after AMI.

Subjects and Methods

Subjects

We examined consecutive patients with AMI and
SA who underwent initial coronary anglography. were
successfully treated by stent implantation for signifi-
cant coronary artery stenosis (> 75% luminal narrow-
ing), and were assessed by 6-month follow-up angiog-
raphy berween June 2004 and June 2005. Acute myo-
cardial infarction was defined as typical chest pain at
rest lasting >30 minutes accompanied by both ST-
segment and/or T-wave elevation on electrocardiogra-
phy (ECG), elevation of creatine kinase to twice the
upper normal limit, and positive response of the car-
diac troponin T rapid assay. Stable angina pectoris was
defined as effort-related chest pain without any clini-
cal changes in the preceding 2 months and negative
cardiac troponin T. We performed PCI when indi-
cated from the results of an exercise electrocardiogra-
phy test and mync.lrdid] s&inrigr:lp}w We excluded the
following patients to minimize the inflammarory
response induced by stimulation other than AMI, SA,
and rhe first coronary stenting procedure: (1) patients
with in-hospital death after the primary procedure;
(2) patients with AMI within 2 weeks of the primary
procedure (o exclude porential subacure stent throm-
bosis of the treated arterial segment): (3) partients
treated with a debulking device such as a rotablator
or directional coronary atherectomy and (4) patients
that underwent a second elective PCI, coronary artery
b_vpaz'.s gr.!ﬁing‘ or other surgery within the 6-month

follow-up period. We finally enrolled 21 AMI and 16
SA patients in this study.

All of the enrolled patients were systemarically
administered both aspirin (81-100 mg/day) and riclop-
idine (200 mg/day). In the event of adverse reactions
to ticlopidine, cilostazol (150-200 mg/day) was pre-
scribed instead. None of the patients was receiving
hormone replacement therapy. There was no cardiac
cvent in any of the patients throughout the study. This
protocol was approved by our instirurional ethics com-
mitree (#2002-009), and was performed in accordance
with the Helsinki Declaration of 1975.

Coronary Risk Factors

Peripheral venous blood samples were withdrawn
from patients after ar least a 12-h fast, in the morning,
upon admission, and at 6-months follow-up to evalu-
are the following coronary risk factors: age, gender,
body mass index (BMI), smoking habit, blood pres-
sure (BP). glycated hemoglobin Ale (HbAlc), wiglye-
eride (TG), total cholesterol (T-Cho), high-density lipo-
protein cholesterol (HDL-C), and low-density lipo-
protein cholesterol (LDL-C). Levels of HbAlc were
measured by high-performance liquid chromatogra-
phy and those of TG, T-Cho, and HDL-C, by stan-
dard enzymatic methods. Levels of LDL-C were calcu-
lated using the Friedwald formula (T-cho=HDL-C-
TG/5), because TG concentrations were <400 mg/dL
in all paticnts. Hypertension was defined as repeated
measurements = 140 mmHg systolic BP and/or 290
mmHg diastolic BP and/or on permanent antihyper-
tensive drug therapy. Dyslipidemia was defined as
TG =150 mg/dL. and/or HDL-C <40 mg/dL and/or
LDL-C =140 mg/dL*. Diabetes mellirus (DM) was
defined as a fasting blcod glucose concentration of
=126 mg/dL and/or HbAlc =6.5% and/or receiving
antihyperglycemic drug therapy.

In all patients, coronary risk factors were treated
according to Japanease studies and guidelines™ . No
restrictions were placed on the administration of med-
ication.

Inflammarory Markers

Serial changes in inflammarory markers were de-
termined in peripheral venous blood samples that were
withdrawn from patients with AMI in the morning
after at least a 12-h-fast. The white bload cell (WBC)
count and the C-reactive protein (CRP) concentration
were measured everyday until they reached peak values
after stent |mpl1m.1r|un using an automated hematol-
ogy analyzer and an automated latex immunoturbidi-
metric assay, respectively. The WBC counts and CRP
concentrations in the SA patients determined at the



230 Okayama et &l.

first day after stent implantation were defined as the
peak values respectively, when within normal ranges.

Cardiac Function

B-type nartriuretic peptide (BNP) was measured
and echocardiography was performed ar 6-months of
follow-up, to evaluare cardiac function. Venous plasma
BNT concentrations were measured using a radio-
immunoassay (Shionoria BNP kir, Shionogi Co Ltd,
Osaka, Japan). Echocardiograms were obrtained using
an ACUSON Sequoia Ulrrasound Imaging System
(Siemens, Erlangen, Germany). Ejection fraction (EF)
was calculated using the modified Sympson's rule®”,

Quantitative Coronary Angiography

We used the Judkins percutancous femoral artery
approach technique for coronary angiography. Multi-
ple views of the right and left coronary arteries were
routinely recorded on a full digital imaging system
cquipped with a flat-panel detector (AXIOM  Artis
FC/BC, Sicmens, Erlangen, Germany; Allura Xper
FD10, Philips, Eindhoven, the Netherlands). Angio-
gmphic imascs were obtained after the administration
of 200 pg of intracoronary nitroglycerine.

Quantitative coronary angiographic (QCA) anal-
ysis was performed by a trained observer blind o
the clinical background of subjects, using QCA-CMS
software (MEDIS Medical Imaging Systems, Leiden,
The Netherlands), in which coronary lumen diameters
were measured using an automarted edge-contour detec-
ton system. We evaluated both culprit and non-cul-
prit coronary arteries. A culprit coronary artery was
determined from ECG and echocardiographic find-
ings, and the presence of stenosis and residual throm-
bosis in the artery. Non-culprir coronary arteries were
defined as rwo coronary arteries (excluding the stented
culprit coronary artery), and were limirted to the prox-
imal and mid coronary segments (AHA #1, 2, 3, 6,
7. 11. 12, 13). Angiographic images before (pre-pro-
cedure) and immcdiatcly after (post-proccdurc] stent
implanration, as well as ar the 6-month follow-up
(chronic phase) were selected in the same view to
clearly visualize narrowed lesions.

