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Abstract--Fusion of  an auxotrophic mutant hamster cell with the skin fibroblasts of  a child 
with the Wilms" tumor-aniridia association produced clones which, on the one hand, 
contained the child's normal chromosome 11 and, on the other, the chromosome 11 with the 
I lp13 deletion associated with the syndrome. Both hybrids were positive for human LDH-A 
by enzymatic assay. Clones containing the normal human chromosome 11 were killed by a 
cytotoxic monoclonal antibody to a cell surface antigen previously mapped to the 1 lp13~, 
1 lpter region of  chromosome 11. Clones with the abnormal 11 were not killed. Thus, we have 
produced hybrids from the same patient distinct from each other on the basis of  their 
chromosome I I. These hybrids have been used to map the locus for a cell surface antigen to 
the deleted region on chromosome 11 of  a patient with the Wilms tumor-aniridia association. 
The linkage between this antigen and the syndrome should be helpful in further study of  the 
genetics of  this disease. In addition, we have found that the c-Ha-ras-I oncogene is distal to the 
pl  3 region of chromosome 11 and the position o f insulin and beta-globin on the chromosome. 
Finally, by producing segregants of  the hybrids containing the abnormal chromosome 11, we 
have provided evidence that chromosome 11-associated c-Ha-ras-I is syntenic with chromo- 
some 11 and not moved to a different portion of  the genome. 

INTRODUCTION 

The aniridia-Wilms' tumor association 
(AWTA) is a rare disorder of childhood, 
conferring on affected individuals ambiguous 
genitalia, aniridia, and mental retardation in 
addition to an elevated risk for development of 
Wilms' tumor of the kidney (1). Recently, 

unrelated affected individuals have been 
shown to share a common haploid interstitial 
deletion of the p13 band of the short arm of 
chromosome 11 (1). It is speculated that the 
genes influenced by this deletion play an 
important role in the pathogenesis of the birth 
defects and the neoplasia associated with 
AWTA. 
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As a first step in understanding the 
nature of the genes altered in AWTA, we have 
sought to isolate the normal and the affected 
human chromosome 11 from a patient. The 
present investigation demonstrates construc- 
tion of two types of somatic cell hybrids--one 
with a AWTA patient's normal chromosome 
11 and a second with her abnormal chromo- 
some. We have utilized this constitutional 
difference of the hybrids to identify a cell 
surface antigen whose expression is deter- 
mined by the region of the short arm of 
chromosome 11 deleted in the patient's abnor- 
mal chromosome. Additionally, we have used 
this hybrid system to determine the position of 
c-Ha-ras-1 oncogene on chromosome 11. By 
probing a hybrid with an 1 lp translocation to 
a Chinese hamster chromosome, we have 
found evidence to support the regional local- 
ization of c-Ha-ras-1 to the p terminal portion 
of chromosome 11. Finally, it appears that 
insulin and beta-globin are proximal to c- 
Ha-ras-1 on chromosome 11. 

MATERIALS AND METHODS 

Cell Lines and Cell Culture. The follow- 
ing cell lines were utilized: a human skin 
fibroblast from a 4-year-old patient with 
AWTA and a 11 p 13-p 15.1 haploid deletion of 
chromosome 11 (Fig. 1); Gly-A, an auxotro- 
phic mutant hamster cell previously described 
(2); HeLa human tumor cell; HT 1080 human 
tumor cell (fibrosarcoma); CHO-K 1 Chinese 
hamster ovary cell; J-1 human-hamster  
hybrid containing chromosome 11 as its only 
identifiable human genetic material (3); and 
J-11 containing the short arm, centromere, 
and small portion of the long arm of chromo- 
some 11 (3). Human cells were cultivated in 
medium F12 and 15% fetal calf serum and the 
hamster and hybrid cells in medium F12 and 
8% fetal calf serum. 

