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Determining What Immune Cells See 
Unraveling the mechanisms by which cells prepare foreign antigens for display to the 
immune system may lead to better vaccines and ways of treating autoimmune diseases 
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then common view that immune cells recog- 
nize intact antigens, Unanue recalls. A sec- 
ond clue came when Unanue and his col- 
leagues realized that even though lysosomes 
are loaded with protein-degrading enzymes, 
the antigen proteins aren't dismantled com- 
pletely into amino acids. Antigen processing 
instead produced protein fragments, or pep- 
tides. That meant, says Unanue, that "there 
must be some system that protected antigens 
from complete degradation and allowed them 
to emerge as peptides." 

Enter the proteins encoded in the major 
histocompatibility complex (MHC), a large 
multigene complex long known to be in- 
volved in immune regulation. Beginning in 
the mid-1970s, immunologists learned that 
antigens are presented only in conjunction 
with appropriate MHC proteins. Those pro- 
teins come in two types, designated class I 
and dass 11. Bacterial and other extracellular 
proteins are presented with class I1 MHC 
proteins, and in 1985 Unanue showed that 
degradation of the antigen peptides stops 

EVERY SO OFTEN A PREVIOUSLY OBSCURE 

field suddenly takes off, with new findings 
popping up in scientific journals. And once 
in a while, such hot fields show great poten- 
tial for understanding human disease. Such 
is the case with "antigen processing." 

With the aim of understanding how the 
human body initiates immune responses, 
immunologists have been examining, for 
some time now, the way the individual cells 
chop up foreign proteins and then present 
them to the immune system. And gradually, 
they have been closing in on the cellular 
machinery that processes the antigens-in- 
deed, researchers are beginning to under- 
stand just what an immune cell "sees" when 
it encounters a foreign protein and is trig- 
gered into activity. This in turn has raised 
hopes for more potent vaccines that are 
better at stimulating immune responses, or 
for novel ways of scaling down the abnormal 
immune system activity that causes autoim- 
mune diseases such as multiple sclerosis and 
diabetes. Researchers at Harvard Medical 

immune cells recognized the entire protein in 
its native configuration," says Unanue. 

Unanue's experiments soon had immu- 
nologists questioning that dogma. When he 
began, researchers knew that immune re- 
sponses to extracellular antigens, such as bac- 
teria and their toxins, get under way when 
certain immune cells, including B cells and 
macrophages, "present" the antigens to other 
immune cells, known as helper T cells. That 
activates the helper cells, which respond by 
secreting proteins that stimulate a full-scale 
immune attack on the invading bacteria. 
Unanue, who is now at Washington Univer- 
sity School of Medicine in St. Louis, was 
particularly interested in learning how the 
antigen presenting cells worked, and he and 
his colleagues found that the cells had to take 
in the foreign antigen before they could acti- 
vate T cells. That discovery raised two ques- 
tions: Why must antigens be taken into the 
presenting cell interior when they would ul- 
timately have to go back to the surface to be 
displayed to helper cells? And how did they 
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But while antigen processing re- lands Cancer Institute in Amster- 
search has surged only recently, the O O0 61 dam put together the complete 
story actually began more than 10 picture. They found that incom- 
years ago, says immunologist Jack Endoplasmic reticulum ing lysosomes containing antigen 
Strominger of Harvard University, peptides fuse with other vesicles 

carrying newly made MHC class I1 proteins 
out to the cell surface. The fused vesicles 
then continue on their journey to the cell 
membrane where the MHC 11-peptide com- 
plexes are inserted into the membrane with 
the peptide pointed outward so that it's 
exposed. T cells can then recognize and 
bind to the peptide-MHC protein complex. 

with Ernil Unanue's pioneering discovery 
that antigens are processed at all. In 1980, 
when Unanue, an immunologist who was 
then at Harvard, began his studies of the 
interactions between the different types of 
immune cells, he was laboring under a mis- 
conception that had been around since the 
1960s. "There was a strong dogma then that 

get back to the surface? 
Unanue got the first due when he showed 

that once inside the cells the antigens end up 
in small membranous vesicles called lyso- 
somes that contain enzymes that chop up 
proteins. If he introduced drugs to stop the 
protein degradation, antigen presentation 
also stopped. This finding didn't fit with the 



Unanue's work appeared to nail down 
how external antigens are processed, but 
these are only one type of invader that the 
immune system must deal with. Many 
pathogens-viruses, for example--cause dis- 
ease only after they gain entry to host cells. 
Is processing of these antigens similar to 
that of the extracellular antigens? Recent 
research suggests that the answer is yes." 
Indeed, says Andrew McMichael, an immu- 
nologist at the John Radcliffe Hospital in 
Oxford, England, "The recent surge in re- 
search stems from the realization that the 
two pathways are so similar." 

