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l acques  Monod was saying fond o f  

"that 'an elephant is like an E. coli, 
only more so'. Mouse geneticists 
have long felt, and partially justi- 
fied their research in the belief, that 
'a human is like a mouse, only 
more so'. Many excellent mouse 
models of genetic disease support 
this belief 1. However, as more gen- 
etic models are identified in mice, 
more differences are being found 
between some of the mouse mu- 
tants and human diseases. Given 
the greatly increased ability to cre- 
ate desired mouse mutations 2, it is 
timely to review some of these 
mouse models and consider possi- 
ble reasons why they do not al- 
ways replicate the human disease 
associated with the same mu- 
tations. Three general mechanisms 
for the differences will be con- 
sidered: (1) different biochemical 
pathways, (2) different develop- 
mental pathways, and (3) the pos- 
sibility that some pathological pro- 
cesses occur at the same absolute 
rate in man and mice instead of 
being related to life span. 

VARIATION IN BIOCHEMICAL PATHWAYS 
BETWEEN MOUSE AND MAN 

The same genetic defect in 
mouse and man may result in dif- 
ferent phenotypes because of dif- 
ferences in relevant biochemical 
pathways. For instance, the 
Lesch-Nyhan syndrome, recently 

reviewed in TIGJ, is a severe 
human disease caused by a defi- 
ciency of hypoxanthine guanine 
p h o s p h o - r i b o s y l t r a n s f e r a s e  
(HPRT). Mice have been made de- 
ficient in HPRT by selecting HPRT- 
embryonic stem cells, producing 
chimeric mice by injection of the 
HPRT- stem cells into blastocysts, 
and breeding HPRT- mice from go- 
nadal chimeras 4. However, these 
mice have apparently not devel- 
oped some of the classical symp- 
toms of Lesch-Nyhan disease, such 
as self-mutilatory behavior or 
symptoms of goutJ. Inasmuch as 
mice, but not humans, can convert 
uric acid to allantoin by oxidation 
with urate oxidase, it is possible 
that mice are protected from poten- 
tially toxic metabolites of uric acid. 
Thus, it may be necessary to elimi- 
nate both urate oxidase and HPRT 
activity to create an animal model 
of Lesch-Nyhan disease. The recent 
cloning of the urate oxidase gene s 
should allow reverse genetic ap- 
proaches to this goal. 

Although most metabolic path- 
ways do not differ between mouse 
and man, one major difference lies 
in the human inability to synthesize 
vitamin C, which could be relevant 
for some mouse models. 

Sometimes different genetic de- 
fects result in a similar disease phe- 
notype but then the animal model 
is not a precise one. Thus, the glu- 

cose-6-phosphatase deficiency dis- 
covered in mice carrying lethal al- 
bino mutations seemed a potential 
model of glycogen storage disease 
type Ia (Ref. 6). However, multiple 
other enzyme deficiencies were 
discovered in these mice and it 
now seems likely that the lethal al- 
bino deletions have eliminated a 
trans-acting factor necessary for the 
regulation of many unlinked genes. 
S. Gluecksohn-Waelsch has dis- 
cussed these mutations in T/G 7. 

A mouse model of hyperphenyl- 
alaninemia was discovered by 
screening the offspring of ENU- 
mutagenized mice by the Guthrie 
assay ~. However, the mutation 
turned out to be the result of a 
deficiency in GTP-cyclohydrolase 
rather than phenylalanine oxidase 
activity and has a very different 
biochemical phenotype from 
phenylketonuria in man. Increased 
levels of phenylalanine similar to 
those in human phenylketonuria 
patients occur during the first 10 
days of life but normal levels are 
found after 20 days of age unless a 
phenylalanine load is given. 

