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Racial Differences in Prevalence of a Supratypic
HLA-Genetic Marker Immaterial to Pre-Employment
Testing for Susceptibility to Chronic
Beryllium Disease

Ainsley Weston, php,'* James Ensey,' Kathleen Kreiss,?
Channa Keshava,' and Erin McCanlies'

Background A beryllium materials manufacturer is conducting a limited pilot program
that offers testing for HLA-DPBI1*%° with genetic counseling through a third party to
applicants for employment. An important consideration in this regard is the prevalence of
this marker in the general population, and its consequent positive predictive value of
disease susceptibility.

Methods Polymerase chain reaction and restriction fragment length polymorphism
analyses were used to determine HLA-DPB1%%° population frequencies. Estimation of
positive predictive values assumed a disease frequency among beryllium workers of either
5 or 15% and used an odds ratio for disease risk of 35 for the HLA-DP1%%° marker.
Results Allelic/carrier frequencies were found to be 0.21/0.33, 0.24/0.40, 0.27/0.47, and
0.38/0.59 for Caucasians, African-Americans, Hispanics, and Chinese, respectively.
Ranges of positive predictive values for a genetic test based on HLA-DPBI*® in these
populations were calculated to be 8.3—14.3% for carriers with an assumed disease
frequency of 5%. For high risk subgroups with disease frequencies of 15%, the range of
positive predictive values was found to span between 24.9—43.0%.

Conclusions These estimates suggest that using HLA-DP[}1 £69 genotyping for general
pre-employment screening in the beryllium industry has a low positive predictive value,
which varies little among racial groups where carrier frequencies differ significantly.
Am. J. Ind. Med. 41:457-465, 2002. © 2002 Wiley-Liss, Inc.
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INTRODUCTION

A genetic polymorphism in the human leukocyte
antigen (HLA), DPB1 gene was first reported to be asso-

"Health Effects Laboratory Division, National Institute for Occupational Safety and Health,
Morgantown, West Virginia

%Division of Respiratory Disease Studies, National Institute for Occupational Safety and
Health, Morgantown, West Virginia

*Correspondence to: Ainsley Weston, NIOSH-CDC, MS-L3014, 1095 Willowdale Road,
Morgantown, WV26505-2888. E-mail: AGW8 @ CDC.GOV

Accepted 30 January 2002

DOI10.1002/2jim.10072. Published online in Wiley InterScience
(www.intersciencewiley.com)

© 2002 Wiley-Liss, Inc.

ciated with chronic beryllium disease almost a decade ago
[Richeldi et al., 1993]. The specific disease marker is called
HIA-DPS1 E69 \where E69 refers to genetic variants with a
glutamic acid (E) in the 69th position of the protein
sequence or the 69th codon of the gene itself. Codon 69 of
the HLA-DP[31 gene can code for one of the three amino
acids, lysine (K), glutamic acid (E), or arginine (R). The
lysine variants are found in 60 of the 96 known variants of
this gene, glutamic acid is found in 31, while arginine is
found in only 5 [Marsh, 1998, 2000; Steiner et al., 1999;
Rozmuller et al., 2000; Varney and Tait, 2000; Voorter et al.,
2000; Lui et al., 2001; McTernan et al., 2000]. Individuals
with chronic beryllium disease are more likely to carry an
HLA-DPf1 allele with glutamic acid in the 69th position
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(HLA-DP1%%°) than either a lysine or arginine. Now, five
published studies have reported an association of the genetic
marker HLA-DPJ1%%° with susceptibility to disease follow-
ing occupational exposure to beryllium [Richeldi et al.,
1993, 1997; Wang et al., 1999, 2001; Saltini et al., 2001].
Because the strongest association was found with inheri-
tance of E69 as compared with other variant positions, such
as position-36 or -55, HLA-DP 1% is often referred to as a
supratypic marker [Richeldi et al., 1993]. These findings
indicated that it designates multiple genetic variants that
have in common the glutamic acid in the 69th position
and that this residue most prominently signals elevated
risk of chronic beryllium disease in exposed beryllium
workers. A detailed description of HLA nomenclature
can be found at www.ebi.ac.uk/imgt/allele.html and in
Marsh [2000]. In the case of HLA-DPfI, the reference
sequence is HLA-DPB1*01011. As new sequences are
discovered, the second digit is advanced. These new
designations are truncated at the fourth digit (e.g., HLA-
DPf1%0401), and the fourth and fifth digits are used to
identify highly related sequences (e.g., HLA-DP[1*0401
and HLA-DPf1*0402 or HLA-DP[1%02012 and HLA-
DPf1%02013).

