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Estimation of cyclooxygenase-1-independent component of
platelet aggregation in healthy subjects

Akiko Hijikata-Okunomiya”

Yuichi Ishikawa?

1) Faculty of Rehabilitation, Kobe International University,

2) Kakogawa Central City Hospital

Abstract
Background: Although aspirin inhibits platelet

aggregation though the inactivation of
cyclooxygenase-1 (COX1), its antiplatelet effects,
measured by various aggregation tests, vary and
poorly correlate with serum thromboxane B, the
biochemical index of COX1 activity in platelets.
We aimed to estimate the COXl-independent
aspirin-imsensitive component of platelet
aggregation. Methods: Aspirin was daily
administered to healthy volunteers for 7 days. The
platelet aggregatory threshold index for ADP-,
collagen-, or arachidonic acid (AA)-induced platelet
aggregation was measured using a whole blood
aggregometer based on the screen filtration
pressure method. Results: 1. The intercepts of
y-axis of the regression lines in the relationship

between ADP- and collagen-aggregability (%) with

AA-aggregability (%) were 38% and 11%,
respectively, which were considered as the COX1-
independent components. 2. The inhibitory effect of
aspirin on day 7 approached a ceiling at 40 mg/
day for every agonist, but the ceiling levels differed
depending on agonist species, being 68%, 86% and
>88% for ADP-, collagen- and AA-induced
aggregation respectively. 3. Experimental
measurements were well fitted with a theoretical
model, assuming that COXl1l-independent
components of ADP-, collagen- and AA-induced
aggregation were 35%, 10% and 0%. Conclusions:
These results suggest that the COX1-independent
components of ADP-, collagen- and AA-induced
platelet aggregation in healthy subjects are 35%,
10% and 0% respectively.

Keywords: Platelet aggregatory threshold index, aspirin, cyclooxygenase, screen

filtration pressure method

Introduction

Aspirin has been widely prescribed for the
treatment of clinical manifestations of arterial

thrombosis. It shows valid activity in the

secondary prevention of cerebral and myocardial
infarction'™. Despite the beneficial effects of
aspirin, however, a substantial number of patients
experience recurrent arterial thrombotic events.

Because the antithrombotic effects of aspirin



depend primarily on its inhibition of platelet
function, several trials have attempted to measure
residual platelet reactivity during aspirin
treatment, but definite tests of residual platelet
reactivity have not been identified *

Aspirin inhibits platelet function by inhibiting
the biosynthesis of thromboxane (TX) A, via
irreversible cyclooxygenase-1 (COX1)
acetylation ®”. Therefore, the effects of aspirin
have been investigated by determining the serum
concentration of TXB,, the stable inactive
metabolite of TXA, and consistent results have
been reported: Serum TXB, inhibition accumulated
on daily aspirin dosing, approaching a ceiling in a
week, and doses as low as 10 mg/day resulted in
60% inhibition of serum TXB,, and doses of 40-100
mg/day resulted in nearly complete inhibition **¢.

In contrast, variable results have been
observed using light transmission (LT)
aggregometry, the standard laboratory test of
platelet function. Daily doses of 100 mg/day aspirin
inhibited collagen (1 mg/L)-induced platelet
aggregation by only 69% ¥ although this dose
almost completely inhibited arachidonic acid (AA)-
induced platelet aggregation and serum TXB, ¢
Aspirin was reported to be a relatively ineffective
inhibitor of ADP (10 uM)- and collagen (10 mg/L)-
induced platelet aggregation, and the relationship
between AA-induced aggregation and serum TXB,
level was nonlinear . Thus, the results of LT
aggregometry were dependent on the agonists
used and have shown poor correlation with serum
TXB,.

In these LT aggregometry studies, maximal
light transmittance (T,,) was measured using a
single concentration of agonist. Since T,,, varies
depending on the agonist concentration used in
each experiment, measuring T,,, using a single

concentration of agonist seems inappropriate in the

quantitative assessment of platelet aggregability.
In this report, we adopted a platelet
aggregometer based on the screen filtration
pressure (SFP) method . The SFP method
measures the pressure rate, which is proportional
to the amount of aggregated platelets on the
microsieve by sucking, and the platelet
aggregatory threshold index (PATI) was defined
as the agonist concentration that induces a
pressure rate of 50% using four different agonist
concentrations . To quantitatively estimate
platelet activity, we expressed platelet

aggregability as 1/PATI as reported previously 2.

Materials and methods

Materials

ADP was purchased from Meiji Pharm
(Toyama, Japan), horse tendon collagen
(Collagenreagent Horm®™) from Nycomed Pharma
(Unterschleissheim, Germany) and AA from
Nakarai Tesque (Kyoto, Japan). Two aspirin
formulations were used, a cracked powdered
formulation (Bufferin A, 330 mg /tablet; Lion,
Tokyo, Japan) and an enteric-coated (ec)
formulation (Bayaspirin, 100 mg/tablet; Bayer,
Osaka, Japan).

Participants and study design

The study included nine healthy volunteers
who were not on medication. The participants
were divided into three groups of three subjects
(one woman and two men) each. Group 1 (age 22.3
+ 0.6 years, height 164 *= 14 cm, weight 55.7 +
13.2 kg, body mass index (BMI) 205 * 16 kg/m’
red blood cell (RBC) count 45 = 0.4 x 10°/ml,
white blood cell (WBC) count 4.0 + 08 x 10°/ml,
and platelet count 186 = 3.8 X 10"/ml) received

20 mg aspirin once daily for 7 days. Group 2 (age
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223 = 1.2 years, height 168 £ 17 cm, weight 62.3
+ 172 kg, BMI 218 = 20 kg/m’, RBC count 4.5
+ 04 x 10°/ml, WBC count: 46 * 06 x 10°/ml,
and platelet count 178 = 31 X 10"/ml) received
40 mg aspirin once daily for 7 days. Group 3 (age
620 = 3.0 years, height 163 £ 10 cm, weight 55.7
+ 86 kg, BMI 208 * 0.7 kg/m’, RBC count 45 *
02 x 10°/ml, WBC count 51 * 0.7 x 10°/ml, and
platelet count 17.1 * 16 X 10"/ml) received 100
mg (ec) aspirin once daily for 7 days. On days 1
and 7, venous blood was drawn before and after
aspirin intake.

All participants provided informed consent.
This study was approved by the Ethics Committee
of Kobe University School of Medicine, Kobe,

Japan.

Whole blood platelet aggregation

Venous blood was collected using a 21 G
needle and anticoagulated in 0.38% sodium citrate.
Blood cells were counted with an automatic cell
counter (PCE-210, Erma, Tokyo, Japan).

Whole blood platelet aggregation was
measured using a whole blood aggregometer
(WPAA-10Z; Tokyokoden Co., Tokyo, Japan) based
on the SFP method '**. Each 200 ul whole blood
sample was incubated with 22 ul of agonist (ADP,
collagen, or AA) for 5 min at 37 C with constant
stirring at 1,000 rpm. Pressure was measured by
suctioning each sample through a nickel microsieve
containing 300 square-shaped openings measuring
25 X 25 um® each in a 1.2-mm diameter area. The
WPAA-10Z aggregometer reports pressure rate in
mV, and 4 mV was defined as a pressure rate of
100%. A new microsieve was used for every
filtration. PATI was defined as the agonist
concentration inducing a 50% pressure rate'?.