Cell Fusion. Gly A hamster cells and 
fibroblasts from the patient were mixed in the 
presence of inactivated Sendai virus. The 
resulting hybrids were grown in glycine- 
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Fig. 1. Shown on the right side of the figure are three 
pairs of chromosome 11 from the patient with A W T A  
studied with G banding. The deleted member is on the left 
side and the normal member on the right. On the left side 
is a diagram of a normal chromosome 11. The arrows 
indicate our best estimate of the break points of the 
deleted chromosome. An alternative interpretation is that 
the breaks have occurred in bands p12 and p14 and that 
the remaining dark staining band represents a fusion of 
the two bands. 

deficient media containing 10 -6 M ouabain, 
which selects against growth of the parent 
hamster cell (glycine deficiency) and the 
human fibroblast (ouabain). Under these con- 
ditions, chromosome 12 is selected for, and 
chromosome 11 segregates with chromosome 
12 in greater than 80% of hybrids (unpub- 
lished observation). 

Hybrid Analysis. Single-cell plating 
was utilized to generate individual hybrid 
clones of uniform chromosomal construction. 
Hybrids were initially screened for the pres- 
ence of chromosome 11 by enzymatic determi- 
nation of LDH-A utilizing electrophoretic 
analysis (4). Clones which were LDH-A posi- 
tive were then transferred to FI 2 and 8% fetal 
calf serum and repeatedly passed for 3-6 
months to encourage segreation of human 
chromosomes. At the end of this time, cells 
were recloned by single-cell plating and 
retested for LDH-A. Those clones that were 
still positive for this enzyme were then sub- 
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jected to cytogenetic analysis using trypsin 
banding and Giemsa-11 staining (5). At least 
25 separate cells from each clone were cytoge- 
netically analyzed. Additionally, the presence 
of the short arm of human chromosome 11[ 
was assessed in the hybrids by the use of 
high-stringency molecular hybridization anal- 
ysis utilizing probes derived from the short 
arm of chromosome 11 (6). 

Monoclonal Antibody Utilized and Anti- 
gen Assay. E7 is an IgM monoclonal anti-. 
body raised against a squamous cell carci- 
noma of the upper respiratory system (7). 
Utilizing a deletion mutant panel of chromo- 
some 11, it has been demonstrated that the 
antigen maps to the 11 p 13---~ 11 pter region of 
chromosome 11, and by means of nutrient and 
glycolipid conversion analysis, it has been 
shown that the monoclonal antibody recog- 
nizes the antigen activity previously desig- 
nated a~ (8) [also referred to as "SA 11-1" 
and "$1" (9)]. Cells were plated in the pres- 
ence of complement (1.5% normal rabbit 
serum) in increasing concentrations of hy- 
bridoma supernatant. After six days the plates 
were fixed, stained, and the number of colo- 
nies counted to determine survival. 

Production of Segregant Hybrids. Seg- 
regants from the hybrids containing either a 
normal chromosome 11 or the abnormal chro- 
mosome were selected by growing the hybrids 
in the presence of complement and a mono- 
clonal antibody which recognizes a cell sur- 
face antigen determined by the portion of the 
short arm of chromosome 11 outside of the 
patient's l lp13 deletion. This antibody was 
the gift of Dr. Carol Jones. The monoclonal 
antibody was generated from the J11 hybrid 
and appears to recognize only a chromosome 
11-associated antigen. Clones which grew in 
the presence of both complement and the 
antibody were isolated with cloning rings and 
harvested into 35-mm tissue culture dishes 
containing media F12 plus 8% fetal calf 
serum, expanded, and analyzed for the pres- 
ence of the chromosome l 1-associated 
enzyme LDH-A. All LDH-A-negative cells 

were subjected to cytogenetic analysis to ver- 
ify the absence of human chromosome 11. 

