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(0.20 + 0.06), and the third Han from Xi'an and the Sali, a
branch of the Yi ethnic group (0.15 = 0.06). Ryukyuans and
Ainu behave as outliers with significant differences with all the
samples. Population groups resulting from the Fsy and CLUSTER
analysis are defined in Table 3. Although mainland Japanese
from Aichi were significantly different from other mainland Japa-
nese because of their high frequency of haplogroup B, they were
merged with them as JPN for comparisons with other areas. Con-
trol of the conglomerate number expected in CLUSTER analysis
allows for a hierarchical grouping of populations. With two con-
glomerates, the first distinguished isolate was the aboriginal
Sakai from Thailand (Fucharoen et al. 2001). This group was
unique among other Thai people owing to its lack of lineages
with the 9-bp deletion that characterizes haplogroup B, and to
the high frequency of the authors’ C6 cluster (included in our
D4a). The lack of any representative of macrohaplogroup N in a
population anthropologically considered one of the oldest
groups in Thailand, if not caused by genetic drift, is compatible
with the hypothesis that derivatives of macrohaplogroup N had,
in southern Asia, a different route from macrohaplogroup M
(Maca-Meyer et al. 2001). Also striking is the presence in Sakai of
an unequivocal representative (16223-16274-16278-16294-
16309) of the sub-Saharan African L2a haplogroup (Torroni et al.
2001), which again is compatible with the physical characteris-
tics of this Negrito group. Although the suggestion that the first
spreading out of Africa of modern humans could have carried
some L2 lineages in addition to the L3 ancestors (Watson et al.
1997) is a tempting explanation, a recent admixture is more in
consonance with the phylogenetic proximity of this lineage to
the present African ones. The next outsiders were the majority of
the Siberian isolates, which could not be pooled because of big
differences in the frequency of distinctive haplogroups (Table 2).
This considerable differentiation was already emphasized (Schurr
et al. 1999), with strong genetic drift being its most probable
cause. Subsequent isolates belong to some Chinese minorities
such as those of Lisu and Nu, Lahu, and Taiwanese aborigines.
Unexpectedly, other Chinese minorities (Bai, Sali, and Tu) were
left in Han Chinese northern clusters. The Bai belong to the
Sino-Tibetan Tibeto-Burman ethnic linguistic group and have
been strongly influenced by Han. The Sali are a minority within
the Yi ethnic group whose most probable ancestors were the
Qiang from northwest China. Finally, the Tu, although belong-
ing to the Mongolian branch of the Altaic Family, show their
main genetic affinities to the Han from Xi'an (P = 0.95), Xinjiang
(P =0.89), and Shanghai (P = 0.79), all of them clustered in the
Ch2 group. On the other hand, Thais, Vietnamese, and Cambo-
dians joined with southern Chinese. As already observed (Chun-
jie et al. 2000; Yao et al. 2002a), the Han Chinese do not comprise
a homogeneous group. With the exception of cluster Ch4, that
includes samples from Hubei and Guandong (Table 3), they ap-
pear geographically differentiated. The two central Asian groups
detected mainly differ in their frequencies for Alb, Z, and G2a.
With less than 14 conglomerates, the Japanese, including Ainu
and Ryukyuans, were part of a big group formed by Korean,
Buryat, Tibetans, and northern Chinese. Ainu was the first dif-
ferentiated Japanese sample. Ryukyuans separated later, when
mainland Japanese and Koreans still comprised a single group.
The lack of homogeneity between Ainu and Ryukyuans was
pointed out by Horai et al. (1996), who questioned that they
shared a recent common ancestor. The main differences between
them were attributed to two dominant clusters (C1 and C16,
corresponding to our Y and M5/D4a/G1, respectively) present in
Ainu but absent in Ryukuyans, and two Ryukyuan dominant
clusters (C3 and C13, belonging to our R and M, respectively)
absent in Ainu. In addition, applying the present haplogroup
nomenclature to the same data, the high frequency of M7al and

D4al/D4b in Ryukyuans, but their absence in Ainu, stands out.
The MDS plot (Fig. 3A), based on F; haplogroup frequency dis-
tances between final groups (data not shown), only partially re-
flects the sequential process described above, as only Sakai and
Siberians are well differentiated from the rest. On the contrary,
relationships obtained from haplotype matches (Fig. 3B) show
populations highly structured by geography with the only excep-
tions being the Ainu and Tuvinian isolates.

The Peopling of Japan

To further know the relative affinities of the Japanese between
themselves and with the different Asian groups formed, the data
obtained from the global approaches based on haplogroup fre-
quency distances and on sequence match identities are presented
in Table 4. Both values are moderately correlated in the compari-
sons involving the mainland Japanese (r = —0.479; two-tail prob-
ability 0.012) but not at all in those involving aborigine
Ryukyuans (r= —0.310; two-tail probability 0.115) and Ainu
(r=0.087; two-tail probability 0.667). This result can be ex-
plained by assuming that these aboriginal people have suffered
important genetic drift effects with substantial changes in hap-
logroup frequencies and lineage losses or, less probably, that
these populations have been isolated long enough to have accu-
mulated new variation. Results based on haplogroup frequencies
by far relate mainland Japanese to Koreans followed by northern
Chinese. Ryukyuans present the smallest distances to Buryats
from South Siberia, followed in short by southern Chinese. In
turn, the Ainu have their closest affinities with mainland Japa-
nese, Koreans, and northern Chinese. As regards sequence
matches, mainland Japanese also joins first to Koreans and sec-
ond to Buryats. Aborigine Ryukyuans are closest to Buryats and
then to Koreans. Finally, Ainu show comparatively less shared
sequences, their greater affinities being toward Chukchi and Ko-
ryaks of Kamchatka. This global picture is congruent with an
important influence on mainland Japanese from northern Asian
populations through Korea, that the Ryukyuans had a dual
northern and southern Asian background previous to the new
northern influences acquired by admixture with mainland Japa-
nese, and that the Ainu represent the most isolated group in
Japan in spite of the genetic input received from Kamchatka. Also
noticeable is the great distance and low identity values obtained
for the Ainu-Ryukyuan pair compared with those obtained in
their respective comparison to mainland Japanese, which is an-
other hint of its notable maternal isolation.

The distance and identity statistics used above are based on
frequencies of haplogroups and haplotypes, respectively; how-
ever, frequencies are more affected by genetic drift than the num-
ber of different haplotypes present in a population. To measure
the relative affinities of Japanese populations between them and
to Continental Asia in a frequency-independent way, we chose a
haplotype-sharing approach calculating the relative contribution
of lineages shared with other areas to the number of different
haplotypes present in each Japanese population. In these com-
parisons all other Asians were merged. Table 5 shows the results
of this analysis. Note that despite the difference in sample size
the haplotype frequency in mainland Japanese and Ainu is ~50%,
whereas in Ryukyuans it is 84%; which means that, if there was
not a bias in the sampling process, in spite of its small size, the
Ainu sample seems to be representative of that population. How-
ever, it would be desirable to enlarge that of the Ryukyuans (Hel-
gason et al. 2000). Haplotypes present only in a given population
account for 13% in Ainu but ~50% in mainland japanese (60%)
and Ryukyuans (45%). This finding once more points to the ex-
istence of important drift effects in Ainu. Mainland Japanese ex-
clusively share with Ryukyuans and Ainu only 3% and 2%, re-
spectively, of its lineages, which could reach 6% and 3% if those
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Table 3. Asian Populations Used in This Study

