
anterior (apical) lobes of the lungs, driven 
by the forces on the forelegs. These two 
cylinders work in antiphase to each other, 
both at the stride frequency. The third cyl- 
inder represents the posterior (diaphrag- 
matic) lobes of both lungs, driven by the 
oscillations of the abdominal viscera at 
twice the stride frequency. The whole com- 
plicated system is driven by the movements 
of trotting. 

This complex pattern of ventilation may 
be an almost inevitable consequence of the 
dynamics of trotting. It may, however, 
bring positive benefits. If all the lobes of 
the lungs filled and emptied simultaneously 
in a simple tidal flow, the bronchi would be 
dead space: Air that was still in a bronchus 
at the end of inspiration would be breathed 
out again without entering the' alveoli 
where gas exchange occurs. Asynchronous 

ventilation of the lobes must make air 
move between them, flushing out the con- 
necting bronchi. The angles at which the 
bronchi meet ischematicallv indicated in 
the diagram) must tend t; promote air 
movement between lobes. These angles 

D 

have been thought to be important in en- 
suring one-way circulation of air through 
the lungs of birds ( 1 I ). 

The most pressing question now seems 
to be: What  are the physiological conse- 
quences of these complex patterns of venti- 
lation? The modulation of diaphragm oscil- 
lations presumably confers an advantage, 
for there is nothing inevitable about the 
contractions of the diaphragm. The asyn- 
chronous ventilation of the lobes of the 
,lungs may be unavoidable in a trotting ani- 
mal, but its consequences should also be 
explored. We  need to know about the flow 

To Be2' or Not To Be2': Immuno- 
genetics and Occupational Exposure 

Lee S. Newman 

T h e  lungs are engaged in a Sisyphean 
struggle with the environment. With every 
breath, we inhale unwanted particles and 
gases, most of which are innocuous but oth- 
ers of which injure the lungs through their 
effects on the immune system. Scavenger 
phagocytes in the lungs can engulf the for- 
eign particles and present them as antigens 
to T lymphocytes, triggering an antigen- 
specific cellular immune response and lung 
inflammation. Nowhere is this confronta- 
tion between the environment and human 
immunologic defense as apparent as in oc- 
cu~ational  situations in which workers are 
exposed to immunotoxins. Only a subset of 
these exposed workers develop disease, 
likely because environmentally induced 
lung disease results from a complex interac- 
tion of the toxin with the genetic constitu- 
tion of the individual. But  roof of this hv- 
pothesis has been thwarted by an inabiliiy 
to identify the genetic features that help 
account for an  individual's risk. 

In this issue of Science (D. 242), Richeldi 
and co-workers break the stalemate by de- 
scribing a genetic marker in workers who 
have an immunologic lung disease resulting 
from inhalation of the metal beryllium (I  ). 
They observed that 32 of 33 occupationally 
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exposed workers with chronic beryllium 
disease (CBD) exhibit the amino acid glu- 
tamate in a potentially critical location 
(position 69) in a cell-surface glycoprotein 
that participates in antigen recognition. Of 
those beryllium-exposed workers who did 
not have CBD, only 30% have glutamate 
in this Dosition. The authors Dresent con- 
vincing evidence that this small difference 
in the genetic sequence in the major histo- 
compatibility complex (MHC) allele HLA- 
DPPl identifies humans who, if exposed to 
beryllium, are at increased risk of develop- 
ing CBD. 

CBD is a 20th-century, man-made dis- 
order that continues to occur in diverse in- 
dustries-high-technology ceramics, elec- 
tronics, dental alloy preparation, nuclear 
weapons, metal extraction, and aerospace 
(2). Exposed individuals become sensitized 
to beryllium and accumulate pathologic 
clusters of immune cells called granulomas - 
around beryllium particles in the walls of 
alveoli (3). Blood lymphocytes from indi- 
viduals sensitive to beryllium proliferate in 
vitro when cultured i n  the presence of ber- 
yllium salts. This reaction is the basis of the 
beryllium lymphocyte proliferation test 
(BeLT) that is now used to make a specific 
diagnosis of CBD (4) and for detecting ear- 
ly CBD in industrial screening programs (5). 

What does the association of CBD with 
the MHC allele HLA-DPP1-Glu6' tell us 
about the mechanism of the disease? We  
now know that if a person is exposed to be- 

of air and the fluctuations of oxygen con- 
centration in the major airways, phenom- 
ena that will not be easy to investigate. 
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ryllium, he or she has an  increased risk of 
developing CBD, but we do not yet know 
how this occurs. Thus far the HLA-DPP1- 
G1u6' marker is only guilty by association. 
But its location in a key region of an immu- 
nologically essential locus suggests that Ct 
may directly contribute to the unusually 
strong immunological response of these in- 
dividuals to beryllium. 

