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PLESIADAPIFORMES, of the North American and European 
Paleogene, is often identified as a sister group of primates. This 
hypothesis is based on several proposed anatomical synapo- 
morphies linking the best-known plesiadapiform families, 
Plesiadapidae, and Paromomyidae with Eocene primates1-5. The 
first well-preserved skull of Ignatius grayhullianus, an early Eocene 
paromomyid plesiadapiform, clarifies and corrects previous cranial 
reconstruction based on more fragmentary material3'6'7. The new 
material indicates Plesiadapiformes are not Primates. Rather, 
several synapomorphies argue for a closer phylogenetic relation- 
ship between Plesiadapiformes and Cynocephalus, the extant flying 
lemur (order Dermoptera). In view of the finding that "archaic" 
primates are not cladistic Primates, the recently coined taxon 
"Euprimates" should be discarded. No support is lent by cranial 
anatomy to the hypothesis that Primates, tree shrews, bats and 
dermopterans form a clade Archonta. 

The new specimen of Ignatius grayhullianus, USNM 421608, 
is a nearly complete skull collected by P. Houde from early 
Wasatchian (Wa,, earliest Eocene8) rocks of the Willwood For- 
mation, Clark's Fork Basin, Park County, Wyoming. The USNM 
421608 skull (Figs 1 and 2) is slightly crushed interorbitally and 
the face is slightly displaced dorsally relative to the braincase. 
The premaxillae were lost during deposition, but the rest of the 
skull, including the basicranium, is complete. Here we focus on 
the basicranial anatomy considered crucial for phylogenetic 
inference. Several plesiadapiform basicrania have been reported 
previously. These include poorly preserved material of the 
paromomyids Ignatius6 and Phenacolemur*, and several better 
preserved specimens of the plesiadapid Plesiadapis1,2. 

The large auditory bulla is completely ossified (Figs 1-3). It 
is greatly expanded medially and balloons caudally over the 
basioccipital. The bulla is composed of the entotympanic, not 
of the basisphenoid, basioccipital, ectotympanic, or, as in pri- 
mates, the petrosal5'9'10. This is evidenced by the following 
observations: (1) sutures separate the medial, rostral and caudal 
bullar walls from the basisphenoid and basioccipital; (2) 
laterally, sutures are visible between the collar-shaped ectotym- 
panic and the bulla; (3) inside the right bulla on the roof of the 
tympanic cavity, the promontorial part of the petrosal is separ- 
ated from the bulla medially by a suture. That this is a suture 
and not a fracture or other artefact is demonstrated by structure 
and symmetry. This suture is formed by an overlapping of the 
petrosal element onto the bone of the bulla. The bones thin out 
at their junction rather than butting bluntly against one another 
as might appear in postmortem breakage. Furthermore, the 
position of the suture is identical on both sides of the skull as 
viewed directly ventrally on the right side (Fig. 3) and through 
a rostromedial break in the left bulla. The bulla of Plesiadapis 
may have formed in a similar manner followed by full co- 
ossification of the entotympanic-petrosal suture11. 

Having an auditory bulla formed wholly or in part by an 
entotympanic is a key distinction between Plesiadapiformes and 
Primates, which have a petrosal bulla5,9. If the bulla was mem- 
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branous in primitive eutherians12'13, the presence of an entotym. 
panic bulla in Ignatius would be a derived character that rules 
Ignatius and other Plesiadapiformes out of the ancestry 0f 
Primates. Bullar entotympanics have evolved in many mam- 
malian groups10. However, an unusual similarity in the entotym- 
panics of Ignatius and the living dermopteran Cynocephalus is 
that the entotympanic contacts the basioccipital ven- 
tromedially14. This is a distinction from the entotympanics of 
tree shrews, for example, in which the only bony contact 
medially is with the petrosal. 

