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declslon to omlt these polnts was made wlthout 
knowledge of the treatment or outcome status of 
the animal. 

14. Statistical analysis of 2 by 2 tables was per- 
formed with the use of Fisher's exact orobabil- 
ity test [S. Siegal, Nonparumetric  tati is tics 
(McGraw-Hill, New York, 19561, pp. 96-1041. 

15. Significance at each dose level was determined 
by using a one-way analysis of variance and the 
Scheffe procedure for a posteriori contrasts [N. 
H. Nie, C.  H. Hull, J. G. Jenkins, K.  Steinbren- 
ner, D. H. Bant, Statistical Package for the 
Social Sciences (McGraw-Hill, New York, 
197511. 

16. E. S. Golub, The Cellular Basis of the Immrrne 
Response (Sinauer, Sunderland, Mass., 1981 1, 
pp. 42-43. 

17. B. Benacerraf and E.  R. Unanue, Textbook of 
Immunology (Williams & Wilkins, Baltimore, 
1979), pp 253-255. 

18. C. J .  Paige, P. W. Kincade, M. A. S. Moore, G. 
Lee, J .  Exp. Med. 150, 548 (1979). 

19. A. Altman et al., ibid. 154, 791 (1981). 
20. We thank L.  Caouette, E. Ennis, M. Geisberg, 

and L. Carreaux for technical assistance and D. 
Parker for critical reading of the manuscript. 
Supported in part by PHS grants AM25306 and 
AM19155 and a grant from the Kroc Founda- 
tion, Inc. * Send correspondence to Department of Medi- 
cine, University of Massachusetts Medical Cen- 
ter, 55 Lake Avenue North, Worcester 01605. 

13 September 1982 

Resistance to a Malignant Lymphoma in Chickens Is 
Mapped to Subregion of Major Histocompatibility (B) Complex 

Abstract. A genetic recombinant within the major histocompatibility (B) complex 
of  the chicken has revealed the chromosomal subregion efect ing resistance t o  
Marek's disease-a malignant lymphoma induced by a herpesvirus. The recombi- 
nant, B " ' - ~ ' ~ ,  occurred spontaneously among the progeny of a male heterozygous 
for resistant B ' ~ ' - ~ ~ '  and susceptible haplotypes. Exposure t o  Marek's 
disease of families segregating for the recombinant showed that this new F-G 
arrangement conferred a level of  resistance equivalent to  that of  the resistant 
parental haplotype. Thus, a gene, or genes, within or closely linked to  the B-F region 
of the B complex appears t o  be responsible for the observed resistance t o  Marek's 
disease. 

Haplotype B2' (1) of the major histo- 
compatibility complex (2, 3) of the chick- 
en imparts a strong resistance to  Marek's 
disease (MD), a herpesvirus-induced, 
malignant lymphoma ( 4 ) ,  whereas B t 9  is 
associated with a high degree of suscep- 
tibility (5, 6 ) .  Two of the three regions 
constituting the B complex (7) code for 
erythrocyte alloantigens which serve as  
the basis for differentiating B haplotypes 
by hemagglutination. The B-F regian de- 
termines the specificity of histocompati- 
bility antigens present on lymphocytes 
and erythrocytes, whereas B-G codes for 
a series of nonhistocompatibility anti- 
gens present only on erythrocytes. The 
third region, B-L, determines Ia-like 
antigens (I-region associated) found pri- 
marily on immunoglobulin-bearing lym- 
phocytes and on cells of the monocyte- 
macrophage series (8). In this report we 

describe a recombinant resulting from 
crossing over between the B-F and B-G 
regions a s  found in haplotypes B2' and 
BI9 and the use of the recombinant in 
determining the portion of the B complex 
that is active in resistance to  MD. 

The fortuitous recombinant between 
highly resistant B2' and very susceptible 
BI9 haplotypes resulted from the mating 
of two White Leghorn chickens, a male 
of the genotype B ' ~ / B ~ '  to  a female of the 
genotype B ~ / B ' ~ .  With the use of al- 
loantisera B6(422-496), B 19(339-97), 
and B2 l(305-5 17), each specific for one 
of the three alloantigens transmitted col- 
lectively by the parents, the phenotypes 
of 10 of 11 progeny were clearly explica- 
ble by the four genotypic combinations 
expected: B6/Bt9 ,  B6/B2', BI9/B2' , and 
B ' ~ / B ' ~ .  The cells of one chick, a male, 
showed distinct reactivity with each of 

the three antisera. This aberrant chick 
was grown to maturity and mated to a 
female of the genotype B3/B". The nor- 
mal B6 haplotype was transmitted to  14 
of his 23: progeny and a recombinant 
haplotype, resulting in hemagglutination 
with both B19(339-97) and 821(305- 
517), was transmitted to  the remaining 
nine progeny. 

