
compettor DNA were reduced from I 0 0  ng and 200 k g  
to 10 ng and 20 pg, respectively. The composton of 
buffer B was 1.2 M sorbito and 10 mM KHPO, at pH 
7.5. After the second posthybrdizaton wash in 40% 
formamde a?d 2 x  standard saline citrate (SSC), a 15- 
mln wash at room temperature In 2 x  SSC and 0.196 
Triton X-100 ivas done. The ol~gonucleot~de probes 
ivere as follows: 5'-GCTT'GCCTTGTTGAATT*CTG- 
GTGAATT'GCCTGGTGTTAATGAGGAWTT'GG-3'. 
5 GATGCCTT'AGTGATGGTAGGCTTTGTTGT- 
GGGCGCTCCGGTCTCTTAGAT'A 3 5 -GGA 
ACTTrGGACGACCTAGT'CGATTCCAATT"CCTT- 
GCCGTAATTGAAACTAT-3 5 ATvGGTTCTA 

GC-3'. The probes ivere directly labeled v~ith a Cy3 
fluorochrome at amno-modfied thymd~ne residues 
ndcated by the asterisks (79). To detect poy(A)+ 
RNA, FISH ivas periormed illith TL3 labeled i ~ t h  

fluoresce~n soth~ocyanate (20). In formamlde- 
containng solutions, the concentration ivas reduced 
to lO?b for poly(A)- RNA detection. Images were 
taken i ~ t h  an Oympus 1x70 inverted ep~fluorescence 
mcroscope and Oncor (Gaithersburg, Ma] m a g i g  
sonivare, version 2.0.5. 

24. Strain K5552, which encodes an epitope-tagged ver- 
sion of Ashl p (Ashl p-mycg), was groivn to midogarith- 
m c  phase, flxed, and processed for simultaneous FISH 
and ~mmunofluorescence. After FISH, immunofluores- 
cence was periormed as described prevousy (27) with 
the following alterations. Antibody to myc was duted 
1 : 5  nto a solution of I x phosphate-buffered sane, 
0.1 % bovine serum abumn 20 mM vanady rbonuce- 
oside complex, and ribonucease inhibtor (40 UIFl). The 2 
secondah1 antibody, goat antbody to mouse mmuno- 
globulin G, conjugated to d~chlorotr~anzinyl amno fuo- 
resceln (Jackson Laborator~es), was duted 1 :50 Into 
the same solution. 

25. Plasmd C3431 is a derivative of YEplacl95 (7 7) 
carnyng a S a  -Sac I ASHl fragment. 

26. Pasmd  pH21 8-poy(A) containing the ADHII 3'-UTR 

Genetic Complexity and Parkinson's Disease 

M i h a e l  H. Polymeropoulos et al. describe 
the genetic linkage of a large Parkinson's 
disease (PD) pedigree to chromosome 4q2 1 - 
q23 ( I ) .  In this study, which affirms a long 
hypothesized genetic component to the dis- 
ease, linkage was detected in a single large 
familv n9ith the use of an autosomal domi- 
nant model with 99% penetrance of the 
disease trait. The clinical nresentation in 
this family, however, may differ from typical 
idiopathic PD because of the apparent au- 
tosornal dornlnant transmlsson, early onset, 
raold course, and less freauent occurrence of 
tremor as a significant sign (2). Thus, it is 
unclear u~hether the putative PD locus 
identified hp Polymeropoulos et al. (which 
they termed P D l )  is responsible for the 
majority of familial idiopathic PD cases. 

As part of an ongoing ~nulticetlter stildy 
of the genetics of idiopathic PD, we have 
ascertained 94 Caucasian families (a  total of 
213 affected relatives sampled: 108 affected 
sibpairs and 31 affected relative pairs) with 
at least two indil-iduals in each family meet- 
ing clinical criteria for idiopathic PD (3) .  
We have identified approxirnatelp 209 mul- 
tiplex idiopathic PD families to ascertain 
for a genomic screen. The  94 families dis- - 
ci~ssed here were those completely ascer- 
tarned. wrth DNA samoled, at the tlrne of 
the analysis. Linltage analysis of chromo- 
some 4q21-q23 markers in these idiopathic 
PD families did not reveal evidence for 
linkage of an autosomal dominant, highly 
penetrant gene, as was described by Poly- 
meropoulos et al. (1 ,  4 ) .  We determined 
two-point log odds (lod) scores, with the 
use of the model of Polymeropoulos et al. as 
well as a low penetrance "affecteds-only" 