VARIATION IN DEVELOPMENTAL 
PATHWAYS BETWEEN MICE AND MAN 

A mouse is much smaller than a 
human and this, apparently, influ- 
ences some developmental pro- 
cesses. One example concerns 
bone remodeling. Humans deficient 
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in carbonic anhydrase (CA) II suffer 
from osteopetrosis (marble bone), 
renal tubular acidosis (lack of abili- 
ty to excrete normal amounts of 
hydrogen ion in their urine), in- 
tracranial calcifications, and mental 
retardation9. Mice deficient in CA II 
were recovered from an ENU muta- 
genesis/screening program 10. A 
major difference between the re- 
suits of CA II deficiency in mouse 
and man was the lack of osteopet- 
rosis in mice; there was no sign of  
this even in old mice. The absence 
of osteopetrosis may be a conse- 
quence of the fact that rodents only 
remodel bone at the surfaces of 
their smaller bones and not inter- 
nally, as larger mammals doll: they 
lack the Haversian canal system 
that is involved in bone remodeling 
in man. Thus, the lack of osteopet- 
rosis in CA-II-deficient mice sug- 
gests the possibility that the func- 
tion of CA II in osteoclasts is 
essential for internal, but not for 
surface, remodeling of bone. 

The nervous system is very dif- 
ferent between mice and man, and 
this variation reflects neurodevel- 
opmental differences. Such neuro- 
developmental pathway differences 
may be relevant to the usefulness 
of a number  of neurological mu- 
tants in mice as animal models, al- 
though the lack of  detailed knowl- 
edge about mechanisms of nervous 
system development makes com- 
parisons difficult. For instance, the 
jimpy mutation in mice and 
Pelizaeus-Merzbacher disease in 
humans are thought to be homolo- 
gous - they involve deficiencies in 
myelin proteolipid protein 12 and 
map to locally homologous  regions 
of the X chromosome~3. However, 
their phenotypes differ: tremor is 
prominent in the phenotype of the 
jimpy mutant while limb spasticity 
is more notable in humans suffering 
from Pelizaeus-Merzbacher disease. 

aBSOLUTE TIME VERSUS 
PHYSIOLOGICAL TIME AND 
RATES OF PATHOLOGICAL PROCESSES 

Physiological processes tend to 
occur faster in small animals than 
in larger ones 14 - for example, 
mouse heart rates are 10 times 
those o f  man. Thus, it is usually as- 
sumed that pathological processes 
occur at similar rates as defined by 
life span ( 'one year of a dog's  life is 
equivalent to seven human years'). 

However, several examples suggest 
that some pathological processes 
are more closely related to absolute 
time. The C3H inbred strain of 
mice has low levels of  ~-gluc- 
uronidase, especially in liver 15, 
comparable to deficiencies that are 
symptomatic in many human lyso- 
somal storage diseases 16. However, 
stored material doesn't  accumulate 
significantly until the mice are 
about a year old 17. Thus, this rate 
of accumulation seems comparable 
to rates in the human disorders in 
which patients are normal at birth 
but typically develop symptoms in 
the second half of the first year of 
life. 

A t ime-dependent rate of onset 
of symptoms may explain the mild 
phenotype of mdx, the probable 
mouse homolog of the dystrophin 
locus, the human X-linked locus at 
which some mutations cause a se- 
vere childhood muscular dystrophy 
(Duchenne) while others cause a 
milder adult muscular dystrophy 
(Becker) (recently reviewed in 
T/Gas). The recent cloning of 
mouse dystrophin 19 appears to 
confirm the homology established 
by histology and map position (al- 
though some controversy remains20). 
The mild tremor and uncoordinated 
gait of  mdx hemizygous mice 21 
suggest that the mutation has re- 
sulted in either a Beckerqike dis- 
ease with life span-related onset or 
a Duchenne-like disease with an 
absolute time-related onset, since 
humans do not usually show symp- 
toms until several years of age, a 
length of time greater than the 
usual survival of mice. 

An absolute t ime-dependent 
rate of  pa tho log ica l  p rocesses  
offers an al ternative or addi t ion-  
al explanation to those given 
above for the discrepancies be- 
tween mice and humans with 
HPRT and CA II deficiencies. 
Patients with Lesch-Nyhan disease 
are typically diagnosed at about a 
year of age - already a very old 
age for a mouse. CA-II-deficient 
humans do not have osteopetrosis 
at birth, but it has been detected at 
3-4 months - in bones that are 25 
times larger than their mouse coun- 
terparts and therefore allow earlier 
radiological detection of this disor- 
der. In both cases, mice much 
older than the usual life span might 
show changes more typical of the 
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human disorders. 
Such time-related instead of life 

