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White matter lesions as a feature
of cognitive impairment, low
vitality and other symﬁtoms of
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Aim: White matter lesions (WML) are common findings on magnetic resonance imaging
(MRI) in elderly persons. In this study, we analyzed the relation of WML with global
cognitive function, depression, vitality/volition, and 19 symptoms of geriatric syndrome in
Japanese elderly patients who attended three university geriatric outpatient clinics.

Methods: Two hundred and eighty-six subjects (103 men and 183 women; mean +
standard deviation age, 74.5 + 7.8 years) were included in this study. MRI scans were
performed for the diagnosis of WML, and the severity of periventricular and deep white
matter hyperintensities (PVH and DWMH) was rated semiquantitatively. Concurrently, all
subjects underwent tests of cognitive function, depressive state and vitality, and were
examined for 19 symptoms of geriatric syndrome.

Results: The study subjects showed cognitive decline, depression and low vitality, all to
a mild extent. Univariate linear regression analysis showed a negative correlation between
the severity of WML and cognitive function or vitality. Multiple logistic analysis revealed
that the severity of WML was a significant determinant of cognitive impairment and low
vitality, after adjustment for confounding factors such as age, sex and concomitant dis-
eases. PVH and/or DWMH score was significantly greater in subjects who exhibited 13 out
of 19 symptoms of geriatric syndrome. Logistic regression analysis indicated that WML
were associated with psychological disorders, gait disturbance, urinary problems and
parkinsonism.

Conclusion: WML were associated with various symptoms of functional decline in older
persons. Evaluating WML in relation to functional decline would be important for pre-
venting disability in elderly people.
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Introduction

Brain magnetic resonance imaging (MRI) has markedly
enhanced the chance of detecting characteristic hyper-
intense signals in the periventricular and subcortical
areas on T2-weighted images, even in asymptomatic
older persons.’ These lesions are known as white matter
lesions (WML), leukoaraiosis or white matter (periven-
tricular and subcortical) hyperintensities.>* WML,
which accompany symptoms of gait abnormalities,*”
urinary symptoms®** and cognitive impairment,**%* are
reported to be associated with aging,'*'* hypertension,*
diabetes'® and atherosclerosis.® There is poor under-
standing of the pathogenesis of the lesions, and it
remains unknown whether WML are mere innocuous
radiological changes that appear as a result of the aging
process,**1? or whether they are one of the causal
factors of the functional decline in elderly people.

Geriatric syndrome is a group of symptoms that are
related to daily life, and the comorbidity triggers the loss
of independence of elderly persons. Hence, evaluation
of geriatric syndrome is important for the physical and
mental care of the elderly. To address the pathological
significance of WML in the global cognitive and psy-
chological functions, and in geriatric syndrome in rep-
resentative Japanese elderly subjects, we organized a
group of geriatric outpatient clinics, and investigated the
clinical manifestations of WML in those patients. Espe-
cially, we analyzed the relation of WML with global
cognitive function, depressive state, vitality/volition and
19 symptoms of geriatric syndrome.

Methods

Subjects

This was a multicenter study performed at three dif-
ferent university geriatric outpatient clinics in Japan
under the organization of a Longevity Science
Research Grant from the Ministry of Health, Labor
and Welfare of Japan (H15-Choju-013). Two hundred
and eighty-six consecutive subjects (103 men and 183
women; mean + standard deviation [SD] age,
74.5+ 7.8 years) were included in this study: 187 at
Kyorin University Hospital, 74 at Chiba University
Hospital, and 25 at Nagoya University Hospital, from
lanuary 2004 to January 2005.

The diagnosis of dementia was made according to the
Diagnostic and Statistical Manual of Mental Disorders.
Fourth Edition (DSM-IV). The definition of hyperten-
sion was systolic blood pressure (BP) of more than
140 mmHg or diastolic BP of more than 90 mmHg, or
receiving antthypertensive drugs. The definition of dia-
betes was glycosylated hemoglobin Alc of more than
6.5%, or receiving antidiabetic drugs. The definition
of hyperlipidemnia was total cholesterol of mere than
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Figure 1 Distribution of vitality index. All subjects
underwent assessment of vitality index as a measure of
vitality related to activities of daily living (waking patiern,
communication, feeding, getting on and off the toilet,
rehabilitation and other activities; 2 points each; range,
0-10).

5.72 mmol/L, triglyceride of more than 1,70 mmol/L, or
receiving antihyperlipidemic drugs.

All subjects underwent the following assessment of
global cognitive and psychological function. Cognitive
function was evaluated by Mini-Mental State Exami-
nation (MMSE)."® In this examination, we focused on
calculation (serial subtraction of 7 from 100) to evalu-
ate attention and working memory (part of the frontal
lobe function). We also performed verbal fluency or
word recollection test by asking the subjects to name
as many vegetables as possible, which is also indicative
of the frontal lobe function. Depression was evaluated
by the 15-item Geriatric Depression Scale (GDS-15),
which consists of 15 dichotomous questions for
screening depressive symptoms in elderly subjects
(range, 0-15)." Vitality index was used to measure
vitality or volition in daily life (waking pattern, com-
munication, feeding, getting on and off the toilet,
rehabilitation and other activities; 2 points each; range,
0-10)."* A full score can be maintained until one is
severely disabled in cognition or function. The distri-
bution of vitality index in the subjects of this study is
shown in Figure 1.

We examined symptoms of geriatric syndrome: 19
dichotomous questions about hallucinations, delu-
sions, insommnia, vertigo, paralysis, numbness, gait
disturbance, tripping, falls, pollakiuria, urinary inconti-
nence, constipation, decreased appetite, weight loss,
apathy, speech impairment, swallowing difficulty,
tremor and muscle stiffness.

'© 2008 Japan Gernatrics Society
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White matter lesions in the elderly

Table1 Clinical characteristics of study subjects

Mean + standard
deviation

Prevalence
(n = 286)

Clinical characteristics
Age (years)
Women (%)
Height (m)
Bodyweight (kg)
Body mass index (kg/m?)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Prevalence of complications
Hypertension (%)
Diabetes (%)
Hyperlipidemia (%)
Past history of cerebrovascular
disease (%)
Smoking (%)

Cognitive and psychological assessment

Mini-Mental State Examination
(0-30 points)
Geriatric depression scale (0-15
points)
Vitality index (0-10 points)

White matter lesions
Periventricular hyperintensities
(points)
Deep white matter hyperintensities
{points)

745+ 7.8
74.0
1.55 + 0.08
52.4 = 10.6
21.8=33
135.3 = 20.2
763 = 11.8

50.7
27.3
50.0
10.1
22,7
231 x53
5.0+£3.5
9.4%12
5548

355 £398

Table 2 Relationship between white matter lesions
and global cognition (MMSE), depressive state
(GDS-15) and vitality (vitality index)

Linear regression

PVH score DWMH score
MMSE —0.380%* -0.272%+
GDS-15 0.022 -0.066
Vitality index —0.432%% -0.184*

Univariate linear regression analysis: *P < 0.01, **P < 0.0001.
DVMH, deep white matter hyperintensity; GDS-15, 15-item
Geriatric Depression Scale; MMSE, Mini-Mental State
Examination; PVH, periventricular hyperintensity.

respectively (Table 2). It was also found that calculation
(serial subtraction of 7 from 100) was negatively corre-
lated with PVH score (r=-0.156, P=0.04, data not
shown), and verbal fluency (naming as many vegetables
as possible) was negatively correlated with PVH score
(r=-0.216, P<0.01, data not shown). On the other
hand, no significant correlation was found between
PVH score and GDS-15, or between DWMH score and

© 2008 Japan Geriatrics Society

GDS-15. Multiple logistic analysis revealed that PVH
score and DWMH score remained significant determi-
nants of cognitive impairment (MMSE, <23) and low
vitality (vitality index, <9) after adjustment for age, sex,
presence of hypertension, diabetes, hyperlipidemia and
past history of cerebrovascular disease (T'able 3).

