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Prion rnmunoreactvfty n appendix before cUrilcal onset of variant 
Creutf&dt.-Jakob disease 
David A Hilton, Edward Fathers, Philip Edwards, James W Ironside, John Z ajicek 

A variant of Creutzfeldt-Jakob disease (CJD) was identified 
in 1996;' there is evidence for a link between. variant CJD 
and bovine spongiform encephalopathy (ESE).',' The 

• proportion of the population exposed to infectious amounts 
of the ESE agent through consumption of infected meat is 
unknown, therefore it is difficult to predict the number of 
future cases of variant CJD. Prion protein (PrP) has been. 
found in the tonsillar tissues from sheep infected with 

• scrapie,' and at necropsy from a patient with variant CJ .' 
We describe our findings in an appendix, removed 8 
months before the onset of disease, from a patient with 
variant CJD. 

Low-power view of appendix after immmaxseytoehemiatry for 
PrP (A) and Piighh-power view of germinal Centre after double 
labelling for Pd' and CCie 1 (0) 
Scattered cytoplasmic: PrP immunoreactiviiv (hewn reaction product) 
is seen within germinal centre cells which have morphology of ioilisour 
dendritic cells. Coarse deposits in Rip (block reaction precinct' are 
scsn within the cytoplasm of CD2,1. irnrnunoreactive cnuis (brown 
reaction product). 

A 45-year-old man developed numbness of his face and 
right hand in May, 1996. Investigations included T2.. 
weighted cranial tnagnetic..resonance imaging (MR.) which 
showed three small high-signal white-matter lesions. 
Multiple sclerosis was suspected. His sensory disturbances 
spread to his trunk and legs. He was treated for depression 
in April, 1997. Later that year he became hyperactive, 
disinhibited, and had aggressive outbursts. He also had 
intermittent deafness. In November, 1997, he had 
difficulty writing, slurred speech, and ataxia, A repeat MRI 
was unchanged. Visual evoked responses and examination 
of cerebrospinal fluid were normal. By early in 1998, his 
ataxia had deteriorated and his symptoms led to assessment 
in a psychiatric unit. Although systemic markers for 
vasculitms were negative, a brain biopsy was done in April, 
1998, to exclude this treatable condition. Brain biopsy 
showed changes of variant CJD with scattered small 
cortical plaques surrounded by vacuoles and 
immunocytochemistry (with monoclonal anti-PrP 
antibodies 3P4 and KG9) showed extensive PrP deposition 
within plaques, and around neurons and blood vessels. 

In September, 1995, he had had an appendectomy after 
2 days of right iliac-fossa pain and fever, Histology of 
the appendix did not show acute appendicitis. 
Immunocytochemistry in May, 1998, with monoclonal 
antibodies 314 and KG9, showed immunoreactivity for 
PrP in the cytoplasm of scattered cells, predominantly in 
germinal centres (figure A). No staining was seen after 
omission of antibodies, The morphology of these 
immunoreactive cells suggested that they were follicular 
dendritic cells, which was confirmed by double labelling 
with antibodies to CD21, which co -localised to Pr? 
immunoreactive cells (figure B). Immunoreactivity for Pr! 
was not seen in any of 10 control appendices investigated. 

Demonstration of PrP within the cytoplasm of follicular 
dendritic cells of the appendix mirrors the findings in 
tonsillar lymphoid tissue.- Involvement of the tonsillar 
tissue before onset of disease has been shown from the age 
of 10 months in sheep infected with scrapie; however, our 
findings are the first demonstration of PrP in tissue in 
human beings during the incubation period of CJD. 
Involvement of gut- asaoeiated lymphoid tissue before the 
Clinical onset of disease is in keeping with an enteric route 
of entry for the variant CJD agent. 

An implication of the presence of PrP in the appendix 
during the incubation period of variant CJ.I) is that it offers 
the opportutiitl for large scale screening of appendectomy 
and, presumably, tonsillectomy, specimens removed since 
the onset of the BSP cpi<iet:i7"ie, ppeojzh:ecs;riy specimens 
are routinely sent for histological examination and are 
usually available for further study. Although the incidence 
of human exposure to the 135E agent may be small, 
approximately 44 000 appendectomies arc done in the UK 
each year (data from Royal College of Surgeons). Such a 
study would provide new data on the proportion of the 
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population at risk of developing variant CJl.3, although it is 
not. known at what stage during the incubation period of 
Variant tjD that lymphoid tissue becomes involved or 
whether ails invoivetuent will inevitably lead to the 
development of.neurological disease. 
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Epderma mosaksm producing 
locaflsed acne: somatic mutation 
i FGFR2 
Citric) S Munro, Andrew 0 5f 
See commentary page 668 

/pathologic n~~i8. 

