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D-KO

apoE-KO

Fig. & In histochemical staining for p22phax (a. b), SAP (e, dj, MIMP-2 (e, ), NIMP-9 (g W), and AT2 (i, j) of apolz-KO (a,

¢, ¢ g ) and D-KO mice (b, d £ h, j) at 60-week-old The immunoreactivities of p22phox. SAP, MMP-2, and MMP-9 of D-KO
mice (b, d. f. W) in atherosclerotic lesions were less than those of apol>-KO mice (a, c. e. g). However. the immunorcactivities of
AT2 of D-KO mice () in atheroselerotic lesions did not differ from those of apoFE-KO mice (). The arrows indicate internal olas-

tic lamina.
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Fig 6. A: The expression of mRNA for procollagen wll). procollagen al (I}, ropoelastin, p22phox. SAP MAMP-2. and MMP-
9 in cultured VSMC's from apoE-KO and D-KO mice by RT-PCR_B: Expression of mRNA for procollagen alil), procollagen
alflll). ropoelastin, p22phox, SAP, MMP-2, and MMP-9 in cultured VSMC s from apol-KO and D-KO mice by real-time P R
Decreases in the mENA expression of these molecules were seen in VSMCs from D-KO mice in comparison with apoli-KO mice
C. Western blotting for p22phox (a), SAP (b), MMP-2 (c). and MMP-9 (d) in cultured VSMUs from apoli-KO) or D-KO mice.
shows that the level of protein expression of these molecules decrea sed in the 1-K0 mice in camparison with the apol-K0 mice
*p<0.0] vs. apoli-KO mice, *®p<0.05 vs. apol-K0 mice
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Fig. 7. A: Immunofluorescence staining for the analysis of apoptosis in atherasclerotic lesions of apol-K0) fa, c) and [D-K()
mice (b, d} at 60-week-old The expression of activated caspase-3 (a, h) and AIF {e. d) decreased in D-KO mice compared with
apol-KO mice. B: Western blotting for activated caspase-3 (¢) and AIF (f) of ewlhered VSMCs from apoli-KO or D-KC) mice. C

Densitometry of Western blots for activated caspase-3 and AIF of cultured VSMCs from apoE-KO or D-KO mice. The level of

protein expression of these molecules decreased in D-K() mice in comparison with the apoE-KO mice

mice, **p< 0,01 vs. apol-KO mice.

which is composed of p22phox and gp91phox subunits and
three cvtosolic components, rac, pd7phox, and p67phox (29)
Ang Il was found 1o activate p47phox via AT1 (30). In addi
tion. AR was reporied to inhibit p22phox mRNA expression
caused by mechanical stretching and in patients with diabetes
melhtus (31, 32). We also showed that ATla deficiency
apok-KO mice inlubited the expression of p22phox at 60
weeks of age

Superoxide dismutase (SOID) prevents increases in vascular
ROS. In addition, activation of AT has been reported to con-
tnbute to a decrease in the expression of extracellular SOD,

and ARB increased the serum SOD activity 1n patients with

'p < (.05 vs. apal-KO

hypertension (33, 34). Although we did not measure the SOD

activity in the present study, AT1a deficiency might incre
the SOD activity and prevent age-related atherosclerosis in
the apoE-KO mice

ATI deficiency was reported 1o have a striking effect n

reducing hypercholesterolerma-induced  atherosclerosis i
apoE-deficient mice at 19-weeck-old (/0) and LDL receplor
deficient mice at 20-week-old (/7) However, the effect of
ATla deficiency on apoptosis, matnx production, or MMP in
atherosclerosis of apol-KO mice has not been previously
determined. The present study is the first report demonstral-

ing that AT1 deliciency reduces atherosclerosis in apob-KO



mice via a reduction of oxidative stress, apoplosis, matrix
production, and MMP expression at 60-week-old.

Ang I simulationof AT1 has been reported to inhibit apo-
ptosis in cultured VSMCs, and we expected that AT1 defi-
ciency would increase apoptosis in atherosclerotic lesions.
However. the expression of activated caspase-3 and AIF
decreased in atherosclerotic lesions of D-KO mice in compar-
1son with apoE-KO mice at 60-week-old. In addition, there 15
no report that demonstrates stimulation of apoptosis in athero-
selerotic lesions by the clinical use of ARB. We speculate that
the reduction of oxidative stress may lead to the inhibiton of
apoptosis in the atherosclerotie lesions of D-KO mice.

Acute coronary syndromes result from fissure, erosion, or
rupture of vulnerable atherosclerotic plaques. The character-
istics of a vulnerable plaque include a large lipid pool, an
abundance of inflammatory cells and mediators, a reduced
smooth muscle cell and collagen content, and a thin overlying
fibrous cap (35). Not only do lipids in the atheroma create
mechanical instability, but biologically active lipids partici-
pate in promoting oxidative stress and inflammatory
responses. Keidar et al. (36) reported that an AT antagonist
inhibited L.DL lipid peroxidation and atherosclerosis in apok-
KO mice. Blocking ATl may play an important role in the
attenuation ol atherogenesis,

Although the reduction of ECM production in the aorta
leads to aortic distensibility, decreased ECM production in
atheromas may cause plaque vulnerability. However, a redue-
tion of oxidative stress, apoptosis, and MMP in atheromas by
ATla deficiency may contribute to plaque stabilization.

Daugherty et al (H ) ﬂ:poﬂ:d that AT1 deficiency reduces
hyperchol induced athero 15 in LDL recep-
tor deficient mice. Absence of ATla has the potential to lead
1o a compensatory change in AT2 abundance, However, AT2
mRNA expression was not altered, and Ang I1 type 1b recep-
tor (ATIb) mRNA expression was increased in the aorta of
ATla-deficient mice. They showed that ATla deficiency in
LDL receptor deficient mice had no significant effect on sys-
tolic blood pressure. Our study also demonstrated that ATla
deficiency in apoE-KO mice had no significant effect on
blood pressure. We hypothesize that ATla deficiency may
reduce hypercholesterolemia-induced atherosclerosis inde-
pendent of blood pressure changes.

Similar to the results reported by Daugherty et al. (11), we
also observed no compensatory up-regulation of the AT2
mRNA expression in the atherosclerotic lesions of D-KO
mice. Moreover, lack of any effect of AT2 deficiency on the
atherosclerotic lesion area in the LDL receptor deficient mice
has also been reported (1), Therefore, we speculate that AT2
does not contribute significantly to atherosclerosis in mice.