The origin of the segments in the 
recombinant was first evaluated by using 
the graft-versus-host (GVH) splenomeg- 
aly reaction (3, 9), which is especially 
suited to  determining B-F homologies 
between recombinant and parental ha- 
plotypes. Testing for this reaction con- 
sists of injecting intravenously whole 
blood from an adult chicken (0.1 ml of 
peripheral blood diluted 33 percent with 
physiologically balanced citrate solution) 
into 14-day embryos and continuing in- 
cubation for an additional 5 days, when 
the embryos are killed and their spleens 
weighed. If the immunocompetent lym- 
phocytes from the adult blood recognize 
a foreign B complex histocompatibility 
antigen in the embryo, the weight of the 
spleen will markedly increase, usually 
four- to tenfold, beyond that of embryos 
that have been treated with compatible 
donor cells. 

The GVH results obtained by injecting 
the cells of the original male possessing 
the recombinant into B2'/B2' and B ' ~ / B ' ~  
embryos clearly showed that the recom- 
binant haplotype was compatible with 
B2' but was incompatible with B t 9  (Table 
1). Similarly, donor cells from chickens 
of genotype B6/B2' were injected into 
B2'/B2' and B ' ~ / B ' ~  embryos and donor 
cells from B ~ / B ' ~  were injected into B2/ 
BI9 and B2'/B2' embryos to  confirm the 
natural incompatibility between BI9 and 
B2' .  These data show that the B-F seg- 
ment of the recombinant haplotype was 
derived from B2' and, if we assume that 
the recombination resulted from normal 
reciprocal crossing over, the B-G seg- 
ment was derived from BI9. To indicate 
the segment derived from each of the 
parental haplotypes, we symbolize the 
recombinant as  B ~ ~ ' - ~ ~ ~ ;  the symbols for 
the normal haplotypes B2' and B i 9  repre- 
sented in this extended nomenclature are 
~ ~ 2 1 . ~ 2 '  and ~ ~ 1 9 - G I ~  , respectively. 

A second method used to determine 
the haplotype origin of the B-F and B-G 
segments in the recombinant was the 
GVH inhibition test ( lo) ,  in which expo- 
sure of donor lymphocytes to  antibodies 
against T-cell antigens prevents spleno- 
megaly. A recipient of the genotype BI5/ 
B ' ~  was immunized with blood from a 
donor of genotype B ~ " - ~ ' ~ / B ' ~ ,  produc- 
ing antiserum B-F21(468/267). A recipi- 
ent of the genotype B6/B21 was immu- 
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Table 1. Graft-versus-host splenomegaly reactions characterizing recombinant B " ' - ~ "  relative 
to parental haplotypes B" and B". Donor blood of genotype B ~ / B ' ~ ' - " "  was from the original 
recombinant male. Injecting B2'1B" embryos with B " I B " ~ - " ~ ~  blood from adult progeny of the 
recombinant male also failed to produce positive GVH reaction. 

Genotypes 
-- Num- Spleen 

Adult Embryo ber of we~ght P* 

donor recipient embryos (mg) 

gh/~PZl-"lY B"/B" 11 21 .Y 
gh,i~FZl-GlY B"/B" 6 105.1 < ,002 

B V B ~ '  B"/B" 5 14.1 
B"1B" 5 166.4 

< .001 

B21B I y  B ~ I B "  3 27.5 
B2/B I y  

~ 2 1 1 ~ 3  2 178.8 < .05 
-.pp----p--p-p-p------p-.------------ ~- ~ 

*Probability based on Student's t-test 

Table 2 Inc~dence of Marek s disease among Wh~te Leghorn fam~lles segregating for recombl- 
Bk21-G" 

- -- - . -- - - - -- .- . 

