Sy

generalized to other areas. The present study included no discussion of the relationships
between alcohol consumption and depression and/or suicide. Further studies are required to
evaluate the associations between how drinking alcohol facilitates conversation and outcomes
of conversations in bar and izakaya-pub establishments, such as the effects on resolution of
customers’ problems and customers’ health status. In addition, future assessments of the
relations between alcoholism and frequenting bars and/or izakaya-pubs are necessary to
determine the possible negative impacts of alcohol drink on customers’ mental health status.
The present study also did not directly target the customers of bar and izakaya-pub
establishments. Therefore, it was not possible to discuss the detailed effects and outcomes on
the customers after conversation with owners/managers, e.g., how many people avoided
suicide, and the customers’ intention to talk and consult with a professional regarding their
personal/private problems. These points should also be investigated in future studies.

Despite these limitations, the study results indicated a potential for managers and owners of
bars and izakaya-pubs, especially those with longer years of working experience, to play a
role in assisting middle-aged and elderly men to seek professional mental care, by providing
appropriate seminar and workshops on mental health, and building partnership with local
governments and professional organizations.
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Most studies that investigate the impact of mental disorders on work performance have been conducted in
Waestern countries, but this study examines the impact of common mental disorders on sick leave and on-
the-job work performance in a4 community sample of Japanese workers. Data from the World Mental Health
Japan survey were analyzed. A subsample of 530 workers aged 20-60 years were intesviewed using the WHO
Composite International Diagnostic Interview 3,0, The WHO Health and Work Performance Questionnaire,

gg::‘:;?mn was used to assess sick days and on-the-job work performance for l_hw previous 30 days. Linear regression
Presentecism was used to estimate the impact of mental disorders on these indicators of work performance over
- HPO 12 months. Mood disorders, including major depressive disorder. and alcohol abuse/dependence were signif-
Colwre . icantly associated with decreased on-the-job performance. There were no significant associations between
Cost mental disorders and sick:absent days. Consistent with previous studies, major depression has a great impact

on on-the~job work performance in Japan. The lost productivity was estimated at approximately 28-30 lost
days per year. A similar decrease in on-the-job work performance was found for alcohol abuse/dependence,
which is stronger than that in other couantries, probably attributable to greater tolerance of problematic

drinking at Japanese worksites,

© 2012 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Mental disorders are known to be prevalent in the general popula-
ton. and in the working population (Demyttenaere et al. 2004;
Sanderson and Andrews, 2006}, a factor that negatively affects life and
role functions {Merikangas et al., 2007; Scott et al, 2009). Influences of
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mental disorders include loss of work productivity, which has been
reported to create significant costs for the workplace {Greenberg et al.,
2003; Stewart et al., 2003; Kessier et al, 2006). Estimating the impact
of mental disorders on work productivity is important to set priorities
and plan appropriate interventions for mental disorders in the work-
place (Kessler et al, 2006; Loeppke f.’l al., 2007) Work produmvuy
losses comsist of two comy and pr

{Sanderson and Andrews, 2006). The former refers to the number of
waork days lost due to mental disorders; p ism refers to impaired
work performance on the job, often described as extra effort days or
work cutback days {i.e.. work days with reduced work performance) or

ML Isuchiva et al. : Bychiotry Research 198 (2012) 140145 141

self-rated work performance (Kessler and Frank, 1997; Dewa and Lin,
2000; Lim et al.. 2000; Kessler et al., 2006),

To date, five community-based epidemiologic studies have been
conducted to measure the association between mental disorders
and work productivity by using standardized diagnostic criteria,
such as the Diagnostic and Statistical Manual of Mental Disorders

{DSM) {Kessler and Frank, 1997; Dewa and Lin, 2000; Laitinen-

Krispijn and Bijl, 2000: Lim et al.. 2000: Kessier et al.. 2006). Four of
these studies were included in a systematic review by Sanderson
and Andrews (2006 ). These studies demonstrated that major depres-
sion, bipolar disorders, and dysthymia were associated with increased
absent days {Laitinen-Krispijn and Bijl. 2000; Lim et al., 2000; Kessler
et al.,, 2006). One study reported an unexpected finding: any mood
disorder was significantly associated with decreased absent days
{Dewa and Lin, 2000). For anxiety disorders, only one study has
reported that a simple phobia was associated with increased absent
days among males (Laitinen-Krispijn and Biji, 2000); otherwise, no
statistically significant association has been found between anxiety
disorders and absenteeism {Kessler and Frank. 1997; Dewa and Lin,
2000: Lim et al., 2000). Some studies have reported that alcohol de-
pendence (Kessler et al, 2006) and substance or drug use disorder
{Laitinen-Krispijn and Bijl, 2000; Kessler et al.. 2006) were associated
with increased absent days, but one study found no statistically sig-
nificant association between alcohol or substance use disorders and
absent days (Lim et al,, 2000}

For presenteeism, three studies have confirmed that meod disor-
ders {or affective disorders) were associated with increased cut-
back days or extra elfort days (Kessler and Frank. 1997; Dewa and
Lin, 2000: Lin et al., 2000), including major depression { Kessler and
Frank. 1997; Lim et al.. 2000; Kessler et al.. 2006) and bipolar disorder
{Kessler et al, 2006). Anxiety disorders were associated with in-
creased cutback days or extra effort days in all studies that examined
such an association (Kessler and Frank, 1997; Dewa and Lin. 2000;
Lim et al, 2000). Generalized anxiety disorder (GAD) (Kessler and
Frank, 1897; Lim et al., 2000). panic disorder, simple phabia, social
phobia and agoraphobia (Kessler and Frank, 1997) were also associat-
ed with cutback days. Substance disorders { Kessler and Frank, 1997;
Dewa and Lin, 2000), including alcohol and substance dependence
{Kessler and Frank, 1997). also were associated with increased cut-
back days. The previous literature has indicated two important
points: depressive disorder is more consistently associated wnh de'
creased work praductivity (both for at ism and pr
and the impact of mental disorders has been more consistently o\y
served for pr ismt than ab

All previous research was conducted in Western countries. To our
knowledge, there is no previous study on absenteeism or presentee-
ism due to a wide range of mental disorders using an internationally

tandardized set of di ic criteria and well-established diagnos-
tic mieasures in a community sample of a non-Western country, such
as Japan. Therefore, it is safe to say that the effects of mental disor-
ders in diverse socio-cultural hackgrounds have not heen investigat-
ed. We should not simply transfer data regarding the costs of work
disability from Western studies for two reasons. First, cross-
national variation in prevalence and impairments of mental disor-
ders has been shown (Demytrenaere el al. 2004), so we cannot
demonstrate accurate losses in work productivity caused by mental
disorders without investigating Japanese data. Second, although
work disability is greater in high-income countries than in low-
and middle-income countries {Ormel et al, 2008), other social and
behavioral characteristics (i.e. worksite norms, culture or labor poli-
tics) may affect the association between mental disorders and de-
creased work productivity,

“Karo-jisatsu” (work-related suicide) has been claimed, at least in
part, to be attriburable to the fact that workers in Japan continue to
work even when they feel sick (Nishiyama and johnson, 1997;
Hivama and Yoshihara, 2008). In addition, although the average

number of annual working hours per employed person was 1714 h
in Japan in 2009, which is medium length among the Organisation
for Economic Co-operation and Development {OECD) countries and
has been decreasing during this decade (OECD, 2010); the propor-
tion of workers working long hours, in 2001, was 28.1%, the highest
in the developed societies (Lee, 2004). With these workaholic norms
and waorkplace hierarchical social structure, Japanese workers who
suffer from mental disorders may not take days off, but remain at
the workplace, with deteriorating on-the-job work performance, Be-
cause fapan is known to have a permissive social climate for drink-
ing problems (Milne, 2002; Hiro et al, 2007), such a workplace
environment might allow workers with alcohol abuse/dependence
to continue at the workplace, leading to decreased on-the-job work
performance.

In addition, previous studies featured significant methodological
variations in measuring at and pr Particularly
for presenteeism, some studies used the number of cut-back days,
while more recent studies used self-reported work perfe e
using the WHO Health and Performance Questionnaire (HPQ), a stan-
dardized measure of absenteeism and presenteeism (Kessier et al.,
2003: Kessler et al.. 2004). Other methodological variations include
the use of a broad diagnostic category (such as mood disorders) or
specific diagnoses (such as major depression). It would be desirable
to compare the impact of mental disorders on work performance
while using a common measure of ab ism and pr
by specific diagnosis.

The aim of the present study is to estimate the impact of mental
disorders on work perforimance (ab eism and p ism), as
well as to ascertain the prevalence and demographic correlates in a
community sample of workers in fapan who took part in the World
Mental Health Japan (WMH-J) 2002-2005 surveys. This study pro-
vides the first findings regarding the association berween mental dis-
orders and work performance of community worker samples in a
non-Western cauntry. The study also assessed absenteeism and pre-
senteeism using the WHO HPQ score associated with specific DSM-
1V mental disorders.

2. Methods
2.1 Subjects

The data used in this study come from the Waorld Mental Health Japan [WMH-[)
2002-2005 Survey (Kawakami et al.. 2005), The WMH- is an epidemiological survey
of pine areas in Japan, including three larger cities and six rural mupicipalisies. Carvied
wut as part of the World Health Organization's World Menral Health (WMH) Survey
Initiative {Demytienaere et al, 2004), the survey was given to household residents
a«ed 20 and ider, Ihc nine WMH-J sites were selected based on geographic variation,

ikity of site i and local ' fon. Interviews were
carried out face~-to-face with  total of 3417 respondents across the sites for a tatal re~
spanse tate of 59,23,

First, work-related measures were included in the part 2 sampte (= 1305). Inthe
part 2 sample, 819 ans that they were emp : 684 fully and com-
pleted all questions used in this study: 530 met inclusion criteria {either employed
or seif-emplayed 20 b ar more per week, aged 20-60 years), Therefore, this subsample
of 530 resprmdents was used in the following analyses.

“the data reparted here were weighted to adjust for differential probabitities of se-
tection and non-response. Details of the WMH-) design, field procedure and sample
weights have been reparied previausly {Kawakami of al.. 2005), The Human Subjects
Committees of Okayama University, Japan National Center of Newrology and Psychiatry
and Nagasaki University approved this study's recruitment, consent, and field
proceduires.

2.2, Diagnosis af mentsl dixorders

Prevalences of mental disorders at 30 days and 12 manths were assessed with Ver-
sion 3.0 of the WHO Composite International Diagnostic Interview (CI01] (Kessler and
Ustun, 2004}, 3 strucrured diagnostic interview designed to be administered by trained
lay interviewers to generate di, ing to the Di ic and Stati Man-
ual of Mental Disorders. Fourth Edition (DSM-V) {American Psychiatric Association,
15945,
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2.3 Secio-demographic corselates.

“The soctodemagraphic variables included sex. age {20-29, 3044, 4560}, educa-

tion {less than high school. completed high school, some callege,
eccupation {° P {onal™, "Cleeks
espected work hours per week {20-39, 40 or more).

2.4, Wark perforinonce

Waork perfarmance was assessed using the WHO Health and Wark Pecformance
Questionnaire (HPQ: Kessier et al, 2003, 2004). The HPQ includes a self-reporting as-
sessment of sickness/absence days in the month {30 days} before the survey along
with a scale of on-the-job work performance in the same titelrame. The an-the-job
Swork performance scale is 3 0-to-10 self-anchoring scale in which 0 indica

‘worst watk pecformance that a person could have on their job and 10 represents per-
formance of 3 tep worker on their job, We nsed this 0-to-10 scale as an on-the-job
work perforimance measure, Although there have been several methods created v as-
sess work performance, no gald standard has been confirmed. It is argued that 4 0-10
sating regarding work performance generates greater advantages than the 3ssess-
sments of perceived impairment used in previous studies {Kessler et al, 2003: Mattke
£t al.. 2007). For example, Mattke et 4, {2007 described the following three benefits:
{1} benchmarking ene’s perceived performance provides a reference against which
loss can be measured: (2] the values garnered from a 10-peint performance scale or
percentage scale can be more eastly incorporated inte 3 monctization formula; {33 at-
tempts bave been made to validate this 10-point scale by comparing it with supervi-
sorsT assessments or mare objective archival perfermance measures of jub
performance {Kessler et al. 2003, 2004; Martke et al. 2007, For these seasons. we
adopted a 10-point scale work performance measure, 3 method thar has been used
in yecent research regarding workplace costs of adult stieation deficit hyperactivity
shiserder (Kessler et al., 2008,

2.5, Srtisticol analysiy

All analyses were performed using survey procedures in SAS version 9.1.3 (SAS n-
stitnte Ine., Cary, NC, USA} or SAS-callable SUDAAN version 9.0 (Research Triangle In-
stitnte. Research Triangle Pask, NC, USA) in order © aceount for the survey design of
the WMH-] (for details, see Kawakami et al., 2005},

Frst, we estinated 12-month prevalence of each mental disorder within the sub-
sample of 530 employed respondents to part 2 of the WMH-] 20022005 suyvey. Next,
a subgroup comparison of prevalence estimates was used fo study the sociodinmo-
graphic corelates of mental disnrders by calculating odds ratios adjusted for sex and
age coharts. Linear regression analysis was used 1o estimate assaciations of mental dis-
arders with wark performance over 30 days and 12 months. In order to conduct stable
estimates of the mental disarders over 12 months, we included the mental disorders
that had 15 or more nnsveighted cases {0 the adalysis of seademographsc cortelates.,

Mental disorders were coded as yes-no dummy predictor variables in tinear e
gression analyses, whereas sociodernographic variables (ses. age. education, accupa-
tion, expected work time} were included as controls, The dependent variables m
these binear regression equations were meastires of the continuous vutcomes of puny-
ber of sickness absence days and on-the-job work perfarmance.

