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SHORT COMMUNICATION
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The genetic linkage of Chediak—Higashi syndrome
and its murine analog, beige (bg), to the T-cell recep-
tor (TCR-v) v chain gene is further defined. Previous
studies using recombinant inbred strains of mice dem-
onstrated that the murine bg gene is genetically
linked to a murine TCR-y gene. We report that in the
mouse the frequency of recombination between these
two markers is 0.025. Further, we tested the hypoth-
esis that these two genes are linked in the human ge-
nome by analyzing restriction fragment length poly-
morphisms (RFLPs) in five families with children af-
flicted with Chediak—Higashi syndrome. In three
families, RFLPs in TCR-y genes were inherited dis-
cordantly from Chediak-Higashi syndrome, demon-
strating nonlinkage. We postulate that there is an
evolutionary chromosomal breakpoint between the bg
gene and the TCR-v gene. © 1987 Academic Press, Inc.

Chediak-Higashi syndrome (CHS) is a rare auto-
somal recessive disorder characterized by oculocuta-
neous albinism, a predisposition to pyogenic infec-
tions, and large abnormal cytoplasmic masses in all
granule-containing cells (Blume and Wolff, 1972).
Death may occur at an early age due to infection or a
lymphoma-like accelerated phase which may be of T-
cell origin (Argyle et al., 1982) or rather a lymphohis-
tiocytic proliferation related to EBV infection (Rubin
et al., 1985). Other cellular processes that have been
shown to be abnormal include absent or decreased
natural killer (NK) activity (Haliotis et al., 1980;
Klein et al., 1980; Merino et al.,, 1983; Roder and
Duwe, 1979), altered responsiveness to EBV infection
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(Merino et al, 1986), decreased antibody-dependent
cell-mediated cytotoxicity (ADCC) (Klein et al., 1980),
and altered neutrophil digestive capabilities (Quie and
Cates, 1977). Beige (bg) mice have many of these fea-
tures, and several groups have proposed that the mu-
rine bg mutation is analogous to the mutation in pa-
tients with CHS (Brandt et al, 1975; Lutzner et al,
1966; Windhorst and Padgett, 1973). Here we further
define the map distance between the murine bg gene
and the murine T-cell receptor (TCR) v chain gene
and demonstrate that the human CHS gene is not
closely linked to the human v chain gene.

We have previously shown that a murine TCR-y
chain gene is closely linked to the bg gene in the crin-
kled (cr), bg, and extra-toes (Xt) cluster by mapping
this locus using recombinant inbred lines and taking
advantage of a restriction fragment length polymor-
phism (RFLP) that exists at this locus (Owen et al,,
1986). The TCR-v chain is an immunogiobulin-like
polypeptide that comprises one chain of the T-cell y-é
receptor. Murine ¥ chains are encoded by three
closely linked immunoglobulin-like genes located on
murine chromosome 13 (Kranz et al., 1985). Because
there is diminished NK activity in beige mice (Roder
and Duwe, 1979), and because it has been shown that
T-cells with a y—6 T-cell receptor are capable of non-
MHC restricted (or NK-like) killing (Ang et al., 1987;
Borst et al., 1987; Brenner et al., 1987), the possibility
existed that the gene for the TCR-y chain was in-
volved in the pathogenesis of CHS/beige. In this study
we present data from breeding studies in mice demon-
strating that the bg mutation can be genetically sepa-
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TABLE 1

Results of Backcross of F, (C3H/Hed X C57BL/6J-
bg) to C67BL/6J-bg to Examine the
Linkage of TCR -v to bg

F, (C3H/HeJ X C57BL/6-bg)

Nonrecombinant Recombinant
gametes gametes
Terg® + Terg® bg Terg® + Terg® bg
C57BL./6J-bg
Terg® bg 59 60 (] 3
(gamete) (+ (bg) (+) (bg)