In conclusion, ATla deficiency reduced atherosclerotic
lesion size of apoE-KO mice and protected against the age-
related progression of atherosclerosis. Reduction of oxidative
stress, apoptosis, and MMP in atheromas by AT la deficiency
may contribute to plaque size.
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KEYWORDS summary For viral infectious diseases, reliable biomarkers capable of monitoring recovery
Toll-like receptor 2; and therapeutic effects and that simultaneously discriminate between viral and bacterial
Monocytes; infection are necessary. In this study, by using flow-cytometric quantification system, Toll-like
Influenza; receptor 2 (TLR2) expression levels on monocytes of influenza patients (n = 47) were
Viral infection; compared with those of healthy volunteers (n = 50). Subsequently, throughout their acute,
Bacterial infection convalescent and healed phases, TLR2, C-reactive protein (CRP), serum amyroid A (SAA),

and neopterin levels were followed. Additionally, TLR2 levels in other viral infectious diseases
were assayed. The results showed that TLR2 level in influenza patients was remarkably up-
regulated in acute phase compared to healthy volunteers (p < 0.001). Thereafter, TLR2 levels
normalized in good accordance with their recovery processes. CRP and neopterin levels were
relatively widely distributed from normal to abnormally high levels in acute phase in spite of
similar disease severity among the patients, SAA levels did not necessarily reflect the patients’
clinical course during their recovery. Clinical observations of other viral infections also
indicated that TLR2 levels were compatible with infection severity. TLR2 expression level on
monocytes might serve as a unique biomarker useful in viral infectious diseases.
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Introduction

Emerging viral infections have posed an imminent threat to
public health in all ages. Reliable serological/hematological
markers capable of monitoring recovery from viral infec-
tious diseases and the progression, such as pneumonia,' *
myositis,” and myocarditis,”* are desired especially in
pandemic crisis. Currently, many potential markers for
early assessment of viral infection have been developed,
of which neopterin and serum amylold A (SAA) are notewor-
thy. MNeopterin is generated and released in increased
amounts by macrophages upon activation by interferon-
gamma (INF-v).” Chan et al. showed that mean neopterin
concentrations in patients with dengue fever, measles and
influenza were significantly higher than that in healthy con-
trols.® Alternatively, Falsey et al. indicated that elevated
SAA and C-reactive protein (CRP) levels in influenza
patients were associated with the presence of dyspnea,
wheezing, and fever especially in elderly patients who
required hospitalization. However, neopterin level is
raised in various disorders besides viral infections, such as
chronic renal failure and acute coronary syndrome.'®'
Thus, it is lacking in specificity for viral infections. Also,
SAA concentration seems too sensitive to use in clinical
practice as it is often increased even in trivial and asymp-
tomatic viral infections.'?

Toll-like receptor (TLR) family members, which are key
regulators of both innate and acquired immunity, have
been studied not only in its functional aspects,’*'* but also
in its expression characteristics in various disorders.'® '®
Recently, it has been recognized that unlike other TLRs,
which are active as homodimers, TLR2 has evolutionarily
developed its unique ability to form heterodimers with
TLR1 or TLR6 to attain specificity for the diverse bacterial
lipopeptides repertoire, and that the expression appears
to be up-regulated on monocytes during bacterial infec-
tious diseases.'” '? We corroborated this by using a new
guantitative flow-cytometric analysis system for Toll-like
receptor 2 (TLR2).%

A study on TLR2Z modulation in viral infection was pre-
viously reported, in which Lee et al. showed that influenza A
virus causes rapid up-regulation of TLR2 expression on
neutrophils in vitro.*' However, it has been unknown how
TLR2 expression on monocytes is modulated in patients with
viral infection and how the level is transited during the clini-
cal courses. Some studies showed that T-helper type 1 (Th1)
cytokines, such as INF-v, strongly enhance TLR2 expression
in vitro.””~?* In contrast, Mueller and coworkers pointed out
that interleukin-4 (IL-4), a typical T-helper type 2 (Th2) cyto-
kine, has a tendency to attenuate Th1-cytokine-dependent
TLR2 mRNA enhancement in intestinal epithelial cells.?® In
general, acute viral infections, such as influenza, are shown
to bring about a robust Thi-type immune response while
prolonged chronic viral infections, such as chronic hepatitis
C virus (HCV) and chronic hepatitis B virus (HBV) infections,
are associated with Th2-skewed responses.’®?’ Based on
these findings, we hypothesized that in viral infections TLR2
expression level on monocytes may be modulated complicat-
edly, depending on the type of causative viruses, the phase of
infections, the type of Th1/Th2 polarization they elicited, the
viral load, and so on.

In this study, we examined how TLR2 levels on circulat-
ing monocytes are modulated at the onset of influenza viral
infections. Next, in addition to TLR2 levels, we followed
CRP, SAA and neopterin concentrations from onset to the
healed stage with influenza patients. Finally, we assayed
TLR2Z levels of patients with other acute viral infections,
virus carriers with HBV/human T-lymphotropic virus |
(HTLV-1) and chronic hepatitis patients due to HBV/HCV,
and furthermore compared TLR2 levels between healthy
volunteers and patients with infectious/non-infectious
inflammatory diseases for differential diagnosis.

Patients and methods

Patient population and blood collection

The "Control'* group consisted of 50 healthy volunteers (25
male and 25 female) ranging from 15 to 81 years old
(mean = 41). Healthy volunteers were confirmed at the
time of blood sampling that they did not have any infec-
tious diseases for at least a month and they did not have
a fever within a week. Simultaneously, white blood cell
(WBC) and CRP levels and other inflammatory/biochemical
parameters were checked, and volunteers with abnormal
WBC and/or CRP levels were excluded.

Patients with influenza A/B viral infections were
diagnosed with immunechromatography (Rapid Influenza
Diagnostic Kit; SYSMEX CORPORATION, Japan) and were
categorized in "Flu (onset)'" group. ""Onset’’ in this study
was defined as acute phase till providing medical treatment
and within a time interval of 48 h after subjective symp-
toms started. "Flu (onset)'" group consisted of 47 patients
(24 male and 23 female), ranging from 13 to 82 years old
(mean = 42), Thirty-eight patients suffered from influenza
A (18 male and 20 female, mean age = 43) and the remain-
der {(n = 9) from influenza B (6 male and 3 female, mean
age = 36). Among these 47 influenza patients, 2 exacer-
bated patients and 18 normally recovered patients
sincerely offered blood samples for the follow-up study.
The "Flu (onset)" group was age- and sex-matched to the
"Control'' group. Other viral infections were diagnosed
with specific 1gG antibody values for the paired sera from
the acute and convalescent phases and with the clinical fea-
tures, They were categorized into ""Other virus infection"
group that consisted of 12 patients (3 male and 9 female),
ranging from 17 to 89 years old (mean = 63) (Table 1), The
classes of etiologic viruses varied. Three patients with
cytomegalovirus infection and a patient with respiratory
syncytial (RS) virus infection had suffered from malignant
lymphoma, adult T-cell leukemia, myelodysplastic syn-
drome (MDS) and Down's syndrome as underlying diseases,
respectively. Moreover, chronic hepatitis patients/carriers
with HBV (n = 3), chronic hepatitis patients with HCV
(n=15) and carriers with human T-lymphotropic virus |
(HTLV-1) (n = 9) were enrolled in this study (Table 2). These
patients and carriers were confirmed to be without other
apparent infectious diseases.

