
the mints indicated. Dissociation can result 
from either compression (isothermal) or tem- 
perature rise (8). Present modeling of this be- 
havior is phenomenological and is based on 
treatment of the fluid as an averaee of Dure - .  
molecular and monatomic hydrogen equa- 
tions of state (9). The latter is treated as a 
metallic fluid with one adjustable parameter 
designed to reproduce shock data on H2 and 
Dp At  present, different theoretical ap- 
proaches are used to explain the measured 
isotherm and shock data. A consistent under- 
standing of all available thermodynamic data 
and the recent conductivity data on Hz and 
D2 under stepwise loading (6) represents an 
important and exciting scientific challenge. 

In principle, the experimental procedures 
used bv Da Silva et al. ( 5 )  will be valuable for . , 
other low-atomic number materials, includ- 
ing energetic compounds. We conclude by 

noting several important experimental needs: 
longer pulse durations to examine materials 
where dissociations or other Drocesses mav not 
be complete in 8 to 10 ns; direct measurements 
of pressure and particle velocity histories at 
high energy densities and hlgh compression to 
provide information about the time evolution 
of dissociation or other changes; and time-re- 
solved temperature measurements and other 
spectroscopic data, because these provide im- 
portant insight into the material processes of 
interest. For temperature measurements, re- 
cent developments using Raman spectroscopy 
(10) can be used to measure temperatures as 
low as 1500 K by monitoring the intramolecu- 
lar vibration in H2 and Dp 
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The Chameleon Within: 
Improving Antigen Delivery 

James L. Madara 

T h e  spaces inside the gut and the lungs are 
continuous with the outside world, exposing 
the adjacent tissues to toxic and pathogenic 
threats from the environment. The body 
protects these tissues by lining the airways 
and intestines with a single layer of epithelial 
cells, joined cell to cell by gasketlike inter- 
cellular tight junctions. This surface barrier 
protects the organism, but also prevents the 
efficient uptake of environmental antigens 
that is required for successful oral vaccina- 
tion and immunization. Normally, antigens 
and pathogens in the gut can only pen- 
etrate the barrier through infrequent gate-. 
way cells called M cells. Now on page 949 
of this issue, Kerneis et al. ( 1 )  point the 
way toward manipulating these essential 
participants of the immunization process. 
The authors describe how to stimulate the 
conversion of the e~ithelial cells that nor- 
mally line the intestine (enterocytes) to an 
M cell lineage, which can efficiently trans- 
port antigens across the intestinal barrier to 
the underlying immune system. 

Beneath the epithelial lining of the lungs 
and gut, bits of lymphoid tissue make up the 
organized mucosa-associated lymphoid tis- 
sue. The rare M cells are located over these 

subepithelial lymphoid follicles, termed 
Peyer's patches (2). M cells can transport 
soluble and t articulate antieens across their - 
cytoplasm (transcytosis), and use this ability 
to sample lumenal antigens, which then trig- 
ger the induction of secretory immunity- 
the process by which mucosal surfaces of the 
gut and lung are bathed with protective anti- 

I M cell pathway 
Lumen 

r l  
Antigen . 

bodies. A basal pocketlike invagination in M 
cells (see the figure) creates a space in which 
lymphocytes, macrophages, and possibly 
dendritic cells eather. Lumenal antieens - - 
transcytosed by M cells are thus immedi- 
ately delivered to these antigen-processing 
and -presenting cells, which then migrate to 
antigen-specific lymphocytes in underlying 
lymphoid follicles and induce their prolifera- 
tion. This process results in the development 
of IgA-producing B cells, some of which 
move into the vasculature and then back to 
the mucosal surfaces, efficiently seeding spe- 
cific mucosal immunity (2). 