Note. Bg mice were obtained from Jackson Laboratories, Bar
Harbor, Maine, and maintained according to institutional guide-
lines for animal care with institutional approval. C3H/Hed were
mated with C57BL/6J-bg to generate the F, animals. 122 F, mice
were scored for coat color initially. Analysis of RFLP patterns at
the TCR-v locus using tail DNA was performed as previously de-
scribed (18) by hybridization with a murine v chain probe. Pheno-
typic coat color is indicated in parentheses. Wild-type (+) pheno-
type is agouti for C3H/HeJ and black for C57BL/6J. Agouti is
dominant to black in heterozygotes. The beige phenotype is easily
discernible in either the agouti or black background. Terg® and
Terg® indicate the restriction fragment patterns of C3H/Hed and
C57BL/6J, respectively.

rated from a murine TCR-v locus and is thus proba-
bly not altered in beige mice.

To determine the genetic linkage between the bg
mutation and the murine TCR-y genes, a backcross
between F, heterozygotes (C3H/Hed X C57BL/6J-bg)
and C57BL/6J-bg homozygotes was performed (Table
1). Progeny were analyzed for the presence of bg ho-
mozygosity by observing coat color. The beige pheno-
type in a C3H/Hed background and the beige pheno-
type in a C57BL/6J mouse are easily distinguished
from the wild-type coat colors. Previous studies have
demonstrated that the TCR-y genes in C3H/HedJ
mice can be distinguished from the TCR-y genes in
C57BL/6J mice by RFLPs. Southern blot analysis
was performed on DNA derived from progeny of the
cross to ascertain which of the TCR-vy polymorphism
patterns was present. There were three recombinants
out of 122 backcross mice, appearing in two separate
litters. All three recombinants were heterozygous at
the TCR-y locus and homozygous for bg. The fre-
quency of recombination between these two markers
is estimated to be 0.025 with 95% confidence limits of
0.005 and 0.07.

Linkage of homologous loci in mammals is often
conserved (Nadeau and Taylor, 1984). To determine
whether human CHS is linked to the TCR-y chain
genes, we have examined the inheritance of the
TCR-~v chain genes in families affected by CHS. Fam-

ily pedigrees are illustrated in Fig. 1, top. The human
v chain genes are encoded by an immunoglobulin-like
gene cluster that is about 200 kb long and is encoded
on chromosome 7 (Murre et al., 1985; Strauss et al.,
1987). Very few RFLPs have been previously identi-
fied at this locus. Because only five relatively small
families were available for this analysis, more RFLPs
of the TCR-v gene locus were required to make all of
these families informative. Thus, DNAs from 20 nor-
mal individuals were screened for the presence of
RFLPs with a number of restriction enzymes (data
not shown) using standard techniques (Maniatis et al.,
1982). Xbal identifies a number of useful RFLPs. Fig-
ure 1, bottom, shows the autoradiographs of the
Southern blots following digestion of DNA from the
five families with Xbal and hybridization with a vy
chain ¢cDNA probe, pTy1 (Dialynis et al., 1986). Poly-
morphic bands are present at 28, 24, 5.4, and 3.6 kb. In
family 1 (a), analysis of the 24 and 28-kb RFLPs,
which are inherited in a Mendelian fashion, demon-
strates concordance of inheritance because only the
father (chF) and the affected child (chCH) show the
24-kb band. The pattern of these alleles in family 3 (c)
is also consistent with linkage of Chediak-Higashi
syndrome and TCR-y. Other RFLPs of this locus
were also inherited, in these families, in a fashion
consistent with linkage (data not shown).

