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Objective: Tumor necrosis factor-alpha (TNF-a) is a potent cytokine
involved in normal immune functions. The aim of this study was to
investigalte if there is an association between chronic beryllium disease or
beryllium sensitization and two variants of the TNI- gene located at
-308 and -238 called TNF-a-308%02 and TNF-a-238*02. Methods:
TNF-a-308 and TNF-a-238 genotyping was conducted in a large,
population-based cohort consisting of 886 beryllium workers (92 indi-
viduals with chronic beryllium disease, 64 who were beryllium sensi-
tized, and 730 individuals without sensitization or disease). Results:
The odds of chronic beryllium disease in the presence of at least one
TNF-a-308%02 or TNF-a-238%02 allele was not significant (OR =
1.0; 95% CI = 0.7, 1.7 and OR = 0.8; 95% CI = 0.4, 1.6). This
was true regardless of whether a worker was homozygous or heterozygous
Jor TNF-a-308%02 or TNF-«-238%02. Similarly, neither allele was
associated with sensitization (P > 0.05). Conclusions: Unlike an
earlier report, there was no association between these specific TNF-«
alleles and either chronic beryllium disease or sensitization to beryllium.
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ndividuals who are exposed to beryl-
lium dust or fumes may become
sensitized to beryllium (BeS) and are
at increased risk of developing
chronic beryllium disease (CBD).'®
Epidemiologic and laboratory-based
research has implicated an immuno-
genetic component in both BeS and
CBD.””"®> A number of genes have
been evaluated in relationship to BeS
and CBD. These include variants in
HILA-DP, HLA-DR, HLA-DQ, and
TNF-a. The association among BeS,
CBD, and HLA-DPBI*E69 has been
well established.””'> Approximately
84% of beryllium workers with CBD
have at least one copy of HLA-
DPBI*E69 compared with 36% of
workers without BeS or CBD.'*!?
Although HLA-DPBI*E69, given
beryllium exposure, accounts for a
significant portion of workers with
CBD and BeS, research evaluating
the role of other genes in CBD and
BeS continues.”'*!>1°

Human 7NF-a is a 233-amino
acid, non-glycosylated transmem-
brane polypeptide.'” It is expressed
by a variety of cell types, including
macrophages, CD4+ and CD8+ T
lymphocytes, and a range of epithe-
lial cells.'®2° TNF-a has several
effects. First documented as a cyto-
toxin, it is now known to be a powerful
cytokine responsible for induction of
inflammation, tissue repair, hemato-
poiesis, immune response, and tran-
scription.”! TNF-a is located on
6p21 in the middle of the HLA gene
cluster. There are at least nine single
nucleotide polymorphisms (SNPs) in
the TNF-o promotor region. All are
adenine-guanine transversions, and
they are thought to be functionally
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significant.”* The frequencies of the
guanine variants range between 0.01
and 0.22. However, most of the re-
search evaluating the role of TNF-«a
in disease has focused on polymor-
phisms at -308 and -238, also ade-
nine-guanine transversions.?* >
Significant associations have been
reported with susceptibility to au-
toimmune diseases such as insulin-
dependent diabetes mellitus and
rheumatoid arthritis, as well as lung
diseases such as asthma and sarcoid-
08is.232°732 Thus, it was considered
a candidate for genes that might be
associated with CBD.

Beryllium stimulation of bron-
choalveolar lavage (BAL) cells in
patients with CBD was found to
induce higher levels of TNF-o in
samples that were positive for the
TNF-a-308%02 variant.'"* One mo-
lecular epidemiologic study compar-
ing the frequency of TNF-a-308%02
in 22 workers with CBD indicated
that 23 workers with BeS and 93
workers exposed to beryllium with-
out sensitization or CBD also re-
ported that TNF-a-308*02 occurred
more often in both the BeS workers
with and without CBD compared
with those workers without sensitiza-
tion or disease (OR = 7.8,95% CI =
3.2-19.1).° It also reported a positive
interaction between TNF-a-308%02
and HLA-DPBI*E69 in the individ-
uals with CBD.