Genotype of parents Genotype of progeny 
Mating - - - - _ _ -- - 
code B " / B I "  ~ b a  C I I Y  

P" 
S ~ r e  Dam B"IB" 

*Tests of independence were based on X' tests in 2 by ? continfenc) tables, +Number uith MD compared 
to number exposed (includes six deaths for nonspecific reasons between 91 and I12 dab$: three B2' lB1  . one ~ f ' " - " l " ~ " ,  and two B"/B") ,  

nized w ~ t h  blood from a B ~ " ~ ~ ~ " B "  do- 
nor, producing antiserum B-G19(4861 
569). When B"/BZ1 donor lymphocytes 
were exposed to the B-F21 antiserum 
and then injected into incompatible em- 
bryos, no GVH reaction resulted; in con- 
trast, when B ~ ~ / B "  donor lymphocytes 
were exposed to the B-GI9 antiserum 
and injected Into incompatible embryos, 
a full GVH reaction was obtained. This 
suppression of donor T cells carrying B" 
and lack of suppression of donor T cells 
carrying B" confirm that the recombi- 
nant consists of a B-F segment from B" 
and a B-G segment fram BI9. 

This recombinant haplotype, B ~ " - ~ " ,  
provided an opportunity to determine 
the extent to which the B-F  segment 
derlved from the By haplotype might be 
as effective as  normal B" in expression 
of B complex resistance to MD. Parents 
for an appropriate exper~mental matlng 
were produced by mdtlng individuals 
carrylng the ~ " l - ~ ' % a ~ l o t y ~ e  to b ~ r d s  
of the genotype B ' y / ~ Z 1 ;  progeny pos- 
sesslng the B' 'IY haplotype were then 
used in matings A and B of Table 2 In 
matlng A ,  SIX White Leghorn males of 
the genotype B" /B '~  were mated ~ n d ~ v ~ d -  
ually by artlfic~al ~nsemination to 15 
W h ~ t e  Leghorn females of the genotype 
B"' ""1B2' In matlng B, five of the S I X  

males were simultaneously mated to 10 
~ t ? l  CJIYJB " females. Chlcks were pro- 
duced In a s~ngle hatch and transported 
the same day to experimental f a c ~ l ~ t ~ e s  in 
Haslett, Mlch~gan, to be challenged w ~ t h  

MD virus. Each chick was inoculated 
intraperitoneally at 14 days of age with 
2000 plaque-forming units of the JM 
strain of the virus (clone 102W, propa- 
gated on duck embryo fibroblasts and 
ma~ntained as standard stock at the Re- 
g~onal  Poultry Research Laboratory, 
East Lans~ng ,  Mlch~gan) Blood samples 
for alloantlgen typlng were taken when 
the chlcks were 16 days of age. The 
c h ~ c k s  were observed for the presence of 
MD through 112 days of age. Necropsies 
were made on all dead birds and on any 
indiv~duals showing clin~cal signs of MD 
at the end of the test period. Of the birds 
dying from MD. 79 percent had enlarged 
and edematous nerves, 15 percent had 
tumors in one or more visceral organs, 
and 6 percent had lesions in both nerves 
and viscera. 

In evaluating the relative influence of 
particular genotypes, it is essential that 
MD resistance be compared for geno- 
types segregating within family groups, 
for only by such procedures can one 
randomize other genetic effect? on the 
trait under considerat~on. From matings 
A and B (Table 2)  there resulted 15 and 
10 full-sib family groups, respect~vely, 
w ~ t h  a mlnlmum of three progeny in any 
genotypic category. The progeny of mat- 
ing A were assigned to the genotypic 
classes as  shown in Table 2 from alloan- 
tigen phenotypes resulting from typing 
with a reagent specific for B-G21, pro- 
duced in a B"IB"~-"'~ recipient injected 
with cells from a B ~ ' I B ' ~ ' ~ ~ ~ ' ~  donor. In 

the progeny of this mating, the detection 
of antigen B-G21 proves the presence of 
B". The progeny from mating B were 
typed with a reagent specific for B-F21, 
present only in individuals receiving the 
recombinant haplotype. Before the' fam- 
ily data were pooled as  shown in Table 2, 
analysis by heterogeneity X 2  had shown 
that the distribution of MD mortality 
among genotypic classes from both A 
and B matings were homogeneous across 
dam and sire families. The MD incidence 
among the ~ ~ ' 1 8 ' ~  and B ~ ~ ~ - ~ ~ ~ / B ~ ~  sibs 
of mating A was 6 out of 81 (7.4 percent) 
and 5 out of 81 (6.2 percent), respec- 
tively, indicating that the recombinant 
B ~ ~ ' - ~ ' ~  is equivalent to B" in effecting 
MD resistance. Furthermore, from mat- 
ing B the relative MD incidence among 
genotypes B ~ ~ ' ~ ~ " I B "  and B19/Bi9 was 7 
out of 60 (1 1.7 percent) and 35 out of 57 
(61.4 percent), respectively, resembling 
in magnitude the comparative resistance 
of full sibs having genotypes B ~ ' / B ~ ~  and 
BI9/Bl9 (8.6 and 69.7 percent, respective- 
ly) previously reported (6). 