Population Locality Ethnic group Group Sample HVRI HVRII Other® References
Japan Tokyo Japanese JPN 373 16024-16569 1-648 649-16023 This work
Japan Nagoya Japanese JPN 299 16024-16569  1-648 649-16023 This work
Japan Japanese JPN 20 1600-16413 — Bamshad et al. 2001
19 —_ 71270 jorde et al. 1995
Japan Tokyo Japanese JPN 162 16051-16365  73-340 imaizumi et al. 2002
Japan Tokyo Japanese JPN 150 16030-16481 Nishimake et al. 1999
Japan Tokyo |apanese JPN 13 16024-16569  1-648 RFLPs Abe et al. 1998
Japan Miyazaki Japanese PN 100 15998-16400 30-407 Seo et al. 1998
Japan Tottori Japanese JPN 89 16026-16396 Qota et al. 2002
Japan Shizuoka Japanese IPN 62 1612916569 141 Horai et al. 1996
Japan Aichi japanese JPN 50 16040-16375  20-430 Koyama et al. 2002
Japan Okinawa Ryukyuan RYU 50 16129-16569  1-41 Horai et al. 1996
Japan Hokkaido Ainu AIN 51 16129-16569  1-41 Horai et al. 1996
Korea Korean KOR 306 16020-16400  1-70 Lee et al. 1997
Korea Korean KOR 4 16024-16370 Torroni et al. 1993a,b
Korea Korean KOR 60 16024-16365 73-340 Pfeiffer et al. 1998
Korea Korean KOR 2 16000-16413 — Bamshad et al. 2001
Korea — 71-270 Jorde et al. 1995
Korea Korean KOR 64 16129-16569  1-41 Horai et al. 1996
Korea Korean KOR 3 16128-16408 Horai and Hayasaka 1990
Korea Korean KOR 98 16075-16362 73-315 14747-15887 Lee et al. 2002
China Liaoning Han Chi 51 16001-16497 30-47  10171-10659 and RFLPs  Yao et al. 2002a
China Shandong Han Chl 50 16001-16497 30-47  10171-10659 and RFLPs  Yao et al. 2002a
China Yunnan Bai Chi 31 16001-16495 Yao et al. 2002b
China Changsha Han Chl 82 16026-16396 Oota et al. 2002
China Xinjiang Han Ch2 47 16001-16497 30-47  10171-10659 and RFLPs  Yao et al. 2002a
China Yunnan Sali Ch2 31 16001-16495 Yao et al. 2002b
China Qinghai Tu Ch2 35 16001-16495 Yao et al. 2002b
China Xi‘an Han Ch2 84 16026-16396 Oota et al. 2002
China Shanghai Han Ch2 120 13030-16481 Nishimake et al. 1999
Mongolia Mongolian Ch2 103 16020-16400 RFLPs Kolman et al. 1996
Mongolia Mongolian Ch2 15 16001-16495 Yao et al. 2002b
China Yunnan Lahu Ch3 32 16048-16569 1-49 Qian et al. 2001
China Hubei Han Ch4 42 16001-16497 30-47  10171-10659 and RFLPs  Yao et al. 2002a
China Guangdong Han Ch4 30 1600116497 30-47  10171-10659 and RFLPs  Yao et al. 2002a
China Yunnan Han Ch5s 43 16001-16497 30-47  10171-10659 and RFLPs  Yao et al. 20022
China Taiwan Ch5s 6 16024-16370 Torroni et al. 1993a,b
China Taiwan Chs 3 15999-16413 Bamshad et al. 2001
China Taiwan Chs 9 16065-16375 Sykes et al. 1995
China Taiwan Chs 66 16129-16569  1-41 Horai et al. 1996
China Taiwan Han Chs 155 15997-16569  1-407 Tsai et al. 2001
China Yunnan Dai Chs 21 16048-16569 1-49 Qian et al. 2001
China Yunnan Wa Chs 22 16048-16569  1-49 Qian et al. 2001
China Yunnan Dai Chs 38 16001-16495 Yao et al. 2002b
China Guangxi Zhuang Chs 83 16001-16495 Yao et-al. 2002b
China South China  Han Ch5 28 16024-16399 Betty et al. 1996
Thailand Chs 32 16001-16495 Yao et al. 2002b
Thailand See ref. Chs 121 16048-16569  1-41 Fucharoen et al. 2001
Thailand See ref. Native Chs 74 16048-16569  1-41 Fucharoen et al. 2001
Vietnam Ch5 35 16026-16396 Oota et al. 2002
Vietnam Chs 9 15999-16413 — Bamshad et al. 2001
— 71-270 jorde et al. 1995
Cambodia ChS 12 15999-16413 — Bamshad et al. 2001
— 71270 jorde et al. 1995
China Yunnan Lisu Ché 37 16001-16495 Yao et al. 2002b
China Yunnan Nu Ché 30 16001-16495 Yao et al. 2002b
China Taiwan Native TWA 28 15997-16400 30-407 Melton et al. 1998
China Taiwan Native TWA 180 16048-16569 141 Tajima et al. 2003
Central Asia Uygur CA1l 46 16001-16495 Yao et al. 2000a
Kazagstan Kazakh CAl 55 15997-16400 Comas et al. 1998
Kirgizistan Talas Kirghiz CAl 48 15997-16400 Comas et al. 1998
Kazagstan Uygur CA1 55 15997-16400 Comas et al. 1998
Central Asia Kazak CA2 30 16001-16495 Yao et al. 2000a
Kirgizistan Sary-Tash Kirghiz CA2 46 15997-16400 Comas et al. 1998
Siberia See ref. Altai CA2 17 1602416383 Shields et al. 1993
Tibet Tibetan TiB 1 16024-16370 Torroni et al. 1993a,b
Tibet Tibetan TIB 40 16001-16495 Yao et al. 2000b
Tibet Tibetan TiB 24 16048-16569  1-41 Qian et al. 2001
Russia East Ural Mansi MAN 98 16039-16519 64-295  RFLPs Derbeneva et al. 2002a
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Table 3. Continued

Population  Locality Ethnic group Group  Sample HVRI HVRIl  Other® References
Siberia Finno-Ugrian. - FlU 38 1302116505 Voevoda 'Accession nos. AF214068-AF214105
South Siberia Tuvinian TUV. 36 16000-16400 RFLPs = Derenko et al. 2000
South Siberia Buryat BUR 40 16000-16400 RFLPs . Derenko et al. 2000
Siberia Chukchi CHU 60 16001-16405 Voevoda et al. 1994
Siberia Aluitor Koryak ALU 56 16000-16525 Schurr et al. 1999
Siberia Karagin  Koryak KAM 37 16000-16525 Schurr et al. 1999
Siberia Palan Koryak KAM 54 16000-16525 Schurr et al. 1999
Siberia Kovran  Itel men ITE 46 16000-16525 Schurr et al. 1999
Philippine FiL 32 16065-16375 Sykes et al. 1995
Thailand Trang Sakai SAK 20 16048-16569  1-41 Fucharoen et al. 2001
Malaysia IND 6 15999-16413 — Bamshad et al. 2001
—_ 71-270 jorde et al. 1995
Indonesia IND 34 16024-16400 31-407 Redd and Stoneking 1999
Borneo Sabah SAB 34 16065-16375 Sykes et al. 1995

2RFLPs and additional sequences.

also shared with Continental Asian populations are added. In
comparison they shared 21% of its lineages with other Asians. On
the contrary, Ryukyuans and Ainu share about 50% of their lin-
eages with mainland Japanese and only 10% and 21%, respec-
tively, with Continental populations, which may reflect other
independent Asian influences on Japan. With respect to those
lineages exclusively shared by Japanese and Continental Asian
populations, it is worth mentioning that, again, Korea is the
main contributor, participating in ~50% of the haplotype sharing
with mainland Japanese (55%), as much as with Ryukyuans
(50%) and Ainu (50%). However, differences exist in the prov-
enance of the rest of the shared lineages. Whereas in Ainu (north-
ern China and Siberia) and in Ryukyuans (northern China and
central Asia) they are from northern areas, the second region
contributing to mainland Japanese is southern China (17.5%),
followed, at the same level (12.5%), by northern China and cen-
tral Asia. In addition, there exists a minor percentage of exclusive
sharing with Indonesia (2.5%). On the other hand, all the
matches with Siberia and Tibet are also shared with other popu-
lations. From these results, it can be deduced that the ancient
Japanese inhabitants came from northern Asia and that southern
areas affected the Japanese by later immigration. Nevertheless, it
must be borne in mind that older influences could be undetect-
able by lineage sharing. With respect to the haplogroup affilia-
tion of those lineages that Ainu and Ryukyuans exclusively
shared with no Japanese samples, new differences appear be-
tween them. Ainu share derived lineages of haplogroups A, G,
M9, and DS, all of them compatible with a rather recent Siberian
influence. In contrast, those shared by Ryukyuans are basical M
lineages, more congruent with an older radiation from southern
China. These dual influences are also detected when the hap-
logroup affiliation of the Ainu and Ryukyuan unique lineages is
studied. First, the percentage of lineages belonging to macrohap-
logroup N is Jarger in Ainu (50%) than in Ryukyuans (15%) and
from a different provenance, as those in Ainu are from hap-
logroups N, N9b, and Y, whereas those of Ryukyuans belong to
the southern haplogroups F and B. The remaining 50% of the
Ainu lineages equitably belong to different M haplogroups (M,
M7¢, G1, and DSa), but in Ryukyuans the remainder are mainly
concentrated in M7a (41%) and M7b2 (18%), two groups that
have their greatest Asian diversities precisely in Ryukyuans. Al-
though an indigenous focus of radiation cannot be discarded, it
is more conservative to suppose that the most probable origin of
these lineages is again southern China. Thus, Ainu and
Ryukyuans are not only largely isolated populations, but they
most probably had different maternal origins.

Although no matches are involved, the geographic distribu-
tion of haplogroup frequency and diversities for some groups
present in Japan and in other distinct Asian areas are also rel-
evant to trace these older connections. For instance, haplogroups
M9, M10, M12, D4b, and Flc have correlated geographic fre-
quencies with a peak in an area that comprises Tibet (Table 2).
Curiously, one of these haplogtoups (M12) is today absent in
China but present in Korea and Japan.