The index of platelet aggregability was

expressed as 1/PATI as reported previously %

Aggregability relative to baseline (before aspirin
administration) was calculated as:

Aggregability (%) = 100 x PATT qime/ PATLpisin
Inhibition (%) = 100 — Aggregability (%)

Computer-simulated aggregability

Aggregability levels before and 4 h after
aspirin intake were computer-simulated using a
theoretical model, which assumed that COXI1-
dependent aggregation was cumulatively inhibited
by the identical acetylation of COX1 in platelets
and megakaryocytes ¥, and that COX1-
independent aggregation was not affected during
aspirin administration. The platelet life span was

set at 10 days.

Results

Change in aggregability after aspirin intake

Blood was drawn on days 1 and 7 before and
after aspirin intake. At all aspirin doses, collagen-,
ADP- and AA-aggregability decreased after the
first dose (day 1, 4 h) and further decreased on day
7 (Fig. 1). For example, on day 7, subjects who took
40 mg/day aspirin showed decreases in ADP-,
collagen- and AA-aggregability to 32%, 14%, and
<12% after 4 h; and subjects who took 100 mg/day
(ec) aspirin showed decreases to 33%, 11%, and
<8% after 4 h, and to 33%, 9%, and <9% after 8 h,

respectively.

Correlations of ADP- and collagen-aggregability
with AA-aggregability

Figure 2 shows the relationships of ADP- or
collagen-aggregability (%) with AA-aggregability
(%). The intercept of y-axis of the regression line
indicates the remaining ADP- or collagen-
aggregability (%) where AA-aggregability (%)
reaches to 0%; i.e., the proportion of COXI1-



-_ a 220 mgfday g

51 00 o T ‘ w40 mgfday 3-1 00

2 ‘ a10mgday  Z

2 s0f B ' 3 50

o ﬂ ‘ fug [ 2

: I [ ¢

o o

g 0 T o0

o 4h | onh | 4n | en g

o o

< Day 1 Day 7 = Day 1
(5]

Fig. 1 Changes in aggregability after aspirin intake

ﬂn

020 mg/day - . c 020 mg/day
40 mg/day 5..‘_“;1 00 T m40 mg/day
=100 mg/day ..E‘ 0100 mg/day

'§| 50 -

o

: ﬂ H

‘?'l 0 4 ‘ }_'_\

é 8h

Day 7 Day 1 Day 7

Aggregability (%) after daily aspirin intake was expressed relative to baseline aggregability (day 1, 0 h) which was
defined as 100%. Aggregability was assessed 4 h after aspirin intake on day 1 and before and 4 h after aspirin intake
on day 7. In the case of 100 mg/day aspirin (ec), aggregability was also assessed at 8 h on day 7 (day 7, 8 h). (a)
ADP-induced aggregation. (b) Collagen-induced aggregation. (c) AA-induced aggregation. The open bars express

values smaller than those indicated.

= a y=0.58x +38.12

e R2=0.65

100 -

£

%

«©

=1

£ 50

f=1]

=2

b

o

a

< 0 T T
0 50 100

AA-Aggregability (%)

S b y=0.83x+11.32
>100 - R?=0.85

E

©

[=2]

2

g 50 4

<

c

@

o

=0 ; i
5 0 50 100

AA-Aggregability (%)

Fig. 2 Correlations of (a) ADP-aggregability with AA-aggregability and (b) collagen-aggregability with AA-aggregability
The y-intercepts of the regression lines indicate the proportions of the residual aggregability at which AA-
aggregability was 0%, indicating the proportion of COX1-independent components.

independent component. These y-intercepts
estimated that the COX1-independent components
of ADP- and collagen-aggregability were 38% and
119%, respectively.

Aspirin dose and the inhibition of aggregability on
day 7

Figure 3abc shows the inhibitory effect of
aspirin on day 7 (4 h). At a dose of 40 mg/day,
inhibition (%) of aggregability approached a ceiling
for each agonist. However, the ceiling levels
differed, being 68%, 86%, and >88% for ADP-,
collagen-, and AA-induced aggregation,
respectively. The extents of residual persistent
aggregability (32% and 14% for ADP- and collagen-

aggregability, respectively) were similar to the

proportions of COX1l-independent components

obtained from the y-intercepts of the regression
lines in Figure 2 (38% and 11% for ADP- and
collagen-induced aggregation, respectively).
Previously reported data of serum TXB,
inhibition on day 7 during aspirin intake were
summarized and plotted for reference in Figure
3d . Serum TXB, was shown to be almost
completely inhibited by 40 mg/day aspirin (Fig.
3d), where inhibition of ADP-, collagen- and AA-
aggregability reached their respective ceiling

levels in our study (Fig. 3abc).

Time course of aggregability after aspirin intake
Aggregability is the sum of two components,

the COX1-dependent and the COXIl-independent

component. We simulated the time course of

residual platelet aggregability during aspirin
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dosing (20 and 40 mg/day), assuming that (1) the
COX1-dependent component was cumulatively
inhibited by aspirin intake 2 and (2) the COX1-
independent component was constant during the
time course, irrespective of the aspirin dosage. On
simulation, we set the COXl1l-independent
components of ADP-, collagen-, and AA-
aggregability at 35%, 10%, and 0%, respectively,
based on our results described above (Fig. 2 and 3).
We also set the initial inhibition of the COX-
dependent component of 20 mg/day and 40 mg/
day aspirin at 20% and 60%, respectively, based on
our results of AA-induced platelet aggregation
(Fig. 1c). The remaining aggregability of our
experimental measurements on day 7 fairly fitted

the simulation lines (Fig. 4).

Discussion

Platelets are activated in response to various
agonists, such as ADP, collagen, and thrombin,
through COX1-dependent pathway and COX1-
independent pathways *”?. Even if the COX1
dependent pathway were to be completely
inhibited, platelets could be aggregated by ADP,
collagen, and other non-AA agonists through
COXl1-independent pathways. Residual platelet
reactivity in aspirin-treated patients was measured
by COX-specific methods, including measurements
of serum TXB, and AA-induced aggregation, and
by COX-nonspecific methods, including aggregation
induced by collagen, ADP, and other non-AA
agonists V. The correlations between pairs of these

tests were reported to be weak, even between the
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Fig. 4 Simulation of aggregability after aspirin intake

The solid lines represent the simulated aggregability setting the platelet life span at 10 days, the initial inhibition
rate by aspirin doses of 20 mg/day and 40 mg/day at 20% and 60%, respectively, and COX1-independent
components for (a) ADP-induced aggregation at 35%, (b) collagen-induced aggregation at 10% and (c) AA-induced
aggregation at 0%. The symbols indicate the experimental results, and the open symbols indicate values smaller than

those shown.



two COX-specific methods .

In this report, we successfully assessed the
proportions of COX1-independent components of
agonist-induced platelet aggregation. The
estimated proportions of COX1-independent
components were 32-38% of ADP-induced
aggregation and 9-14% of collagen-induced
aggregation. These results were obtained from the
intercept of the y-axis of the regression line
between ADP- or collagen-aggregability and AA-
aggregability and from the residual aggregability
after 7 days of aspirin administration when COX1
activity was expected to be almost completely
inhibited. The aspirin-sensitive COX1-dependent
aggregability was cumulatively inhibited by a daily
dose of aspirin, approaching a maximum inhibition
at a dose of approximately 40 mg/day, irrespective
of the agonist species. However, even a marked
increase in aspirin dose could not inhibit the
aspirin-insensitive COX1-independent aggregability.

