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many would gladly accept uncertain long
term effects in exchange for immediate 
benefits in the management of some 
patients with intractable sickle cell anaemia 
or end-stage fJ-thalassaemia. As an 
example, for severely iron-loaded 
fJ-thalassaemic patients, conventional 
therapy - that is continued transfusions 
- does indeed present an immediate 
danger. In the foreseeable future, though, 
treatment of children cannot be justified. 
Open discussion of these issues should be 
encouraged. In short, it is premature to 
believe that effective and safe treatment for 
these conditions has finally arrived. We 
must temper the understandable 
enthusiasm to treat with our ignorance 
regarding long-term consequences, par
ticularly those associated with activation of 
other cellular genes. 

Reservations concerning the ultimate 
usefulness of 5-azaC, however, do not 
detract from the remarkable nature of the 
biological phenomenon that has been 
described: administration of an exogenous 
agent can significantly influence the 
pattern of haemoglobin production in 
man. Understanding the precise mechan
ism by which 5-azaC exerts this effect is 
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critical. If it is principally via demethy
lation of DNA, this approach to con
trolling the fetal globin switch for clinical 
benefit may be doomed. It is unlikely that 
an agent capable of demethylating large 
stretches of the genome will be safe for 
chronic administration. On the other hand, 
if the effect is via perturbation of marrow 
progenitors, the chances of finding a 
suitable, relatively nontoxic agent will be 
more hopeful. 0 

Stuart H. Orkin is in the Division of 
Hematology and Oncology, Children's 
Hospital Medical Center, Harvard Medical 
School, Mass 02115. 
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Untangling insoluble filaments 
from Brian Anderton 

SENILE DEMENTIA of the Alzheimer type 
(SDA T) is a serious medical and social 
problem. As much as 5 per cent of the 
population are affected at age 65, rising to 
20 per cent at age 80. SDA T has a well 
defined pathology and two histological 
features of cerebral cortical neurones 
correlate with the severity of dementia -
the number of neurofibrillary tangles and 
the number of senile plaques. Deficits in 
synthesis of certain neurotransmitters, the 
best documented being that ofthe choliner
gic system, have recently been discovered 
and this has raised hopes of therapy by 
compensating for depressed acetylcholine 
levels. As yet, though, we are unable to 
relate any neurochemical defects to the 
classical histological abnormalities, let 
alone understand the pathogenesis of 
SDA T. To bridge this gap it would be of 
great help to understand the chemical 
nature of the neurofibrillary tangles. Some 
recent reports from Dennis Selkoe's 
laboratory at the McLean Hospital, 
Boston describe progress that may be a 
turning point in this very difficult area of 
investigation. 

Like a number of others, Selkoe and his 
colleagues have been trying for some time 
to isolate neurofibrillary tangles or, rather, 
the paired helical filaments of which they 
are composed. The paired helical filaments 
(PHF) themselves contain pairs of 10 nm 
wide filaments which twist about each 
other to produce a helix with an 80 nm 

pitch 1,2. Enormous aggregates of them 
make up the neurofibrillary tangles that fill 
the perikarya of many neurones in the 
cerebral cortex. PHF are also seen as 
smaller aggregates in the swollen degener
ating neuronal processes found in the senile 
plaques - areas oflocalized abnormal pro
cesses often surrounding a core of amyloid 
and appearing round in histological 
sections. 

What Selkoe and his group have now dis
covered is that PHF have remarkable 
chemical properties, They are insoluble in 
all the usual reagents capable of dissolving 
macromolecular assemblies, including 
Triton X-I 00, SDS, urea, guanidine hydro
chloride, acid and alkali 3. Although this 
makes the analysis of PHF difficult, it 
makes their isolation easy; most other 
biological molecules can be extracted in 
these harsh conditions, the PHF remaining 
insoluble and still in their helically twisted 
state. Selkoe and colleagues propose that 
the insolubility of PHF stems from the 
cross-linking of proteins by non-disulphide 
bonds and postulates the most likely 
candidate to be a y-glutamlY-E-lysine cross
link catalysed by transglutaminase, a 
calcium-activated enzyme. 

In a second paper that has just been pub
lished, the same group has studied the 
cross-linking of brain neurofilaments cata
lysed by brain transglutaminase 4 • 

Neurofilaments are straight and 10 nm 
wide and thus of the right dimensions to 

form PHF. There are several reports that 
antibodies to neurofilaments and other 
10 nm intermediate filaments also stain 
neurofibrillary tangles although not all 
neurofilament antibodies have anti-tangle 
reactivity 5.10. 

Transglutaminase activity was thought 
most likely to be responsible for theinsolu
bility of PHF since the y-glutamyl-E-lysine 
cross-link is the most common non
disulphide cross-link found in protein 
polymers. The physiological function of 
the cross-link is nevertheless not known 
except in a few cases, such as the last step of 
the blood clotting sequence (factor XIIIa is 
plasma transglutaminase) and in 
formation of skin epidermis by cross
linking of envelope protein in terminally 
differentiated keratinocytes 11,12. 

The cross-linking of neurofilaments by 
transglutaminase is not, as Selkoe and col
leagues acknowledge, proof that they form 
PHF. The in vitro cross-linked neurofila
ments did not twist about each other and 
they were not the only proteins to be cross
linked. Also, the formal proof that trans
glutaminase is responsible for PHF insolu
bility will require isolation of the y
glutamyl-E-lysine isodipeptide from PHF. 
Nevertheless, the discovery that PHF are 
insoluble will spur on protein chemists to 
isolate PHF in homogeneous form. Once 
the reason for their insolibility is 
established, it should be possible to guess at 
what has gone wrong with the affected 
neurones. Should transglutaminase indeed 
be important, then a search for abnormal 
calcium metabolism would be justified. 

Isolated PHF will also have to be exam
ined immunochemically to see why tangles 
show some cross-reactivity with neurofila
ments and also to finally nail down the 
normal cellular constituents that end up 
forming PHF and tangles in diseased 
neurones. The work from the McLean 
Hospital has provided a fresh stimulus to 
this research and, with luck, we may soon 
begin to link neurochemical changes with 
the long observed pathology. 0 

Brian Anderton is in the Department of 
Immunology, St George's Hospital Medical 
School, London SW170RE. 
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