DISCUSSION

Although the recent out-of-Africa origin for all modern humans
(Cann et al. 1987) is being widely supported (Takahata et al.
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Figure 3 MDS plots based on (A) Fs; and (B) D match distances. Popu-
lation groups are as detailed in Table 3.
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Table 4. Frequency-Based Fy; and Sequence Match ldentities
(in Percentage) Between Japanese Samples and With Other
Asian Populations

JPN RYU AIN

Fer Matches Fsr Matches Fer Matches

RYU 0.04 0.41

AIN 0.04 0.33 0.05 0.04

KOR 0.00 1.10 0.04 0.57 0.04 0.25
CH1 0.01 0.59 0.04 0.11 0.04 0.18
CH2 0.01 0.51 0.05 0.19 0.05 0.21
CH3 0.07 0.01 0.10 0.00 0.08 0.00
CH4 0.03 0.06 0.03 0.00 0.05 0.03
CHS 0.03 0.16 0.03 0.09 0.05 0.08
CHé 0.04 0.01 0.08 0.00 0.08 0.09
TWA  0.04 0.23 0.07 0.08 0.08 0.04
TIB 0.04 0.36 0.04 0.18 0.08 0.06
CAl 0.02 0.58 0.04 0.25 0.05 0.16
CA2 0.04 0.73 0.07 0.20 0.08 0.19
ITE 0.29 0.00 0.39 0.00 0.40 0.26
FIU 0.06 0.50 0.08 0.32 0.10 0.10
MAN  0.06 0.24 0.06 0.24 0.08 0.04
ALU 0.29 0.01 0.39 0.00 0.39 0.46
KAM  0.14 0.01 0.16 0.00 0.15 0.45
CHU 0.7 0.01 0.21 0.00 0.22 0.00
TUV 0.03 0.09 0.07 0.17 0.07 0.05
BUR 0.03 0.97 0.02 2.75 0.07 0.15
FIL 0.03 0.11 0.05 0.13 0.06 0.00
IND 0.09 0.04 0.09 0.00 0.11 0.00
SAK 0.29 0.00 0.44 0.00 0.43 0.00
SAB 0.06 0.09 0.05 0.29 0.08 0.12

2001), the most probable time and routes chosen by these earliest
migrants to reach eastern Asia is an open issue. In the following
discussion we weigh the different alternatives proposed in light
of the phylogenetic tree obtained from complete mtDNA se-
quences. One of the first questions raised was whether there was
more than one out-of-Africa dispersion. All the mtDNA lineages
detected in Old World populations belong to one of two M and
N macrohaplogroups with only secondary representatives in Af-
rica. The proposed radiation ages for both, 30,000 to 58,000 years
ago and 43,000 to 53,000 years ago, respectively (Maca-Meyer et
al. 2001), give a temporal frame compatible with only one main
dispersion or two successive dispersions, in which case the M
precursor is the most probable candidate for the older exit. Even
if the one dispersion option is chosen, more than one geographi-
cal route to eastern Asia is possible. In fact, a northern Continen-
tal route through the Near East and western-central Asia and a
southern coastal route through the Arabian and Indian peninsu-
las have been proposed (Cavalli-Sforza et al. 1994; Kivisild et al.
1999). The geographical distribution of these two macrohap-
logroups, with lack of ancient M representatives and the presence
of deep N lineages in western Asia, and the abundance of basal M
lineages in India and southwestern Asia and concomitant lack of
equivalent-age N clades, gave rise to the hypothesis that N rep-
resents the main footprint of the northern Continental expan-
sion, whereas M is the equivalent footprint for the southern
coastal expansion. The presence of N and M lineages in alterna-
tive areas has been explained to have been the result of secondary
migrations (Maca-Meyer et al. 2001). However, another plausible
explanation is that both M and N reached southern Asia at the
same time, quickly expanding to Papua New Guinea (PNG) dur-
ing maximal glacial ages when the permafrost boundary pre-
cluded a northern human occupation. During postglacial ages,
subsequent migrations northward carried derivatives of both
macrohaplogroups to northern Asia (Forster et al. 2001). Never-
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theless, under this second hypothesis, the presence of basal N
clusters should be expected in India, southern Asia, and PNG; but
this is not the case. All N representatives in India belong to R, a
clade derived from N by the loss of 16223 and 12705 mutations
(Fig. 2). In addition, the bulk of these Indian lineages belong to
western Caucasian haplogroups that, most probably, reached In-
dia as the result of secondary immigrations, as has already been
proposed (Kivisild et al. 1999; Bamshad et al. 2001). Similarly, the
N representatives in southern Asia belong to haplogroups F and
B, two sister clades also derived from R (Fig. 2). Furthermore,
when totally sequenced PNG N lineages (Ingman et al. 2000;
Ingman and Gyllensten 2003) are added to the N phylogenetic
tree (data not shown), they form three monophyletic clades that
have their roots in the derived R trunk. On the contrary, the
geographically northern Asian clades A, N9a, N9b, and Y (Fig. 2)
and the western Eurasian clades W, N1b, I, and X all split from
the basal N root (Maca-Meyer et al. 2001), although A, N9a, N9b,
and Y radiations were delayed congruent with subsequent north-
ern Asian expansions. Therefore, at present, mtDNA data are
compatible with the supposition that the northern route, har-
boring mainly N precursors, met climatic difficulties and when
they finally reached Southeast Asia, the M representatives,
brought by the southern route, had already colonized the area.
This southern expansion of N derivatives has, as a lower temporal
boundary, the coalescence ages of F, B, and PNG R haplogroups
being ~46,000 = 10,000 years ago. However, when recently pub-
lished (Ingman et al. 2000; Ingman and Gyllensten 2003) Aus-
tralian N lineages are taken into account, it seems evident that
the real situation could be far more complex than the one mi-
gration-one lineage hypothesis. Australian N lineages directly
sprout from the basal trunk (data not shown). They most prob-
ably differentiated in that continent, supporting the idea that
ancestral N lineages reached Australia but not PNG, although the
undemonstrable possibility of lineage extinctions and subse-
quent recolonization events in PNG can be an argument. Both
hypotheses have difficulties to explain the presence of ancient N
lineages in Australia. If the two, M and N lineages, were brought
with the southern coastal dispersion, the lack of primitive N in
India, southern Asia, and PNG has to be explained by the subse-
quent loss of all N lineages carried to Australia; if the northern
Continental route of N is favored, the loss of N representatives in
all populations formed in route to Australia has also to be ex-
plained. Recently, an N lineage has been detected in Chenchus,
a southern Indian tribal group (Kivisild et al. 2003). From the
information published, it can be deduced that this lineage only
shares mutation 1719 with the western Eurasian Nb1/I and X
clades. More extensive studies of populations in southern India

Table 5. Distribution of Unique and Shared Haplotypes in
Japanese Populations

Japanese populations

JPN RYU AIN
Sample 1318 50 51
Haplotypes 626 42 24
Haplotype frequency 0.48 0.84 0.47
Singleton + Unique 377 (0.60) 19 (0.45) 3(0.13)
Shared 249 (0.40) 23 (0.55) 21 (0.87)
PN 137 (0.22) 20 (0.48) 13 (0.54)
RYU 20 (0.03) 1(0.02) 1 (0.04)
AIN 13 (0.02) 1(0.02) 5(0.21)
Other® 130 (0.21) 4 (0.10) 5(0.21)

2Other Asians.
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and southern and central Asia would add empirical support to
any of these theories.

Concerning macrchaplogroup M, it has already been com-
mented that the star radiation of all the main Indian and south-
east Asian M clades strongly suggests that this wide geographic
colonization could have happened in a relatively short time
(Maca-Meyer et al. 2001). This star radiation includes the Austra-
lian and PNG M complete sequences recently published (Ingman
et al. 2000; Ingman and Gyllensten 2003). However, for those
clades and subclades with later northward expansions, long ra-
diation delays are observed. For instance, whereas M7 and M8
have coalescence ages ~35,000 to 45,000 years ago, other groups
such as G, D4, M7a, or M7c¢ have coalescence ages ~15,000 to
30,000 years ago, more in frame with those calculated for A, Y,
and N9 derivates, which, although belonging to macrohap-
logroup N, share with them a central-northern Asian geographic
distribution (see Supplemental material). It seems that the simul-
taneous lineage bursts ~60,000 to 70,000 years ago from Africa
(Maca-Meyer et al. 2001), ~30,000 to 55,000 years ago for macro-
haplogroups M and N, and ~15,000 to 30,000 years ago for clusters
with prominent central-northern Asian radiations were related
to main climatic changes. The role of selection in these expan-
sions is an open question (Elson et al. 2004; Ruiz-Pesini et al. 2004).

The application of global pairwise-distance and detailed
phylogeographic methods to the peopling of Japan shows that
both approaches have different grasps but together demonstrate
that the actual Japanese population is the result of a complex
demographic history, from which the different theories proposed
to explain it only emphasize partial aspects. Global distances and
detailed haplotype comparisons confirm that Ainu and
Ryukyuans are heterogeneous populations (Horai et al. 1996) and
that both are well differentiated from the mainland Japanese. In
spite of this, they have common peculiarities such as having the
highest frequencies in Asia for M7a, M7b2, and N9b, shared with
mainland Japanese. Furthermore, for both, their closest relatives
are northern populations. At first sight, these results are against a
supposed southern origin for the Paleolithic Japanese, favoring
the replacement theory or even that the Paleolithic inhabitants
of Japan came from northeastern Asia (Nei 1995). Although
based on a single locus, our results are strikingly coincident with
the previously proposed northern origin and influences received
by the Japanese. In an early study using serum gammaglobulin
polymorphisms, it was concluded that the homeland of all Japa-
nese could have been in the Lake Baikal area in Siberia (Matsu-
moto 1988), which agrees with the close proximity found here
between Buryats and Ryukyuans or mainland Japanese. More re-
cently, classical markers (Omoto and Saitou 1997) and mtDNA
(Horai et al. 1996) studies demonstrated that the Japanese are
most closely related to the Koreans, which is also true in our
global analysis. It can be added that a substantial part of this
common maternal pool has recent roots, as Korea specifically
shares with Ainu, mainland Japanese, and Ryukyuans 10%, 7%,
and 5%, respectively, of their haplotypes. This particular affinity
is increased with the existence of derived lineages only detected
(Ala, B4cl, B4f) or mainly detected (N9b, B4al, B4bl, Gla,
M7b2, M12) in Japanese and Koreans. This Korean influence has
been attributed to the archeologically well-documented Conti-
nental immigration to Japan during the Yayoi period (Horai et al.
1996). However, specific haplotype matches with other areas in-
creases the geographic range of these recent influences. Thus,
mainland Japanese share part of their haplotypes exclusively
with South China (2.5%), North China (1.5%), Central Asia
(1.5%), and Indonesia (0.3%); and, also, Ryukyuans have specific
affinities with North China (2.4%) and Central Asia (2.4%). The
recent Siberian input on the Ainu has also been stressed (Schurr
et al. 1999). At least, another independent migratory wave from