3. Resuits
3.1. Prevalence and sociodernographic correlates

Estimates of 12 month prevalence (standard errors in parenthe-
ses) of DSM-IV mental disorders among employed WMH-] respon-
dents are shown in Table 1. Major depressive disorder was the most
frequent disorder in the employed sample, followed by specific pho-
bia and alcohol abuse in last 12 months. Approximately 9% of working
people had some mental disorder over the 12 months.

There were few sociodemographic correlates of mental disorders.
Major depressive disorder was significantly Jower among workers
whose education included some college when compared with those
who completed college (OR = 0.2, 95% Confidence Interval [Cf} 0.04-
0.97}. It also was significantly lower among clerks than managers/
professionals (OR == 0.4, 95%Cl 0.1-0.9). As for anxiety disorders, less
educated workers who did not complete high schoal had a greater
12-month prevalence of specific phobias than workers who complet-
ed college (OR=56, 95%Ct 1.2-27.3). Substance disorders were
higher in men (OR =223, 95%Ct 2.1-236.0; OR =240, 953C1 2.3~
254.0) than women. Substance use disorders were more common in
20-29-year-old workers than 45-60-year-old workers. There were

'no significant sociodemographic correlates among any other mental

disorders.

Table 1
12-month prevalence of DSM-IV mental disorders among di in
Wivi-).
college;.
1. “Manual™} and average Mental disorders Weighted 1 % SE
Meaad disorder
Major depressive disorder 141 28 07
Dysthymia 13 a3 0.2
Bipolar | and It 1.6 03 03
Any moud disorder 15.7 29 08
Anxivty disorder
Specific phobia 125 23 04
Social phobia 57 11 0.7
s the Agoraphobia without panic disorder 04 o1 0.1
Generalized anxiety disorder 53 10 03
Panic disorder 313 08 03
ostiaumatic stress disorder 28 as 03
Any anxiety disorder 27, 5.1 09
Substance use disarder
Alcahol abuse 87 1.6 06
Alcohal dependence 1.4 03 0.2
Any substance use disorder 92 1.7 0.6
Intermittens explosive disurder 37 a7 03
Any mental disorder 48.7 aj Lt

= 530 SE, <tandard error;

3.2, Associations of mental disorders with work performance

Only social phobia significantly predicted the expected duration of
sickness/absence days (Table 2). Having this disorder was assaciated
with an increase in abseat days; however, it did not remain a signifi-
cant predictor after adjusting for age. sex, education, occupation and
expected number of hours of work per week. Major depressive disor-
der, mood disorders and alcohol abuse/dependence significantly pre-
dicted on-the-job performance {Table 3), Having these disorders was
associated with a decrease in work performance. Major depressive
disorder, mood disorders and alcohol abuse/dependence remained
significant and any substance use disorder became a significant pre-
dictor after adjustment for age. sex, education, occupation and
expected number of hours of work per week.

The 30-day prevalence of major depressive disorder (b=— L9,
95%C1 ~3.6 to —0.3) and any mood disorder {(b=—20, 95%CI
--3.1 to — 1.0) was significantly associated with a decrease in wark
performance, after adjusting for age, sex, education, occupation and
expected number of working hours per week. On the other hand, gen-
eralized anxiety disorder {p=0.8, 95%C1 0.3 to 1.3) and intermittent
explosive disorder (1ED) {b= 1.2, 95%C! 0.5 to 1.9) were associated
with an increase in work performance.

4. Discussion

The present study indicates that major depressive disorder and al-
cohol abuse/dependence were positively associated with decreased
on-the-job performance (presenteeismy} in this sample of workers in
Japan, while no mental disorders were associated with absence days
(absenteeism). Additional analyses indicated that major depression
was associated with decrease in on-the-job performance over 30 days

None of the mental disorders included in this study were significant-
ly associated with absence days. This finding i5 inconsistent with previ-
ous community epidemiological studies which found that major
depressive disorders were associated with an increase in OR = 1.87 for
1 year presence of sickness absence in men ( Laitinen-Krispijn and Bijl,
2000}, with an increase of 8.7 work loss days due to absenteeism for
1 year {Kessler et al,, 2006) and 1.39 work loss days in the past menth
for depression { Lim et al, 2000) or even —0.3 additional disability day
in past 30-days {Dewa and Lin, 2000}, It also conflicts with a previous
study indicating that bipolar disorder was associated with an increase
of 27.7 work loss days due to absenteeism for 1 year (Kessler et al.,
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Table 2

The relationships berween mental disorders over 12 manths and sick absent days amoog 530 eoiployed respondents in part 2 of the World Mental Heaith Japan 200-2005.

Mental disorders With each 12- Without each 12~ Regression coefficients {1 2-month)
month disorder month disorder Model 10 Model 20
Mean {SE} Mean (SE} Estimate (85% Cty Estimate {95% Q1)
Mood disorders
Major depressive disorder 06 04 08 :3) 00 ~081008 —~00 ~0210 09
Any mood disorder 0.8 04 96 ol ~0.1 ~0.8 .7 -00 -8t 08
Anxiety disorders
Specific phobia 1.8 IR 06 0.1 i1 —121633 12 —Lito34
Social phobia 06 05 08 04 08 21w l8 —00 —i3wi12
GAD 17 04 u6 (i3] 1.0 =09t 28 LY ~0.8103.0
Panic disorder 05 0.2 as 0 —-02 ~071603 —0.1 -85t 03
Any anxiety disorder L5 06 06 01 11 ~0.1 w23 1o ~031t0 22
Substance usz disorders
Alcohol abuse or dependence -02 03 0.6 %) —-0.4 ~0.81000 ~08 —201003
Any substance use disorder -0.2 s 06 0.1 —0.4 —~0810 00 —-09 ~20t003
Interrmittent explosive disorder %3 0.6 06 at g8 —0310 19 08 —=0.5w2i
Any disorder g 03 05 0.1 0.5 ~83t0 13 04 -04te 12

= 530: means were adjusted for covarivte: S.E, standard error: 952 CL 95% confidence interval
* Based on ordinary feast-squares fERfession analysis in which o dummy predictor variable that distingnished between workers with mental disorders feoded 13 and other

workers {coded 0} was used fo predict the contimious outconies.

¥ Adjusted for sex, age-cohont, education, occupational category and wark time on Model 1.

2006) and alcohol- and substance-use disorders were associated with
0.1 10 0.25 increased absence days in past 30 days {Kessler and Frank,
1997). However, it is consistent with above community epidemialogical
studies that found no association between mood disorders {Kessler and
Frank, 1997; Dewa and Lin, 2000; Lim et al, 2000). anxiety and
substance-related disorders {Dewa and Lin, 2000), anxiety disorders
(Kessler and Frank. 1997; Lim et ak, 2000) or substance disorders
(Lim et al., 2000) with absent days. Having a common mental disorder
might not be strongly associated with sickness absence in the Japanese
working population, as observed in a few studies.

Any mood disorder and any substance use disorder, particularly
major depression and alcohol abuse, were associated with a decrease
in on-the-job performance in the present study. This finding is consis-
tent with 2.77 to 417 cut-back days for major depression in
past 30 days (Kessler and Frank, 1997; Lim et al., 2000), 18.2 work loss
days due to absenteeism for major depressive disorder for 1year
(Kessler et al,, 2006} and 0.17 cut-back days Jor alcohol abuse and 0.88
cut-back days for alcohol dependence in past 30 days {Kessler and
Frank, 1997), as was found in the previous studies {Kessler and Frank,

1997; Dewa and Lin, 2000; Lim et al, 2000), among mental disorders,
mood disorders had the largest impact on decreased on-the-job work
performance,

The NCS-R study, which used the same measure of on-the-job
work performance, reported that the work performance equivalent
to 18.2 days per year was lost due to major depression {Kessler et
al., 2006). Following a formula used in prior studies (Kessler et al.,
2008), their estimate could be converted into a regression coefficient
of —0.73 (— 18.2 days divided by 250 annual work days and multi-
plied by 10}, which was smaller than that observed in this WMH-}
study. The impact of major depression on on-the-job work perfor-
mance may be greater in the working population in japan than it is
in the US, possibly resulting from the workaholic norm in Japanese
workplaces, which prevented those who were sick from leaving the
warkplace. However, because of the difference in measurement of
on-the-job work performance, we could not compare the present es-
timate with previous studies reporting 2.8-4.2 cut-back days in the
past 30 days as associated with major depressive disorder {Kessler
and Frank, 1997; Lim et al., 2000).

Table3
‘The relationsiups betveeen mental disorders over 12 months, and on-the-job work pedformance among 530 employed respondents in part 2 of the Warld Mental Health Japan
2002-2005,
Mental disorders With cach 12- Without each £2- Regression coefficients ( 12-month)
month disorder month disorder Model 14 Sodel 28
Kean S} Mean Estimate (95% €13 Estimate {95%CY)
Muond disorders
Major depressive disorder 59 03 70 o -12 ~2.010~04 -1l ~18t0~03
Apy maood disorder 58 03 78 o1 -13 -20t0 ~06 ~12 —~18t0~05
Anxiety disarders
Speafic phobia 2.0 03 BY LA 0.1 -0.7tc D3 03 ~071007
Social phobia P8 08 6.9 01 06 —0410 15 07 —~061t0 19
GAD Y 0 89 o o1 —~05te0.7 ot —0.71009
Pasiic disarder 6.6 0.7 68 01 02 —07t0 L1 ~03 ~i8to Lt
Any anxiety disorder ER] 0.2 69 ol 02 ~02t007 02 ~03w08
Substance use disorders
Alcohol abuse or dependence 58 [ik:} 70 ot -1 ~2.1 16 —00 —~2110 =04
Any substance use disorder 80 o850 - 70 i -10 ~201 00 -~20t0 ~00
Intermuttent explosive disorder 84 08 69 ot -02 —17t013 ~21to L}
Any disorder 65 a2 7.0 a.t -0.5 —Lito01 ~1.010 00

n-= 530; means were adjusted for cavariate;

standard error: 95% CIL 953 canfidence interval.

# Based 00 ordinary least-squares regression analysis i which a dummy predictar variable that distinguished between werkers with menral disarders (coded 1; and other

sworkers {coded 0) was used 1o predict the continuaus outcomes,

¥ Adjusted for sex, age-cahort, education, arcupational category and work time on Made! £,
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. In this study, the association belween alcohol abuse/dependence
: ;and work perfurmance loss was significant, and also similar to that
Ior major depressive disorder. M hile, alcohol abuse;d dence
Satas non-significantly assocmed with a slightly smaller number of
sick leave days. This pattern may be unique to Japan because previous
‘studies in western countries consistently showed greater decreases in
work performance due to major depressive disorder than from alco-
ol abuse/dependence (Kessler and Frank. 1997; Dewa and Lin,
2000; Lim et al,, 2000). In Japan, workers with alcohol abuse/depen-
ﬁsnce may be more likely to remain at their workplace, with deteno~

calculated from prevalences, were 31.4 million days for major depres-
sion and 20.5 million days for alcohol abuse or dependence. Next,
above lost annual salary was multiplied by the number of workers
with each mental disorder, this to

¥508 billion yen for major depression and ¥332billion yen for alcohai
abuse or dependence, respectively. It should be noted that many peo-
ple might rate themselves as 10, a top worker in US, and might not
rate themselves as a top worker in other countries (lwata et al.,
1995; Lee et al, 2002). We calculated the frequency of each 0-10
point and found that 4.0% of workers rated themselves 10 and 6%

rated work performance instead of taking sick leave. This
likely occurs because Japanese workplaces are more tolerant of prob-
jem drinking. For instance, heavily-drinking workers receive greater
social support at work (Hiro et al,, 2007). The present study indicated
that the impact of mental disorders {particularly major depressive
disorders and alcohol abuse/dependence) on work performance
Tay vary from country to country, depending on characteristics of
worksite culture and other labor-related factors. A future study
should focus on the variability of the impact of mental disorders on
decreases in work performance across countries, applying. similar
‘measures of work performance.

It was unexpected that the 30-day prevalence of GAD and [ED was
associated with increased on-the-job work performance. Previous
§tudies have shown additional 3 to 4 work cut-back days among
workers with GAD in the past 30 days (Kessler and Frank, 1997; Lim
2t al. 2000). No study reported the impact of 1ED on work perfor-
snance. The impacts of GAD and [ED may be less in Japan, Increased
work performance for these disorders might be attributable to the
self-rated measure of work performance. Those with anxiety or low
impulse control may rate their work performance higher on such a
scale. Detailed investigations with multiple measures of work perfor-
‘mance loss due to GAD and 1ED are needed,

As we expected, we found low ab ism but high pr ism
associated with major depression and alcohol abuse/dependence
among workers in Japan. Employees tend to have fewer sick leave
days on average in Japan than in Western countries (Muto et al.
1999; Kondo et al., 2006), taking a paid annual leave for anly a few
days when they are sick (Otsuka et al., 2007; Nakata et al., 2011). Only
one fourth to one third of the total paid annual leave days given to em-
ployees were utilized in Japan {Ogura, 2004). Several anecdolal reports
have described that workers in Japan continue to work even when they
feel sick (Nishiyama and johnson, 1997; Hiyama and Yoshihara, 2008).

rated th Ives 9. in japan. These proportions seem not so extreme-
Iy small. It would be needed, however, to describe a prevalence of a
top worker in future international comparison.