One hundred and ninety subjects reported symptoms
of geriatric syndrome. The frequency is shown in
Table 4. Frequent symptoms (>20%) were tripping
(32.1%), constipation (26.3%), gait disturbance (23.2%)
and pollakiuria (22.1%). Student’s t-test showed that
PVH score was significantly greater in subjects who
exhibited the following symptoms of geriatric syn-
drome: hallucinations, delusions, gait disturbance, trip-
ping, falls, pollakiuria, urinary incontinence, weight
loss, apathy, swallowing difficulty, tremor and muscle
stiffness. Multple logistic analysis revealed that PVH
score remained a significant determinant of hallucina-
tions, tripping, pollakiuria, urinary incontinence, weight
loss, apathy and swallowing difficulty after adjustment
for age, sex, presence of hypertension, diabetes, hyper-
lipidemia and past history of cerebrovascular disease
(Table §). By the same method, DWMH score was
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Table3 Periventricular hyperintensity and deep white marter hyperintensity scores as determinants of cognitive

impairment and low vitality

PVH score DWMH score

OR 95% CI P-value OR 95% C1 P-value
Cognitive impairment 1.185 1.084-1.295 <0.001 1.010 1.001-1.021 005
Low wvitality 1.260 1.133-1.401 <0.0001 1.025 1.012-1.039 =(01.001

Cognitive impairment and low vitality were defined as MMSE <23 and vitality index <9, respectively. V.Lt[t.lp]l: logls'ic analysis
was performed after adjustment for age, sex, hypertension, diabetes, hyperlipidemia, and past history of cerebrovascular disease,
of which all variables other than age were treated as categorical data. CI, confidence interval; DVMH, deep white matter
hyperintensity; OR, odds ratio; PVH, periventricular hyperintensity,

significantly greater in subjects who exhibited the fol-
lowing symptoms of geriatric syndrome: hallucinations,

delusions, gait disturbance, tripping, falls, pollakiuria,

urinary incontinence and constipation. Multiple logistic
analysis revealed that DWMH score remained a signifi-

cant determinant of hallucinations, delusions, tripping,
urinary incontinence and constipation after adjustment
for age, sex, presence of hypertension, diabetes, hyper-
lipidemia and past history of cerebrovascular disease
(Table 6).

Discussion

Elderly persons are affected by multiple chronic dis-
eases. Once they are affected by serious illness, full
recovery cannot be expected with medical treatment,
because elderly patients are often trapped in a vicious
circle of illness and poor quality of life (QOL). This is
the reason why care and welfare contribute to the total
well-being of the elderly. Physicians need to pay great
attention to improving QOL as well as treating illness.
Thus, it is important to comprehend the whole picture
of their life by means of comprehensive geriatric assess-
ment, which evaluates multiple aspects of an elderly
person’s life, such as activities of daily living, cognition,
mood, vitality, communication and social environment.

The present study confirmed a negative correlation
between the severity of WML and MMSE score. Mul-
tivariate analysis showed that the presence of WML was
a significant risk factor for cognitive impairment, even
after adjustment for confounding factors of age, sex,
hypertension, diabetes, hyperlipidemnia and past history
of cerebrovascular disease. The mechanism and the size
and location of WML that impair cognitive function are
not yet clear. However, from previous studies, it seems
convincing that a reduction of blood flow in the frontal
lobe plays an important role in cognitive impairment in
elderly people who exhibit WML .## Clinical manifes-
tations of WML include attention deficit and a decline
in information-processing ability.**#2 Junque etal.
reported the reappearance of primitive reflexes, one of
the symptoms of frontal lobe dysfunction, in patients
with WML." In this study, patients with PVH showed
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artention deficit (incapability of calculation) and verbal
inarticulacy (naming less vegetables), implying the
impairment of frontal lobe function. WML, as reported
previously,*® were negatively correlated with vitality.
Multiple logistic regression analysis, using potential risk
factors including advanced age as confounding vari-
ables, found that the presence of WML was an inde-
pendent risk factor for low vitality. Additionally, a
relation between PVH score and apathy, a significant
symptom of geriatric syndrome, was also found. From
previous studies showing the importance of frontal lobe
function in vitality,** we assume that blood flow
reduction in the frontal lobe may account for the apathy
and low vitality in patients with WML. More precisely,
WML disrupting the frontal-subcortical circuit may
result in dysfunction in the anterior cingulate and dor-
solateral prefrontal circuits, thereby leading to apathy
and decreased vitality.*** Increase in PVH score or
DWMH score was not apparently correlated with
depression, probably because depression is associated
with many factors such as aging, female sex, hyperlipi-
demia and medication.”* The subjects in this study
were mostly elderly (88.1%) and female (74.0%). We
assume that these confounding conditions made it dif-
ficult to prove a true relation between WML and depres-
sion. From analysis of the association of WML with
geriatric syndrome, it appears that WML have a relation
to psychiatric symptoms (hallucinations and delusions),
gait abnormalities (gait disturbance, tripping and falls),
urinary symptoms (pollakiuria and urinary inconti-
nence) and possibly with parkinsonism (swallowing dif-
ficulty, tremor and muscle stiffness). It was reported that
WML were related to gait abnormalities,>” presumably
caused by disruption of the frontal-subcortical circuit.®®
Some other studies suggested that parkinsonism is also
a contributing factor to gait disturbance in patients with
WML.** Interestingly, we found that both gait abnor-
malities and symptoms of parkinsonism were associated
with WML,

The present study confirmed an association between
WML and voiding dysfuncrion (pollakiuria and incon-
tinence). It was reported that urinary dysfunction was
derived from damage to the frontal-subcortical

© 2008 Japan Geriatrics Society



White matter lesions in the elderly

Table4 Comparison of periventricular hyperintensity and deep white matter hyperintensity scores between
subjects who did or did not exhibit each symptom of geriatric syndrome

Geriatric syndrome Prevalence (%) PVH score DWMH score
Symptom P-value Symptom P-value
Present Absent Present Absent

Hallucination 6.8 85+59 44+47 <0.01 59.8 439 28.6 =354 <0.01
Delusion 9.5 7652 44x48 001 561 £37.6 282*359 <0.01
[nsomnia 18.9 42+36 47+49 0.56 314 +£360 313+376 098
Vertigo 18.9 6165 4444 006 33.4+381 30.7x37.0 070
Paralysis 21 85+48 46=49 012 595472 301x363 011
Numbness 16.6 5146 46=48 062 346 =400 299=36,0 052
Gait disturbance 23.2 6.7%51 42*47 <001 433 +41.7 275%=349 0.01
Tripping 321 64+45 39%49 <0.01 421 +43.7 259*324 <001
Falls 17.9 66+49 43+48 0.01 45.8+43.1 28.0%350 001
Pollakiuria 22,1 80%x58 38*42 <001 415410 415=*=41.0 0.04
Urinary incontinence 13.8 75+51 43+48 <0.01 524449 52449 <001
Constipation 26.3 5843 44=x51 0.08 4451451 445451 <001
Decreased appetite 14.7 61*44 45*50 012 421 = 42.6 42.1 =426 0.11
Weight loss 14.2 69+41 44=*50 001 407 =413 407 =413 015
Apathy 7.6 74*36 44*=50 0.03 30.7 =281 307281 097
Speech impairment 2.7 56+52 45+47 062 353 +480 353+4B0 0.0
Swallowing difficulty 14.7 12244 4548 <0.01 446 £ 346 44.6*+346 040
Tremor 5.3 91%65 4447 <0.01 450 +381 450=381 0.24
Muscle stiffness 3.2 92+48 45+49 0.02 487 £ 434 487 =434 0.23

PVH and DWMH score are shown as mean + SD. Boldface values are statistically significant (P < 0.05 by Student’s t-test).
DVMH, deep white martter hyperintensity; PVH, periventricular hyperintensity.

Table 5 Periventricular hyperintensity score as
determinant of geriatric syndrome

Table 6 Deep white matter hyperintensity score as
determinant of geriatric syndrome

OR  P-value 95% CI OR P-value 95% CI
Hallucination 112 0.043 1.004-1.248 Hallucination 1.017 0.020 1.003-1.032
Tripping 1.11  0.005 1.032-1.194 Delusion 1.016 0.024 1.002-1.030
Pollakiuria 1.17 0.001 1.067-1.278 Tripping 1.011 0.020 1.002-1.020
Urinary incontinence  1.11  0.022 1.015-1.207 Urinary incontinence 1.016 0.008 1.004-1.028
Weight loss 1.14 0.007 1.036-1.246 Constipation 1.011 0.025 1.001-1.021
Apathy 1.14  0.027 1.015-1.276 Multiple logistic analysis was performed to analyze each

: . yze

Swallowing difficulty 135 0019  1.050-L741  gymptom of geriamic syndrome, with adjustment for sge,

Multiple logistic analysis was performed to analyze each

symptom of geriatric syndrome, with adjustment for age,
sex, hypertension, diabetes, hyperlipidemia and past history
of cerebrovascular disease, of which all variables other than
age were treated as categorical data. Cl, confidence interval;
OR. odds ratio.

circuit.™*° In relation to the symptoms of parkinsonism
(swallowing difficulty, tremor and muscle stiffness), this
association was previously explained by dysfunction of
the frontal-subcortical circuit.** The importance of
this lesion was also suggested by a study showing that
swallowing difficulty occurs with dysfunction of inter-
nuncial neurons that link the brainstem to the cerebral
cortex.®

@ 2008 Jupan Geriatrics Society

sex, hypertension, diabetes, hyperlipidemia and past history

of cerebrovascular disease, of which all variables other than
age were treated as categorical data. CI, confidence interval;
OR, odds ratio.

Considering the cause of manifestation of geriatric
syndrome in patients with WML, it appears that damage
to associative pathways in the frontal and subcortical
regions due to ischemic hypoperfusion is an important
mechanism. > It is necessary to localize the respon-
sible connecting pathway for each symptom by a
sophisticated approach in the future.