In a large, population-based study,
we sought to further explore the pos-
sible association between CBD, BeS,
and TNF-o polymorphisms at the
promoter regions -238 and -308. We
tested the hypothesis that the minor
variants of TNF-a-308 and TNF-o-
238 polymorphisms are associated
with susceptibility to beryllium sen-
sitization and CBD in 886 beryllium
workers: 92 with a diagnosis of
CBD, 64 who had BeS without dis-
ease, and 730 individuals without
sensitization or CBD. We also evalu-
ated whether there was an interaction
between TNF-a-308 or TNF-a-238
and HLA-DPBI*E69.

Materials and Methods

Human Subjects

As previously described, three
groups of workers from a large be-
ryllium manufacturing company
were eligible to participate in this
study.'? Briefly, two of these groups
consisted of current and former
workers who had participated in ep-
idemiologic surveys conducted from
1992 to 1994 and 1998 to 2000 at the
Ohio and Arizona plants, or a survey
conducted in 2000 at a plant in Penn-
sylvania.**~*® The third group con-
sisted of former workers from the
Ohio, Arizona, and Pennsylvania fa-
cilities who were known to have BeS
or CBD and were not part of the
described surveys of then-current
workers. This last group will be re-
ferred to as KSD (known sensitized
or diseased).

For this study, all participants
completed a questionnaire on medi-
cal and work history and gave a
blood sample for genetic analyses.
Study participants not known to have
beryllium sensitization or disease
were also screened with the blood
beryllium lymphocyte proliferation
test (BeLPT). Those known to have
BeS or CBD were not screened with
the BeLPT. Workers identified as
BeS were offered clinical evaluation
to diagnose CBD. The National In-
stitute for Occupational Safety and
Health (NIOSH) Human Studies Re-
view Board approved this research.
Written informed consent was ob-
tained from each participant.

Definitions of Health Outcomes

Beryllium Sensitization. The
BeLPT measures the degree to which
lymphocytes proliferate in vitro in
response to stimulation from beryl-
lium salts. The test was used to
identify participants who were sensi-
tized to beryllium. Blood samples
were collected in heparinized tubes,
and split samples were sent to two
laboratories. A BeLPT was deter-
mined to be abnormal if at least two
of six stimulation indices (based on
beryllium concentration and expo-
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sure duration) were greater than
three.>” If only one of the individ-
ual stimulation indices were greater
than three, or if other results were
ambiguous (eg, technical prob-
lems), additional blood was drawn
and the test was repeated. An indi-
vidual was considered to be sensi-
tized if any two BeLPTs were
found to be abnormal.

Chronic Beryllium Disease. Partic-
ipants who were found to be sensitized
were referred for clinical follow-up to
determine if they had CBD, which
included BAL, transbronchial lung
biopsy, and chest radiographs. La-
vage cells were tested for evidence
of lung sensitization with the BAL-
BeLPT, and biopsy samples were
evaluated microscopically. A person
was diagnosed with CBD when gran-
ulomas or other abnormalities con-
sistent with CBD (eg, lymphocytic
alveolitis) were identified in biopsy
samples, or radiological abnormali-
ties were identified.