central Asia also affected mainland Japanese. It was first detected
by the peculiar distribution of the Y-chromosome marker YAP+,
and seems to have originated in an area including Tibet (Su et al.
2000). Haplogroup M12 is its mitochondrial counterpart. As with
the Y-chromosome marker, its punctual presence in Tibet and
eastern Asia might be explained as the result of subsequent mi-
grations in the Continent that erased the route followed by the
people harboring these markers. In addition, there are clues, at
least in Ryukyuans, that a substantial part of their maternal pool
had an ancient southern Asian provenance. This fraction is rep-
resented by the M, M7a, and M7al basic lineages (31%), which
the Ryukyuans do not share with northern populations. This
southern signal is, in part, congruent with the southern Asian
origin for the Paleolithic Japanese proposed by the dual structure
model (Hanihara 1991). Furthermore, the fact that the highest
diversities for M7a, M7al, and M7b2 have been found in
Ryukyuans and for N9b and B5b2 in Japan raises the possibility
that this area was within a focus of migratory radiations to north-
ern and southern isles and even to the mainland from Paleolithic
to recent times. The significant latitudinal clines detected in Ja-
pan for some genetic markers (Orito et al. 2001; Takeshita et al.
2001) could also be explained as the result of southern and
northern influences on Japanese. Finally, some mtDNA results
obtained from ancient Jomon remains (Horai et al. 1991; Shi-
noda and Kanai 1999; K.-I. Shinoda, unpubl.) are congruent with
a genetically diverse background for the Paleolithic Japanese
population (Horai et al. 1996). A tentative comparison of Jomon
with present-day Japanese populations based on shared lineages
(data not shown) significantly relates Jomon first to the indig-
enous Ainu and then to Ryukyuans and last to mainland Japa-
nese. In summary, Japan could have received several northern
and southern Asian maternal inputs since Paleolithic times, with
notable northern Asian immigrations through Korea in the late
Neolithic and more specific gene flows from western Asia, Sibe-
ria, and southern islands.

METHODS

Samples

Complete mtDNA sequences were obtained from a total of 672
unrelated Japanese including 373 from Tokyo and 299 from the
Nagoya area. All subjects gave their written consent to participate
in this study, which was approved by the Ethical Committees of
the Gifu International Institute of Biotechnology and collabora-
tive institutions. The sources of 11 additional complete se-
quences used to build the final phylogenetic trees are in Table 1.
For the analysis of the peopling of Japan, we used a total of 1438
Japanese and 3275 central and eastern Asian HVI sequences, as
detailed in Table 3.

Isolation and Amplification of DNA

Total DNA was extracted from the blood with either Dr. Gen TLE
(Takara) or MagExtractor System MFX-2000 (Toyobo). The entire
mitochondrial genome was amplified as six fragments (~3000-
3400 bp) by the first PCR and 60 overlapping segments (~600-
1000 bp) by the second PCR. The primer pairs and their nucleo-
tide sequences were described previously (Tanaka et al. 1996).
The conditions for the first and second PCR were the same: an
initial denaturation step for 5 min at 94°C, followed by 40 cycles
of denaturation for 15 sec at 94°C, annealing for 15 sec at 60°C,
and extension for 3 min at 72°C, with a final extension for 10
min at 72°C. The amplified fragments were analyzed by electro-
phoresis on a 1% agarose gel and visualized by staining with
ethidium bromide. These second PCR products were purified by
use of the MultiScreen-PCR Plates (Millipore). The quality of DNA
templates was examined by electrophoresis on a 1.2% agarose gel
after staining with ethidium bromide by use of a Ready-To-Run
Separation Unit (Amersham Pharmacia Biotech).
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Sequence Analysis of Mitochondrial DNA

Sequence reactions were carried out with a BigDye terminator
cycle sequencing FS ready reaction kit (Applied Biosystems). After
excess dye terminators had been removed with MultiScreen-HV
plates (Millipore) packed with Sephadex G50 superfine (Pharma-
cia), the purified DNA samples were precipitated with ethanol,
dried, and suspended in the template suppression reagent (TSR)
or formamide from Applied Biosystems. The dissolved DNA
samples were heated for 2 min at 95°C for denaturation, then
immediately cooled on ice. Sequences were analyzed with auto-
mated DNA sequencers 377 and 310 by use of Sequencing Analy-
sis Program version 4.1 (Applied Biosystems). A computer pro-
gram, Sequencher version 4.1 (Gene Codes Co.), was used to
indicate possible single nucleotide polymorphism (SNP) loci. For
verification, visual inspection of each candidate SNP was carried
out. At least two overlapping DNA templates amplified with dif-
ferent primer pairs were used for identification of each SNP. Mi-
tochondrial SNPs (mtSNPs) were identified by comparison with
the revised Cambridge sequence (rCRS) reported by Andrews et
al. (1999).

Phylogenetic Analysis of Complete Coding-Region
mtDNA Sequences

In this present study, nucleotide positions were numbered as in
the Cambridge Reference Sequence (CRS; Anderson et al. 1981),
nucleotide substitutions were expressed as differences from the
revised CRS (Andrews et al. 1999), transitions were denoted only
by their nucleotide positions, and transversions were designated
by their nucleotide positions followed by the changed base. A
total of 942 complete coding-region mtDNA sequences, includ-
ing our 672 Japanese; one additional Japanese (GenBank acces-
sion no. AB055387); 53 worldwide sequences (Ingman et al.
2000); 42 worldwide sequences (Maca-Meyer et al. 2001); two
Finnish sequences having Asian relatives (Finnild et al. 2001); 17
Asian sequences without concrete geographic assignation
(Herrnstadt et al. 2002); 37 sequences from the Bering area (Der-
beneva et al. 2002b); 70 Asian, New Guinean, and Australian
sequences (Ingman and Gyllensten 2003); and 48 Chinese se-
quences (Kong et al. 2003) were aligned with the rCRS by
CLUSTAL V software, and the coding region was used to con-
struct a phylogenetic network (Bandelt et al. 1999) rooted with a
chimpanzee sequence (GenBank accession no. D38113) as imple-
mented in the Network 3.1 program (Fluxus Engineering; http://
www.fluxus-engineering.com). The noncoding positions were
added by hand using molecular weighted parsimony criteria
(Bandelt et al. 2000). The phylogenetic relationships obtained
were also confirmed by means of a neighbor-joining tree (1000 x
bootstrapped; Saitou and Nei 1987), built using MEGA2 (Kumar
et al. 2001). From this network (see Supplemental material) we
chose 102 Japanese and nine Asiatic sequences that represented
the main clusters and subclusters within the two macrohap-
logroups M and N that colonized Asia. To define these groups we
followed the most generalized cladistic nomenclature actually
used to classify mtDNA lineages (Richards et al. 1998). For the
haplogroups previously detected, we maintained the same nota-
tion as their authors proposed (Richards et al. 2000; Bamshad et
al. 2001; Kivisild et al. 2002; Yao et al. 2002a; Kong et al. 2003).
Those haplogroups introduced here for the first time were named
according to their phylogenetic range deduced from the tree of
complete sequences.

Haplogroup Assorting of Published Partial
mtDNA Sequences

The unambiguously classified complete mtDNA sequences were
used as an initial pool that was hierarchically enlarged by the
successive addition of those published partial mtDNA sequences
with the largest coding information, ending with those for which
information on only control-region sequences for both mtDNA
hypervariable segments or just one (HVS-I and/or HVS-II) was
available, always following sequence matches or, as default, se-
quence-relatedness criteria. Some of those partial sequences that
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could be assigned to more than one haplogroup were tentatively
assorted in the most probable one deduced from their geographic
origin and the relative haplogroup distribution.

Pooling Small Size Samples and Rare Clades

To avoid small sample sizes and rare alleles in population com-
parisons, samples with <20 individuals were pooled with others
from the same geographic and ethnic group. Within popula-
tions, individuals belonging to rare clades were pooled with
those classified in the nearest branch. Pairwise sample distances
were calculated as linearized Fg, distances as implemented in the
ARLEQUIN program (Schneider et al. 2000), taking mtDNA as
one locus with as many alleles as the different subhaplogroups
considered.

Quantitative Affinities of Japanese Samples

Relative affinities of Japanese samples to the other Asiatic popu-
lations were assessed by linearized Fg; distances, using subhap-
logroup frequencies, and haplotype matches’ distances (D) esti-
mated simply as D=1 — Z(x2), x; and y; being the frequency of
haplotype i in the two compared populations. To be statistically
robust, these analyses require large sample sizes, thus further
pooling was necessary. Previous studies in the area prevented us
from pooling populations by geographic proximity (Schurr et al.
1999) and/or ethno-linguistic relationship (Comas et al. 1998;
Chunjie et al. 2000; Yao et al. 2002a). For this reason, a genetic
affinity criterion was chosen. Two approaches were used. In the
first, all samples with no significant F¢; distances between them
and with a similar behavior to the rest of the samples studied,
were grouped. In the second, pooling was carried out by means of
the CLUSTER algorithm implemented in the SPSS ver 9 package.
We followed an iterative method specifying the number of con-
glomerates from 2 to 30. Different groupings were tested by
AMOVA, and that with the least assigned variance within areas
was chosen. The data were graphically represented by multidi-
mensional scaling (MDS) plots (Kruskal and Wish 1978) using
SPSS.