In conclusion, we showed that WML were associated
with cognitive impairment, low vitality and geriatric
syndrome of psychological disorders, gait disturbance,
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urinary problems and parkinsonism. Evaluatung WML
in relation to geriatric syndrome and building a preven-
tive measure against WML is an important future task
for maintaining the independence of elderly people.

Acknowledgments

This study was supported by a Longevity Science
Research Grant from the Ministry of Health, Labor
and Welfare of Japan (H15-Choju-013) and by Mitsui
Sumitomo Insurance Welfare Foundation (2004, 2006),
and by the Japan Health Foundation. We thank
Yukiko Yamada and Ayako Machida for their technical
assistance.

References

1 Breteler MM, van Swieten JC, Bots ML et al. Cerebral white
matter lesions, vascular risk factors, and cognitive function
in a population-based study: the Rotterdam Study. Neurol-
ogy 1994; 44: 1246-1252.

2 Hachinski VC, Potter P, Merskey H. Leuko-araiosis. Arch
Neurol 1987; 44: 21-23.

3 Hunt AL, Orrison WW, Yeo RA eral. Clinical significance
of MRI white matter lesions in the elderly. Neumlogy 1989;
39: 1470-1474.

4 de Groot JC, de Leeuw FE, Oudkerk M et al. Cerebral white
matter lesions and cognirive function: the Rotterdam Scan
Study. Ann Neurol 2000; 47: 145-151.

5 Kuo HK, Lipsitz LA. Cerebral white matter changes and
geriatric syndromes: is there a link? J Gerontol A Biol Sa Med
Sci 2004; 59: 818-826.

6 Starkstein SE, Sabe L, Vazquez S er al. Neuropsychologi-
cal, psychiatric, and cerebral perfusion correlates of leuko-
araiosis in Alzheimer’s disease. J Neurol Neurosurg Psychiatry
1597; 63: 66-73.

7 Baloh RW, Ying SH, Jacobson KM. A longitudinal study of
gait and balance dysfunction in normal older people. Arch
Neurol 2003; 60: B35-839.

8 Sakakibara R, Hattori T, Uchiyama T, Yamanishi T.
Urinary function in elderly people with and without leu-
koaraiosis: relation to cognitive and gait function. J Neurol
Neurosurg Psychiatry 1999; 67: 658—660.

9 Tarvonen-Schroder S, Roytta M, Raiha I, Kurki T, Rajala
T, Sourander L. Clinical features of leuko-araiosis. J Neurol
Neurosurg Psychiatry 1996; 60: 431-436.

10 Pantoni L, Garcia JH. The significance of cerebral white
matter abnormalities 100 years after Binswanger’s report.
Stroke 1995; 26: 1293-1301.

11 Junque C, Pujol J, Vendrell P ez al. Leuko-araiosis on mag-
netic resonance imaging and speed of mental processing.
Arch Neurol 1990; 47: 151-156.

12 Fazekas F. Magnetic resonance signal asbnormalities in
asymptomatic individuals: their incidence and functional
correlates. Eur Neurol 1989; 29: 164-168.

13 Ylikoski R, Ylikoski A, Erkinjuntti T, Sulkava R, Raininko
R, Tilvis R. White marter changes in healthy elderly
persons correlate with attention and speed of mental pro-
cessing. Arch Neurol 1993; 50: 818-824.

14 FuJH, LuCZ, Hong Z, Dong Q, Luo Y, Wong KS. Extent
of white matter lesions is related to acute subcortical inf-
arcts and predicts further stroke risk in patients with first
ever ischaemic stroke. J Neurol Neurosurg Psychiamry 2005;
76: 793-796.

15 Taylor WD, MacFall JR, Provenzale JM efal Serial MR
imaging of volumes of hyperintense white matter lesions in
clderly patients: correlation with vascular risk factors. Am J
Roentgenol 2003; 181: 571-576.

16 Folstein MF, Folstein SE, McHugh PR. “Mini-Mental
State”. A practical method for grading the cognitive state of
patients for the clinician. J Psychiat Res 1975; 12: 189-198.

17 Sheikh JI, Yesavage JA. Geriatric Depression Scale (GDS):
recent evidence and development of a short version. Clin
Gerontol 1986; 56: 165-173,

18 Toba K, Nakai R, Akishita M ef al. Vitality index as a useful
tool to assess elderly with dementia. Gerlarr Geronwl Int
2002; 2: 23-29.

19 Cullen B, Fahy S, Cunningham CJ eral Screening for
dementa in an Irish community sample using MMSE: a
comparison of norm-adjusted versus fixed cut-points. Int
J Geriatr Psychiatry 2005; 20: 371-376.

20 Pugh KG, Lipsiz LA, The microvascular frontal-
subcortical syndrome of aging. Neurobiol Aging 2002; 23:
421-431.

21 Yao H, Sadoshima S, Kuwabara Y, Ichiya Y, Fujishima M.
Cerebral blood flow and oxygen metabolism in patients
with vascular dementia of the Binswanger type. Strokz
1990; 21: 1694-1699.

22 Burton EJ, Kenny RA, O'Brien ] er al. White marter hyper-
intensities are associated with impairment of memory,
attention, and global cognitive performance in older stroke
patients. Stroke 2004; 35: 1270-1275.

23 Thomas P, Hazif-Thomas C, Saccardy F, Vandermarg P.
Loss of motivation and frontal dysfunction. Role of the
white marter change. Encephale 2004; 30; 52-59.

24 Okada K, Kobayashi S, Yamagata 5, Takahashi K,
Yamaguchi 5. Poststroke apathy and regional cerebral
blood flow. Stroke 1997; 28: 2437-2441.

25 Craig AH, Cummings JL, Fairbanks L et al. Cerebral blood
flow correlates of apathy in Alzheimer disease. Arch Neurol
1996; 53: 1116-1120.

26 Benoit M, Koulibaly PM, Migneco O, Darcourt J, Pringuey
DJ, Robert PH. Brain perfusion in Alzheimer's disease with
and without apathy: a SPECT study with statistical para-
metric mapping analysis. Psychiatry Res 2002; 15: 103-111.

27 Stordal E, Mykletun A, Dahl AA. The association between
age and depression in the general population: a multivari-
ate examination. Acta Psychiatr Scand 2003; 107: 132-141.

28 Terao T, lwata N, Kanazawa K et al. Low serum cholesterol
levels and depressive state in human dock visitors. Ada
Psychiatr Scand 2000; 101: 231-234.

29 Noble RE. Depression in women. Metabolism 2005; 54:
49-52.

30 Hennerici MG, Oster M, Cohen S, Schwartz A, Motsch L,
Daffertshofer M. Are gait disturbances and white matter
degeneration early indicators of vascular dementia? Demen-
na 1994, 5: 197-202.

31 Piccini P, Pavese N, Canapicchi R etal White matter
hyperintensities in Parkinson's disease, Clinical correla-
tions. Arch Neurol 1995; 52: 191-194.

32 Daniels SK, Foundas AL. Lesion localization in acute
stroke patients with risk of aspiration. / Neurmimagng 199%;
9: 91-98.

© 2008 Japan Geriatrics Society



REFHLINE)T-V 37

Kenji Toba(BR) /BHAX YEREE W

(057 I )

= A

&7

NHEPMHE. BEEFOUNE EXERETHFE, BRIREZZZS<OBRE
OREETOSHMEEERL, AEPHISPELAS_LHOHBES.
TEPHBR, SEEROSFH5, NEORBOERERET, #HBYE2ABEN

oOBEBICEELL.

EBOEREFLL T, B8, AREF £FEMEH-LLCBEBELTHEAAR
AVABBREDEARHHD. ChEOBALEREAT, MELESBBEOROY—

ZVSBEIHEREATLS.

NHPHOXHE, HIROERECBENLENBHFTH S, BESEEFOWETS,
FHOBEORE, "HREELE OLTRCLEBLEED 21CZ LKL ED.
THPHERERFDCNE Y3 o0CR, ERBRESBHL THSN7Z 70—

FEOOSTENDETHS.

FLBIC

rERECBT T M TR
HioBirAHIEE, £ THBTES

WEAT2L 2E IR NTAT:.