Our prevalence estimates of mental disorders in an employed
WMH-} subsample slightly varied from the whole community sam-
ple; they are almost consistent with the whole community sample
{Kawakami et al., 2005). This difference might have occurred because
of the younger age in the employed subsample, The prevalence was
lower in Japan than in western countries {Demyttenaere et al.
2004 Kawakami et al,, 2005). Consistent with previous studies of

d ity ples, major dep specific phobia
and alcohol abuse were the most common mental disorders
(Sanderson and Andrews, 2006}, We can compare these findings di-
rectly with only two epidemiological surveys that investigated the
prevalence of mental disorders over 12 months in employed samples
{Laitinen-Krispijn and Bijl, 2000; Kessler et al., 2008).

There are a few implications from our results. A previous study in-
dicates that sickness presenteeism may lead to a future long-term
sick absence, while the finding was not specific to mental disorders
(Bergstrom et al., 2009), Workers who suffer from mental disorders
possibly need to take a day off to cope with work burden or to access
medical care; otherwise, they might take a long-term sick absence in
future. Changing workplace norms and supervisor attitude to allow
workers to have more control over taking sick absence could be ben-
eficial to workers with mental disorders and their employers in a
country like japan in which high presenteeism is associated with
mental disorders. For alcohol abuse/dependence, appropriate inter-
ventions should be designed and implemented for early detection
and treatment of the disorder, which is often masked by the work-
place culture in Japan which is permissive to drinking.

5. Limitati

because of the workaholic norms, social pressure from supervisors and
coworkers in their workplace. The social and cultural characteristics of
rompanies in Japan may explain the finding. In addition, only one fourth
of people who suffered from mental disorders sought p ional help
in Japan (Wang et al., 2007a), which was the lowest among developed
countries. Thus most workers may not be aware of their having menzal
disorders. This may also be a reason for high presenteeism associated
with mental disorders. Furthermore, specific to alcohol abuse/dep:

The present findings must be considered within the following lim-
itations. First, the survey sites were selected from available areas in
Japan, so it may not be completely representative of the national pop-
ulation because the data did not include a metropolitan city with a
population of more than 1 million. The low response rate {59.2%)
may also have limited the interpretation of the results, leading to un-

ion or averestimation of prevalence. Second, although the

dence, a permissive social climate for dvinking problems in Japan
{Milne. 2002; Hiro et al., 2007) might be an additional reason for high
presenteeism associated with alcohol abuse/dependence.

According to the method used in Kessler et al. (2008}, we calculate
the day equivalent measure of performance decreases with those dis-
orders that were significant predictors of work performance. The
0-10 work performance scale was used Lo represent proportional
work performance {0-100%). Workers with major depression were
estimated to have about 11-12% lower on-the-job performance than
other workers. As for individual level, in a 250-day work year, this
is equivalent to approximately 28-30 lost days of productive wark
or ¥453,394-%¥494,611 yen lost annual salary associated with major
depression (Ministry of Health, 2003). In the same manner. the lost
days of productive work for ajcohol abuse or dependence was
28 days. As for societal level, ost days of productive work which
were multiplied by the number of workers with each mental disorder

HPQ is a validated scale, a psychometric comparison study should
be conducted regarding the meaning of 3 0-10 performance scale.
Third. cases of mental disorders were so small that 95% Cis were
wide and some hmportant mental disorders (e.g. bipolar disorder}
could not be estimated. Fourth, irapact of mental disorders on work
performance might be underestimated, because workers who suffer
with severe symptoms of mental disorders possibly lose their job or
attempt suicide (Dickerson et al., 2008).

Even within the context of these limitations, we found a substan-
tive impact of mental disorders on work performance in japan. To our
knowledge, these results rep the first cc -based epide-
miological study to show mental disorder data in a non-western
country. Future research should be conducted to replicate these find-
ings in other East Asian countries as well as additional non-western
countries in order to explore possible reasons for the observed
cross-national differences.

B4, Psuchiya et al, 7 Psychiarry Research 198 (2012) 140- 145 145

Finaily, we should view the conseguence of workers' mental disor-
ders from the perspective of return-on-investment: we found associ-
ations between some mental disorders and lost work productivity.
From the employer's perspective, it is important to recognize lost
work productivity as potential costs that might be reduced with
best-practices, such as outreach and treatment of mental disorders
{Wang et al., 2007b; Kessler et al., 2008.
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Aim: ‘Internalized stigma’ is a construct that reflects
the degree to which a person accepts beliefs
endorsed by society about mental illness. Among
people with schizophrenia spectrum disorders,
internalized stigma has been found to moderate the
associations between insight and social function,
hope, and self-esteem. Among families of patients
with schizophrenia, internalized stigma may not
only hinder help-seeking but also result in the fami-
lies attempting to provide care themselves, without
assistance from mental health services. Little is
known about internalized stigma among service
providers, especially psychiatric nurses in Japan.
Therefore, we investigated the correlation between
internalized stigma and ‘beliefs about the most
appropriate form of hospitalization’ among psy-
chiatric nurses.

Methods: The subjects were 215 psychiatric nurses
employed in psychiatric hospitals who completed
the personal stigma scale, perceived stigma scales,
and Difficulty of Community Living Scale (DCLS)

with respect to a chronic schizophrenia case
vignette.

Results: Internalized stigma was positively correlated
with greater ‘beliefs about the most appropriate form
of hospitalization’ among psychiatric nurses. We also
showed that stronger ‘beliefs about the social disad-
vantages of schizophrenia patients in the community’
was positively correlated with stronger ‘beliefs about
the most appropriate form of hospitalization’.

Conclusion: The present findings suggest that the
psychiatric nurses employed at Japanese psychiatric
hospitals have a pessimistic view of the community
living of people with schizophrenia and their fami-
lies. And these psychiatric nurses’ beliefs were related
to their understanding of the deeply dependent rela-
tionship between patients and families, and was
related to the Confucian ideal.

Key words: hospitalization, Japan, nurses, schizo-
phrenia, stereotyping.

HE DEFINITION OF stigma has been expanded
from an individualistic focus to incorporate a set
of social processes that link its components under
one umbrella concept.! Stigma is thus defined as
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occurring when human differences are labeled,
leading to stereotyping and cognitively separating ‘us’
from ‘them’. It also causes loss of status and discrimi-
nation resulting in reduced life opportunities within
the context of a power situation that allows these
processes to unfold. The spectrum of emotional reac-
tions that the stigmatizer (e.g. disgust) and the stig-
matized (e.g. shame) experience has also been added
as a key component to this process.?

Three main mechanisms of Chinese society’s mani-
festations of stigma, which are shaped by cultural
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meaning embedded within Confucianism, have been
investigated: direct individual discrimination, inter-
nalization of negative stereotypes, and structural dis-
crimination.? Similar manifestations can be observed
in Japan, especially in rural areas.

The public endorsement of stigma impacts many
people, especially four groups: people with mental
illness, their families, service providers, and the
general public. Perhaps of greatest concern is the
harm that public stigma causes people who are
labeled mentally ill and their family members.**

In people with mental illness, ‘internalized
stigma’,® a related construct reflecting the degree to
which a person has internalized stigmatizing beliefs
about mental illness endorsed by society (e.g. people
with mental illness are violent and unable to function
independently), takes on personal relevance and has
been linked to depressed mood.® Internalized stigma
among people with schizophrenia spectrum disor-
ders moderates the associations between insight and
social function, hope, and self-esteem,*”® leading to
negative outcomes.”"?

Second, it has been extensively documented that
caregivers of persons with serious and persistent
mental disorders must successfully cope with many
challenges to provide good care. In Japan, there are
many advanced mental health inpatient facilities and
a long-term hospitalization system. However, there
might be little professional mental health care in the
community, for example, screening for early interven-
tion by general practitioners and assessment by psy-
chiatric nurses in Japan. Furthermore, among families
of patients with schizophrenia, internalized stigma
may not only hinder help-seeking but it may also
result in families attempting to provide care them-
selves, without assistance from mental health ser-
vices. On the other hand, reluctance to seek help may
be connected to fear of violent behavior by patients
with schizophrenia, and the family’s attitudes toward
patients with schizophrenia might have a significant
impact on patients’ social adjustment.''-!*

Third, public endorsement of stigma has an impact
on service providers in Japan, especially inpatient
psychiatric nurses. Further, compared to the situa-
tions of other medical workers in Japan, unpredict-
able patient behavior is easily construed as dangerous
for psychiatric nurses.'"® This may be one of the
reasons that psychiatric nurses have the greatest level
of stigmatizing perceptions among medical workers.
They tend to have close contact with inpatients on
psychiatric wards, making them easy targets for

© 2012 The Authors
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patients’ violent behavior. It may also be a reason
why it is easy to predict that families will have diffi-
culty taking care of a relative with mental illness.
Over the past few years, there has been a substan-
tial increase in research on stigmatizing beliefs and
attitudes among mental health professionals. It has
been found that health professionals rate long-
term outcomes more negatively than do the general
public, and that the public is more optimistic
about the long-term prognosis after treatment.'®!¢
However, little is known about internalized stigma
among service providers, especially psychiatric nurses
working on psychiatric wards in Japan. Furthermore,
little is known whether their internalized stigma cor-
relate with their beliefs about care for inpatients with
schizophrenia or not. Therefore, we investigated the
correlation factors (e.g. internalized stigma) with psy-
chiatric nurses’ beliefs about the most appropriate
form of hospitalization for schizophrenia patients.

METHODS

Procedure

The subjects were 215 psychiatric nurses employed at
five psychiatric hospitals in Tochigi and Niigata pre-
fectures in Japan who gave their informed consent to
participate. Before conducting the survey, all subjects
received a written explanation about the purpose of
the study. The protocol for the present research
project conforms to the provisions of the 1995 Dec-
laration of Helsinki (revised in Edinburgh, 2000).
The survey was conducted from November 2007 to
January 2010.

Questionnaire

Participating psychiatric nurses completed a ques-
tionnaire composed of three parts, including socio-
demographic features, questions about stigma and
social distance, based on a vignette describing a case
of chronic schizophrenia that meets diagnostic crite-
ria, and the Difficulty of Community Living Scale
(DCLS) with respect to the case vignette. Sociodemo-
graphic items were as follows: age, sex, registered
nurse (RN) or licensed practical nurse (LPN), and
total years of employment at a psychiatric hospital.

Stigma and Social Distance Scale

An interview questionnaire, which was developed for
Australia and Japan, consisted of a common core of

Psychiatry and Clinical Neurosciences © 2012 Japanese Society of Psychiatry and Neurology
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questions and some items that were country-
specific.''® Each subject was presented with a
vignette of a male patient (‘John’) with chronic
schizophrenia (see Appendix). The disorder depicted
in the vignette satisfied ICD-10 diagnostic criteria for
a schizophrenic episode."”

The subjects were asked a number of questions
about the vignette to determine if they recognized the
mental disorder it depicted. Stigma was measured
using two scales with nine items.'® The first scale
assessed the respondent’s personal attitudes toward
the person described in the vignette (Personal
Stigma). The second scale assessed the subject’s beliefs
about other peoples’ attitudes towards the person
described in the vignette (Perceived Stigma). Both
scales contained essentially the same statements but
differed in terms of whether they were aimed at per-
sonal attitudes or the perceived attitudes of others. An
example of a staterent from the Personal Stigma scale
was: ‘His problem is not a real medical illness’. The
corresponding statement in the Perceived Stigma scale
was: ‘Most people believe that his problem is not a real
medical illness’. Ratings for each item of each question
were made on a 5-point Likert scale (1 =strongly
agree, 2=agree, 3 =neither agree nor disagree,
4 = disagree, 5 = strongly disagree), with a lower score
indicating higher stigma. The internalized stigma
score was calculated as the size of differences between
personal stigma (personal attitudes) and perceived
stigma (beliefs about others peoples’ attitudes)
toward the person described in the vignette, with a
lower score indicating higher internalized stigma,
which subjects perceived that 'l feel this way, and most
people probably do’. This phenomenon may be indi-
cated by “characteristics of Japanese culture that facili-
tate individual decision-making while considering the
maintenance of group harmony and unity’® and that
may lead to the decision.

The Social Distance Scale assessed the self-reported
willingness to make contact with the person
described in the vignette using a 5-item scale.?' In
particular, subjects rated their willingness to: (i)
move next door to the person in the vignette; (ii)
spend an evening socializing with the person; (iii)
malke friends with the person; (iv) work closely on a
job with the person; and (v) have the person marry
into the family.?' The Australian version of the test
required the subject to rate each item on a 4-point
scale (1 =definitely willing, 2 =probably willing,
3 =probably unwilling, 4 =definitely unwilling).
The Japanese version of the scale incorporated an
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additional rating option for which the literal transla-
tion was ‘5 = strongly unwilling’ on a 5-point Likert
scale with a higher score indicating greater social
distance.