Previous proposals of a significant intracranial blood supply 
for paromomyids by way of either the internal carotid artery3,5 

or the ascending pharyngeal artery6 are ruled out by the follow- 
ing observations. (1) The carotid foramen is too small to have 
conducted an internal carotid artery of significant size. The 
diameter of the carotid foramen in Ignatius is comparable to. 
that of lorises, in which the internal carotid artery involutes 
during development and only the internal carotid nerve passes 
through15'16. (2) There are no grooves or tubes for the promon- 
tory division of the internal carotid artery on the promontorium. 
It has been suggested that in Phenacolemur the promontorial 
branch travelled through a longitudinal septum running 
anteriorly from the promontorium3. In Phenacolemur, however, 
this strut lacks a lumen for transmitting an artery11. In USNM 
421608 the homologous strut is broken rostrally and the broken 
part likewise shows no lumen. Moreover, the longitudinal sep- 
tum projects too far laterally for it to transmit an artery to the 
cerebral arterial circle. (3) There are no grooves on the basi- 
occipital or basisphenoid along the cranial base, nor is there a 
middle lacerate foramen to transmit an ascending pharyngeal 
artery from the neck to the inside of the braincase as in 
cheirogaleids and lorises15. Foramina and grooves for these 
structures previously identified on another more fragmentary 

FIG. 1 Photographs of Ignatius grayhullianus, USNM 421608, from Houde 
site 24 (near UM (University of Michigan) site 125 (ref. 8)), SW1/4 of NW'U« 
of section 24, T56N R102W, Clark Quadrangle N4445-W10900/15 19W. 
a, Dorsal view; b, ventral view. Scale bar, 10 mm. Photography, V. E. Kran . 
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till of Ignatius6 are perhaps for the inferior petrosal venous 
nus that ran inside the braincase or are artefacts of the separ- 
/ion of bones on the cranial base during fossilization5. By the 

process of elimination, the principal intracranial blood supply 
/>f Ignatius was probably from the vertebral arteries by way of 

ihe foramen magnum. This means of supplying intracranial 
/blood, together with the exclusion of an internal carotid artery 

If and of an ascending pharyngeal artery from such a role, is a 
synapomorphy  of  Plesiadapis11,   Ignatius   and   extant  Der- 
moptera14,17. 

The anatomical features described above provide new insight 
into the phylogenetic position of Plesiadapiformes. 
Plesiadapiformes lack convincing craniodental or postcranial 

i,. 

the Reconstruction of Ignatius based principally on USNM 421608 and 
s Prsmaxilla (represented by grey stipple) of a previously described 

P cimen of this species7. The lower jaw in the reconstruction is based on 
., 'mmature specimen from Houde site 14 (probably within UM site SC 26) 
o ° rom ear|y Wasatchian rocks of the Willwood Formation, Clark's Fork 

Sln' Wyoming. Drawing, J. Trecartin. 
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FIG. 3 The right auditory region of USNM 421608 from a ventral perspective. 
Part of the auditory bulla has been removed. Drawing, B. Smith. 

synapomorphies with Primates. They do not have such distinc- 
tively primate features as a postorbital bar, orbital convergence 
with narrowed interorbital space, an enlarged brain, a large 
internal carotid artery in a promontorial position enclosed in a 
bony canal, or a petrosal auditory bulla. Previously suggested 
postcranial synapomorphies5,9 linking Plesiadapiformes with 
Primates also seem to be unfounded18-20. About the only derived 
similarity between Plesiadapiformes and some early Eocene 
Primates is the presence of a Nannopithex-Md on the upper 
molars21. However, Nannopithex-f'olds are poorly developed in 
the earliest primates of modern aspect (such as Cantius or 
Teilhardina) suggesting that the feature evolved independently 
in Plesiadapiformes and Primates. In the absence of any convinc- 
ing evidence linking Plesiadapiformes with primates of modern 
aspect, there is now no need for the term Euprimates (see ref. 
5) as distinct from Primates. 

The hypothesis that Plesiadapiformes may form a monophy- 
letic clade with Dermoptera19'20 is supported by the following 
cranial synapomorphies. (Recent evidence shows that Eocene 
Plagiomenidae have no close relationship to Dermoptera as 
previously supposed22.) Extant Dermoptera and Plesiadapifor- 
mes share the collar-shaped ectotympanic, a partially involuted 
internal carotid arterial system, a bulla composed partly of the 
entotympanic, and an entotympanic that contacts the basioc- 
cipital medially. The last two features are demonstrated in 
Plesiadapiformes only for Ignatius, but the reported absence of 
similar sutural patterns in the fully ossified bulla of Plesiadapis 
does not rule out the possibility of an entotympanic in this taxon 
as well6,11. Further, we find no features of the cranial anatomy 
to support the hypothesis that Primates, tree shrews, bats and 
dermopterans form a clade Archonta. A hypothetical ancestor 
of such a group would have resembled primitive eutherians in 
having an unossified cranial bulla and unreduced internal 
carotid system. In summary, the new cranial and postcranial 
fossils of paromomyid Plesiadapiformes discussed here and 
elsewhere19'20 indicate that these animals were not 'archaic pri- 
mates' as commonly believed1"5,9,21. Rather, they appear to be 
more aptly termed 'archaic dermopterans'. • 
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THE identification of activated T cells in the brain of individuals 
with multiple sclerosis (MS) indicates that these cells are critical 
in the pathogenesis of this disease. In an attempt to elucidate the 
nature of the lymphocytic infiltration, we used the polymerase 
chain reaction to amplify T-cell antigen receptor (TCR) Va 
sequences from transcripts derived from MS brain lesions. In each 
of three MS brains, only two to four rearranged TCR Va tran- 
scripts were detected. No Va transcripts could be found in control 
brains. Sequence analysis of transcripts encoded by the Va 12.1 
region showed rearrangements to a limited number of J« region 
segments. These results imply that TCR Va gene expression in 
MS brain lesions is restricted. 

