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HLA-H Mutations in the Ashkenazi Jewish Population

(communicated by Ernest Beutler, M.D., 03/26/97)
Ernest Beutlér , Terri Gelbart

ABSTRACT: Hereditary hemochromatosis is a common disorder in people of European origin. The HLA-H gene
has been found to have two mutations that apparently cause hemochromatosis. The principal8d&ttian,
(C282Y), is believed to have arisen relatively recently in the Celtic population. To determine the incidence of
this mutation and the other hemochromatosis-associated mutation; GgHAG3D), among Ashkenazi Jews, a
people who are believed to have arrived in Europe in about'the 8 Century A.D., we have examined the DNA
from 381 unrelated Jewish subjects &0& non-Jewish white controls. The gene frequency for the 845G
mutation among Jewish subjects was only 0.013 compared with a frequency of 0.070 among controls, a difference
that is significant at the 0.00001 level. The phenotypically milde8hC-G mutation had a frequency of 0.155

in the non-Jewish population and 0.097 in the Jewish population, a difference that was also statistically significant
at the <0.01 level.
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INTRODUCTION megabases centromeric to HLA-H (1). However,
the mutation does not seem to be limited to

Hereditary hemochromatosis (iron storage  Northern Europe. Based on the screening of
disease) is arguably the most common inherited  blood donors for transferrin saturation a Northern
disorder among people of European ancestry. Italian population was estimated to have a gene
Cloning of the gene with demonstration of two  frequency of 0.045 (5). We have encountered
hemochromatosis-related mutations, 84BG one Mexican patient with the C282Y/C282Y
(C282Y;845A) and 187&G (H63D;187G) (1), genotype (6). However, we recall only one
has made possible precise estimation of gene  Jewish patient with hemochromatosis, long
frequencies in people of different ethnic origins. before genotyping was possible, and are unaware
Surveys of persons of mixed Caucasian ancestry  of any cases that have been published in the
showed a frequency of heterozygotes of 6.4% literature.

(10/155) (1), 15% (29/193) (2), and 5.8% Ashkenazi Jews seem to have migrated to the
(8/139) (3), for a composite gene frequency of  Rhineland by the eighth century (7). The
0.048. existence of “Jewish diseases” such as Tay-

The gene for hereditary hemochromatosisis  Sachs disease, Gaucher disease and Niemann-
believed to be of Celtic origin (4). One might  Pick disease in this population, diseases that are
presume that the founder mutation arose relatively rare in the non-Jewish population,
relatively recently since it is in marked linkage  implies a considerable degree of genetic isolation.
disequilibrium even with the HLA-A gene which  Moreover, a number of genetic markers,

IS now recognized to be approximately 4  particularly those in the HLA system, suggest that
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extension, all for 30 seconds, and a final
extension of 7 minutes at 72 C. The PCR was
performed in a 96 well plate in a Perkin Elmer 96

well thermocycler. The amplified fragments
containing nt 187 and nt 845 were 310 bp and

390 bp in length respectively. Three microliters

of the amplified DNA was spotted in

the extent of genetic exchange with surrounding
European populations has been meager (8).

MATERIALS AND METHODS

Materials and Methods

Three hundred eighty-one samples of DNA

that had been obtained from unrelated persons of

Ashkenazi Jewish ancestry were examined for the
HLA-H mutations 845GA (C282Y) and
187C-G (H63D). Eighty-nine of these samples
were from patients with type | Gaucher disease.
Two hundred six samples from persons of non-
Jewish European origin served as controls. Most
of the latter had been included in an earlier study
(2) and in those cases mutation detection was
performed as described previously.

Genomic DNA was isolated from leukocytes
by standard methods and 0.2 pg was amplified
by the polymerase chain reaction (PCR). Two
fragments from the HLA-H gene, one containing
the 187G mutation and the other containing the
845A mutation were simultaneously amplified in
a 50 pl system. The reaction contained 34 mM
Tris-HCI pH 8.8, 8.3 mM ammonium sulfate, 3.4
mM MgCl,, 5% dimethyl sulfoxide, 85 pg/ml
bovine serum albumin, 0.2 mM of each dNTP,
0.75 Units of Tag DNA polymerase (Qiagen,
Inc., Santa Clarita, CA), arzD0 ng of each of
the four oligonucleotide primers listed in Table 1.
After an initial 4 minute denaturation at 98 C,
PCR was performed for 30 cycles of 92 C
denaturation, 58 C annealing, and 72 C

guadruplicate on Nytran Plus nylon membranes
(Schleicher and Schuell, Keene, NH). The
membranes were soaked in 1.5 M NaCl/0.5 N

