
7. R. G. Mair, W. J. McEntee, R. L. Doty, Neurol- 
ogy 3 3  (Suppl. 2), 64 (1983). 

8. Subject character~stics: 41 percent were males; 
17.7 percent reported being current smokers, 
81.3 vercent nonsmokers. with 1 percent not 
respinding; 77 percent were white; 18 percent 
black, 0.7 percent Oriental, 0.7 percent Latin, 
and 2.2 percent, nonresponders. This group is 
the largest ever tested empirically for smell 
function. 

9. G. E. P. Box and D. R. Cox, J .  R .  Stat4st. Soc. 
Ser. B 26, 211 (1964). The transformation was 
applied to the number of incorrect responses. 

10. H. Scheffe, The Analysis of pr iance ,(Wiley, 
New York, 1959). Incomplete information pre- 
cluded inclusion of data from 29 subjects. In the 
regression equation, age in years appeared as a 
cubic polynomial (linear coefficient = 0.598, 
t= 12.83, P < 0.001; quadratic coefficient = 
-0.0126, t = -10.23, P < 0.001; cubic coeffi- 
cient = 0.0000674, t = 6.75, P < 0.001). The 
other variables and coefficients were: gender, 
1.128 ( t  = 7.97, P < 0.001, 0 = male, 1 = fe- 
male); current smoking behavior, -0.377 
tt = -2.14. P < 0.05. 0 = nonsmoker. 
i = smoke;); self-report 'of a taste or smell 
problem, -0.992 ( t  = -3.89, P < 0.001, 
0 = no, 1 = yes); and residence in a home for 
the elderly, -8.017 ( t  = -8.24, P < 0.001, 
0 = no, 1 = yes). The statistical significance of 
the last variable stems from (i) the poor perform- 
ance of such residents compared to others of the 
same age and (ii) the connection between the 
variable and a portion of the age range (sample 
sizes for decades seven through ten were 11, 54, 
90, and 29 for the residents and 173, 82,4 ,  and 0 
for the others). Effects of smoking may be 
underestimated, since some current nonsmokers 
previously smoked. Although ethnic back- 
ground was also significant (- 1.11 1, t = 6.61, 
P < 0.001, 0 = white, 1 = nonwhite), this vari- 
able is likely confounded with other factors (for 
example, socioeconomic level and cultural ex- 
periences with odors). None of the interaction 
terms was statistically significant. Collinearity 
problems were not present. 

11. An item analysis revealed that a statistically 
significant decrease in performance occurred for 
each odorant across the age range. Although the 
percentage of correct identification differed 
slightly among the stimuli across age, these 
differences are difficult to interpret given the 
diversity of suprathreshold psychophysical re- 
sponse functions among odorants [R. L. Doty, 
Percept. Psychophys. 17, 492 (1975)l and the 
multichemical basis of some of the stirnull. 

12. R. L. Doty, P. Shaman, M. Dann, Physiol. 
Behav. 32, 489 (1984). 

13. J. Jerger, Adv. Oto-Rhino-Laryngol. 20, 115 
(1973). 

14. D. G. Pitts, in Aging and Human Visual Func- 
tion, R. Sekuler, D. Kline, K. Dismukes, Eds. 
(Liss, New York, 1982), pp. 131-159. 

15. A. D. Weiss, in Handbook of Aging and the 
Individual, J. E.  Birren, Ed. (Univ. of Chicago 
Press, 19591, pp. 503-42. 

16. L. E.  Marks, The Unity of the Senses (Academ- 
ic Press, New York, 1978). 

17. See R. L.  Doty [Chem. Sens. 6,351 (198111 for a 
review. 

18. H. S .  Koelega and E. P. Koster, Ann. N.Y.  
Acad. Sci. 237, 234 (1974); E. Toulouse and N. 
Vaschide. C.R. Soc. Biol. 51. 487 (1899). 

19. Menstrual cycle-related changes in smell sensi- 
tivity of women taking oral contraceptives is 
also in support of this notion [R. L. Doty, P. J. 
Snyder, G. R. Huggins, L.  D. Lowry, J .  Comp. 
Physiol. Psychol. 95, 45 (1981)l. 

20. J. F. Corso, Arch. Otolaryngol. 77, 385 (1963); 
R. S. Dyer and H .  S. Swartzwelder, Pharmacol. 
Biochem. Behav. 9, 301 (1978); J .  W. Hall,Arch. 
Otolaryngol. 105, 153 (1979); J .  Jerger and J. 
Hall, ibid. 106, 387 (1980); D. McGuinness, in 
Exploring Sex Differences, B. Lloyd and J. 
Archer, Eds. (Academic Press, London, 19761, 
pp. 123-156. 