autosomal dominant model. These lod 
scores were strotlglp negative for markers 
0432361, 0492409, 0432386, D431647, 
and D432623. Multipoint analysis of the 
genetic map D432361-17cR1-D431647- 
10.5cM-D432623 supported these findings for 
both models, excluding the entire candidate 
region. We found no evidence for heteroge- 
neity of either the two-point (P > 9.29) or 
multipoint (In likelihood = 1) lod scores (5). 
Because the power of the parametric lod score 
method suffers when the genetic model is 
misspecified, we also used notlpararnetric 
analyses of affected relative pairs (6). As with 
the parametric lod score analysis, we foul~d no 
significant evidence for linkage using either 
tawpoint or multipoint analysis; it1 this data 
set, the multipoitlt locatiotl scores (MLS) ex- 
clude the entire 27.5 chi region for recurrence 
risks to sihlitlgs as low as 2.5 (Fig. 1 ) .  Because 

-6 0 - J  
0 0 0 5 1 0  

Genetic distance (Morgans) 

Fig. 1. Multipoint exclusion map for chromosome 
4q21-q23 markers. The mult~po~nt lod scores 
(MLS) within the regon are a less than -2.0 at X, 
= 2.5, excluding the entire candidate region iden- 
tifed by Polymeropoulos eta/ ,  (1 ) .  Arrows Indicate 
chromosome markers. 

has been descrbed (5). Pasmd pXMRS25 was con- 
structed from pH218 (22) by Insertion of an ASH7 
fragment generated by the polymerase chaln reac- 
t on  (PCR). The PCR product contained the last five 
amino a c d  codons of ASHl  and extended 250 i u -  
ceotdes beyoid the stop codon. The ASH7 frag- 
ment ivas subconed into the Sac I site of pH21 8 by 
the nclusion of a Sac I restriction site n the PCR 
primers. The primers for PCR were 5'-GGGC- 
CCGAGCTCGAGACAGTAGAGAATTGATACATG- 
3 '  and 5'-GGGCCCGAGCTCATCAGGATGAC- 
CAATCTATTGCGC-3'. To verlf] that no mutatons 
were ntroduced by PCR the ASH7 regon of plas- 
m d  pXMRS25 was confrmed by DNA sequencng. 

7. We thank M. Rosbash for n ta t ing  our collaborat~on 
and D. Amberg, S. Brown. A. Bretscher. B. Haarer, 
and P. Novck for providing yeast strains. Supported 
by N H  grant GM54887 (to R.H.S) and NH-National 
Institute of C h d  Health and Human Development 
f eowsh~p  7 F32 HD08088-02 (to R.M.L). 
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the pedigree analyzed by Polymeropoulos et al. 
contained Inally younger onset cases (mean 
age at onset of the disease was 46), we repeat- 
ed our analysis in the 22 families with at least 
one affected individual with an onset earlier 
than age 45; the analysis in the subset sup- 
ported the results from the full sample (7). 

The  absence of linkage to chromosome 
4q21-q23 in our dataset indicates that there 
is genetic heterogeneity in PD. It is possible 
that the region identified by Polymeropou- 
10s et a1 harbors a disease locus resoonsible 
only for a rare autosornal dominant form of 
I'D. Such a situation would he analogous to 
the genetics of Alzheimer's disease (AD) ,  
where mutations (in the arnvloid orecursor 
protein and the presenilin 1 and presenilin 
2 genes) that cause autosomal dominant 
A D  are responsible for less than 2% of all 
cases (8). Therefore, although the report by 
Polpmeropoi~los et al. is a first step in UII- 