We employed the SFP method using whole
blood. This method is relatively simple, with good
reproducibility and high sensitivity to detect the
antiplatelet effects of drugs including aspirin %%,
PATI measured by the SFP method using whole
blood correlated well with PATI measured by LT
aggregometry 2. Several studies have used the
SFP method to assess the effect of aspirin 2%
Treatment of patients with chronic thrombosis
with 81 mg/day aspirin for 7 days, followed by 162
mg/day, 243 mg/day, and 324 mg/day, showed
that the PATI values were independent of aspirin

doses over 81 mg/day W

and healthy individuals
who took 100 mg/day aspirin for 14 days, followed
by 300 mg/day for the next 7 days, showed that
the PATI values of collagen-induced aggregation
on days 14 and 21 did not differ ®. These previous
studies showed that aspirin had a maximal effect

on platelet aggregation at doses less than 81 mg/

day. Our study showed that aspirin doses as low
as 40 mg/day resulted in nearly maximal inhibition
of platelet aggregability (Fig. 3abc) as well as of
reported serum TXB, (Fig. 3d). Our results are
also in agreement with studies reporting that the
clinically effective antithrombotic dose of aspirin
was 50-100 mg/day and could even be as low as
30 mg/day, thereby warning against unnecessarily
high doses of aspirin in the treatment of
thrombotic disorders #*.

Correlations were studied between LT
aggregometry-associated results before and after 7
days of aspirin treatment *: The correlations
between pre-treatment and 7-day T, values were
good for ADP-induced aggregation and, to a lesser
extent, for collagen-induced aggregation, but there
was no correlation for AA-induced aggregation.
The differences in correlation coefficients may be
due, at least in part, to the different proportions of
COXI-independent components in ADP-, collagen-,
and AA-induced aggregation, as measured in this
study.

Platelets with higher aggregability and a
larger proportion of the COXl-independent
component would show higher residual platelet
reactivity during aspirin treatment. As measured
in this report, the COX1-independent component of
ADP-induced aggregation was relatively large,
average 35%, whereas that of collagen-induced
aggregation was 10%. The higher proportion of the
COXl1-independent aspirin-insensitive component
may be partly responsible for the high residual
platelet reactivity. Pre-treatment PATI values of
collagen- and ADP-induced aggregation in 35
healthy individuals varied by more than 10-fold *.
Use of the 1/PATI index enabled the quantitative
assessment of platelet reactivity, suggesting that
ADP-aggregability may be a candidate for platelet-

dependent thrombosis in aspirin treatment.
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However, the contribution of each agonist-induced
platelet aggregation to platelet-dependent
thrombosis remains to be clarified.

A limitation of our study was the small
number of participants tested. At baseline,
however, the PATI values of our participants fell
within the range for healthy subjects

a% %, indicating that our participants did

reporte
not belong to any special group. Despite this
limitation, this study is the first to describe a
procedure for estimating the COXl-independent
component of agonist-induced platelet aggregation,
and to successfully estimate the proportions of the

COXl-independent components in ADP- and

collagen-induced aggregation.
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AR FFEBURHNC X 2B L\ 2 PE B8Pk B s o 7

VA S i BN

1) MEEEERFED) N 7= a i gk s gt

NBEVES AR (Acute Myeloid leukemia; AML) (&, sEMUEMESEOH T
BIZFCER B TH L, AT, MEERICLY SHEEOY 7447 (MO
-M7) 247$83 % French-American-British (FAB) 748 % i\ 9", #fn T EIMTIC X
LI LY T YA TR R o7z, SRR L7285 FRIUENT 7 v IS T
WAHA12,5667 0 -7ty DL, bI,TOT O — Ty MK S BEEFEBENTT
FAB G LRI 75 4 75T A2 EDWRETH H 2 L AURIBE N7,

F—U—F o BEREEEDE - &R - T8 A T

EC®HIC

SMF R (Acute myeloid leukemia ;
AML) i, EIMEEEEOH T BRFIZFR A
R7NV—FISEES DY, REMEEE v
French-American-British (FAB) 43412 X ) AML
I MO H MTETHO DD} T4 A4 TITHHS N
5. COHEIGHE LY BA SR AL SR
7205 T, RIS A T IR M O T RE R 2
KOLEOLEEIZL ) PEPTRTHL. 055K
FEDLIT6E L SN TH LS HIZES T THH
ENTVRLREMEGESETH LY. EETIE
WHO 73 $i 7% EHEE OBIR T35 &= b2 AML 0%
G CBEE L 72 AML 508 7% &7 e o B b AT
bIT15EY

FAB 3 #HIZ, BEBEOTFRHRICOBEEL TWwBLEE
AH6NTHEH M2, M3, R M4Eo I3 SIS Y
A FIZHBHPHIBEWE END. —75 T Trisomy
2UCE S BAET & MUIZ P S B BHEDO TR
FEDOHEBTHLTFHEDIVEEL TV WY,

FAB 7 LA & i R FERE R O FIMER 2 & b
FHRIITIEFICHEL TV D, B, AR
FHFENCEZET, t(82D 8 (LIF t(821)) ®t
(15:17) #mHEE (LLF t(15:17)) & M2%° M3IZ 54 &
N2 AMLIZE K, FHPIBENICEIFE SN
1,6—9>'

JVL4ED DNA F v 7% H 72 8 5 75 HURAT 12 X
D—BEEIZHT b OBIZTFORBL NV EHL Z LS
TE, FAIGURNIH IS TFRICHEET 2861 %
ety L7210

RIFFE TR A TEE il L 7227497
00— 7%ty hOBBHEIICL Y FAB 58 & R
AML O 78 4 T3 EETH o 72D TH L »
MEZMZ THET 5.

1. A&
1. 1#&F

ARBFFE TN L 7264 IR O e R 1 IR
AML ¥ 7' % A 7534 T3 M2781261, M4, M52
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x 1 REOHE
Fifty-four pediatric AML patients
Patient FAB subtype Karyotype

51 M4 46XY
s52 M4 46XY,1(11;12){q23;q13)
53 M2 46XY,1(8;21)
54 M2 46XY,1(8;21)
S5 M4 46X Y, 1{(11;19)(q23;p13)
S6 M5 46XY
57 M4 46XY,inv(16)(p13q22)
S8 M4 46XY
59 M2 46XY,1(6;9)p23;q34),add(21)(q22)
510 M4 46XY,inv(16)
sn mixed 46XX 1(4;11)
512 M5 47XY 48
513 mixed 47XY,+19
514 M7 45XY,-16
515 M2 46XY,inv(1)}pl12;q36),addX(q26)
S16 M5 46XY,1(4;11){(q21;q23)
517 M7 46X Y,1(6;22;17)(p23;q11;q12),t(12;21p11.2;q22)
518 M2 46XY,1(8:21)
519 M2 46XY,1(8:21)
520 M5 47XX 121
521 M5 46XY,1{(6;11)(q25;q23)
522 M2 46XY,1(9;22)q34;q11)
523 M5 46X X, t(11;19)(q23;p13.1),+der{6)t(6;8}p21.3;q22),-6
524 M7 46XX
8525 M2 46X X 1(8;21)
S26 M7 46XY del(6)(q13)
527 M4 46X X t(9;11)(p22;q23)
528 M5 NA.
529 M2 45X,-Y,((8;21q22;q22)
$30 M4 46XX.inv(16)
831 M5 46XY,1(9;11)(p22;q23)
532 M2 46XY,1(8;21)
533 M2 46XY,1(8;21)
$34 M4 46XY,inv(16)(p13;q22)
8535 M5 N.A.
S36 M7 47XY, 21
837 M4 46XX
538 M5 N.A.
539 M4 46XY,1(6;11)}(q27;q23)
S40 M5 46X X 1(11;19)
S41 M5 46X X t(9;11)(p22;q23)
542 M5 S0XXX 16,18,118,del(11)}{21q;q23)
543 M5 46XY,add(X)}q27)
44 M4 46XX,inv(9)(p11;q13),inv(16)(p13;q22)
S45 M7 NA.
S46 M5 N.A.
547 M5 N.A.
S48 MO 46XY,add(7)}q22),del(12)p13)
549 M7 49XY,+19,+21,422
550 M5 46XY,1(9;11)
§$51 M7 47XY, 21
8§52 M5 NA.
553 M5 N.A.
$54 M2 NA.