21. J .  W. Hinds and N.  A. McNelly, J .  Comp. 
Neurol. 171, 345 (1977); ibid. 203, 441 (1981); R. 
Naessen, Acta Otolarynnol. 71, 49 (1971); T .  
Nakishima, ersonal communication. The ap- 
vosition of gone around the cribriform plate 
bpenings through which olfactory neurons-pass 
may be one cause of their degeneration [J. 
Krmpotic-Nemanic, Acta Otolaryngol. 67, 217 
(196911. 

22. W. E.  Le Gros Clark, Yale J .  Biol. Med. 29, 83 
(1956); C. G. Smith, J .  Comp. Neurol. 61, 477 
(1935): Arch. Otolarvn~ol.  25, 131 (1937). 

23, R.  L.' Doty, paper preiented at the'fifth annual 
meeting of the Association for Chemoreception 
Sciences, Sarasota, Fla., April 1983. 

24. P. Kubanis and S. F .  Zornetzer, Behav. Neural 
Biol. 31, 115 (1981). 

Criterion for anosmia, test score 19 or below; 
criterion for major dysfunction, test score below 
those at the tenth percentile of persons in the 21 
to 35 age range [R. L. Doty, The Smell Identifi- 
cation Test Administration Manual (Sensonics, 
Philadelphia, 198311. 
W. F. Anderson, Proc. Nutr. Soc. 27, 185 
(1968); M. B. Kohrs, Compr. Ther. 7,  39 (1981); 
M. B. Kohrs, R. O'Neal, A. Preston, D. Ek- 
lund, 0 .  Abrahams, Am. J .  Clin. Nutr. 31, 2186 
(1978). 
T. Cohen and L. Gitman, J .  Gerontol. 14, 294 
(1954); S. S. Schiffman,, ibid. 32, 586 (1977). 
Accidental coal-gas polsonlngs are much higher 
in the elderly than in the young [H. D. Chalke 

and J. R. Dewhurst, Publ. Health (London) 72, 
223 (1956)l. 

29. Supported by grant NS 16365 from the National 
Institute of Neurological and Communicative 
Disorders and Stroke. We thank M. Dann, D. 
Krefetz, C. Moulton, and 0. Sherman for tech- 
nical assistance, and B. Cowart, R. Mair, R. G. 
Settle, T. A. Vollmecke, and J. Weiffenbach for 
comments on the manuscript. * To whom correspondence should be addressed 
at Clinical Smell and Taste Research Center, 
Hospital of the University of Pennsylvania, Phil- 
adelphia 19014. 

3 May 1984; accepted 24 September 1984 

Evidence for Cholinergic Neurites in Senile Plaques 

Abstract. In the neocortices and amygdalae of young and aged macaques, 
cholinergic axons were identified by means of a monoclonal antibody to bovine 
choline acetyltransferase. Many fine, linear, immunoreactive profiles were seen in 
these animals. In the older animals, some cholinergic axons showed multifocal 
enlargements along their course. In some instances, neurites with choline acetyl- 
transferase immunoreactivity were associated with deposits of amyloid (visualized 
with thiojlavin Tjuorescence). The appearance of these amyloid-associated abnor- 
mal cholinergic processes was similar to that of neurites in senile plaques, as shown 
by conventional silver impregnation techniques. Cholinergic systems thus give rise to 
some of the neurites within senile plaques. 

Senile plaques, consisting of enlarged 
axons or nerve terminals (neurites) close 
to amyloid cores, are present in the 
amygdala, hippocampus, and neocortex 
in aged humans (I), in aged nonhuman 
primates (2,3), and, in exaggerated num- 
bers, in individuals with Alzheimer's dis- 
ease and its late-life variant, senile de- 
mentia of the Alzheimer's type (4). In 
Alzheimer's disease there are alterations 
in markers for several neurotransmitters, 
including cholinergic, monoaminergic, 
and somatostatinergic systems; cortical 
cholinergic markers [such as choline ace- 
tyltransferase (ChAT), acetylcholines- 
terase (AChE), uptake of 3H-labeled 
choline, and synthesis of acetylcholine 
from isotopically labeled glucose] show 
the earliest, most consistent, and most 
severe decrements (5). Reductions in 
neocortical cholinergic markers corre- 
late with the presence of senile plaques 
(6) and appear to result from dysfunction 
and death of neurons located within the 
basal forebrain cholinergic system (9, 
which innervates cortical regions (8). 