TEEEHEESEMICNMBEES "
0 AroEHML, FICEXR, B
TRl tvof, THILXE, 2H3

~ENBHSEHL, "HEREHOMH
EiT) BTN koTETWE
e, THETFH, OBREOBAL

. % BEXRI, BXE%
I(87ER) , &EBIL, "AHETHIEE,

CEREHO LW LOTHE.
HFLOABFHEREDY— CADE

R THENICERENTES
¥, —HoLtHHoT
HEVHRY -V AEF LB S
TWAEZENMBLAMENLATHE.
*¥ OBSY7, Bhbb—=07%
PERELCHATHL - LRV
A, MEOEMRBELBREET O
LMeME L, e LYK

Fi2&oT,

Hbhhb,

- DEOFRRIE, SrETH

SOy 5 LAEMENESELIEEEG

EmEn B

HL, EfFr—Ld "ol KB

R L

TFHTA0D, Ewidk

EREMEELD,

THE BONE Vol,22 No.4 2008-7

—69

key words

TTRFA

i

TTABE
EMEREDQE
EEIFR

NEF  AZFHITH0N

1. MEOZHEME
iR i,
G ehs.
EETRI, FERBELE, B
EBdHivit, EROZE{ITHIA+T
2EEEICHLT, R, W& &
i, e, @RsCEFHITILO
ThHN, "FEMHBTEGFGHEED
(IADL
Daily Living) 1 (BN OfITE LT
SEfrEciE, RN,

CA & L= &3

Instrumental Activities of

i S, &
EMARER Activ
ties of Daily Living : BADL), (&)

FiRnal, + 4 V%R,
HMuMbn L lvar, BF% REE

OBk,

39(487)



TR

100 3 S Ty

9 B ERREEE O

Rt B D o R LT

R BANESEEMEES
EEE
HERNE O LS T ER
=FBHMBREEGEED M{ERO E (sADL) Hi1Ho 488 (mADL)
AR 8 F % o
o i PR - HHE 21
£0%2 AR FATEA
HE L2 IR
! LS RE R
i CIRs#iE
MBOR N >
REEE
B

ETRELR L0 TEEHEEROS T,
HEITND.

ListtoT, frilFRiEvIMEil,
IADL #£F O F85, BADL {&T FBA,
B I UEBEERRORE - BILTFHE
WIBBTIHOLVWBEI IR X5 ¥
B,

IO BN, —BISNETH O E%R
F#hihiz{ L, —Hifmes
EOEFHIOAERL D, —88I2
WEDFRiEVvS BADLETFH
FEHICECERASALNS,

T, RITWARNREEFETAN
FH—vRE LTHERER, VLY
F-vard¥bh, WEIFHTES
o TEREETI I LIt
TIADL ##f L, #%¥&i1BADL O
& -#FrELENELTwAY, B
ME(ZRE) P2 L2 LRI
Fran, "EREMEE- W fvo
i c T AT BOBEL AT
Wa,

ZoXIiz, HEFIL, BEEDS

40(488)

[TEx . ADL20. BEEE 29(11) - B41-848, 1932]

BICAE, AP EGMNE 2a
Bien L& OEENOREETOS
BREYERTAZLIZL-T, LD
T, At TEFHE R BT
HEPYERTAILICEE,

2. NEFPHMREILCHTIER
HOEE
BT ENEE L) REH1980F
AR HIR L - B LS TH
3 FhLWMORAAERNES L,
THETHHRE OSERNI R
P LS.
MHEOLEY L FEOAGE TS

%4 Majory Wallen (3, E/r@FIxtL,

1940451z TBMERBIIHT AT, &
WHBSERELEY. tok £B
—ME-BHET-FFEVIINE
V7= 3 ryOEXHJ/RESOPT,
DEFLAMEFERPLE/EE LW
SRAFVILTNY, FEERORIE
LFOBA T THARORAFTH o2
EBbNnA. 1980EMIC MY — ¢

THE BONE Vol.22 No.4 2008-7

ADRRES, B/ -7 —h—
offmEHENFERICL D, REEE,
BUNT—CADREETHL LGS
EzHOHETERY.

ImrHiz, RBBROELY, BE
BORA S, HEY - ANBAFL,
Eemic TREE, tHiileos
EBrLREEOMAERQTH), chbt
HmELL-MELLT BEBED
QOL AN EHBENL L) Tkl

Eol, WEBEORERREVS
FvAHERNICEEIC s TELY.
Thbb, AEFHHREL REE
g LTEENCFE2 A, Ao
BEEETHHEENCFHEs A, £F5E
AAFHEENL ) AT, TERAFECR
MREsShLThidd ek Lt
HTha.

IDLEMT, a7
OB L L TRELZELION TS,



NEFH -RRET
(URZ T 7 549-)DER

1. RILEY, BEEF
BGEEORHCEE, FEFRL
EM+alv—Hh—ELT, TAF
AFO{EOETY, DHEAfiOE
T BE@icBAZaLFS—0 .

DHEA feBEME 0 FRD, BkEE CRP,
IL-6. LAY, E0L2F0—- 10O,

M7 L7 AMOETY%l, £
OEFHEHENT VA,

A b, FA X502 DHEA
BT ADLOETEHML,
EARESCSEXLOEOHEME S
BV B Lo TEHRAEY BB+
LMEBTHEY

InLoERIIBBOEEE LTH
BTREEhTwS, LA L, T,
PIarih, S3, EhAREE(L, RER2 LS
HNM AL TEANICRAGLE

VdHIZHT.

2. =EER

W5 ) OFEEBOFEAGIBTT
X, 65~T4ROTIHEBE TILRnE
WEFBRLEELEREFCHE. 5
~MEoElREESTIR, BLEREE
C2HESCES - Fivhthnh h 3k
BMETL24. SSRUEOEBBET
2, EiEvol TEBICLOLWE
H, oEEEEEICHET.

il FINEGicER L, BReYE
E7HRATFE 60 1L E2. 1628 DA
FEWELARATIE, 65R2ELLETH
e kb ITEEENERT Y (E).
Riz30% Ll EomAEoREEL LD

i
FAFHLNEY TV 3V

A § A STEEIGE

¥

EHEE (%)

60~ 65~ 70~ 75~ 80~ 85~ OO0~
(31) (381) (538) (541) (444) (127) (52)

H mEEERLLOAEIELBYIESE

Az LT, EETFHEEETI 2
H5iF, Bl EoEiERE NS E
ThiftwZ kdtbhd s,

3. EEBUER
BADLIIEBEELLIZETT 2"
ELiid L, HWIZADL LD, #
BIZERETL-THNB Y 77 T2
WA —TIkFLERIEL, £&TE
EEE, REFGIIEELTVWEY,
EDL ) RIEHEAL ) REICETT

AiconTIii, BRRTIERERM

7 TR TIIABCHRSHITSL
., EHEEZICRoNLEETD
A,

MmRE TR, BERRRL OB
NT 2+ THREATHY), HMEEBET
2, A&, dhttB Y, EEKE T,
ETHEEZ VICHT2RRETH, 2
YEROFERNOETICHE LR
Evid,

THE BONE Vol.22 No.4 2008-7

4, \AURSFTIO—F
WA Rh T OELREMICA
PN—Z X TAHIENAREL B,
"I )RS Y N—F=TafEREH,
ELTHEL, BEISALISET
AEZATHA. ZOFZHORLI,
EFETERMIzBITANA) A2 KA
FEIHL. MEmEOE-ENR
EoBIIThiBUEREIZENT
i, WimkE, WERHL COEEL Nk
BB SaERE, BEBEICR
WL T2 il BEL Vv
1254725 A VORRVEETREI:
toTtHeRMCERTVWA, —HEH
ETIE, fSBOYLZTH 24N/ 7—F
EHEICBWVWT, ApoE e 40 REM
EREFERmLESEREFCHEZ
EAMHLDIIEN, RRFENIZL, T
EAE, ARBELEDFA 7254
NOBEEFEB SR TV,

BRI T 2RO BENT 70—
FHATIZ, BUOEEL AT LIZH

41(489)



NETF o B ERRERE ORI

®2 BARSILEICS!T dEEMRENME T ARE

EERE
3) WEEE
4) REMERE
5) EXRE, URMEE

7) SRMER R iR £ (F200)

1) RRMET >y — FHEGELESREBE) © ADL, #15, Bh, EFAED
fEh, 5=, #HiH - Y AFE, QoL
2) BIEMIBAERE (TSR LL EETWERE) | BARAE (MMSE), HFiTREN, SEREE,

6) fRiE - fatt - ERMEERATOrTHL 7772 R)

BRELTEHTII B THRECE
BLTwA, ZH0EBHERIER
ty, EBEROBREFEOBRRIATE

HEORKI BT THEEDDBR %
xR E LAERE L dEEs
EVHIEZINT, MO TEFRERIFC
BEWEAHFTHE, EEORMEFEE
LTit, EBREEE LT, 8,
Blw K3, 64
E#HET2 %7y, ZEEREE LTE
HIBRHE (MMSE), /87 »AHBREE LT

up & go T A b,

FREHHE, SEKELELTBM,

EHEL LB TWE, Zhb
i, "ERESAERERET S KT
A7t ERLAAEERS YL —
BELTwa., AMOEZ Az, R
Byt #ERPOPMA LAl TELS
T, N"AVAsOEFELT, 75&L
LFo®eE, ADL B X IFIADL BE -
RS, =6 - 7, SRS, B
thm, ERBERT, 0192, XER
FEIEHLTVAEY, Thy, EBEE
RBE I A A ERAERFAS/ 4 1)
AT N—TOEBIZHGLERTSH
A.

42(490)

NEFH-NEFHIE
BERBLEON

HERENESETORIEN F
AR o L hid, #ETFHEH
(B IE2NAILEoT, XAME
HEFEHON A & EAERR I
v, BENLHEEIBLOATWS
A, HrETHREEO BEkoSER
HERROENEXEOE2GELED
AN THA.

