
because the onset and oroeression of the . - 
disease is markedly delayed. 

Taken toeether. these results demon- - 
strate that IL-4 is critical to the development 
of MAIDS. The mechanism by which IL-4 
mediates its effects in the development of 
the disease is not clear. Infection with the 
LP-BM5 virus causes a switch from a Th l  to 
a Th2 response with progression of the dis- 
ease (2). This may be due to superantigen 
activity expressed by virus-infected B cells 
(1 0) that stimulate aberrant IL-4 production 
in T cells. A mouse line that expresses high 
amounts of IL-4 derived from a transgene 
shows a variety of immunological abnormal- 
ities, including a deficient proliferative re- 
sponse of T cells to the mitogen concanava- 
lin A (I I). Furthermore, Th2 cytokine re- 
sponses are dependent on IL-4 production 
(12). Thus. other Th2 cvtokines that have , , 

been shown to be significantly reduced in 
IL-4-'- mice, such as IL-5, IL-9, IL-10, and 
IL-6 (13), may also be involved in the 
development of MAIDS. This could be test- 
ed by reconstituting infected IL-4-'- mice 
or by infecting mice deficient in other cyto- 
kines. Although human immunodeficiency 
virus (HN)  and the murine leukemia virus 
causing MAIDS represent different types of 
retroviruses, some of the features of the 
diseases are similar, such as lymphoadenop- 
athy, B cell hyperactivity, T cell immuno- 
deficiency, and development of certain tu- 
mor cells at the late stage of the disease (1, 
14). Furthermore, a shift from a Th l  to a 
Th2 response and a high serum immuno- 
globulin E level have been reported for 
HIV-infected patients (1 5). These findings 
suggest that IL-4 as well as other Th2-related 
cytokines may be crucial to the development 
of T cell dysfunction induced by the two 
different viruses. Thus, understanding the 
role of IL-4 in the development of MAIDS 
may provide insight into the mechanisms 
causing dysregulated cytokine production 
and generalized T cell immunodeficiency 
found in human acquired immunodeficiency 
syndrome. 
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HLA-DPB1 Glutamate 69: A Genetic Marker of 
Beryllium Disease 

Luca Richeldi, Rosa Sorrentino, Cesare Saltini* 
Chronic beryllium disease (CBD) is a lung disorder related to beryllium exposure and is 
characterized by the accumulation in the lung of beryllium-specific CD4+ major histocom- 
patibility complex (MHC) class Il-restricted T lymphocytes. Evaluation of MHC class II 
genes in 33 CBD cases and 44 controls has shown a negative association with HLA- 
DPBl"0401 (P < 0.001) and a positive association with HLA-DPB1*0201 (P < 0.05) 
alleles, which differ at residues 36, 55 to 56, and 69 of the p, chain. Among CBD cases, 
97 percent expressed the HLA-DPB1*0201associated glutamic acid (unaffected popu- 
lation, 30 percent; P < 0.001) at residue 69, a position involved in susceptibility to 
autoimmune disorders. This suggests that HLA-DP has a role in conferring susceptibility 
and that residue 69 of HLA-DPB1 could be used in risk assessment for CBD. 

Exposure to metals such as Co, AI, Ti, Zr, 
and Be is associated with a variety of chron- 
ic disorders of the lung (1). CBD is a 
hypersensitivity lung disorder caused by ex- 
posure to Be that is not strictly dependent 
on Be concentration (2). As predicted by 
its immunopathologic features, CBD is 
maintained by an accumulation of large 
numbers of Be-specific CD4+ T cells in 
patient lungs (3). In this context, CBD 
could be used as a model to test the relation 
between environmental and immunoee- - 
netic factors in occupation-related diseases. 
T cell clones from CBD patient lungs are 
MHC class 11-restricted, that is, they only 
respond to Be in association with MHC 
class I1 molecules on the surface of the 
antigen-presenting cell (3). Genes of the 
MHC class I1 (HLA-DR, -DQ, and -DP) 
that are associated with susce~tibilitv to 
autoimmune disorders (4) are likely candi- 
dates as susceptibility genes to CBD. This 
hypothesis is supported by the observations 
that MHC class I1 genes are involved in T 
cell responses to metals such as Ni and Au 

(5), and they play a key role in susceptibil- 
ity to experimental hypersensitivity to Be 
and other metals (6). 