Bacterial infectious diseases were diagnosed with the
respective clinical features, leukocytosis (neutorophilia),
bacteriological tests and the change for the better in
physical and serological findings after antibiotics
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Table 1  Other viral infections
“*Other virus" Group (n = 12)

Diagnosis Age Sex (M/F) Infecting virus Underlying disease WBC (/ul) CRP(mg/dl)
Yirus Class

cP 56 M Cytomegalo 1 ATL 4200 0.90

cp 88 M Cytomegalo 1 ML 2400 1.20

cp 88 F Cytomegalo 1 MDS 2200 0.31

Bronchitis 50 F RS b DS 2000 0.80

EP 18 M Mumps v (=) 3000 1.19

EP 30 F Mumps v =) 8800 0.72

H-Z 17 F vz | (—) 6260 0.08

H-Z 89 F v-Z | (=) 4500 0.90

H-Z 76 F vz | DCM 4920 0.29

HZ 86 F V-Z | (-) 3700 0.72

Enteritis 7 F Norovirus v (-) 4000 1.00

Myocarditis BO F Epstein—Barr | (—) 4200 0.25

Mean 63 4182 0.70

Range 17-89 20008800 0.25-1.20

(Median) (77) (4100) (0.76)

Note. CP, cytomegalovirus pneumonia; EP, epidemic parotiditis; H-Z, Herpes zoster; Cytomegalo, cytomegalovirus; RS, respiratory
syncytial virus; V-2, varicella-zoster virus; Epstein—Barr, Epstein—Barr virus; ML, malignant lymphoma; ATL, adult T-cell leukemia;
MDS, myelodysplastic syndrome; DS, Down's syndrome; DCM, dilated cardiomyopathy; class |, viruses with double stranded DNA; class
IV, viruses with positive single-stranded RNA; class V, viruses with negative single-stranded RMNA.

administration. As shown in Table 3, the patients enrolled in 89 years old (mean = 72), whose blood samples were col-
this study were categorized into ‘‘Bacteria (onset)" and lected during antibiotic administrations. At the time of
"*Bacteria (serious)'’ groups. "‘Bacteria (onset)™* group con- blood collection, the administrating antibiotics were inef-
sisted of 20 patients (12 male and 8 female), ranging from 28 fective and they were suffering from refractory and severe
to 89 years old (mean = 63), whose blood samples were bacterial infections for more than a week after the symp-
taken at onset before administering antibiotics (Table 3, toms started (Table 3, right column). No patient was dupli-
middle column), The '"Bacteria (serious)’ group consisted cated between ''Bacteria (onset)'’ group and '‘Bacteria
of 14 patients (10 male and 4 female), ranging from 55 to (serious)’’ groups.

Table 2  Virus carrier and chronic hepatitis

Diagnosis Age Sex (M/F) TLR2 WEBC (/ul) CRP (mg/dl) AST (U/1) ALT (u/s1)
(sites/cell)
HBV carrier 70 F 4101 4160 0.70 16 12
HBV carrier 42 M 4135 4000 0.10 24 26
HBY chronic hepatitis 57 M 4555 6320 0.07 34 48
HCV chronic hepatitis 66 M 3800 4800 0.08 40 55
HCY chronic hepatitis 55 M 5380 5820 0.35 32 43
HCV chronic hepatitis 76 M 5826 4580 0.1 24 16
HCY chronic hepatitis 60 F 6098 3800 0.10 21 14
HCV chronic hepatitis 52 M 5294 6690 0.05 24 27
HTLY-| carrier 66 M 6064 3710 0.07 38 35
HTLV-I carrier 61 F 2930 5100 0.08 34 43
HTLV-| carrier 79 F 5982 3500 0.05 18 10
HTLV:| carrier 88 F 5776 5040 1.87 32 13
HTLV-I carrier 79 M 4900 4280 1.73 18 13
HTLV-I carrier by M 5500 6250 0.81 26 15
HTLV:| carrier 68 M 4910 10150 0.68 24 2
HTLV-1 carrier 75 M 4820 6130 0.37 24 22
HTLV-I carrier 57 M 5581 9410 0.48 19 13

Note. HBV, hepatitis B virus; HCV, hepatitis C virus; HTLV:1, human T-cell lymphocytic virus type |; AST, aspartate aminotransferase; ALT,
alanine aminotransferase,
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Table 1 Patient population of *'Non.infectious inflammation’, “'Bacteria (onset)'" and "'Bacteria (severe)'’ groups

Non-infectious infl ¥ disease Bacteria (anet) Bacteria (serious)
[Hagnosis n WBL CRP Diagnosis n Organizm Diagnosis n Organism
Collogen disecses Prieumantia 8 5 pneumonice Preumonia 4 Bocteroides spp.
RA T {T109) (4.56) P. oeruginosa 5. pneunonioe
Arteritis 4 (9680} 16.18) §. qureus MRSA
SLE 1 4200 14 H. influenzoe Serrotia wpp.
SLE » Arteritis 1 12200 .80
Pronasn 1 7350 6.2 Pyelitis 4 Escherichia coll Pyelitis 1 Escherichio coli
K. pneumoniae

lschemic diseases Cholecytitis 1 Uinknown
AMI 4 (10,030} 0.87 Tonsillits 1 Streplococcus spp.
Cardlac shock 1 10500 4,00

Ententis 1 salmoneila sepsis 1 Enterobocter gp.

Unknown Polymicrobial

Cancers
Colon cancer 1 {B000) {3.00)
Esophageal cancer 1 12240 1.44 Respiratory infection 1 Streprococous spp. Preumonia/sepsit 1 P. oeruginaso
Prostatic cancer 1 10150 0.68
Meta, liver cancer 1 8900 14.90 Paranasal sinusitis 1 M. caotarrhalis/M. influerzae  ICD infection/sepsis 2 S.oureus
Ovarian cancer 2 (6230) {L.7) . epidermidis
Lung cancer 1 4280 0.55% Dermato-cellulitis 1 Streptococcus spp. Infectious endocarditis 1 Streptococcus spp
Allergosis Periostitis of the jaw 1 Unknown Pyelitis/sepsts 1 Escherichia coll
Anaphylactic 1 225%0 1.63
Asthma 1 T200 3.20 Pneumonia/septic artenitis 1 5, aureus
Drug eruption 1 5100 .37
Injury
Surgical injury 4 7413) (1.96)
Hote. RA, rheumatold arteritis; SLE, systemic Lupus erythematosus; AMI, acute IcD, C 15 preuma-
nige; P l . Py 1§ : 5. aurews, Staphylococcus aureus; H. infl 3 i fi K A M. . Morax.
ella cotarrhalls; 5. epl h MRSA, i} aureur; Poly + poly pattern. Numben in parentheses represent

the mean values of WBC and CRP levels of the patients classified into same group
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"Non-infectious inflammation'' group consisted of pa-
tients with collagen diseases, ischemic diseases, cancers,
allergies and surgical injury, whose WBC and/or CRP levels
were abnormal (Table 3, left column).