raveling the genetic etiology of I'D, other 
independent genetic effects likely remain to 
he discovered. 
Wil l iam K. Scott, Jeffrey M .  Stajich, 
Larry H .  Yamaoka,  Marcy C .  Speer, Jef- 
fery M .  Vance ,  Allen D. Roses, Margaret 
A. Pericak-Vance, and the Deane 
Laboratory Parkinson Disease Research 
Group (9 ) ,  Department of Medicine, Duke 
L'niuersity Medical Center, Durham, NC, 
27710, USA; E-mail: mpvOlocus.mc. 
duke. edu 
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normal pressure hydrocephalus, or a clinical course 
with atypical features, suggesting secondary Parkin- 
sonism. All first-degree relatives of these patients 
who consented to participate in this study were sub- 
sequently examined and queried regarding the 
above exclusion criteria and atypical clinical features. 
Each of these individuals was assigned a status 
based on their history and the number of the follow- 
ing clinical signs that were present: resting tremor, 
bradykinesia, and rigidity. Individuals were coded as 
"affected" if their examination demonstrated at least 
two of the signs and had no other etiologies for par- 
kinsonism or atypical clinical features, "unclear" if 
they had only one sign but may have had a history of 
atypical clinical features, and "at risk" if they had no 
signs. Mean age at onset of PD symptoms in affect- 
ed individuals was 61.4 years (SD, 13.1 years). Mean 
age at examination in affected individuals was 71.5 
years (SD, 10.2 years) and in unclear or at risk indi- 
viduals was 68.4 years (SD, 14.5 years). 

4. Microsatellite markers spanning the region defined 
by Polymeropoulas et a/. (1) were selected for the 
analysis; the resulting genetic map was: D4S2361- 
7. 7~M-D4S2409-5.3~M-D4S2380-4~M-D4Sl 647- 
10.5cM-D4S2623 (Cooperative Human Linkage 
Center, database is online at www.chlc.org). Two- 
point and multipoint lod scores were calculated with 
the use of the VITESSE software package [J. R. 
O'Connell and D. E. Weeks, Nature Genet. 11,402 
(1995)], we assumed, as did Polymeropoulos et a/., 
autosomal dominant inheritance, a disease allele fre- 
quency of 0.001, and 99% penetrance. A low pen- 
etrance, 'affecteds only" analysis was also per- 
formed. Allele frequencies were estimated from 75 
unrelated Caucasian controls. 

5. Heterogeneity analysis of two-point and multipoint 
lod scores was performed using the admixture test, 
implemented in the HOMOG software package [J. 
Ott, Analysis of Human Genetic Linkage, revised ed. 
(Johns Hopkins Press, Baltimore, MD, 1991)l. The 
asymptotic chi-square test is not valid for multipoint 
lod scores; therefore, a log likelihood comparison is 
used to assess heterogeneity. 

6. Two-point affected-relative-pair analysis was per- 
formed using the SimlBD software package [S. 
Davis, M. Schroeder, L. R. Goldin, D. E. Weeks,Am. 
J. Hum. Genet. 58, 867 (1996)l. Multipoint affected 
sibpair exclusion mapping was performed with the 
use of ASPEX [available from N. Risch, Stanford 
University, and based on N. Risch, Am. J. Hum. 
Genet. 46, 229 (1 990)] with the use of all five micro- 
satellite markers. Estimates of the recurrence risk to 
siblings (A,) range from 3 to 150, with the majority of 
studies supporting a A, between 10 and 20 [R. C. 
Duvoisin, Adv. Neurol. 60,306 (1 993); K. Kondo and 
K. Watanabe, ibid., p. 3461. Exclusion mapping with 
the recurrence risk set at the low end of this range 
determined that the region can be excluded for A, 2 
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Polymeropoulos et al. present results of a 
genome-wide screen for genetic linkage in 
a large family with autosomal-dominantly 
inherited L-Dopa-responsive  arki ins on ism 
with Lewy-body pathology (I). They con- 
vincingly demonstrate linkage with poly- 
morphic markers on chromosome 4q2 1- 
4q23, with a maximum two-point lod 
score of 6.00 for marker D4S2380. The 
locus was termed PD1. The role of the 
PD1 locus in other families with inherited 
parkinsonism and in sporadic PD remains 
to be investigated. 