As shown in the figure, the human 
MHC locus (HLA), includes a class I1 D re- 
gion that is subdivided into multiple subre- 
gions, at least three of which participate in 
the presentation of antigens to T lympho- 
cytes-HLA-DR, -DQ, and -DP. Each D 
subregion contains genes encoding the a 
and p chains of heterodimeric, cell-surface 
glycoproteins that present antigens . t o  
CD4+ (helper) T lymphocytes. These HLA 
class I1 molecules are highly polymorphic 
so that they can embrace a wide variety of 
antigens in their antigen binding groove 
and present them to diverse T lymphocyte 
antigen receptors, triggering antigen recog- 
nition (6,  7). Amino acids located at key 
positions along the a-helical portions of 
these HLA heterodimers dictate which 
peptide antigens can bind. Even single 
amino acid substitutions in these regions 
may alter the shape of the_ HLA-peptide 
binding pocket sufficiently t; change its 
specificity. In patients with CBD, ,RTcheldi 
and co-workers found a glutamate (instead 
of a positively charged lysine) at position 
69, likely one of the hypervariable sites of 
the HLA-DP allele (7). This glutamate 
could allow the presentation of beryllium, 
likely bound to an intracellular peptide, 
and the generation of an antigenic. re- 
sponse. Perhaps the other common allele- 
containing the lysine-cannot accommo- 
date this hypothetical complex. Thus, the 
HLA-DPP1-Glu6' molecule may not only 
be a genetic marker for CBD, but may par- 

SCIENCE * VOL. 262 * 8 OCTOBER 1993 



Hypothetical interaction of Be2+ with an antigen 

ticipate in the pathological response to be- 
rvllium in these individuals. 

It is appealing to speculate that HLA- 
DPP1-Gld9 plays a direct role in triggering 
antigenic recognition of beryllium, as pro- 
posed in the figure, but this may be too 
simplistic. Development of CBD could also 
depend upon other genes working in con- 
cert with this marker. But HLA-DP alleles 
are not often linked to other D region se- 
auences and HLA-DR and -DO are the HLA .- 
class I1 molecules more conventionally as- 
sociated with antigen   resent at ion and - .  
more commonly associated with risk of in- 
flammatory diseases (8). In addition, Rich- 
eldi and colleagues   robed for but found no 
linkage between the HLA-DPPI-G~u~~ 
marker and the gene for the proinflamma- 
tory cytokine tumor necrosis factor ( I  , 9), 
which is encoded telomeric to the HLA-D 
loci on chromosome 6. 

What is the relation between HLA- 
D P P I - G ~ u ~ ~  and beryllium exposure? All of 
the CBD vatients and bervllium workers in 
Richeldi's study were exposed to beryllium, 
vet one had disease but no genetic marker 
ind many others inherited t i e  marker but 
had no disease. These findings suggest that 
Gld9 only tells part of the story. Our best 
chance to fill in the blanks will come by 
not only looking for other associated genes, 
but by studying exposure as something 
more than a dichotomous variable. Does 
the chemical structure of the beryllium mo- 
iety itself dictate immunogenicity, as some 
suggest ( lo),  or is the exposure risk related 
to particle size, frequency of exposure, and 
magnitude of the dose? And in particular, 
what is it about this lightweight metal 
(atomic weight, 9.01) that makes it an an- 
tigenic heavyweight? It seems unlikely that 
beryllium itself is the antigen. We assume 
that beryllium binds to exogenous or en- 
dogenous peptides that are viewed by the T 

presenting cell containing HLA-DPPI-GIU~~. 

lymphocyte as the foreign antigen. But we 
do not know what the beryllium antigen 
looks like, how it may be processed by the 
antigen presenting cell, or how it may ap- 
pear to the T lymphocyte antigen receptor. 
With the discovery of HLA-DPPI -G~u~~  as 
a marker for CBD. there are now at least 
two risk factors for CBD-exposure to the 
metal and inheritance of the eenetic " 
marker-but we have a lot to learn about 
their interaction. 

Now that we have a genetic marker for 
CBD, will it help us prevent disease? Al- 
though CBD prevalence among all beryl- 
lium-exposed workers has remained at 2 to 
5%, in the ceramics and nuclear weapons 
industries, certain jobs and work tasks are 
associated with disease rates as high as 
15.8% (5). So by further improving indus- 
trial hygiene and reducing exposure, many 
cases of CBD can be avoided. In addition 
to primary prevention, secondary preven- 
tion can be accomplished by screening 
large numbers of former and current beryl- 
lium workers with the blood BeLT, success- 
fully identifying individuals who are at ear- 
ly stages of CBD often years before symp- 
toms develop. By adding a genetic marker 
to workplace screening, employers could 
potentially reduce beryllium exposures for 
the hieh-risk workers and more effectivelv - 
target them for intensified medical moni- 
toring and early disease detection. Employ- 
ers could also plan to deny or discourage 
employment of workers with genetic risk of 
CBD. But it is premature to advocate such 
an approach to prevention. Almost all peo- 
ple with CBD have a genetic marker, but 
most of the people with the marker do not 
have the disease. Only a population-based 
study can answer the questions that are 
necessary for the design of a genetic screen- 
ing test: What proportion of employees with 
the marker develop the disease (positive 

predictive value) and what proportion of 
workers without the marker do not have 
the disease (negative ~redictive value)? 
The disease ankylosing spondylitis offers a 
relevant analogy: Although nearly 90% of 
people with that disorder are positive for 
the genetic marker HLA-B27, only 2% of 
the HLA-B27-~ositive individuals in the 
general population develop the disease 
(1 1 ). Even if most CBD patients are HLA- 
DPPl-Gl~~~-positive, it may not be helpful 
to identify up to 30% of the potential 
workforce as at risk if the prevalence of 
CBD among exposed workers is only 5%. 
Rather, we must study the immunogenetic 
mechanisms and nature of the antigen and 
merge genetic and epidemiologic data from 
large workforces. Continued efforts must be 
made to reduce workvlace exvosure for all 
workers and improve CBD detection, at the 
same time as we consider the ethical and 
societal issues raised by genetic screening in 
the workplace (1 2). 
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