The lengths of the lesions were calibrated based
on the image of the contrast-filled guiding catheter.
The reference diameter (mm), minimal lumen diame-
rer (MLD) (mm), and diametric stenosis (%) were
measured in each segment of the culprit and non-cul-
prit coronary arterics, The diametric stenosis was de-
fined as [{reference diameter = MLD)/reference diam-
cter] x 100. The diameter gained by treatment (acute
gain = post-procedure MLD = pre-procedure MLD)

(mm) and the luminal loss in the chronic phase (late

Table 1. Patient characteristics (baseline)
AMI Srable angina

(n=21) vt P YA
Age (years) 6422111 668101 0.47
Men 17 (80.9%) 6 (37.5%) <0.01
BMI (kg/m?) 238x26 23.8x25 0.99
Past and current smoking 16 (76.1%) 9 (56.2%) 0.19
Hypertension 10 (47.6%) 14 (87.5%) <0.05
Dyslipidemia 15(71.4%) 13 (81.2%) 027
Diaberes mellirus 8 (38.0%) 6 (37.5%) 0.97

Values are presented as means % standard deviarions.

AMI=acute myocardial infarction, BMI=body mass index.

loss = post-procedure MLD = chronic phase MLD)
(mm) were determined in the culprit coronary artery.
We also determined the absolute change in MLD (mm)
and diametric stenosis (%) between pre-procedure and
chronic phasc in the non-culprit coronary arteries. A
coronary diametric stenosis of >50% was considered

clinically significant.

Statistics

Statistical analysis was performed using StarView
4.5 MDSU sraristical software (Abacus Concept, Inc.,
Berkeley, CA, USA). Dara are presented as the mean =
standard deviation (SD). Continuous quantirative dara
were compared using a matched Student’s r rest and
discontinuous quantitative data were compared using
the #* test. Correlations between continuous variables
were determined using a lincar regression analysis. Sta-
tistical significance was established when p<0.05.

Results

Patient Characteristics

The bascline clinical background, excluding
gender and hypertension. did not significantly differ
between the rwo groups (Table 1). The clinical back-
ground at 6-months of follow-up, excluding systolic BP
and EF on cchocardiograms, was also similar between
the two groups, and coronary risk factors were con-
trolled well (Table 2). Systolic BP was significantly
lower in patients with AMI than with SA, probably
because the EF was significantly lower, and treatment
with a angiorensin-converting enzyme inhibitor was
somewhar more frequent in those with AMI.

Stenting Procedural Characteristics
Table 3 shows thar the parients with AMI were
implanted with a rotal of 22 BMS (BX velociry stent, 6;

Duraflex stent, 6; Penra stent, 4; Driver stent, 3; Zera
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Table 2. Patient characteristics at 6-month follow-up

Table 4. Angiographic data for culprit lesions

AMI Stable angina

AMI Stable angina

(n=21) 1y Pvalue m=21)  (n=16)  Pralue
Current smoking 4 119.0%) 2(12.5%) 0.59 Number of coronary artery stenoses
Systolic BP (mmHg) 12052 14.2 13132166 <001 1 vessel 19 (90.4%) 12 (75.0%) .
Daastolic BP (mmHg) 685269 71.3x10.1 0.32 2 vessels 2 (9.6%) 4 (25.0%) i
HbAlc (%) 5.520.63  5.6:070 076 Location of stented coronary artery
TG [mgfdl.] 130.5£59.2 1029298 0.097 LAD 12 13
T-Cho (mg/dL) 1947235.5 19882423 074 LOX 1 3 033
HDL-C (mg/dL) 528£160 59.6%165 0.2 RCA 9 < B
DL- B 5. , _ 2 ;| g
ia{\)‘:* :;;";gi‘;“ ';qg:i’g:_y l:;‘:':zsf gj: Reference diameter (mm) 3.022059 2202031 <0.0001
Echocardiogmam.EF (%)  559+10.4 68665  <0.001 MEE g
Medication Pm-plun:dmu 0352048 0922£066 <001
ACE inhibitor 10 (47 6%) 3 (18.7%) 0.068 H‘mlptuccdurc 2902059 2812031 0.56
ARB 9 (42.8%) 7 (43.7%) 0.95 Chronic phm 1.96x0.78 2572035 <0.01
Statin 12 (57.19%) 11 (68.7%) 0.47 Acute gain 2552069 1892066 <001
Fibsais 1 (4.7%) 0 (0%) 037 Late loss 0942067 0242035 <0.001
a-glucosidase inhibitor 3 (14.2%) 3 (18.7%)  0.66 Diametric stenosis (%)
Pioglitazone 0 (0%) 1(6.2%) 0.24 Pre-procedure 8692167 6382165 <0.0001
T Post-procedure 10,928.0 104253 0.8124
V- 4 Aarad -
et ey e ot Chronic phase 72215 96154 <0.001
P

AMI=acute myocardial infarction, BP=blood pressure, HbAlc=
glycated hemoglobin Alc, TG =wriglyceride, T-Cho=total cholesterol,
HDIL-C=high-densiry i in chol |, LDL-C=low-density
Ilpoprotcm cholesterol, BNP =brain natriuretic pepride, ACE = angio-
tensin-converting enzyme, ARB=angi in [l receproe blocker,

Table 3. Characteristics of stenting procedures

AMI Stable angina

(=21) (n=16) P value

Toral stent number 22 21
Stent rype

Cypher 2]

BX velocity 0

Duraflex 6 0

Penta 4 0

Driver 3 0

Zeta 2 0

S670 1 0
Stent diameter (mm) 319042 282=0.37 <0.001
Srent length (mm) 181249 193234 0.38
Pressure (atm) 160 4.6 1642358 075

Inflammation after PCI

Peak WRBC count X .
(*10%uL) 121228 6120 <0,000]
Peak CRP concentration ™

08x1.5 0,000
(myg/dL) 88253 )8%] < 0,001

Values are presented as means + sandard deviations,
AM|=acute myocardial infarction, PCl= percutaneous coranary inter
vention, WBC =whirte blood cell, CRP= C-reactive protein.

Values are presented as means * standard deviations.

AMI = acute myocardial infarction, LAD =left antenior descending
artery, LCX = left circumflex artery, RCA=right coronary artery,
MLD = minimal lumen diameter.

stent, 2; s670 stent, 1), and those with SA were 1m-
planted with a rotal of 21 SES. The procedural charac-
teristics, excluding stent diameter, were similar between
the two groups. Peak WBC counts and peak CRP con-
centrations after PCI were significantly higher in the
AMI than SA group (p<0.0001, p<0.0001, respec-
tively). Peak WBC counts and peak CRP concentra-

tions in the SA group were within the normal ranges.