EREMRESTTFHOERL LR
WAz kizkh, AEFHEESD
ENSFI o MO BTV,
BOEBEFBEENIIBNT A DI
i3, B#Efs L, FHoOEEL T
EHBTAILMLETSN, TER
ERELA P FHBRIIERLT
Wi,

#HULWNETRO

ISV RFHAY
BI=EDFRHNTARRIC KD IRELE
— RPN ?
A ORI TR, W& 0T
AR £ o TUT O AR & RE
¥BTwa"Y,

THE BONE Vol.22 No.4 2008-7

_?2_

1. EEFHOZRNLHFHRSEEH
Ferid, PRERFMEEHEIC
EHOBRNIZBVRETIIAS v T
REOTEXEBUFr 777 2FHEIZL
AEETFHORAETY, ERBLIY
BIFOLBEFE LB/ £/, Fe
iz, EE)EEMMICT - Ty 2T
HEPEEEL.00% 2BV TIEHETH
ISR oREOER, SE, EEE#
L7

2. TEEMISFHORE

iRz, WRTEEERE LI, 0974
22w T, 54 (1999~ 20044) 18
SHEERITV, B COPD, EME
MEE, tEoBRE, EMiEEL
¥, tRELsEhoEBRBEELS
hTwidro BERN, BRL
ADLETFA2EI T Z L2ERHML, E
FRFEEIFELREL TV,

3. NEFHHREELSBEIN

EhVEREEH

#hid (BAE - K= BET1,838%) TH
BEArIEE, FERR (B3] 43 &1.200
Z)TH 2~ A2L<LOBEREICS
WTHILEA RN ICET T 5508
WIEEHBELL, EXRLAVUT
THLHEFHOEESEI TR LA
#HTHL. '

4, FEENTUVRIRBENERE
R ODERA T R2EA
WH B, Zh—Fh—LAOEMH
#f @i ADLIET %60 A § TR
FICHEEE L, LV NSRRI
B ABRBE(YNY Y F—a R



Y YR TR AN CRy

WENH ) BAOLEN) £ RHL 2.

BEA AT N —Th— ADOFETH
SRR THLIENRLHTHED
et/

5. (ERONTEREHECSHITS
NEEEOBREDTEBEAIC
BHERREORFREHSH
ICLE
wBEsit, y777r0EBERELA

MORET, BETMOGITIE, 1

T AT &2 D FRICR RS L =

EEMBTRAEICE D EEL

6. Kb EHOTETFES
-ID—=UNEVUF—2ay
DREER
BELIE, I rERVIIwDR A

7=, ERIC IR

EIMET 24, UAEY) BRI

IANBEDI L SFAT A ALED

EHA ML —Z s, AR

£EL85) A rFHILETH), F

fo, 1E2—36M T~ 102 R EOEK

FHEHhbb—— Vet 204

BBRTHH, FLUAZIEBOEDNS

1BIZIADR F 9 754F { £ v 5 45

ERACENRAT LV, £ HDA

MO RFERIIBDLDIIEAZ LR

EBHLTYwE,

1. EEREROMNR L

T4z, HEFREROWRLAH
BEMRICRELZ. FLTEYIRR
FedielL, EEBR~OBTLTHE
¥ 28 (A ETFH L5, HMRLE
EBEEOENE MET 5 BIEFHRET

AWTHlELALCS, GBHE02
ERHRR (R =HB A7 4 12,600
& o 18~84id) (22T B A BT
RIFHOMKT, BRI L AFHE
(IADL, g, EEhissk, REEER,
I2)OEEERLE. ZOEHT,
HIEMME T2~ 3R M E 0 KR
BOREEM bR LTVva, T4, 1ER
gL o, EEEAS0% 05
15% 284 L, ZoRRE7ENOR
RS CLEREORENEDLSL
hof'®,

U EoRELI G, BRAACHMLT
2, TEAMRLS LZER, + TER
(2o L7 EEhSEAE L B, 2 ERET A
ZEizLh, FHEAERNAAELD,
HEOLBMAETHIrER SR A,

Bkizles, RETHELDHBZ AR~
Y OSE, HEOBEEILL b
BoBfKcHL, "HTEFHIIRGE
DEBIALKEEELMEL, LOF
AFAHVEET, BRHIZLOBERTY
FLOUBSRIC - vyt
U, BMEHRIIBOERLE LAER
PTIERET Z{ TRE S v,

I - R ERE BT 28L&
NEEOHIITH N, KEFHEBF
MG ED0% A EMEEIZE - TET
Y i, FILL{TLERS
ADL #ETF2€5% mEERIZ8IT
5 ADL frnfeETF L LT, &£H
it#eEoy 2, EEHTH
LD FHICERETHAS.

Lnte gl
ik - wERICAOE & ) OfEEE

THE BONE Vol.22 No.4 2008-7

—-73—

p——

il
EFHLINEYF-VaY
DT & & kA

FThHaEETHIIOVWTERS
ft®, mHAEREFOMEIE, FE
D7 14—l FTOWYE, v
ETRIRTIZ L o T BN TS,
Han-fREFIE, SENHRTET
ETREOET 2 FEBoRBE T
hiH—H, HEFVWRPHRELIZOWT
RS —H L Twiw, R0
ERETE, BE, RiE, NERE
SN roMELEE, MAE
Rz a2 fERE, FHeaEGeAy
REL AL (EERR, —
BRECIHICEETE LMY S OB
BEBFLIRTTWA, FOXREEH
3 24 H G TR TEEl A 1)
A2 HBEORMEROFE T BN T —
FoOTNMN—F) it o TSR T
HAa7, MERL, EHIZfTsT
w3 (R3).

atelole

BP0y ik, EFER
BIZLBARY FFPHYA+FT, B
FEELRFFRIL, —hoizL 28
BETOIVFYAOBEIIL I RL
CIONETEREME LTHEREY
Braifiiths.

WROELETIR, A R¥ P F
Mgy b TERLROERC T TIIE
MLl ArORENOMMESS,
4~y D ADL BT EHLZMBRHE
DETHER, Ph{Lb—HTIE "R
RTOEMNE, Bv3hTal Ih
SIEHLTEFEER I AL )T
Sa vYEEFEMICHIELTELLE
WoTHLAETHLZWV., HEFHIEEY

43(491)

- Y

I



frEETRh Iz 2 EEMGE DR

=3 ®@ERI7T

1) BARIFICEBALZEZ LS ETH
Mizv, ofg, EEEX( =)
2) 2P SettbhE+Hy
3) FHheEbiwiHMBEOLENBRIFTEIEAD
4) HCRENE koTEE LD
S) TN EFOS HhizEYEnTEAD
6) 1F0 2= bl GVRITTHETTEAD
7 FRTSH(bwIoaZ tNTaTEAD
8) HE@-oTunE+h
9) FANMIECERLEEAD
10) HEV - Hb6081kd0 242
11) HRFAZ->TEET LS
12) A T
13) BFRAK(WTT2
4) BEYMCZiz{wTih
15) MEhdRiczh E+Hh
16) L v ERFIZ L D E+h
17) &8, BEFSHELD ATV ETH
18) EOPTHLLE, B{BLEETS
19) BT - /M- ZMic L ClEsldthn 4
20) EoPIzEEVSNETH
21) BT DL TIRE 44D
22) kG L, BON(OSLSEY AT,

AR HMAET M2V, OHRENESEHTS. (2L OREMSENT D&
EEBEIELED, IVAELILET. BE, BRESSNBTHREETATME
EHERR. GEEREICHIBIF7ISVICBERTH(ED).

i =5 BEES UNESE | —RER
RE  —-xJenHm BT REHTA/O
AL EFIWTF 2EED LY e
BROMR UP&Go i et 2
FANERNS E bl TEEERS
Bw CT/DEXA
Iué;;&—%a; EEHINE
2w nESH
| LE & 12 ]
| RTNR
FE | EES@EC LD G TR R FERr )
| HPTSL BOMA MsFz 7
| &7 - BhxE FREA
RFEN RERES
E#32D

B2 F-LES BE  TEOSEEE-ETEERE
COA/ZERERBEAULT— LERO—H (EH)

44(492) THE BONE Vol.22 No.4 2008-7

DL A LREOBRBEIZE VT SRR
THEARON L Ttk ol

EHNEED, WHRsSBRETEY
L, BBOBL#EI THETHCBDS
Zithif ez,

X &t
1)

2)

3)

4)

5

6

7

g

—

—

)

Warren MW @ Care of chronic sick.
Br Med J 2 | 822-823, 1943

Stanford EP, Dolson JV ! The older
disabled veteran, Gerontologist 12 &
325-329, 1972

Stevenson O . The Frail Elderly-A
Social Worker's Perspective, [n
Health Care of the Elderly, ed by
Arie T, Baltimore, Johns Hopkins
University Press, 158-175, 1981
Nourhashemi F, Andrieu S. Gillette-
Guyonnet S, et al . Instrumental
activities of daily living as a poten-
tial marker of frailty , a study of
7364 community-dwelling elderly
women (the EPIDOS study). ] Gerontol
Series A-Biol Sci Med Sci 56 : M448-
M453, 2001