Many studies in the literature address genetic variation
in HLA-DP, but true allele frequencies are difficult to
ascertain [al-Daccak et al., 1991; Magzoub et al., 1992;
Moonsamy et al., 1992; Wang et al., 1992; Cariappa et al.,
1998; May et al., 1998; Poulton et al., 1998; Loudova et al.,
1999; Ravikumar et al., 1999; MacHulla et al., 2000;
Nishimaki et al., 2000; Rani et al., 1999]. To address this

question, we have used a simple polymerase chain reaction-
restriction fragment length polymorphism (PCR-RFLP)-
based assay to determine the frequency and genotypic
distribution of HLA-DPS1% in four different racial popu-
lations: African-Americans, Caucasians and Hispanics from
the United States, and Chinese from mainland China. While
we recognize that race definitions lack precision, especially
in a multiracial society like the United States of America,
they remain a useful reference for delineating the genetic
underpinnings of certain phenotypes [Wood, 2000]. Also,
because of the reported powerful association of this marker
with risk of beryllium disease in conjunction with occupa-
tional beryllium exposure (OR range=12-76; 95%ClIs
range = 2—322) (Table I) [Richeldi et al., 1993, 1997; Wang
et al., 1999], some advocate its use as a genetic pre-screen
to determine suitability for employment in the industry
[Richeldi et al., 1993; Lang, 1994; Fields, 2001]. In fact, a
pilot pre-employment screening project, based on a test for
HLA-DPB1"% carrier status (yes/no), is currently underway
in a major beryllium manufacturer. The prudence of this
course of action is discussed in light of calculations of the
positive predictive value, sensitivity and specificity of this
supratypic marker. The debate concerning the use of genetic
tests in the employment arena is not new [Williams and
Siegel, 1961; Zavon, 1962; Stokinger and Scheel, 1972;
Holden, 1982]; however, the application of improved
genetic technologies should help to guide progress towards
non-prejudicial protection of all workers. Genetic research
can support beneficial uses in contrast to testing, and such
pertinent approaches are discussed also.

TABLEL. Summary of Literature Reports of the Frequency of HLA-DP[S'1569 in Chronic Beryllium Disease Cases and

Controls
Study KK* KE/EE OR (95%Cl) CF"
Richeldietal.[1993]

Cases (33) 1 32 76 (18—322)

Controls (44) 31 13 0.30
Richeldietal.[1997]

Cases (6) 1 5 12(2-70)

Controls (121) 85 36 0.30

KK KE EE°

Wang et al. [1999]

Cases (20) 1 13 6 23(5-108)

Controls (75) 4 33 1 045
Analysis of all published data® KK KE/EE

Cases (59) 3 56 35(15-82)

Controls (240) 157 83 0.35

%Inthis case, K represents either lysine (the common allele) or arginine (the rare allele).

PCarrier frequency (i.e., glutamic acid homozygotes and heterozygotes combined).
°Hardy—Weinberg equilibrium for this genotypic distribution: x2 =396,P=0.05.

9Does notinclude Saltiniet al. [2001]; n = 22 cases, 93 controls,OR = 3.7 (95%Cl = 14—10.0).