Coronary Artery Characteristics
Culprit Coro.rmrv Arteries

Table 4 shows the angiographic findings of cul-
prit coronary arteries. The number of coronary artery
stenoses and the location of stented coronary arteries
were similar between the two groups. Most partienrs
had single vessel stenosis because those with mulrives-
sel stenosis underwent elective PCI or coronary artery
bypass grafting, and were excluded from the present
study. The reference diameter was significantly larger
in the AMI than SA group (3.0220.39 vs. 2.20=0.31,
p<0.0001), and pre-procedure MLD was significanty
smaller in the AMI group (0.35 £ 0.48 vs. 0.92 = 0.66,
p<0.01). Post-procedure MLD was sufficiently large
in both the groups, and did not significandy differ
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Table 5. Angiogr:phic darta for non-culprit lesions

AMI Stable angina )
(n=21) (n=16) P
Total number of segments 73 53
MLD (mm)
Pre-procedure 261x078 20220.56 <0.0001

2442071 2.0320.50 <0.001
017053 0.007020.26 <0.05

Chranic phase
Absolute change
Diametric stenosis (%)

Pre-procedure 193=12.1 2792117 <0.0001
Chronic phase 234=149 2312109 092
Absolure change 485189 1.58x15.0 <0.05

\:1}"':! are }'Ilﬁt‘nt(‘d as means £ ﬁta“dn‘“] dﬂiﬂ'iﬂn\-
AMI=acure myocardial infarction, MLD=minimal lumen diameter.

berween them (2.9020.59 vs. 2.81 £0.31, p=0.56).
Chronic phase MLD was significantly smaller in the
AMI than SA group (1.96%0.78 vs. 2.57£0.35, p<
0.01), and lare ?oss was significantly larger in the AMI
group (0.94 £0.67 vs. 0.24+0.35, p<0.001).

J'\"m;-(_“::fprir Cm'mm.':y Arteries

Table 5 shows the angiographic findings of 126
non-culprit coronary segments (AMI, 73 segments;
SA, 33 scgmcms), Prc-pmcrdul‘c MLD (mm) was sig-
nificantly larger in the AMI than SA group (2.61 £0.78
vs. 2.02£0.56, p<0.0001). At the 6-month follow-up,
the decrease in MLD was more frequent in the AMI
(42 segments, 57.5%) than SA (25 segments, 47.1%)
group. The frequency of an MLD decrease per parient
was greater in the AMI (54.2£31.7%) than SA (44.0
£36.1%) group, although this difference was nor sig-
nificant. The MLD (mm) decreased significantly from
2.61£0.79 to 2.44£0.71 in partients with AMI (p<
0.01). bur changed only slightly from 2.02£0.56 1o
2.02+0.50 in SA patients (p=0.84). The absolute
change (mm) in MLD between pre-procedure and the
chronic phase was significantly greater in the AMI than
the SA group (0.17 £0.53 vs. 0.0070=0.26, p<0.05).

Neither peak WBC count, peak CRP concentra-
rion, TG, T-Cho, HDL-C. nor LDL-C correlared with
the MLD decrease in cach group.

Discussion

Culprit Lesions

The reference diamerer of the culprit lesion was
significantly larger in the AMI than SA group, which
is consistent with the findings of Hong er al . Lare
loss (mm) was 0.94 £ 0.67 after BMS implantartion in
the AMI group, and 0.24£0.35 after SES implanta-

tion in the SA group. These findings were compariblc_
with those of others™'" and support the accuracy of

the QCA used in the present study.

Non-Culprit Lesions

The present results support the notion thar the
activation of proinflammarory cytokines after AMI
augments the neoinrimal hyperplasia of remote arter-
ies, In patients with AMI whose WBC count and CRP
concentration were elevated, the MLD (mm) of non-
culprit coronary arteries significantly decreased from
2.61+0.79 to 2.44 £ 0.71 within 6 months after stent
implantartion (p<<0.01), whereas the change was min-
imal in SA patents without such elevations (from 2.02
=0.956 10 2.02x0.50; P=0.84}.

We used the WBC count and CRI’ concentra-
tion as inflammatory markers because of the absence
of surplus blood samples, although we previously
reported that activated TNF-a and IL-6 augment nco-
intimal hyperplasia®., Hascgawa et al. reported that
the WBC counr is closcly related to other conven-
tional coronary risk factors and is an important indi-
cator of chronic inflammation®”. The CRP concen-
tration becomes clevared after balloon angioplasty®
and stent implantation®", and predicts in-stent reste-
nosis within 12-months follow-up*', Therefore, the
WBC counr and the CRP concentration are consid-
ered appropriate for cevaluaring inflammation  after
AMI. Hong er al. compared coronary plaque ruprure
between AMI and SA using three-vessel intravascular
ultrasound **', and reported thar both non-culprit and
culprit coronary plaque rupture are more frequent in
patients with AMI than with SA. Plaque rupture in
AMI parients was associared with a high CRP concen-
tration, whereas thar in SA patients was associated
with diabetes. These findings are consistent with those
of the present study. suggesting that inflimmarion
after AMI increases the vulnerability of non-culprit
arterics to atheromatous plaques. Despite the reduc-
tion in in-stent restenosis rates by SES, this does not
demonstrate an improvement of long-term progno-
sis' Y. One cause of this discrepancy might be the
progression of atherosclerosis in non-culprit arteries.
For the reasons stated above, careful management of
non-culprit coronary arteries is critical to further
improve the long-term prognosis of patients with AML.

In contrast, systemic cffecrs of the elution of siro-
limus remain controversial. An implanted SES was re-
portedly associated with cxercise-induced paradoxical
coronary vasoconstriction of the adjacent vessel seg-
menrs**. Furthermore, the implantation of SES sup-
pressed, whereas the implantation of BMS induced.
the mobilizarion and differentiation into both smooth
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muscle-like and endothelium-like cells of bone marrow
cells, possibly leading to restenosis*''. However, rhe
reported peak sirolimus concentration after SES im-
plantation is approximartely 0.86-2.00 ng/mL., far low-
er than the effective concentration when sirolimus is
orally administered as an immunosuppressive agent®,

In the present study, SA patients received SES,
and AMI patients reccived BMS. Therefore, systemic
effects after SES implantation might have inhibited

atherosclerosis in non-culprit coronary arteries.

