
Probing Gene Action 

During Development 


For nearly 20 years, the Miami Winter Symposium has been DrinLqin~q biolo~qists to sun- 
ny Florida in the dead of winter to learn about the latest advances in some up-and-com- 
inLq research area. This year's meetin~q, which was held on 9 to 13 Februar?, and attracted 
more than 800 partic$ants, .focused on '54dvances in Gene Tecl~nol~gy: The Molecular 
Uiolcgy oflle~~elopment.'' The presentatzons emphasized the curvent suye of'ejortr t o  zden-
tzfi theLqenes that control the course oj'development in complex organzsms. A selection of 
the results presented at the wide-ran~qin~q speaker and poster sessions are repneed here. 

The Good News-and the 
Bad-About Gene 
Therapy Prospects 

A few years ago, researchers were very 
optimistic that ncwly developed viral vectors 
could soon he uscd t o  achievc the gene 
transfers nceded for accomplishing the gcne 
thcrapy of human genetic diseases. Those 
hopes havc so far not becn realized, howcv- 
cr, becausc the genes transkrrcd by the 
vectors into the cells of living organisms 
have usually becn cxprcssed poorly, if at all. 

Thc good news as dcscribcd by thc partic- 
ipantsat the Miami Winter Symposium is 
that the newcr approaches t o  genc therapy 
that arc now under development d o  work.. 
Thc bad news is that the methods arc still 
not eficient cnough to trp o n  human pa- 
ticnts. 

Thc most obvious targets for potential 
gcnc thcrapy are diseases that might be 
cured by thc introduction of new gcncs into 
bone marrow cclls, which can easily be 
senloved fro111 paticnts and then re-injectcd 
after thc necessary gcne transfers havc been 
accomplished. Such diseases include a he- 
reditarp immune dcficiency that is thc condi- 
tion most likcly t o  be trcated first. Rcscarch- 
ers who attenlpted to  test the eficacy of 
gcnc transfer into experimental animals soon 
learned, howcver, that the protcin products 
of the newly introduced gcnes were often 
not nlade in the bone marrow cells even 
though the intact gencs were present thcre. 

One possiblc problenl may have bccn 
the vcctor construction. In the vectors uscd 

pressed in the cells dcrived fro111 stcm 
cells that have bcen infected with a viral 
VCCtOS. 

In the vectors used for the morc recent 
work, thc gencs t o  be transferrcd cither are 
left under the control of their own regula- 
tory scclucnces o r  arc cotnbincd with other 
cellular regulatory secluences of known ac-
tivity. For cxample, Richard Mulligan of the 
Whitchcad Institute for Biotnedical Re-
search at the Massachusetts Institute of 
Technology described experiments in which 
Elaine Dzierzak of  his group introduced a 
cloned human beta globin genc bcaring its 
own regulatory secluences into the bone 
marrow of mice. "The gene was expressed t o  
a reasonable degree," Mulligan saps, "up t o  
5 to 10% of the expression of the cndogc- 
nous beta globin gene." 

Morcover, the expression was rclativcly 
tissue-specific, with the human beta globin 
bcing made prinlarily in the red blood cell 
lineages, where that genc ought t o  be ex- 
prcsscd. "The results suggest that gene re- 
placement therapy for beta thalassemia or  
sickle cell anemia may be more fcasible than 
previously thought," Mulligan says. The 
two diseases in cluestion are caused by dckc-  
tive beta globin genes. Mulligan notes, how-
ever, that expression of 20  t o  50% of normal 
will probably be rcquircd t o  correct the beta 
globin deficicncies. 

Beatricc Mintz, Robert Hawley, and Luis 
Covarrubias of  the Fox Chasc Cancer Cen- 
ter in l'hiladelpl~ia have constructed vectors 
in which the viral LTRs arc disabled and the 
two gcnes to  be transferred (one the cellular 
version of the myc oncogene and the othcr a 

for the early transfers, the gencs vriere p ~ ~ t  gcne coding for antibiotic rcsistance) arc 
undcr the control of viral regulatory ele- 
ments present in the long tcrminal rcpeats 
(1,TRs) at the end of  thc vectors. T o  ensure 
the continued presence of a transferred genc 
in the cells produced by the bonc marrow, 
the genes must hc introduced into the stem 
cells, which have the potential of giving rise 
to  all types of bone marrow cells, including 
thc red and white blood cells. Genes linked 
to the viral LTRs are apparently not cx-
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connected with other active regulatory se- 
qucnccs Both gcnes were cxpresscd whcn 
thcy were introduced into cultured lym-
phoid cells. 