MATERIALS AND METHODS
Human Subjects

Collections of blood-derived constitutive DNA samples
from 100 unrelated African-Americans and 100 unrelated
Caucasians were purchased from the Coriell Institute, Cam-
den, NJ; these two collections were specifically developed
to facilitate characterization of genetic polymorphisms. A
collection of DNA from 100 unrelated Chinese was a gift
from Dr. Tong-man Ong, NIOSH-CDC, Morgantown, WV;
and a collection of DNA samples from 100 unrelated non-
black Hispanic women, principally of Caribbean descent,
enrolled in a New York City breast cancer case-control
study, was also available to us through a collaboration with
Dr. Mary Wolff (Mount Sinai Medical Center, NYC)
[Weston et al., 1997; Wolff et al., 2000]. The protocol,
including statement of purpose for obtaining these DNA
samples, was given expedited review by the NIOSH Human
Studies Review Board because no personal identifiers were
involved. Its own Institutional Review Board approves the
Coriell Institute for such studies. Approval of the Mount
Sinai Medical Center Institutional Review Board was also
obtained. Overall quality of DNA was assessed by determin-
ing: OD?*”?% (for purity, with an expected ratio between
1.6 and 1.9), agarose gel-electrophoresis characteristics
(for high molecular weight, with a narrow band expected
> 30 kb) and facile amplification of a > 300-bp fragment
by PCR. Samples that did not meet these criteria were re-
purified; high molecular weight DNA was redissolved in
Tris:EDTA (10 mM:1 mM) and stored at —70°C; and
working solutions for PCR amplification (10 pg/ml,
containing Tris-Cl 10 mM and EDTA 1 mM) were prepared
and stored at 0—4°C.

Genetic Analysis of the Polymorphism
at Amino Acid Residue 69 in Exon 2
of HLA-DPg1

Analysis of white blood cell DNA samples from
African-Americans, Caucasians, Chinese and Hispanics
(n=100 for each group) was conducted to determine the
HLA-DPB1 genotypes that code for the 69th amino acid
(codon 69). The PCR was used to generate fragments of
HLA-DPf1 that were 322 bp in length. Amplification of
human constitutive, genomic DNA was performed in a PCR
reaction mixture (50 pl) containing: primers (FDPI1-5'-
GAGAGTGGCGCCTCC-3’ and RDPI2-5'-CCCAAAGCC
CTCACTC-3', 2 pM,; these primers flank exon 2 of HLA-
DPf1), genomic DNA (100 ng), MgCl, (1.25 mM), dNTPs
(0.8 mM), and Tag-polymerase (1 U, Perkin-Elmer Applied
Biosystems, Foster City, CA). Amplification was allowed to
proceed with an initial melt (95°C, 5 min), then 35 cycles of
melting (95°C, 30 s), annealing (60°C, 35 s) and extension
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(72°C, 60 s), and a final extension at 72°C (10 min). The
resulting PCR product (322 bp) was subjected to digestion
with BsrBI (cleaves GAGCGG, where GAG codes for
glutamic acid in position 69 [E69] and CGG (arginine) is
invariant in position 70; does not cleave AAGCGG or
AGGCGG, where AAG codes for lysine 69 [K69] and AGG
codes for arginine 69 [R69]), and where glutamic acid at
codon 68 is invariant (Fig. 1).

Adequacy of PCR was determined by electrophoretic
analysis of a portion (20%) of the reaction mixture (2%
agarose gels). Digestion of a further portion (20%) of the
amplicon with BsrBI was conducted in a reaction mixture
(16.4 ul) according to the manufacturer’s instructions (New
England Biolabs, Beverly, MA). Restriction fragments
(322 bp uncut, K69 or R69, 88/234 bp cut or E69) were
resolved by agarose gel (3%) electrophoresis.

Statistical Analysis

Exact methods and the Chi-square test were used to
compare allele frequencies for HLA-DPB1%° among four
racial groups, African-Americans, Caucasians, Chinese and
Hispanics. The Chi-square test was also used to determine if
the genotypic distributions conformed to Hardy —Weinberg
population laws. SAS statistical software was used to con-
duct all statistical analyses [SAS Institute, 1999]. Gene freq-
uencies were estimated using standard methods, where the
allelic frequency is the proportion of chromosomes in the
population that harbor a specific gene variant [Russell, 1992].