N.A., no available data.

3161, M7238 6, ARSI FTH -7z, F72
FEE A Wit O P ME LA M AN O 4 ) % Bk 5061 T
3.6MTdh o7z L TOMMKILH RS R HE
IZEDWTHBESI N2, IEEEHE RO RNA Bk

(NBM14) &, 7arsry 724X oBEEAL, #iH
L7, &TOBRMEIIFNI 2179  TRIREZOFIZ

TRAF S AL, FRATRRE (R LR L 72,

S o

WEEN ALY Y =128 L MHHEEAIC L Y KRS



IR FEBURATIC X 237 LSS S 1% F I o 7341

iz, &TomEIZFEiE, %5, FABSHH, F#&
R DGR T — & L BIETRBURT T — 5 L
i L7tk EEATREAILEZITo 72 & TORE
LB LT, EHICX 2RAEELREZOL, §
TOREIFIANVY Y FEFINES TEITS N

2. Bz FREEN

Affymetrix L | O Bz F B MW - v 7
GeneChip Human Genome U95Av2 oligonucleotide
microarray (Affymetrix, Santa Clara, CA) % Hw»
THENT %47 9 7280 Affymetrix #LOHELE 2 J71ET

RNA %l U SSBURNT %17 7219,

3. RETFRVERT
AML &7 24 7948

75 A TV 2 BB T FEBURT 2179 7289
2, WEOREIEN TR TR C HERE AV
WIRAT 5 (unsupervised analysis) T fzF % il
L, BIEFREIET 217572
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4. BENEGFRBIIRAZ2UCYT
BT IEBUANT % 4T 9 72 ® Cluster & TreeView
VI Nz T RV £TORLETEEL VI

it & IV CIER L L 72270

I. #R

FAB 248 & B In FRBEHN

4[] Unsupervised analysis {2 & b fliH L 723& (=
T ORBUENT 2 I CTHIEH 2 7 A5 1) ¥ 7 %415
el lAh, MM9TU—T 1y POFEBL VLo
TFABGEUAHB L7238 L WA W RETH - 72.

(1)

CORERIT, FEEARED) Bt (821) 28FAB
W77 F 2O M2, inv(16) 2°M4/5IZ, T4
v VHEREEE T S Trisomy2l2S M7I24 < s
2. ENENOYT YA T THRHEMICERL w5
EIRTE2E2ITRT.

InniliGnuanl

z ==

= 22 @

k3 TE T

= == E =
I’]NII’I"I:I?EI{}“EH}TM"I - i el 4 w =N
EEEEEEEEEEEFEEEE.EEE.EE.EEE.EEEE.EE

] - -y - [ 5 -

ERREEr e EEREREECEER R EELE

=il ey

RRR

HH =5 §3z9 §§

'EIX: Eiﬁiga BEZE ©8 5

il uZ222%3y AdF3_ ddccoacdcs

=§E$$EEEEEEEE§§E=EEEEEifiﬁjﬁ
=0 =l ] =

R PR EEEEE R P EEEE EE L EEEE R

Trisomy21

t(8;21)

inv(16)

M4/5 cluster M7 cluster

1 BNV ZXZY > J8ER

Clustering of patients based on the expression data of the 749 FAB subtype-specific probe sets.
Each column represents a patient and each row represents a gene. FAB subtypes. M2-, M4/M5-,
and M7-specific genes are indicated by bars and chromosomal abnormality by dotted line,
respectively. NBM indicates normal bone marrow sample.

M7 (+21)cluster M2 cluster
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R2 YT THRIRENRERF 74970-T&y XUk

Function
Probe Set ID  Gene Symbol Gene Title Apo Tmm Proliferation _ Cell cycle _ Differentiation _Oncogene MAPK cascal de__STAT pathway
106_at RUNX3 runt-related transcription factor 3 ) ) °
1065_at FLT3 fms-related tyrosine kinase 3 [ ) [ ] [ ] [ ]
1067_at FLT3LG fms-related tyrosine kinase 3 ligand [ ) [ ]
1071_at GATA2 GATA binding protein 2 ) °
1263_at IL3 interleukin 3 [ ] [ ] [ ] [ ] [ ]
1378_g_at NFKBI nuclear factor of kappa light polypeptide gene enhancer in B-cells 1 ° [ [ ]
1475_s_at MYB v-myb avian myeloblastosis viral oncogene homolog [ [ L[]
1520_s_at ILIB interleukin 1 beta ° ° ° [ ] L]
1542_at EGF epidermal growth factor o [ ) [ ] [ ]
1547_at JAK3 Janus kinase 3 [ ] [ ] [ ] [ ) [ ]
1681_at ESRI estrogen receptor 1 ° °
1787_at CDKNIC yelin-dependent ki bitor 1C (p57, Kip2) ] [ L[]
1914_at CCNAI cyclin A1 ]
203_at GATA2 GATA binding protein 2 [ °
2031_s_at CDKNIA [ ° °
2049 s at JUNB ° [ ° °
2094 s_at FOS ° [ ] [ ]
31685_at FEV [ ]
32263_at CCNB2 cyclin B2 ]
32583 _at JUN jun proto-oncogene [ ) [ ] [ ) [ ] [ ] [ ]
34583 _at FLT3 fms-related tyrosine kinase 3 [ ) [ ) [ ] [ ]
34742_at BCL2LI BCL2-like 1 [ [ [
35638_at RUNXITI runt-related transcription factor 1 L[]
35662_at CASP6 caspase 6 L[]
36143_at CASP3 caspase 3 [ [ °
36669_at FOSB FBJ murine osteosarcoma viral oncogene homolog B °
36787_at GATAI GATA binding protein 1 (globin transcription factor 1) [ °
37280_at SMADI [ [ [ ] [
37724_at myc v-myc avian myelocytomat ° [ [ L[] [ ]
37809_at HOXA9 ]
39402_at ILIB ] [ [ [ ] [
40327_at HOXBI3 homeobox B13 [
41448 _at HOXA10 homeobox A10 [ )
574 s at cAsPI caspase 1 e
914 g at ERG v-ets avian er is virus E26 oncogene homolog [ [ ] ]

I. 2%

MR RE DS 7 &2 X A FAB 4048 & [FERIZ,
7970 =7ty FOFEB LNV AHZ LI
Ko TH T A4 TSR THoT. T84T
IZENZTNIFE O D 5 Gtk RER LRI D 5 72
O, TNOLOREPBRETHEBIKE LEEL G2
TV B REMEDSRIE S LTz,
BIZFEBBTIC L2 L7 8 4 7 M7,
HHLEREIC X 5 FAB O M7TE 27 1), Jefo ik
i
T