In addition, the Fox Chase workers have 
used the vectors to  transfer the gcms into 
mice that havc hcrcditary defects in hone 
marrow cell lincages. "Both of them worked 
quite wcll with regard to  successful infection 
and propagation [of the bone tnarrow cells] 

for at least 8 months in the mice," Mintz 
says. "The evidence is cluitc convincing that 
wc are repopulating stem cells." Howcver, 
Mi~l tzand her colleagues have not yet dctcr- 
mined whcthcr thc foreign gencs are ex-
prcsscd in the mice. 

Theodorc Fricdman and his colleagues at 
the University of California at San Iliego are 
not only tinkering with thcir viral vcctors 
but are also beginning t o  develop a systcnl 
for introducing new gencs into liver cclls, 
instead of bonc nlarrow cells. Although 
adult livcr cells are not susceptible t o  inkc- 
tion by the kinds of  viruscs commonly used 
as genc transfer vcctors, thc cells dedift'eren- 
tiatc and become immaturc for a fcw days 
when they are induced t o  grow in culture. 
They then ditfcrentiate again. 

The UCSD workers have found that for a 
day or  two during the period of deditfcrenti- 
ation thc cells can be infected with viral 
vectors and that the gene thus transferred is 
expressed, albeit at a low lcvcl in thc casc of 
vcctors with disabled 1,TRs. Ncverthcless, 
as Friedman told the symposium partici- 
pants, "The rcsult tnakcs available in princi- 
ple an attack on  hcpatic disease with retro- 
viral vectors." Hereditary diseases that atfcct 
gcnes cxpressed in livcr cells include thosc 
involving clotting factor deficiencies, such as 
hemophilia. 

When using the viral vectors, researchers 
havc no control over the final location of a 
transferred gene in the rccipicnt ccll gc- 
nomc. Mario Capecchi and his colleagues at 
the University of  Utah in Salt Lake City 
have set thcmsclves the dificult task of  
targeting genes to  spccific sites in the matn- 
malian genome. If a gene could be targcted to  
its normal genomic site it might work better, 
especially with regard to  control, than if it 
integrated just an)where in the genome. 

Capecchi and his collcagucs have not yet 
achievcd this kind of spccific genc replace- 
mcnt. "The distdnce bctween our experi-
tilents and human somatic gene therapy is 
enormous," hc points out. However, the 
Utah workers havc shown that they can 
correct a defcctive gene that they had previ- 
ously insertcd in thc gcnome of cultured 
cells by injecting thc cclls with nothe her copy 
of the gcne. 

Despite the encouraging gcne transfer 
results reported at thc symposium, one find- 
ing has raised a strong cautionary note, 
especially with regard t o  expectations about 
the ultitnatc success of gene therapy involv- 
ing the introduction of  genes into bone 
marrow cclls. Work fro111 Mintz and Mulli- 
gan, among others, suggcsts that blood ccll 
formation may result from the seclucntial 
use of snlall numbers of diffkrcnt stem cell 
cloncs, rather than from a static contribu- 
tion of thc entire stet11 cell pool. 

RESEARCH NEWS 29 



This would put a high premium on infect- 
ing all or nearly all of the stem cells in a bone 
marrow sample when it is exposed to a gene 
transfer vector. Otherwise the progeny of a 
stem cell that had been successfully infected 
could well be supplanted by the progeny of a 
stem cell that had not been. 