We tested this concept, after a prelimi- 
nary analysis of a small sample of patients 
that did not show strong associations with 
HLA-DR or HLA-DQ genes, by evaluating 
the association of the HLA-DP gene with 
CBD in a group of 33 CBD individuals and 
a group of 44 Be-exposed unaffected indi- 
viduals (7). Frequencies of the HLA-DPB1 
alleles in the Be-exposed unaffected group 
were similar to those of the normal popula- 
tion (8), regardless of the race composition 
of the group. The HLA-DPB1*0201 and 
*0401 allele frequencies in the total popu- 
lation sample were similar to those in Cau- 
casians alone [percent of total population 
sample unaffected, *0201 (lo%), *0401 
(48%) ; Caucasians unaffected, *0201 
(11%), *0401 (52%); P > 0.2, compared 
with published populations (8)] (9). In 
contrast, allelic frequencies in the CBD 
case group were biased. The frequency of 
the DPB1*0201 allele was increased [CBD, 
30%; unaffected, 10%; X 2  = 9.94, P = 

L. Richeldi, Postgraduate School of Cardiorespiratory 0.0016* Bonferroni corrected < 0-05 (I9 
Phvslo~atholoav. Universities of Roma and Modena. alleles)\. Converselv. the freauencv of the -, . , 
ltaiy ' 
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D P B ~  *0401 allele 'was decreased (CBD, 

University of L'Aquila, and Department of Cellular and unaffected, 48%; x 2  = l9.797 = 

Developmental Biology, University La Sapienza, 0.00001, corrected P < 0.001). When we 
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C. Saltini, Institute of Tuberculosis and Respiratory 
Diseases, University of Modena, USL 16 Modena and a bias (DPB1*0201: CBD, 
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other human leukocyte antigen (HLA)- 
associated diseases, the expression of at 
least one disease-associated HLA allele is 
sufficient to confer susceptibility. 

The HLA-DPB1 gene comprises six hy- 
pervariable coding regions, denoted as A, 
B, C, D, E, and F (10). The DPB1*0201 
and DPB1*0401 alleles differ in three of 
these regions: DPB1*0201 codes Val for 
Ala at position 36 (B), Asp Glu for Ala Ala 
at positions 55 and 56 (C), and Ile Leu Glu 
Glu Glu for Ile Leu Glu Glu Lys at positions 
65 to 69 (D). Although no significant 
association existed for region B, evaluation 
of region C showed significant association 
with disease (79% of the CBD group com- 
pared with 41% of the unaffected group; 
corrected P < 0.005). An even stronger 
association was shown for region D (CBD, 
97%; unaffected, 27%; corrected P < 
0.0001) (Fig. 1). 

We confirmed this association by a 
DNA amplification assay (amplification re- 
fractory mutation system, ARMS) with 
primers specific for either Gld9 or Ly~69 
coding sequences (the sequences present on 
the DPB1*0201 and *0401 alleles, respec- 
tively) and direct sequencing of the HLA- 
DPBl polymerase chain reaction (PCR)- 
amplified DNA. The frequency of the Gld9 
phenotype was higher in the CBD group 
compared with the unaffected group (Fig. 
2). The Gld9 variant showed a strong 
association with CBD (corrected P < 
0.0002, P corrected for 19 HLA-DPB1 
region, single amino acid-coding variants). 
The data suggest an association of CBD 
with the HLA-DPB1 Gld9 epitope. 