>i6

B

S

%9 Trisomy2l (57 VEMER) & ZFll
VY CIIRR2 200075 4 2GS, M
T TR ETE ol 7 Vv—748 LT
ST EZ. THUIAEOH L VB R FEBET I
X7 7u—FT, FiheOMBIZEET % EET
[AETE LR ZRIE L T 5 M S e,

(1)

(8] 58 5 TS BURATIZ & > T S 727497
O—7%vy b OB ORRRIZL L2758 TIE, TR
b= RICBEE 12, SREIREBIE 195, AfifalE
ji BH 0 180, A IR 87, MM AL
186, AR EET 15, MAP ¥+ —¥ L 7 F
VB 56, JAK/STAT ¥ 7 F )V ; 207 11—

sy

cal

G

7ty MuH Sz (EHEEDD)

% @ 77T, runtrelated transcription factor 1
(RUNX1) #frfidReflFIfFEL, €OTF
it ¥ 75 v @ GATA binding protein2 (GATA2)
EIEEICEE M bR ICEETH L 2 &8
Wi SN T b, Trisomy2l TIRIEH & 1) b 21F 4
BEP1ARL L, ZD7-® RUNXIFEZEBL,
GATA2OHRREITLEDFHE S NS L ST D,
DAER, FEIEHEE R AML D5 E b £ {, FF#I2
AML % 7% A4 7 MTZEJE & OB L T 2 W] REME
DR STV B (£ 2) R TR
e L HEAYEE LW A)S, Trisomy2l % #:2 M7H I
T GATA2D FEBLE A E W EITIZH - 72, (Data
not shown)

T 724 B OENTC JAK/STAT ¥ 7 F W REZEIC B
5.4 % & {5 T (fmsrelated tyrosine kinase 3 :
Flt 3, interleukin 1 beta ; ILIB 7 &) 2%l & 41
THY, M, sz L, BEzEEE
HIMREFRAEICRKE SIS LTWA Z EAVRIE S
7%, Z ORG-S 2 EEF OEMEALIZIZ Y VR
CEETH Y, FEBUENT 721 TIZFFM 2 EE L W,
(2)

AML #ifg T1Z 7 R b — ¥ 2 2 ¥ § % BCL-2
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FLT3 RERE
250 |
200 =
150 - "
| |
100 - n I = :
| | : | |
50 " - _ | '
| | » ™ : . u -
1
0 - B =
. [

M2 M2 M4/5 M4/5 M4/5 M7 M7 NBM
t(8;21) inv(16) 11923 Trisomy21

2 : Comparison the expression level of FIt3 in JAK/
STAT signal transduction

1(8;21), inv(16), +21, and 11923 indicates chromosomal
translocation, inversion, trisomy, and rearrangement of
chromosomes. NBM indicates normal bone marrow
77 3I) = MCLIZEHEHLTWwWAE EEDN,
FHPIEFE IR G- L T A I STV 5. KL
2B W T Bel2-L1X caspase 2 &7 KR F—3 |2

BI5-3 2 BT Sz (103)

900 Caspase 6 £IHE
800 - | |
700
600 | " .
™1 | |
500 u B n
661
| |
300 | | u
|} H I
200 | | '] . i
u [ ] u l
100 H ]
| u -
0 i = = : B
| |

100 M2 M2 M4/5 M4/5 M4A/S M7 M7  NBM
t(8;21) inv(16) 11923 Trisomy21

3 : Comparison Caspase 6 expression levels among
the New AML subclass of this analysis.

Tz, Bade s 7OV X BIEHELICIER IS EE
72 NF-kappa B 1d AML TIE#MAEL Y % 58
LT, Mg, St baFgsnc
WhEHEI S Az (K4)

T 72, HIMFEMEOMERCEE E S 2 Mlifg s
&K FD—>TdH % neural cell adhesion molecule
1 (NCAM1) IFAML OB X Z20% THH L,
MAPK-signaling pathway = &M bL, 7R F—3
AL CTwa, BE, LEREOERN SO —
DLLTEHENS2H Y. (MN5) Fkx Off#T

400 NFKB1HIRE
350 L]
300
.
250 . . "~ .
200 o . .
150 L]
[] [}
100 ° ; 3 .
s, o, o b :
H
o | . i
.
-50 M2 M2 M4/5 M4/5 M4/5 M7 M7 NBM
t(8;21) inv(16) 11923 Trisomy21

4 : Expression levels of NFkappa-B1 in AML new
subtype classification

2400
NCAM1 RIRE
1900 -
u
1400 - | |
1 |
| |
u
900 -
|
| ]
n n . ] "
] u ]
400 i i | ] : 8}
H " - "
e 1
_1m d
M2 M2 M4/5 M4/5 M4/5 M7 M7 NBM
(8;21) inv(16) 11q23 Trisomy21

5 : Overexpression of NCAM 1 in AML

WZBWTH NCAMIAAML THZEBHLTWwWS Z
LRI S, NCAM 1 %M & L 728 72 2 6k
FEEREHRTLEEL R o7 L L, £ 0#ET
OWEBIZBETOAHTH Y, T2+ % BT
bt Twniwn,

PTAE, A AML T & [RS8 R T FEBU#T I
L2975 4 TOSENwRE S, BIRENC
EAEN T OBIZTZEBINTIC X D5 R05, RiF%E
TAT o 7BMTRE R & —F T 28 b L, FhR
T2 L ARETFEHADOZALIT/NE LA TIET 5
BB\ TV AR RIE S 7z, 2450
fAHT T, myelodysplastic syndrome (MDS) %
myeloproliferative neoplasms (MPN) 7 & @ & #f
P M E R EICE L BHEDOH 5 GATA binding
protein 2 (GATA2) 28 sNTBY, KADZE
BUEAT TS SN TV WEBETFAS, NETIRE
BRI %2 LTV BT RN D - 727
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< Abstract >

The new classification of Acute Myeloid leukemia with the gene expression analysis

Tomohito Yagi”

1) Faculty of Rehabilitation, Kobe International University

Acute myeloid leukemia (AML) is a heterogeneous group of genetically diverse hematopoietic
malignancies. This study demonstrates that Hierarchical clustering analysis with 749 probe sets selected
by unsupervised analysis, classifies AML subtypes; M2, M4, M5, and M7 French-American-British (FAB)
subtypes into the new appropriate subtype clusters (M2, M4/M5, M7 clusters).