Study Limitations

The present study has four potential limitations.
First, we retrospectively analyzed a relatively small
sample of patients. Second, we routinely use 4F coro-
nary catherers for coronary angiography to minimize
the invasive effect on patients. The use of small cathe-
ters as a calibration standard may induce measurement
bias for QCA. Third, QCA cannor clarify the cause of
luminal narrowing in non-culprit coronary arterics,
Ehara er al. reported that plaque morphology and
pathology are closely related to progression characteris-
tics'™, lg’ rth, we used the peak WBC count and peak
CRP concentration as inflammatory markers, although
they are non-spcciﬁl: in this context. Morcover, we
could not calculate the area under the curve (AUC)
for these markers. Thus, we could indicate that the
inflammation is related to the progression of non-cul-
prit coronary artery atherosclerosis, but could nort clar-
ify whether the degree of inflammation is related o
the progression 1:1:601’ severity of the atherosclerosis.

Finally, our results should be confirmed by fur-
ther prospective studies with large cohorts using spe-
cific inflammatory markers and other imaging meth-
ods, such as coronary computed romography, cardiac
magnetic resonance imaging, intravascular ultrasound
(IVUS), and oprical coherence tomography (OCT).

Conclusion

Within 6 months of stent implantation, luminal
narrowing of non-culprit coronary segments had clear-
ly progressed in patients with AMI, but progressed
minimally in patients with SA
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Abstract

Odor is the only sensation thought to be unrelated to the thalamus. However, accumulating evidence suggests that the dorsomedial nucleus
(DM) of the thalamus is associated with odor. Although the thalamus is prone to ischemia, only 2 single patient with bilateral DM infarctions
was reported o have odor abnormalities. We describe a second such patient with infarctions involving the left DM and the right ventral
posterior nucleus and ventral lateral nucleus, nuclei adjacent to the DM, associated with wransient edema. In contrast o the previous case.
our patient had transient odor abnormality. These observations suggested that direct andfor indirect bilateral involvement of the DM might be
associated with odor abnormalities in patients with thalamic infarction.

© 2008 Elsevier B.V. All rights reserved

Kevwords: Thal furction: Odor at

lities; Dorsomedial nucleus; Ventril postenor nucleus; Ventral lateral nucleus: Brain MRI

1. Introduction

Odor is the only sensation thought 10 be unreluted 10
the thalamus [1], since odor information 1s relayed via and
likely modulated by the olfactory bulb instead of the thala-
mus [2—<]. However, electric regional stimulation has shown
that the dorsomedial nucleus (DM) of the thalamus receives
inputs from the olfactory bulbs and sends outputs to the odor
perception cortex [5]. Unilateral involvement of the DM by
tumor has been associated with ipsilaterally impaired odor
discrimination [3], These facts suggest that odor perception
is associated with the thalamus. Although the thalamus is
prone to ischemia, only a single patient with thalamic infarc-
tion was reported to have odor abnormalities [6]. We describe
a second such patient, suggesting a topographic association
of the thalamus with odor abnormalities.

2, Case report

A Tl-year-old man was admitted because of sudden left
hemiparesthesia. He had a history of diabetes mellitus, hyper-
lipidemia, and hypertension. Consciousness disturbances,

* Corresponding aurhor, Tel : o81 744 22 3051; fax: +81 734 24 6065
E-maul adddress: asaihozon@ yahoo.co jp (M. Asai)

O303-8467/3 - see front matter © 2008 Blsevier B.V. All rights reterved
doi:10.1016/ clineuro 2008 01 008

dementia, oculomotor impairment, muscle weakness, ataxia,
and otorhunolaryngological symptoms were absent. Although
no objective odor testing was performed, an intravenous thi-
amine injection test showed normal findings, indicating that
simple odor perceptions were retained. However, he had nau-
sea and aversion on smelling any food. The taste was altered
in all flavors. Odor and taste abnormalities were not lateral-
ized. He hardly ate anything, and received intravenous fluid
replacement for 2 weeks. Brain MRI on admission revealed
acute bilateral infarctions only in the thalamus, including the
right ventral posterior nucleus (VP), ventral lateral nucleus
(VL), and left DM (Fig. 1) [7]. Oral aspinin was started. Odor
and taste abnormalities gradually disappeared in 2 weeks.
Two months later, diffusion-weighted MRI abnormalities
were no longer detected.

3. Discussion

Our patient had odor abnormaliues associated with bilat-
eral thalamic infarctions involving the left DM and the nght
VP and VL. The DM sends outputs to the cingulate gyrus. a
region closely related to emotion and memory [8]. Spinclla
suggested the involvement of the DM in emotional odor
cognition [9]. The previous patient with odor abnormalitics
had bilateral DM infarctions. These findings suggested that
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MRI T2-weighted images (upper images, TR/TE =4000/120 ms) and dilfusion-weighted images (lower images, TR/TE = 3800/6, b= 1000 ¥/mm")
ned with & 1.5T Signa EXCIT HD system (GE Medieal Systems, Milwaukee, Wis) showed bilateral hyperintensity in the thaluni. Three-dimensional

reconstruction using the Schaltenbrand and Wahren atlzs (sce Ref. | 7)) showed that the lesions were located in the right ventri) pesterior and ventral lateral

nuchket and the lelt dorsomedial nocleus

DM involvement was associated with the odor abnormalities
in our palient

Clinically, the duration and symptoms of odor abnormal-
ities and the locations of thalamic lesions differed between
our patient and the previous patient, The latter (with bilateral
DM infarctions) imtially had odor deficit and later pro
longed (=2 years) abnormalities in odor character, while our
patient had sudden-onset transient (<2 weeks) abnormali-
ties in odor character. Infarction in the VP and VL of our

patient was accompanied by MRI-proven transient cytotoxic
edema, which probably transiently affected adjacent nucle,
including the DM. Thus, transient bilateral DM involvement
may have occurred because of unilateral DM infarction and
edema-induced contralateral DM dysfunction. The observed
clinical differences may be partly attributed to the duration
of bilateral DM involvement

An important question is why odor abnormalities are rare
although bilateral thalamic infarction is often associated with
ocelusion of the paramedian artery [10], One reason s that
odor evaluation is often precluded by consciousness or mental
disturbances in such patients. Alternatvely, mild odor deficit

might be overlooks

In sumimary, bilateral invelvement of the DM without con
sciousness or mental disturbances may be associated with
oidor abnormalines in panents with thalamic infarciion

— 08
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CASE REPORT

Cerebral Infarction Associated with Heparin-Induced
Thrombocytopenia in a Patient with Encephalitis

Kozue Saito', Makito Hirano', Miyuki Kajitani', Toshiaki Taoka®,
Kimihiko Kichikawa® and Satoshi Ueno'

Abstract

We report a patient who had cerebral infarction associated with heparin-induced thrombocytopenia (HIT)
during treatment of aseptic encephalitis. In patients with intracranial inflammation. such as ours, the possibil-
ity of HIT has 1o be considered when heparin is used, since inflammatory cerebral lesions often cause vascu-
lar damage, which is an aggravating factor for HIT-associated thrombosis.