Blood Processing and DNA
Extraction for Genetic Analysis

Blood (7 mL per sample) was
drawn either into lavender-top Vacu-
tainer tubes (Beckton Dickinson
[BD], Franklin Lakes, NJ) contain-
ing an anticoagulant (K;EDTA, 371
mM, 81 pL), or into cell preparation
tubes (CPT) (BD) containing sodium
citrate (100 mM, 450 pL) and a
Ficoll-Hypaque gel (Pharmacia,
Uppsala, Sweden). The citrate-
containing tubes were centrifuged
(1500 g, 20 minutes) in a swinging-
bucket rotor. All blood-tubes were
inverted to mix the ethylenediamine-
tetraacetic acid (EDTA) (for the lav-
ender-top tubes) or the upper layer
containing leukocytes and plasma
(for the CPT tubes), and were trans-
ported by overnight express mail to
the Molecular Carcinogenesis Labo-
ratory at NIOSH in Morgantown,
West Virginia. Leukocytes were iso-
lated by centrifugation (800 g, 20
minutes to the pellet cells from the
CPT tubes and 400 g mixed with
Ficoll for 15 minutes for the lavender
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tops), washed once by resuspension
in isotonic phosphate buffered solu-
tion (PBS), and reprecipitated (800g,
20 minutes). Cell pellets were split
into three approximately equal frac-
tions. Two were stored at —70°C for
future beryllium-related research,
and the third was resuspended in cell
lysis buffer (0.6% SDS/10 mM
EDTA/10 mM Tris HCI, pH 7.5)
containing RNase A (50 pg/mL).
After incubation for 1 hour at 37°C,
DNA was extracted after digestion of
proteinase K (200 pg/mL, 37°C,
16—24 hours) as previously de-
scribed.'*?® The overall quality of
DNA was assessed by determining
OD?%Y289 (for purity, with an ex-
pected ratio between 1.6 and 1.9),
agarose gel-electrophoresis charac-
teristics (for high molecular weight,
with a narrow band expected >30
kb), and facile amplification of a
>300-bp fragment by polymerase
chain reaction (PCR). Samples that
did not meet these criteria were re-
purified; DNA yields of 100 to 200
pg per 2.5 mL whole blood were
typical. High-molecular-weight
DNA was redissolved in Tris-EDTA
(10:1 mM) and stored at -70°C;
working solutions for PCR amplifi-
cation (10 pg/mL, containing Tris Cl
10 mM and EDTA 1 mM) were
prepared and stored at 0 to 4°C.

Polymorphism Analysis in the
TNF-oc Promotor Region

The two SNPs under study are
both A/G substitutions at -308
(np3787) and -238 (np3857), respec-
tively. Analysis was performed by
real-time PCR using Applied Biosys-
tems, Inc. (ABI) Custom SNP Geno-
typing Assays (ABD) (ABI, Foster
City, CA). These are now available
under ABD reference numbers
TNFA2511-306R and TNFA2581-
376R. For TNF-a-308, analysis was
performed with primers and probes of
the following sequences: F-CCAAAA-
GAAATGGAGGCAATAGGTT
(TNFA2511-306RF) and R-GGACCC-
TGGAGGCTGAAC (TNFA2511-
306RR). Probes were VIC-CCCGTC-
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CCCATGCC (TNFA2511-306RV2)
for TNF-o-308%01 and FAM-
CCCGTCCTCATGCC (TNFA2511-
306RM2) for TNF-a-308*02.

For TNF-a-238, analysis was per-
formed with primers and probes of the
following sequences: F-CAGTCAGT-
GGCCCAGAAGAC (TNFA2581-
376RF) and R-AGCATCAAGGAT-
ACCCCTCACA (TNFA2581-376RR).
Probes were VIC-TCCCTGCTC-
CGATTC (TNFA2581-376RV2) for
TNF-o-238*01 and FAM-TCC-
CTGCTCTGATTC (TNFA2581-
376RM2) for TNF-a-238*02.

Genomic DNA (50 ng) was added
to the reaction mixture (25 L total),
which had been prepared according
to the ABD instructions supplied by
ABI, together with the ABD Custom
assays. Reactions, performed in 96-
well plates, were analyzed using an
I-Cycler 1Q (BioRad, Hercules, CA).