Qualitative Affinities of Japanese Samples

Particular sharing of subhaplogroups and particular haplotype
matches of Japanese samples with concrete Continental areas
were phylogeographically analyzed by taking into account the
relative genetic diversities of the clades involved in the different
areas, measured as relative haplotypic frequencies, and their min-
imum estimates of coalescence ages based on mean divergence
among lineages for the coding region (Saillard et al. 2000). A
constant evolutionary rate of 1.7 X 10~% per site per year (Ing-
man et al. 2000) was used.
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Abstract

Manganese as environmental factor is considered to cause
parkinsonism and induce endoplasmic reticulum stress-
mediated dopaminergic cell death. We examined the effects of
manganese on parkin, identified as the gene responsible for
familial Parkinson’s disease, and the role of parkin in man-
ganese-induced neuronal cell death. Manganese dose-
dependently induced cell death of dopaminergic SH-SY5Y
and CATH.a cells and cholinergic Neuro-2a cells, and that the
former two cell types were more sensitive to manganese
toxicity than Neuro-2a cells. Moreover, manganese increased
the expression of endoplasmic reticulum stress-associated
genes, including parkin, in SH-SY5Y cells and CATH.a cells,
but not in Neuro-2a cells. Treatment with manganese resulted
in accumulation of parkin protein in SH-SY5Y cells and its

redistribution to the perinuclear region, especially aggregated
Golgi complex, while in Neuro-2a cells neither expression nor
redistribution of parkin was noted. Manganese showed no
changes in proteasome activities in either cell. Transient
transfection of parkin gene inhibited manganese- or man-
ganese plus dopamine-induced cell death of SH-SY5Y cells,
but not of Neuro-2a cells. Our results suggest that the
attenuating effects of parkin against manganese- or man-
ganese plus dopamine-induced cell death are dopaminergic
cell-specific compensatory reactions associated with its
accumulation and redistribution to perinuclear regions but not
with proteasome system.

Keywords: dopaminergic cell, endoplasmic reticulum stress,
Golgi complex, manganese, parkin, proteasome.
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Metals and pesticides have been the focus of extensive
research on the etiology of sporadic Parkinson’s disease
(PD) as well as environmental parkinsonism (Liou et al.
1997, Roman 1998; Smargiassi et al. 1998). Manganese
(Mn) intoxication causes damage of the substantia nigra
(SN) via reduction of tyrosine hydroxylase activity and
dopamine (DA) content (Parenti et al. 1988; Tomas-Cam-
ardiel et al. 2002), and is associated clinically with
bradykinesia, rigidity and tremor, parkinsonian symptoms
(Barbeau 1984; Huang et al. 1989; Racette et al. 2001).
Mn-induced parkinsonism, also known as manganism, is
associated with occupational Mn exposures in miners and
welders (Rodier 1955; Racette et al. 2001). Its pathology is
characterized by degeneration of the striatum, especially of
the globus pallidum, to Iesser extent of the substantia nigra,
unlike the degeneration of nigral dopaminergic neurons in
idiopathic PD. Recently, Mn toxicity has been reported to
activate endoplasmic reticulum (ER) stress-associated genes
such as Bip (GRP78) and caspase-12, which are suppressed
by overexpression of Bcl-2 and addition of mRNA or
protein synthesis inhibitors (Chun er al. 2001). These

findings suggest that ER stress is in part associated with
the Mn-induced parkinsonism.

The parkin gene, of which mutations lead to autosomal
recessive form of PD, is a member of the E3 ubiquitin ligase
(Shimura et al. 2000). ER stress caused by accumulation of
unfolded protein upregulates parkin mRNA and protein
levels, and overexpression of parkin prevents unfolded
protein stress-induced dopaminergic cell death (Imai ef al.
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2000). Several recent studies have demonstrated that parkin
is also present in Lewy bodies in the SN of non-familial
parkinsonism (Choi et al. 2000; Schlossmacher et al. 2002),
suggesting that it is also involved in the pathogenesis of non-
familial PD or parkinsonism. However, the role of parkin in
Mn-induced parkinsonism is still obscure.

The present study was designed to examine the effects of
Mn on parkin and the role of the protein in Mn-induced
dopaminergic neuronal cell death. Our results showed that
treatment with Mn upregulated parkin protein and resulted in
its accumulation in the perinuclear region, together with
aggregated Golgi complex, in dopaminergic but not cho-
linergic cells. Furthermore, overexpression of parkin protec-
ted dopaminergic cells from Mn-induced cell death, with or
without addition of DA. These results provide a possible
mechanism that induction and accumulation of parkin protein
are dopaminergic cell-specific compensatory reactions to
prevent or ameliorate Mn-induced cell death.

Experimental procedures

Culture of cells

Human dopaminergic neuronal cell line, SH-SYSY cells (ATCC;
#CRL-2266), and mouse cholinergic neuronal cell line, Neuro-2a
cells (Japan Health Sciences Foundation, #INFOS50081), were
cultured at 37°C in 5% CO, in Dulbecco’s modified Eagle’s
medium supplemented with 10% fetal bovine serum, 100 U/mL
penicillin and 100 pg/mL streptomycin (Gibco-BRL, Rockville,
MD, USA). Another dopaminergic CATH.a cells (ATCC; #CRL-
11179) derived from mouse DA-containing neurons were cultured at
37°C in 5% CO, in RPMI-1640 culture medium (Gibco-BRL)
supplemented with 4% fetal bovine serum, 8% horse serum,
100 U/mL penicillin and 100 pg/mL streptomycin. CATH.a cells
express DA transporters and susceptible to DA exposure showing
elevation of intracellular DA (Higashi et al. 2000).

Cell viability analysis

SH-SY5Y  cells  (6.25 x 10% cells/em®), CATH.a  cells
(5 x 107 cells/em®) and Neuro-2a cells (4.5 x 107 cells/cm?) were
plated on each well of a 96-well plate and cultured for 48 h. Then,
the cells were treated with 100-800 pm Mn (Sigma Chemical Co.,
St Louis, MO, USA) for 24 h, followed by simultaneous addition of
Mn plus DA hydrochloride (Wako Chemical Co., Hiroshima, Japan)
for 24 h (100-200 pm Mn plus 100 pm DA for SH-SYSY cells; and
100-200 pm Mn plus 50-100 pm DA for Neuro-2a cells). After
incubation, the cell viability was assessed by quantitative colori-
metric assay with 2-(4-lodophenyl)-3-(4-nitrophenyl)-5-(2,4-disul-
fophenyl)-2 H-tetrazolium (WST-1; Dojindo, Kumamoto, Japan), a
modification of the standard MTT assay (Higashi er al. 2002).

Western blot analysis

SH-SYSY  cells  (6.25 x 10 cells/em®), CATH.a  cells
(5 x 10* cells/em?) and Neuro-2a cells (4.5 x 10* cells’em®) on
culture dishes were treated with Mn (100 or 200 um for CATH.a
cells; 200 or 800 pm for SH-SYSY cells and Neuro-2a cells) for
various time intervals. Total cell lysates from Mn-treated cultured
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were prepared with 10 pg/mL phenylmethylsulfonyl] fluoride in ice-
cold RIPA buffer [phosphate buffer saline (PBS), pH 74, 1%
NP-40, 0.5% sodium deoxycholate and 0.1% sodium dodecyl
sulfate] or specific lysis buffer to detect Parkin [20 mm HEPES
(pH 7.4), containing 150 mm NaCl, 5 mm EDTA, 10% glycerol,
0.5% Triton X-100, 0.5 mm N-ethylmaleimide and 0.5 mm iodo-
acetamide] as described previously (Imai ef al. 2000). Western blot
analyses were performed as described previously (Higashi er al.
2002), using goat anti-Bip (Santa Cruz Biotechnology, Santa Cruz,
CA, USA; 1 : 200 dilution), mouse anti-protein disulfide isomerase
(PDI; Transduction Laboratories, Lexington, KY, USA; 1:250
dilution), rabbit anti-caspase-12 (Chemicon, Temecula, CA, USA;
1 : 500 dilution) or rabbit anti-parkin (M74, 1 : 1000 dilution;
Shimura er al. 1999) polyclonal antibody and corresponding
secondary antibody (1 : 5000 dilution) conjugated to horseradish
peroxidase. After washing with 20 mm Tris-buffered saline con-
taining 0.1% Tween-20, blots were developed using the ECL
western blotting detection system {(Amersham Pharmacia Biotech)
according to the protocol provided by the manufacturer. Specificity
of the detected bands was confirmed by immunoabsorption with
each antigen. Incubation of blot using goat anti-actin polyclonal
antibody (Santa Cruz Biotech; 1 : 250) normalized sample loading
and transfer. The ratio of band intensity (each protein/actin protein)
was calculated.

Immunocytochemistry

SH-SYSY cells (6.25 x 10” cells’em®) or Neuro-2a cells
(4.5 x 10° cells/em®) were plated on four-well chamber slides
(Nalge Nunc International Corp., Naperville, IL, USA). After a
48-h attachment period, cells were treated with 800 um Mn. At24 h
after treatment, the cells were fixed with 4% paraformaldehyde in
0.1 m sodium phosphate buffer. The cells were incubated in 2.5%
normal donkey serum and 0.2% Triton X-100 in PBS for 20 min,
exposed to rabbit anti-parkin antibody for 18 h, and then reacted
with fluorescein-5-isothiocyanate (FITC)-conjugated donkey anti-
rabbit IgG antibody (Chemicon) for 2 h. After washing, the cells
were incubated with 4 pg/mL tetramethylrhodamine-conjugated
wheat germ agglutinin (TRITC-WGA; Sigma) for staining of Golgi
complex as described previously (Kubo er al. 2001). Observation
were made with a confocal laser scanning microscope (excitation
488 nm and emission 505-530 nm for FITC; excitation 543 nm and
emission over 560 nm for TRITC).

