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4 months of age) with a dower pmgrsion, 
whichal lawcdthc i r~ .Thelana in ing  
s i x f b u o d a a n i m a k , w k h w a e ~  
did nat expxss the t m q e m  (12). Northem 
(RNA)hybridizationamlysis oftheaqwession 
ofthemmgenerrvealedRNAsofsizgcom-
spodhgtoatocaltrarrscriptandto&elsubge-
nomicmRNAodyinthefbdxainandinthc 
catbdhunofallanimakwithdiseasesymp 
tarrs (Fig. 1B). 

In all animals expressing either co-
the pathological findingswere restricted to 
the centralnervoussystem (CNS) and to the 
smated musde. The disease phenotype was 
transmitted to the offspringwith a pene-

Progressive Encephalopathy and Myopathy in trance of 100%. h i m &  with the ~ c a l  
symptoms described above showed variableTmgenic Mice -ing HUmall vkUS Genes d- of selective nerve cell degeneration 
inthe k b r a i n ,  with tissue a&hy and

KATRINBOTHE,ADRIANOAGUZZI,HANSLASSMANN, reactive gliosis. The areas affected most fie-
AXELRETHWILM,IVAN HORAK* quently were the CA3 layer of the hippo-

campus and the telencephalic cortex (Fig. 
Trvlsgenc mice acrying the bci region of human f;wmy retrovirus (HPV) under 2). Some lesions exhibited a more abnormal 
t r ansa ip t i d  controlof its own long taminalrepeatcxprcsd the tmmgene in their pattern, with incomplete cortical and sub-
centrat nervous systems md in smooth and striated muscle tissues. The animals cortical necrosis and occasionally with mac-
developed a progressive dcpcrative d k w  ofthe central nerrrous system and 6f the ro- and mild lymphocytic infiltratesin 
striated muscle. Because expression of the transgeaewas closely correlated with the the meninges and in the perivasculac spaces 
appcamnce ofstnraural damage and ' " ztory reactions were scanty, the disease (13). In situhybridizationanalysisrevealed a 
is likely to be causeddkctly by the HFV pmteim. These unerpeaadfindings call for complex pattern of expression in the CNS, 
a revaluation of the pathogenic potential of HPV in humans. with groups of neurons, oligodendmqes, 

and aswcytes containing high amounts of 

HFV ISA RITROVIRUS ORIGINALLY form because of a b e s h i f t  mutation in the transcript in the brain and spinal cord. The 
isolated 20 years ago from individ- integase domain that created a premature dismbution of positive cells was b i l a d y  
uals with various discascs (1, 2). stop d o n  in pol, and (ii) pAgpe, in which symmetrical. In animals 4 we& old, most 

Although the prevalence of HFV was re- 2.3 kb of& and 1.6 kb of emr wae neurons in the CA3 sector ofthe hippocam-
ported to be high in certain geographical dekbed (7) (Fig.1A). In both bmtmc6, pus and a subpopulationofcortical neurons 
areas (3), it has not been possible to identify eqmsion is cmtmIled by the HFV longm- were strongly positive for HFV RNA, even 
HFV as the clusative agent of any human mind repeat (LTR).Eight and nine hut& in animals in which onset of symptoms had 
disease (4). As with the human T cell lym- animals (11) were derkd with pHFV, and not yet occurred (Fig. 2A). In sick animals 
phomavirus (J3TLV) and human innnunode- pAgpe, respactivdy. F i  pHFVAf and six older than 6 weeks, most CA3 neurons had 
ficie"cyvirus (HIV),the HFV genomehas, in pAgpe mice devtlaped a neurdogical syn- degenerated (Fig. 2B), andthe highest levels 
addition to sauduralrearwiralgenes,a region drome a>osisting of ataxia, spatic tetraperrsis, of expression were seen in cortical neurons. 
amtahhg three open readingkames, b$-I to and blindness. The sympnms in the pHFVAf Two pHFVAf and four pAgpe mice 
&el-3. Bel-1 has somehomobgy to HIV-2 Tat mice appeamd as early as 5 to 6 weeks a h  showed focal degeneration of smated mus-
proteinand,similarj.toHIVTatandIiTLV-I b i i  pmpssd rapidly, and led to dcath 
T a x , f u n a i o n s a s a ~ o n a l ~ -w i t h i n 4 t o 6 w e & . T h e p A g p e ~ c  

micedisplayed a lamonset ofthe disease (1to 
Transgenicmice (9)have proved uscllin A 

I t 2 3 4 5 6 ~ B 9 1 0 1 1 1 2 

thediwceionofchcpth~cpotentialof ' ' ' ' ' ' ' ' ' ' ' ' ' kb 

the regulatory genes of the human cetrovi- cotwnva4h m~lwqrmoaah - [Illgag
lpol I 
I lenv 

rusesnv-IandHIV(lO).Toanalyzethe ~hawbrmshownmatlsaaivarcHFV A+ 

biological activity of HFV @tory pro- in a h r e d  (8).Af, *11; b F! N tip p v

EroRI,YHind~Hp,HpQN,NcoI;hr,t e k  we generated transgenicmice with two (s)egrrsm in E-~ 