We have examined polymorphic mark- 
ers closely linked to PD1 in 13 multigen- 
erational families with inherited parkinson- 
ism (Table 1). Affected members in all 
families exhibited at least two of the three 
cardinal clinical sims of PD (akinesia, ri- - 
gidity, and resting tremor), as well as asym- 
metry at onset and a marked improvement 

on L-Dopa treatment. Rigorous exclusion 
criteria were applied (supranuclear ophthal- 
moplegia, cerebellar or pyramidal signs, and 
severe autonomic or postural disturbance 
within 2 years of onset). The wide range of 
age at onset and spectrum of clinical fea- 
tures, including the presence of dementia in 
addition to parkinsonism in some affected 
individuals, was similar to that observed in 
the family studied by Polymeropoulos et al. 
(I). N o  additional neurologic deficit was 
observed except for amyotrophy in one af- 
fected of family A. Multipoint analysis with 
eight polymorphic markers spanning the re- 
gion from GATA 10G07 to D4S2623 ex- 
cluded the entire 17 cM region likely to 
contain PD1 in five of the families (families 
A, B, C, D, and IT-1). In one additional 
family (G), the major portion of the critical 
region was also excluded, with lod scores 
between - 1.9 and - 2 for the remainder of 

Table 1. Demographic and clinical characteristics in 13 families with inherited parkinsonism. 

Number of Affected Age Refer- L-DOpa Atypical features ence+ Family affected relatives at onset* response 
relatives examined (years) 

4 D 
5 G 
6 K-1 
7 K 
8 FR-041 
9 FR-722 
10 FR-727 
11 FR-755 
12 UK-A 
13 UK-B 

Positive 

Positive 
Positive 
Positive 
Positive 
Positive 
Positive 
Positive 
Positive 
Positive 
Positive 
Positive 
Positive 

Amyotrophy and 
dementia in some 

Dementia in some 
None 
None 
Dementia in some 
None 
None 
None 
None 
None 
None 
None 
None 

'Mean and range. tunpublished (-). 

Fig. 1. Multipoint linkage analysis 
of the PD1 -region on chromosome 
4q21 -q23 in seven families with fa- 
milial parkinsonism. Polymorphic 
DNA fragments were amplified by 
PCR with the use of published 
orimer seauences and a standard 
brotoco~. Muitipoint analysis was 
performed using GENEHUNTER fi -2 
(8), and two-point analysis was 8 -3 
done using VKESSE (9). An auto- 3 
somal dominant model with an age- ' 

dependent penetrance was as- -5 
sumed. poulos eta/. As was ( I ) ,  done unaffected by Polymero- individ- -6 h: i,L## - _I . . 

uals were set to be unaffected only -, 
when they were older than the 
mean age of onset in the respective -8 
families; all other unaffected individ- 0 5 10 15 20 
uals were treated as unknown. Fre- Genetlc dlstance (cM) 

quency of the disease allele was set 
to 0.001. Marker allele frequencies 
were set to be equal for all alleles. 
Estimating marker allele frequen- 
cies from founders in the pedigrees did not alter multipoint lod scores significantly. 
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the interval (Fig. 1) .  Data from one (previ- 
ously unpublished) family of southern Ba- 
varian origin showed positive lod scores 
with a maxim~un multipoint score of 1,5 
(family K,  Fig. 1). This lod score is close to 
the theoretical maxi~num in this relatively 
snlall family. 

I11 six families (FR-941, FR-722, FR-727, 
FR-755, UK-A, and UK-B), only the two 
polymorphic markers most closely linked to 
PD1 (04.51647 and 04.52380) have been 
analysed. Obligate recombinations (no al- 
lele shared by all affecteds) were observed 
in five of these families either for each of 
the markers individually (three families), or 
for the haplotype of both nlarkers (two 
families), again strongly arguing against 
linkage with the PD1 locus. In one family 
(FR-041), a positive pairwise lod score was 
obtained for 04.52380 (0.29 at Theta = 0). 
Positive lod scores in families K and FR-041 
may reflect true linkage, but they may also 
be a result of random fluctuations, because 
the relatively small size of these fanlilies 
precludes definite proof of linkage. 