Analysis of proteasome activity

Proteasome activities after Mn exposure (800 pm) were determined
by incubating lysates (5-14 pug of protein) with chymotrypsin
fluorogenic substrate succinyl-LLVY-4-methylcoumaryl-7-amide
(suc-LLVY-MCA) or post-glutamy! peptidase fluorogenic substrate
Z-LLE-B-naphthylamide (Z-LLE-B-NA) for 30 min at 37°C, as
previously reported (Keller er al. 2000). Background level was
determined by incubating lysates with proteasome inhibitor MG115
(20 pm).

Transient transfection assay

After overnight culture of SH-SYSY cells (6.25 x 10* cells/cm?)
and Neuro-2a cells (4.5 x 10% cells/em?) in a 35-mm dish, empty or
wild-type human parkin expression vector (1.5 pg for SH-SYS5Y
cells; 0.8 pg for Neuro-2a cells) was co-transfected with a
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pcDNA/Hygro/lacZ plasmid (0.5 pg for SH-SYSY cells; 0.4 pg for
Neuro-2a cells; Invitrogen, San Diego, CA, USA) encoding the
B-galactosidase gene into cultured cells using lipofection (Lipofec-
tin; Invitrogen; Higashi e al. 2002). At 24 h after the transfection,
Mn was added with or without DA (800 pm Mn or 100 uM Mn plus
100 pm DA for SH-SYSY celis; 800 um Mn or 200 um Mn plus
50 uM DA for Neuro-2a cells) for further 24 h, and cells were then
stained with 5-bromo-4-chloro-3-indolyl B-galactopyranoside solu-
tion as reported previously (Higashi et al. 2000).

For transfection with antisense parkin, CATH.a cells
(5 x 10* cells/cm?) cultured overnight on each well of a 96-well
plate were transfected with murine parkin antisense cDNA expres-
sion vector (0.1 pg/well) or control vector expressing scrambled
sequences using lipofection. At 24 h after the transfection, the cells
were treated with 50 or 100 pm Mn for further 24 h. After the Mn
treatment, cell viability was assessed by trypan blue exclusion assay
to count the cell number of trypan blue-exclusion (live) cells.

Statistical analysis
Statistical significance was analysed using one-way or two-way
ANova, followed by post-hoc Fisher’s PLSD multiple comparison test.

Results

Manganese-induced cytotoxicity and expression of ER
stress-associated molecules

Mn exposure for 24 h induced a dose-dependent cell death of
all three cell lines (Fs45 = 29.723, p < 0.0001), and that
CATH.a cells and SH-SY5Ycells were more vulnerable to
the toxicity of Mn than Neuro-2a cells (Fig. 1a). Because Mn
has been reported to induce dopaminergic cell death through
activation of ER stress-associated genes (Chun et al. 2001),
we examined the effects of Mn exposure on expression of ER
chaperones, Bip and PDI, and activation of caspase-12 in
CATH.a cells. As shown in Fig. 1(b), an increase in Bip
expression (1.8-fold) was detected at 24-48 h after 100-uM
Mn treatment. The expression of PDI was increased by 5.6-
fold within 12-h of Mn treatment, and persisted up to 48 h.
Moreover, cleavage of caspase-12 (p40) was observed during
the initial 624 h.

Effects of manganese on parkin expression

Western blot analysis using anti-parkin antibody showed that
parkin protein level was significantly increased by treatment
with 100 pm Mn for 48 h (Fig. 1b). At a higher dose of Mn
(200 pm), which reduced the number of live cells to 21.3%
of control, the induction of these ER stress-associated genes
including parkin was also detected in CATH.a cells (data not
shown). We also examined the effects of Mn exposure on the
ER stress-associated genes in other cell lines, SH-SYSY cells
and Neuro-2a cells. In dopaminergic SH-SY5Y cells, the
expression levels of PDI and parkin were also significantly
increased 48 h after treatment with Mn at the concentration
of 200 um (data not shown) or 800 pm (Fig. 1c). Whereas,
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Fig. 1 Effects of Mn on cell viability and expression of ER stress-
associated molecules and parkin in dopaminergic and cholinergic
cells. (a) CATH.a, SH-SY5Y, and Neuro-2a cells were treated with
100-800 pm Mn for 24 h, and cell viability was measured. Data are the
mean + SEM (n = 4). The percentage of surviving cells relative to the
number in unireated group is indicated. *p <0.01, **p < 0.0001
compared with each untreated cell group; +p < 0.05, ++p < 0.0001
compared with dose-matched group of Neuro-2a celis. (b) Total cell
lysates from CATH.a cells treated with 100 pm Mn for 6-48 h were
examined by western blot analysis using anti-Bip, anti-PDI, antica-
spase-12 or anti-parkin antibodies. (¢ and d) Western blot analyses
using anti-PDI or anti-parkin antibody in SH-SY5Y cells (¢) and Neuro-
2a cells (d) treated with 800 um Mn for 6-48 h.

expression of these indices in non-dopaminergic Neuro-2a
cells were not increased by 800 pm Mn (Fig. 1d).

Effects of manganese on intracellular distribution

of parkin protein

Parkin protein detected by immunostaining using anti-parkin
antibody in naive cells of both SH-SYSY and Neuro-2a cell
lines was observed in the perinuclear region stained with
Hoechst 33342 (data not shown), and showed a punctuate
distribution along the cell processes and cell bodies similar to
the distribution of fluorescent TRITC-WGA signal (Figs 2a
and b). Treatment with 800 um Mn for 24 h, however,
markedly increased the parkin immunoreactivity and resulted
in accumulation of parkin in the perinuclear region, which
was identical to the strong fluorescent signal of TRITC-
WGA-positive Golgi complex in SH-SY5Y cells (Figs 2a
and c). In contrast, the signal intensity and distribution of
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Fig. 2 Effects of Mn on distribution of par-
kin and proteasome activities in SH-SY5Y
and Neuro-2a cells. (a-c) SH-SY5Y cells
(a) and Neuro-2a cells (b) treated with
800 um Mn for 24 h were immunostained
using anti-parkin antibody (green), and were
stained with 4 pg/mL TRITC-WGA (red).
Merged images were obtained by confocal
laser scanning microscope program.
(c) Representative microphotographs of
parkin-immunostaining and corresponding
Hoechst nuclear staining of Mn-treated
SH-SY5Y cells. (d and e) Chymotrypsin-like
and postglutamyl peptidase-like protea-
some activiies were determined using
fluorogenic substrates suc-LLVY-MCA and
Z-LLE-B-NA, respectively, at 24 h or 48 h
after Mn (800 pm) exposure. Each value is
mean + SEM expressed as the relative o
fluorescence/mg protein (n = 4).
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parkin protein were not altered in Neuro-2a cells (Fig. 2b).
We also found that a large number of round SH-SYSY cells,
which showed a weak signal for parkin, exhibited chromatin
condensation and DNA fragmentation after treatment with
800 pum Mn (data not shown).

Manganese on proteasome activities

We also examined changes in ubiquitin-proteasome system
after Mn exposure. Unexpectedly, Mn (800 pm) exposure for
24 h or 48 h did not affect on either proteasome activity
examined, chymotrypsin-like activity or post-glutamyl pept-
idase-like activity, in SH-SYSY and Neuro-2a cells (Figs 2d
and ¢). Mn (200 pMm) showed no changes in either protea-
some activities in SH-SYSY cells (data not shown).
Furthermore, co-incubation with proteasome inhibitor lacta-
cystin (10 um) showed no aggravating effects on
Mn-induced cell death in CATH.a cells (data not shown).

Effects of parkin transfection on manganese-induced
cytotoxicity

To clarify possible protective effects of parkin against
Mn-induced cell death, we performed transient co-transfec-
tion of expression vectors encoding parkin and B-galactosi-
dase into SH-SYSY cells or Neuro-2a cells. In these cells,
there was no difference between the number of B-galactosi-
dase-positive cells transfected with parkin expression vector
and empty control vector (Figs 3a and b). After exposure to
800 um Mn for 24 h, the number of B-galactosidase-positive
cells transfected with empty vector was reduced to 45.5%
and 51.1% of control in both SH-SYSY cells and Neuro-2a
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arkin

(d) SH-8Y5Y
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cells, respectively. Parkin-transfected SH-SYSY cells were
significantly resistant to cell death induced by Mn exposure
for 24 h (Fig. 3a), but Neuro-2a cells transfected with parkin
were not (Fig. 3b). Parkin-transfected CATH.a cells were
also significantly resistant to Mn-induced cell death (data not
shown). These preventing effects of transfection with parkin
expression vector against Mn-induced cell death lasted at
later time point, after Mn exposure for 48 h (data not shown).