Key Word: Acute myeloid leukemia, gene expression profiling, FAB classification
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AR TIE, AR—=VBETEON— T MAMZRET AL DI, N—=2T 7 b
ERET L OHERAERTAZEEHE L, AT, WADAEMIZL L8 2D
WTHME 21T o 72, MHREE, EEREHE L NV OEBIKERETF244 (4:#516.3+0.8
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£ % E T VI, Smith 2B L Tw 2
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Stein X°> Raedeke 73205 L T\ % commitment €7
W %0 F 5 M A, cognitive-affective stress E
TVIE, ALV RICHET 2 EERHRLAZ N— T
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7 MIEEEEbOTHY, MAD/S—V T
TAREEOITEEEICANL LT, ARLALW
ABEPHN= T N OFREEEEETMELT
W5, commitment E7I)VIL, Smith 25H2ME L 72 €
FILOFES T OHFIESE L TEEFTLTH
D, BHEDAR—=I~OMDbY) gL Twb
ZDRIT, BHEDPEDY 72 WEKETAR—Y
IZB5- L CTw A Al (attraction-based commitment)
L, ORBIEDY 72 ke BB TS LT
W5 A (entrapment-based commitment) T, %
BHOMIIBWTN=V Ty N BEREEND L &
ENTWE,

T/, B, AKR—VUBEBEBEON—-T Y R
fifts 2 L CEED T ICE T 5 BRI ATH D H
CoEsmY 2R END L)1k > TR,
Jordalen 5 1%, AR —VEFEEON— T b
WX LC, BigoBLO eV 7oy bu— Lol
HERSTEAEmL, N— 7 MEEICKH L TH
BOTBLObLV 7oy ba— WS EELRBEDOHE
AHETAIEEREL TS, ZZToRLVTa Y
Fo— )&k, HENOE TN I B L \VIZFERD
Tk E ERESNAMETHY”, AL HED
B\ 3l HER S MR LT, BERIICEC
DRISE BT RN EHZONTVWEY . $72,
RBIFESY 1, krvryaryiro— Vi [EHOHE
WIS VOZEREET S L) RERREICH L L
&, RN TG0, A e iiiE 1 B v TR
WWEFEFLWHEZERL, HEHIZET L 2WE
EEREIRT A2 b ] EEFRL TV A, Jordalen
590%, AR—VEHESEHEVEL T Y FO—
VHES) E BB O T 2 FERfii 2 5 2 L A%, B#
ATy NI (SNt 2 ;1 b - R N VA
EIRRT N3,

DEXY, AR=IBHEBEON—T 7 & Bf#E
$5 5T, AR=YBEEEOHEHAOEDY T, B
BOTREZELZERTHY, 73y ba—Lo
HEILRKEVWEEZONL. FZTARIFZETIR, &
MAR—= VBB ON— T MANZFHET D &
EBIT, W= Ty b EEET LOHE R 2 R

TAHIEERHWNE L7 F7, HEEELNPAR—
Vi LMD L BT, BRI FRIZRA) 1R
PELVITRO—DTH L7280, HRRIE/N—>
7o b B LTEOMOCHEER & ORE Y MR 5
ZExHBE LT

op-2
K RE b L CRIENEE

e Tl A EIRS 13 L~V OJRERENIZATE L
TWhmEE2An RS E Lz, RAEERE T L
V=X THY, REZMTTOEMHTH > 72,
ETOMRE B L OREE I L CTHFZENEIZ O W
TOFFHHATIT, FHICCTRELR2. RiFkE
X2 DOFIFERAE IO W T A EIR R AR B R A2 5
RORBRE TR EM L 72 KEEFS  G2019-
095).

BIERE
HRFIEL L PGSR

T A AY— M) REOF R, MR, Bibk
JBE, BARIRDUCRE§ A 1 E 1572, F IR T,
FIERE SIZ BT HEIIFADD L0 L) pIlZown
T IV H20viE Wz | o 2% ThE %K
D7z,

Athlete Burnout Questionnaire (ABQ)

Raedeke & Smith® #%FI%¢ L 72 Athlete Burnout
Questionnaire (ABQ) % & 525 ER L 72 HAGE
M ABQY & T, WERFD/NN— 7 MATE
HELZ ZOREE BEO A (reduced
sense of accomplishment), 1E#EHY / B KA FEIK

(emotional and physical exhaustion), ¥k Hfffi
fEift. (sport devaluation) @ 3 HFTHEE S, &
W22 & 5 >OEMEESHES LTS (£15
HH). ®&FHE I, enehoEMEE (Fl. £
FRERIZB W THORERED V) IS LT, H
HBORREBS LEDET 1. Fo72{wv] »
55, ZEAEVDL ] OVITIrZERI T
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HH 1 BLOHHIIIEEIHEE TH 5720, gk
DFFRE FAT IS 72

Athlete Engagement Questionnaire (AEQ)
Lonsdale et al. 2V 25Bi%S L 7= Athlete Engagement
Questionnaire (AEQ) % bAJ & 23FREN L 72 H ARGE
B AEQY % MW T, WREIC L HHANOREN
MooHtExWELL ZoREIX BHfE
(confidence), ##% (dedication), %/J (vigor),
#JE (enthusiasm) O 4 KWF TR SN, #FKHF
IO ZAODEMEHEHMHEEIN TV S (2161
H). ®M%E2iE, @47 HoffEc, zheh
DEMIEE (RIIKEKTHPOHELZERTE S L
FLTWS) LTIl Eo72< %] 5[5,
FLAEVWDL ] OnThhzERS 7.

Sport Motivation Scale (SMS)

Pelletier et al. ® #3B%& L 72 The Sport Motivation
Scale (SMS) DIEHH® ) b, MH BFHHRL M
FEREED ITICES A 12HE 2 L2, AU TS
VD SMS T, WEEIWEIRED 1T % JIH O A ER 16
5 WNEENEIRED T, Hafroa Ik 5 NS E)
WO, HEROBFITT 2 NFEREIEO T O 3
FIAEL TS, LaL, BHY RT3
W CNSOEBIZOWTIE 1 FFHEEEY T
HoHEWMEL TS, UEEZEL, KRBV
THI2HH OEF 2 0 R OWNFERIEIE O 1B
THHRAELTHW . HREIZIE, Ththol
MIEE (B, AR—VIZBFT2REPH X200
ThHb) IZHLTIL. &L{ETEEHLV] 225

[7. £ THHTITT L] onThpzRIRSE.

Brief Self-Control Scale (BSCS)

Brief Self-Control Scale (BSCS) %, Tangney et
al. |2 X o THI%E & L7z Self-Control Scale (SCS)
DOFEHMER T 5. SCS 1T 236THH TRERL S LT W
LD L, BSCSIZEI3EH THEEINTRBDY,
SCS L@ HB (r =0.93) ZfRo 7z L CHIZEZE D
BHHERAT SN T WA, TR S 12 &

DVERSNTBY, o sEEEE ULz T
WA ZEDHRENTWS, MNREICIE, Theh
DOEMIEE (B, FRIZET %) LTI,
ECHTEEL V] 5[5, LTI HTUEE S
DTN Z EIRS 72

T AR

AT IZJEAL S, HHRIHE & %2> TWAHIHHE D
Rz L, THRERPOEeEH L2 £
D%, WREOHERENE & ZEEN L TR et
THEML, FIE, SREREE, S, RoRfE, R
i, BBFEEXEEZREB L T, FEHOM
% Pearson OREFA BRI L Y KD 72, &ZIZ,
SRE % GIRITTAD D LR (Kb D) LEA
DREE (B LB (S8 L, B ICHEMt
B FEN L 72 RRE O E 21X Cohen's d ZHRH
L, ZOf#HUE Cohen 54ME L T\ 2 FLHE® % H
wio (BhRENd=0.2, FREH A =0.5 FRE
Kd=0.8). &b, Hal#HIZIZHEHN Y 7 b (Social
Survey Research Information Co., BellCurve for
Excel) ZfEH L, HEKEISBE LT

#HR

T REOHERIENEE KA REELITRT. K
WO 581, FHHERL16.30. 7%, L7 4,
BYLT4, PIHHEA 422 THETH - 72, L
HCHAEET DRRELT 4 (29.2%) ThH-o7z.