Just as in the case of the extracellular 
antigens, the realization that the intracellu- 
lar antigens need processing was a long time 
coming. Until the mid-1980s immunolo- 
gists thought that immune cells recognized 

viral external proteins, which become incor- 
porated in the membranes of infected cells. 
In 1984, however, when researchers, in- 
cluding McMichael and his Radcliffe col- 
league Alain Townsend, began identifying 
the proteins that are actually recognized, 
they received what Townsend describes as 
"the biggest shock." They found that inter- 
nal viral proteins were also recognized by 
attacking immune cells. What's more, 
Townsend's work showed that the cells were 
recognizing "not the protein in folded form, 
but protein fragments," he says. 

At that point, the question facing Town- 
send and others was how the protein frag- 
ments were transported to the surfice mem- 
brane. The best bet was again that they got 
there in combination with MHC proteins, 
although it's the class I type that presents 
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viral antigens. The class I structure, deter- 
mined in 1987 by Strominger's team in col- 
laboration with Don Wiley's group, also at 
Harvard, turned out to have a neat cleft on its 
upper surface that's just the right size to hold 
a peptide. "When we saw the MHC I struc- 
ture, it fitted beautifully," Townsend says. 
"You could see how the site [on the MHC I 
molecule] could bind peptide." 

The researchers still didn't know, however, 
where in the cell the peptides were produced 
and how they managed to combine with the 
MHC proteins. Two years later, in 1989, 
experiments by Richard Klausner and his co- 
workers at the National Institutes of Health, 
and, independently, Jonathan Yewdell and 
Jack Bennink, also at NIH, shed some light 
on these issues. They showed that viral pro- 
tein fragments, which Townsend and others 
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New Theory of Diabetes Etiology Riles Immunologists 
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Iconoclastic ideas in any field can trigger an eruption of excite- 
melit and controversy-and inirnunolopy is no csccption. Take 
for example the furor stirred up h!. a recent study reported by 
Denise F'~r~stnian and colleagues at Hanrard Medical School in 
the 20 December 1991 i s s ~ ~ e  of Science. If the group's results 
liolcl up, tlic!, m.ould pro\,ide the tirst evidence that an error in 
ho\v antigens are prepared for presentation t o  the immuric 
system may contribute to  the development of a disease-type I 
dicibctes. The paper is, says diabetes cspert Arthur Rubenstein 
of the University of  Chicago Aiedical School, "very, v c n  origi- 
nal. Here's a ne\\. idea and maybe a neu. meclia~lisn~. It  opens 
a new avenue for explor.1tion." But the paper ~ l s o  runs counter 
to  .~cccptcd dogma-held hy some of the field's top experts. 

T n ~ t h  is, Faustman and her collcapucs h iged almost 
e\,en,tliins the immunological communih news about 
diabetes. .And the stakes arc higher still hec  at the work 
may mean for diabetes therapy. Type I diabetes IS an autoimmune 
condition that results \\hen thc ininiune sJvstem erroneously 
attacks and destroys the insulin-producing islet cells of the pan- 
creas. Kcsearchers h'lvc known this for several years, and have had 
a quxi-consensus on \vhy it happens--one that seenicd so sc~lid 
that it had becnnic the basis of eKorts to  develop improvcci ways 
of preventing arid treating the discasc. So if Faustman is right, 
those npproaches ma!. nell not work. "It makes a real big 
diference," acknc~wlcdgcs inini~~nogcncticist Linda Wicker of 
Merck, Sharp, a11d Dolime in Rahnay, Sexy Jersey. Failstman's 
findinps, she says, "wc~uld change the drus target." 

Some people, thc thinking went. .Ire more susceptible t o  the 
i n i n i ~ ~ n c  attack on their islet cells tli,ln others because the!, hare 
a dei>ct in (vie of the members of a particular family of immune 
regulaton molecules, kn0n.n as the class 11 M H C  proteins 
(where M H C  stands for major liistocomp~tibilin complex, the 
large multigene co~nplex \vhere the genes for tlic proteins arc 
located). The earl! evidence for that \.ir\v had come from 
genetic studies linking diabetes to the p.irt of the hlHC that 
carries the class I1 genes. Rut  most experts think that Stanford 
inlniunologist Hugh McDevitt and his colleagues produced the 
clincher in 1987 nlicn they discovered that people with diabetes 
were more likely than a control group to sport a specitic altered 
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amino acid in a class I1 protein. Since thc X4HC I1 molecules 
hold pieces of foreign antigen o n  immune cell surhces and 
induce other imn~une  cells to  attack anything tvith a similar 
configuration, Xlcl>evitt's finding suggested that the altered 
AIHC I1 nioleculc rniplit trick the ininiune system into destroy- 
ing the individual's own tissues, in this case the insulin-produc- 
ing pancreatic i 