Because these cholinergic neurons of 
the medial septum, diagonal band of 
Broca, and nucleus basalis of Meynert 
are rich in AChE (9) and because abnor- 
mal intracortical neurites in plaques of 
aged primates contain AChE (3, 10, l l ) ,  
we postulated that some of the axonal 
swellings in senile plaques may be de- 
rived from the basal forebrain choliner- 
gic system (3, 12). However, AChE is 
not a specific marker for cholinergic sys- 
tems in that it is present in neurons in 
various subcortical nuclei that project to 
the cortex (for example, noradrenergic 

nerve cells of the locus coeruleus, dopa- 
minergic neurons of the substantia nigra 
and ventral tegmental area, and seroton- 
ergic neurons of the nucleus raphe); at 
least in culture, AChE is also present in 
cortical neurons containing y-aminobu- 
tyric acid or somatostatin (13, 14). 
Therefore, axons derived from these 
noncholinergic neuronal populations and 
perhaps from other cell groups that do 
not stain by AChE histochemical tech- 
niques may also contribute to neurites in 
senile plaques. 

To test directly the hypothesis that 
senile plaques contain cholinergic ele- 
ments, it is necessary to show that 
ChAT, a specific marker for cholinergic 
neurons (15), is present in the neurites of 
plaques. By means of a monoclonal anti- 
body to ChAT and immunocytochemical 
techniques, we now show that choliner- 
gic neurites are present in the neocor- 
tices and amygdalae of aged macaques 
and directly link the cholinergic system 
to the senile plaque, a major histopatho- 
logical hallmark of Alzheimer's disease. 

Two healthy young (-5 years of age) 
macaques (Macaca mulatta) and five 
aged macaques (males and females from 
approximately 20 to 30 years of age) 
were anesthetized and perfused with fix- 
atives (16); tissues were prepared (1 7) for 
morphological-including immunocyto- 
chemical (18) and histochemical (19)- 
studies. 

Sevier-Munger silver stains of the neo- 
cortices and amygdalae of the older mon- 
keys revealed scattered senile plaques 
consisting of irregular, knob-shaped 
neurites and deposits of amyloid (Fig. 
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Fig. I .  (A) A neurite-rich senile 
plaque, shown by silver-impregna- 
tion techniques, in the neocortex of a 
21-year-old monkey. Arrows indicate 
neurites. Scale, 20 pm. (B) Swollen 
fibers with ChAT immunoreactivity 
in the neocortex of a 21-year-old 
monkey. Scale, 50 pm. (C) Normal 
processes with ChAT immunoreac- 
tivity in the amygdala of a young 
macaque. Arrows indicate several fi- 
bers. Scale, 20 pm. (D) Swollen fi- 
bers with ChAT immunoreactivity in 
the neocortex of a 21-year-old mon- 
key. Scale, 20 pm. (E) This combined 
immunocytochemical and thioflavin 
T-stained (amyloid) preparation 
shows a cluster of neurites with 
ChAT immunoreactivity (arrows) ad- 
jacent to a deposition of amyloid (as- 
terisks). Scale, 20 pm. (F) The same 
microscopic field as in (E) stained 
with thioflavin T and examined under 
fluorescence microscopy, showing 
the proximity of amyloid (asterisks) 
to the elements with ChAT immuno- 
reactivity (arrows). Scale, 20 pm. 

1A). Plaques were not seen in these 
regions in young monkeys. 

Immunocytochemical studies of the 
neocortices and amygdalae of young ani- 
mals disclosed thin processes with ChAT 
immunoreactivity that rarely contained 
small varicosities. Punctate deposits of 
reaction product in the neuropil were 
interpreted as representing synaptic ter- 
minals. No amyloid was seen in the 
younger animals. In older macaques, the 
neocortex contained many fibers with 
ChAT immunoreactivity that were iden- 
tical to those seen in young animals (Fig. 
1C). In addition, in the cortex of older 
animals there were abnormal immunore- 
active axons with multiple, irregular 
swellings along their course (Fig. 1, B 
and D). These abnormal fibers were 
most conspicuous in the medial orbital 
cortex and precentral gyms and within 
the cingulate cortex. Some immunoreac- 
tive processes formed spray-like arrays. 
The results of combined ChAT immuno- 
histochemistry and thioflavin T staining 
(amyloid) showed that some clusters of 
neurites with ChAT immunoreactivity 
were associated with deposits of amyloid 
(Fig. 1, E and F) but also showed some 
deposits of amyloid not associated with 
demonstrable cholinergic neurites. Most 
of the abnormal cholinergic axons and 
neurites, visualized with our immuno- 
cytochemical protocols for ChAT, were 
similar to structures elucidated by means 
of a modified histochemical method for 
AChE (10) in the neocortices of old 
monkeys. Images obtained with AChE 
histochemistry and ChAT immunocy- 
tochemistry resembled the silver-im- 
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pregnated neurites seen in senile plaques 
of aged primates (Fig. lA), indicating 
that cholinergic elements are present in 
some senile plaques. 