C ~ ~ :(i) P ~ Mwhich contab the &ucs of mmgmk mice Mice 75,253,267, ,o - --
complete HFV genome in a noninfectious and 881harbordxpAgx tracsgar,andmouse 7.1 kb-

362isaansgcnicforpHFVMLVKs1~9m 
I 
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K.B&q A. Rdwih,, I. H,,"k, M e ofY j b, lanc4, heart, 5, m; 6, 2,5 kt,- 4 1 
u w v Isay,lane7,Madsknc8,b@&,l= -18s 
brchasassc 7, 8 Wiinbu&Fedml Republic of 9,spkcn Lane 10, molsc 362 brain; lane 11, 
w. molse253 bStiS,bnt 12,molsc253 brain; bnt 
A OfMdccuLr 13, -267 brain; lam 14,
h.BohrC;1Jse7,1030ViiAustria 
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H.~usrmnn, ofN-, s~hwurspanicr- liawmate brain; lane 15, I--
snrssc 17,1090 V~cnna,Ausma. matc brain;bnt 16, mouse 881 fixebrain; knc 
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cles. These changes ranged from degenera- The observation that only a small fraction roviral LTRs. Mosaicism and positional ef- 
tion of single kyotubei to large areas of of cells in specific lineages expressed high fects of the transgene integauon could be 
myogenic atrophy with extensive necroses levels of transgene RNA, whereas other cells excluded because these observations were 
(Fig. 2D). In situ hybridization of cross of the same lineages were negative, is unusu- confirmed in founder animals from 11 inde- 
sections of the affected striated muscles dem-. al for transgenes controlled by promoters pendent integration events and in their off- 
onstrated that expression preceded degener- with restricted tissue specificity, such as ret- spring. Also, we found no evidence for 
ation and was confined to the myotubes. 

Of the organs that did not show patho- 
logical changes, transgene expression- could 
be detected by in situ hybridization in a 
small fraction of retinal interneurons and in 
a few smooth muscle cells in almost all 
organs analyzed (13). Higher numbers of 
positive cells were detected in the smooth 
muscle layer of the digestive tract. 

In addition to the lesions described above, 
the pHFV, transgenic mice showed spotty 
symmemc areas of grayish color in the white 
matter because of severe damage of the 
myelinated tracts in the anterior commis- 
sure, the corpus callosum, the optic nerves, 
the brain stem, the cerebellar white matter, 
and, to a lesser extent, in the spinal cord. 
These lesions consisted of fluid-filled vacu- 
oles in the white matter (Fig. 3). Immuno- 
cytochemistry for glial fibrillary acidic pro- 
tein (GFAP) revealed a striking reactive 
gliosis in the affected areas, whereas oligo- 
dendrocytes showed only occasional swell- 
ings. Transgene-expressing cells were invari- 
ably clustered in the immediate proximity of 
the lesions. Some of these cells had the 
typical size and structure of oligodendro- 
cytes, but a small fraction was identified as 
&ing composed of astrocytes by combined 
in situ hybridization for HFV RNA and 
immunohistochemistry for GFAP (13). The 
extent and time of onset of these lesions 
varied only slightly between individual ani- 
mals and between families derived from 
distinct founders. 

Fia. 2. Neuronal and muscle ~athologv in HFV 

4-week-old animal before onset of symptoms. 
Most neurons in the CA3 layer (arrowheads) 
expressed high levels of HFV RNA, whereas the 
CAI area ( o ~ e n  arrows) and the dentate evrus 1 

Fig. 3. White matter lesions. (A) Cross section through the cerebellum of a 97-day-old pHFV, 
transgenic animal. There is widespread vacuolar degeneration in the white matter of the cerebellum. 
(Lux01 fast blue-Nissl, 12,5x). (B) HFV expression in the cerebellum of the same animal (in situ 
hybridization, 5 0 ~ ) .  Most cells expressing HFV RNA are located in the white matter and are closely 
associated with the microcystic changes. Some positive cells are present in the granular layer. (C) 
Immunohistochemical demonstration of myelin basic protein (MBP) (100x). In the immediate vicinity 
of the vacuoles, MBP immunoreactivity is essentially preserved and virtually no macrophages with 
myelin degradation products are present, indicating that structural loss and degradation of myelin has 
not yet taken place. (D) HFV expression in the anterior commissure. Large amounts of transgenic RNA 
are present in the cells of the anterior commissure but not in the neurons of the surrounding basal 
ganglia (in situ hybridization, 2 0 0 ~ ) .  