Positive predictive values, sensitivity and specificity
were estimated according to the method described by
Khoury et al. [1985, 1993]. However, odds ratios based on
analysis of previously published reports, were substituted
for relative risks. First, an odds ratio of 35 for carriers was
used to calculate positive predictive values for a range of
HLA-DP[1%% carrier frequencies [Richeldi et al., 1993,
1997; Wang et al., 1999] (Table I). The calculations are also
based on the highest estimate (5%) of beryllium disease
among generally exposed workers (1-5%), and 15% for
high risk subgroups (workers performing tasks such as
machining and lapping) [Kreiss et al., 1996]. Caution should
be used in interpretation of the calculations for the popu-
lations studied here because they assume disease frequency
does not vary by race [Kreiss et al., 1996]. This strategy
provides for finding the highest positive predictive values,
that is, it is expected that the positive predictive value will be
over-estimated. Second, to counter-balance this approach, a
comparison of positive predictive values for an OR of 3,
over the range of HLA-DPBI1*%° carrier frequencies, was
also calculated. This strategy was adopted because obtain-
ing an odds ratio as high as 35 is unusual in most studies;
and while 3 might still be considered high, it might better
reflect the odds ratios of other disease/gene associations.
Summary of formulae: Positive predictive value = Rp/1 +



Weston et al.

Exon 2
HLADPpgI

BsrBI
GAG (E)| CGG

GAG

FDPI[1 RDPI2

234bp v___ 88bp

322bp
AAG (K)

AGG (R)

Codon 69

FIGURE 1. Depiction of exon 2 of HLA-DPB1indicating the relative positions of codon 69, the restriction enzyme recognition site and
polymerase chainreaction (PCR) primer reagents used to amplify the DNA segment.This PCR and restriction fragment length polymorphism
(RFLP) analysis strategy was used to determine the frequency of the HLA-DPB1E€9 supratypic marker in four racial populations. Exon 2 was
amplified using primers (FDPI1 and RDPI2) that flank the exon,and which generated 322-bp fragments for each sample.Then BsrBI was used
tointerrogate each amplicon. Amplicon cleavage by BsrBloccurred for those samples containing the E69, resulting in fragments of 88 and
234 bp. Amplicons containing K or R69 remain uncleaved. Isoschizomers AccBS/and Mbil would be expected to produce a similar result.

g(R — 1), where R = odds ratio substituted for relative risk,
p=disease frequency, and g=genetic trait frequency.
Sensitivity =Rg/1 + g(R — 1), and Specificity = 1— (g x
1 {Rp}/{1+g[R—1]} + {1 —p}]) [Khoury et al.
1985, 1993]. Thus, positive predictive value is the propor-
tion of individuals who develop disease among those who
have the trait.

M1 2 3

RESULTS

Results for six representative DNA samples are shown
in Figure 2. The enzyme, BsrB1 cleaves the PCR product
into two pieces (88 and 234 bp) if the sequence codes for
E69. The 322-bp product remains intact if it codes for K69
or R69. Reference to the molecular weight marker (lane M)

4 5 6 M

FIGURE 2. Typical results of PCR-RFLP analysis designed to determine the presence orabsence of the HLA-DPB17 supratypic marker
in human, constitutive, genomic DNA (according to the scheme described in the legend to Fig. 1and the Materials and Methods section of
the text). Analysis of six different samples, from four collections of 100 unrelated African-Americans, Caucasians, Chinese and Hispanics
is shown. Individual samples were amplified with primers specific for DNA sequences flanking exon 2 of HLA-DPJ31 (FDPI and RDPI2).
Amplified materials were restricted with BsrB/and analyzed on agarose gels: lanes marked M are a molecular weight marker (100 base pair
DNA ladder, as indicated), lanes 1and 2, homozygous restriction site absent (KK, KR, or RR), lanes 3 and 4, heterozygous EK or ER, lanes 5
and 6, homozygous EE.
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TABLE Il. Genotypic Distribution of HLA-DPB15%°in Four Racial Groups*

HWE*
Population KK® KE EE F CF° P-value
African-American 60 32 8 0.24 040 022
Caucasian 67 25 8 0.21 0.33 0.02
Chinese 4 43 16 0.38 059 041
Hispanic 53 40 7 0.27 047 0.88

*N =100 per group.