Difficulty of Community Living Scale

The 12-item Difficulty of Community Living Scale
(DCLS) for patients with schizophrenia®® was used to
rate psychiatric nurses’ beliefs about the difficulty the
person in the vignette would have living in the com-
munity. This self-administered scale consists of three
subscales: ‘beliefs about the most appropriate form of
hospitalization’, ‘resources for living in the commu-
nity’, and ‘social disadvantages in community living'.
One of the subscale questions asked about ‘beliefs
about the most appropriate form of hospitalization’.
Examples of statements from the scale were: ‘People
with a problem like John's cannot be cared for by
family members who are not healthcare profession-
als’, ‘People with a problem like John's should be
hospitalized and receive treatment’, and ‘Caring for
someone with a problem such as John’s is the role of
psychiatric hospital workers'. Another subscale ques-
tion asked about ‘beliefs about social disadvantages
in community living. Examples of statements from
the scale were: ‘Family members caring for people
with a problem like John's will sacrifice their life-
styles’ and ‘People with a problem like John's will
suffer discrimination by living in the community’.

The DCLS uses a 5-point Likert scale (1 = strongly
agree, 2=agree, 3 =neither agree nor disagree,
4 = disagree, 5 = strongly disagree), with lower scores
indicating greater difficulty living in the community
for the person in the schizophrenia vignette.

Cronbach’s alpha coefficient, which tests the
content validity of the subscales, ranges from 0.69 to
0.75 in Japan for the following subscales: (i) ‘beliefs
about the most appropriate form of hospitalization’,
0.75; (ii) ‘resources for living in the community’,
0.73; and (iii) ‘social disadvantages in community
living’, 0.69.%"

Participants

The mean age of the subjects was 41.4 years
(SD=10.3), and the age range was 22-G6 years.
There were 137 (63.7%) women. Overall, there were
129 (60.0%) registered nurses (RN) and 86 (40.0%)
licensed practical nurses (LPN), with 165 (76.7%)
staff nurses. The total number of years of employ-
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ment in psychiatric hospitals was 0-3 years for 23
(10.7%), 3-10 years for 73 (34.0%), 10-20 years for
63 (29.3%), >20 years for 50 (23.3%), and no answer
for six (2.8%) of the total 215 psychiatric nurses. In
addition, 15 (7.0%) had experience in home visit
nursing, 18 (8.4%) in outpatient nursing, and 21
(9.8%) in a daycare program.

Statistical analyses

The 12-item DCLS for patients with schizophrenia
compared different sociodemographic characteristics
using a t-test (for comparisons between two groups)
and ANOVA (for comparisons among three or more
groups). The correlations between ‘beliefs about the
most appropriate form of hospitalization’ of the
DCLS subscale and other factors were investigated
using multiple regression analysis (stepwise). The
item ‘Beliefs about the most appropriate form of hos-
pitalization’ of the DCLS subscale was used as the
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dependent variable after deriving Spearman’s rank-
order correlation coefficients. spss 18.0 for Windows
was used for all statistical analyses. The level of
statistical significance was set at <5%.

RESULTS

Table 1 shows the results from the DCLS and the
distribution of response scores for each item. For the
DCLS, Cronbach’s alpha was moderately high at
0.77.The mean total score for ‘beliefs about the most
appropriate form of hospitalization’ of the DCLS
subscale was 16.22 (SD = 3.36), the mean score for
‘resources for living in the community’ was 15.23
(SD =2.47), and the mean score for ‘social disadvan-
tages in community living’ was 8.33 (SD =2.08).
Mean total score for ‘beliefs about the most appro-
priate form of hospitalization” of the DCLS subscale
was compared for each sociodemographic character-
istic of the subject. The mean score had significant

Table 1. Mean and standard deviation for DCLS (12 items) {n=215)

Mean SD
DCLS (12 items)' 39.78 5.57
1st factor : Beliefs about the most appropriate form of hospitalization 16.22 3.36
1 People with a problem like John's cannot be cared for by family members who have no 3.52 0.87
experience as a healthcare professional.
2 People with a problem like John's can live with a greater peace of mind in the hospital rather 3.30 0.99
than living alone in the community.
3 Caring for people with a problem like John's is the role of psychiatric hospital workers. 3.23 0.98
4 People with a problem like John's and who do not have a family member who can provide care 3.67 0.87
cannot live in the community.
5 People with a problem like John's should be hospitalized and receive treatment. 2.49 0.98
2nd factor: Resources for living in the community' 15.23 2.47
6 When people with a problem like John's live alone in the community, outpatient nurses can be 3.58 0.89
depended on.
7 When people with a problem like John's live alone in the community, outpatient physicians can 3.48 0.94
be depended on.
8 When people with a problem like John's live alone in the community, local public health 3.61 1.11
nurses can be depended on.
9 When people with a problem like John's live alone in the community, hospital social workers 3.74 1.02
can be depended on.
3rd factor: Social disadvantage in community living 833 2.08
10 People with a problem like John's will suffer discrimination by living in the community. 242 0.88
11 Family members caring for people with a problem like John's will sacrifice their lifestyles. 2.84 0.89
12 People with a problem like John's will suffer by living in the community. 3.07 0.89

"The DCLS uses a 5-point Likert scale (1 = strongly agree, 2 = agree, 3 = neither agree nor disagree, 4 = disagree, 5 = strongly
disagree), with lower scores indicating greater difficulty living in the community for the person in the schizophrenia vignette.
*The score for the 2nd factor (resources for living in the community) was reverse score, so that 1 = strongly disagree,

5 = strongly agree.
DCLS, Difficulty of Community Living Scale.

© 2012 The Authors
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Table 2. Correlation factors with ‘Beliefs about the most appropriate form of hospitalization” of the DCLS subscale (n=215)

Mean SD T P

DCLS Beliefs about the most appropriate form of hospitalization 16.22 3.36 - -
Resources for living in the community 15.23 247 0.136 0.047
Social disadvantage in community living 8.33 2.08 0.521 <0.001
Stigma scale Personal stigma 28.44 3.82 0.519 <0.001
Perceived stigma 21.75 4.53 —0.058 0.399
Internalized stigma 6.72 5.72 0.382 <0.001
Social distance 17.64 3.84 —0.365 <0.001

DCLS, Difficulty of Community Living Scale.

association with sex (the mean score for women
[15.7, SD = 3.2] was lower than that for men [17.2,
SD =3.3] [P<0.01]), nursing license (LPN [14.9,
SD =3.5] scored lower than RN [17.2, SD =3.0]),
and the total number of years of employment at a
psychiatric hospital (F=3.0, P < 0.05). Table 2 shows
the results for the correlation factors with ‘beliefs
about the most appropriate form of hospitalization’
of the DCLS subscale. Significant correlations were
observed between ‘beliefs about the most appropriate
form of hospitalization” of the DCLS subscale and
resources for living in the community (r=20.136,
P <0.05), social disadvantages in community living
(r=0.521, P<0.001), personal stigma (r=0.519,
P<0.001), internalized stigma (r=0.382, P<
0.001), and social distance scores (r=-0.365,
P<0.001).

Table 3 shows the results of the multiple regression
analysis. Multiple regression analysis (stepwise) was
performed using variables that were significantly
associated with ‘beliefs about the most appropriate

form of hospitalization’ of the DCLS subscale.
Independent variables were sex, total years of
employment at a psychiatric hospital, RN or LPN,
personal stigma, internalized stigma, social distance,
‘Tesources for living in the community’, and ‘social
disadvantages in community living’. The DCLS sub-
scale item ‘beliefs about the most appropriate form of
hospitalization’ was the dependent variable. The item
‘beliefs about the most appropriate form of hospital-
ization” was significantly associated with personal
stigma (B=0.186, P <0.05), ‘social disadvantage in
community living’ (B = 0.370, P < 0.001), RN or LPN
(B=-0.190, P<0.01), sex (B=-0.132, P<0.05),
internalized stigma (f=0.198, P<0.01), and total
years of employment in a psychiatric hospital
(B=0.150, P<0.01).

DISCUSSION

The present study shows two interesting findings
(Table 3). One is that psychiatric nurses commonly

Table 3. Multiple regression for ‘Beliefs about the most appropriate form of hospitalization” as a dependent variable (n = 215)

Beliefs about the most appropriate form of hospitalization

Personal stigma

Social disadvantage in community living
Registered nurse or licensed practical nurse’
Nurses’ sex’

Internalized stigma

Total years of employment of psychiatric hospital®

B t P
0.186 2.546 0.012
0.370 6.296 <0.001

~0.190 -3.317 0.001

-0.132 -2.418 0.017
0.198 2.808 0.005
0.150 2.635 0.009

Stepwise, adjusted R-square = 0.451.
"Registered nurse = 1 or licensed practical nurse = 2.
*Nurses’ sex: male =1 or female = 2.

Total years of employment of psychiatric hospital; rating from ‘1-3 years’' = 1, to “over 20 years' = 4.

© 2012 The Authors
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believe that it is better for schizophrenia patients to
be hospitalized in an appropriate manner than
receiving treatment as outpatients because of the
social disadvantages that these patients experience in
the community. Also, in our prior research, Japanese
psychiatric nurses were found to have pessimistic
views concerning family caregivers of schizophrenia
patients living in the community, as shown in the
positive result for the following item, ‘Family
members caring for people with chronic schizophre-
nia will have to sacrifice their lifestyles’.?* Further-
more, these nurses believe that if there is to be a risk
of violence toward others by the person with chronic
schizophrenia who appeared in the research, he
should be hospitalized because he himself may
become the subject of discrimination in the commu-
nity.® From these studies, it is clear that the psychi-
atric nurses are concerned not only about the
discrimination against patients in the community but
also about the sacrifices that their families have to
make in their lives.

Furthermore, in the present study, the psychiatric
nurses’ little reliability on the resources for living in
the community, that is, social workers, psychiatrists,
psychiatric nurses, and public health nurses for out-
patient care, was correlated with their agreement on
hospitalization as the appropriate form of treatment.
Therefore, an educational program is needed in order
to change psychiatric nurses’ hospitalization-based
awareness to a community-based one. Certainly in
Japan there are not enough assertive community
treatment teams in psychiatric rehabilitation facilities
that provide effective support for discharge and main-
taining living in the community. In addition, there
are no options other than hospitalization no matter
how high the risk of violence to others is during acute
psychosis. This is unlike the situation in Western
countries, where there are compulsory community
treatment teams as possible options. The important
tasks for the Japanese mental health system are
deinstitutionalization and development of the com-
munity treatment system. Also, mental health profes-
sionals and policy-makers need to coordinate the
system for new treatment programs as an alternative
to hospitalization.

On the other hand, in our research on family car-
egivers of patients with schizophrenia, we demon-
strated that factors such as current hospitalization of
the family member with schizophrenia were a signifi-
cant predictive factor of caregiver burden.” It might
be considered that these results were caused by the

© 2012 The Authors
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responsibility and obligation of family members for
nursing care imposed by Japanese civil law. Further-
more, the responsibility and obligation of making
their family member with a mental disorder receive
treatment is imposed by the Japanese Mental Health
Act. Even if there is a dysfunctional family with a
family member with schizophrenia, they should be
responsible for making their family member with a
mental disorder receive treatment. In addition, Japa-
nese families are more likely than Korean families to
think that a family member with schizophrenia
should have care provided only by family members
as much as possible, even though both cultures share
the same cultural background of Confucian ideas and
the tradition of providing care to family members.?"*?
Thus, they hope to take care of a family member with
schizophrenia as long as possible, even if they have
to make sacrifices in their daily life. It was suggested
that families with higher degrees of care burden
might despair of ever taking care of their loved one
with schizophrenia solely within the family unit.

However, there is no compulsory community treat-
ment for acute psychosis, so that family caregivers
have to bring their family member with acute psy-
chotic symptoms to a psychiatric clinic or hospital in
Japan. The lack of compulsory community treatment
in Japan might cause the primary family caregiver to
consider the difficulty of home care for the family
member with violent behavior based on positive
symptoms. The psychiatric nurses’ beliefs about hos-
pitalization taking the lead in the Japanese Mental
Health system might be correlated with worry about
caregivers’ burden.

The other important suggestion of our present
study is that the psychiatric nurses’ ‘internalized
stigma’ was positively correlated with their beliefs
about the most appropriate form of hospitalization
for chronic schizophrenia patients. As confirmation,
internalized stigma is the difference between per-
sonal stigma (personal attitudes) and perceived
stigma (beliefs about others people’s attitudes)
toward the person described in the vignette, which
subjects perceived that ‘1 feel this way, and most
people probably do’. The study findings may be
useful for identifying underlying factors related to
internalized stigma or stereotype endorsement. Ste-
reotype endorsement describes the degree to which
subjects agree with common stereotypes about
people with mental illness, which influence psy-
chiatric nurses’ beliefs about the most appropriate
form of hospitalization. These phenomena have
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been reported to be related to the characteristics
of Japanese culture that facilitate individual
decision-making.?

In conclusion, these psychiatric nurses’ beliefs
may be correct, since long-term hospitalization may
be the only choice as a last resort to save family
members from the caregiver burden associated with
the risk of violence from patients with delusional
features. However, the most important solution to
the problem of reducing caregivers’ burden is to
provide care management of acute psychosis associ-
ated with relapse through psychiatric nurses’ home
visit treatment and intensive involuntary commu-
nity treatment as an alternative to hospitalization.