Moreover, even if several stem cells con- 
tain the transferred gene, the integration 
sites are likely to be different, in which case 
the expression levels might vary in the stem 
cell progeny. The road to successful gene 
therapy in human patients may well be a 
long one. 

t1Switching99 in Yeast 
and Slime Molds 

Yeast infections are becoming increasing- 
ly wmmon. In otherwise healthy people, 
they are usually annoying, but localized, 
infections of the mouth or vagina. However, 
in individuals with defective immune sys- 
tems, including AIDS, cancer, and organ 
transplant patients, pathogenic yeast strains 
can invade any body tissue to produce life- 
threatening infections. Both the localized 
and disseminated infections often resist ther- 
apy. Recent work from David Soll's labora- 
tory at the University of Iowa in Iowa City 
may help to explain what makes yeast such a 
versatile and hard-to-treat pathogen. 

The Iowa workers found that cells of the 
common pathogenic yeast Candiuh albkm, 
when grown under certain laboratory condi- 
tions, can change their characteristics to 
produce any of seven readiiy distinguishable 
colony types. This "switching" of colony 
type naturally occurs in about one cell in 
every 10,000, but treatment with sublethal 
doses of ultraviolet radiation increases the 
frequency to about one cell in 100. Once a 

Switching in yeast: Three ofthe yeast 
wloniRF are ofthe "rhg" type. The@rth, 
which a w e  as a result ofstpitchiqg induced by 
dhaviokZ radiution, is ofthe star w e .  

cell has switched, the frequency of change - .  - 
remains high in its progeny. 

Some switches dramatically alter the yeast 
cells. The changes may include variations in 
antigenic composition and responsiveness to 
therapeutic drugs and in the ability to make 
hyphae, the growing filaments that allow 
veast cells to invade tissues. All of these 
hmges could influence the pathogenicity of 
yeast. "It's hard not to believe that switching 
has something to do with pathogenesis," 
Soll maintains. "Anything that gives a 
pathogen that kind of variability is going to 
be selected for." 

Although a link between switching and 
pathogenicity has not yet been directly dem- 
onstrated, Soll, James Hicks of the Research 
Institute of Scripps Clinic in La Jolla, and 
their colleagues have shown that switching 
is not just a laboratory artifact. It occurs at 
high frequency in C. a lbkm and also in C. 
tr$ah-iso1a;ed from the recipient of a 
bone marrow transplant. Moreover, the C. 
albicuns strains isolated from 9 of 11 women 
with vaginal yeast infections also display 
switching, which apparently occurs at the 
infection site. 

The Iowa workers have not yet pinpoint- 
ed the cause of switching in yeast. Its charac- 
teristics indicate that it may be caused by 
transposable elements, segments of DNA 
that can move about in the genome and 
thereby alter gene expression. 

Yeast is not the only organism that dis- 
plays switching. It also occurs in the cellular 
slime mold D ~ e l i u m  dismihm. Under 
normal conditions, slime molds are indepen- 
dently living, amoeba-like cells. But when 
the cells are starved, they form an aggregate, 
which then goes through a series of develop 
mental changes culminating in production 
of a fruiting body that produces spores. 
According to Soll, switching alters the tim- 
ing of these developmental events. Other 
than that, switching in the slime mold re- 
semble those in yeast. 

Making Contacts in the 
Developing Embryo 

During the development of complex or- 
ganisms, embryonic cells often have to break 
contacts with their old cellular partners and 
associate with new ones. A few years ago, 
d m  learned that cells are able to recog- 
nize the correct partners at the various stages 
of development by means of recognition mol- 
ecules carried on the outer cellular surfaces. 
Synthesis of these molecules appears to be 
very closely replated during development. 

Masatoshi Takeichi of Kyoto University 
in Japan described his group's findings re- 
garding the molecules known as "cadherins" 

NCAM turn-on in embryonic 
muscle. NCAM ~xpvexrion in emb?ydnic 
mwcle me& with the branching ofascons 
fimn the main nerve trunkr to fm 
umnt& with mw&$bm. In (A), be@ 
the branching, the depclopiqg chick t&h 
muscles (PI and IF) umtain little NCAM. 
The W h t  patches are the two trunks of the 
sciatic nerve, which a% umtain it. In (B), 
when extm'w axonal branchiqg is occummng, 
NACM mpmkm in the mwcles L &h. 
[Cwrtq  of  Developmental Biology, 114, 
437 (1986), O A h i c  Press] 

(for calcium-dependent cell-cell adhesion 
molecules). The three cadherins identified 
so far, which are designated "E" for epitheli- 
al, "N" for neural, and "P" for placental, are 
cell surface proteins with molecular weights 
ranging from 118,000 to 127,000. Acwrd- 
ing to Takeichi, the cadherins play a crucial 
role both in maintaining associations be- 
tween cells of the same type and in fostering 
the separation of different cell types during 
tissue and organ formation. 