NaOH for 2 minutes, then in 1.5 M NaCl/0.5 M
Tris-HCI pH 8.0 for 2 minutes, and finally rinsed

briefly in 0.2 M Tris-HCI pH 7.5/2xSSC. The
DNA on the membranes was immobilized by
ultraviolet crosslinking in a Stratalinker
(Stratagene, LaJolla CA). The spotted membranes
were prehybridized at 42 C for 30 minutes in
6xSSC, 5x Denhardt's, 0.02 M sodium
phosphate pH 7.0, 0.5 mg/ml salmon sperm
DNA, and 1% SDS. Four oligonucleotide probes
(Table 1) representing the normal and mutant
sequences in the region of the two HLA-H
mutations were labeledysBrATP and
polynucleotide kinase (New England BiolLabs
Inc., Beverly, B&prding to manufacturer’s
instructions. After prehybridization the spotted

membranes were hybridized for 2 hours at 42 C

in a solution of 7xSSC, 0.02 M sodium
phosphate pH 7.0, 0.5 mg/ml salmon sperm

DNA, 1% SDS and 5 ¥ 10 cpm of labeled

probe. The membranes were washed in 6xSSC
and 0.1% SDS at the temp-eratures listed in
Table 1. The washed membranes were exposed
to XAR X-ray film for 6 hours at -70 C.

Table 1 Primers and Probes for Amplification and Detection of HLA-H Mutations

Mutations PCR Primers Oligonucleotide Wash
in HLA-H Probes Temperature
(nt)

187C-G 5'-GCCTCAGAGCAGGACCTTGG-3' 5-TCTATGAT CATGAGAGT-3' 48C
5'-CAGCTGTTTCCTTCAAGATGC- 5-TCTATGAT GATGAGAGT-3' 48C
3 A

845G-A 5'-TGGCAAGGGTAAACAGATCC-3' 5-ATATACGT GCCAGGTGG-3' 53C
5-CTCAGGCACTCCTCTCAACC-3' 5'-ATATACGT ACCAGGTGG-3' 50C
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RESULTS AND DISCUSSION involved, merely statistical variation. The
expected frequency of homozygotes for this
Table 2 summarizes the results of the mutation based on our gene frequency estimate is
population survey. The gene frequency of the approximately 5/1,000 population, a frequency
C282Y mutation was 0.013 in the Jewish well within those derived by some population
population, compared with a gene frequency of  surveys based on serum iron saturations:
0.070 in the non-Jewish population. This 12/1,000 in New Zealand (9), 4.5/1,000 among
difference is highly statistically significant  Afrikaners (10), 4.5 and 6.6/1,000 in the U.S.
(p<0.00001; Fisher's exact test). The gene (11,12), and approximately 4/1,000 among
frequency of the H63D mutation at nt187 was Danes (13,14). The expected homozygote
also less in the Jewish than the non-Jewish frequency among Ashkenazi Jews, in contrast,
European population at 0.097 v4%b; (p<0.01; would be predicted to be more than an order of
Fisher’'s exact test). magnitude lower, at 0.17/1,000. The lower
The gene frequency of the C282Y mutation frequency of the H63D mutation indicates that
that we documented, viz. 0.07, is somewhat the proportion of compound heterozygotes
higher than that reported by other groups, 0.034 among the Jewish population would be even
(1), and 0.029 (3). Based on a population lower.
consisting of 206 individuals, the standard error Our studies confirm those based on other
of our estimate is 0.018. Therefore, the genetic markers that suggest that the admixture
difference between the gene frequencies reported of the Jewish population with the surrounding
by various groups could be due not only to European population has been relatively meager
differences in the composition of the normal (8), and implies that hereditary hemochromatosis
population but, because of the small humbers should be a rare disease among Ashkenazi Jews.

Table 2. HLA-H Genotypes in Ashkenazi Jewish and Control Subjects

Group nt 1876 G(H63D) nt 845G A (C282Y)
Genotype Genotype
(number of subjects) Gene frequengy (number of subjeqts) Gene freguency
CiC CIG G/G C G GIG AG AA G A

Jewish 313 62 6 0.903  0.09] 371 10 0 0.987 0.013

Non-Jewish White 149 50 7 0.845  0.15p 177 29 ( 0.930 070
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