The gene, or genes, encoding the B- 
F21 antigen, and other genes of the B 
complex that may be located on the near 
side of the crossover break, appear to 
fully account for the MD resistance asso- 
ciated with the B" haplotype. Consider- 
ing these data in light of the prominent 
role of cell-mediated immunity in genetic 
resistance to MD (6) suggests that a 
gene, 'or genes, within or closely linked 
to the B-F region plays a significant role 
in T-cell response-possibly through se- 
lective sensitization of T cells to altered 
self-antigens (11) resulting from tumori- 
genesis. 
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Chronic Parkinsonism in Humans Due to a Product of 
Meperidine-Analog Synthesis 

Abstract. Folrr persons developed markecl pcirkinsonism crJler rising crn illicit drug 
intravenously. Analysis of the substance injected by trvo Oj'these pcrtients revealed 
primarily l-methyl-4-plzenyl-l,2,5,6-tetrc1hydropyridine (MPTP)  btlirh trcice cimoirnts 
of I-methyl-4-phenyl-4-propionoxy-piperidin (MPPP).  On the hcisis of the striking 
parkinsonian features observed in orir patients, and udcliriot1cil pcrthologic.rrl dcitci 
fiom one previously reported case, it is proposed thcit this c.llemic.cil selectively 
damages cells in the substantia nigra. 

I-Methyl-4-phenyl-l,2,5,6-tetrahydro- 
p y r ~ d ~ n e  (MPTP) IS a commerc~ally ava~l -  
able compound that 1s sold as  a chem~cal  
~ n t e r m e d ~ a t e  (I) .  The b~olog~ca l  effects of 
t h ~ s  substance seem not to have been 
systemat~cally Investigated in an~mals  o r  
in man. MPTP 1s also a by-product In the 
synthes~s of I -methyl-4-phenyl-4-pro- 
p ~ o n o x y - p ~ p e r ~ d ~ n e  (MPPP), a meperi- 
d ~ n e  analog (2) Adm~xed w ~ t h  varylng 
amounts of MPPP, MPTP was recently 
sold as a new "synthetic heroin" In a 
l~mited reglon of northern Californ~a and 
used ~ntravenously by a number of ad- 
d ~ c t e d  ~ n d ~ v ~ d u a l s  who subsequently de- 
veloped severe park~nson~sm.  In t h ~ s  re- 
port we descr~be  four of these patlents, 
each of whom has been examlned and 
followed by one or  more of us 

MPTP MPPP 

The patlent group consisted of one 
female and three males, whose ages 
ranged from 26 to 42 years. Each patient 
had a history of previous heroin abuse (3 
months to 14 years). Patients 1 and 2 
obtained a "new heroin" sample in San 
Jose, California, on I July 1982; patients 
3 and 4 (brothers) received theirs in 
Watsonville, California, about 3 weeks 
earlier. Dosages ranged from 5 g over 4 
days (cases 1 and 2) to  20 g over 5 to 8 
days (cases 3 and 4). All patients became 
symptomatic within a week after startlng 

to use the new drug. First symptoms 
included almost immediate visual hallu- 
cinations (one patient), jerking of limbs 
(two patients), and stiffness (one pa- 
tient). Generalized slowing and difficulty 
in moving occurred within 4 to 14 days 
after the initial use of the substance. In at 
least one patient, symptoms continued to 
evolve over a period of 3 to 5 days after 
the drug was stopped. 