N o ~ v  come F ~ n d  her colleagues wit11 new evidence 
that sa!.s t1i;lt 2 I the other family of hfHC protciris, 
knox\.n simply as class I ,  may be invol\,cd. They find that cellular 
expression of tlic class I proteins is lotver in 300 human diabetes 
patients than in nornial controls. They niadc similar ohsen-ations 
in S O D  (for nonohcsc diabetic) mice, nliicli snontaneously 
develop diabetes. And the researchers also fou ice from 
another strain that have been genetically engir hat they 
can't express class I proteins on their cell suri lop mild 
diabetes late in life. These results Icd Faustman to sugsest that 
decrcascd class I protein expression may contribute t o  diabetes 
susceptihility by making the immune system less ahle to distin- 
guish the boti!.'s own tissues Froni foreirrn L~ntigens. "If vou 
don't h ~ v e  sufficient clas :an't presc 
own proteins t o  the inin e irnmunt 
nc\-cr learns not to  attack ys Fa~istm 
result, slic says, proteins l ~ k e  lnsulln and the islet cells that 
produce them arc trcatcd as foreign by an immune systcm that 
has ne\.er le~rtied to recopnize them as self. 

So ho\x. does Failstman reconcile her theon. with all the 
evidence linking class I1 
precisely. "hlaybe it is not 
are fauln. AIayhe the mut t causes di 
i h ]  is actt~all!. in genes that 11e 111 the class I1 regton but  code tor 
class I-related molec~rles," she says. 

.And indeed, riot only d o  such genes exist, hut Faustman has 
fcx~nd an alteration in one of them in N O D  mice, fi~rtlier 
buttressinp her le chanpc is in a gene ens' 
"transporter" F rt inserts antigen ti-,~gnients i 
ccllular compar mining hlHC class I protein 
fragments ancl class I proteins don't get together and torm a 
complex, tlie M H C  class I proteins aren't displayed on  the cell 
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had found to be produced in the cell cyto- 
plasm, were probably meeting up with newly 
synthesized class I proteins while they were 
traversing the membranous intracellular com- 
pamnent known as the endoplasmic reticu- 
lum on their way to the cell membrane. But 
that finding was also puzzling. 

To enter the endoplasmic reticulum, the 
peptides have to cross a membrane, a journey 
that usually requires that they have a signal 
sequence that will allow them to insert into 
the membrane. Yet Townsend could detect 
no sign that either viral proteins or the pep- 
tides derived h m  them used a signal se- 
quence to cross the endoplasmic reticulum 
membrane. As a result, he proposed that 
some kind of protein might transport the 
peptides into the endoplasmic reticulum, al- 
though he then had no direct proof of that. 
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But about the same time, Townsend re- 
calls, he learned about some new mutant 
cell lines that were eventually going to help 
provide the proof. A complete class I MHC 
protein contains two different protein 
chains, and in the mutant cells, which had 
been ident5ed by Klaus Karre and George 
Klein at the Karolinska Institute in 
Stockholm, the two proteins were made but 
did not get together. As a result, ~e cells 
could not present internal viral antigens. 

Subsequent work by Townsend's group 
pointed to an explanation for the Mure to 
assemble class I proteins. The intact proteins 
are very unstable unless they bind antigen 
fkagments, and in the mutants the fkagments 
weren't transported into the endoplasmic 
reticulum. The result: The two chains of the 
dass I proteins join briefly but fall apart again. 
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Then, barely a year ago, four research 
teams traced the mutant cells' inability to 
transport antigen peptides into the endo- 
plasmic reticulum to deletions in genes that 
they postulated to code for the transporter 
proteins predicted by Townsend. (The 
teams were headed by John Monaco at 
Virginia Commonwealth University in Rich- 
mond, Virginia; John Trowsdale of the Im- 
perial Cancer Research Fund in London; 
Jonathan Howard of Cambridge Univer- 
sity; and Thomas Spies of the Dana-Farber 
Cancer Institute, in collaboration with Rob- 
ert DeMars of the University of Wisconsin 
at Madison and Elizabeth Mellins and 
Donald Pious of the University of Wash- 
ington.) Last spring, Spies and DeMars pro- 
vided the best evidence that the genes en- 
code the transport proteins when they found 