DNA and Southern Blot Analy- 
sis. DNA from Chinese hamster and hybrid 
cell lines was prepared in a standard manner 
by cell lysis, proteinase K digestion, sequential 
extraction with phenol and chloroform, and 
ethanol precipitation. Ten micrograms of 
DNA was digested with 60 units EcoR1 under 
conditions recommended by the supplier 
(New England Biolabs). Fragments were sep- 
arated by electrophoresis through a 0.8% aga- 
rose gel. The DNA was denatured and trans- 
ferred to nitrocellulose by the method of 
Southern (10). Presence of hybridizable DNA 
and DNA transfer was verified by ethidium 
bromide staining of the gels after blotting. 
Hybridization and autoradiography were per- 
formed according to Wahl et al. (11). High- 
stringency analysis for the presence of DNA 
segments associated with the presence of the 
short arm of human chromosome 11 was 
performed by the above method with the 
exception that temperature of hybridization 
was increased to 55~ (6). 

Probes for Hybridization. A recombi- 
nant pBR322 plasmid containing a 6.4-kb 
human homolog of the c-Ha-ras-1 oncogene 
(c-bas) was utilized for this study (12). This 
probe was the kind gift of Helen Romanczuk 
of Dr. Carlo Croce's laboratory. The c-Ha- 
ras-1 DNA was utilized as a probe after 
labeling with [32p]dCTP by nick translation 
(13). In each experiment 1 x 10 6 dpm/ml 
hybridization buffer of nick translated probe 
was used. 

The recombinant plasmid utilized for 
insulin localization was PH ins 96 and was the 
kind gift of Graeme Bell of the Chiron Corpo- 
ration. It contains a 1715 base pair (bp) 
insulin gene, 117 bp of 3' flanking sequence 
and 168 bp of 5' flanking sequence. This 
insulin probe was utilized after labeling with 
[32p]dCTP by nick translation. In each experi- 
ment 1 x 10 6 dpm/ml hybridization buffer of 
nick translated probe was utilized. The probe 
for beta-globin was probe HB-IS derived from 
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human beta-globin genomic clone XHBG-1 
(14). 

RESULTS 

Hybrid Production and Characteriza- 
tion. After initial selection and subsequent 

growth in complete media, 14 of 20 initial 
clones were identified which were positive for 
human LDH-A, indicating the presence of 
human chromosome 11. Five clones, RT- 
CHO-I-1,  5-1, 3-1, 21-2, and 24-2, were 
selected for cytogenetic analysis. Two of these 
clones contained a morphologically normal 

Fig. 2. Karyotypes of two hybrids: (A) RT-CHO-3-1 demonstrating a normal chromosome 11 and (B) RT-CHO-21-2 
with the chromosome 11 containing the 11 p 1300 ~ 15.1 deletion. 
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human chromosome 11 (Fig. 2A). Two clones 
had no identifiable normal human chromo- 
some 11, but rather a chromosome 11 which 
was identical to the patient's abnormal 11 
with the pl 3 deletion (Fig. 2B). RT-CHO-I- I  
contained a human chromosome 11 with a 
terminal 11 p deletion and was translocated to 
a CHO chromosome (Fig. 3). The presence of 
human chromosome l 1 was also confirmed by 
high-stringency molecular hybridization with 
DNA probes for the short arm of chromosome 
1 l. Hybrids were found to be positive for such 
segments utilizing four separate DNA probes 
with different restriction patterns (data not 
shown). All five clones contained various 
other human chromosomes, including a nor- 
mal chromosome 12. 

Antigen Assay. The four clones cytoge- 
netically characterized as having either a nor- 
mal or abnormal chromosome 11 were sub- 
jected to cytotoxicity assay utilizing the IgM 
monoclonal antibody directed towards the 
antigen coded for by the 1 lpl3----~ter region. 
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Fig. 3. Karyotype analysis of hybrid 1-1. Shown on the 
right are three representative chromosomes from three 
separate metaphase preparations demonstrating the chro- 
mosome 11 translocated to a Chinese hamster chromo- 
some. Shown on the left is a diagram of a normal short 
arm of chromosome 11. The lower brackets denote the 
portion of chromosome 11 identifiable in the hybrid 
following translocation. 