CA3 layer of the hippocampus in a 6-week-old 
animal. The lesioned segment is sharply demar- I 
blue-N&I stain, 100x).' (~)%ronml cortex from a 
7-week-old transgenic animal (GFAP immunohis- 
tochemistry, 200 x ) showing loss of neurons. Several 
GFAP-positive reactive asmcytes (arrowheads) and 
activated microgllal cells (arrows) are present. (D) 
Paravertebral smated muscles of a transgenic animal. 
There is severe myogenic atrophy with size variation 
of the muscle fibers, increased number of internal 
nuclei, loss of cross-smation, hyaline degeneration of 
the sarcoplasm, and hypemophy of adjacent my@ 
tubes. A majority of viable muscle fibers express 
HFV RNA. 
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reversion of the constructs to an infectious 
form or for horizontal spread of HFV (13). It 
is unlikely that expression of the HFV con- 
structs depends on the cell cycle because neu- 
rons are irreversibly postmitotic in adult ani- 
mals. These observations indicate that 
additional, unknown cellular factors may be 
required for high levels of HFV LTR-directed 
transcription. 

~ e c a k e  expression of HFV was predomi- 
nantly seen anatomical structures-that will 
eventually degenerate, it is likely that the gene 
products of HFV are directly responsible for . -

the observed lesions. However, we are unable 
to identlfy conclusively which proteins of HFV 
are responsible for neurotoxicity. Nerve cell 
degeneration was present in animals canying 
the phgpe DNA, which essentially contains 
only the be1 reading frames. A possible candi- 
date for neurotoxicity is the bel-I gene product, 
which is functionally comparable to the retro- 
viral transactivating factors, HIV tat and 
HTLV-I tax (5-7). However, transgenic mice 
carrying LTR tat and LTR tax develop Kaposi 
sarcom& and peripheral neurogenic i d  mes- 
enchyrnal tumors, respectively (lo), but no 
degenerative encephalopathy. These Merences - .  

may relate to the tissue-specilic expression pat- 
tern caused by the HFV cis regulatory elements 
or to Merent cellular and molecular targets of 
the bel-I protein. 

The pathologies observed in HFV mice are 
reminiscent of human retroviral disease of the 
CNS: neuronal loss and white matter damage 
are often present in HIV-associated encepha- 
lopathy (14) and vacuolar myelopathy (15) and 
in HTLV-I-induced disease of the CNS (16). 
The mechanisms of neurotoxicity operating in 
these conditions may be related to those lead- 
ing to neurological damage in HFV transgenic 
mice. In fact, one of the original isolates of 
HFV was obtained from the brain of a patient 
with a newodegenerative disease with features 
reminiscent of the lesions in the HFV mice (2). 

Although a specific pathology has not been 
unequivocally associated with HFV infection, 
and foamy viruses generally have been regarded 
as benign (4), detection of HFV in human 
diseases might be problematic if virulence is 
restricted to imrnunocompromised hosts or to 
abortive forms of infection (17). The findings 
described here prompt a critical reappraisal of 
the potential role of HFV as a human patho- 
gen. It will be crucial to search for evidence of 
HFV infection, or superinfection, in neurode- 
generative and myopathic disorders of un-
known etiology and neurological syndromes in 
immunodeficient patients. 
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Identification of Profilin as a Novel Pollen Allergen; 
IgE Autoreactivity in Sensitized Individuals 

A complementary DNA encoding a pollen allergen from white birch (Betula verrucosa) 
that was isolated from a pollen complementary DNA library with serum immunoglob- 
ulin E from a bkch pollen-allergic individual revealed significant sequence homology 
to pro&s. The recombinant protein showed high aflinity to poly-L-proline. Immu- 
noglobulin E antibodies from allergic individuals bound to natural and recombinant 
birch pro& and also to human profilin. In addition, birch and human pro& 
induced histamine release from blood basophils of pro&-allergic individuals, but not 
of individuals sensitized to other plant allergens. The structural similarity of conserved 
proteins might therefore be responsible for maintaining immunoglobulin E antibody 
titers in type I allergy. 

ALLERGIES OF THE IMMEDIATE TYPE 

are a major health problem in indus- 
trialized countries, where up to 
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15% of the population suffers from type I 
allergic symptoms (rhinitis, conjunctivitis, 
and bronchial asthma). An understanding of 
the complex pathogenetic mechanisms lead- 
ing to allergy requires information about the 
structure and function of allergenic proteins. 
Comparison of the seauences of cloned d -  
lergeAs with those ofhownproteins has 
already contributed to the characterization 
ofsome allergenic proteins. ~h~ major birch 
(Betula verrucosa) pollen allergen Bet v I (1)

r u ~,

Ad the white-faced hornet venom allergen 
antigen 5 Do1 m V (2) were shown to be 
highly homologous to pathogenesis-related 
plant proteins. The major house dust mite 
allergen Der p I is homologous to proteases- 
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