DNA Sequence Analysis

Two DNA sequence analysis
methods were used in this study. The
first was cycle sequencing for 281
nucleotides of the TNF-a promoter
region including nucleotide positions
-308 and -238. DNA samples (100
ng of TNF-a PCR product) were
subjected to cycle sequencing in a total
reaction volume of 20 pL containing
the ABI terminator ready reaction mix-
ture (8 L) and primers (1 pL:25
pmol/reaction, F-TTCCTGCATCCT-
GTCTGGAAG and R-AAGCGG-
TAGTGGGCCCTG). Reactions were
heated to 95°C for 2 minutes fol-
lowed by 25 cycles of annealing
(60°C for 4 minutes), extension
(50°C for 5 seconds), and melting
(96°C for 10 seconds). The reaction
mixture was analyzed using an acryl-
amide gel (5%) in an ABI377 auto-
mated sequencer.

The second DNA-sequencing reac-
tion was for exon 2 of HLA-DPBI. In
this case, human constitutive genomic
DNA was subjected to PCR. The re-
action mixture (50 pL) contained
primers  (FDPI1-5"GAGAGTG-
GCGCCTCC3" and RDPI2-5'CCC-
AAAGCCCTCACTC3’, 2 pM),
genomic DNA (100 ng), MgCI2 (1.25

mM), dNTPs (0.8 mM), and Taq poly-
merase (1U, Perkin-Elmer Applied
Biosystems, Foster City, CA). Ampli-
fication was allowed to proceed with
an initial melt (95°C, 5 minutes), then
35 cycles of melting (95°C, 30 sec-
onds), annealing (60°C, 35 seconds)
and extension (72°C, 60 seconds), and
a final extension at 72°C (10 minutes).
The resulting PCR product (322bp)
was checked for size and integrity by
gel electrophoresis (2% agarose). A
portion was then used as a template for
DNA sequence determination using al-
lele-specific primers. For sequencing in
the reverse direction, allele-specific
primers similar to, but not the same
as, those developed by Wang et al in
1999 were used (5'GGTCACGGC-
CTCGTC3’, 5'GTCATGGGCCCG-
CC3’, 5'GGTCATGGGCCCGAC3').
For sequencing in the forward di-
rection, four new primers were de-
veloped that recognize sequences
between positions 7646 and 7665:
5'AATTACGTGTACCAGTTACG3',
5'ATTACCTTTTCCAGGGACG3',
5'AATTACGTGTACCAGGGAC3’,
and 5'ATTACGTGCACCAGT-
TACG3'.

The sequencing reaction (20 pL)
contained the DNA template (11
wL), primer (I L), and the ABI
terminator ready reaction mixture (8
wrL). Incubation for cycle sequencing
proceeded for 25 cycles in a thermo-
cycler (95°C for 2 minutes; 95°C for
10 seconds; 50°C for 5 seconds;
60°C for 4 minutes). The reaction
mixture was analyzed using an
ABI377 automated sequencer.

Data Analysis and Statistics

Odds ratios (ORs) and 95% confi-
dence intervals (CIs) were calculated
to evaluate the association between
TNF-o and CBD or beryllium sensi-
tization. x” statistics were used to
determine if the genotype frequen-
cies reported in our population fol-
lowed Hardy-Weinberg equilibrium
(HWE) population laws.”® To ac-
count for potential differences intro-
duced by the different populations
across the plant sites, overall odds
ratios were calculated using Coch-
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TABLE 1
Frequency of TNF-a-308 and TNF-«-238 Alleles in the Arizona, Ohio, and Pennsylvania Beryllium Workers
TNF-a-308*02 Alleles TNF-a-238*02 Alleles
Plant N 0 1 2 N 0 1 2
AZ
Surveyt 138 97 (70.3) 38 (27.5) 3(2.2) 138 122 (88.4) 16 (11.6) 0(0.0)
KSD§ 6 4 (66.7) 2(33.3) 0(0.0) 6 6 (100.0) 0(0.0) 0(0.0)
OH
Surveyt 616 441 (71.6) 157 (25.5) 18 (2.9) 616 537 (88.0) 68 (11.2) 5(0.8)
KSD§ 13 9(69.2) 3(23.1) 1(7.7) 13 13 (100.0) 0(0.0) 0(0.0)
PA 103 70 (68.0) 30 (29.1) 3(2.9) 102 87 (85.3) 15 (14.7) 0(0.0)