LR OMBREZE2127T. ABQ DA
JETH 2 RO WA & B RS b 72IH
Hix, 4 &0, #UF, vV 72> ba—LTho
7z F 72 TEEIN S BRI R & B o AT AL,
HELHE HHLEUE, B8ttt ryary bu—
VORI S FERHBEDRED b,

TG B BARIRDLIZ S A AR RICHED S, K
i D FE(T7 %) SR LIE(L74) I23RY 43007,
HEMIE E Fh L 7R A2 R 3 ITRT. £ THIHHE
BV THEEIRO LN o720 00, i,
ABQO TR RETH 2 EEIN / B KM FEIK,
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K1 HREOEREMEEZRERBR (n=24)

Variable Bl
M SD Min Max LL UL

S, R 16.3 0.7 15 17 16.0 16.6
TR (i 7 B, A 7 /17
WEREE, AFRR 4.4 2.7 1 9 3.3 5.5
ERb, AN 7
ABQ

BORE DA (/5) 3.1 0.4 2.2 3.8 2.9 3.2

1BEN / B IRIEFERE (/5) 2.9 0.7 1.4 4.6 2.6 3.2

B O EAMAEAL (/5) 2.5 0.8 1.2 4.6 2.2 2.8
AEQ

HiE (/5) 3.6 0.7 2 4.8 3.3 3.8

B (/5) 3.5 0.6 2.5 5 3.2 3.8

%71 (/5) 3.5 0.7 2.5 5 3.2 3.7

#AE (/5) 3.4 0.7 2.3 4.8 3.2 3.7
SMS

MNFEEIRDT (/84) 59.0 9.8 37 75 54.9 63.2
BSCS (/65) 33.5 5.9 21 44 31.1 36.0

95%CI =95% confidence interval, LL=lower limit, UL=upper limit, ABQ=athlete burnout questionnaire, AEQ= athlete
engagement questionnaire, SMS=sport motivation scale, BSCS=brief self-control scale.

x2  EREOHEBEERE

Variable 1 2 3 4 5 6 7 8 9
1. B -
2. THEI / BRI RERR 0.28 -
3. B HEMIEL -0.08 0.57* -
4. HE -0.49 -0.53 0.47 -
5. & -0.70* 0.12 0.06 0.55* -
6. &N -0.79** 0.13 0.09 0.45 0.77* -
7. BJE -0.58* 0.42 0.36 0.36 0.26 0.63" -
8. MNEMEHEOIT 0.01 -0.05 0.14 0.15 0.21 0.05 0.11 -
9. ki 7arhru—)u -0.58* 0.33 -0.05 0.17 0.22 0.23 0.58* 0.30 -

~p <0.05, ™-p <0.01

K3 I WNERBEOFEICL PR EOHMELER

PR %% LAE P& 1) B S
Variable (n=17) nh=7) o ?)3(?)5
M SD M SD
A, % 16.2 0.7 16.7 0.5 0.09 0.84
TR (K 7 B, A 4 /13 3/ 4 0.34
WEREE, AFRR 4.6 2.7 4.0 2.8 0.65 0.22
ABQ
WA (/5) 3.1 0.4 3.1 0.4 0.94 0.04
TEEIY / SRR (/5) 2.8 0.7 3.1 0.7 0.24 0.57
B O EATfEAL (/5) 2.4 0.6 2.7 1.1 0.51 0.32
AEQ
HfE (/5) 3.6 0.6 3.3 0.8 0.32 0.47
s (/5) 3.5 0.7 3.5 0.5 0.90 0.06
5 (/5) 3.5 0.8 3.4 0.6 0.81 0.12
BIE (/5) 3.5 0.7 3.2 0.5 0.37 0.43
SMS
NFEEREIREO T (/84) 60.5 8.6 55.4 12.1 0.27 0.55
BSCS (/65) 32.9 6.0 35.0 5.7 0.45 0.36

FAEHUIRT U CHAL L 729 2 7V o ¢ e & 920, PEBN e LTl “HOE % S0,
ABQ=athlete burnout questionnaire, AEQ= athlete engagement questionnaire, SMS=sport motivation scale,
BSCS=brief self-control scale.
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SMS DO WIERIEIHE D TS Ic B W THEE D Eo
hEE (d>0.50) 2D SN,

Z B

REFFED B, @ERES IS L~V O EBIKER
BFON— 7T MARZHET 2L EB1T, N—
T M EBETLOLHERNZHERTLHZILETH-
7o F BERRICE ST, N=r Ty RBIO
Z O IRAIREED 2 72 2 5 b BE& THRGET 2 1T -
7o BB, BATRIC L DN T b e

HEET D EEZLNHEREORIBEYS OH
LR, NEBEIEOT, Loy ba—IVORRE
RRELT SO, BHHEICE o THEOR AL
IRNT F =RV AEAETHHETHY), N—=rT 7

FEDOBEDESINLZ 0D, BIRKILE LT
PR OF BT 2 1B & I L 72

RIFFE ORGSR, KR F — 20N — 27 MEANX
RO A 233,104, [EHE / BRI FEEAS
2.9%0.7, HHOEAMMEILAH2.5£0.8TH o 7.
Raedeke 3 X ¥ Elkund & Cresswell” 1%, % T
RMRED 3 (K4 H D) LLETH- /28 ZITHW
IN—=2 T MERTH S LERTHIEERELT
W%, £7:, Hodge et al.” 1, 151/ SR
ﬁmtﬁﬁwﬁﬁﬁMiizﬁﬁ/bﬁ7ﬁ&L
THEBTHDLY, BUREDOBPICBTN—=0 T
MAR AT VIRRE L HIWT T 2 4 v b A T EIE 2.7
WEBIZERRT VD, KIFEORR E TS DHE
W T B & RFZE D0 & O B O A 1%
FHEfE % B> TWB 2 LD h b, BUkEISRA
L7ZIREBICH B AR — U HiiEiE, BHD/7 5 —
7V ARERE & T ERICEEM S 2 WA 5%
L7235 T, RIEOMREL, HHD/INT7 +—<
YAREREERENIIRATEY, TOHIZBW
TEWAN=Ty MAMZEL TS EWZ S, £
72, BWIFRICE > T, ALF—2HNTH-oTH/N—
YT MARIZK E RBEANEPEEST 5 Z LS
Mol ORI, N—r T N ERRICEH
CldIziE, #EF—AVDE ) OLHEIREZfELL,

FRNIEEEZ T > T S EPUETH L T L AR
LTw5h

WIS, BUREROWEA EBEE2 AT H2EBICERT
% &, M@@THR Th BT, B, BIEL
kv 7ary ra—vkoMICHEEZEAOHBED
R b7z, AEQ O il 5 % T & % Lonsdale et
al i, Bk THOPEEEZ 2 5 HEOEK
DIDIZHE N ERMEHAL L) LECELI L,
5 e [ B Rm, A2 L CRIENIC = A )L ¥ —
Wb CAEZAZE LZRE] L 2hendil{ LT
Wh, F o, BRIIREEEUPHEA LIS TH
D, Bz [HEPLHAGOL TN T AR—IC
BT 2 KT T4 7R BEPEHOP 2 HOTWAHIK
Bl BU% [RLAR, FEP2, HBELZEZEKLD
LHARRE] ERHBIL TV 5. BUREK O & RIS
HGOTMREPAEEZMEEZR LRI, AF
SF M BB T NRT v MR- VR E R R
AT oA R R —ET 5. ZORRE R
EIPA1 SRS t””ﬁﬁwtfwé%?w%ﬁ%
KT B2EHNTEDL. PREEYIE, N—r T

FEHERET 7, OB B~ - AT (B
KRNT =< Y ADEG R LI & o THL O

AN 2 FE0) —[EH - S (ZNTHHIT S
BT B) —THEE (4 OB - B RigRE DS
HELB) ERLTWE. ZOEF VIR #
ZUTCEDL L, FHICBTTL25HHD/8T7 4 —
YA S LIk o THRBEET L, B
G- 6] - BIEOREPHA L E R L2 EPT
&5, T2, KMROMRE %o lF — L3 EEH
BOBERTH Y, BT LWHFRREICH L 2 &,
AR T L =X Th Y, IR Z 1512 <
W TH o7z EBEKNELTERXOLNS.