Multiple sclerosis is an inflammatory disease of the central 
nervous system (CNS), characterized by myelin destruction1-3. 
In the brain, there is an accumulation of macrophages, plasma 
cells, major histocompatibility complex (MHC) class II positive 
antigen-presenting cells and activated cytokine-secreting T 
cells4"8. Several lines of evidence indicate that T lymphocytes 
migrate from the peripheral blood to the CNS compartment 
and participate directly in the formation of brain lesions9"11. 
There is also evidence of oligoclonality in T lymphocytes within 
the cerebrospinal fluid of MS patients12. In addition, TCR Va 
and V/3 genes have been shown to contribute to the genetic 
control of susceptibility to this disease13"15. 

To examine the expression of TCR genes at the site of disease, 
messenger RNA isolated from demyelinating brain plaques from 
three MS patients with chronic progressive disease, and from 
three control brains (non-MS) was used to synthesize com- 
plementary DNA. These cDNAs were then subjected to enzy- 
matic gene amplification by the polymerase chain reaction 
(PCR) method16'17 using specific TCR primers. The results of 
such an amplification using primers for the TCR Va 12.1 family 
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TABLE 1   T-cell receptor a-primers 

Family 
Primer Clone Sequence members 

Va 1 HAP 10 5'-CTGAGGTGCAACTACTCA-3' 1.1,1.2,1.3 
Va 2 HAP 26 5'-GTGTTCCCAGAGGGAGCCATTGCC-3' 2.1,2.2 
Va 3 HAP 05 5'-GGTGAACAGTCAACAGGGAGA-3' 3.1 
Va 4 HAP 08 5'-ACAAGCATTACTGTACTCCTA-3' 4.1 
Va 5 HAP 35 5'-GGCCCTGAACATTCAGGA-3' 5.1 
Va 6 HAP 01 5'-GTCACTTTCTAGCCTGCTGA-3' 6.1 
Va 7 HAP 21 5'-AGGAGCCATTGTCCAGATAAA-3' 7.1,7,2 
Va 8 HAP 41 5'-GGAGAGAATGTGGAGCAGCATC-3' 8.1,8.2 
Va 9 HAP 36 5'-ATCTCAGTGCnGTGATAATA-3' 9.1 
Va 10 HAP 58 5'-ACCCAGCTGGTGGAGCAGAGCCCT-3' 10.1 
Va 11 HAP 02 5'-AGAAAGCAAGGACCAAGTGTT-3' 11.1 
Va 12 PGA 5 5'-CAGAAGGTAACTCAAGCGCAGACT-3' 12.1 
Va 13 ABU 5'-GCTTATGAGAACACTGCGT-3' 13.1 
Va 14 AB21 5'-GCAGCTTCCCTTCCAGCAAT-3' 14.1 
Va 15 AC 24 5'-AGAACCTGACTGCCCAGGAA-3' 15.1 
Va 16 AE212 5'-CATCTCCATGGACTCATATGA-3' 16.1 
Va 17 AF211 5'-GACTATACTAACAGCATGT-3' 17.1 
Va 18 AC 9 5'-TGTCAGGCAATGACAAGG-3' 18,1 
Ca PGA 5 5'-AATAGGTCGAGACACTTGTCACTGGA-3' Ca 

The size of amplified products using 5' Va and 3' Ca primers ranged from about 
320 to 410 base pairs. 