Morley JE, Kaiser FE, Sih R, et
al | Testosterone and frailty. Clin
Geriatr Med 13 : 685-695, 1997
Morrison MF, Katz IR, Parmelee
P, etal ! Dehydroepiandrosterone
sulfate (DHEA-S) and psychiatric
and laboratory measures of frailty
in a residential care population.
Am ] Geriatr Psychiatry 6 @ 277-284,
1998

Carvalhaes-Neto N, Huayllas MK,
Ramos LR, et al ! Cortisol, DHEAS
and aging . resistance o cortisol
suppression in frail institutionalized
elderly. ] Endocrinol Invest 26(1) :
17-22, 2003

Cohen H), Pieper CF, Harris T,
et al : The association of plasma
[L-6 levels with functional disability



in community-dwelling elderly. ]
Gerontol A Biol Sei Med Sei 52
(Special lssue) © M201-M208, 1997
Ranier: P,

Rozzim R. Franzom S,

et al ! Serum cholesterol levels as
measure of frailty in elderly patients.
Exp Aging Res 24 : 167-179, 1948
Corti MC, Guralnik JM, Salive ME,
et al ! Serum albumin level and
physical disability as predictors of
mortality in older persans, JAMA
272 1 1036-1042, 1994

11)

12)

13)

Akishita M,
et al !

Yamada S, Nishiya H,

Testosterone and compre-

L2

fr&FHiE 'Jl\lf‘f'?_r-"a_'_a s

J .&,ﬁ

ment in self-care independence of
old people living in community

hensive geriatric assessment in frail Kahoku, Japan. Lancet 347 : 60,
elderly men. J Am Geriatr Soc 51 : 1996
1324-1326, 2003 14) Campbell Al, Buchner DM : Un

BTG HAEHERAREIEE
F-HAEETEES Wi 00
FER AT D R AR & 0
LA A KA AHR
M4+ 2RR, FPRIGEERES,
2004

Matsubayashi K © Secular improve-

15)

stable disability and the fluctua-
tions of frailty. Age Ageing 26 :
315-318, 1997

BB, BEHFLEEHAR CCA
T4 Vo4 YHRE . mEEAY
WRERME Y 4 F7 4 ». MERER
FuAT, 2003

R = (Kenji Toba)

1978 BERAYESRESH BN

1978% BECASELISHMGAR. BRNRAE TARGHE

1980 BRAYEYRZERENE B

19845 EURASLESE BF

1988 FRYU-AFLBYNT TAFREA

1993 BFAYESS WH

19968 TUVH-RAALETEES HSBUAT WEE
FRTRE |

1996E BERAYETE SRS

WNE BHASESTAREY TANSE

W06E BHALHEE LOSNEYA— £V 8 —B(RE) |
BECE3, |

WMNE  ZXEF DIDE G FER BEBIL
RE DxZTEEYES BE, 2ENEZ/ FRE0Es BE, BE504ES
TR HE OXRHSHEREA (2L ZEH)

THE BONE Vol.22 No.4 2008-7 45(493)



IR A ORIGINAL ARTICLE

B,-Adrenergic receptor regulates Toll-like receptor-4-induced
nuclear factor-xB activation through f-arrestin 2

Takako Kizaki,' Tetsuya Izawa,’
Takuya Sakurai,' Shukoh Haga,’
Naoyuki Taniguchi,* Hisao Tajiri,”
Kenji Watanabe,® Noorbibi K. Day,’
Kenji Toba® and Hideki Ohno'

'Department of Molecular Predictive Medicine
and Sport Science, Kyorin University, School of
Medicine, Mitaka, Japan, *Department of
Kinesiology, Graduate School of Science, Tokyo
Metropolitan University, Hachioji, Japan,
*Institute of Health and Sport Sciences,
University of Tsukuba, Tsukuba, Japan,
Department of Biochemistry, Osaka University
Medical School, Suita, Japan, *Division of
Gastroenterology and Hepatology, Department
of Internal Medicine, The Jikei University
School of Medicine, Tokyo, Japan, ®*Watanabe
Clinic, Shizuoka, Japan, 'Department of
Pediatrics, University of South Florida/All
Children’s Hospital, St Petersburg, FL, USA,
and *Department of Geriatric Medicine, Kyorin
University, School of Medicine, Mitaka, Japan

doi:10.1111/}.1365-2567.2007.0278 1.x
Received 12 July 2007; revised 21 October
2007; accepted 9 November 2007.
Correspondence: T, Kizaki, PhD, Department
of Malecular Predictive Medicine and Sport
Science, Kyorin University, School of
Medicine, 6-20-2, Shinkawa, Mitaka,
Tokyo 181-8611, Japan.

Email: kizaki@kyorin-w.ac.jp

Senior author: Takako Kizaki,

email: kizaki@kyorin-u.ac.jp

Introduction

Summary

Toll-like receptors (TLRs) play an important role in innate immunity
while, P,-adrenergic receptors ([,AR) provide the key linkages for the
sympathetic nervous system to regulate the immune system. However,
their role in macrophages remains uncertain. Here, we demonstrate the
cross-talk between P,AR and TLR signalling pathways. Expression of
B,AR was down-regulated by TLR4 ligand lipopolysaccharide (LPS) stimu-
lation. To investigate the physiological consequence of this down-regula-
tion RAW264 cells, a macrophage cell line, were transfected with a ,AR
expression vector (RAWar). Both LPS-stimulated inducible nitric oxide
synthase (NOS II) expression and NO production were markedly sup-
pressed in the RAWar cells, The activation of nuclear factor-xB (NF-xB)
and degradation of the inhibitor of NF-xB (IkBx) in response to LPS
were markedly decreased in these cells. The level of f-arrestin 2, which
regulates AR signalling, was also reduced in RAW264 cells after stimula-
tion with LPS, but not in RAWar cells. Overexpression of f-arrestin 2
(RAWarr2) also inhibited NO production and NOS II expression. Fur-
thermore, we demonstrated that f-arrestin 2 interacted with cytosolic
IxBa and that the level of IxBa coimmunoprecipitated by anti-B-arrestin
2 antibodies was decreased in the RAW264 cells but not in RAWar or
RAWarr2 cells. These findings suggest that LPS-stimulated signals sup-
press B,AR expression, leading to down-regulation of B-arrestin 2 expres-
sion, which stabilizes cytosolic IxkBa and inhibits the NF-xB activation
essential for NOS II expression, probably to ensure rapid and sufficient
production of NO in response to microbial attack.

Keywords: P;-adrenergic receptor; monocytes/macrophages; nitric oxide;
nuclear factor-xB; toll-like receptor

ible nitric oxide synthase (NOS II) and several proinflam-
matory cytokines, which are produced in response to

The ability of the innate immune system to recognize and
respond to microbial components has been chiefly attrib-
uted to a family of type I transmembrane receptors
termed Toll-like receptors (TLRs) that are expressed
abundantly on antigen-presenting cells such as macro-
phages and dendritic cells and can discriminate among
the distinct molecular patterns associated with microbial
components,"® The TLR-initiated activation of nuclear
factor-xB (NF-xB) is essential for the regulation of induc-
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invading pathogens. The NO produced by NOS II has a
number of important biological functions, including roles
in host defence against intracellular pathogens and
tumour-cell killing. Although this basic definition is still
accepted, over the past decade NO has been shown to
play a much more diverse role not only in the immune
system but also in other organ systems, including both
beneficial and detrimental effects.”® For example, the sys-
temic inflammatory response syndrome, which includes
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severe septic shock and multiple organ system failure,
remains a leading cause of death in critically ill patients.
Therefore, it is necessary to clarify the molecular mecha-
nisms of TLR-initiated signalling that lead to NO produc-
tion in response to microbial components.

Nuclear factor-xB is found predominantly in the cyto-
plasm complexed with members of the inhibitor of NF-
xB (IKB) family. The release of NF-xB from IkB proteins
is an essential step in the generation of transcriptionally
competent NF-xB. The consensus is that IxB proteins
mask the nuclear localization signals of NF-xB proteins,
thereby regulating NF-xB activity, primarily by limiting
their nuclear translocation. Recent studies, however, have
indicated that IxBu is detected in both the nucleus and
cytoplasm and that although the NF-xB complexes shuttle
between the nucleus and cytoplasm under all conditions,
they are unable to bind DNA because of their association
with proteins of the IxB family.*” Nuclear IxBa is not
sensitive to signal-induced degradation. Therefore, follow-
ing stimulation, NF-xB activities are dependent on the
level of cytoplasmic NF-xB/IxBa complexes.