Values are numbers of participants with percentages in parentheses.
0 indicates the absence of the TNF-a-308*02 or TNF-a-238*02 allele; 1, inheritance of at least one TNF-a-308*02 or TNF-a-23802 allele;
2, inheritance of two TNF-a-308*02 or TNF-a-238*02 alleles; Survey, participants recruited during cross-sectional and longitudinal
population-based surveys; KSD, participants recruited because they were known to be sensitized or have CBD, but who were not
members of a defined plant population (known sensitized or diseased); TNF-«, tumor necrosis factor-alpha; AZ, Arizona; OH, Ohio; PA,

Pennsylvania.

ran-Mantel-Haenszel statistics, ad-
justing for plant site. If any of the
four cells had expected values less
than 5, exact test statistics were used.
Logistic regression models were also
fit to the data to test for an interac-
tion effect between HLA-DPBI*E69
and TNF-a. HLA-DPBI*E69 and
TNF-a were used as the predictor
variables and sensitization and CBD
as the outcome variables. Alterna-
tively, we evaluated whether there
was an interaction by calculating
ORs and 95% ClIs between TNF-a
and CBD or beryllium sensitization
stratified by the presence or absence
of HLA-DPBI1*E69. Exact P values
were also calculated.

Results

Of the 886 genetic study partici-
pants, TNF-a-308 and TNF-o-238
results were obtained on 876 and 869
individuals, respectively. Two ABDs
that interrogated TNF-o-308 and
TNF-o-238 were validated by DNA
sequence determination of 120 sam-
ples (>13% of samples). DNA-
sequence analysis and ABD analysis
were 100% concordant. DNA se-
quence determination indicated that
the TNF-a-308 and the TNF-a-308
ABDs used here were not subject to
genotype misclassification error.

Table 1 shows the frequency of
TNF-a-308%02 and TNF-a-238%*02
across all three plants. Overall, the

TABLE 2

Distribution of the TNF-«-308 Alleles in Participants With CBD, BeS, and who

are Non-Sensitized (Adjusting for Plant)

TNF-«-308 Alleles

N 0 1 2 OR (95% CI)* HWE P Value
CBD 91 65(71.4) 24(264) 2.2 1.0(0.7,1.7) 0.9
BeS 63 39(61.9) 20(31.8) 4(6.4) 1.6(0.9,2.7) 0.5
Non-sensitized 722 517 (71.6) 186 (25.8) 19 (2.6) 1.0 0.6

Values are numbers of participants with percentages in parentheses.
*Referent was non-sensitized group. Odds ratios calculated based on the presence of at

least one TNF-a-308*02 allele (carrier).

0 indicates the absence of the TNF-a-308*02 allele; 1, inheritance of one TNF-a-308*02
allele; 2, inheritance of two TNF-a-308*02 alleles; TNF-«, tumor necrosis factor-alpha; CBD,
chronic beryllium disease; BeS, beryllium sensitization; HWE, Hardy-Weinberg equilibrium.