To explore the possibility that this asso- 
ciation may be due to linkage disequilibri- 
um with more telomeric genes in the MHC 
locus, we analyzed the association of Gld9 
with other genes in the MHC locus in CBD 
patients. Two markers were investigated: 
HLA-DRB4*0101, which is expressed by 
-60% of the Caucasian population and is 
indirectly associated with rheumatoid ar- 
thritis (I I), and TNFB*l, which is associ- 
ated with the B8, DR3 haplotype and au- 
toimmunity (1 2). No association with CBD 
was found for HLA-DRB4*0101 [CBD, 
54%; unaffected, 61%; P > 0.9 (13)l. 
Similarly, no association with CBD was 
found for the 5.3-kb Nco I TNFB*l allele 
[CBD, 8.3%; unaffected, 6.0%; P > 0.7 
(14)l- 

Complete genotyping of the MHC locus 
may be required to formally rule out the 
possibility that linkage to other MHC genes 
influences the association of HLA-DPB1 
GId9 with CBD. However, our observations 
suggest that HLA-DP could be the primary 
genetic factor of susceptibility to CBD. Fur- 
thermore, analysis of the relation of MHC 
class I1 molecule structure and function sug- 
gests that residues 55 and 69 may be directly 

Fig. 1. Expression of HLA-DPBl polymorphisms 
coding for amino acid substitutions at variable ~q GIU GIU 
regions C and D in the CBD case group (solid 
bars) and the Be-exposed unaffected case group 

1 (GATGAG GAG) 

(open bars). (Lett) Schematic diagram of ihe C 
and D polymorphic regions on the HLA-DPB1 Ala Ala Glu 

chain. (Riaht) We determined the freauencies of 
(GCT GCG GAG) h . - ,  

C polymorphisms coding for the d~61*0201- 
associated Asp-Glu-Glu and DPB1*0401 -associ- Ile Leu GIU GIU GIU 
ated Ala-Ala-Glu variants (positions 55 to 57) and (ATC CTG GAG GAG GAG) - 
the DPB1*0201 -associated Ile-Leu-Glu-Glu-Glu 
and DPB1*0401 -associated Ile-Leu-Glu-Glu-Lys 'O Ile Leu GIU GIU ~ y s  
variants (positions 65 to 69). The frequencies (ATC CTG GAG GAG AAG) 
were determined by hybridization of PCR-am- 

b 
, ! ! ! ! I  

plified DNA (primers UG19 and UG21) with 0 20406080100 
the 32P-labeled variant-specific oligonucleotide Phenotype frequency (%) 

probes DB14 (CAGTACCTCCTCATCAGG) and 
DB13 (CCTGCTGCGGAGTACTG) for region C and DB19 (GCTCCTCCTCCAAGGATGTC) and 
DB18 (GACATCCCTGGAGGAGAAGC) for region D, respectively (10). 

implicated in the response to Be. Residue 55 
is involved in formation of a salt bridge with 
an Arg residue at position 84 of the a chain 
that is critical to the conformation of the 
antigen binding pocket. Residue 69 is a neg- 
atively charged residue (15) that may directly 
interact with Be2+ itself. Studies on the asso- 
ciation of MHC class I1 with chronic autoim- 
mune disorders have shown that single amino 
acid changes at positions 57 and 71 of HLA- 
DQBl and HLA-DRB1 chains [correspond- 
ing to positions 55 and 69 on the HLA-DPB1 
chain (15)] are associated with susceptibility 
to disorders such as insulindependent diabe- 
tes mellitus and rheumatoid arthritis (1 6). 
Similarly, amino acid changes (at positions 55 
to 57 and 69) on the HLA-DPB1 subunit are 
associated with juvenile rheumatoid arthritis 
and coeliac disease (1 7). Because the antigens 
involved in these disorders are not known yet, 
it is not clear whether these substitutions 

Fig. 2. (A) Frequency of 
the HLA-DPBl and 
Lysss phenotypes in the 
CBD case (solid bars) and 
Be-exposed unaffected 
case (open bars) groups, 
as determined by ARMS 
testing (25). (B) (Top) Ex- 
ample of a G I U ~ ~  PCR-am- 
plified (UG19 and UG21) 
DNA sample, sequenced 

- - 

-1 00 ar - 
- 
E g 20 
L P 

GAG AAG 
( G I U ~ ~ )  ( ~ y 5 ~ ~ )  

affect the ability of disease-associated HLA 
molecules to bind to specific antigens such as 
in the allergic encephalomyelitis model (18) 
or affect their ability to regulate specific im- 
mune responses as in the schistosomiasis mod- 
el (1 9). 

