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The association of Wilms’ tumor with aniridia (the WAGR complex) in children with
11p13 chromosomal abnormalities has been established, but the paucity of molecular
probes in 11p13 has hampered identification of the responsible genes. Two new
anonymous DNA segments have been identified that map to the WAGR region of
11pl13. Both DNA probes identify a cytologically undetectable deletion associated
with a balanced chromosome translocation inherited by a patient with familial aniridia,
but not Wilms’> tumor. The same two DNA segments are also included in the distal
p13—pl4.1 deletion of another patient, who has aniridia, Wilms’ tumor, and hypogo-
nadism, but they are not included in the p12—p13 deletion of a third patient, who does
not have aniridia but has had a Wilms’ tumor. The discovery of this aniridia deletion
and these two DNA segments that physically separate the Wilms’ tumor and aniridia
loci should facilitate identification of the genes in the WAGR locus, beginning with the

aniridia gene.

ILMS’ TUMOR IS A NEPHROBLAS-
toma that apears in 1:10,000
children (1), and aniridia, com-

plete or partial absence of the iris, appears
with a frequency of 1:64,000 to 1:100,000
(2). However, the frequency of aniridia
among children with Wilms’ tumor in-
creases to 1:50 (3), whereas the frequency of
Wilms” tumor among children with aniridia
increases to 1:3 (4, 5). The finding that the
majority of children with both Wilms’ tu-
mor and aniridia have hemizygous constitu-
tional deletions on the short arm of chromo-
some 11, with 11p13 the region commonly
involved, has led to the assignment of the
Wilms’ tumor—aniridia—genitourinary—men-
tal retardation (WAGR) gene complex to
11p13 (5, 6). The genes encoding catalase
(CAT) and the beta subunit of follicle-
stimulating hormone (FSHB) have also
been assigned to 11p13, at positions flank-
ing the WAGR complex (7-10).

Although CAT and FSHB are the closest
known genes to the WAGR complex, both
have been excluded from the complex be-
cause patients have been found who have
deletions that leave one of these genes intact
(8, 9). To find DNA markers closer to the
Wilms’ tumor (WT) and aniridia (ANZ)
loci, we have isolated and mapped 112
random clones from the chromosome 11
library of the Lawrence Livermore National
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Laboratory (11). WAGR patients were used
to establish a panel of deletion hybrids that
separated 11p into nine regions; we were
able to assign four of these clones, D11589,
D11890, D11893, and D11S95, to the subin-
terval of 11pl3, which includes CAT,
FSHB, and the WAGR complex. The 11p13
chromosomal abnormalities of three addi-
tional patients were characterized with these
molecular probes (Fig. 1).

DG-85 is a fibroblast cell line established
from the first patient, who has familial aniri-
dia and carries a cytologically balanced
translocation between chromosomes 11 and
22 [t(11;22), (p13;q12.2)] (12). RIST is an
Epstein-Barr virus (EBV)—transformed lym-
phoblastoid line established from the second
patient, a 9-year-old male who has aniridia
and hypogonadism and has had a Wilms’
tumor. Our cytological examination of his
circulating leukocytes revealed a deletion of
distal 11p13—p14.1 (13). DAR 15-14 is a
human-mouse somatic cell hybrid estab-
lished from the third patient, who had
Wilm’s tumor, but not aniridia, and a dele-
tion of 11p12—p13 (14). This hybrid does
not retain the normal chromosome 11.

Using somatic cell hybridization, we seg-

Fig. 1. The linear order of the
anonymous DNA segments, CAT,
and FSHB, and their locations rela-
tive to WT, AN2, and the RIST,

regated the DG-85 derivative chromosome
11 and derivative chromosome 22 from each
other and from the normal chromosome 11;
we also segregated the RIST chromosome
11 with its deletion from its normal homo-
log (legend to Fig. 2). Somatic cell hybrids
segregating these marker chromosomes
were examined with CAT, FSHB, and our
DNA markers.