TM 

TCRU rrr 

AB13 

^   actin 
N    13-14 

AB14 

41-42 

AB41 AB42 

13-42 x _____   _______ ____ 
fa bed  abed   abedab 

FIG. 1 Brain TCR amplification of MS patient 1. Lanes a: control brain cDNA; 
b, M§ parietal region brain cDNA; c, MS occipital region brain cDNA; d, PGA5, 
a full-length TCR a cDNA18. Complementary DNA (2 JJLI) was combined In a 
100-pJ reaction volume, with 1 unit of DNA Taq polymerase (Perkin Elmer- 
Cetus), 10 (xl 10 x reaction buffer, 50 u,M each of deoxynucleoside triphos- 
phates, and 1 \M of each primer. The PCR profile used was: denaturatlon 
95 °C for 60 s, annealing 45 °C for 60 s and extension 72 °C for 60 s, for 
35 cycles on a DNA Thermal Cycler (Perkin Elmer-Cetus). One tenth of each 
sample was independently run in a 4% Nusieve agarose gel (Fmc) and an 
appropriate size fraction was excised from the gel. The agarose piece was 
frozen and thawed 3 times, and 2 uj supernatant directly reamplified with 
the same primers for an additional 25 cycles. A 500-bp actin fragmentwas 
successfully amplified from brain cDNA (lanes a-c), but not from the_PGA° 
control (lane d) using the following primers: 5'-ACGAAGACGGACCACC- 
GCCCTCG-3', 5'-CACGTTGTGGGTGACGCCGTC-3'). Va and Ca transcripts 
were amplified from both MS brain cDNA and PGA 5 templates, but not from 
the control MS brain cDNA with primers AB 13-14 (5'-CAGAAGGTAACK£- 
AGCGCAGACT-3', 5'-TTGGGGATCCAGAGCACAGAAGTATACTGC-3), wniw 

include Psrl and BamH restriction sites and define a 286-bp fr^rnent 
the Va 12.1 region gene; and AB 41-42 (5'-CAGAACCCTGACCCT«A.u- 
TGTAC-3', 5'-GTGTCCACAGTTTAGGTTCGTATCTGT-3', which includes a o 
site and defines a 340-bp fragment of the Ca region transcript) respeeti^ 
Note that rearranged TCRa sequences could be amplified from cDNA ^ 
MS brain prepared from the occipital region (lane c) using the v • . 
primer AB 13 and Ca primer AB 42. ,*,_ 
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TABLE 2   T-cell receptor Va expression in brain plaques of multiple sclerosis patients 

Vff 1    Va 2    Va 3    Va 4    Va 5    Va 6    Va 7    Va 8    Va 9 Va 10 Va 11 Va 12 Va 13 Va 14 Va 15 Va 16 Va 17 Va 18   V/3 8 Actin 

Experiment no. 1 
MSBrl 383 4,640 760 520 240 850 826 1,566 450 45,860 
MSBr2 140 824 523 310 830 415 660 23,200 1,750 29,630 
MSBr3 638 313 276 410 817 1,520 210 15,860 16,310 21,200 

CBr4 235 1,100 135 115 286 7,300 427 960 1,036 317 
CBr5 580 875 180 490 110 846 160 324 780 120 
CBr6 137 290 133 530 836 640 910 110 140 350 

Experiment no. 2 
MSBrl 1,650 3,956 1,450 790 547 545 1,170 343 1,856 32,870 
MSBr2 967 340 1,419 1,575 3,866 2,837 1,848 13,373 2,974 17,337 
MSBr3 666 726 1,198 790 1,769 258 576 35,170 18,990 19,138 

CBr4 1,507 660 1,740 1,790 553 706 4,540 4,410 1,333 584 
CBr5 896 1,670 2,370 5,000 2,826 418 862 8,175 2,048 1,307 
CBr6 883 1,727 716 865 610 1,334 9,514 1,033 1,256 1,130 

PBL(PHA) 9,434 19.464 8,288 18,434 18,820 10,483 12,800 14,886 13,980 23,040 

5,430 36,380     3,618 
623 49,125 
838 2,050 
560 726 
344 138 
670 1,030 

513 12,978 
1,550 33,020 
948 2,690 
919 765 

1,734 836 
636 170 

456 
302 
485 
762 

1,095 

1,487 
587 

737 
4,636 

367 
220 
225 
278 
755 

2,000 

1,072 
880 
206 

1,040 
1,300 

280 289 226 442 170 104,450 
317 12,460 3,572 
462 3,633 482 
466 630 545 
876 860 715 
437 775 240 