IV T a3y b= VIS RGO AV F =
VHETHDIZO DT, TOFEHFEIFRLNL T
HIEMS, kv T7ay bu— VEENIZE A
ZBIZONDZEDH2EY. oF Y, WwEEIC
TAHIEICXIDHEEL HHMRESE (ego-
depletion) %5l X Z T REMELH AH. LIV T O
Y= VEAT) 2ODOEFEZHELTL o720k
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BT, HEE23EMIca sy Pa— L TEX LR,
HIEEDZER R /ST + —~ v AR - A LS95 2
EHAWEEICZoTLEI EENTWAY . BELY,
AR BWTHEOBA LV 73y ba—)v
VPEEZEOMEARLZZEIE, V73 b
O— )VOEHEINT + —< V ADRT 2, Bt
OO LD o 72l RmE L Tnwb, Ly
L, RIETIE, HRBFEDPESNTWE LD D
D, BLEBEMOBREEEES 2 2 & IETE TV A
V. S, FREBEER L, Ko L v
73y ha—), BEHEANORBIES o R
SEDNIT DU D .

W2, "EELZ GRS CTHEL, 21
TR IR % i L 72/ RSO W TE R Z AR
5. WEBELEFHAOFETHTEL, HHEEKEIT-
TR, T TN A AN ENWT b EEER
B35 2 L3 TE R o725 BB/ BN
FEB L UONRNEIE O T IZB W THEED Eo%)
LEDPHERE SN, WO ABQ Aa7 & kil L7
M LT 5 L, KRb ) TIEREEOEA
Wz, BN/ SETEFER SR Bl o C
WL ZEDHONE o7 T2 NENEIRED T
A, R LRI L, ERd D IS B CRfE
R TEMASFED & 72, BB / BRI THFEI
FML—==2 75 VIEHEICER T 2 .08 AT
B, &5V RERIZE > TEL 2168 S
DVIEHERIETTTH Y, N2 T 7 ORI %
FEIRTH B L ENTWEY fEomL, HEm
/ BARITEFEK B X WS EIRED 1F o BIfR & B3
5L, HEW/ HENEEESEHOONLZ LI
Lo TEAD L VITZH AN MASEL, B X
A RTL—=NTELRVWI ET, &L L OHZEW
OO TAE L T2 ReErH 5. L L,
ZOBREHS NI B 720 I IEHERTT) 7 A DS
BTHY, RKUIFETIEIZOBBRETHL,ICT ST
EIXTEZRV. MAT, FERCHFEHMME Vo /2%
HWEERIZANSN T2V RKIFFEORY & L
THEITOoND. Sk, AR—VHEEEOLHIKED
L OB RIRDL & e D S THIICRA L, £ O

RMEZWSPICT 2 LED D 5.
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< Abstract >
Associations of Psychological Factors and Body Pain with Athlete Burnout in High School
Water Polo Players

Kazunori Akizuki" Kosuke Takeuchi”

1) Department of Physical Therapy, Kobe International University, Kobe, Hyogo, Japan

The purpose of this study was to investigate burnout in athletes and explore related psychological
factors, as well as the effects of body pain.

Participants in this study were 24 high school water polo players at the national competitive level
(mean age 16.3 = 0.8 years, 7 females, 17 males). The participants completed the following four
questionnaires: the Athlete Burnout Questionnaire, Athlete Engagement Questionnaire, Sport Motivation
Scale, and Brief Self-Control Scale. We also collected information about the presence or absence of body
pain.

This study found 7 people (29.2%) who reported body pain. In addition, there were significant
correlations between a reduced sense of accomplishment, which is a subscale of the Athlete Burnout
Questionnaire, and subscales of the Athlete Engagement Questionnaire and self-control score.
Furthermore, although the difference was not significant, participants with body pain showed high
emotional / physical exhaustion and low intrinsic motivation.

The results of this study suggest that psychosocial support for those with low engagement in sport

and low self-control capacity and for those in pain is needed to deal with burnout in athletes.

Key Word: Burnout, Engagement, Self-control
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RWFZED B9IX, BRICHEALT AT 2 ERKEGETFOBE B O E S 2025
HZlEL7 WNRIIEEKERETULE L. ®REFEOI L, 1 ELNIZHEEREICE
MDD > 72 7 o EERE, 1EUNICEIRADY 2 h o 72174 % JEEERE L L
7o, ETONGH I L CEETENENER L OHRER T 7 — R E L EER
e FER L7z, BETEHENEIE T = F A — 5 —F T, JEMEIR L, BRI
e (8 BSOS Ay , T8 BARIAVIE (8 BIEROORE M ointy) , e B EiE il (BEBEEh MR AL) |
PeRaE e (BRI P RIAT), RERIETTIE, R, MARmfen Sl e L.
ERFIITH (BHSK, w24%), FEEEFIXLITS (BHEI2%, LS %) Thor-.
MR IS BTN, S5, KE BHBICEI L7 BEERICBWTEIM X FMA
D8 BIET i T B IS S IER) & T & bl L CIERMEE R L7z (p <0.05). Z0fboilEE
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HIZBLCiE, #EH, HRNEDIZETRro7 LX), 1HEUNIIENICEAEA
§ % EAUKEGE T3 & TR O R BEETNIETEIEET L Twab 2 Wbt ko7,

F—1— N JKEK,

1

il

KERIZFEIRK E N FR— LV EMAEDE LD 2
BT H Y, JREME & REREME 2 B ARYICHE D KT
T, BNMESOREENS FETHY. Hhikic
B sHEEEREEOV A 77 25— LTREH
FiTEE D S { O THMEF ST WA Y. Lee
etal? DY AFIF 4 vy LY a—Tld, BET
B o W T b 5 B ET NV e o] BB GE T IS B LT
LEMEREEREOREN L) A7 7775 =L L
THEENTWS, —F, ==~y FARK—
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< Abstract >
Characteristics of range of motion in high school water polo players
with shoulder or elbow pain

Kosuke Takeuchi”

1) Kobe International University

The purpose of the present study was to investigate characteristics of the range of motion in high
school water polo players who experienced shoulder or elbow pain. Twenty-four high school water polo
players were recruited. The range of motion of the shoulders (flexion, external rotation and internal
rotation), trunk (rotation), hips (straight leg raising and internal rotation), and ankles (dorsiflexion and
plantarflexion) were measured. The participants were divided into two groups: participants who
experienced shoulder or elbow pain within one year (Injured group, n=7) and those who experienced no
pain (Non- injured group, n=17). Seven participants had shoulder or elbow pain within one year. In the
Injured group, the range of motion of the shoulder internal rotation on the dominant side was a lower
value than that of the non-dominant side (p<0.05). There were no significant differences in the other

parameters between the Injured and Non-injured groups.

Key Word: Water polo, Rnage of motion, shoulder and elbow injury
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