Treatment with a non-toxic dose of Mn (100 pm) and DA
(100 um) led to marked decrease in the viability of SH-SYSY
cells (31.9% of control) compared with untreated and Mn- or
DA alone-treated groups (Fig. 3¢) when using the same
volume of empty Lipofectin for gene transfection. Even in
Neuro-2a cells, non-toxic dose of DA (50 or 100 um) also
significantly enhanced Mn (100 or 200 pm)-induced cell
death (Fig. 3d) using lipofection. Furthermore, we examined
effects of overexpression of parkin on Mn plus DA-induced
neuronal cell death using lipofection. Doses of Mn plus DA
were chosen to reduce cell viability to 30-50% of control in
each cell line (100 uv Mn + 100 pm DA for SH-SY5Y cells;
200 pum Mn + 50 pm DA for Neuro-2a cells). As shown in
Figs 3e and f, overexpression of parkin ameliorated Mn
plus DA-induced cell death in dopaminergic SH-SY5Y cells,
but not in non-dopaminergic Neuro-2a cells, although Mn
plus DA produced cell death in both cell lines.

Effects of antisense parkin transfection on manganese-
induced cytotoxicity

Furthermore, Mn (50 or 100 pum)-induced cell death of
CATH.a cells was significantly aggravated (— 15.39%,
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—16.75% of control, respectively) by transfection with
antisense parkin cDNA expression vector (Fig. 4).

Discussion

It has been reported that chronic Mn intoxication in human
results in bradykinesia, rigidity and tremor, symptoms typical
of PD, and lead to marked degeneration of DA neurons in the
SN in monkey (Gupta er al. 1980; Huang et al. 1989).
Furthermore, Mn induces dopaminergic cell death through
activation of ER stress-associated genes (Chun et al. 2001).
In the present study, we examined the effects of Mn exposure
on the cell viability and the expression of ER stress-
associated genes in dopaminergic SH-SYSY cells and
CATH.a cells as an in vitro model of the Mn-induced
parkinsonism and also used Neuro-2a cells as a non-
dopaminergic control. Mn dose-dependently induced cell
death of dopaminergic SH-SY5Y and CATH.a cells and
cholinergic Neuro-2a cells. Moreover, Mn increased the
expression of ER chaperones, Bip and PDI, and activation of

cont. parkin cont. parkin

MnCi2+ DA
(200 uM) (50 pM)

Mn plus DA for 24 h using empty Lipofectin,
and cell viability was measured. Each value
is mean + SEM (n = 3) expressed percent-
age of surviving cells relative to the numberin
untreated group. §p <0.01, §§p < 0.001
compared with untreated cells; {p < 0.001
compared with the group treated with DA
alone; #p < 0.05, ##p <0.001 compared
with each Mn alone-treated group.

caspase-12 in both dopaminergic cells, but not in non-
dopaminergic cells. These results suggest that Mn induced
cell death of dopaminergic cells via ER stress. Several
neurodegenerative disorders such as Alzheimer’s disease are
thought to be associated with ER stress (Imaizumi et al.
2001; Kouroku et al. 2002). Parkin was recently reported to
be increased by unfolded protein stress, which contributes to
ER stress in SH-SYS5Y cells (Imai et al. 2000). Therefore,
changes in expression of parkin protein were also examined
after the Mn treatment. As well as expression of ER
chaperones, expression levels of parkin were also signifi-
cantly increased after the treatment with Mn in dopaminergic
CATH.a and SH-SYS3Y cells. Whereas expression of these
indices in non-dopaminergic Neuro-2a cells were not
increased by even high dose of Mn, suggesting that Mn
induces ER stress and parkin expression, especially in
dopaminergic cells.

The ER stress response leads to increase in ER chaperones
such as Bip and PDI to counterbalance the accumulation of
unfolded proteins in ER. In human brain, the parkin protein
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Fig. 4 Effects of transfection with antisense parkin on Mn-induced cell
death of CATH.a cells. CATH.a cells were transiently transfected with
an antisense parkin cDNA expression vector (parkin AS) or control
vector expressing scrambled sequences (cont.) using lipofection. At
24 h after the transfection, cells were treated with 50 or 100 pm Mn for
24 h, and then cell viability was assessed by trypan blue exclusion.
Data are mean = SEM (n = 4-5) and represent the percentages of
trypan blue-exclusion (live) cells in untreated control vector trans-
fectants. *p < 0.001 compared with each untreated cells, +p < 0.05
compared with treatment-matched control vector-transfected cells.

is detected in the cytosol and Golgi fractions (Shimura et al.
1999). Furthermore, parkin protein is also distributed in the
cell bodies and cell processes, and is localized in the
perinuclear region together with TRITC-WGA signal of
Golgi complex (Kubo et al. 2001). Immunostaining using
anti-parkin antibody revealed the effects of Mn on subcellular
localization of parkin in SH-SY5Y and Neuro-2a cells. In
non-treated both cell lines, parkin protein was diffusely
distributed in the cytosolic perinuclear region along the cell
processes and cell bodies similar to the distribution of Golgi
complex, as reported previously (Kubo ef al. 2001; Junn
et al. 2002). Treatment with Mn resulted in dramatic
accumulation of parkin protein in dopaminergic SH-SY5Y
cells and its redistribution to the perinuclear region, especi-
ally aggregated Golgi complex, while neither expression nor
redistribution of parkin was altered after Mn exposure in
non-dopaminergic Neuro-2a cells. Overexpression of parkin
has been reported to form aggresome-like perinuclear
inclusion in the presence of proteasome inhibitor and to
suppress unfolded protein stress-induced cell death (Imai
et al. 2000; Junn et al. 2002). Considered together, we
hypothesized that Mn-induced increase in the expression and
redistribution of parkin in aggregated Golgi complex seems
to protect cells from Mn-induced dopaminergic cell death.
A great number of unfolded proteins in ER is degraded
by the ubiquitin-proteasome system, which is known as
ER-associated degradation (Hampton 2002). Parkin acts as
ubiquitin ligase to ubiquitinate its several substrates (Shimura
et al. 2000; Imai et al. 2001). Unexpectedly, we observed
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no changes in proteasome activity examined, chymotrypsin-
like activity or post-glutamyl peptidase-like activity, in both
SH-SY5Y and Neuro-2a cells after Mn exposure in the
present study. These resulting data indicate that Min exposure
induces ER stress and aggregation of parkin-positive Golgi
complex in dopaminergic cells, but may not affect protea-
some function of either dopaminergic or non-dopaminergic
cells.

We postulated a possible mechanism that induction and
accumulation of parkin protein are dopaminergic cell-specific
compensatory reactions to prevent or attenuate Mn-induced
cell death. In the present study, transient transfection with
parkin expression vector significantly inhibited Mn-induced
cell death of dopaminergic SH-SY5Y and CATH.a cells, but
not cell death of Mn-treated non-dopaminergic Neuro-2a
cells. These results suggest that overexpression of parkin is
essential for suppression of Mn-induced dopaminergic cell
death. Furthermore, transfection with antisense parkin cDNA
aggravated Mn-induced dopaminergic cell death. Extrapola-
tion of these results suggests that parkin may be involved in
the protective systems against Mn-induced parkinsonism.

It has been reported that non-toxic concentration of Mn
enhances DA- or L-DOPA-induced neuronal cell death
(Migheli et al. 1999; Stokes et al. 2000), and that Mn
stimulates DA autoxidation and DA-quinone formation
(Donaldson ef al. 1982; Migheli eral. 1999). In both
SH-SYS5Y and Neuro-2a cells examined in the present study,
treatment with a non-toxic dose of DA and low dose of Mn
markedly caused and significantly enhanced Mn-induced cell
death, We previously reported that toxicity of more higher
dose of DA in SH-SYSY cells is due to extracellular
autoxidation of DA, as DA transporter blocker failed to
protect cells from DA-induced toxicity (Haque er al. 2003).
Therefore, extracellular autoxidation of DA through, in part,
free radical or quinone generation may enhance Mn toxicity
in both SH-SY5Y and Neuro-2a cells examined in the present
study. Furthermore, overexpression of parkin attenuated Mn
plus DA-induced cell death in dopaminergic SH-SY5Y cells,
but not in non-dopaminergic Neuro-2a cells, although Mn
plus DA produced cell death in both cell lines. These results
suggest that the protective effect of parkin on Mn-induced
dopaminergic cell death is not associated with the extrinsic
extracellular DA but other intrinsic molecule(s) in the
dopaminergic cells. Furthermore, these results in the parkin
overexpression strongly support our hypothesis that induc-
tion and accumulation of parkin are compensatory reactions,
especially in dopaminergic cells, to ameliorate Mn-induced
cell death.