Recently, we demonstrated that the level of f;-adrener-
gic receptor (P,AR) expression influences TLR4 signal-
ling." f2AR is a member of a family of G protein-coupled
receptors (GPCRs) and is the key link involved in
immune system regulation via the sympathetic nervous
system,”'® Primary and secondary lymphoid organs, such
as the thymus, spleen and lymph nodes, receive extensive
sympathetic/noradrenergic innervation, and lymphocytes,
macrophages and many other immune cells bear. func-
tional B,AR. Therefore, B,AR stimulation regulates pro-
inflammatory cytokine production, lymphocyte traffic and
proliferation, and antibody secretion through cyclic aden-
osine monophosphate (cAMP) generation and protein
kinase A (PKA) activation.'™"! However, the role of B,AR
in the TLR signalling pathway in macrophages remains
vague. On the other hand, arrestins are cytosolic proteins
that play a critical role in the regulation of GPCR signal-
ling.'*"® Recent studies have shown that they also interact
with their partner molecules in a variety of signalling
pathways, including NE-xB signalling.'*'® In the present
study, we investigated the physiological consequence of
the down-regulation of f;AR expression in macrophages
and analysed the cross-talk between the signalling of
B,AR and TLRs.

Materials and methods

Cell culture

The murine macrophage cell line RAW264 (RCB0535)
was purchased from RIKEN Cell Bank (Ibaraki, Japan)
and cultured as described in our previous study.'” The
cells were stimulated with 1 pg/ml lipopolysaccharide
(LPS) from Escherichia cols 055 (Sigma-Aldrich, St Louis,
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MO). Cell viability was assessed using the trypan blue dye
exclusion test and cell size was measured by flow cyto-
metric analysis of forward light scatter characteristics
using a FACSCalibur flow cytometer (Becton Dickinson,
Mountain View, CA).

Electrophoretic mobility shift assay (EMSA)

Nuclear extracts were prepared as described elsewhere.'®
The NF-xB oligonudeotide probe (5-AGT TGA GGG
GAC TTT CCC AGG-3') was purchased from Promega
(Madison, WI) and labelled with biotin at its 3’ end. The
nuclear protein (2 pg) and excess amounts of labelled oli-
gonucleotide probes were incubated in 20 pul EMSA buffer
[20 mm HEPES, pH 7-6, 10 my (NH);S0,, 1 my dith-
iothreitol, 1 mm ethylenediaminetetraacetic acid (EDTA),
0-2% Tween, 30 mm KO, 1 pg poly (dI-dC), 1 pg poly
L-lysine] at room temperature for 15 min, electrophoresed
in 7% polyacrylamide gels, transferred onto the Biodyne
Plus Membane (Pall BioSupport Division, Port Washing-
ton, NY), and cross-linked in ultraviolet light. To detect
signals, the blots were incubated with streptavidin-horse-
radish peroxidase conjugate in a blocking reagent for
15 min and with a chemiluminescent reagent for 5 min.
The blots were then exposed to Kodak X Omat AR film
(GE Healthcare Bio-Science, Piscataway, NJ).

Western blorting analysis

Cell membrane proteins were prepared using the Plasma
Membrane Protein Extraction Kit (Bio Vision, Mountain
View, CA). Cytoplasmic protein extracts were prepared as
described previously (30). The protein concentration was
determined using the Bradford reagent (BioRad, Hercules,
CA), and equal amounts of membrane proteins or cyto-
plasmic proteins were loaded. The samples were separated
by 10% sodium dodecyl sulphate-polyacrylamide gel elec-
trophoresis (SDS-PAGE) and transferred on to polyviny-
lidene difluoride membranes (Applied Biosystems, Foster
City, CA). The membranes were blocked with 10% non-
fat dried milk in Tris-buffered saline and incubated with
goat polyclonal antibodies against B,AR, goat polyclonal
antibodiés against B-arrestin 2, or rabbit polyclonal anti-
bodies against IxBa and NOS II (Santa Cruz Biotechnol-
ogy, Santa Cruz, CA); this was followed by incubation
with appropriate secondary antibodies (horseradish per-
oxidase-conjugated rabbit anti-goat or goat anti-rabbit
immunoglobulin G; Dako, Kyoto, Japan). To ensure equal
protein loading, the membranes were incubated with
rabbit anti-actin or anti-glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) (Santa Cruz Biotechnology) for
the detection of cytoplasmic or cell surface GAPDH'
after stripping. Immunoreactivity was visualized using
an enhanced chemiluminescence reagent (ECL; GE
Healthcare Bio-Science).
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Immunaprecipitation

The cells were lysed with lysis buffer (20 mm Tris-HCI,
pH 7-6, 150 mm NaCl, 2 mm EDTA, 0-5% Nonidet P-40
and protease inhibitors). The samples were clarified by
centrifugation at 21 000 g at 4° for 30 min. The protein
concentration was determined using the Bradford reagent
(Bio-Rad). P-Arrestin 2 was immunoprecipitated with
anti-B-arrestin 2 monoclonal antibodies (Santa Cruz Bio-
technology) from equal samples, followed by treatment
with 10 pl protein G-Sepharose beads (GE Healthcare
Bio-Science). After extensive washing, the complexes were
analysed by SDS-PAGE and Western blotting by using
rabbit polyclonal antibodies against IxBa,

Determination of nitrite concentration

Nitrite in the cell culture supernatants was measured
using the assay system of Ding et al®® The nitrite concen-
tration was calculated by comparison with sodium nitrite,
which was used as a standard. In some experiments,
200 pm pyrrolidine dithiocarbamate (PDTC, Sigma) was
added to the cultures.

Determination of intracellular cAMP concentration

Cells were cultured with or without LPS for 6 hr and
were stimulated with Salbutamol (1 x 107 M) for the
final 30 min. Cell supernatants were then removed and
cells were lysed. Intracellular cAMP was determined with
a commercially available enzyme immunoassay (GE
Healthcare Bio-Science).

Real-time polymerase chain reaction (PCR)

Total cellular RNA was extracted from cells using the
RNeasy Mini Kit (Qiagen, Hilden, Germany), and aliqu-
ots of 2 ug were reverse-transcribed with ReverScript 1
(Wako Pure Chemical Industries, Osaka, Japan) and an
oligo-dT(15-mer) (Roche Diagnostics, Indianapolis, IN)
at 42° for 50 min. The complementary DNAs (cDNAs)
were amplified by PCR under the following conditions
using the oligonucleotide primers and cycles listed in
Table 1: 94° for 30 seconds, 55° for 30 seconds, and 72°

for 30 seconds for NOS II and 185 ribosomal RNA
(rRNA), and 94° for 30 seconds, 60° for 30 seconds, and
72° for 30 seconds for total and transfected P,AR and
P-arrestin 2. The quantity of the c¢DNA template
included in these reactions and the number of amplifica-
tion cycles were optimized to ensure that the reactions
were stopped during the linear phase of product amplifi-
cation, thus permitting semiquantitative comparisons of
messenger RNA (mRNA) abundance between different
RNA preparations.

AR and f-arrestin 2 plasmid constructs and stable
transfection

Full-length murine PB,AR (P,ar) and P-arrestin 2
(Barrestin2) cDNAs were obtained by PCR using the
primers 5'-GCTGAATGAAGCTTCCAGGA-3' (sense) and
5'-GCCTGTATTACAGTGGCGAG-3'  (antisense)  for
B:AR and 5'-GGCGGGCGGAGGGCGGCGAG-3' (sense)
and 5'-CGTCCTAGCAGAACTGGTCA-3' (antisense) for
p-arrestin 2. The amplified B,AR and B-arrestin 2 frag-
ments were subcloned into the pGEM-T Easy vector
(Promega) and then into Notl-digested pcDNA4 (Invitro-
gen, Carlsbad, CA). The amplified PCR products were
sequenced using an automatic DNA sequencer (Applied
Biosystems). The plasmid DNA used for transfection was
prepared using the EndoFree Plasmid Kit (Qiagen).
RAW264 cells were transfected with the pcDNA4 vector,
pcDNA4-Boar, or pcDNA4-Parrestin2 using LipofectA-
MINE Reagent (Invitrogen). Selection was initiated in a
medium containing 500 pg/ml Zeocine (Invitrogen).

Luciferase assays

The full-length murine NOS Il promoter fragment was
cloned into the pGL3-enhancer luciferase reporter gene
vector (Promega) (pGL3-NOS II) as described previ-
ously.?' RAW264 cells were transfected using the Lipofec-
tAMINE Reagent with constructs containing the luciferase
reporter gene, and luciferase activity was determined
using the Dual Luciferase Assay System Kit (Promega) as
described elsewhere.”! Activity was normalized relative to
an internal cotransfected constitutive control (Renilla
luciferase expression vector, pRL-TK; Promega). In some

Table 1. Oligonucleotide sequences used for poly chain reaction

Forward Reverse Cyde
AR GGAGCAGGATGGGCGGACGG GCCTTCCATGCCTGGGGGAT M4
Transfected p,AR GGAGCAGGATGGGCGGACGG TGGTGATGGTGATGATGACC 34
f-arrestin 2 GCAGCCAGGACCAGAGGACA CCACGCTTCTCTCGGTTGTC a5
NOS I CTTCCGAAGTTTCTGGCAGCAGCG GAGCCTCGTGGCTTTGGGCTCCTC 26
185 GAGAAACGGCTACCACATCC CCCAAGATCCAACTACGAGC 26

AR, B;-adrenergic receptor; NOS I, nitric oxide synthase I1.
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experiments, RAW264 cells were transiently cotransfected
with the NF-xB-responsive promoter reporter-luciferase
construct pNF-xB-Luc (Clontech, Palo Alto, CA) or
pGL3-NOS 1I and pcDNA4-B,ar or IxBu dominant-nega-
tive vector pCMV-IxBaM (Clontech).