338 280 79,120 
470 630 58,358 
830 900 65,996 
570 860 66,393 
330 710 139,337 

3,190 280 
3,148 17,968 
815 945 
590 713 

2,097 2,925 
1,930 1,167 

1,048 
1,446 
946 

2,748 
1,025 
764 

1,570 
526 

5,276 4,478 
5,915  370 

440  38,595 
1,338 32,460 
630 22,415 
864 31,285 

33,018 
29.451 

23,040   11,448   16,968   16,536   17,750   30,512   16,544   21,132   19,732 ND ND 

Samples were taken from brain plaques of three patients with chronic progressive MS, and three controls (non-MS). Total RNA and cDNA (from 5 u.g RNA) were prepared 
according to standard procedures33. Control cDNA was also prepared from 1 p.g RNA isolated from a pool of peripheral blood lymphocytes from five different individuals, stimulated 
with 3(j,gml 1 of.PHA. cDNAs were amplified with TCR Va-Ca or actin primers for 40 cycles in the presence of 10p,Ci of a-[32P]dATP (Amersham). Samples were analysed 
by gel electrophoresis with ethidium bromide to identify the specific fragment band (italic figs when a band was clearly visible). After electrophoretic separation, bands were 
excised and incorporation of radiolabel was determined. Where TCR rearranged bands were absent, an agarose fragment 200-600 bp was excised and counted. An actin band 
was visualized in all the amplified brain cDNA. Results are expressed in counts per min. All TCR 5' primers amplify TCR sequences from germ line DMA using a specific 3' Va 
primer for each family. We have detected V-Ca rearrangements of all TCR V gene members in a variety of activated T cells including single rearrangements of specific Ma 
members in T-cell clones reactive to pertussis toxin, to Borrelia bergdorfei, as well as the Jurkat T cell line, and rearrangements of all Va members in pooled T cells stimulated 
by PHA (line 7, experiment 2), ND, Not determined. 

on cDNA isolated from the parietal and occipital brain regions 
from one MS patient, and from the occipital brain region of 
one control (non-MS) individual, are shown in Fig. 1. Actin 
sequences were coamplified together with the Va 12.1 gene to 
monitor the integrity of the cDNAs. Actin could be amplified 
from the brain cDNAs (500 base pair (bp) fragment (actin 
primer: lanes a-c) but not from PGA5, a full-length cDNA clone 
that contains the Va 12.1 segment18 (lane d). A smaller PCR 
product corresponding to the Va 12.1 gene was detected in the 
patient but not in the control sample (282-bp fragment; primer 
AB13-AB14: lanes b, c and d). To ensure that only the Va 12.1 
family was amplified, genomic and brain cDNA PCR products 
were analysed using restriction endonucleases and were con- 
sistent with the known restriction map for Va 12.1. When 
colonies containing cloned Va PCR products from MS brain 
cDNA were screened with a Va 12.1 region probe, about 20% 
were positive. DNA from several of these colonies was sequen- 
ced, and was found to be identical with the Va 12.1 sequence18. 
Thus, the TCR Va 12.1 restriction fragment-length polymorph- 
ism recently associated with MS susceptibility15, must be in a 
sequence flanking the Va 12.1 gene. Specific regulation of the 
a-TCR gene by 3' ck-acting enhancers, was recently demon- 
strated19. 

These experiments indicated that PCR could amplify the 
receptor transcripts from post-mortem brain samples, starting 
from nanograms of total RNA without the necessity of in vitro 
expansion of T cells. Similarly, Ca sequences were amplified 
from MS brain cDNAs, but not from the control sample (primers 
AB41-AB42: lanes b and c, Fig. 1). A subsequent amplification 
was carried out (primers AB13-AB42: lanes a, b, c and d) using 
a 5' primer complementary to the Va 12.1 and a 3' primer 
complementary to the Ca TCR regions. These primers, which 
can amplify only rearranged TCR transcripts, amplified a prod- 
uct of -680 bp from both the positive control PGA5 sample 
and cDNA from the occipital region of the MS brain (primers 
AB13-AB42: lanes c and d) but not from control brain cDNA 
°r cDNA from the parietal region of the MS brain (primers 
AB13-AB42: lanes a and b). The Va and Ca amplifications 
irom the MS brain parietal region most probably represent 
transcripts from unrearranged chromosomes, as has been found 
«n other cDNA libraries from T cell lines20. No PCR product 
was observed using primers corresponding to the V/S 8 family, 
even though this TCR V/3 region was recently reported to be 
associated with susceptibility to MS (ref. 13). 