%Inthis case, K represents either lysine (the common allele) or arginine (the rare allele).
bFrequency of the alleles containing a glutamic acid residue at codon 69 (exon 2) of HLA-DP/ 1.
“Carrier frequency (i.., glutamic acid homozygotes and heterozygotes combined).

“Hardy—Weinberg equilibrium (% not shown).

shows two lysine/arginine homozygotes (lanes 1 and 2), two
glutamic acid homozygotes (lanes 5 and 6), and two hetero-
zygotes (lanes 3 and 4). This assay did not discriminate
between the lysine and arginine alleles; however, the goal
was to determine the genotypic distribution with respect to
the glutamic acid variant. No unexpected bands were seen.

Genotyping data for each sample collection is shown in
Table II. Among African-Americans, the allelic frequency
for HLA-DPf1%%° was determined to be 0.24, with the
expected number of heterozygotes and HLA-DPBI1=%°
homozygotes (Hardy—Weinberg ¥* = 1.51, P=0.22). Simi-
larly for Chinese (F = 0.38) and Hispanics (F =0.27), there
was no departure from Hardy—Weinberg population laws
(Chinese x2 = 0.68, P = 0.41, and Hispanics xz = 0.02,
P =0.88). Among Caucasians, where the allelic frequency
was 0.21, an excess of HLA-DPBI"° homozygotes was
observed (0.08 vs. 0.04; xz =543, P=0.02).

When the frequency of HLA-DPBI1*%° was compared
across the ethnic groups, there was essentially no difference
in the allelic frequency or genotypic distribution between
African-Americans and Caucasians (Table III), with each
group having a carrier frequency of 0.40 and 0.33, respec-
tively. However, Chinese had a significantly higher HLA-
DP[1%%° allelic frequency (0.38) and concomitantly, the
expected higher carrier frequency (0.59) compared to both
Caucasians and African-Americans. When this genotypic
distribution was compared with that in Caucasians, the dif-
ference was found to be statistically significant (y* = 13.69,
P =0.001) (Table III). Similarly, the difference in allelic
distribution between Chinese and African-Americans was
statistically significant (3> = 7.85, P =0.02). For Hispanics,
in which the allelic frequency falls between Chinese and
African-Americans, there was no significant difference
(Table III). However, their carrier frequency was signifi-

TABLE Ill. Comparison of HLA-DPB1%% Genotypic Distributions Among Four Racial Groups

Genotype Carrier frequency
Comparison groups F X P-value" X P-value®
African-American 024
Caucasian 0.21 125 0.54 106 0.30
African-American 024
Chinese 0.38 7.85 0.02 722 0.01
African-American 0.24
Hispanic 0.27 139 0.50 1.00 0.32
Caucasian 0.21
Chinese 0.38 13.69 0.001 13.61 0.001
Caucasian 0.21
Hispanic 0.27 516 0.08 408 004
Chinese 0.38
Hispanic 0.27 516 0.08 2.89 0.09

®Frequency of the alleles containing a glutamic acid residue at codon 69 (exon 2) of HLA-DPB .

Pt = 2.
Sdf =1.
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TABLE IV. Estimated Positive Predictive Value, Sensitivity, and Specificity of HLA-DP,B1E69 for Chronic Beryllium Disease

Disease prevalence = 5%
HLA-DPB1%% carrier

Disease prevalence = 15%

frequency PPV? Spec. Sens. NPV PPV Spec. Sens. NPV
1 100 100 26 96 100 100 26 86
10 40 94 80 99 100 100 80 94
30 16 73 94 99 47 81 94 98
40 12 63 96 100 36 70 96 99
60 8 42 98 100 25 49 98 100

#PPV, positive predictive value; Spec., specificity; Sens., sensitivity; NPV, negative predictive value (Spec. x [1 — p]/1 — g) [Khoury et al, 1993]. All values are percentages,

calculated using an odds ratio of 35.

cantly different when compared to the frequency among
Caucasians (> =4.08, P=0.04) (Table III).