Informed consent was abtained from all patients and
volunteers, which was in accordance with a protocol
approved by the Kagoshima University Ethics Committee.
Ten millilitres of peripheral blood were taken from each
subject with a heparinized blood collecting tube.

TLR2 assay

Peripheral blood mononuclear cells (PBMCs) were isolated
from heparinized peripheral blood by density gradient
centrifugation using Ficoll-Paque plus liquid (Amersham
Bioscience, GE Healthcare, UK) and were subjected to the
TLR2 assay. The TLR2 assay was performed as described in
our previous report.’” In brief, PBMCs were stained with
phycoerythrin (PE)-conjugated mAbs to TLR2, CD14 and
control lgG2a (clones T2.1, M5E2 and eBM2a, respectively,
all from eBIOSCIENSE) in separate tubes for 30min at
room temperature. In parallel, a mixture of recombinant
TLR2-coupled standard beads was stained for TLR2 in the
same conditions. The stained cells and beads were ana-
lyzed on a FACS Calibur flow cytometer using CellQuest
software (BD Biosciences). For each sample, monocytes
were first identified using the forward/side scatter proper-
ties and CD14 staining, and the same gate setting for
monocytes was applied to the analysis of TLR2- and
control-stained PBMC samples. Net mean fluorescence
intensity (MF1) for TLR2 was obtained by subtracting the
MF1 value of control staining. A calibration curve was gener-
ated in each assay by using net MFl values of the standard
beads and their values of antibody-binding sites per bead,
which had been determined by Scatchard plot analysis
with '**|-labeled T2.1 antibody. Using this calibration
curve, the net MFI value of monocytes was converted to
the number of antibody-binding sites per cell. In this assay
system, inter-assay variation was within acceptable levels
(CV < 6.8%).

Measurement of SAA and neopterin levels

SSA and neopterin levels in sera were determined with
commercially available ELISA kits for 55A (BioSource In-
ternational, CA, USA) and neopterin (IBL-Hamburg GmbH,
Hamburg, Germany), according to the manufacturer’s
instructions. The minimum detectable concentrations in
the ELISA kits for SSA and neopterin were 1.9 ug/ml and
2.7 nmol/l, respectively.

Statistics

Given two data sets, we assessed whether two samples of
observations had the same distribution. If the distributions
were almost normal and homoscedastic, comparison of two
groups was performed using a paired or unpaired Student’s
t-test, These data were expressed as the mean value = SD.
If the distributions were not normal and/or homoscedastic,
a Mann—Whitney U test (two groups) and Steel—Dwass test
(more than two groups) was performed. These data were

expressed as median values and 25-75th percentile in the
distribution. All differences were considered significant at
p < 0.05. All statistical analyses were performed with Excel
Statistics 2006 for Windows™ (Social Survey Research Infor-
mation Co., Japan).

Results

Influenza infections

Although influenza viruses are well known to trigger robust
Th1-type immune reactions, it has not been studied to what
extent TLR2 expression levels on circulating monocytes are
modulated. At the onset of influenza viral infections, TLR2
expression levels on circulating monocytes, serum CRP, and
WBC were examined (Fig. 1a—c). In this study, the normal
range of CRP level and WBC in men and women was set as
less than 0.3 mg/dl, 3500—9700/pl, and 3500—9300/ul,
respectively. The measurable lower limit of CRP was
0.05mg/dl in this study. In the '"Control'' group, TLR2
expression levels were distributed from 2422 sites/cell to
6000 sites/cell, with a median value of 4567 sites/cell.
Overall, the distribution of TLR2 levels appeared normal,
and the mean and the mean+2 SD values were 4454
sites/cell and 6108 sites/cell, respectively. Based on these
results, we set the upper limit of the normal TLR2 level at
6108 sites/cell (mean + 25D) for this study (Fig. la). As
shown in Fig. 1a, b, expression levels of TLR2 and CRP in
the "'Flu (onset)' group were significantly higher than
those in the "'Control’ group [median (25—75th percen-
tile), 8057 (7372-9152) vs, 4567 (3838—4989) sites/cell,
p<0.001 and 0.92 (0.44-2.35) vs. 0.06 (0.05-0.10) mg/
dl, p < 0.001, respectively]. In the "Flu (onset)"' group, ab-
normally high values were seen in 93.6% (44/47) of patients
for TLR2 and 70.2% (33/47) of patients for CRP. Whereas,
there was no significant difference in WBC between these
two groups [median (25-75th percentile), 6000 (4705-
7435) vs. 5460 (4408—6418)/ul, p = 0,13, Fig. 1c].

Influenza A and influenza B infections

There were no significant differences in TLRZ levels
between influenza A and B patients [median (25—75th
percentile), 8063 (6985-9159) vs. 7946 (7783—8114) sites/
cell, p = 0.77]. On the other hand, influenza A patients had
significantly higher CRP and WBC levels than influenza B
patients [median (25-75th percentile), 1.25 (0.55-2.62)
vs. 0.46 (0.31-0.90) mg/dl, p=0.022 and mean + 5D,
6366 + 1788 vs. 4883 = 1509/ul, p = 0.026, respectively].