Limitations of the present study and future
research issues

This study had several limitations. First, one of the
limitations, a methodological limitation, is how the
psychiatric nurses of the five psychiatric hospitals
were recruited. The target population is not represen-
tative of the general population, and the study is
limited by its cross-sectional nature and the lack of a
suitable comparison group. Second, it might be
pointed out that insufficient resources for the nursing
staff employed at a psychiatric hospital in the region,
as well as insufficient education, affect the results.
Further investigation is necessary to compare nurses’
beliefs between communities with and without suf-
ficient resources for persons with schizophrenia and
their families. Third, it is necessary to compare the
factors influencing the belief about hospitalization of
persons with schizophrenia and internalized stigma
among psychiatric nurses, family caregivers, and the
general public in order to design more effective com-
munity support systems for persons with chronic
schizophrenia.
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APPENDIX

Chronic schizophrenia vignette

John is 44 years old. He lives in a boarding house in
an industrial area. He has not worked for years. He
wears the same clothes regardless of the weather and
has let his hair grow long and untidy. He is always on
his own and is often seen sitting in the park talking to
himself. At times, he stands and moves his hands
as if to communicate to someone in nearby trees.
He rarely drinks alcohol. He speaks carefully using
uncommon and sometimes made-up words. He is
polite, but avoids talking with other people. At times,
he accuses shopkeepers of giving information about
him to other people. He has asked his landlord to put
extra locks on his door and to remove the television
set from his room. He says spies are trying to keep
him under observation because he has secret infor-
mation about international computer systems that
control people through television transmitters. His
landlord complains that John will not let him clean
his apartment, which is becoming increasingly dirty
and is filled with glass objects. John says he is using
these ‘to receive messages from space’.
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abstract
Mental Health Status of A-Bomb Survivors in Nagasaki

Hideyuki Nakane

The most survivors of disaster usually recover with few or no lasting effects on their mental health.
However, in some portions of survivors, distress lasts long. The atomic bomb detonated to Nagasaki in
August 1945 instantaneously destroyed almost all areas of the city. resulting in a total of ca. 73884
deaths by the end of 1945 and about 74.909 injured people. Since the A-bomb survivors reached over
60 years of age, their mental health as well as physical health has become of great concern. Some
studies on their mental health conditions have been carried out in Japan. I give an outline about a
precedent study on mental health of the A-bomb survivors in this report. The mental health studies of
the A-bomb survivors who paid attention to a being bombed experience. stigmatization, long-term
outcome, recovery are necessary. The improvement of wide appropriate support system for the
A-bomb survivors is expected in future.

Jpn Bull Soc Psychiat 21 : 215-221, 2012
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Selection and Accumulation of an HIV-1 Escape Mutant by Three
Types of HIV-1-Specific Cytotoxic T Lymphocytes Recognizing
Wild-Type and/or Escape Mutant Epitopes

Tomohiro Akahoshi,> Takayuki Chikata,® Yoshiko Tamura, Hiroyuki Gatanaga,>® Shinichi Oka,>® and Masafumi Takiguchi®
Center for AIDS Research, Kumamoto University, Kumamoto, Japan,® and AIDS Clinical Center, National Center for Global Health and Medicine, Tokyo, Japan®

It is known that cytotoxic T lymphocytes (CTLs) recognizing HIV-1 escape mutants are elicited in HIV-1-infected individuals,
but their role in the control of HIV-1 replication remains unclear. We investigated the antiviral ability of CTLs recognizing the
HLA-A#24:02-restricted Gag28 -36 (KYKLKHIVW) epitope and/or its escape mutant (KYRLKHIVW) elicited in the early and
chronic phases of the infection. Wild-type (WT)-epitope-specific CTLs, as well as cross-reactive CTLs recognizing both WT and
K30R (3R) epitopes, which were predominantly elicited at early and/or chronic phases in HLA-A#24:02+ individuals infected
with the WT virus, suppressed the replication of the WT virus but failed to suppress that of the 3R virus, indicating that the 3R
virus was selected by these 2 types of CTLs. On the other hand, cross-reactive and 3R-specific CTLs, which were elicited in those
infected with the 3R virus, did not suppress the replication of either WT or 3R virus, indicating that these CTLs did not contrib-
ute to the control of 3R virus replication. High accumulation of the 3R mutation was found in a Japanese population recently
recruited. The selection and accumulation of this 3R mutation resulted from the antiviral ability of these Gag28-specific CTLs
and high prevalence of HLA-A#24:02 in a Japanese population. The present study highlighted the mechanisms for the roles of
cross-reactive and mutant-epitope-specific CTLs, as well as high accumulation of escape mutants, in an HIV-1-infected

population.

%@% uman immunodeficiency virus type 1 (HIV-1)-specific cyto-
& dtoxic T lymphocytes (CTLs) play an important role in the
control of HIV-1 during the acute and chronic phases of an HIV-1
infection (22, 40). However, HIV-1-specific CTLs cannot com-
pletely eliminate HIV-1-infected cells, because HIV-1 escapes
from CTL-mediated immune pressure by various mechanisms,
such as selection of escape mutations, Nef-mediated HLA class I
downregulation, and skewed maturation of memory HIV-specific
CD8* T lymphocytes (5, 8, 9). The most documented escape
mechanism is acquisition of amino acid mutations within the CTL
epitope and/or its flanking regions. These mutations lead to re-
duced ability of peptide to bind to HLA class I molecules, impaired
T cell receptor (TCR) recognition, and defective epitope genera-
tion (21, 31). These escape mechanisms are involved in impaired
activities of HIV-1-specific CTLs to kill target cells infected with
escape mutant virus and to suppress HIV-1 replication, con-
tributing to the selection of escape mutant viruses (5, 10, 13, 20,
29,35, 41).

There is growing evidence that escape mutations selected by
HLA class I-restricted CTLs accumulate at the population level (7,
28, 36). The accumulation of escape mutants may affect the clin-
ical outcomes for HIV-1-infected individuals (11, 37, 38). On the
other hand, it is known that CTLs recognizing escape mutants are
elicited after the emergence of the escape mutant selected by
wild-type (WT) epitope-specific CTLs (2, 4, 12, 15, 33, 39). The
escape mutant-specific CTLs were also elicited in new hosts
carrying the same restricted HLA allele when they were infected
with the mutant (15). Several studies showed that CTLs cross-
recognizing the WT and its escape mutant epitopes are elicited
before or after the emergence of the escape mutant in the same
hosts (18, 25, 26, 33, 34). However, the antiviral abilities of
these cross-reactive CTLs remain unknown, since the recogni-
tion of cross-reactive CTLs for synthesized epitope peptides
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was characterized by using the enzyme-linked immunosorbent
spot assay (ELISPOT) or 3!Cr cytotoxic assay in those studies. We
previously showed that HLA-A#24:02-restricted Nef 138-specific
CTLs recognizing an escape mutant had weaker ability to suppress
the replication of the mutant virus than that of the WT virus (15).
However, it still remains unclear whether cross-reactive or escape
mutant-specific CTLs contribute to the control of HIV-1, since
the CTLs have not been analyzed in detail.

To clarify the abilities of cross-reactive and escape mutant-
specific CTLs to recognize HIV-1-infected cells, we analyzed CTLs
specific for HLA-A#24:02-restricted HIV-1 Gag28-36 (KYKLKH
IVW; Gag28), which is the only immunodominant Gag epitope
presented by this HLA class I allele (24). Since HLA-A#24:02 is
found in approximately 70% of the Japanese population (42), the
mutants of HLA-A#24:02-restricted epitopes may accumulate in
HIV-1-infected Japanese individuals. We previously suggested
that K30R (3R) in the Gag28 epitope is an escape mutation from
HLA-A#24:02-restricted Gag28-specific CTLs (30) and that CTLs
recognizing 3R are elicited in HIV-1-infected HLA-A%24:027 in-
dividuals (46). From these studies, we hypothesized that cross-
reactive CTLs recognizing WT and 3R mutant epitopes and/or
3R-specific CTLs are elicited in HLA-A#24:02%+ HIV-1-infected
individuals after the 3R mutant is selected and in new 3R virus-
infected hosts carrying HLA-A#24:02. Here, we investigated the
elicitation of Gag28-specific CTLs in 12 HLA-A#24:02+ HIV-1-
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infected Japanese individuals who could be monitored from the
early phase to the chronic phase of an HIV-1 infection, as well as
the abilities of cross-reactive, 3R mutant-specific, and WT-
specific CTLs to kill WT or 3R virus-infected cells and to suppress
the replication of the WT or 3R virus. In addition, we investigated
the accumulation of the 3R mutation in HIV-1-infected nonhe-
mophiliac Japanese individuals, as well as in Japanese hemophili-
acs who had been infected around 1983. The results clarified the
role of CTLs recognizing the WT and/or 3R epitope in high
accumulation of the 3R mutant in HIV-1-infected Japanese
individuals.

MATERIALS AND METHODS

Samples from HIV-1-infected individuals. This study was approved by
the ethics committee of Kumamoto University and the National Center
for Global Health and Medicine. Informed consent was obtained from all
individuals according to the Declaration of Helsinki. For sequence anal-
ysis, blood specimens were collected in EDTA. Plasma and peripheral
blood mononuclear cells (PBMCs) were separated from whole blood.
HLA types were determined by standard sequence-based genotyping.
Twelve HLA-A%24:02" individuals who could be monitored from the
early to the chronic phase of an HIV-1 infection were recruited for CTL
analysis. Early HIV-1 infection was confirmed by seroconversion within 6
months or by an increasing number and density of bands on Western
blots. Four-hundred fifty-one chronically HIV-1-infected individuals
were also recruited for sequence analysis.

Cells. CIR cells expressing HLA-A%24:02 (C1R-A2402) and 721.221
cells expressing CD4 and HLA-A%24:02 (721.221-CD4-A2402) were pre-
viously generated (27, 30). These cells were cultured in RPMI 1640 me-
dium containing 5 to 10% fetal bovine serum (FBS) and 0.15 mg/ml
hygromycin B. MAGIC-5 cells (CCR5-transfected HeLa-CD4/long termi-
nal repeat—f-galactosidase [LTR~B-Gal] cells) were cultured in Dulbec-
co’s modified Eagle’s medium (DMEM) containing 10% FBS as described
previously (17).

Induction of Gag28-specific T cells. PBMCs from HIV-1-infected
HLA-A#24:02* individuals were stimulated with WT or 3R peptide (1
#M) in culture medium (RPMI 1640 containing 10% FBS and 200 U/ml
human recombinant interleukin-2 [rIL-2]). After 14 days, the cultured
PBMCs were tested for gamma interferon (IFN-7) production by per-
forming an intracellular cytokine staining (ICC) assay.

ICC assay. C1R-A2402 cells were prepulsed or not with the WT or 3R
peptide at concentrations from 0.1 to 1,000 nM at 37°C for 1 h and then
were washed twice with RPMI 1640 containing 10% FBS. PBMCs cultured
for 2 weeks after peptide stimulation were incubated with the CIR-A2402
cells in a 96-U plate (Nunc) at 37°C. Brefeldin A (10 pg/ml) was added
after a 2-h incubation, and then the cells were incubated for an additional
4 h. Subsequently, the cells were stained with Pacific-blue-conjugated
anti-CD8 monoclonal antibody (MAb) (BD Biosciences) and 7-amino-
actinomycin D (7-AAD) (BD Biosciences) at 4°C for 30 min, after which
the cells were fixed with 4% paraformaldehyde solution and rendered
permeable with permeabilization buffer (0.1% saponin and 10% FBS in
phosphate-buffered saline) at 4°C for 10 min. Thereafter the cells were
stained with fluorescein isothiocyanate (FITC)-conjugated anti-IFN-y
MAD (BD Biosciences) at 4°C for 30 min and then washed twice with the
permeabilization buffer. The percentage of CD8* cells producing IFN-y
was analyzed by flow cytometry (FACSCanto II).

Generation of Gag28-specific CTL clones. Gag28-specific CTL clones
were generated from Gag28-specific bulk-cultured T cells by limiting di-
lution in 96-U plates, together with 200 pul of cloning mixture (1 X 106
irradiated allogeneic PBMCs from healthy donors and 1 X 105 irradiated
C1R-A2402 cells prepulsed with the WT or 3R peptide at a concentration
of 1 uM in RPMI 1640 containing 10% FBS, 200 U/ml rIL-2, and 2.5%
phytohemagglutinin {[PHA] soup). After 14 to 21 days in culture, the
growing cells were tested for cytotoxic activity by performing the standard
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chromium release assay. Since TCRs on these CTL clones were not se-
quenced, it is still possible that they were oligonucleotide clones.

HIV-1 clones. An infectious provirus, HIV-1 pNL-432, was reported
previously (1). NL-432gagSF2 and NL-432gagSF2-3R were previously
generated (30).

Assay of cytotoxicity of CTL clones toward target cells prepulsed
with the epitope peptide. The cytotoxic activities of Gag28-specific CTL
clones were determined by use of the standard chromium release assay, as
described previously (15). Briefly, 721.221-CD4-A2402 cells were incu-
bated with 100 uCi of Na,*!CrQ, in saline for 1 h and then washed 3 times
with RPMI 1640 containing 10% newborn calf serum. The labeled target
cells (2 X 10%/well) were prepulsed with the WT or 3R peptide at concen-
trations of 1 to 1,000 nM for 1 h and then cocultured at 37°C for 4 h with
effector cells at an effector-to-target (E:T) ratio of 1:1 in 96-U plates
(Nunc). The supernatants were collected and analyzed with a gamma
counter. Spontaneous 5'Cr release was determined by measuring the
counts per minute in supernatants from wells containing only target cells
(cpm spn). Maximum *!Cr release was determined by measuring the cpm
in supernatants from wells containing target cells in the presence of 2.5%
Triton X-100 (cpm max). Specific lysis was defined as (cpm exp ~ cpm
spn)/(cpm max — cpm spn) X 100, where “cpm exp” is the counts per
minute in the supernatant in the wells containing both target and effector
cells.