The Kyoto workers have found that, in 
the test tube, cells that bear E-cadherin 
preferentially associate with one another but 
do not adhere to cells carrying N-cadherin. 
The converse is also true. 'This shows that 
the cadherins are very impomant for selec- 
tive cell adhesion," Takeichi says. 

In developing mouse or chick embryos, 
E-cadherin is the first to appear on cells. 
Although it is found on all the cells of early, 
preimplantation embryos, this situation 
changes as development progresses. Accord- 
ing to Takeichi, the E- and N-cadherins have 
mutually exclusive distribution patterns in 
older embryos, with E-cadherin occurring 
on e~ithelial cells and N-cadherin on nerve 
and lmuscle cells. This situation reflects 
changes in expression of the cadherins that 
occur when those tissues are beiig formed. 
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For example, when the single cell layer of 
which the preimplantation embyro is com-
posed separates into the two cell layers 
k ~ o w na s  the ectoderm and mesoderm, the 
cells that form the niesodcrin stop produc-
ing E-cadherin and make the neuronal type 
instead. The formation of nervous tissue 
from the ectoderrn is also marked by a 
switch from E-cadherin to N-cadherin vro-
duction. Takeichi concludes that the switch 
in cadherin expression may be essential if old 
cellular connections are to be broken and 
new ones made during organ forination in 
the enibq~o.1'-cadherin is needed for mak-
ing the embryonic and uterine cell connec-
tions of the placenta. 

Takeichi and his colleagues have com-
pared some of the structural characteristics, 
including partial amino acid sequences, of 
E-cadherin from mouse liver and of N-
cadherin from chicken brain. The results 
indicate that the inolecules are suficiently 
related to belong to a "cadherin family." he 
number of falllilymembers is still unknown. 

The inolecule called NCAM (for neural 
cell adhesion molecule) is another protein 
that aids the formation of cellular associa-
tions, principally those involving nerve cells, 
during development. NCAM's cellular dis-
tribution is similar to that of N-cadherin, 
and NCAM-mediated interactions, like 
those of N cadherin, require the molecule's 
presence on both partners. The two adhe-
sion proteins are d~fferent,however. 

Whereas the cadherins appear to act as 
classic cell-sorting molecules in the early 
embryo, NCAM has a more regulatory role 
in intercellular interact~ons, &cording to 
Urs Rutishauser of Case Western Reserve 
Univers~tySchool of Medicine 111 Cleveland. 
Variations in exvression of the molecule 
help to create adhesive preferences between 
cells during a diverse set of developmental 
events, especially those involving nerve cells. 

Rutishauser and his colleagues have 
shown, for example, that the propensity of 
NCAM-vositive cells to adhere to one an-
other helps guide the optic nerve from the 
cye to its final destination in the brain. The 
nerve cells, which make NCAM, grow along 
the outer surface of the brain, following a 
trail of glial cell projections hiown as "end 
feet," which also make the molecule. 

In addition, NCAM participates in the 
formation of the synaptic connections be-
tween nerve and muscle cells and possibly in 
the establishment of gap juncti6ns, which 
are direct niolecular links between cells. 
"NCAM is not a part of these specialitcd 
connections," ~utishausersays, "but it helps 
to bring cells together so that they can 
forin." The importance of NCAM in medi-
ating these cellular interactions is indicated 
by studies showing that antibodies to the 

~noleculealter the route taken by the optic pass by. Formation of nerve-inuscle synap-
nerve and disrupt synapse and gap junction ses and of gap jmictions also correlates with 
forination. NCAM expression at the appropriate sites. 