Key words: cerebral infarction, encephalius, heparin-induced thrombocytopenia

(Inter Med 48: 71-74, 2009)
(DOL: 10.216%internalmedicine. 48.1486)

Heparin-induced  thrombocytopenia  (HIT) is a  life-
threatening thrombotic disorder caused by antibodies (HIT-
Ab) against a complex of heparin and platelet factor 4 (1).
Thrombotic complications include cerebral infarction and
peripheral deep vein thrombosis (DVT), often occurring 5-
15 days after the start of heparin (2). Encephalitis occasion-
ally involves cerebral arteries, leading to cerebral infarction
(2). However, whether heparin use triggers cerebral infarc-
tion is unknown. We report an encephalitis patient with HIT-
associated cerebral infarction.

Case Report

A T3-year-old man was admitted to a local hospital be-
cuuse of headuche, drowsiness, and mild left hemiparesis in-
cluding the facial muscles, without apparent sensory distur-
bance. Abnormal MRI findings (Fig. 1A, B) initally sug-
gested cerebral infarction, and he was given heparin (10,000
[U/day) for 2 days. He had no risk factors for cerebral in-
farction, including hypertension, hyperlipidemia, diabetes
mellitus, hereditary coagulation disorders (Protein C, Protein
S. AT Il deficiencies), and cardiac diseases; there was no
evidence of cerebral infarction on cerebral angiography
(Fig. 1C). The next day, pleocytosis (187/mm’, 58% lym-
phocytes), elevated protein (159 mg/dL), and normal glucose
in the CSF suggested the diagnosis of encephalitis. Heparin

was stopped. The patient was transferred to our hospital on
day 4. He had almost normal blood chemistry and cell
counts, including a normal platelet count (192x10'/uL). An-
ticoagulation testing revealed slightly elevated levels of D-
dimer (6.8 pg/mL [normal <1.0 pg/mL]) and FDP (11.6 pg/
mL [normal <10 pg/mL]), but normal PT and APTT levels.
On CSF testing, Herpes simplex and Varicella zoster DNA
were negative. Serum antibody uters excluded infection with
various bacteria, fungi, and viruses. No organisms (including
Mycobacterium tuberculosis) were cultured from the CSE
Serum auto-antibodies against the nucleus, ds-DNA, cardiol-
ipin, galactose, RNP, Sm, SSA, SSB, and neutrophil cyto-
plasm were ncgative. These findings suggested that the pa-
tient had aseptic encephalitis. On day 8, total parenteral nu-
trition was started. and heparin was flushed (100 IU) once
daily to maintain central catheter patency. The patient gradu-
ally recovered consciousness so that he was able to eat
meals by himself, and the CSF abnormalities improved (37
cells/mm’ and 124 mg protein/dL) on day 21. On day 23, he
suddenly became semicomatose and developed right hemi-
plegia with total aphasia. A brain diffusion-weighted image
(DWI) showed high intensity in the left basal ganglia and
corona radiata (Fig. 1D, E). On MRA, the main trunk of the
left middle cerebral artery was occluded (Fig. IF). Electro-
cardiography (ECG) including bedside ECG monitoring
showed normal sinus rhythm during the entire disease
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Figure 1. Radiological lindings before (A-C) and after (D-F) cerebral infarction associated with
HIT. (A, B) FLAIR images (TE /TR=124/9000, 1.5-T whole-body magnetic resonance system, Mag-

netom Sonata A.G., Siemens, Erfangen, Germany) obtained 9 days after disease onset (day 9) show

hyperintense lesions in the right hippocampus, temporal lobe, and corona radiata. (C) Cerebral an-
giography done 3 days alter disease onset shows no stenosis or occlusion in bilateral internal ca-
rotid arteries, (D) DWI (TR/TE=180/96, b=1,000 s/mm?, matrix 128x128, field of view 230 mm) on
day 23 shows a hyperintense lesion in the left corona radiata. (E) A FLAIR image on day 23 shows
a hyperintense lesion in the corona radiata hilaterally. (F) Brain MRA on day 23 shows occlusion

of the main trunk of the left middle cerebral artery.

transthoracic and transesophageal echocardiography 32 Since these findings suggested the possibility of HIT, we
revealed no cardiac thrombus, patent foramen ovale, or com-  stopped hepann and started argatroban on day 34, HIT-Ab
plicated aortic arch lesions. The platelet count remained nor-  was subsequently found to be positive in the blood sample
mal (21 1=10/ul.). On day 24, intravenous continuous hepa- obtained at the onset of cerebral infarction (ODw=0.652,

rin injection (8,000 IU/day) was resumed. On day 30, the

platelet count decreased 1o 9.9x10/uL, with an extremely

high D-dimer level (424 pg/ml) (Fig. 2). Venous ultra-

sonography showed DVT in the nght popliteal vein on day

— 100

normal <0.4, enzyme-linked immunosorbent assay GTI-PF4

Institute, Waukesha WI, USA)

a previous report, the clinical probability score at the

Genetic Testi According to

onset

of stroke was 4 points, indicating a mtermediate probability
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Figure 2.

of HIT (low, 0-3; intermediate, 4-5; and high, 6-8) (3), and
the score at the onset of thrombocytopenia increased to 6
points (high probability). On the other hand, the dissemi-
nated intravascular coagulation (DIC) score was 4 points, in-
dicating a low probability of DIC. Argatroban therapy nor-
malized the platelet count and the D-dimer level with nega-
uve HIT-Ab (ODw=0.177), and the patient’s condition im-
proved within two weeks. Resolution of DVT seen on
follow-up venous ultrasonography on day 56 also supported
the effectiveness of argatroban.