Assay of cytotoxicity of CTL clones toward target cells infected with
HIV-1.721.221-CD4-A2402 cells were infected with WT or 3R virus, and
then the infection rates were determined by detecting intracellular p24
antigen (Ag)-positive cells stained with FITC-conjugated anti-p24 Ag
MAD (KC57-FITC; BD Biosciences). When approximately 50% of the
total cells were p24 Ag-positive cells, they were used as target cells. The
S1Cr-labeled target cells (2 X 10%/well) were cocultured with effector cells
at E:T ratios of 0:1 to 2:1 in 96-U plates at 37°C for 6 h. The supernatants
were collected and analyzed with a gamma counter.

Generation of HLA-peptide tetrameric complexes. HLA class I-peptide
tetrameric complexes (tetramers) were synthesized as previously de-
scribed (3). The WT or 3R peptide was added to the refolding solution
containing the biotinylation sequence-tagged extracellular domain of
the HLA-A#%24:02 molecule and B2 microglobulin. The purified
monomer complexes were mixed with phycoerythrin (PE)-labeled
streptavidin (Molecular Probes) at a molar ratio of 4:1.

Tetramer binding assay. CTL clones were stained with PE-conjugated
tetramer at concentrations of 1 to 100 nM at 37°C for 30 min. After 2
washes with RPMI 1640 containing 10% FBS (R10), the cells were stained
with FITC-conjugated anti-CD8 MAb and 7-AAD at 4°C for 30 min.
Thereafter, the cells were washed twice with R10 and then analyzed by
flow cytometry (FACSCanto II). The mean fluorescence intensity (MFI)
of tetramer-positive cells among CD8-positive cells was calculated.

Replication suppression assay. The ability of Gag28-specific CTLs to
suppress HIV-1 replication was examined as previously described (43).
CD4™* T cells were isolated from PBMCs of healthy HLA-A%24:02* do-
nors and incubated with a given HIV-1 clone at 37°C for 6 h. After 3
washes with R10, the cells (3 X 10%/well) were cocultured with Gag28-
specific CTL clones at E:T ratios of 0.1:1 to 1:1 in R10 containing 1%
nonessential amino acid solution and, 1% 100 mM sodium pyruvate
(complete medium) plus 200 U/ml rIL-2. From day 3 to day 7 postinfec-
tion, a 30-ul volume of culture supernatant was collected, and the volume
removed was replaced with fresh medium. The concentration of p24 Ag
was measured by using an enzyme-linked immunosorbent assay (ELISA)
(HIV-1-p24-Ag ELISA kit; ZeptoMetrix).

Replication kinetics assay. The replication kinetics of the WT and 3R
viruses were examined as previously described (17). After CD4* T cells
(2 X 10¢) had been exposed to each infectious virus preparation {500 blue
cell-forming units in MAGIC-5 cells) for 2 h and washed twice with R10,
they were cultured in 1 ml of R10 containing 1% nonessential amino acid
solution and 1% 100 mM sodium pyruvate (complete medium) plus 200
U/ml rIL-2. Then, 0.1 ml of the culture supernatant was collected from
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day 2 to day 10 postinfection, and the volume removed was replaced with
fresh medium. The concentration of p24 Ag in the supernatant was mea-
sured by using ELISA. Replication kinetics assays were performed in trip-
licate.

Sequence of autologous virus. Viral RNA was extracted from plasma
samples from HIV-1-infected individuals by using a QlAamp MinElute
virus spin kit (Qiagen). For clone sequencing, cDNA was synthesized
from the RNA with SuperScript IIT and Random Primers (Invitrogen),
and the Gag region was amplified by nested PCR with Tag DNA polymer-
ase (Promega). Then, the PCR products were gel purified and cloned with
a TOPO TA cloning kit (Invitrogen). For bulk sequencing, the Gag region
was amplified from the RNA by using the SuperScript Il One-Step RT-
PCR System with Platinum Tag DNA Polymerase (Invitrogen) and Gag-
specific primers, and then the second PCR was done. We prepared the
Gag-specific primer sets shown below. For clone sequencing, 5'-TTTTT
GACTAGCGGAGGCTAGAA-3" and 5'-CACAATAGAGGGTTGCTAC
TGT-3" were used for the first PCR and 5'-GGGTGCGAGAGCGTCGG
TATTAAGC-3" and 5'-TAAGTTCTTCTGATCCTGTCTG-3" for the
second PCR. For bulk sequence, 5'-TCTCTCGACGCAGGACTC-3" and
5'-AGGGTTCCTTTGGTCCTTGT-3" were employed for the reverse
transcription (RT)-PCR and 5'-TCTCTCGACGCAGGACTC-3" and 5'-
TCTCCTACTGGGATAGGTG-3' for the second PCR. All DNA sequenc-
ing was performed by using a BigDye Terminator cycle-sequencing kit
(Applied Biosystems) and an ABI Prism 310 or 3100 genetic analyzer.

RESULTS
Selection of the 3R mutation by WT epitope-specific CD8* T
cells in individuals infected with WT virus. We investigated 12
HIV-1-infected HLA-A#24:02" individuals who could be moni-
tored from the early to the chronic phases of their infections. We
first analyzed the sequence of the Gag28 epitope at an early phase
in the 12 HIV-1-infected FILA-A#24:02% individuals. The WT
sequence of the Gag28 epitope was detected in 4 of these individ-
uals, whereas 3R was found in the other 8, suggesting that the
former and the latter individuals had been infected with WT and
3R viruses, respectively (Table 1). This is consistent with a previ-
ous finding that the 3R mutant is found in approximately 70% of
HIV-1-infected HLA-A#24:02* individuals (30). We investigated
the elicitation of Gag28-specific CD8" T cells in the individuals
infected with WT virus. PBMCs from these individuals at early
and chronic phases were stimulated with WT or 3R peptide and
then cultured for 2 weeks. The frequency of Gag28-specific CD8™
T cells among the cultured cells was measured by performing the
ICC assay using WT and 3R peptides. Gag28-specific CD8* T cells
were detected at the early phase in 3 of the 4 individuals when the
PBMCs were stimulated with WT peptide (Table 2). In 2 individ-
uals, i.e., KI-092 and KI-161, Gag28-specific CD8* T cells were
much more WT specific than 3R mutant specific, whereas in KI-
158 they recognized both peptides, but especially the WT peptide
(Fig. 1). On the other hand, cross-reactive CD8* T cells were
induced in KI-092 and KI-161 when their PBMCs had been stim-
ulated with 3R peptide, although the frequency of cross-reactive
CD8™* T cells induced by stimulation with 3R peptide was lower
than that of WT-specific cells induced by stimulation with WT
peptide. The 3R peptide failed to induce Gag28-specific CD8* T
cells in PBMCs from KI-158. Thus, WT-specific CD8" T cells
were predominantly elicited at an early phase in the individuals
infected with WT virus, although a small but significant number
of cross-reactive T cells were also elicited in them.

To clarify the specificity of Gag28-specific CD8™ T cells at the
early phase in KI-092 and KI-161, we generated Gag28-specific
CTL clones by stimulating early-phase PBMCs from KI-092 and
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TABLE 1 Sequence at Gag30 in 12 HLA-A*24:02" individuals with an
early-phase HIV-1 infection

Patient ID* Sampling date Gag30 Method
(mo/day/yr) sequence
KI1-091 12/13/2000 3R Cloning
12/27/2000 3R Direct
1/7/2002 3R Direct
71912003 3R Cloning
9/29/2004 3R Cloning
8/4/2005 3R Cloning
KI-092 1/22/2001 WT Cloning
11/21/2001 WT Cloning
12/10/2002 WT/3R Cloning
8/14/2003 3R Cloning
Ki-102 5/11/2001 wT Direct
71512004 wT Direct
3/28/2005 WT Direct
KI-126 7/19/2001 3R Direct
1/18/2002 3R Direct
11/15/2004 3R Direct
9/12/2005 3R Direct
KI-134 10/25/2001 3R Direct
6/30/2004 3R Direct
KI-136 10/29/2001 3R Direct
7/10/2003 3R Direct
KI-140 11/08/2001 3R Direct
KI-151 5/2/2001 3R Direct
8/28/2003 3R Direct
KI-154 4/12/2002 3R Direct
KI-158 6/14/2002 WT Direct
10/1172002 WT Direct
8/25/2003 WT Direct
11/14/2003 WT/3R Direct
2/2312004 3RIWT Direct
11/1/2004 3R Direct
4/4/2005 3R Direct
Kl-161 2/15/2002 WT Direct
9/12/2002 WT Direct
3/4/2003 WT Direct
9/30/2003 WT/3R Direct
5/6/2004 3R Direct
1/27/2005 3R Direct
6/16/2005 3R Cloning
KI-163 8/30/2002 3R Direct
9/27/2004 3R Direct

“ 1D, identifier.

KI-161 with the WT peptide. The CTL clones from KI-092 showed
amuch greater ability to kil cells prepulsed with WT peptide than
to kill those prepulsed with the 3R peptide (Fig. 2A), suggesting
that they were WT-specific CTLs. To further clarify the specificity
of these T cell clones, we investigated the binding affinity of the
clones for WT peptide-binding HLA-A%24:02 tetramer (WT te-
tramer) and 3R peptide-binding HLA-A=24:02 tetramer (3R te-
tramer). These clones exhibited much greater binding ability to
the WT tetramer than to the 3R tetramer (Fig. 2B). These results
together indicate that these were WT-specific CTL clones. We
further analyzed the abilities of these clones to recognize HIV-1-
infected cells. These CTL clones effectively killed WT-virus-
infected cells, but not the 3R virus-infected cells (Fig. 2C), and
showed the ability to suppress the replication of WT virus, but not
to suppress that of the 3R virus (Fig. 2D). WT-specific CD8* T cell
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TABLE 2 Responses of CD8* T cells from individuals infected with W'T virus to WT or 3R peptide

9% IFN-y-producing cells specific

pationt 1D Virus sequence [mo/day/yr (type)] PBMC sampling date PBMCs cultured for ciclx peptide among
(mo/daylyr) with: CD8™ T cells®
Early phase Chronic phase Without WT 3R
KI-092 1/22/2001 (WT) 8/14/2003 (3R) 5/24/2001 WwT 0.2 344 13.7
3R 0.1 121 16.8
2/3/2003 WwT 0.2 5.8 4.2
3R 0.6 0.3 0.3
KI-102 5/11/2001 (WT) 3/28/2005 (WT) 711172001 WT 1.0 0.6 1.1
3R 1.1 1.5 2.0
7152004 wT 0.2 28.7 9.3
3R 0.6 0.7 0.6
KI-158 6/14/2002 (WT) 4/4/2005 (3R) 10/11/2002 WT 1.4 19.3 24.6
3R 0.1 0.5 0.4
4/4/2005 wT 0.3 233 23.8
3R 04 18.8 209
KI-161 2/15/2002 (WT) 6/16/2005 (3R) 7/26/2002 WT 0.0 74.5 8.0
3R 0.2 55.1 41.8
5/6/2004 WwT 0.1 21.4 4.9
3R 0.2 42.5 43.9

“« Without, without peptide. Boldface, positive [FN-y-producing response.

clones established from early-phase PBMCs of KI-161 also
showed a similar ability to kill WT virus-infected and 3R virus-
infected cells (Fig. 3). In these individuals, the 3R mutant virus
became dominant 1 to 2 years after the early phase (Table 1).
Taken together, these findings suggest that the 3R mutation was
selected by WT-specific CTLs.

The 3R virus was not detected by approximately 4 years postin-
fection in K1-102, who had been infected with the WT virus (Table
1). This individual did not have Gag28-specific CD8* T cells at an
early phase of the HIV-1 infection (Fig. 1). Interestingly, only
WT-specific CD8* T cells were induced from PBMCs of this pa-
tient 2.5 year later. Thus, WT-specific CD8* T cells did not select
3R within about 2 years after the WT-specific CD8* T cells had
been elicited in the patient.

Cross-reactive CD87 T cells in individuals who had been in-
fected with WT virus and had selected 3R virus. We investigated
whether the 3R-specific or cross-reactive CD8* T cells were elic-
ited after the 3R mutant had been selected in individuals who had
been infected with the WT virus. In KI-158, no Gag28-specific
CD8™" T cells were induced from carly-phase PBMCs stimulated
with the 3R peptide, whereas cross-reactive CD8* T cells were
induced from chronic-phase PBMCs stimulated with WT peptide
or 3R peptide (Fig. 1). In KI-161, Gag28-specific CD8* T cells
recognizing WT peptide more than the 3R peptide were induced
from early-phase PBMCs stimulated with WT peptide or the 3R
peptide, whereas cross-reactive CD8* T cells were predominantly
induced from chronic-phase PBMCs stimulated with the 3R pep-
tide (Fig. 1). These results indicate that cross-reactive CD8% T
cells became dominant in the Gag28-specific CD8" T cell popu-
lation after the emergence of the 3R virus in these 2 individuals.