Influenza patient follow-up

In the "'Flu (onset)" group, 20 patients were followed-up
from onset to convalescence (5-14 days after onset),
among whom 9 patients were further tracked to the
completely healed phase (14-30 days after onset). At
onset, clinical conditions were equally serious for all of
these 20 patients. Later, 18 out of these 20 patients were in
near-perfect condition at the convalescent phase with
some patients having only a slight cough and sore throat.
In the remaining 2 patients, complications set in; one case
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Figure 1  Comparison between the ""Control’’ group (n = 50)
and "'Flu (onset)'" group (n = 47). (a) TLRZ levels were com-
pared between the two groups. Circles represent individual
TLR2 expression values. (b) CRP levels were compared be-
tween the two groups. Circles represent individual CRP levels.
(c) WBC values were compared between the two groups.
Circles represent individual WBC values. The box plot and the
horizontal bar show the interquartile range and median value,
respectively, The whiskers extend to at most 1.5 times the box

progressed to an episode of proximal muscle weakness and
the other developed bacterial pneumonia. All 20 patients
were completely cured at the healed phase. During the
individual clinical courses, CRP, SAA and neopterin concen-
trations in sera and TLR2 expression levels on monocytes
were assayed, Here, normal ranges of neopterin and SAA
levels were less than 12 nmol/l and 10 ug/ml, respec-
tively."® As shown in Fig. 2a, TLR2 levels were abnormally
high in 95% (19/20) of patients at the acute phase. Subse-
quently, the levels were normalized until the convalescent
phase in all patients except for the two complicated cases.
In the complicated cases, TLR2 values thereafter declined
to normal at the healed phase (Fig. 2a, closed symbols).
In Fig. 2b, CRP levels are line-plotted at the respective
phases. At onset, values were distributed broadly from nor-
mal to abnormal levels. Abnormal CRP values (=0.50 mg/dl)
were seen in 85% (17/20), 20% (4/20, including one compli-
cation case) and 0% (0/9) of patients at the acute, conva-
lescent and healed phases, respectively (Fig. 2b). With
the SAA values, all 20 patients had high levels well over
the normal range at onset. Later, 45% (9/20) and 56% (5/
9) of patients had abnormal SAA levels at convalescence
and at the healed phase, respectively (Fig. 2c). The two
complication cases showed abnormally high SAA values
throughout the observation period. In Fig. 2d, transitions
of neopterin concentrations are shown. At onset, 80% (16/
20) of patients had abnormal levels. Thereafter, 5% (1/20)
of patients had abnormal neopterin levels at the convales-
cent phase, and in all patients they were within the normal
range at the healed phase. Complications were not re-
flected in their neopterin levels.

Statistical analysis showed that at onset TLRZ expression
level was not correlated with none of CRP (r = —0.0065,
p=0.98), SAA (r= -0.12, p=0.62) and neopterin (r=
0.17, p = 0.46) levels.

Other viral infections and virus carriers

Next, TLR2 levels in other viral infections were examined.
Their clinical pictures were severe at onset corresponding to
the respective viral infectious disease. As shown in Table 1,
the TLRZ and CRP levels in ""Other viral infection’" group
were significantly higher than those in “Control’ group
[median (25—75th percentile), 7738 (7115-8313) vs. 4567
(3838—4989) sites/cell, p < 0.001 and 0.76 (0.31—0.93) vs.
0.06 (0.05-0.10) mg/dl, p<0.001, respectively]. Mean-
while, WBC in "'Other viral infection group was signifi-
cantly lower than those in ‘'Control’’ group [median
(25-75th percentile), 4100 (2850-4605) vs. 6000 (4705—
7435)/ul, p = 0.008].

Subsequently, we examined the TLR2 levels in the
carrier state/chronic hepatitis due to HBV/HCV and in the
carrier state due to HTLV-l (Table 2). TLR2 levels were
within the npormal range [median (25-75th percentile),
5294 (4555--5776) site/cells] in all tested subjects (n = 17).

width (the interquartile range) from either or both ends of the
box, p Value estimates are based on the Mann—Whitney U test;
*p < 0.001. Control, healthy volunteers; Flu, influenza
patients.
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Bacterial infections and non-infectious
inflammatory diseases

To further characterize TLR2 levels in clinical settings, we
performed multiple comparisons in the TLR2 levels between
the two paired groups out of ""Control’, '"Non-infectious
inflammation’, ‘'Bacteria (onset)", ‘‘Bacteria (serious)",
"Flu (onset)'" and ""Other virus infection"' groups (Fig. 3a). As
a result, there was no significant difference in TLRZ levels
between "Control" and "'Mon-infectious inflammation”
groups (p = 0.31). TLR2 levels in ""Bacteria (onset)" group
were significantly higher than those in ""Control* group and

10000 |-

4000

TLR2 level (sites/cell)

Healed

SAA level (ug/ml)

Onset Conv, Healed

Figure 2

""Non-infectious inflammation"’ group [median (25—75th per-
centile), 5879 (5241-6595) vs. 4567 (3838—4989) sites/cell
and 3792 (3188-4910) sites/cell, p < 0.001, respectively].
Furthermore, TLR2 levels were remarkably higher in "'Flu (on-
set)" group [median (25—75th percentile), 8057 (7372—-9152)
sites/cell] and in ""Other virus infection"' group [median (25—
75th percentile), 7813 (7176—8313) sites/cell] than in *'Bac-
teria {onset)" group (p < 0.001, respectively). However,
there was no significant difference in TLR2 levels between
all pairs out of "Bacteria (serious)"” [median (25—75th
percentile), 7758 (7331-9991) sites/cell], ""Flu (onset)",
and ""Other virus infection'” group (p = 0.9 for all pairs).

CRP level (mgldl)

0.01

Onset Conv

Neopterin level (nmol/l)

Onset Conv. Healed

Follow-up of influenza patients (n = 20). (a) Plot lines of the transition of TLRZ levels on monocytes. (b) Plot lines of the

transition of CRP levels. Vertical axis is logarithmic scale. (c) Plot lines of the transition of SAA levels. Vertical axis is logarithmic
scale. (d) Plot lines of the transition of neopterin levels. Onset, onset of influenza; Conv., convalescent phase (5—14 days after the
onset); Healed, completely healed phase (15—30 days after the onset). Open circle, smoothly recovered patients; Solid circle,
patient with proximal muscle weakness; Solid triangle, patient with subsequent bacterial pneumonia. Horizontal solid lines in

charts (a)—(d) are the respective upper limits of normal.
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Figure 3  Comparison among '"Control™, **Non-infectious inflammation", "'Bacteria (onset)"’, ""Bacteria (serious)”, ""Flu {onset)"
and ""Other virus infections” groups. (a) Up-regulation of TLR2 levels in infectious diseases. Circles represent individual TLRZ expression
values. Horizontal bars represent the median per group. Numbers under the circles indicate the median value per group. Multiple com-
parisons were performed using the Steel—Dwass test. Non-inf,, ""Non-infectious inflammation'’ group; *p < 0.001, Control vs. Bactenia
(onset)/Bacteria (serious)/Flu (onset)/Other virus, Non-inf. vs. Bacteria (onset)/Bacteria (serious)/Flu (onset)/Other virus, Bacteria
{onset) vs. Bacteria (serious)/ Flu {onset)/Other virus. (b) Transition of TLR2 levels of patients in **Bacteria (onset)" group (left panel),
Transition of TLR2 levels of patients in ""Bacteria (serious)’' group (right panel). Circle, recovered patient; triangle, mortality. X-axis is
not common in time scale, but corresponding to the individual clinical condition,
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All patients of "'Bacteria (onset)’’ group were confirmed
to be completely cured, of whom 7 patients could be
followed-up till their healed stage (Fig. 3b, left). In these
patients, administrating antibiotics at the onset resulted
in the rapid normalization of WBC and CRP levels, and their
TLR2 levels transited without significant up-regulation
throughout the clinical courses. In contrast, in *'Bacteria
(serious)” group, 3 patients recovered completely after
treatment with the second/third-choice antibiotic agents,
while remaining 11 patients died by exacerbated bacterial
infections. Some of these patients were also examined for
TLR2 levels at their onset and the follow-up phase
(Fig. 3b, right). The TLRZ levels at onset in these patients
(n = 7) were comparable to those in patients (n = 20) of
""Bacteria (onset)" group [median (25-75th percentile),
5636 (5398—6377) vs. 5879 (5341-6595), p= 0.74]. The
TLR2 levels of the recovered 3 patients were normalized
according to the effectiveness of antibiotics (Fig. 3b,
open circles), as we previously reported with other patient
population.?