Whatever the mechanism involved, this 
study implicates HLA-DPB1 Gld9 as a Be 
disease risk marker. CBD is thus a model of 
environmental hypersensitivity with which 
to assess the potential value of immunoge- 
netic testing in occupational risk preven- 
tion. Although the implementation of the 
Atomic Energy Commission's 1950 recom- 
mendations calling for a 99% reduction of 
Be concentrations in the work environment 
completely eliminated acute Be pneumo- 
nia, the incidence of CBD was not similarly 
reduced (20). In the context that CBD 
incidence may reach 15.8% in certain 
worker groups (2 1 ) , the risk associated with 

by a modification of the 
Sanger technique (26). We used as reverse se- 
quencing primers DP1 (GCTGCAGGGTCATGGG- 
CCCGC) or DP2 (GCTGCAGGGTCACGGCCTC- 
GT) (3' to 5') and DPCSl (TGCTACGCGTlTA4- 
TGGGACAC) (5' to 3'). (Bottom) Example of 
ARMS amplification of the same DNA showing the 
PCR product of the expected size (1 16 bp) with the 
UG21 B (AGCCGGCCCMGCCCTCA) and (GAAGGACATCCTGGAGGAGG) primers (lane 
Glu). No amplification was seen with the UG21B and the Lys6" (GAAGGACATCCTGGAGGAGA) 
primers (lane Lys) (2.5% agarose gel). Lane MW, molecular weight markers (BioLow, BioVentures). 
(C) (Top) Lys6' PCR-amplified (UG19 and UG21) DNA sequenced as described above. (Bottom) 
ARMS amplification of the same DNA, showing the expected PCR product (1 16 bp) with the UG21 B 
and Lys69 primers (lane Lys) and no amplification with the UG21B and the G I U ~ ~  primers (lane Glu) 
(2.5% agarose gel). 
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the HLA-DPB1 G l d 9  marker mav be hieh. - 
Screening for disease-associated genetic 

markers may provide new tools for preven- 
tion of occupational diseases (22). So far in 
CBD, blood and lung lymphocyte testing 
for Be-specific proliferation have been used 
to identify individuals with Be allergy and 
disease (23). However, because lymphocyte 
tests do not predict disease or risk, genetic 
testine mav have a role. in association with - ,  
lymphocyte Be-specific proliferation test- 
ing, in the identification and follow-up of 
individuals at risk of beryllium disease. 
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Regional Codon Randomization: Defining a 
TATA-Binding Protein Surface Required for 

RNA Polymerase Ill Transcription 

Brendan P. Cormack* and Kevin Struhl? 
The TATA-binding protein (TBP) is required for transcription by all three nuclear RNA 
polymerases. TBP was subjected to regional codon randomization, a cocba-based mu- 
tagenesis method that generates complex yet compact protein libraries. Analysis ~f 186 
temperature-sensitive TBP mutants yielded 65 specifically defective in transcription by 
RNA polymerase Ill (Pol Ill). These mutants map to a limited TBP surface that may interact 
with Tds4, a component of the Pol Ill transcription factor TFIIIB. Strains that contain the 
Pol Ill-defective derivatives have increased amounts of messenger RNA, which suggests 
that competition among TBP-interacting factors for limiting quantities of TBP determines 
the ratio of Pol I1 and Pol Ill transcription in vivo. 

T h e  TATA-binding protein (TBP) is re- form distinct complexes that are specific for 
quired for transcription by all three nuclear the individual RNA polymerases (Pol). 
RNA polymerases ' ( 1  4). TBP interacts The Pol II-specific complex, TFIID, con- 
with TATA-associated factors (TAFs) to tains at least 10 TAFs that have been 
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