Mechanistic studv of this M cell-initiated 
immune response pathway has been limited, 
because M cells are scattered and few (<0.1% 
of epithelial cells). Further, the M cell lin- 

k 
Enterocyte pathway < 

Paracellular 
transit 

Transcellular 
transit 

Subepithelial 
hocyte or macrophage 

The author is in the Department of Pathology and Paths across the lining of the gut. Antigens Can enter the body from the gut througn rare M cells 
Laboratory Medicine, Emory University School of (left), specialized to deliver antigen directly to underlying immune cells, or through the more com- 
Medicine, Atlanta, GA 30322. USA. mon enterocytes (right), the epithelial cells that line the gut. 
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eage exhibits a n  overall structural-fhnc- 
tional phenotype, hut has n o  completeli- spe- 
cific marker. Consei~uentlv,  there is no  in 
vitro or in vivo   nod el of h.1 cell development 
available tor study. Icemeis et ill. ( 1 ) noiv lead 
us forivaril on two fronts: They identify a 
system in n-hich enterocytes can be ~ l l i l ~ ~ c e d  
to sivitch to a n  hl  cell plienotype; and they 
demonstrate that the information available 
for this phenoti-pe switch is proi,ideLl by 1ym- 
phocytes deril-ed fro111 the  Peyer's patches 
that underlie hI cells. T h e  next step u-ill lie 
tlie identification of the triggering molecule 
or rnolec~ilej. ~vh ich  coulil be used to tram 
siently allglnent ~ u ~ ~ c o s a l  antigen uptake, a n  
abilitr- tliat could have a major impact on 
~netliods anil efficiency of oral vaccination. 

Although XI cells are com~ui t ted samplers 
oflumenal antigen at mucosal surtaces, other 
patliivays for transepithelial delivery of in- 
gested antigen exist as a-ell. Enterocytes nor- 
mally co l l s t i t~~ te  ~ u o s t  of the  surface area of 
the intestine, and it is possible that antigen is 
sliuttleil directly across (transcellular) or be- 
tn-een (paracellular) this major cell popula- 
tion (see the figure). For example, transient. 
reirersible increases in tight junction perme- 
ab~l i ty  to lumenal pey~ti~les occur naturally as 
a consequence of acti\-ation of certain apical 
membrane transport systems (3). For es-  , , 

ample, enhanced peptide permeability o t  the 
paracellular pathnray by  activation of an  api- 
cal glucose transporter can successf~~lly en- 
hance immune responsi~-eness to specific lu- 
menal alltioens in a inode1 oflnast cell-meili- 
ated mucosal anaphylaxis (4) Other  torms of 
shorr-term perturbation of the tight i ~ ~ n c t i o n  

L ,  

harrier, for example, by a cholera-derived 
t o x ~ l l  (ZOT) ,  are likewise capable of en- 
liancing dellvery ot  peptides hy n-ay of the 
paracellular pathway (5). 

.Alltieen movement across tlie enterocvte 
ma!- also be a regulated el-ent. Using cholkra 
toxin as a model 177. ivhicli movement of an 
apically hound protein can be traced biochemi- 
(:ally, Lencer et 01. have demonstrated that 
rnodel enterocvtes are c a ~ ~ a h l e  o t  direct 
transc\-tosis of apically l~ound cholera toxin B 
sul~unit (6). In addition, this B subunit, ivhich 
d~rects its 0x11 transcytosis, is a potent adjuvant 
tor orally delivered antlgens (7) .  Indeed, under 
certaln condit~ons. enterocvtes thernselves call 
directly present an t~gen  (8). Together, these 
o h s e ~ a t ~ o n s  suggest that de11vel-y of oral I-ac- 
cines might also l>e enhanced by harnessing the 
transcellular pathway of tlie major enterocyte 
pop~~latioll  for antigen delivery and perhaps 
even in~tial  antigen processmg. 

-4 key c o ~ i s ~ d e r a t i o n  concerning anti- 

gen delivery either across enterocl-tes con-  
verted to tlie 11 cell phenotype, or [>\- the 
paracellular or transcellular routes of un- 
moclitied enterocytes, is the  immunologic 
microenvironment of t h e  in l~nediate  suh- 
ep i the l~a l  space (see the  figure). I t  is douht- 

t~11 tliat i ~ l d ~ ~ c t i o n  of new i\l cells alone, ivitli- 
out parallel induction of unilerl\-ing 1~111- 