Discussion

We report a patient with encephalitis and HIT, the combi-
nation of which has not been previously described. Even
though encephalitis can cause cerebral infarction or inflam-
matory lesions with similar neurological deficits, the symp-
toms our patient which developed on day 23 were likely due
to HIT-associated cerebral infarction for several reasons.
First, HIT-Ab was positive with severe thrombosis and de-
creased platelets, and these findings were resolved by dis-
continuation of heparin and administration of argatroban.
Second, the improved CSF findings and clinical recovery at
the onset of cerebral infarction seemed to rule out aggrava-
Furthermore, while inflammatory-
associated cerebral infarction often occurs in the termitories
of small arteries, our patient had a new lesion i the main
trunk of the left middle cerebral artery, with a high intensity
DWI lesion matching the vascular territory. Development of
cerebral infarction 7 days before thrombocytopenia in our
patient also does not rule out HIT, since recent studies dem-
onstrated that thrombocytopenia is often absent at the onset
of thromboembolic complications and, sometimes, may be
absent during the entire disease course (4). We cannot ex-
clude the possibility that the HIT-associated cerebral infare-
tion occurred independently of the encephalius; however, the

tion of encephalins.

73
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Time course of the platelet count and the D-dimer level with heparin use.

lack of other causes of vascular damage suggests that en-
cephalitis may trigger or predispose to HIT-associated in-
farction.

The pathophysiological mechanism by which encephalitis
causes HIT-associated cerebral infarction remains unknown,
However, in encephalitis, vascular damage in cerebral arter-
ies involves leukocyte infiltration into artenal walls (5).
These activated leukocytes release chemokines. such as CCL
17 and CCL22, which may subsequently activate platelets,
thereby releasing platelet factor 4 to form a complex with
HIT-Ab and heparin (6). Thus, inflammation-mediated vas-
cular damage in encephalits may tngger thrombosis and
subsequent HIT-associated cerebral infarction (6).

Some issues and limitations related 1o the present case re-
port need to be considered. First, the dose of heparin that
triggered HIT was low. A therapeutic dose (10,000 TU/day)
was admimistered for two days, and heparin flushes (100 [U/
day) were given for 15 days. It is true that HIT due to hepa-
rin flushes is rare (7). but several reports suggested a risk of
HIT after exposures to small quantities of heparin from
catheter flushes (8). The inital therapeutic dose may have
triggered immune sensitization, and the daily small amount
for heparin flush may have resulted in cerebral infarction.
Second, HIT-Ab was measured by enzyme-immunoassays
(EIAs) in the present case, EIAs have limited sensitivity and
specificity compared to the serotonin release assay (SRA)
that is considered the “gold standard” for the diagnosis of
HIT (9). However, SRA is available in only a few laborato-
ries in Japan. Although the laboratory findings (positive
HIT-Ab by EIAs) did not demonstrate definite HIT in our
patient, these findings in combination with a clinical score
suggest the diagnosis of HIT (3). Third, the possibility of
DIC and other drug-induced thrombocytopenia cannot be
completely excluded. However, the low DIC score and suc-
cessful treatment with argatroban, in addition to the continu-
ation of the drugs for encephalius, suggest that the possibil-
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ity of DIC and other drug-induced thrombocytopenia was
low.

Hepann 1s widely used as anticoagulation therapy to pre-
vent worsening or recurrence of ischemic stroke, and it is
often used as continuous infusion therapy for cardioembolic
stroke. HIT sometimes causes recurrence of cerebral infarc-
ton and worsens neurological complications (10, 11). Re-
cent reports have advocated the use of heparin to prevent
DVTs in patients with a consciousness disturbance, since
they have decreased spontaneous limb movements (12),

10.2169/internalmedicine. 48. 1486

However. HIT may develop with heparin therapy. especially
in patients with intracranial inflammation.
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Differential Effects of Transient Treatment of
Spontaneously Hypertensive Rats with Various
Antihypertensive Agents on the Subsequent
Development of Diabetic Nephropathy
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Abstract

Background/Aims: We have previously shown that treat-
ment of spontaneously hypertensive rats (SHR) with an an-
giotensin receptor blacker (ARB) during the ‘critical period’
from age 3 to 10 weeks confers protection against L-NAME-
induced renal injury later in life. The aim of this study was to
examine the effects of transient prepubertal exposure to
ARB on the development of nephropathy in streptozotocin-
induced diabetic SHR and to compare the results with other
antihypertensive agents including a mineralocorticoid re-
ceptor antagonist (MR-ant). Methods: Male SHR (n = 43)
were transiently treated with candesartan (ARB), potassium
canreonate (the active metabolite of the MR-ant spironolac-
tone) or hydralazine (vasodilator) between 3 and 10 weeks
of age with untreated rats serving as controls. An additional
group was treated continuously with candesartan through-
out the study. Rats were injected with streptozotocin to in-
duce diabetes at age 16 weeks and followed until age 8
months. Results: Diabetic control rats showed signs of dia-

KARGER € 2008 5 Karger AG, Basel
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betic nephropathy including albuminuria and mesangial ex-
pansion. These changes were significantly suppressed in
rats exposed to ARB or MR-ant. Systolic blood pressure was
significantly reduced compared to controls in the ARB (tran-
sient) and ARB (sustained) groups, but not in the MR-ant or
vasodilator groups. Conclusion: Transient prepubertal ex-
posure to ARB or MR-ant, but not vasodilator, confers protec-
tion against the later development of diabetic nephropathy
and involves blood pressure-independent protective mech-
anisms. Copyright © 2008 5. Karger AG, Basel

Introduction

Diabetic nephropathy is the leading cause of chronic
renal failure leading to end-stage renal disease in many
countries worldwide [1]. The economic cost of caring for
these patients is substantial and is expected to increase
because of the increased incidence of diabetes in the gen-
eral population. The formulation of strategies to prevent
the development of diabetic nephropathy is therefore an
important goal of renal research.
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The onset of diabetic nephropathy is heralded by the
development of albuminuria, with histological changes
characterized by expansion of the glomerular mesangial
matrix. Interestingly, not all diabetic patients develop ne-
phropathy. It has been estimated that only a subgroup
(20-30%) of patients with insulin-dependent diabetes
(IDDM) develop nephropathy [2] and this susceptibility
may be genetically determined [3].