Our results are apparently the first 
direct evidence that some of the neurites 
in plaques are cholinergic. The source of 
these neurites is probably cholinergic 
neurons in the basal forebrain; therefore, 
forebrain cholinergic systems appear to 
be directly related to a major histopatho- 
logical change in the brains of aged hu- 
mans and patients with Alzheimer's dis- 
ease. Similar immunocytochemical ap- 
proaches can be used to examine the 
possible roles of other transmitter-spe- 
cific systems in senile plaques in aged 
primates. Other studies from our labora- 
tory have indicated that monoaminergic 
and peptidergic systems also contribute 
to plaques in aged primates (20). It is not 
known whether all the neurites in an 
individual plaque are of one transmitter 
type (homogeneous plaque) or are de- 
rived from several neuronal systems 
having different neurotransmitter speci- 
ficities (heterogeneous plaque) (12). This 
issue can be addressed by immunocyto- 
chemical colocalization studies and by 
examining the relation of neurites to am- 
yloid in immunocytochemically stained 
serial sections with the use of a number 
of different antibodies. The aged nonhu- 
man primate provides a model useful for 
studying the sources and transmitter 
specificities of some of the pathological 
processes in the central nervous system 
of normal aged individuals. 

Senile plaques are a common neuro- 
pathological finding in the amygdala, 

hippocampus, and neocortex in senile 
dementia of the Alzheimer's type, and 
the number of senile plaques correlates 
with the presence of cognitive impair- 
ment in these individuals (4). Although 
there is evidence for abnormalities of 
cholinergic and noncholinergic systems 
in Alzheimer's disease (5, 7, 21), the 
transmitter specificities of neurites in 
senile plaques have not been systemati- 
cally analyzed in the human brain. The 
approach described above should be use- 
ful in delineating the abnormalities in 
transmitter-specific systems in the brains 
of individuals affected with Alzheimer's 
disease and related disorders. 

Note added in proof: Although we 
have not yet been successful in demon- 
strating ChAT-immunoreactive neurites 
in plaques in humans, we have shown, 
by immunocytochemical techniques, ax- 
onal abnormalities of peptidergic sys- 
tems in the brains of aged humans. 
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Common Region on Chromosome 14 in 
T-cell Leukemia and Lymphoma 

Abstract. Chromosome 14 breakpoints in malignant human lymphocytes cluster 
on the long (q) arm near bands q l l  and 932. An inversion of chromosome 14 due to  
breaks in 911.2 and 932.3 has now been found in a newly established childhood T-cell 
lymphoma cell line and conjrmed in T-cell chronic lymphocytic leukemia. A 
translocation was also found between chromosomes 10 and 14 with a breakpoint at 
14q11.2 in another T-cell lymphoma cell line. It is proposed that a proximal region on 
chromosome 14 in or near sub-band 911.2 is related to T-cell function. Rearrange- 
ments in this region may affect the growth of T lymphocytes and be involved in the 
development of T-cell malignancies. 

Nonrandom chromosome abnormali- 
ties mark certain forms of human cancer 
(I). In T-cell chronic lymphocytic leuke- 
mia (CLL), an inversion of chromosome 
14 due to a break proximally in band q 11  
and a break distally in band q32 has been 
reported (2, 3). We have observed this 
chromosome 14 inversion in an estab- 
lished T-cell lymphoma cell line and con- 
firm its occurrence in T-cell CLL. How- 
ever, the change in chromosome 14 in T- 

14 inv 14 

Fig. 1. High-resolution G banding of normal 
chromosome 14 (left) and inverted chromo- 
some 14 (right) with arrows pointing to break- 
points in q11.2 (above) and q32.3 (below) in T- 
cell lymphoma cell line SUP-TI. 

cell malignancies can also be a transloca- 
tion. The common feature appears to be 
rearrangement of the proximal region on 
14q. 

A T-cell lymphoma cell line (SUP-TI) 
(4) was established from a pleural effu- 
sion in a 6-year-old boy who was diag- 
nosed 15 months earlier as having lym- 
phoblastic lymphoma. There was no in- 
volvement of bone marrow or central 
nervous system. The pleural effusion 
cells, which appeared uniformly malig- 
nant, were cultured (5). These cells were 
E-rosette negative at 4" and 37°C and 
negative for monoclonal antibodies to 
Leu 5, OKT9, CALLA (common acute 
lymphocytic leukemia antigen), Ia (I re- 
gion-associated antigens), and SIg (sur- 
face immunoglobulin) but were positive 
for antibodies to Leu 1,2a, 3a, 4,6,  and 9 
and OKTIO. This antigen profile is con- 
sistent with T-cells of mid-thymocyte 
type. Chromosome preparations were 
made for high-resolution G banding. The 
karyotype was 46,XY with an inversion 
of chromosome 14: inv(14)(q11.2q32.3) 
(Figs. 1 and 2). 

The patient with T-cell CLL was a 59- 