Discussion

In this study, we found that TLR2 levels on monocytes from
patients with viral infectious diseases including influenza
were significantly up-regulated as compared to those from
healthy volunteers. We and others previously reported that
TLR2 levels were markedly up-regulated in patients with
advanced bacterial infections.’® ?° However, it remained
unclear to what extent TLRZ levels are modulated in bacte-
rial infections at their acute phase before antibiotic admin-
istration. Clinically, it is often difficult to discriminate
between viral and bacterial infections at their onset.
Therefore, in the present study, we attempted to examine
TLR2 levels at bacterial infection onset, and compared
them with those of viral infections. The result demon-
strated that patients at the onset of serious viral infections
had much higher TLR2 expression levels than patients at the
onset of bacterial infections. However, there was no longer
significant difference in TLR2 levels between serious bacte-
rial and viral infections. As shown in Table 3, no critical
difference was recognized in causative organisms and in-
fective focuses between our studied "‘Bacteria (onset)"
and "‘Bacteria (serious)" groups. Also, although 50% (7/
14) of "'Bacterial (serious)" group developed to sepsis,
their TLR2 levels at onset were on a par with those of "'Bac-
teria (onset)” group. Hence, TLR2 levels at onset of bacte-
rial infections, which were significantly higher than those of
healthy subjects, seem to be more enhanced after some
exacerbating period. These findings imply that TLR2 levels
may be more promptly up-regulated in viral infections
than in bacterial infections, suggesting a possibility to use
TLRZ as one of indications for discriminating between
bacterial and viral infections at the time of their onset.
On the other hand, non-infectious inflammatory diseases,
such as rheumatoid arteritis (RA) and arteritis, sometimes
bring about similar clinical symptoms to infectious inflam-
matory diseases. As we previously reported™ and confirmed
again in this study (Fig. 3a), TLR2 levels in patients with
such non-infectious inflammatory diseases were in the
normal range, whereas TLR2 levels were markedly

enhanced in patients with sustained and/or severe infec-
tions, whether viral or bacterial. Thus, TLR2 levels might
provide useful information to discriminate between infec-
tious and non-infectious inflammatory diseases, when the
disease activity sustained for a prolonged period.

To characterize TLR2 expression levels in viral infec-
tions, we followed the individual patients with influenza
viral diseases from onset to completely healed phase,
assaying TLR2 levels together with pre-existing serum
parameters CRP, SAA, and neopterin. The results showed
that at onset TLR2 levels were more clustered in the
abnormal range as compared with CRP and neopterin
levels, and that SAA was most sensitive among the four
parameters. Simultaneously, our results showed that, in the
case of patients with a smooth recovery, TLRZ levels
responded most promptly to patient’s clinical conditions
and converged within the normal range until the convales-
cence period. In contrast, SAA levels remained abnormal at
convalescence and even at healed phase in several patients
who lacked any symptoms, such as a cough or sore throat,
as reported previausly." Focused on the 2 complicated
patients, these parameters are further characterized. The
patient with bacterial pneumonia had abnormal CRP levels
until the convalescent phase, but the patient with muscle
weakness could not be discriminated from smoothly recov-
ered patients by CRP levels. In addition, their neopterin
levels did not reflect the individual complications at conva-
lescence. SAA levels indicated a development to bacterial
pneumonia by the surge at the convalescent phase,
whereas it could not represent an episode of muscle
weakness at convalescent phase and spontaneous recovery.
On the other hand, TLR2 expression levels were abnormal in
both patients at the convalescent phase, and provided
evidence to detect these complications early and with
specificity. Taken together, these results demonstrate
that TLR2 expression level on monocytes appears more
compatible with clinical conditions of influenza patients
than other three parameters.

In this study, we confirmed that patients with other viral
infections, such as cytomegalovirus pneumonia and bron-
chitis due to RS virus, also had high TLR2 levels equal to
influenza A/B patients. It is noteworthy that the remark-
able effectiveness of ganciclovir against cytomegalovirus
pneumonia was promptly reflected by the normalization of
TLR2 levels a week after administration, whereas TLR2
levels remained to be high in two patients with fatal RS
virus and cytomegalovirus infections (data not shown). In
addition, we confirmed that TLR2 levels were in the normal
range in asymptomatic HBV/HTLV-1 carriers and in patients
with inactive HCV chronic hepatitis. Notably, Wei et al.
showed that there was a gradual increase of TLR2 expres-
sion levels from healthy controls to chronic and severe
hepatitis B patients.”® Furthermore, several investigators
observed up-regulation of TLR2 protein and mRNA in mono-
cytes from patients with chronic and active hepatitis C.”**°
All these findings indicated that TLR2 expression levels on
monocytes seem to be modulated according to viral infec-
tion severity, In order to clarify the association between
TLR2 modulation and viral activity further studies will be
required from the view of virology.

What mechanisms modulate the TLR2 expression levels
on monocytes? It has been reported in an ex vivo study that
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some cytokines could alter TLR2 expression levels on vari-
ous kind of cells.?”"?° We also abserved that INF-y and IL-
10 have a potency to up-regulate dramatically TLR2 levels,
while IL-4 down-regulates TLR2 levels in human monocytes
in vitro (data not shown). However, as mentioned above,
TLR2 levels were in the normal range in organ-specific auto-
immune diseases, such as RA and psoriasis, even though
they are well known to be under Th1-cytokine dominant po-
larization like viral infections.”"-** Thus, Th1-skewed condi-
tion alone is not always satisfactory to promote TLR2
expression on monocytes. Stimuli elicited by different kinds
of factors might cooperatively modulate TLR2 expression
levels on monocytes in vivo.