The synthesis of NCAM, like that of the Finding out what is regulating the expres-
cadherins, is carefully regulated during these sion of the genes for NCAM and the cadher-
developinental events. The glial end feet ins will be a inajor goal for the future. 
make NCAM just as the optic nerve axons JEAN L. MARX 

Japanese Super-sequencer Poised to Roll 
"In the 21st century, we foresee that 

DNA-sequencing supercenters will be set up 
in several countries," says Akiyoshi Wada of 
the University of Tokyo. Such centers 
would be symbols of human intellectual 
endeavor, he adds, being biology's equiva-
lent of "large particle accelerators, and far-
reaching programs of space research." 

The stepping stone to this vision of the 
future is Japan's current effort to establish in 
the very near future a "factory" that will be 
able to run through a inillion bases a day. 
The project was conceived 5 years ago when 
Japan's Science and Technology Council 
formed a committee specifically to study the 
issue of automation of DNA sequencing. 
Wada heads that committee. 

In the 26 February issue of Natu~e,Wada 
outlined his country's progress on its ven-
ture, including a projected cost of between 
10 and 17 cents per base sequenced. This 
figure would represent close to an order of 
magnitude improvement over current costs. 

The emphasis of the Japanese approach is 
to automate well-established techniques 
rather than develop new ones. This contrasts 
to some extent with a lot of the research 
endeavor in the United States where several 
research groups are developing substantially 
new approaches to sequencing. 

For instance, the sequencing in the Japa-
nese super-sequencer will be done, for the 
most part at least, by using the Sanger 
technique. And in spite of the recent devel-
opment of fluorescent labeling and laser 
detection techniques for idcntifjiing the 
bascs as they are separated by gel electro-
phoresis, Wada says that initially the super-
sequencer will rely on the established meth-
od of radioactive labeling of bases and auto-
radiographic identification. The reason, he 
says is that the old approach is cheaper. 
"Specific labeling of the four nucleotide 
bases with characteristic fluorescent dyes 
may be advantageous in an automated sys-
tem," he acknowledges, but only "if their 
cost-performance becomes attractive." 

The prime goal of the project is to be able 
to sequence a million bases a day, not to 
produce a fully automated sequencing sys-
tem, comments Wada. To this end, the 
sequencing task is broken up into discrete 

units, each of which is being automated by 
one or more prominent Japanese companies. 
For instance, Seiko is inodifjling its existing 
sequencing machine, which is based on the 
Mxam-Gilbert tecluiique and charts up one 
base every 14.4 seconds, to produce a ma-
chine based on the Sanger method. A proto-
type machine, which was developed in col-
laboration with scientists at the Institute of 
Physical and Chemical Kesearch at Wako, 
Saitaina, now appears capable of an output 
of close to 300,000 bases a day, or one base 
every 0.28 second. With continuous opera-
tion and with "a relatively inodest iinprove-
ment," this inachine would readily achieve 
the goal of 1million bases a day. 

The radiographic detection system is be-
ing handled by Fuji Photo Film Company, 
which has developed an acetate-covered gel 
film that can be exposed and developed 
much inore rapidly than is typically done in 
most molecular biology laboratories. Fuji is 
already capable of producing sufficient 
quantities of this special film to cope with a 
l-inillion-base-a-daythroughput. 

The autoradiographic pattern on the films 
will be read by one of the automatic scan-
ners that have already been developed inde-
pendently by Hitachi Software and by 
Seiko. So far these scanners can read at a rate 
of 1.4 bases a second, which is not especially 
fast conlpared with a skilled human practi-
tioner. However, the ~nachinecan run 24 
hours without interruption, giving a total of 
60,000 bases a day. An order of magnitude 
improvement in reading rate through better 
optical processing and higher grade comput-
ing is easily attainable. The current 1%error 
rate can be virtually elin~itiatedby reading 
two identical or complementary strands. 

These, then, are the various components 
of the system, which will be linked together, 
says Wada, by "skilled human operators 
[who] would play a crucial role in monitor-
ing the accuracy of the results." The project 
is poised to move into action, he adds. "We 
have now reached the point in the planning 
at which all the elements of a mass produc-
tion li~ieexist, together with the interfaces 
between them." The super-secluencer is 
therefore expected to be up and running in 
about a year. m ROGERLEWIN 

3 APRIL 1987 KESEAI1CH NEWS 31 