Multiple animal and clinical studies have shown that
the use of inhibitors of the renin-angiotensin-aldoste-
rone system (RAAS) is associated with a decrease in both
the onset and progression of diabetic nephropathy indi-
cating that the RAAS plays a central role in the develop-
ment of diabetic nephropathy. An unresolved issue,
however, is whether this protection is afforded by blood
pressure (BP)-dependent mechanisms alone as suggest-
ed by Casas et al. [4] or whether BP-independent mecha-
nisms are involved [5]. Previous studies from our and
other laboratories have shown that prepubertal treat-
ment of spontaneously hypertensive rats (SHR), stroke-
prone SHR or Dahl salt-sensitive rats with either an an-
giotensin-converting enzyme inhibitor or angiotensin
receptor blocker (ARB) during the ‘critical period’ from
age 3 to 10 weeks results in a sustained suppression of the
development of hypertension and renal injury [6-10].
We have also shown that administration of the agonist
angiotensin Il during this same ‘critical period’ results
in an increased susceptibility to hypertension and L-
NAME-induced renal injury later in life [10]. At present,
the relative contribution of BP-dependent and -indepen-
dent mechanisms is unclear.

In this study, our first aim was to determine whether
treatment of SHR with an ARB during the ‘critical peri-
od’ would suppress the development of diabetic nephrop-
athy in the streptozotocin (STZ) model of diabetes. A sec-
ond aim was to examine the effects of transient treatment
with other agents (vasodilator and MR-ant) during the
‘critical period’ in order to test the hypothesis that protec-
tion is conferred independent of changes in BP in this
model.

Methods

Animal Treatment Protocols

The studies were conducted using 3-week-old male SHR (SHR/
Izm) obtained from Sankyo Laboratory Services, Tokyo, Japan.
All experiments were performed in accordance with the Animal
Experimentation Guidelines of the Keio University School of
Medicine.

The rats were randomly divided into 5 treatment groups as
follows: Rats in group | (control group, n = 10) were control SHR.

Effects of Transient Antihypertensive
Treatment in Diabetic SHR Rats

Rats in group 2 (ARB (transient) group, n = 9) were treated from
age 3 to 10 weeks with the ARB candesartan cilexetil dissolved in
the drinking water to deliver a dose of 1 mg/kg/day as described
previously [10]. Rats in group 3 (MR-ant group, n = 7) were treat-
ed from age 3 to 10 weeks with the MR-ant potassium canrenoate
in the drinking water (20 mg/kg/day). Rats in group 4 (VD group,
n = 9) were treated from age 3 to 10 weeks with the vasodilator
hydralazine in the drinking water (25 mg/kg/day). Rats in group
5 (ARB (sustained) group, n = 8) were treated continuously from
age 3 to 33 weeks with candesartan cilexetil (1 mg/kg/day). Dia-
betes mellitus was induced by the intraperitoneal injection of STZ
(65 mg/kg) at age 16 weeks and rats that did not become diabetic
were excluded from the study.

Assays

The systolic blood pressure (SBP) and heart rate (HR) of con-
scious animals were measured by tail-cuff plethysmography us-
ing a Natsume KN-210 manometer (Natsume Inc., Tokyo, Japan).
SBP measurements were made every 2 weeks after a period of
training and acclimatization to the tail-cuff. 24-Hour urine col-
lection was performed every 2 weeks using metabolic cages. Atthe
end of the study the animals were handled gently until swift eu-
thanasia by decapitation. Blood samples were immediately col-
lected in chilled containers containing 10 mM EDTA and 0.1 mMm
PMSF (final concentration) and the centrifuged samples were
stored at -20°C until analyzed. Plasma glucose and fructosamine
levels were measured using commercial kits (Kanto Kagaku, To-
kyo, Japan). Urea nitrogen (UN), creatinine and total cholesterol
were measured using an autoanalyzer. Plasma renin activity
(PRA) was determined by radioimmunoassay of angiotensin |
formed by incubation of plasma for | hat 37°C, while plasma al-
dosterone concentrations (PAC) were determined by radioimmu-
noassay using commercially available kits (SRL Inc., Tokyo, Ja-
pan). The intra- and interassay coefficients of variation reported
by the manufacturersare 4.3/5.9% and 6.7/6.7% for PRA and PAC,
respectively. Plasma lipid peroxides were measured using the he-
moglobin methylene blue method [11]. Rat urine albumin was
measured using a direct competitive ELISA (Nephrat, Exocell,
Pa., USA) as specified by the manufacturer.

Histological Studies

The kidneys and thoracic aortae were removed, fixed in 4%
paraformaldehyde and embedded in paraffin blocks. Histologic
sections from the rat kidneys were stained with PAS (the mesan-
gial area stains purple), while the sections from the aortae under
went Azan staining (the medial muscle layer stains orange).
Slides were examined by light microscopy and the mesangial ex-
pansion scores were assessed by a modified computerized image
analysis as described previously [12]. In brief, images of 20-30
glomeruli per section (magnification x 200) were acquired using
an optical microscope (Axioskop 2 plus, Zeiss, Géttingen, Ger-
many) using Axiovision 4.4 software (Zeiss, Gattingen, Germa-
ny). The glomerular area stained purple by PAS stain was quanti-
fied by color channel analysis and pixel counting using Adobe
Photoshop 7.0 software (Adobe Systems Inc,, Calif,, USA) and
Scion Image software (Scion Corp,, Md., USA). This value was
then divided by the area of the glomerular tuft to obtain a semi-
quantitative estimate of glomerular mesangial expansion in the
different groups.
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Real-Time Reverse Transcription-Polymerase Chain Reaction

(RT-PCR) Assays

Total RNA was purified from the kidneys by the acid guani-
dine-phenol-chloroform method and quantified by measurement
of absorbance at 260 nm in a spectrophotometer. Renin, ATla re-
ceptor and AT2 receptor mRNA expression were analyzed by
real-time RT-PCR using previously reported primers and probes
and normalized to the corresponding values of GAPDH mRNA
[13].