In DG-85, CAT (Fig. 2a) and D11S89
and D11890 (13) cosegregated with the
derivative 11, and FSHB cosegregated with
the derivative 22 (Fig. 2a). The other two
DNA segments, D11593 and D11S95, did
not cosegregate with either the chromosome
11 derivative or the chromosome 22 deriva-
tive (Fig. 2a). Both DNA segments hybrid-
ized to DGL4, which retains the normal
chromosome 11 (Fig. 2a). Another hybrid
retaining both derivative chromosomes to-
gether, without the normal chromosome
11, also lacked both D11S93 and D11S95
(13). These results suggest that the translo-
cation event was accompanied by a loss of
DNA sequences that includes D11S93 and
D11895, that both DNA segments lie be-
tween CAT and FSHB, and that the deleted
sequences are entirely contained between
CAT and FSHB.

We also analyzed DG-85, the fibroblast
parental cell line, for allele copy number of
DNA segments D11893 and D11S95 (Table
1). DNA from DG-85, RIST (a single-dose
control, below, and Fig. 2b), and a normal
human diploid lymphoblast was hybridized
with each of the DNA segment probes, and
with a syntenic control, D11S260 [previous-
ly localized to 11q14 (11)]. With the control
probe, signals of approximately equal inten-
sity among all three DNA samples were
observed, but with D115893 and D11S95,
signals detected in DG-85 were approxi-
mately half the intensity of the signal de-
tected in normal human DNA and were ap-
proximately equal in intensity to the sig-
nal in RIST DNA (Table 1). These results
demonstrate that the DNA sequences were
not deleted during somatic cell hybridiza-
tion or growth of the hybrids but, rather,
are lacking in the aniridia-translocated deriv-
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Table 1. Densitometric analysis of allele copy
number. DNA from normal human lymphoblasts,
DG-85 fibroblasts, and RIST lymphoblasts, di-
gested with Hind III, was hybridized to D11593
and D11S95. The filters were stripped of the
probes and rehybridized with D115260, previous-
ly assigned to 11q14 (11). ;

Cor-
chl Test Ratio* rected
line probe ratiot

RIST  D11593 0.52 (0.48,0.55) 0.45
Normalt D11593 1.15 (1.05, 1.25)
DG-85  D11S93 0.44 (0.33,0.54) 0.38
RIST  D11S95 0.45 (0.42,048) 0.38
Normalt D11595 1.17 (1.16, 1.18)
DG-85  D11595 0.54 (0.51,0.56) 0.46

*Ratios for each test probe were calculated by dividing
the signal intensity of the test probe by the signal
intensity of the control probe (D115260). The experi-
ments were rmed in duplicate, and the analysis of
each pair of data was averaged. (The ratios for each
member of each pair of duplicates are shown to the right
of the averages in parentheses.) ~ 1The corrected ratios
were calculated by dividing the ratios of the test cell lines
by the ratios of the control cell line. ~ $The normal
control was the human diploid lymphoblast line, GM
0138 (Mutant Cell Repository).

ative chromosomes from DG-85. The re-
sults also eliminate the possibility that a
complex chromosomal rearrangement has
translocated these DNA segments to anoth-
er chromosomal site. In support of these
findings, we have determined that D11S93
and D11S95 are present in only one copy
each in the cells of the patient’s affected son
[the proband in (12)] and daughter (13).

A rough estimate of the size of the dele-
tion can be made if one assumes that ran-
domly isolated probes are randomly spaced.
Since only two of the 112 chromosome 11
probes we isolated (11) are included in the
deleted region, we estimate that the deletion
could be as much as 2% (or 3 X 10° bp) of
chromosome 11 (thought to be 1.5 x 10®
bp). However, we believe that this figure is
an overestimate, since the deleted sequences
could not be detected cytologically (12). A
reasonable lower limit of the deletion size
can be estimated: the probability of finding
as many as 2 random markers out of 112
from within a deletion less than or equal to
500 kb is less than 0.054.

Previously, somatic cell hybrids derived
from an unrelated patient with familial aniri-
dia and a translocation involving 11pl3
were analyzed with 11p DNA markers, and
no deleted DNA sequences were detected
(8). We do not know whether the DNA
segments described here are deleted in the
patient described earlier, nor do we know
the relative positions of the two aniridia-
translocation breakpoints. Our findings that
CAT cosegregates with the chromosome 11
derivative and that FSHB cosegregates with
the chromosome 22 derivative are consistent
with the previous conclusion (8) that AN2 is
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distal to CAT and proximal to FSHB.