Avian influenza virus (H5N1) is regarded as an emerging
pathogen with the potency to cause great harm to
humans.* This virus is a subtype of the influenza A virus
species of the Orthomyxoviridae family, which consists of
negative-stranded, segmented RMNA viruses. Like all other
influenza A subtypes, the viral replication strategies, which
are closely intertwined with normal cellular processes, will
induce similar host immune responses, including some
defensive Thi-type cytokine secretion. TLR2 levels on
monocytes might provide information about the severity
of such a new pathogenic influenza virus infection.

In this study, we elucidated some characteristics of TLR2
expression levels on monocytes by examining patients
suffering from various viral infections, focusing on influenza
patients. Our results demonstrated that TLR2 expression
level on monocytes might serve as a unique biomarker
useful in the field of viral and bacterial infectious diseases.
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KEYWORDS Abstract

Echocardiography,; Background and purpose: To evaluate intramyocardial coronary flow velocity pattem
Coronary by transthoracic Doppler echocardiography and its clinical significance in patients
microcirculation; with hypertrophic cardiomyopathy (HCM).

Cardiomyopathies; Methods and results: In 48 patients with HCM who had angiographically normal coro-
Hypertrophic nary artery, coronary flow velocity in the left anterior descending coronary artery

(LAD) and intramyocardial coronary artery (IMCA) derived from LAD were evaluated
using transthoracic Doppler echocardiography. Two clearly different flow patterns
in the IMCA were observed in patients with HCM, Twenty-seven HCM patients (group
A) had slow deceleration slope in the IMCA flow (average diastolic deceleration
time, 989 -+ 338; range, 585-1680) and the remaining 21 patients (group B) had
steep deceleration slope with diastolic deceleration time <300ms, resulting in a no
reflow-like pattern in the IMCA flow (average diastolic deceleration time, 166 +67;
range, 55—280). There were no significant differences in the clinical characteristics
and LAD flow velocity profiles between the two groups. The incidence of cardiovas-
cular symptoms (chest pain or syncope} was significantly higher in group B than in
group A (67% vs. 26%, p<0.01). Additionally, exercise-induced ischemia as detected
by thallium-201 scintigraphy was significantly more frequent in group B than in group
A (6 of 9 (67%) vs. 0 of 9 (0%), p<0.01).
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Conclusions: Two different intramyocardial coronary flow velocity pattemns are
observed in patients with HCM using transthoracic Doppler echocardiography. No
reflow-like pattern in the IMCA is strongly related to myocardial ischemia in the
absence of epicardial coronary artery stenosis, suggesting that coronary microvascular
dysfunction may be a causative mechanism.

© 2008 Published by Elsevier Ireland Ltd on behalf of Japanese College of Cardiology.

Introduction

Clinical signs and symptoms suggesting myocar-
dial ischemia frequently develop in patients
with hypertrophic cardiomyopathy (HCM) despite
anatomically normal epicardial coronary artery
[1,2]. Although there is growing evidence that
abnormalities of the coronary microvasculature can
result in myocardial ischemia in patients with HCM
with normal epicardial coronary artery [2—4], clini-
cal evaluation of the coronary microcirculation has
not been fully investigated due to technical diffi-
culties.

Characteristic phasic coronary flow velocity
pattems have been reported in patients with
HCM. However, there was no relationship between
phasic flow abnormalities and those with symp-
toms [5-7]. Since the phasic blood velocity
pattemn in penetrating coronary arteries is dif-
ferent than that in large epicardial arteries,
epicardial coronary flow velocity profiles may
not accurately reflect intramyocardial coronary
perfusion [8]. Recent advances in transthoracic
Doppler echocardiography allow evaluation of flow
velocity not only in the left anterior descending
coronary artery (LAD) but also in the intramy-
ocardial coronary artery (IMCA, 500-1000u.m)
[9-12]. Therefore, we hypothesized that transtho-
racic Doppler echocardiography would potentially
allow evaluation of an impaired flow velocity
profile associated with myocardial ischemia in
the absence of epicardial coronary stenosis. On
this basis, the primary aim of this study was
to evaluate the characteristics of the coronary
flow velocity profiles in the IMCA using transtho-
racic Doppler echocardiography and to define the
relationship between the coronary flow velocity
pattemn and clinical manifestations in patients
with HCM. Furthermore, we compared transtho-
racic Doppler echocardiographic measurements
of coronary flow velocity profiles with exercise
thallium-201 scintigraphy results in patients with
HCM.

Subjects and methods
Study patients

Sixty-eight consecutive patients with HCM who
underwent evaluation of cardiac function and
echocardiography at Kagoshima University Hospi-
tal or Nanpuh Hospital were enrolled in the study.
The diagnosis of HCM was based on echocar-
diographic evidence of myocardial hypertrophy,
defined as a maximal septal thickness of at least
13mm, in the absence of any other cardiac or
systemic cause of left ventricular hypertrophy
[13].

Twenty patients were excluded from the analysis
because of the presence of atrial fibrillation (n=13)
or an artificial pacemaker (n=7). Consequently,
the study population consisted of the remaining 48
patients (33 men, 15 women; mean age 53 years).
Exercise thallium-201 scintigraphy was performed
in 18 patients with HCM within 6 months before and
after the echocardiographic examination as previ-
ously described [14]. Patient medications were not
changed during the study. Nine subjects with nor-
mal echocardiograms and no known cardiovascular
disease served as the control subjects (8 men and
1 woman, mean age 39 years). The study proto-
col was approved by the institutional committee of
Kagoshima University, and each patient gave writ-
ten informed consent prior to enrollment.

Transthoracic Doppler echocardiography

Transthoracic Doppler echocardiography with a
2.5-3.5-MHz transducer was performed using a
commercially available echocardiographic system
(ATL HDI 5000CV, GE Logiq 500 MR, or Acuson
Sequoia C256). Left ventricular end-diastolic and
end-systolic dimension and left atrial dimension
were measured in the parasternal long axis view.
The peak instantaneous left ventricular outflow
tract gradient was estimated under basal conditions
with the use of continuous-wave Doppler echocar-

diography.
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Intramyocardial coronary flow pattern

Recording of LAD and IMCA flow by
transthoracic Doppler echocardiography

Using a 4-7-MHz transducer, the short axis of
the anterior interventricular groove was visualized
from the echo window between the left paraster-
nal fourth or fifth intercostal space and the apex.
Next, the transducer was rotated to visualize the
long axis of the groove, and color flow mapping with
a Nyquistic limit =25 cm/s was applied to visualize
the mid-to-distal LAD flow with relatively slow flow
velocities.

To image the IMCA flow, the left parastemal short
axis and the classical or modified two-, three- and
four-chamber views were used. First, through the
left parasternal short axis view at the level of the
mitral valve, chordae, and papillary muscle, we
searched for IMCA flows in the anteroseptal left
ventricular wall using color Doppler mapping with
a low Nyquistic limit. Next, using classical or mod-
ified two-, three- and four-chamber views, IMCA
flow from the epicardium to the endocardium was
also evaluated in the apical half of the left ven-
tricular wall using color flow mapping with a low
Nyquistic limit. The flow velocity profiles in the LAD
and IMCA were recorded by pulsed-wave Doppler
echocardiography with angle correction.