Statistics

Results were expressed as the mean * SEM. Statistical com-
parisons were made by ANOVA. Comparison of time course data
for BP and albuminuria was performed by repeated-measures
ANOVA. p values <0.05 were considered 1o be statistically sig-
nificant.

Results

Effects of Transient Exposure to Various
Antihypertensive Agents on BP, Cardiovascular and
Metabolic Parameters in STZ-Treated SHR

In the control group, the SBP was approximately 110
mm Hg at age 3 weeks but rose to approximately 220 mm
Hg by age 12-16 weeks (fig. 1). In the rats treated with the
ARB or vasodilator from age 3 to 10 weeks, the SBP was
significantly (p < 0.01) reduced by 40-50 mm Hg during
the treatment period compared to the values in the con-
trol group. In the case of the vasodilator (hydralazine),
discontinuation of the drug at age 10 wecks resulted in
the SBP rising to values similar to the control group by
age 14 weeks. In contrast, the SBP in the ARB (transient)
group remained significantly reduced at approximately
180 mm Hg throughout the experimental period. Inter-
estingly, the rats in the MR-ant group exhibited a small
non-significant tendency to decreased SBP during the
treatment period with the BP at 34 weeks (211 *+ 11 mm
Hg) being comparable to both the control group (230 *
7 mm Hg) and the vasodilator group (225 * 6 mm Hg)
at the end of the study. Statistical analysis by repeated-
measures ANOVA confirmed that the BP time course
was significantly reduced in the ARB (transient) and
ARB (sustained) groups (p < 0.01) but no significant re-
duction was evident in the MR-ant or vasodilator
groups.

The heart weight/body weight ratios were signifi-
cantly reduced in the ARB (sustained) group compared
to the control group, whereas the aorta media thickness
and media/lumen ratios were not significantly changed.
Plasma lipid peroxides were significantly reduced in the
ARB (sustained) group. There were no significant dif-
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Fig. 1. Effects of transient exposure to various antihypertensive
agents on BP in STZ-treated SHR. SHR were treated with various
antihypertensive agents between 3 and 10 weeks of age and STZ
was administered at 16 weeks. BP was monitored until 36 weeks
of age. Treatments consisted of no treatment (control group =
Cont), transient treatment with the angiotensin receptor blocker
candesartan cilexetil [ARB (transient)], transient treatment with
the mineralocorticoid receptor antagonist potassium canrenoate
(MR-ant), transient treatment with the vasodilator hydralazine
(VD) or continuous treatment with the angiotensin receptor
blocker candesartan cilexetil [ARB (sustained)]. ** p < 0.01 vs.
Cont.

ferences in plasma glucose or fructosamine levels
amongst the different groups at the end of the study (ta-
ble 1).

Effects of Transient Exposure to Various

Antihypertensive Agents on the Subsequent Renal

Injury in STZ-Treated Diabetic SHR

Rats in the control group exhibited marked albumin-
uria which was clearly evidentatage 28 weeksand reached
a value of 489 * 117 mg/day at the end of the study
(fig. 2a). Analysis by repeated-measures ANOVA indicat-
ed that the development of albuminuria was markedly
suppressed in the rats in both the ARB (sustained) group
(24 £ 15 mg/day, p<0.01 vs. control) and the ARB (tran-
sient) group (57 £ 33 mg/day, p <0.01 vs. control), The
rats in the MR-ant group exhibited a partial suppression
of the albuminuria (165 * 5 | mg/day, p < 0,05 vs. con-
trol). The level of albuminuria in non-diabetic, untreated
SHR was 19 £ 8 mg/day.
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Fig. 2. Effects of transient exposure to various antihypertensive
agents on albuminuria and mesangial expansion score in STZ-
treated SHR. SHR were treated with various antihypertensive
agents between 3 and 10 weeks of age and STZ was administered
at 16 weeks, Treatments consisted of no treatment (control
group = Cont), transient treatment with the angiotensin receptor
blocker candesartan cilexetil [ARB (transient)], transient treat-
ment with the mineralocorticoid receptor antagonist potassium
canrenoate (MR-ant), transient treatment with the vasodilator

hydralazine (VD) or continuous treatment with the angiotensin
receptor blocker candesartan cilexetil [ARB (sustained)]. a Urine
albumin excretion was determined at 10, 16, 28, 32 and 34 weeks
of age. A beneficial effect upon albuminuria was evident in the
ARB (transient), MR-ant and ARB (sustained) groups. b The me-
sangial expansion score was determined on PAS-stained tissue
sections by computer image analysis at 36 weeks. * p < 0.05;
** p<0.01 vs. Cont.

Table 1. Cardiovascular and biochemical parameters in the different groups

Group | Group 2 Group 3 Group 4 Group 5
Treatment Cont ARB (transient) MR-ant VD ARB (sustained)
Body weight (BW), g 256120 276123 26322 28728 294 £ 29
Heart weight (HW), g 1.62*0.06 1.66 +0.08 1.61 £0.07 1.78 0,09 1.57 £0.07
HW/BW x 100 0.66 £0.05 0.63+0.06 0.57 £0.07 0.65+0.05 0.55%0.03*
Aorta media thickness, mm 0.18%0.07 0.14+0.01 0.13+0.01 0.15+0.02 0.13%0.01
Aorta media/lumen x 100 7.85+1.2 7.66+0.29 7.29+0.43 7.41 %081 7.18%0.22
Plasma g]uccse. mgi’dl 581+ 40 451 + 64 524+72 496+ 48 501 %73
Plasma fructosamine, pumol/] 33677 360+ 132 35763 379+59 41189
Plasma total cholesterol, mg/d| 83%15 665 87%5 65+7 71+8
Plasma lipid peroxides, nmol/ml 1.1120.40 0732009 0.79%0.19 0.89%0.10 0.59 +0.06*
Plasma urea nitrogen, mg/dl 28+3 27+3 247 27+6 334
Plasma creatinine, mgidl 0.29%0.02 0.29%0.03 0.28+0.03 027+0.02 0.30*+0.02

Results shown are means = SEM. Cont = Control treated; ARB (transient) = treated transiently with candesartan cilexetil;
MR-ant = treated transiently with potassium canrenoate; VD) = treated transiently with hydralazine; ARB (sustained) = treated
continuously with candesartan cilexetil.

* p <0.05vs, Cont.

Effects of Transient Antihypertensive

Treatment in Diabetic SHR Rats
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