Hybridization analysis also indicated that
the chromosome 11 deletion in DAR 15-14
included CAT and the aniridia proximal
markers D11S89 and D11S90, but did not
include FSHB or the two DNA segments
deleted from the aniridia patient’s translo-
cated chromosome 11, D11593 and D11S95
(Fig. 2c). Conversely, the deletion in RIST
included FSHB and the same two DNA
segments, D11593 and D11S95, that were
deleted from the aniridia patient’s translo-
cated chromosome 11. The RIST deletion
did not include CAT or the markers proxi-
mal to AN2, D11S89, and D11S90 (Fig.
2b). The two hybrids that retained the
normal chromosome 11 were positive with
all six probes (Fig. 2b).

To determine the distal boundary of the
RIST deletion, we also assayed the hybrids
with four markers previously assigned (11)
to the interval immediately distal to FSHB:
HVBS1, D11S91, D11S92, and D11S9%4.
HVBS1 is a DNA segment adjacent to a
hepatitis B virus integration site (isolated

from a hepatocellular carcinoma), which we
previously assigned to 11pl3-pl4 (15).
HVBS1 and these three markers were all
excluded from the RIST deletion (Fig. 2b,
data shown only for HVBS1 and D11592).
Thus, this viral integration site can be ex-
cluded from the WAGR region of 11pl3
and HVBS1 can be assigned to a position
more distal than pl4.1, as opposed to its
former assignment of p13—pl4 (15).

The placement of our anonymous DNA
segments, CAT, and FSHB, relative to the
three deletions described here, is summa-
rized in Fig. 1. When these results are
considered in light of the phenotypes of the
three patients, we are able to conclude the
following linear order for the DNA seg-
ments and genes in the WAGR region of
11p13: CEN—(CAT, D11S89, D11S90)—
WT—(D11S93, D11S95, AN2)—(FSHB)-
(HVBS1, D11891, D11S92, D11S94)-TEL.
These results also firmly establish the gene
order CEN-CAT-WT—-AN2-FSHB-TEL,
as was originally suggested (14).

The DG-85 deletion is a valuable map-
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Fig. 2. DNA blot analysis of somatic cell hybrids. Hybridization results for each of the probes (labeled
to the left of each panel) are shown. Controls of normal human and mouse (LM/TK") are also shown.
(a) DG-85 hybrids. DGL2, DGL3, DGL21, DGL17, DGR20, and DGLA4 are independent somatic
cell isolates. Hybrids carrying the chromosome 11 derivative, the chromosome 22 derivative, or the
normal chromosome 11 were identified (top parel) by hybridizing simultaneously with probes
D115200 and D115260, previously mapped to 11p15 and 11q14, respectively (11). Hybrids DGL2,
DGL3, and DGL21 (positive with D115260 but not D115200) carry the derivative chromosome 11
(11qter-11p13::22q12.2-22qter). Hybrids DGL17 and DGR20 (positive with D115200 but not
D11S260) carry the derivative chromosome 22 (11pter—11p13::22ql2.2-22pter). Hybrid DGIA4,
positive with both DNA segments, retains the normal chromosome 11. D11593 and D11S95 did not
cosegregate with either derivative chromosome. (b) RIST hybrids. RSR1 and RSR4 are somatic cell
hybrids that retain the RIST chromosome with the 11p deletion, and RSR2 and RSR3 retain the
normal chromosome. RAG is the mouse control. The RIST deletion includes FSHB, D11893, and
D11S95. (¢) Hybrid DAR 15-14. The deletion does not include FSHB, D11593, or D11595, but does
include CAT, D11589, and D11590. DG-85 fibroblasts were fused to mouse RAG and LM/TK ™, and
RIST lymphoblasts were fused to mouse RAG cells, as described (16). DNA extractions, Hind III
restriction digests, electrophoresis, and transfer to nitrocellulose were as described (17). Probes were
radiolabeled by the random primer method (18), and filters were prehybridized, hybridized, washed,
and exposed to x-ray film, as described (11). The isolation and characterization of the anonymous DNA
segments have been described (11, 19). The CAT probe (b and c) was the 800-bp Sca I-Sna BI
fragment (20) or (a) pCAT41, a cDNA clone (21). The FSHB probe was pFSHB-1.1 (10), and the
HVBS1 probe was $8-2 (15).
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ping tool for new DNA markers in the
WAGR region of 11p13, which will aid in
the eventual identification of the Wilms’
tumor and aniridia genes. Considering that
aniridia and the translocated chromosome
have been co-transmitted through at least
three generations of this family without any
evidence of Wilms’ tumor or genitourinary
abnormalities, we believe the deletion does
not include or disrupt the WT gene. This
constitutes the first description of a deletion
that either disrupts or removes the aniridia
gene and clearly spares the Wilms’ tumor
locus. Therefore markers included in this
deletion become likely candidates for the
aniridia gene. The DNA segments D11593
and D11895, mapping between CAT and
FSHB in a position either very near or
within the aniridia gene, should prove to be
valuable tools in the eventual identification
of the genes involved in the WAGR com-
plex, beginning with the aniridia gene.
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Inactivation and Block of Calcium Channels by
Photo-released Ca** in Dorsal Root Ganglion Neurons