majority of participants across all
groups and plants did not carry either
the TNF-a-308%02 or the TNF-o-
238%02 minor alleles. Between 67%
and 72% of the workers were TNF-
a-308*01; a greater number were
TNF-a-238*%01 (85% to 100%).
Because the KSD group was re-
cruited based on known sensitization
or disease, and not because they were
members of a defined survey popu-
lation, there was some concern that
the frequency of TNF-a-308*02 and
TNF-0-238%02 between the survey
(population-based) group and the
KSD group would be different. Us-
ing the Fisher exact test, we com-
pared the frequency of the alleles for
each group for the Arizona and Ohio
plants and found that they were not
significantly different. The KSD

workers in Ohio had the highest fre-
quency of homozygous TNF-a-
308*%02 (7.7%), although this was
not significantly different than the
Ohio survey participants (2.9%). For
those in Arizona, only 2.2% of the
survey participants were homozy-
gous TNF-a-308*02 compared with
0% of the KSD group. This differ-
ence was also not significant. When
the frequency of the TNF-a-238%02
allele was considered in a similar set
of comparisons, not significant re-
sults were also observed. Thus, the
KSD groups were analyzed with the
population-based groups.

Tables 2 and 3 report the odds of
CBD and BeS in the presence of
TNF-a-308%02 and TNF-a-238%02,
adjusting for plant site. There was no
association between the TNF-a al-
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TABLE 3

Distribution of the TNF-«-238 Alleles in Participants With CBD, BeS, and who

are Non-Sensitized (Adjusting for Plant)

TNF-a-238 Alleles

BeS. These results were confirmed
by logistic regression (data not
shown).

N 0 2  OR(95% Cl)* HWE P Value Discussion
CBD 90 82©91.1) 7(78 1(1.1) 0.8(0.4,1.6) 0.1 This study is the second to evalu-
BeS 62 54 (871) 8 (129) 0 (00) 1.2 (06, 2.7) 0.6 ate TNF-o in re]ationship to CBD
Non-sensitized 717 629 (87.7) 84 (11.7) 4(0.6) 1.0 0.5

Values are numbers of participants with percentages in parentheses.
*Referent was non-sensitized group. Odds ratios calculated based on the presence of at

least one TNF-a-238*02 allele (carrier).

0, the absence of the TNF-a-238*02 allele; 1, the inheritance of one TNF-a-238*02
allele; 2, the inheritance of two TNF-a-23802 alleles; TNF-a, tumor necrosis factor-alpha;
CBD, chronic beryllium disease; BeS, beryllium sensitization; HWE, Hardy-Weinberg

equilibrium.

leles and either CBD or BeS. This
was true regardless of whether a
worker was homozygous or het-
erozygous for TNF-a-308*02 or
TNF-0-238%02. Our observation that
the frequency of the alleles does not
deviate from what would be ex-
pected, as demonstrated by the not

significant HWE P values, also im-
plies that they are not associated with
BeS or CBD.

The non-significant ORs in Tables
4 and 5 illustrate no interaction be-
tween either TNF-a-308*02 and
HILA-DPBI*E69, or TNF-a-238%02
and HLA-DPBI*E69 in CBD and

and BeS. In contrast to the original
study that reported an association
between TNF-o-308*02 and having
a positive BeLPT response (with and
without CBD) (OR = 7.8;95% CI =
3.2, 19.1),° the current study found
no relationship. The original study
also reported that TNF-o-308%*02
was independently associated with
CBD (OR = 4.0, P < 0.05), and in
the presence of HLA-DPBI*E69,
the odds of disease were even
higher (OR = 9.7, P < 0.05).°
Although we saw an association
between HLA-DPBI*E69 and CBD
and BeS, we did not observe a
significant interaction between

TABLE 4

The Association Between CBD and TNF-a-308*02, TNF-a-238*02 Stratified by Inheritance of HLA-DPB1*E69
HLA-DPB1*E69 = 0

HLA-DPB1*E69 = 1

Non- Non-
CBD Sensitized OR 95% CI P Value* CBD Sensitized OR 95% CI P Value*

TNF-a-308*02%

+ 3 137 0.55 0.16-1.95 0.42 23 67 1.13 0.64-1.99 0.66

- 14 353 52 171
TNF-a-238*02%

+ 1 51 0.54 0.07-4.14 1.0 7 37 0.56 0.24-1.31 0.25

- 16 439 68 201

*Exact P values (Fisher exact test).