Three of the four patients were hospi- 
talized within 14 days to 6 weeks of first 
use of the drug. Examination in each - 
revealed near total immobility, marked 
generalized increase in tone, a complete 
inability to speak intelligibly, a fixed 
stare, marked diminution of blinking, 
facial seborrhea, constant drooling, a 
positive glabellar tap test, and cogwheel 
rigidity in the upper extremities. One 
patient exhibited a "pill-rolling" tremor 
(5 to 6 cycles per second) at rest in 
the right hand. All patients exhibited a 
flexed posture typical of fully developed 
Parkinson's disease. The fo~ir th patient 
(case 4) was seen as an outpatient 4 
weeks after onset of symptoms. H e  was 
able to walk but exhibited a short- 
stepped, slow, shuffling gait, "en bloc" 
turnlng, and generalized bradykinesia. 
In our examinat~on of him, he was 
otherwise similar to the other three pa- 
tients. 

Additional findings in these patients 
included apraxia of eyelid opening in 
three patients (3) and limitation of verti- 
cal gaze in two patients. Electroenceph- 
alograms were normal in three patients; 
a fourth exhibited intermittent bitempo- 
rat slowing. Results of cerebral comput- 
erized tomography were normal in the 

three patlents who underwent the proce- 
dure. Lumbar puncture revealed an ele- 
vated prote~n In three of the four patlents 
(range 47 to 120 mgldl). Tests for WII- 
son's d ~ s e a s e  were negatlve In all four 
patlents. Complete t o x ~ c  screens for 
ac~dlc ,  neutral, and baslc drugs In plasma 
and urlne ~ n c l u d ~ n g  phenoth~az~nes  were 
negatlve In the two patlents tested (4). 
Heavy metal x r e e n s  tn these two pa- 
tlents were also negatlve. 

All patlents responded to therapy wtth 
a c o m b ~ n a t ~ o n  of L-dopa and carbldopa 
(S~nemet) .  A d d ~ t ~ o n  of dopam~ne  agonlst 
therapy (bromocr~pt~ne  or l ~ s u r ~ d e )  pro- 
vlded addlt~onal therapeut~c response In 
two patlents. F ~ v e  months after onset, 
none of these patients have shown s ~ g n s  
of reml5slon. All contlnue to  requlre 
substantla1 doses of these med~catlons, 
and one patlent I S  now experiencing 
dose-l~mrt~ng s ~ d e  effects. One patlent 
(case 3) had all m e d ~ c a t ~ o n s  stopped 2 
months after onset of symptoms for 5 
ddys. D u r ~ n g  t h ~ s  perlod the patlent com- 
pletely reverted to h ~ s  o r ~ g ~ n a l  state of 
complete ~ m m o b ~ l ~ t y  and r i g ~ d ~ t y ,  being 
able to move only his eyes Swallow~ng 
was ~ n ~ p a ~ r e d  to the polnt that he re- 
q u ~ r e d  Intravenous hydrat~on u n t ~ l  his 
m e d ~ c a t ~ o n s  could be effect~vely re- 
sumed. 

Andlyses of all drug samples were 
performed by uslng th~n-layer chroma- 
tography (TLC), gas chromatography 
(GC), and combined gas chromatogra- 
phy and mass spectrometry (GCIMS). 
Both MPTP and MPPP were ~dentified 
by means of GCIMS (Fig I).  Confirma- 
tlon dnd quahtltatlon was performed 
w ~ t h  reference mater~al  ob ta~ned  from 
Aldr~ch Chem~cal  Company ( I )  and the 
Nat~onal  Inst~tute  of Mental Health (5). 
A sample of the powder whlch was In- 
jected by patlents 1 and 2 was obtalned 
from thelr res~dences Thls w h ~ t e  crystal- 
l ~ n e  powder conta~ned 3 2 percent MPTP 
and 0.3 percent MPPP (by we~ght) .  

Three a d d ~ t ~ o n a l  samples were ob- 
tained from the i n d ~ v ~ d u a l  who suppl~ed 
drugs to patlents 3 and 4. These samples 
were s a ~ d  to contaln the same substance 
our patlents had been t a k ~ n g  when symp- 
toms developed and add~tional amounts 
of "good hero~n" (presumably the target 
compound, MPPP) w h ~ c h  had been add- 
ed later to make ~t more salable. These 
brown granular samples also conta~ned 
MPTP at concentrations ranglng be- 
tween 2 5 ahd 2 9 percent (by we~ght )  
They also conta~ned large amounts of 
MPPP (between 22 and 27 percent by 
weight). N o  other drugs were detected In 
any of the samples analyzed. 

A case reported by Davis et a1 (6) has 
great bear~ng on the patlent mater~al  re- 
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