C 

3 

P 
I Taking a 
V1 

4 new view. 
Denise Faust- 
man "ggests 
that a defect 
in class I 
MHC protein 
display may 
contribute to 
diabetes 
sus 

s in, 
CULIIU c . \ t r ~  LlL.lsL 111 . ,> 1 b r l u l r l l l  a l l c  a r c >  in 
:ells from diabetic mice and h,,,,,,,,. 

hiany immunologists aren't persuaded by the theor)., honv- 
:ver. For example, Emil Unanue, an immunologist at Washing- 
on  Universi? School of Medicine in St. Louis, asserts that the 
-austman t h e o n  disregards the \\.eight of evidence that links 
iiabctes \vith defects in class I1 MHC. But Faustman insists that 
vhilc her data propose a new role for hlHC class I proteins, they 
'do not add t o  or eliminate the role of hlHC class I1 in disease 
)athopenesis." 

K i l t  even if she eased tlie fears of the class I1 conringcnt, there 
Ire criticisms from rcscarchcrs who \r.ork with the same strains 

: not obtained the sanie results. 
y raise is the question ofnphether 
:n in NOD mice by the Faustman 

:roup actually affects the cxprcssion of class I MHC: proteins as 
he proposes. Edward L i t e r  and I k s  Gaskins at the Jackson 
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Labc Bar Harl c,  found the same 
\.aria they faun ctural change in th 
porter protein chat mipht afiect its filnction. ,%nd Thomas Spics 
of the Dana-Farber Cancer Institute in Roston has identified a 
number of genetic variants in human trLlnsporter genes and 
reports that, "Our data d o  not support a significant association 
of any of these variants \vith hurnan disease, including diahe- 
tes." Spics, however, docs not n ~ l c  out the possibility that other 
variants may exist that d o  corrclatc with disease. 

Then there is yet another class of class I iconoclasts. Take 
Maarten Zijlstra of  the Setherlands Cancer Institute in 
,hnsterdam. H e  says that in his lab the geneticall!. engineered 
"knockont" mice don't d c ~ ~ l o p  diabctcs. Lcitcr says the samc 
of knockout iiiicc in his lab. And Wicker, \\rho routinely assesses 
iCIHC I espression on the cells o f N O D  mice says, "\fTc'vc never 
seen anything t o  makc ns think that class I expression on spleen 
cells in S O D  mice is abnormal." 

Faustman responds rc) these coniments by pointing out that a 
lot of different factors can intluence the incidence of diseases such 
as diabetes. Even among S O D  niice, she says, the incidence of 
diabctcs rangcs fruni 0% to 85% in ciiffcrcnt colonies at 6 months 
of age. The animals studied by Zijlstra and Lciter may not havc 
bccn old enough to sha\v the changes Faustman detected. Viral 
exposures, which could VJ? from colon!, to  colony, may also have 
affected the results. A great deal of c\fidencc suggests that viral 
infections, as \i,ell as genetic susceptibilities, contribute to  diahe- 
tcs incidence. And then there's the possibility that Fat~stmnn m3v 
be right atlout a role for decreased class I expression, ht 
about \vliat causes it since several penes arc nccdcd f o ~  
assembly and display of the proteins. 

As is always the case in silch scientific debates, it \r.ill take 
somc time to sort out \vhols right and tvho's wrong. All that can 
be safely said no\v is that Failstnlan has had the first, but hy no 
means last, peer-revie\\-cri \\.nrd. \Vhile she waits for confirnia- 
t o n  data t o  crop us, Fa ~ y s  of the : ensen- 
dered: "A totally new th ys causcs : d brings 
re-evaluation ofpast and especially :oncepts 
are novel and e\.cn.one ~n!  son on a different 
mechanism." M.H. 
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that they could restore class I expression to  
the mutant cells by replacing a mutant trans- 
porter gene with a good one. 

In addition to  finding the components 
for peptide transport, immunologists are 
also identifying the structures that produce 
the peptides in the first place. Just last fall, 
researchers in Monaco's and Trowsdale's 
laboratories independently produced evi- 
dence suggesting that the production oc- 
curs on a structure called a low-molecular 
mass polypeptide (LMP) complex, which 
resembles a proteasome, described by Mo- 

naco as a "big ball of degradative enzymes." 
Now that immunologists have a good 

idea of how both intracellular and extracel- 
lular antigens are prepared for display on the 
cell membrane, they are moving ahead to  try 
t o  understand why some antigens elicit 
stronger immune responses than others- 
information that could help produce more 
effective vaccines. And other immunolo- 
gists, like McMichael, are exploring the con- 
nection between antigen processing and 
human disease. The story, says McMichael, 
is becoming remarkably clear. "Molecular 