The peak and mean diastolic velocity diastolic
velocity time integral, and deceleration time of
diastolic flow were measured and averaged over
three consecutive beats in each subject.

Thallium-201 scintigraphy

Each patient performed graded bicycle exercise
starting at 25W, with an increment of 25W
every 3min. At peak exercise, 110MBq (3mCi) of
thallium-201 chloride was injected and the exercise
was continued for another 1min. Stress thallium-
201 perfusion scanning was begun within 10min
after the tracer injection. Delayed thallium-201
perfusion scanning was performed 4 h later.

Only anteroseptal and apical segments were
evaluated by thallium-201 scintigraphy, because
transthoracic Doppler echocardiographic evalua-
tion of coronary flow abnormalities was limited to
the territory of the LAD. Two experienced observers
who had no knowledge of the clinical or echocar-
diographic data individually analyzed the images.
The patients were considered to have myocardial
ischemia when a perfusion defect was seen on the
stress study but was absent in the redistribution
images, or when a defect on the stress study was
larger than that in the redistribution study. The
images were considered negative when no perfu-
sion defect was seen on either image, or when the

9

defect on the stress study was the same as that in
the redistribution.

Reproducibility of measurements

Interobserver varability of the measurements was
assessed from 10 randomly selected recordings,
with an observer blinded to previous echocardio-
graphic data. For the assessment of intraobserver
variability, 10 subjects were examined twice on
different days by the same sonographer and car-
diologist, who were blinded to prior Doppler
echocardiographic data. All measurements were
calculated as the standard deviation of the differ-
ences between the two measurements divided by
the mean measurement and were expressed as the
percentage of the average value.

Statistical analysis

Continuous  variables are expressed as
mean +standard deviation, and categorical vari-
ables are given as absolute values, percentages,
or both. Differences between continuous variables
were assessed with the unpaired t-test. Proportions
were compared by the chi-square or Fisher exact
test. A p-value of <0.05 was considered statistically
significant.

Results

Patients’ characteristics

Clinical characteristics and general echocardio-
graphic findings are shown in Table 1. Left
ventricular wall thickness, left atrial dimension,
and fractional shortening were significantly greater
in patients with HCM than in normal subjects,
whereas left ventricular end-systolic dimension was
significantly smaller. Twenty-one (44%) patients
with HCM had clinical symptoms of chest pain
or syncope with angiographically normal coronary
arteries.

Comparison of LAD flow velocity profiles
between HCM and normal subjects

Adequate spectral Doppler recordings of diastolic
coronary flow in the LAD were obtained in all study
populations. The peak and mean diastolic velocity
and velocity time integral of LAD flow were signif-
icantly increased and diastolic deceleration time
was significantly prolonged in patients with HCM
compared to those in normal subjects (Table 1).
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Table 1 Baseline characteristics of the study population
Characteristics Controls (n=9) Patients with HCM (n=48) p value
Age (years) 39+£13 53+16 0.015
Men/women (n) 81 33/15 NS
Heart rate (beats/min} 68+8 61+ 11 NS
Echocardiographic measurements
Maximal wall thickness {(mm) 1042 2445 «0.001
IVS thickness (mm) 10+2 211+7 <0.001
PW thickness (mm) 942 12+£3 0.004
LV end-diastolic dimension (mm) 48 +4 4447 NS
LV end-systolic dimension (mm) 3245 26+5 0.006
Fractional shortening (%) 355D 42+8 0.024
LA dimension (mm) 3+4 39+6 <0.001
VOT pressure gradient = 30 mmHg 0 (0%) 3(17%) NS
Incidence of moderate to severe MR 0 (0%) 0 {0%) NS
LAD flow
Peak diastolic velocity (cm/s) 266 49423 <0.001
Mean diastolic velocity {cm/s) 1B+4 32+15 <0.001
Diastolic velocity time integral (cm) 10+£3 23+ 11 <0.001
Diastolic deceleration time (ms) 840 + 144 1008 + 353 0.028
IMCA flow
Peak diastolic velocity (cm/s) 31410 95 43 <0.001
Mean diastolic velocity (cm/s) 2448 6131 . <0.001
Diastolic velocity time integral (cm) 124 34417 <0.001
Diastolic deceleration time (ms) 657 + 100 6131485 NS

Data are presented as number (%) or mean+1 5.D. HCM=hypertrophic cardiomyopathy; IVS=interventricular septum;
PW = posterior wall; LY = left ventricular; LA = left atrial; LVOT =LV outflow tract; MR = mitral regurgitation; LAD =left anterior
descending coronary artery; IMCA = intramyocardial small coronary artery.

Comparison of IMCA flow velocity profiles
between HCM and normal subjects

Adequate spectral Doppler recording of the dias-
tolic flow in the IMCA were obtained in all study
populations. The peak and mean diastolic velocity
and velocity time integral of IMCA flow were sig-
nificantly increased in patients with HCM compared
to those in normal subjects. However, there was
no significant difference in diastolic deceleration
time for IMCA flow between patients with HCM and
normal subjects (Table 1).

Two different IMCA flow velocity patterns

Two characteristic flow patterns in the IMCA were
observed in patients with HCM (Figs. 1B, 2B and 3B).
One flow pattemn in the IMCA showed peak velocity
is observed in early diastole and then gradu-
ally decreased during the remainder of diastole
(Fig. 1B). The other flow pattern was charac-
terized by steep decelerated diastolic flow with
deceleration time <300ms. Overall, the latter
flow velocity pattemn has a no reflow-like appear-
ance (Figs. 2B and 3B). Therefore, the 48 study
patients were divided into two groups according

to their IMCA flow pattern. Group A consisted of
27 patients with HCM who showed slow decelera-
tion slope in the IMCA (average deceleration time,
989 + 338; range, 585-1680). Group B consisted of
the remaining 21 patients with HCM who showed a
no reflow-like pattern in the IMCA (average decel-
eration time, 166 + 67; range, 55-280).

Comparison of LAD and IMCA flow velocity
profiles between two groups in HCM patients

LAD and IMCA flow velocity profiles are sum-
marized in Table 2. Measurements of LAD flow
velocity profiles were not significantly different
between the two groups. However, the mean dias-
tolic velocity and velocity time integral in the IMCA
were decreased in group B compared to group A
(p<0.05), and the diastolic deceleration time of
IMCA flow was significantly shortened in group B by
definition (p <0.001).

Comparison of clinical symptoms between
two groups in HCM patients

There were no significant differences in age, sex,
type of HCM, and echocardiographic data between
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