To investigate the function of these cross-reactive CD8* T
cells, we generated Gag28-specific CTL clones from PBMCs at a
chronic phase in KI-161 by stimulating them with the 3R peptide.
The CTL clones evenly recognized both WT and the 3R peptides
(Fig. 3A) and showed the same binding affinity to the 2 tetramers
(Fig. 3B). These results suggest that the two peptides had the same
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binding affinity for HLA-A#24:02. They effectively killed WT-
virus-infected cells and weakly killed the 3R virus-infected cells
(Fig. 3C), whereas they suppressed the replication of the WT virus
but not that of the 3R virus (Fig. 3D). These results indicate that
these cross-reactive CTLs contributed to the selection of the 3R
virus. In addition, the results strongly suggest weak presentation
of the 3R peptide in the cells infected with 3R virus, because the
cross-reactive CTL clones had TCR with the same binding affinity
for both HLA-A%24:02-WT peptide and HLA-A#24:02-3R pep-
tide complexes and because WT and 3R peptides had the same
binding affinity for HLA-A#%24:02. This reduced presentation may
have affected the control of 3R virus by the cross-reactive CTLs.

Gag28-specific T cell repertoire in an individual infected
with WT virus. The results in Fig. 1 suggest that both WT-specific
and cross-reactive CD8* T cells were elicited at an early phase of
HIV-1 infection in 3 individuals infected with WT virus (KI-092,
KI-158, and KI-161). To characterize Gag28-specific CTLs elicited
at that time, we established Gag28-specific CTL clones from
PBMCs at an early phase in KI-161 by stimulating them with the
WT peptide. We found 3 types of CTL clones among the 8 clones
analyzed. As shown in Fig. 3A, 3 clones effectively recognized the
WT peptide but not the 3R peptide (WT specific), 3 clones recog-
nized the WT peptide more than the 3R peptide (WT dominant),
and 2 clones evenly recognized both peptides (cross-reactive). We
next investigated the binding affinity of TCRs on these clones to
WT tetramer and 3R tetramer. The results confirmed the specific-
ity of these 3 types of CTL clones (Fig. 3B). These results together
indicate that KI-161 had a multiple T cell repertoire for the Gag28
epitope before the 3R virus had been selected.

Next, we analyzed the abilities of these T cell clones to kill
HIV-1-infected cells. The WT-specific and WT-dominant CTL
clones effectively killed the target cells infected with WT virus but
failed to kill those infected with the 3R virus (Fig. 3C, left and right
graphs under early phase). On the other hand, cross-reactive CTL
clones weakly killed the target cells infected with the 3R virus and
effectively killed those infected with the WT virus (Fig. 3C, middle
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FIG 1 Gag28-specific CD8* T cells from individuals infected with WT virus at early and chronic phases. Gag28-specific CD8% T cells were induced by
stimulating PBMCs from early and chronic phases in 4 WT-virus-infected HLA-A#24:02* individuals with WT or 3R peptide. The responses of these bulk-
cultured cells to CIR-A2402 cells prepulsed with WT or 3R peptide at concentrations of 0.1 to 1,000 nM were analyzed by using the ICC assay.

graphs under early phase). Then, we analyzed the abilities of these
CTL clones to suppress HIV-1 replication. Both WT-specific and
cross-reactive CTL clones effectively suppressed the replication of
the WT virus, whereas WT-specific and cross-reactive CTL clones
exhibited no and weak ability, respectively, to suppress that of the
3R virus (Fig. 3D). These results indicate that WT-specific and
cross-reactive CTLs could suppress the replication of the WT virus
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but that the former CTLs could not suppress the 3R virus in vivo.
The latter CTLs may weakly suppress 3R virus in vivo. Interest-
ingly, the WT-dominant CTL clones exhibited much weaker abil-
ity to suppress the replication of WT virus than did the WT-
specific and cross-reactive CTLs (Fig. 3D), although no difference
in killing activity against WT-virus-infected cells was found
among these 3 CTL clones. Overall, KI-161 had a multiple Gag28-
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FIG 2 Antiviral activity of Gag28-specific CTL clones generated from early-
phase PBMCs from patient KI-092, infected with WT virus. Gag28-specific
CTL clones were generated from early-phase PBMCs from KI-092 by stimu-
lating them with WT peptide. The activities of 3 CTL clones (# = 3) were
analyzed. (A) Cytotoxic activity toward 721.221-CD4-A2402 cells prepulsed
with the WT or 3R peptide at concentrations of 1 to 1,000 nM. The cytotoxic
activity was measured at an E:T ratio of 1:1. (B) Binding affinity to WT and 3R
tetramers at concentrations of 1 to 100 nM. The MFI values of the T cell clones
are shown. (C) Cytotoxic activity against 721.221-CD4-A2402 cells infected
with NL-432gag5f2 (WT virus) or NL-432gag®"2-3R (3R virus). WT-virus-
infected (49.1% of total cells were p24 Ag*) and 3R virus-infected (48.6% of
total cells were p24 Ag*) cells were used as target cells. The cytotoxic activity
was measured at E:T ratios of 0.5:1, 1:1, and 2:1. (D) Abilities of the clones to
suppress the replication of WT or 3R viruses. The ability was tested at different
E:T ratios. The error bars indicate standard deviations.

specific CTL repertoire at an early phase of HIV-1 infection, but
only 2 types of Gag28-specific CTLs, which were the majority
among the Gag28-specific CTLs, contributed to the suppression
of WT virus replication.

Cross-reactive CD8* T cells and 3R-specific CD8% T cells in
individuals who were infected with 3R virus. Next, we analyzed
the elicitation of Gag28-specific CD8* T cells in 5 individuals
infected with the 3R virus. Gag28-specific CD8" T cells were de-
tected at both early and chronic phases in 3 individuals, whereas
they were found at only the chronic phase in the other 2 (Table 3).
Cross-reactive CD8™ T cells were induced by stimulating KI-091
PBMCs from both early and chronic phases, not only with 3R
peptide, but also with WT peptide. To characterize Gag28-specific
CD8* T cells in KI-091, we generated Gag28-specific CTL clones
from PBMCs at a chronic phase in KI-091 by stimulating them
with 3R peptide. We investigated the recognition of 3 CTL clones
for WT and 3R peptides. These CTL clones evenly recognized both
peptides (Fig. 4A) and revealed the same binding affinity for the 2
tetramers (Fig. 4B), indicating that they were cross-reactive CTLs.
They moderately killed target cells infected with either WT or 3R
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virus (Fig. 4C) but did not suppress the replication of the WT and
3Rviruses (Fig. 4D). Thus, Gag28-specific CD8* T cells elicited in
KI-091 had no ability to suppress the replication of WT and 3R
viruses. Further analysis of 13 other clones revealed similar char-
acteristics (data not shown), supporting the data indicating that
cross-reactive CTLs were predominantly elicited in KI-091.

In the chronic phase, KI-091 had cross-reactive CD8* T cells,
whereas 3R-specific CD8* T cells were found in 4 other individ-
uals (Table 3). To characterize these 3R-specific CD8* T cells, we
generated 3R-specific CTL clones from KI-163 PBMCs at the
chronic phase by stimulating them with 3R peptide. All 3 clones
recognized the 3R peptide much more effectively than the WT
peptide (Fig. 4A). These CTL clones bound to 3R tetramer, but not
to WT tetramer (Fig. 4B), indicating that these CTL clones carried
a 3R-specific TCR. In addition, we analyzed the abilities of these
CTL clones to recognize virus-infected cells and found that they
effectively killed target cells infected with 3R virus, but not those
infected with WT virus (Fig. 4C). However, they failed to suppress
the replication of either 3R or WT virus (Fig. 4D). These results
indicate that Gag28-specific CD8™* T cells elicited in all individuals
infected with 3R virus had no ability to suppress the replication of
WT or 3R virus. Thus, Gag28-specific CD8* T cells seem to have
failed to control the 3R virus, although they were elicited in indi-
viduals infected with the 3R virus.

High accumulation of the 3R variant in the Japanese popula-
tion. The results described above strongly suggest that WT-
specific and cross-reactive CD8™ T cells selected the 3R mutation
in the individuals infected with the WT virus and that 3R-specific
and cross-reactive CD8* T cells failed to control the 3R virus in
the individuals infected with it. Therefore, we assume that this 3R
mutation has accumulated in the HLA-A*24:02" individuals. In
addition, since HLA-A#24:02 is found in approximately 70% of
Japanese, we speculate that the mutation has accumulated to high
levels in the Japanese population.

A previous study analyzed the frequency of 3R in only 32 HLA-
A%24:02" and 26 HLA-A#%24:02~ individuals chronically infected
with HIV-1 and showed that the frequency of 3R was significantly
higher in HLA-A#24:02* individuals than in the HLA-A=24:02~
individuals (30). To confirm the association of this mutation with
HLA-A#24:02, we analyzed a large number of chronically HIV-1-
infected nonhemophiliac individuals (220 HLA-A#24:02% and
154 HLA-A#24:02" individuals) recruited from April 2008 to
March 2011 (2008 to 2011 cohort). The results confirmed that the
frequency of 3R was significantly higher in HLA-A#24:02* indi-
viduals than in the HLA-A#24:02~ individuals (P < 0.0005) (Fig.
5). Since 3R was found in 74.7% of the HLA-A#24:02~ individuals
in this cohort, we speculate that the mutation has been accumu-
lating in the Japanese population. Therefore, we anatyzed HIV-1-
infected nonhemophiliac Japanese individuals who had been re-
cruited from 1996 to 2002 (1996 to 2002 cohort), as well as
Japanese hemophiliacs who had been infected around 1983 (he-
mophiliac cohort), and then compared them to the 2008 to 2011
cohort (Fig. 5). The association of this mutation with HLA-
A#24:02 was also found in both the 1996 to 2002 cohort and the
hemophiliac cohort (P < 0.01 and P = 7.4 X 1077, respectively).
The frequency of this mutation in HLA-A#*24:02~ individuals sig-
nificantly increased from 0% in the hemophiliac cohort to 50.0%
in the 1996 to 2002 cohort (P = 0.0084) and to 74.7% in the 2008
t0 2011 cohort (P = 2.6 X 1077). These results indicate that the 3R
mutation was strongly selected by Gag28-specific CTLs and has
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FIG 3 Antiviral activities of Gag28-specific CTL clones generated from PBMCs of patient KI-161, infected with WT virus. Gag28-specific CTL clones were
generated from early-phase and chronic-phase PBMCs isolated from KI-161 after stimulating them with the WT and 3R peptides, respectively. Three types of
Gag28-36-specific CTL clones, i.e., WT specific (left), cross-reactive (middle), and WT dominant (right), were generated from the early-phase PBMCs. (A)
Cytotoxic activity against 721.221-CD4-A2402 cells prepulsed with the WT or 3R peptide at concentrations of 1 to 1,000 nM. The cytotoxic activity was measured
atan E:T ratio of 1:1. (B) Binding affinity toward WT and 3R tetramers at concentrations of 1 to 100 nM. The MFIs of the T cell clones are shown. (C) Cytotoxic
activity against 721.221-CD4-A2402 cells infected with WT virus or 3R virus. WT-virus-infected (49.0% of total cells were p24 Ag*) and 3R-virus-infected
(50.0% of total cells were p24 Ag™) cells were used as target cells. The cytotoxic activity was measured at E:T ratios of 0.5:1, 1:1, and 2:1. (D) Abilities of the clones
to suppress the replication of WT or 3R virus. The ability was tested at different E:T ratios. n, number of clones tested. The error bars indicate standard deviations.

been accumulating during the past 30 years in the Japanese pop-
ulation.

It is well known that some escape mutations affect replication
capacity and that HIV-1 containing such mutations reverts to WT
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in individuals not carrying HLA class I restriction alleles (23, 32).
We previously showed that the 3R mutation does not affect repli-
cation capacity when 2 T cell lines are used in an assay measuring
it (46). Since a different effect of mutations on replication capacity
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TABLE 3 Responses of CD8™ T cells from individuals infected with 3R virus to WT or 3R peptide

% IFN-vy-producing cells specific

i Virus sequence [mo/day/yr (type)] PBMC sampling date PBMCs cultured for each peptide
Patient ID . + a
(mo/day/yr) with: among CD8* T cells
Early phase Chronic phase Without wWT 3R
KI-091 12/13/2000 (3R) 8/4/2005 (3R} 12/13/2000 WT 0.2 74.6 71.2
3R 03 55.4 719
9/29/2004 WT 0.2 77.7 65.5
3R 0.2 61.1 69.3
KI-134 10/25/2001 (3R) 6/30/2004 (3R) 10/25/2001 wT 0.4 0.6 0.8
3R 1.0 11 5.7
1/21/2004 WT 0.8 1.0 0.7
3R 0.7 0.6 2.0
KI-136 10/29/2001 (3R) 7/10/2003 (3R) 10/29/2001 WT 0.1 0.4 0.2
3R 0.1 0.2 0.2
5/15/2003 WT 0.4 0.8 0.4
3R 0.1 0.2 24.8
KI-151 2/15/2002 (3R) 6/16/2005 (3R) 11/21/2001 WT 0.3 0.7 0.8
3R 0.7 0.6 10.8
7/28/2004 wT 0.4 0.7 1.3
3R 0.1 0.1 44.5
KI-163 8/30/2002 (3R) 9/27/2004 (3R) 8/30/2002 WT 0.2 0.3 0.2
3R 0.2 0.4 0.2
8/29/2005 wWT 0.3 0.5 0.2
3R 0.4 0.6 6.9

“ Without, without peptide. Boldface, positive IFN-y-producing response.

between cell lines and CD4% T cells from a healthy individual is
known (23), we measured the replication capacity of the 3R virus
by using CD4™" T cells from a healthy individual. The results con-
firm that this mutation did not affect the replication capacity (Fig.
6), suggesting that the 3R mutant could not revert in HLA-A#24:
02~ individuals.