We conclude that mutations at the PD1 
locus are probably a rare cause of autosom- 
al-dominant parkinsonism. The role of the 
PD-1 gene in sporadic PD is still to be 
determined. 
T. Gasser, Department of Neurology, Klini- 
kum Grojhadern, 8 1377 Munich, Germany; 
B. Muller-Myhsok, Bernhard-Nocht-Insti- 
tute for Tropical Medicine, Hamburg 20359, 
Germany; 2. K. Wszolek, Section of Neurol- 
ogy, L'niversity of Nebraska, Omaha, N E  
68198-2C45, USA; A. Durr, INSERM 
Lr289, Paris 7501 3 ,  France; J. R. Vaughan, 
Institute of Neurology, The National Hospital 
Queen Square, London WC1N 3BG, UK; V. 
Bonifati and S. Meco, Dipartimento di Sci- 
enze Neurologiche, L'niuersitd "La Sapienza, " 
Rome 00142, Italy; B. Bereznai, Department 
of Neurology, Klinikum Grojhadern; R. Oehl- 
mann,  Bernhard-Nocht-Institute for Tropical 
Medicine; Y. Agid and A. Brice, lNSERLrM 
L'289; N. Wood, lnstitute of Neurology, The 
National Hospital Queen Square, and the Eu- 
ropean Consortium on Genetic Susceptibility in 
Parkinson's Disease (GSPD) (1 0) 
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Response: Scott et al. and Gasser et al. are 
discussing genetic studies of fanlilies with 
PD that are designed to examine whether a 
locus that we previously reported (1) on 
chronlosome 4q2 1-q23 is operating in their 
sample. The results of Scott et al. in 94 
Caucasian families do not demonstrate 
linkage even when the 22 families with 
earlier onset are examined separately. Sim- 
ilarly, Gasser et al. exclude linkage in 13 
nlultigenerational fanlilies with Parkinson's 
disease, with the exception of one family for 
which they achieved a maximum multi- 
point lod &ore of 1.5 for genetic nlarkers in 
the 4421-1123 region. Cumulativel~l, these 

majority o r  the genetic factors of PD, but 
rather for a proportion of those families 
with an early onset autosoinal dominant 
form of the illness. These results are in 
agreement with the observation of Scott et 
al. and Gasser et a l . ,  and suggest that the 
understanding of genetic complexity of Par- 
kinson's disease is just beginning to take 
shape. 

Mihael H.  Polymeropoulos 
Laboratory of Genetic Disease Research, 

National Human Genome Research Institute, 
National Institutes of Health, 
Bethesda, M D  20892, L'SA 

E-mail:mhb@aeolus .nhgri.nih.gov 
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Experiments in a Parkinson's Rat Model 

Derek L. Choi-Lundberg et al. present evi- 
dence 11 ) that a renlication-defective adeno- , . 
viral (Ad) vector that encodes human glial 
cell line-derived neurotroohic factor 
(GDNF) protects dopaminergic neurons in 
substantia nigra (SN) in rats from progres- 
sive degeneration induced by the neurotoxin 
6-hydroxydopamine (6-OHDA) that has 
been injected into the striatum. These re- 
sults are important because of possible appli- 
cations of Ad vector-mediated GDNF gene 
therapy in patients with Parkinson's disease. 
The experimental design used by Choi-Lund- 
berg et al., however, raises some concerns. 

Choi-Lundberg et al. (1)  injected 6- 
OHDA into the striatum of rats 7 days 
after labeling SN neurons with the retro- - 
grade fluorescent tracer fluorogold (FG). 
Thus, the neurotoxin acted malnlv on SN 
neurons that were loaded with FG. Be- 
cause of neuronal death and membrane 
disruption, the fluorescent tracer diffused 
in the extracellular soace, from where it 
might have been incorporated by other 
cells. That such an uptake of tracer really 
occurred in the experiment by Choi- 
Lundberg et al. is demonstrated by figure 2, 
C through G ,  in their report, showing that 
microglia and other non-neuronal cells in 

the SN have been labeled n.1t11 FG. Sim- 
~ l a r  to non-neuronal cells. SN neurons 
that survived the neurotoxin might have 
incorporated the tracer through their cell 
membranes (2) .  

To conclude, the finding ( 1 )  of a re- 
duced loss of FG-labeled neurons in the 
SN of GDNF-treated rats does not neces- 
sarily imply a neuroprotective action of 
GDNF. A control in which the injection 
of FG is made after the complete or nearly 
complete degeneration of the SN neurons 
w0~11d seem to be necessary to definitely 
support the conclusions made by Choi- 
Lundberg et al. 
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