A range of carrier frequencies, encompassing those
found for the four racial groups studied here, both low (5%)
and high (15%) prevalence of disease, and data generated by
others on beryllium disease cases and controls (Table I),
were used to estimate the positive predictive value of HLA-
DPBI% for development of beryllium disease (Table IV).
In the case of each racial group, the positive predictive value
of HLA-DPB1*%° for carriers among beryllium workers in
general is quite low, falling between 8.3 and 14.3% (Fig. 3a
and Table IV). In Chinese, especially, where the carrier
frequency is highest (0.59), assuming an OR for disease
of 35, the positive predictive value is only 8.3%, with a
specificity of 43% indicating that the test would yield
misleading information more often than not (57%). When
the calculations were extended to a disease prevalence of
15% (such as might be associated with workers in high risk
tasks, e.g., machining and lapping), the findings were still
unimpressive. Thus, for the range of carrier frequencies
found here, the range of positive predictive values was
24.9-43.0% (Table IV and Fig. 3a). Similarly, the specificity
of the test was found to be quite low, again implying that
many people who test positive will not develop disease.
Correspondingly, the negative predictive value was found to
be high (Table IV).

Evident in Figures IIIb and Illc, is the relative lack of
impact that a reduction in OR has on positive predictive
value and the diminution of its effect with increasing popu-
lation frequency of the genetic trait. This would also be the
case had it been possible to more correctly use a relative risk
estimate. For a 5% disease prevalence, at the point when the
carrier frequency reaches 33% this impact, from a policy
perspective, is almost negligible on the positive predictive
value, which ranges between 9.0% for an OR of 3 and
14.3% for an OR of 35 (Fig. 3a,b). At a carrier frequency
of 59%, the range is 6.9-8.3% for the same ORs and
disease prevalence. Similarly, for a disease prevalence of
15%, these ranges are 27.0-43.0% and 20.6—24.9%, re-
spectively (Fig. 3a,c).

DISCUSSION

The rationale for this study centers on the ethical issues
involved in the use of genetic markers of susceptibility for
pre-employment screening [Richeldi et al., 1993; Lang,
1994; Fields, 2001]. Five published studies have previously
implicated inheritance of HLA haplotypes characterized
by the supratypic marker HLA-DPS1%% as a significant risk
factor for the development of a debilitating granulomatous
lung disease in beryllium exposed workers [Richeldi et al.,
1993, 1997; Wang et al., 1999, 2001; Saltini et al., 2001].
Specifically, pertaining to the case of HLA-DPBI*%° and
beryllium disease, there are many deficiencies that weigh
against its adoption for pre-employment screening. These
include limitations of the published data, sensitivity, speci-
ficity, and poor positive predictive value.

Although high odds ratios for disease susceptibility
were reported (OR range =12 —76; 95%Cls range =2 —
108), only small numbers of cases were studied (33, 6, 20,
and 22, respectively)1 [Richeldi et al., 1993, 1997; Wang
et al., 1999, 2001; Saltini et al., 2001]. Three of the studies
did not distinguish between homozygotes and heterozygotes
(copy number: two or one) [Richeldi et al., 1993, 1997;
Saltini et al., 2001], whereas the most recent study that used
detailed or allele-specific DNA sequence analysis suggested
that homozygotes were 10—15 times more likely to develop
disease compared to heterozygotes [OR >200 estimated
from Wang et al., 1999, 2001]. In this technically superior
study of twenty cases (75 controls), the genotypic distribu-
tion of HLA-DPB1%%° among controls did not conform to
Hardy—Weinberg laws, arising from a deficiency of homo-
zygotes [P <0.05, calculated from Wang et al., 1999].
This result suggests perhaps a winnowing of the high-risk
alleles from the control population. Taken together, these
factors suggest that control carrier frequencies from these
studies [which were 0.30, 0.30, 0.45, and 0.40, reported by