structure is fitting together with cell biology 
and old fashioned immunology and virol- 
ogy. It's all coming together to  give the 
same picture." rn MICHELLE HOPPMAN 
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Acoustic Fridge Takes to Space 
Rock and roll loudspeakers have always been been drawn off. The process causes a 
used to make the coolest music around. Until progressive cooling, which can be ex- 
now, however, they've never been thought of as lE$f; ploited for refrigeration. 
actual cooling devices. But that's all changed, The result is a fridge that uses no 
thanks to the work of Steven Garrett and his ozone-eating CFCs and has only one 
colleagues at the Naval Postgraduate School in moving part (the speaker), which should boost 
Monterey, California. Building on work done over its reliability. Remarkably enough, the one- 
the past decade, Garrett's team has designed a nifty note fridge is also quieter on the outside than 
refrigerator powered by a standing sound wave, which standard models; although the noise level in- 
flew this week on the space shuttle Discovery. That side is 10,000 times that of a Rolling Stones 
flight was a test, but in the future refrigerators based concert, the high-frequency sound is easily con- 
on this concept could become a hot commercial item. Equipment tained by the chamber walls. 
And, since they contain no chlorofluorocarbons All that piqued NASA's interest, because the 
(CFCs), they might even help slow global ozone loss. Open-ended anached space agency's other refrigeration options are 

The principle behind the space cooler, known as resonator 

@ 
less than ideal. A freon-based refrigerator for 

thermoacoustic refrigeration, was developed in the storing biological samples failed on a shuttle life- 
1980s by a team that included Garrett and Los science mission last year, and the refrigeration 
Alamos scientists Gregory Swift, Tom Hofler, Albert systems that keep the equipment cool on surveil- 
Migliori, and the late John Wheatley. They took lance satellites are also problematic: They vibrate 
their inspiration from the laws of acoustics and from in a way that disturbs imaging equipment. 
the centuries-old observations of glass blowers that Because of these problems, General Electric, 
when they heat one end of a glass tube while It's a gas. Expansion and which provides NASA with its life-science re- 
keeping the other cool enough to touch with their compression of a helium- frigeration, and the Department of Defense 
lips, the temperature gradient sometimes sets up a xenon mix (pink) Causes have contracted with the Navy group to de- 
sound wave, causing the tube to "sing." The heat flow Out O f  the velop the thermoacoustic alternative. The 
thermoacoustic refrigerator does just the reverse: It fridge. model being tested for the first time on the 
exploits sound waves to create a temperature gradient. I Discovery is a cryo-cooler, designed to maintain equipment at 

The new fridge is decidedly low-tech-and true to the spirit of 
garage rock. Its 4-inch JBL loudspeaker plays one note-roughly 
concert A-very loud. The note is just the right frequency to set 
up a standing sound wave in a cylindrical tank filled with a 
mixture of helium and xenon at a pressure of 10 atmospheres. 
The sound wave causes the gas at each spot in the tank to go 
through cycles of compression and expansion. That's the key to 
the device, because gas heats up a bit when compressed and cools 
as it expands. 

The refrigerator capitalizes on that heating and cooling cycle 
with a low-tech heat absorber: a rolled-up sheet of mylar that fills 
the upper end of the chamber that holds the gas. Spacers made of 
fishing line create gaps that allow the gas to permeate the mylar 
jellyroll. When a compression phase of the sound wave comes 

very low temperatures such as those required on surveillance 
satellites. But the next generation-for which Garrett's group 
already has a G.E. contract and a future shuttle berth-will run 
at the temperatures of a home refrigerator. 

Speaking of home refrigerators, the rock and roll fridge's 
advantages could play well on terra firma as well; Garrett says it 
could be less expensive to produce than today's models, and just 
as durable. In fact, he says the only thing keeping the acoustic 
fridge out of American homes is a lack of interdisciplinary talent: 
"The people who do refrigeration don't know acoustics." 

Maybe that's the reason why there's been so little interest from 
terrestrial refrigerator manufacturers. Whatever the reason, 
Garrett thinks "it's a sin that it has to be tested in space. It should 
be tested in Whirlpool's home-economics lab." That's not to say 

of their heat to it. The mylar in turn passes the heat to the speaker- 
casing, from which it radiates away. Then, when the gas expands, 
it cools further than it would otherwise, since some of its heat has 

along, the gas molecules collide with the mylar and transfer some 
possibility of developing an acoustic car air conditioner. But 
Garrett and his team are, for the moment, spread too thin to give 
it much of their time. rn MARCIA BARINAGA 

( that there are no cool companies: Volvo has inquired about the 
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