To substantiate that the DNA produced by PCR was an 
authentic amplified product of rearranged TCR genes, the PCR 
products were sequenced using the dideoxy chain termination 
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method21 after double screening of colonies with Va and Ca 
probes. Only two different J regions were seen in the 25 clones 
examined. Both were different from the PGA5 ia sequence, 
ruling out the possibility of a 'carryover' contamination. Eleven 
clones contained the JaO family found in clone HAP 41 (ref. 

1234     56     7    8     9    10 

MSBR1 

MSJSB2. 
'    # 

MSBR3 

b 

CBR1 

'9 '    Vot I -10 
m     Va 1 1-18.actin.P6A5 

f # 
• Vo 1-10 
Vo 1 1-18,actin,PGA5 

C.BB2 

C_EB3 

PHA-PBL 

#'#*'   V.,-,0 
^     Va 1 1-18, actin, P6A5 

, _ , Va 1-10 
Hi  ' Va I 1-18,actin,P6A5 

-    Va 1-10 
|P    Va11-18.actin.PSA5 

" Vo 1-10 
*&_"  Va 1 1-18,actin,P6A5 

Va 1-10 
Va 1 1-18,actin,PGA5 

FIG. 2 Detection of PCR-amplified products by dot-blot hybridization using 
a Ca probe, a, MS brain (MS BR) amplifications; b, control brain (C BR) and 
PHA-PBL amplifications. 
METHODS. The amplified product (10 p.1) was dot-blotted onto transfer 
membranes (GeneScreen Plus, NEN) after denaturation with 0.4 M NaOH- 
25 mM Na2EDTA. Actin PCR products served as negative controls and PGA5 
as the positive control. Filters were fixed under ultraviolet light and prehybrid- 
ized for 3h at 42 °C in 5xSSPE/5x Denhardt's solution/salmon sperm 
DNA (100 M-g ml_1)/0.1% 505 and hybridized overnight at 42 °C with lx 
106 c.p.m. per ml of 32P-kinased probe (5'-AATATCCAGAACCCTGACCCT-3'). 
Filters were washed in 1 xSSPE/0.1% 505 at room temperature, twice for 
20 min; and then in 0.1 xSSPE/0.1% 505 at 45 °C twice for 10 min. Kodak 
XAR-5 film with Dupont Lightning-Plus intensity screens were used for 
autoradiography at -70 °C for 30 min. Signals correlate with the presence 
of a specific band in the ethidium bromide-stained agarose gel and with 
high [32P]dATP incorporation during amplification (Table 2). 



LETTERS TO NATURE 

22) and 14 clones had a previously undescribed Jo? sequence 
(GGGTACCGAGATGACGAACCCACCTTTGGGACAGG- 
C ACTC AGCTAAAAGTGGAACTC). 

We next asked whether there was a diverse or limited usage 
of TCR Va gene expression in MS brain lesions. To analyse 
the use of TCR Va in MS brains, we synthesized 5' PCR primers 
for the 18 different Va families22-23 (Table 1). Optimal conditions 
for amplification were ascertained using each of the 5' primers 
(Table 1) in combination with a specific 3' Va primer for each 
TCR Va family, on genomic DNA (data not shown) and with 
a common Ca primer (AB 51) on reverse-transcribed RNA 
isolated from phytohaemagglutunin (PHA)-stimulated 
peripheral blood lymphocytes (Table 2). The results from 
amplification of MS brain cDNA, using 5' Va primers and the 
common 3' Ca primer AB 51 in the presence of a-[32P]dATP, 
showed that in each brain only a few TCR Va gene families 
are preferentially rearranged and transcribed (Table 2). Visualiz- 
ation of a specific band for actin or rearranged TCR after gel 
electrophoresis of the amplified product, is indicated by italics 
in Table 2. In general, high [32P]dATP incorporation was repro- 
ducibly detected in regions of the gel where bands were 
visualized. 