Clear discordance of allelic inheritance is demon-
strated in families 2, 4, and 5 (Figs. 1b, d, and e, bot-
tom). In family 2, the 3.6-kb polymorphism is present
in one parent (chMF) and one affected child (chRF),
indicating that this band is representative of the allele
bearing the gene for the disease. However, the other
affected child in this family, chNF, has not received
this allele from the parent as expected if linkage were
present. The 24- and 28-kb bands are again informa-
tive with respect to family 4. Both parents in this
family are heterozygous for this polymorphism yet
both children have inherited only the allele producing
the 28-kb band on Xbal digestion. As one child has the
disease and the other is unaffected, nonlinkage is
shown. The final family demonstrates discordance of
allelic inheritance between siblings, both of which
have CHS, for RFLPs at 24, 5.4, and 3.6 kb. In this
case, none of the RFLPs present upon digestion with
Xbal, and subsequent hybridization with pT+v1, has
segregated with the disease. Negative LOD scores for
recombination frequencies of 0.010-0.410 for the five
families are shown in Table 2, demonstrating the ab-
sence of linkage at a frequency of 0.200 and below.

Three models can be proposed to explain the diver-
gence of chromosomal linkage between these loci in
mouse and man. One possibility is that the beige
mouse may not be a true animal analog of Chediak-
Higashi syndrome. However, the numerous similar-
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FIG. 1. Evidence of nonlinkage between human CHS and the TCR-y gene locus. Top: Family pedigrees for the five families with
offspring afflicted with Chediak-Higashi syndrome. Squares represent males, and circles represent females. One infant was not tested for
RFLPs and is indicated by a solid circle. Cross-hatching indicates the presence of Chediak~Higashi syndrome. The presence or absence of
relevant RFLPs is indicated for each family member. Bottom: Autoradiograms of Southern blots after digestion with Xbal and hybridization
with the cDNA probe pTy1 (8) for families 1-5 (a—e, respectively). Blood samples (5-20 cc) were obtained from index cases with CHS and all
immediate family members after informed consent. Mononuclear cells were separated by Ficoll/Hypaque and, after T-cells were eliminated
with cyclosporin A, B-cells were transformed by EBV (Epstein-Barr virus), establishing cell lines for each family member. DNA was obtained
and 10 ug was digested with restriction enzymes. Bars indicate the relevant RFLPs for analysis and are labeled with the appropriate size. For
simplicity, only the informative bands are shown in a through d. All fragments detected by hybridization with pTy1 after Xbal digestion are
displayed in e. Superscript solid circles identify patients with Chediak-Higashi syndrome. A DNA cut with HindIII was used as a size marker
during electrophoresis through a 1% agarose gel. See text for discussion.
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TABLE 2

Degree of Nonlinkage between the Genes for Human
Chediak—Higashi Syndrome and the TCR-y Chain

] LOD score
0.010 -21.79
0.060 —8.47
0.110 —4.64
0.160 —2.68
0.210 —1.54
0.260 —-0.85
0.310 —0.43
0.360 -0.20
0.410 -0.07

Note. A computer program entitled Linkage 3.5, written by Jurg
Ott, was used for calculation of LOD scores. Because of peculiari-
ties within the program, “affection status” was converted to a bi-
nary phenotype with internally consistent estimation of heterozy-
gosity of unaffected siblings. 6 represents recombination frequency.

ities between the conditions both in morphology and
function of affected cells and in physical characteris-
tics make this explanation less likely. A second possi-
bility may be that the human CHS is a multigenic
disease. This might explain the somewhat variable
clinical course seen among affected individuals. In-
deed, though most affected children die during the
first decade of life, some individuals have been known
to live into the fourth decade without manifesting a
lymphoma-like syndrome or fatal pyogenic infections.
Again, by analogy to the murine model, this seems
unlikely. Several alleles of bg have been described
previously, each with identical phenotypic manifesta-
tions (Brandt and Swank, 1976). The third and most
likely model is that there has been a chromosomal
breakpoint during evolution between the TCR-v locus
and the beige locus, resulting in the genes being sepa-
rated by larger distances in the human genome and
possibly even on different chromosomes.

Because the linkage between CHS and TCR-v is
not present in man, a probe useful for prenatal diag-
nosis is not currently available. However, we imagine
that segments of DNA linked to the murine bg locus
may be linked to the human CHS defect and may offer
an approach to identifying a DNA probe that will be a
useful diagnostic tool for this disease.
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