MARTIN MORAD, NOEL W. DAVIES, JACcK H. KarraN, H. DIETER LUX

Calcium channels are inactivated by voltage and intracellular calcium. To study the
kinetics and the mechanism of calcium-induced inactivation of calcium channels, a
“caged” calcium compound, dimethoxy-nitrophen was used to photo-release about 50
M calcium ion within 0.2 millisecond in dorsal root ganglion neurons. When divalent
cations were the charge carriers, intracellular photo-release of calcium inactivated the
calcium channel with an invariant rate [time constant (7) =~ 7 milliseconds]. When the
monovalent cation sodium was the charge carrier, photorelease of calcium inside or
outside of the cell blocked the channel rapidly (t =~ 0.4 millisecond), but the block was
greater from the external side. Thus the kinetics of calcium-induced calcium channel
inactivation depends on the valency of the permeant cation. The data imply that
calcium channels exist in either of two conformational states, the calcium- and sodium-
permeant forms, or, alternatively, calcium-induced inactivation occurs at a site closely
associated with the internal permeating site.

ALCIUM CHANNELS ARE HIGHLY

Ca?* selective. Currents carried by

monovalent ions through the chan-
nel are blocked by low external Ca’* con-
centrations (2 X 107°M) (1, 2). Internal
free Ca?" also modulates the inactivation of
the Ca?* channel (3-6). However, little is
known about the kinetics or the molecular
mechanisms regulating these processes. We
have examined the kinetics of interaction of
Ca’* with a neuronal Ca?* channel by rapid
“photo-release” of Ca’" in the intra- or
extracellular space from a novel caged Ca?*
compound, dimethoxy (DM)-nitrophen,

Fig. 1. Photo-release of intracellu- A
lar Ca?*. (A) Ca** current through
high-threshold Ca** channels in
two different cells was suppressed
following light-induced increase in
[Ca**];. The external solution con-
tained 120 mM NaCl, 5 mM
CaCl,, 20 mM Hepes, and 3 pM
(tetrodotoxin) TTX, at pH 7.3, and
the pipette solution contained, in
addition to high Cs* and Hepes
concentrations, 2.25 mM DM-ni-
trophen and 2 mM CaCl,. The
effect of a rapid increase in intracel-
lular Ca** on the I¢, is shown by
the F traces. The C traces represent
I, before, and traces F + 1 are the
Ica 3 s after, the photo-releasing
light pulse. The time course of the B
effect caused by elevation of Ca®*

(traces F — C) was fitted by a single .

Flash

which on photolysis changes its Ca?*-bind-
ing affinity.

Cultured chick (1- to 2-day-old) dorsal
root ganglion (DRG) neurons were voltage
clamped with the whole-cell patch clamp
technique (7). Cells were dialyzed with in-
ternal solutions buffered either with EGTA
to give an internal Ca’?* concentration
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50 pA

exponential with 7 values of 6.83
and 7.69 ms, respectively. (B) A
voltage-clamp ramp from +60 to
—85 mV over 90 ms was applied
immediately after a depolarizing
command pulse and used to gener-
ate the -1/ relation of the Ca®*

current before (trace C) and after (trace F) the photo-release of intracellular Ca>*. The largest difference
between curves C and F occurred at the peak of the I, indicating that the release of intracellular Ca**
did not activate an outward or a nonspecific current. There was a larger flash artifact (A, right tracing)
because a different voltage source for the light was used. In both cells the holding potential was —80

mV and the command potential was to 0 mV.
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