Statistical analysis

Student’s t-test for unpaired samples was used to com-
pare two means. For more than two groups, statistical
significance of the data was assessed by analysis of vari-
ance, Where significant differences were found, individual
comparisons were made between groups using the r-sta-
tistic and adjusting the critical value according to the
Bonferroni method. Differences were considered signifi-
cant at P < 0:05. Data in the text and figures are
expressed as means + SEM.

Results

Preventing the down-regulation of B,AR inhibits
LPS-stimulated NOS TI expression

Levels of both B,AR protein and ;AR mRNA were
markedly decreased in RAW264 cells following LPS stim-

(2) Wastem uunm ATPCA
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ulation (Fig. 1a). To investigate the role of f,AR down-
regulation in response to LPS, a stable AR transfectant
(RAWar) and a vector control (RAWvec) were estab-
lished. Although the levels of both B;AR protein and
mRNA expression were notably decreased in RAWvec
cells following LPS stimulation, the down-regulation of
P:AR expression was prevented in the RAWar cells
(Fig. 1b). The transfected B;AR protein did not have a
tag sequence capable of modifying P,AR function so the
protein levels of only transfected f,AR could not be anal-
ysed. The mRNA levels of transfected B.AR were low in
unstimulated RAWar cells but markedly increased in the
cells following LPS stimulation (Fig. Ic). In our previous
study, we showed that the levels of both protein and
mRNA of transfected cDNA cloned into the pcDNA4 vec-
tor were low in unstimulated RAW264 cells but were
markedly increased in the cells following LPS stimula-
tion.'” Therefore, it appears that total P,AR expression in
unstimulated RAWar cells was not much higher than in
RAWvec cells and that the decrease in intrinsic f;AR
expression in the LPS-stimulated RAWar cells was masked
by the increased expression of transfected P,AR as the
result of the LPS stimulation. Although, the intracellular
cAMP concentration in RAWar cells stimulated with
salbutamol was similar to that in RAWvec cells, LPS
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FAWZE4 FlliWvec
u’smo:ummn,, WMDSHOSO LPBI'I'IG:I!I‘IQH

“"“I__lw- - - -
o] R — -

Fulivms

Figure 1. Lipopolysaccharide (LPS) stimulation down-regulates f-adrenergic receptor (fLAR)
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(a) RAW264 cells were stimulated

with LPS. The protein levels of f,AR and GAPDH (loading control) in the plasmd membrane were analysed by Western blotting (left panel).
The B;AR messenger RNA (mRNA) and 185 ribosomal RNA (rRMNA; loading control) were analysed by reverse transcription—polymerase chain
reaction (RT-PCR; right upper panel). Bar graphs show the relative intensity of the PCR bands from three separate experiments (mean + SEM)
(right lower panel). *P < 0-01 versus 0 hr. (b) RAW264 cells were transfected with the fzar construct or vector alone. The protein levels of f,AR
and GAPDH (left panel) and mRNA expressions of BAR and 185 rRNA (right upper panel) were analysed as in (). Bar graphs show the relative
intensities of the PCR bands from three separate experiments (mean + SEM) (right lower panel). *P < 0-01 versus 0 hr. (c) mRNA expressions
of P:AR and 188 rRNA (upper panel) were analysed as in (a). Bar graphs show the relative intensities of the PCR bands from three separate
experiments (mean + SEM) (lower panel). *P < 0:01 versus 0 hr. (d) Cells were cultured with or without LPS for 6 hr and were stimulated with
salbutamol (1 % 107 ) for the final 30 min. Then, intracellular cyclic AMP concentrations were analysed. *P < 0.05 versus without LPS. (¢) Cell
size was 1 by flow cy ic analysis of forward light scatter characteristics (FSC).
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stimulation decreased the accumulation of intracellular
cAMP in RAWvec cells but increased it in RAWar cells
(Fig. 1d), suggesting that the transfected ;AR was func-
tionally active. Similar histograms of the distribution of
forward light scatter characteristics were observed in
RAWvec and RAWar cells, suggesting that the B,AR
transfection did not alter the cell size (Fig. le). In addi-
tion, cell viabilities were more than 98% in both cells.
The effects of forced P,AR expression on NO produc-
tion were examined. The nitrite concentration in the cul-
ture supernatants of the LPS-stimulated RAWar cells was
considerably lower than in the culture supernatants of the
RAWvec cells (Fig. 2a). After stimulation with LPS for
6 hr, a distinct 130 000 molecular weight NOS II protein
band was observed in the RAWvec cells but not in the
RAWar cells (Fig. Zb). Although a protein band corre-
sponding to NOS I was observed in the RAWar cells
after stimulation with LPS for 24 hr, the expression level
was apparently lower than in the RAWvec cells. Similar
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Figure 2. Forced By-adenergic receptor (BAR) expression supp
nitric oxide (NO) production and nitric oxide synthase [1 (NOS )
expression. (a) Cells were stimulated with lipopolysaccharide (LPS)
for 24 hr, and nitrite accumulation in the super
sured using the Griess reagent. The results are expressed as mean-
s + SEM from three-well cultures. *P < 0-001 versus LPS-stimulated
RAW264 or RAWwvec cells. (b) The protein levels of NOS II and
GAPDH (left panel) and messenger RNA expressions of NOS I and
185 ribosomal RNA were analysed as in A (right upper panel). Bar
graphs show the relative intensity of the poly chain reaction
bands from four separate experiments (mean = SEM) (rght lower
panel). *P < 001 versus corresponding RAWvec cells. Data shown
are representative of three or four separate experiments.
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results were obtained on reverse transcription PCR analy-
sis of NOS II mRNA expression (Fig. 2b).

Preventing the down-regulation of ;AR inhibits
LPS-stimulated NF-kB activation.

Next, the effects of forced P;AR expression on NF-xB
activation in response to LPS were analysed. As illustrated
in Fig. 3(a), marked NF-xB activation was observed in
the RAWvec cells stimulated with LPS for 3 and 6 hr but
not in the RAWar cells. The level of cytoplasmic IxBa
was decreased in the RAWvec cells after LPS stimulation
for 6 hr but this level was not decreased in the RAWar
cells (Fig. 3b). To further confirm the role of B.AR in
LPS-stimulated NF-xB activation, the effects of forced
B.AR expression on NF-xB-dependent gene transcription
were analysed. NF-xB-mediated-luciferase reporter activ-
ity (Fig. 3c) and NOS [I promoter activity (Fig. 3d) after
stimulation with LPS were inhibited in cells that were
cotransfected with the pcDNA4-PB.ar construct (AR) as
well as in cells cotransfected with pCMV-IxBaM (DN-
%B). These findings suggested that ;AR functions as a
negative regulator of NF-xB activation by inhibiting IxBa
degradation in LPS-stimulated macrophages. Previously,
it has been shown that PDTC blocks NF-xB activation by
inhibiting IxBa degradation and subsequently the translo-
cation of NF-xB subunits to the nucleus.” To elucidate
the effects of NF-xB activation on the expression of the
responsive gene, Nos2, PDTC was added to the RAW264
cell cultures at several time-points after the addition of
LPS, and accumulation of NO in the supernatants was
analysed after LPS stimulation for 24 hr. As illustrated in
Fig. 3(e), when PDTC was added to cultures at 0-9 hr
after the additon of LPS, the NO concentrations in these
cultures were markedly lower than those in cultures stim-
ulated with LPS for 24 hr without PDTC (right column),
indicating that continuous NF-xB activation is essential
for adequate NOS II induction.

[}2AR regulates NF-xB activation through f-arrestins

As P-arrestin 2 has been reported to interact with
IxBat,'*'® we examined whether B-arrestin 2 participates
in the P;AR-mediated regulation of IxBa degradation and
NF-xB activation in response to LPS. The expression
of B-arrestin 2 was also down-regulated in the LPS-stimu-
lated RAW264 cells (Fig 4, left panels). Forced B,AR
expression abolished the down-regulation of PB-arrestin 2
expression (middle panels), suggesting that f-arrestin
2 expression was regulated by B;AR. Deletion of f,AR by
small interfering RNA (siRNA) decreased [-arrestin
2 expression (data not shown), supporting the theory that
[-arrestin 2 expression is regulated by B,AR. To investi-
gate the role of fi-arrestin 2 down-regulation in response
to LPS, a stable B-arrestin 2 transfectant (RAWarr2) was
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