DISCUSSION
Itis known that CTLs recognizing escape mutants are elicited after
the escape mutant had been selected by WT epitope-specific CTLs
(2,4, 12, 15, 33, 39) or in new escape mutant virus-infected hosts
having the same restricted HLA allele (15). However, since the
CTLs recognizing escape mutants have been not well analyzed, the
role of these CTLs in the control of HIV-1 infections remains
unclear. In the present study, we investigated 2 groups, HLA-
A#24:027 individuals infected with WT virus and those infected
with 3R escape mutant virus. We found that both WT-specificand
cross-reactive CD8* T cells were elicited in individuals infected
with WT virus. Interestingly, cross-reactive T cells had been elic-
ited before the emergence of the 3R escape mutant virus, though a
similar finding was made in previous studies that analyzed other
epitope-specific CTLs (18, 25, 26, 34). The present study shows
that WT-specific CD8" T cells were predominantly elicited in an
early phase of the infection and that the number of cross-reactive
CD8™" T cells increased in the chronic phase. The CTL clones from
early and chronic phases in KI-161 showed similar abilities to kill
WT virus-infected or 3R virus-infected cells and activities to sup-
press both viruses, suggesting that cross-reactive CD8* T cells
elicited at the early phase were expanded via antigen presentation
by 3R virus-infected cells at the chronic phase.

WT-specific and cross-reactive CTL clones from KI-092 and
KI-161 at an early phase of the infection effectively killed WT-
virus-infected cells and suppressed the replication of the WT vi-
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rus, whereas they exhibited no and weak ability, respectively, to
suppress that of the 3R virus. Cross-reactive CTL clones had the
same ability to suppress the replication of WT virus as did the
WT-specific CTL clones. These results strongly suggest that both
CTLs selected the 3R virus in these individuals infected with the
WT virus. The 3R virus was not selected within at least 1 year after
Gag28-specific CTLs had been detected in the individuals infected
with the WT virus. This finding indicates that the 3R mutation was
more slowly selected by these CTLs than escape mutants selected
atan acute phase of the infection (16, 19, 34, 44, 45). On the other
hand, a previous study suggested that acute accumulation of mu-
tations in this epitope occurs after an HIV-1 infection (6). How-
ever, the data shown in that study concerned mutations contained
at position 1 of the epitope. In addition, those data may have
included cases in which the individuals had been infected with the
3R mutant virus, because it may be assumed that 3R virus had accu-
mulated in the cohorts analyzed. Cross-reactive CTL clones estab-
lished from PBMCs at both early and chronic phases of KI-161 killed
3Rvirus-infected cells, though the killing activity against the 3R virus-
infected cells was weaker than that against the W virus-infected cells.
These CTL clones weakly suppressed the replication of the 3R virus
(Fig. 3C). This weak ability to suppress it might have delayed the
emergence of the 3R mutation in these patients.

WT-specific CTLs were not induced by stimulation of early- or
chronic-phase PBMCs from the 5 individuals in which the 3R
mutation had been detected at the early phase with WT peptides.
This finding supports the possibility that these individuals had
been infected with the 3R virus. Only KI-091 had cross-reactive T
cells at early and chronic phases of the infection. All CTL clones
established from this patient had cross-reactivity, implying that
the patient had been infected with WT virus and that 3R had been
selected at an early phase. However, WT-specific CTL clones were
not established from this patient. In addition, the cross-reactive
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FIG 4 Antiviral activities of cross-reactive and 3R-specific CTL clones gener-
ated from patients KI-091 and KI-163 infected with 3R virus. Gag28-specific
CTL clones were generated from chronic-phase PBMCs isolated from patients
KI-091 and KI-163 after their stimulation with 3R peptide. The following
activities of these CTL clones were analyzed. (A) Cytotoxic activity against
721.221-CD4-A2402 cells prepulsed with the WT or 3R peptide at concentra-
tions of 1 to 1,000 nM. The cytotoxic activity was measured at an E:T ratio of
1:1. (B) Binding affinity toward WT and 3R tetramers at concentrations of I to
100 nM. The MFIs of the T cell clones are shown. (C) Cytotoxic activity against
721.221-CD4-A2402 cells infected with WT virus or 3R virus. WT-virus-
infected and 3R virus-infected cells were used as target cells. The frequency of
p24 Ag* cells among the HIV-1-infected cells was as follows: WT-virus-
infected cells, 49.1% and 43.1% for CTL clones from KI-091 and
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FIG 5 Frequencies of the 3R mutation in a Japanese hemophiliac cohort and
nonhemophiliac cohorts recruited from 1996 to 2002 and from 2008 to 2011.
The frequencies of mutations at position 3 of the Gag28 epitope in chronically
HIV-1-infected HLA-A#24:02% or HLA-A%24:02~ hemophiliac individuals
and nonhemophiliac individuals recruited from 1996 to 2002 or from 2008 to
2011 are shown. The consensus sequence of this epitope in HIV-1 subtype B is
KYKLKHIVW. The frequency of the 3R mutation between HLA-A%24:02+
and HLA-A#24:02~ subjects in each cohort or thatin HLA-A#%24:02* or HLA-
A%24:02~ subjects among the 3 cohorts was statistically analyzed by using
Fisher’s exact test.

CTL clones established from KI-091 did not have the ability to
suppress the replication of the WT virus, although the CTL clones
from individuals who had been infected with the WT virus had
strong ability to suppress it. These findings suggest that this pa-
tient had been infected with the 3R virus rather than with the WT
virus. However, it remains unknown why 3R-specific CTLs were
elicited in the other 4 individuals but not in this patient. Thus, the
abilities of CTLs to respond to WT peptide and to suppress the
replication of WT virus together supported the idea that the indi-
viduals who had 3R virus in the early phase had been infected with
3R virus, although the possibility that they had been infected with
WT virus cannot be completely excluded.

The 3R mutant epitope peptide would have been processed
and presented to 3R-specific CTLs in 3R virus-infected cells, since
3R-specific and cross-reactive CTL clones effectively killed 3R
virus-infected cells. However, these CTL clones failed to suppress
the replication of the 3R virus. 721.221-CD4-A2402 cell lines were
used as target cells for the killing assay, whereas CD4™" T cells from
healthy individuals were used for the replication suppression as-
say. The former cells express HLA-A#24:02 to a much higher de-
gree than the latter cells. This difference between the 2 cell lines
may account for the discrepancy of the results between the 2 as-
says. 3R-specific CTL clones failed to suppress the replication of
the 3R virus, whereas cross-reactive CI'Ls from the individuals

KI-163, respectively, and 3R-virus-infected cells, 48.6% and 45.6% for CTL
clones from KI-091 and KI-163, respectively. The cytotoxic activity was mea-
sured at E:T ratios of 0.5:1, 1:1, and 2:1. (D) Abilities of the clones to suppress
the replication of WT or 3R virus. The abilities were tested at different E:T
ratios. n, number of clones tested. The error bars indicate standard deviations.
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FIG 6 Replication kinetics of WT and 3R viruses in CD4* T cells. CD4* T
cells (2 X 10%) isolated from PBMCs from a healthy donor were infected with
WT or 3R virus in triplicate at a blue-cell-forming unit of 500 (in MAGIC-5
cells) in a total volume of 0.2 ml and then incubated at 37°C for 2 h. The
infected cells were washed twice with R10 and then cultured in 1 ml of com-
plete medium plus rIL-2 at 37°C. A 0.1-ml volume of the culture supernatants
was collected at days 2 to 10 postinfection. The concentration of p24 Ag was
measured by using ELISA.

infected with WT virus effectively suppressed the replication of
the WT virus but failed to suppress that of the 3R virus. These
findings suggest that 3R virus-infected CD4+ T cells could not
effectively present the 3R mutant epitope. This finding also suggests
that 3R virus-infected CD4* T cells were not the main source of
antigen-presenting cells in 3R virus-infected individuals. A previous
study showed that HIV-1-infected macrophages effectively present
HIV-1 epitopes more than HIV-1-infected CD4" T cells (14), imply-
ing that 3R virus-infected macrophages are the main antigen-
presenting cells and contribute to the elicitation of 3R-specific and
cross-reactive CTLs in 3R virus-infected individuals. A further study
should clarify the role of macrophages in the elicitation of 3R-specific
and cross-reactive CTLs in 3R virus-infected individuals.

Cross-reactive CTLs were found in individuals infected with
the WT virus or with the 3R virus. The CTL clones established
from individuals infected with the WT virus had a strong ability to
kill WT-virus-infected cells and to suppress the replication of the
‘WT virus, whereas those established from an individual infected
with the 3R virus showed moderate ability to kill WT-virus-
infected cells and no ability to suppress the replication of WT
virus. These findings indicate that cross-reactive CTLs from an
individual infected with the 3R virus may have had less ability to
recognize the WT epitope than those from an individual infected
with the WT virus. Indeed, the former CTL clones exhibited lower
sensitivity to reaction with WT peptide-pulsed cells than the latter
CTLs, indicating that cross-reactive CTLs elicited in individuals
infected with the WT virus had higher-affinity TCRs for WT pep-
tide than those in an individual infected with the 3R virus. In
addition, the latter CTL clones weakly killed 3R virus-infected
cells, whereas the former clones showed the same killing activity
against 3R virus-infected cells as against WT-virus-infected cells.
Thus, cross-reactive CTLs in individuals infected with 3R virus
have different characteristics than those in individuals infected
with the WT virus. This finding suggests that cross-reactive CTLs
elicited in individuals infected with the WT virus had TCRs with
higher affinity for WT and 3R peptides than those in individuals
infected with the 3R virus.
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Japanese hemophiliacs were infected with HIV-1 via blood
products from the United States around 1983, and HLA-A%24:02
is a rare allele in North America. Therefore, it may be speculated
that HIV-1 in the blood product had not yet accumulated escape
mutations. Indeed, the 3R mutation was not found in the 12 HLA-
A#%24:02~ hemophiliacs tested, though other amino acid variants
at position 3 were detected in 2 of these hemophiliacs. This muta-
tion was found in 50.0% of HLA-A*24:02~ individuals in the 1996
to 2002 cohort and in 74.7% of those in the 2008 to 2011 cohort,
indicating that the mutation had accumulated in the Japanese
population. The frequency of this mutation in HLA-A#24:02~
individuals thus increased about 1.5-fold during the approxi-
mately 10-year period between these 2 nonhemophiliac cohorts.
Thus, the mutation greatly accumulated over the last 10 years.
Since HLA-A#%24:02 is found in approximately 70% of Japanese,
the high prevalence of the allele is the cause of the high accumu-
lation of the 3R mutation in the Japanese population. In addition,
this high accumulation resulted not only from a strong selection of
the 3R mutation by WT-specific and cross-reactive CTLs elicited
in the donors infected with WT virus, but also from a lack of
reversion of the mutation in the HLA-A#24:02~ individuals.

Our previous study concerning HLA-A#24:02-restricted
Nef138-specific CTLs demonstrated that only WT epitope-
dominant CTLs, which suppress the replication of WT virus but
fail to suppress that of mutant virus, are elicited at an early phase
inHLA- :02* individuals infected with the WT virus and that
mutant-epitope-dominant CTLs but not cross-reactive CTLs are
elicited after the emergence of the mutant virus in them (15). In
addition, only mutant-epitope-dominant CTLs are elicited in
those individuals infected with the mutant virus. The mutant-
epitope-dominant CTLs suppress the replication of WT virus but
weakly suppress that of mutant virus (15). Thus, Nef138-specific
CTLs elicited in individuals infected with WT or mutant viruses
had different characteristics in terms of the recognition of WT and
mutant epitopes than the Gag28-specific CTLs analyzed in the pres-
ent study. The difference between Nefl38-specific and Gag28-
specific CTLs might be explained by a different CTL repertoire elic-
ited at an early phase. These 2 studies suggest the elicitation of various
HIV-1-specific CTLs in regard to recognition of escape mutations.

In the present study, we demonstrated that WT-specific and
cross-reactive CTLs were elicited at an early phase in individuals
infected with the WT virus and that cross-reactive CTLs were
dominant in Gag28-specific CTLs after the emergence of the 3R
virus. On the other hand, 3R-specific and cross-reactive CTLs
were elicited in individuals infected with the 3R virus, though the
former CTLs were predominantly elicited in these individuals.
The CTLs elicited in the individuals infected with the WT virus,
which had a strong ability to suppress the replication of WT virus,
played a central role in the accumulation of the 3R mutation. In
contrast, the CTLs elicited in those infected with 3R virus, which
failed to suppress the replication of WT and 3R viruses, did not con-
tribute to the control of the 3R virus infection. In addition, the high
prevalence of HLA-A#24:02 and lack of effect of the 3R mutation on
viral fitness may have strongly contributed to the high accumulation
of the mutation in HIV-1-infeceted Japanese individuals.
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