Mutations of parkin gene cause neurodegeneration specif-
ically in the SN, although parkin is expressed not only in the
SN but also in several brain regions (Shimura et al. 1999;
Wang et al. 2001). In monkeys, Mn intoxication leads to
impairment of the nigrostriatal dopaminergic system (Ola-
now et al. 1996). Especially in the dopaminergic cells, but
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not in the non-dopaminergic cells, we demonstrated that Mn
increased the expression of parkin as well as ER chaperones
and resulted in the redistribution of parkin in the aggregated
Golgi complex, and that overexpression of parkin prevented
Mn-induced cell death. Although parkin can ubiquitinate
its potential substrates (Shimura et al. 2000; Imai et al.
2001), the reported interaction of parkin with those substrates
was not specific in dopaminergic neurons. Therefore, the
parkin expression on aggregated Golgi apparatus in
Mn-treated dopaminergic cells implies a specific involve-
ment of parkin in dopaminergic cell death, and the protective
effect of parkin on Mn-induced dopaminergic cells death
may involve overexpression and redistribution of parkin.
Parkin forms aggresome-like perinuclear inclusion in the
proteasome dysfunction (Imai et al. 2000; Junn et al. 2002).
In the present study, Mn induced ER stress and aggregation
of parkin-positive Golgi complex in dopaminergic cells, but
it showed no alteration in proteasome activities examined.
These results suggest that parkin exerts some dopaminergic
cell-specific effects which are not related to the ubiquitin-
proteasome system in the case of Mn-induced dopaminergic
cell death, although further examination will be required to
clarify the detail mechanism of ameliorating effects of parkin
against Mn-induced toxicity.
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Table 1 Mitochondrial DNA polymorphisms in Parkinson's disease (10 patients)
PD case Region Position (n.p.) Gene Nucleotide change Armino acid change
1 Protein-coding gene 4824 ND2 A—G Thr — Ala
8794 ATP6 C—T His — Tyr
rRNA 663 12SrRNA A—G
1736 16SrRNA A—G
2151 16SrRNA A—G
2 Protein-coding gene 14180 ND6 T—C Tyr = Cyt
tRNA 15951 tRNA (Thr) A—G
3 Protein-coding gene 5301 ND2 A—G Ile — Val
12026 ND4 A—G Ile — Val
rRNA 752 12SrRNA C—T
1107 12SrRNA T—C
1310 12SrRNA C—T
4 Protein-coding gene 4602 ND2 A—-G Thr — Ala
12358 ND5 A—G Thr — Ala
tRNA 4386 tRNA (Gln) T—C
5 Protein-coding gene 12358 NDs A—=G Thr — Ala
15071 Cytb T—C Tyr — His
6 rRNA 1884 16SrRNA A—G
tRNA 4343 tRNA (Gln) T—C
15916 tRNA (Thr) T—-G
7 Protein-coding gene 4833 ND2 A—G Thr — Ala
9165 ATPS T—C Phe — Leu
rRNA 822 12SrRNA G—~T
tRNA 5601 tRNA (Ala) C—T
12311 tRNA (Leu) T—C
8 rRNA 2772 16SrRNA C—~T
tRNA 4386 tRNA (Gln) A—G
9 Protein-coding gene 8764 ATP6 G— A Ala = Thr
11255 ND4 T—C Tyr — His
10 Protein-coding gene 13934 ND5 C—T Thr — Met
rRNA 827 12SrRNA A=G
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ELZRETFTHSPD L BBEATHLIEFETH, ZOHEED
E WV L mtDNA @ variation 27& D A2 W &R ARITHEK
DI VI EBRLTWAEHELTWA.

(3) I PIPFUTHEFOHGHREROER

mtDNA OFEHOEME LT, RHEREEFER LS TV
Tl AN REBPRETH HH, SEERHEE
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RIBEEELTFRTHITHEEIHL. RECLTLAER
WLTHEETIVEXI—NTITREND L. TOHR,
BEEEAMHRSNLZ L FHEENSE, I3 FYTT
{2 mtDNA E BBIEFOWMEETFIZLI D —oD 2=y T
HLBEEEAZTEELTCWARY, ~lHOT7 I ) BEDENT
HoTHDHEEAEHAMBPICES &0 E UENEBEEFEOREN
BT 52 e FEINS, Tlddk® mtDNA CIZAHRE
APEHRLLTOH ? mtDNA OHBIESHRTH Y, B
BT DU EEETAY, 2o &id, —4&EE DNA
DORFED OriL (BEHEHEN) ABFTI LRI RBI LN
FHEENS, —FREDNA XHKOT L L2d 5 2 48 DNA
LD ENBEREORBICH LTBHTH S, bhvbhidfsk
A mtDNA % 3 bW CRERMNOTE—%, 2% b AHifas
HELTERLAEEBRIIOVWTHIT L. MtDNA %
template {2 L 72 PCR # @ reading error % /MR I X 2
% HHC Pfu polymerase % b H\WIIER R % 7 o — kL,
Boru—rOBEERFEREL, FEAET B L. FEX
DIZENITD o 7oA 7 10— i 84% IZEERDVH
#a3n7z(Fig.1, Table2, 3). —4, "WEBTHERLF-
7:mtDNA 20—V EFEE L hdh o7z, FHIREZ LI,
INHIIERETI RV RELEF VY ZAER, (RNA O
RMBEELIMNOEENRLEL FATHZ, CTALDOERICE
D mtDNA Ca— FENLBEFRRPVLBREEZERLA
EHEFHRENAZEEZLNS.

CORMBERICL A7 I JEBEERIE, BTy
MIEDBRINAEASBITE, §Y 72y MHEOES
WIELEDSEL, Iy P TEFEERPLDTI AN
EEPHEARTAILPEZLNS. BRI Y MNGIE T
NDS I CRELE LR TV EDHREND - 122, ZOHBR
i3, —&8 strand TVWHRHEHEILTLIE 2. bhtb
NPEBZTCOLIRHALIE I E LB EIIRDY, HIHEEHR
BWARELLTORE,PZONE LRV,

(4) PDICBEUAHBEI PILFYTHEEEH 24-kDa
subunit Bz F 28

BHEKIIZRIE 41 subunits 2542 2 KBOEHTHY, &
{ @ subunit %% DNA Ca— FE&NL. EEKRIHEY 72
= v b @ iron sulfur subunit ® — 2 T & % 24-kDa subunit
(NDUFV2) I3RS 712y b TH Y, WM oMLK
dH 7z Westernblot TEHEDSPDETET LTy
T1Zy bTHEH. FTTRIHBUKREEMERFOSHAE L
L DAFERIFE T NDUFV2 OBEFHES b+ FH%R cDNA
library K D A2 —= 7 LkE L7, NDUFV2 #fzFid
AR I18FOEMICMET 2&RH3Skb Dy v v 8F
Pohd, BEFEBORAI ) -y FOFERE, NDUFV2
® signal peptide # I~ FLTWwWAB 7V 212, 529
FEOAa»Pb VaAlLBEBRLTWIEETFSEHEZ A WL
720 TUNVBERNBEEIEEZ TP o205, genotype
THHT 2L, "THARIPDEBTERELEP o /2. ZO%
£iI, CEBMMTET o v 7 AFEENP ¥ — MEEICEML
TAHIETI Ay FYTHTOY MRS Fo7a
Yy YV IMEMET T AL EESN TS, HEAT
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Table 2 Summary of human mtDNA analyzed

Subject Age Sex Diagnosis A B C
PD patients
P1 65 F PD 62 49,600
P2 77 M PD 60 48,000
P3 72 M PD 58 5 46,400
Total 144,000
Controls
Cl 38 M Malignant lymphoma 27 0 21,600
C2 47 F Gastric cancer 24 0 19,200
C3 55 M Renal failure 25 0 20,000
Subtotal 76 60.800
C4 64 M Cervical spondylosis 37 0 29,600
C5 70 F Laryngeal carcinoma 56 2 44,800
Cé 78 M Heart failure 61 2 48,800
Subtotal 154 123,200
Total 184,000

A, number of clones analysed ; B, number of mutant clones observed ; C, number of nucleotides

analysed totaly from each of individuals.

PCR 4 % T-vector i cloninng L CHEHEMZPE L. Wid L ORBTERD s 0— O

THMTLC.

Table 3 Amino acids changes due to nucleotide substitutions observed in present study and its conservation among six

mammalian species

Subject Position Arg;lr;%zgld Rat Mouse Bovine Seal Whale Human Patient
PD Patients

P1 3543 Leuto Leu L L L L L L L
3316 Ala to Thr I 1 I 1 I A T
P2 3316 Ala to Thr 1 1 I I 1 A T
3543 Leuto Leu L L L L L L L
3457 Asp to Asn D D D D D D D
P3 3497 Ala to Val L L A L A A A
3338 Val to Ala I \Y I I L v A
3506 Thr to Asn S S S S S T N

3467 Lys to Stop K K K K K K Stop
Controls 3316 Ala to Thr I I I I 1 A T
3380 Arg to Gin R R R R R R Q
3443 Leu to Pro L L L L L L P
3543 Leu to Leu L L L L L L L
All clones 3423 Val to Val N I v I 1 A% v

BEINSTREO—EIE mammalian THRESNTWAE 7 I JEEAMICHEEL, stop codon iZEREIN TV L LD H -

BEEERALOLY, BATEEEENRCABIIIVER
W e sn, BIEMREPER L TRETAILEND 5.

bivbhid, B F 233 V#5595 Catechol-O-
methyltransferase MEFLEMII oW TI B2 B I oz
A AFEICXDEENZ LD, MDNA, #% DNA 5<®
TAD D ApoE BIZTFD4BD L) HREFRES TS X
ABVAZTT 25 —3E5DEIAE-&) Lav., #EET
BEGT T, AR SICX D 20BENRI L2 0, M2 5
Lv. k9 5 UCH-LI BIEFHELTR, NEEEBAT
PRENERITET AW RENENDH 5.

~

(B) IN=F>VRIis 3 3 bar NU 7BETFHHEE

EHEEBEZEE mDNAFOFF X777 ¥ v (dG) % 84
FVFFEFTITT IV (8-0x0-dG) ~NEALEH S potential
EHEHoTBY, SoxodGIEHEBOBIIT T VIZERES L
5. ZO 8oxo-dG A, N—F vV VRBERMTHERMICEL
T, ABFENCEETAREICHEINL TV L O®mEN D 5.
bhibhi3EEBELoRBEW TH 5 4hydorxy-2-
nonenal (HNE) #%, PD CHBIC LA L TWAZ & % REM
BALERMICEEH L TB Y, PDOFREBICEEILA L X5
BELTWwWAIZREbLbAnEnEEZTWAE, BIZZ 0 HNE
BHEBE Lewy MEHRIIC L FEEL T A Z EXFHES L