0 indicates the absence of the HLA-DPB1*E69 allele; 1, the inheritance of at least one HLA-DPB1*E69 allele; +, the inheritance of at least
one TNF-a*02 allele; —, the absence of the TNF-a*02 allele; TNF-a, tumor necrosis factor-alpha; CBD, chronic beryllium disease.

TABLE 5

The Association Between BeS and TNF-a-308*02, TNF-a-238*02 Stratified by Inheritance of HLA-DPB1*E69
HLA-DPB1*E69 = 0

HLA-DPB1*E69 = 1

Non- Non-
BeS Sensitized OR 95% CI P Value* BeS Sensitized OR 95% CI P Value*

TNF-a-308*02

+ 9 137 1.93 0.80-4.69 0.14 15 67 1.37 0.69-2.72 0.37

- 12 353 28 171
TNF-a-238%02

+ 1 51 0.43 0.06-3.27 0.71 7 36 1.06 0.44-2.55 0.82

- 20 439 37 201

*Exact P values (Fisher exact test).
0 indicates the absence of the HLA-DPB1*E69 allele; 1, inheritance of at least one HLA-DPB1*E69 allele; +, the inheritance of at least one
TNF-o*02 allele; —, the absence of the TNF-a*02 allele; TNF-a, tumor necrosis factor-alpha; BeS, beryllium sensitization.



JOEM - Volume 49, Number 4, April 2007

HLA-DPBI*E69 and either of the
TNF-a polymorphisms.'?

Differences between our results and
those observed in the previous study
may be, in part, methodological.” In
the previous study, detection of TNF-
o-308*01 and TNF-a-308*02 was ac-
complished by PCR amplification and
oligonucleotide hybridization with
nonradiomatic enzyme immunoassay.
We used TagMan (ABI), in which
DNA-sequence probes for each allelo-
form carry fluorescent molecules with
differing spectrometric characteristics.
In this case, the wavelength of the
fluorescence emission determines the
genotype. This method is less sus-
ceptible to interpretation errors
and, therefore, misclassification er-
rors than hybridization and nonra-
diomatic enzyme immunoassay.
However, to examine the possibility
of sample misclassification in our
population, we determined the DNA-
sequence for exon 2 of HLA-DPBI
on a subset (n = 108) of the same
samples for which the HLA-
DPBI*E69 results had been deter-
mined previously."? In this case, no
discrepant results were found indi-
cating that our samples had not been
misclassified. The fact that the ge-
netic data were in compliance with
HWE population laws provides addi-
tional evidence to support the valid-
ity of the assays and our results.

This study has both strengths and
limitations. One of its strengths is the
large, population-based sample and
power. Based on the results reported
by Saltini et al in 2001, we estimated
that we had more than 99% power to
see an association should one have
been present. The power still re-
mained high (80%) if an OR of two
were considered. One limitation may
be the misclassification of health
outcome status. This may be partic-
ularly true among some of the long-
est tenured participants who were
known to have had sensitization
years ago, but who have not been
recently evaluated for CBD.

Maier et al, in 2001, reported an
association between TNF-a-308%02

and high levels of beryllium-antigen-
stimulated TNF-o. The high TNF-a
levels were positively correlated
with the severity of the CBD. It is
tempting to extrapolate these results
and assume that TNF-a-308*02 must
be associated with CBD; however,
this is not the case. On closer exam-
ination, it can be seen that the fre-
quency of the TNF-a-308*02 allele
in their population was very similar
to what we found in the individuals
with CBD in our population (22.5%
[Maier et al in 2001] vs 28.6% [cur-
rent study]). Maier et al also reported
that their gene frequencies were in
HWE, as we have found. This would
be expected if the allele were not
associated with disease. Hence, the
results of Maier et al support our
conclusions, although they did not
specifically test if there was an asso-
ciation between TNF-a-308%02 and
TNF-0-238%02 and sensitization or
CBD.
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