phoid follicles, ivould hai-e the same hlnc- 
tional consequences for antigen delivery as 
ivoulLl a llormal Xl cell-lymy~hoid tollicle or- 
ganization. r\dditionall~.,  because intestinal 
i i l l n l ~ ~ ~ l e  responses may be c e l l ~ ~ l a r  or secre- 
tori- and can result in hotli ~n t l a~nmat ion  and 
tolerance, consideratio~l o t  the  underlying 
imm~unological microenvironment to iq.hich 
a n  antigen is delii.ered \?-ill be critical. For 
example, transgenic animals in which the 
junctions ofenteroc~-tes have been disrupted 
(by expression of a targeted, Jominant-nega- 
t i re  mutation o t  the critical junctional orga- 
n i ~ i n g  protein E-cadherin) develop a mor- 
phologically detectable cellular imm~ine  re- 
sponse when junctiolls in lwth the superti- 
cia1 (\-illus) and deep (crypt) mucosa are af- 
fected (1ikel.i- permitting paracellular leak of 
antigen throughout tlie mucosa) (9 ) .  In  toll- 

trast, si~uilar perturbations restricted to the 
superficial mucoja display n o  conlparal~le in- 
duction (>fan  immune response. These stuil- 
ies imply that expowre to lumenal antigen 
may have markedli- different consequences 
depending o n  tlie mucosal subcomy~artment 
in M-hich exposure takes place and empha- 
s1:e the  in~portallce of the  sul~epitlielial mi- 
croenvironment in deternlinillg immuno- 
logical responses. 

Cytokines and otlier soluble or cell suriace 
signals can drastically modi$ tlie function of 
enterocytes, as well as the expression of 
enterocvte su~face molec~~les tliought to 1.e in- 
tegral to epitlielial-imm~~~le cell interactions 
(1 3) .  It the t r i~ger  for the enterocyte to h l  cell 
conversion shown hy Kerneis et al. is a 
cytoliine, it may turn out that lympliocyte-de- 
rix-ed niediators alone can redirect vesicular 
trafficking patliw,avs in epithelial cells, poten- 
tially proviiling another w7ay to improve the 
etYiciency (>f oral i.accination. Strategies that 
expand this eff-~ciency enough to allow 1.ulk 
movement of antigen may follow, a feature that 
ivould also per~nit  improved oral drug d e l i v e ~ .  
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omerase and Wetrstransposons: 
Which Came First? 

Thomas H. Eickbush 

Evolut ion is opportunistic. Neiv cellular 
mechanisnls can ei-o1i.e fr(1m anr- gelletlc 
nlaterial available 13- thin a cell. This adapt- 
ability lnealls that self  replicat~ng genetic el- 
ements, such as transposable e le~nents  or vi- 
ruses (cellular paras~tes),  could he recruited 
for iinportant cellular f~~nc t ions .  But tliis op- 
p o r t ~ u ~ ~ i s m  could work both ival-s. .A gene 
that supplies a cellular function could be- 
collie a parasite, ~f given the ability to  self- 
replicate. A n  llnportant key to our under- 
standing of which scenario applies to telom- 
eres-specialized structures at the ends of 
chromosomes-is pro\-~ded o n  paye 955 of 
tliis Issue ( 1 ) and 111 a previous issue of Science 
( 2 ) .  Because conventional D N A  poly- 
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merases cannot conlplete the s\-nthesis of 
both strands of a blunt-ended D N A  tem- 
plate, early eukaryotes adopted the telo~nere 
as a mechallis~n to stably ~ua in ta in  the  ends 
of linear chromosomes. T h e  ne.\.; reports pro- 
vide a clear connection betiveen telomerases, 
the enzymes that synthesize telomeres, and 
retrotransposons, sinall e le~nents  of D N A  
that can autonornousl\- move froin one part 
o t t h e  genome to another. 

Eukaryot~c telomeres are co~llposed of 
t a ~ i d e ~ u  arrays o t  short nucleotide sequences 
(3) .  T h e  probable ~uechanisnl of telomere 
sequence addition was first revealed hy iden- 
tification of the R N A  sul>unit of telonlerase 
and the demonstration that tliis R N A  pro- 
vides tlie template for nucleotide addition 
(4). A short regloll of the RN,4 sul>unit 1s 
repeatedly c o p e d  n-it11 the  3' liydroxyl a t  tlie 
D N A  termmus as a pruner. Because the  puta- 
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