! The report by Saltini et al., 2001 appeared while the present manuscript was

being reviewed and the data have not been included in the analysis (Table I).
Inclusion of this study would result in reducing the positive predictive values
further.
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FIGURE 3. Graphical depictions of the positive predictive value of tests for HLA-DPB1E%°.
These curves are based on: (a) an odds ratio for carriers of 35 and prevalences of disease in
) and 15% (high-risk jobs, — — —);
(b) generally exposed beryllium workers (disease prevalence 5%) and odds ratios for carriers
of 3 (calculated from Richeldi et al., 1997, )and 35 (———); and (c) the sub-set of
beryllium workers in high risk jobs (disease prevalence 15%) and odds ratios for carriers of 3
(calculated from Richeldi et al., 1997,
quencies encompasses those in the different racial populations studied here.

beryllium-exposed workers of 5% (general,

) and 35 (— ——). The range of carrier fre-

Richeldi et al., 1993, 1997; Wang et al., 1999; Saltini et al.,
2001, respectively] may be low or otherwise inappropriate
for evaluation of the positive predictive value, sensitivity,
and specificity of the test. Moreover, some previous efforts
to assess the positive predictive value of HLA-DPBI*%°
testing appear to overlook the true prevalence of disease in
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the test group [Richeldi et al., 1993; Wang et al., 1999]. For
example, in their previous study, Richeldi et al. [1993]
compared allele frequencies in 33 cases (43%) and 44 con-
trols; however, the cases and controls were geographically
distinct. Similarly, Wang et al. [1999] studied 75 controls
and 20 cases whose beryllium exposure occurred in Los
Alamos, NM, the Rocky-Flats beryllium plant in the Denver,
CO area, and other unspecified areas of the United States
[Wang et al., 2001]. In contrast, the study by Richeldi et al.
[1997] focused on workers from a beryllium-ceramics plant
in the western United States of America. It was a popu-
lation-based study and demonstrated a disease prevalence of
5%. Population-based predictive values are currently only
deliverable from the study of workers at this beryllium plant
[Richeldi et al., 1997].

The new evidence presented here shows that carrier
frequencies for HLA-DPB1%%° are in general higher than
previously reported, and vary between racial groups. With
respect to the departure from Hardy—Weinberg equilibrium
in Caucasians, we have compared these HLA-DPf 1% data
with genotype data for Caucasians (n = 836) enrolled in an
ongoing molecular epidemiologic study of chronic beryl-
lium disease. For the molecular epidemiologic study popu-
lation, the allele frequency is almost exactly the same (0.22),
but there is no departure from Hardy—Weinberg population
laws (y>=1.88, P=0.17). Consequently, the carrier fre-
quency among this latter Caucasian group is slightly higher
(0.39 vs. 0.33 reported here).

Khoury et al. [1985] eloquently discussed and elegantly
demonstrated how the interplay between disease and allele
frequency affects the positive predictive value, sensitivity,
and specificity of a genetic marker. Furthermore, Khoury
et al. [1985] illustrated how these factors must be evaluated
and considered prior to recommending use of a genetic
marker as a screening tool. Specifically, as the marker fre-
quency increases in a population, the positive predictive
value will decrease even if the relative risk is high [Khoury
et al., 1993]. Moreover, a reduced specificity accompanies
a poor positive predictive value. As a consequence, a rela-
tively large proportion of the population who does not have
disease will be advised that the genetic test outcome is
unfavorable with respect to their potential disease risk, or
their employment potential in a particular industry. The
HLA-DPS17%° marker and chronic beryllium disease are an
excellent example of these principles. Based on our results
of the prevalence of HLA-DP 1% in the general population
and published chronic beryllium disease rates among beryl-
lium worker populations, the positive predictive value was
low (8.3—14.3%), while the proportion of the population
identified as positive for the marker, but without disease was
high (at least 27-58%, derived from Table 1V, i.e., 100—
73=27 and 100-42=58 [Richeldi et al., 1993, 1997
Wang et al., 1999]). The concomitant specificity of this pre-
employment screening test is low (in the order of 60%).
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These findings are consistent with those of Bartell et al.
[2000] who concluded that the test had a general positive
utility in CBD avoidance and cost savings, but that imple-
mentation of a genetic testing program needed to weigh
the ethical, legal, and social issues as well. However, their
findings were based solely on the results of one study that
implicated the HLA-DPf1%0201 glutamic acid-containing
variant [Richeldi et al., 1993]. More recently, certain of the
non-*0201 glutamic acid containing variants have been
proposed to be more strongly associated with CBD risk than
the *0201 variants [Wang et al., 1999]. Even more recently,
the specific importance of the supratypic HLA-DPBI1%%°
marker has been reasserted [Saltini et al., 2001], and this
question remains unresolved. This dispute underscores the
need for more carefully designed studies from both a mole-
cular and epidemiologic perspective.