1 ear.-.old boy with therwise unremarkable acme for 2 
resented becat - the acne was much more severe in a 
extending dptiln his left arnxl (figure). This linear and 
lly distal istribution, with a comedone in virtually 
follicle /6f the affected area, suggests an unusual 
ogic: arms. Disorders following this kind o linear or 
d atterr: (lines of Blaschko) ate thought to reflect 

errnal distribution of somatic mosaicism, whether 
X-inactivation in females carrying X.--linked dominant 
ons, or to mutation in embryonic precursors of ae 

nocyte lineage.' Supporting this theory, atic 
mutations of the keratin gene (MO) have been tected in 
naevoid epidermolytic hyperkeratosis.' I considering 
candidate genes for somatic mutation ityfiur patient, we 
recalled the atypical generalised a e seen in Apert 
syndrome.' This complex congenit alfonuation, charac-
terised by craniosynostosis and s acryly, is due to specific 
germline mutations in the gerspefor fibroblast growth factor 
receptor 2 (PGF'R2).' We exptnined this patient's epidermal 
;aaevus for cotnppi cable so tic mutations in FGFR2. 

DNA was extracted jl1nn peripheral blood lymphocytes, 
from scrapings and Veatinous plugs of lesional epidermis, 
and from banal frfllicular keratoses on the other arm. 
Scrapiols ;ontin,gfy yielded 200-500 ng high-quality DNA. 
The region o ."`GFR2 containing the two major A.p t" 
syndrome Cations was amplified by PCR and di,p red 
with Mbo tad Bgll, each of which has a single r friction 
site in tJ5iia normal sequence abolished by the ajor Apert 

5yndr963e mutations 93340-wG and 937-. respectively. 
All naples shoved normal digestion wi gIT, but samples 
fir lesional skin were partially resis t to Mboi digestion 

ereas samples from the opposit rm and blood digested 
normally with MuoT (figure). W cloned the 5CTR product 
and sequenced eight indepen nt Mbol-resistant clones. All 
contained the 934C-wG i tation (predicting a Ser252Trp 
substitution) identical that iaa Apert syndrome. This was 
confirmed by blot by idisatioa of the PCR product with a 
mutant oligonucl .tide (figure). From two independent 
samples of the lion, 56% and 34%, respectively, of cells 
were mutate not shown). 
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C9lnieal features of aenelfontt saevua and analysis of F13FR2 
(Top left) Sharply demarcated linear lesion extending from left shoulder 
to antecubital fossa, Clot;n up (top right) snows confluent comedones; 
scrapings taken from this region. 
(Middle) Digestion of FGFR2 PCR product with Mbol. Lane 1, water 
control; 2 and 3, independent scrapings from lemional skin (loot arm), 
taken 1 year apart; 4, skin scraping from right arm; 5, skin scraping 
frorp~--normal individual; 6, peripheral blood DNA from patient; 7, 8 
. d1blated Apert patients with 934C--aG mutation in F0F172. warnera 
used were 5'-GCIAAT1'CCTTGCAGACAAACTCTACGTCTC••3' and 
5'-GGA ATTC AA AGGT GTC AGC; CA GCAG-3'. 

(llottorlt) Blot hybridisation of undigested POP product with r label) c 
9340--4G mutant oligonueleootide 5'.AGAGCGATGGCCT G(r3'. Lanes 
as above. Prontadures pre and post PCR were corglacied in different 
laboratories using separate reagents and eqfptent. Other 
methodological details availuble from th 0Lhors. 

We conclude that t acneiform naevus is due to a 
somatic mutation o o F'.R G 2 identical to one which, if 
present in the rmli-ne, causes Apert syndrome. The 
gerrrmline ma4lon exhibits several unusual properties, 
including very high mutation rate, exclusive paternal 

ori®rrinic

in -'0and association with advanced paternal age.' The 
esis that the mutation confers a selective advantage 

gems cells' might also apply to mutant epidermal 
cells. Other gerrnline mutations of FGFR2 and F'CrFRS are 
associated with acanthosis ni&ricans and cubs gyrata," and 
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