span-related differences in patho- 
logical processes may also explain 
differences such as that in fertility 
between X0 mice and humans. 
X0 mice are fertile, but oocyte pro- 
duction ceases prematurely at 
about 6 months of  age 22 (there is 
variation dependent  on genetic 
background). Patients with Turner's 
syndrome have normal numbers of 
oocytes early in fetal life but these 
oocytes die near the time of birth 23. 
Thus, both mouse and human X0 
oocytes have roughly similar sur- 
vival rates. This is long enough for 
a mouse to be born, mature sexual- 
ly and have several litters, but is 
barely enough time for a human to 
be born 24 (Fig. 1). 

Absolute time-related onset of 
pathological processes could ex- 
plain the lack of mouse mutations 
homologous to some common 
human diseases such as neurofibro- 
matosis (NF). NF has one of the 
highest known mutation rates in 
man: 1 x 10 -4 per gamete per gen- 
eration 2~. Despite millions of mice 
examined annually at facilities such 
as the Jackson Laboratory, no hom- 
ologous mutation seems to have 
been found [although transgenic 
mice with the tat gene of the 
human T-lymphotropic virus type-1 
(HTLV-1) under control of its own 
long terminal repeat develop histo- 
logically similar tumors26]. Cafe- 
au-lait spots would probably not 
be visible under mouse fur; how- 
ever, tumors should appear  and be 
detected if their appearance is dic- 
tated by physiological time, but not 
if it is dependent  on absolute time, 
since they typically start to appear 
during the second decade of life in 
humans. 

CONCLUSION 
Although there are many rea- 

sons why mice carrying mutations 
homologous  to those causing 
human disease can differ from their 
human counterparts, even imper- 
fect models can be useful. 
Studies evaluating the causes of dif- 
ferences should contribute to a bet- 
ter understanding of the human gen- 
etic disease. It is to be hoped  that 
more genetic models, perfect and 
imperfect, and many such studies 
will be forthcoming. 
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BI~ECHNICAL B L I P S  

A nonisotopic in sttu hybridization technique which was developed to map genes on metaphase chromosomes of the nematode, 
Caenorhabdd~ elegans 1,2, has been applied to the mapping of genes on human metaphase chromomm~. Biotin-labeled dUTP is 
incorporated into the probe DNA by nick translation~,s and the probe is then hybridized to metaphase spreads ~ by conven- 
tional methods. The site of hybridization is visualized by immunofluorescence using an anti-biotin antibody and a Texas red or fluo- 
rescein-labeled second antibody. The chromosomes are stained with Hoechst 33258. In order to record faint fluorescent signals from 
the hybridized probe a camera sensitive to low light levels (ISIT camera) is used. The images are time averaged for noise reduction 
and stored digitally. The fluorescent images from the hybridized probe and the chromosomes are aligned precisely by placing the 
signals from a heterologous ribosomal DNA probe, included in the hybridization mix, over the secondary constriction on the ends of 
the acrocentric (D and G group) chixxnosomes where the ribosomal genes are located. 

Using this method it is possible to resolve the signals from hybridization of a probe to individual chromatids and to localize two 
probes simultaneously to alternate, but not adjacent bands. For the greatest sensitivity the ISIT camera is required. However, it is pos- 
sible to see the hybridization signal from probes containing 3-4 kb of genomic DNA and therefore it would be possible to record 
such signals photographically. 

Nonisotopic methods for in situ hybridization have obvious advantages over autoradiography: it is not necessary to use radioiso- 
topes and the signal can be generated in a few hours, rather than days. In addition nonisotopically labeled probes can be hybridized 
to and then detected in thick specimens to look at the intranuclear location of DNA sequences or for applications where distortion 
caused by squashing or flattening of the tissue causes ambiguity. Fluore-scent detection methods are particularly well suited to these 
applications, as optical sectioning using laser scanning confocal mtcroscopy provides accurate resolution in three dimensions. In ad- 
dition, two probes have been visualized in the same specimen by using a second labeling system other than biotin and a p ~  
fluorescendy labeled antibodies, The low background from biotin-labeled probes should be useful for in sau h ~  mapping 
in systems (such as the mouse) where full karyotypic analysis is impracticable. 
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