This simple example of potential misclassification
based on HLA-DPf1%*0201/mon-*0201 variants belies the
true complexity of the HLA-DPBI*® chronic beryllium
disease association. Two other major issues require further
consideration. First, allelic sub-sets typified by HLA-DPf1 £69
may convey different levels of risk, e.g., HLA-DP1*0201
<F[901<*1301<*0901  <*1001<*0601<*1701 [Wang
etal., 1999]. These investigators subsequently demonstrated
a similar trend in a group of 25 sensitized beryllium workers
[Wang et al., 2001], although no evidence for an association
between HLA-DP1%%° and sensitization has been proffered
by others [Saltini et al., 2001]. These issues may be difficult
to completely resolve since large sample numbers will be
required to test hypotheses about the many alleles of HLA-
DPf1%%°. Second, homozygosity could have profound
significance for the positive predictive value since homo-
zygosity is much less common than simple carrier status.
As previously noted, HLA-DPS17%° homozygotes may be at
significantly higher risk than heterozygotes [Wang et al.,
1999]. This important question may be more easily addres-
sed than that of multiple HLA-DPS1%% alleles.

Estimates of positive predictive value will increase as
longitudinal follow-up allows for incident data to be deter-
mined [Newman, 1993]. Similarly, as specific sub-types or
combinations of sub-types are identified, these too might
lead to better clinical predictivity, and therefore, form the
basis for a more accurate test. In the pilot pre-employment
screening program, the beryllium materials manufacturer
considered odds ratio estimates of 5-10 derived from
research studies to be potentially significant to a person
considering accepting employment with potential for
exposure to beryllium particles. A third party contractor
conducted pre- and post-test genetic counseling and testing,
with provisions to ensure that the employer would not know
which applicants chose to undergo the testing/counseling
process and could not identify the genetic test result in any
individual. Estimates of positive predictive value, presented
here, show that odds ratios alone may convey a misleading

perspective of risk. Justification for pursuing susceptibility
testing should consider not only estimates of relative and
absolute risks, but also positive and negative predictive
value. Likewise, full risk counseling should include all of
these parameters as well.

Chronic beryllium disease illustrates that the positive
predictive value of tests for common genetic traits (with
population frequency > 30%) may be low in-spite of high
odds of disease. Low positive predictive values minimize
the effect of trait distribution among racial and ethnic
groups, and consequently the utility of genetic testing based
on common traits. If rare genetic traits are shown to have
high positive predictive value for disease, legal, ethical, and
social protection must evolve to ensure protection of groups
characterized by increased risk of both disease and
discrimination. The beneficial public health impact of
genetic research that investigates common traits is most
likely not through genetic testing, but rather the develop-
ment of better protection strategies, followed by their
implementation. Molecular epidemiologic association stu-
dies can identify genetic factors with which to develop
transgenic animal models; in turn such models will be used
to study disease mechanism, and investigate the efficacy of
post-exposure interventions. Molecular epidemiologic
investigations that include sound industrial hygiene and
reliable exposure assessment matrices will help to elucidate
gene—environment interactions. These latter studies are
critical to meaningful risk assessment (genome-based risk
assessment) that is needed for the development of exposure
standards that protect all workers.
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