These results were further confirmed by dot blot of the PCR 
products and hybridization with a radiolabelled oligonucleotide 
corresponding to a TCR-Ca sequence, 5' from the common Ca 
primer (Fig. 2). A clear signal in the dot-blot assay correlates 
with the presence of a band staining with ethidium bromide in 
the agarose gel. Products of amplifications with actin primers 
were used as a negative control; amplification products of clone 
PGA5 with TCR Va and Ca primers were used as a positive 
control. Expression of TCR Va transcripts is operationally 
defined by (1) the presence of a rearranged Va-Ca band visual- 
ized with ethidium bromide, and (2) a signal on dot-blot 
hybridization of the amplified Va-Ca gene with a TCR Ca 
probe, 5' from the Ca PCR primer. Thus in MS brain 1, TCR 
Va 10 and 12 were rearranged; TCR Va 8, 10, 12 and 16 were 
rearranged in MS brain 2, and Va 8, 9 and 10 were rearranged 
in MS brain 3. No Va transcripts could be amplified from 
control brain cDNA, although actin could be amplified. Each 
of 18 TCR Va rearranged genes were amplified from PHA- 
stimulated pooled lymphocytes. The Va 10 family was detected 
in all three MS samples, suggesting that this TCR might be 
responding to a major epitope of an antigen involved in the 
pathogenesis of MS. Further experiments will be needed to 
confirm this hypothesis. 

Our results may prove to have therapeutic implications. 
Studies on TCR gene expression in experimental allergic 
encephalomyelitis (EAE), a prototypic animal model for 
autoimmunity induced by T cells, have shown the predominant 
use of certain TCR a and /3 products in the immune response 
to myelin basic protein24-27. Treatment of mice in vivo who have 
EAE with monoclonal antibody specific to the predominant 
TCR V-region product reverses paralytic disease24. In addition, 
it is possible to prevent EAE by immunization with inactive 
encephalitogenic T cells28 or with synthetic peptides from the 
CDR2 and CDR3 TCR V regions that are rearranged in the 
encephalitogenic clones29,30. Elucidation of TCR expression in 
the brain may help in the design of similar treatments in MS 
patients. • 
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INHIBITORY non-adrenergic non-cholinergic (NANC) nerves are 
thought to be important in the autonomic innervation of the 
gastrointestinal tract and other organ systems. The nature of their 
neurotransmitter is still debated. Speculation that nitric oxide 
(NO), formed from L-arginine in neuronal structures1 and other 
cells2, could act as a neurotransmitter, is not yet supported by 
demonstration of its release upon nerve stimulation. Using a 
superfusion bioassay, we report the release of a vasorelaxant factor 
upon stimulation of the NANC nerves3 in the canine ileocolohic 
junction. Several pieces of evidence, including the selectivity of 
the bioassay tissues, chemical instability, inactivation by super- 
oxide anion and haemoglobin, inhibition by NG-nitro-L-arginine 
(L-NNA)4 and potentiation by L-arginine all indicated that NO 
accounted for the biological activity of this transferable NANC 
factor. 

The canine ileocolonic junction (ICJ) was isolated, superfused 
with Krebs-Ringer solution and the effluent superfused de- 
endothelialized rings of rabbit aorta3, arranged either in a cas- 
cade6,7 (Fig. 1) or in parallel. Upon electrical stimulation (ES; 
16 Hz, 2 ms) or infusion of the nicotinic receptor agonist 1,1- 
dimethyl-4-phenylpiperazinium (DMPP), ICJ tissue released^ 
vasodilator activity, causing 22.4± 3.2% (n = 12) and 26.3 ±3.9% 
O =9) relaxation of the top tissue respectively. The release of 
the factor was frequency-dependent and its activity declined 
(39 ±8%, n = 8, ES; 41 ±15%, n=4, DMPP) during passage 
down the cascade. As atropine and guanethidine were present 
and as the detector tissues failed to relax to acetylcholine (ACh) 
and noradrenaline (Figs 1 and 2), the transferable factor is 
indeed non-adrenergic and non-cholinergic. Furthermore, 
blockade of nerve conductance with tetrodotoxin abolished the 
release of the vasodepressant factor to both stimuli (Fig. lh 
indicating that neuronal structures were activated. Non-selective 
stimulation of other cell populations2 or microorganisms there- 
fore seems unlikely. ..t.   • 

The instability of the vasodilator factor was compatible win 
NO7-8, as confirmed by the injection of authentic NO (Fig^- , 
Moreover, haemoglobin (Hb), known to trap NO avidly    , ^ ^ 
eliminated the biological activity, whereas dilatation, due to        ^, 
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