Both hybrids containing the normal chromo- 
some l l  were killed by the antibody in the 
presence of complement, while those with the 
abnormal chromosome survived (Table 1). In 
addition, the continued presence of chromo- 
some 11 was verified in the surviving cells by 
karyotyping, and hybrids were found to con- 
tain the abnormal chromosome 11. Sensitivity 
of four additional cell lines was assessed. Two 
human transformed cell lines were killed by 
the antibody, as was a human-hamster hybrid 
containing a cytogenetically normal chromo- 
some 11 as its only identifiable human genetic 

Table 1. Percent Survival in Presence of Monoclonal 
Antibody against al Cell Surface Antigen a 

Survival (%) at concentration of 
hybridoma supernatant  (ml 

supernatant /ml  media) 

Cell line 0 10 6 10 -3 l0 4 10 

RT-CHO-I - I  100 87 2 3 0 
RT-CHO-5-1 100 100 1 0 0 
RT-CHO-3-1 100 100 2 0 0 
RT-CHO-21-2 100 94 96 87 78 
RT-CHO-24-2 100 95 83 97 93 
HeLa 100 100 I 1 2 
HT 1080 100 2 2 0 2 
CHO-KI  100 100 100 100 100 
J-I 100 0 0 0 0 

aValues for survival of cell lines in the presence of 
complement and antibody represent percent cells surviv- 
ing as compared to control cells untreated with antibody. 
The monoclonal antibody utilized is designated E7 and 
is an lgM monoclona[ antibody raised against a squa- 
mous cell carcinoma of the upper respiratory system (4). 
Cells were plated in the presence of complement (1.5% 
normal rabbit serum) in increasing concentrations of 
hybridoma supernatant.  After six days, the plates were 
fixed and stained and the number of colonies deter- 
mined. RT-CHO-I - I :  human hamster  hybrid with 
chromosome 11 translocated to Chinese hamster  chro- 
mosome and deletion of terminal portion of short arm of 
chromosome 11; RT-CHO-5-1: human hamster  hybrid 
containing normal chromosome 11; RT-CHO-3-1:  
human-hams te r  hybrid containing normal chromosome 
11; RT-CHO-21-2: human-hams te r  hybrid containing 
chromosome 11 with (del 11) (p12 ~ p15.l); RT- 
CHO-24-2: human hamster hybrid containing chromo- 
some 11 with (del 1t) (p12 ~ pl5.1); HeLa: human 
tumor cell; HT1080: human tumor cell (fibrosarcoma); 
CHO-KI :  Chinese hamster  ovary cell; J-l:  h u m a n -  
hamster hybrid containing human chromosome 11 as its 
only identifiable nonhamster genetic material (10). 
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material. The CHO-K1 hamster  cell demon- 
strated no such sensitivity. 

Demonstration of  c-Ha-ras-1 Presence 
in Somatic Cell Hybrids with Normal Chro- 
mosome 11 or Chromosome with 1 lpl  3 Dele- 
tion. Although each particular clone was 
grown from a single cell, to absolutely assure 
that  a subpopulation of hybrids containing an 
intact chromosome 11 p was not present in the 
population containing the abnormal chromo- 
some 11, the clones containing the abnormal  
chromosome 11 were grown in the presence of  
the E7 ant ibody and complement .  This 
excluded any populations containing a normal 
1 l p. Following this, D N A  was prepared for 
hybridization with c -Ha-ras-1 ,  insulin, and 
beta-globin. Genomic D N A  from hybrids con- 
taining either a normal human chromosome 
l 1 or a human chromosome 11 with the 1 lp13 
deletion was restricted with EcoR1 and sub- 
jected to Southern analysis using c-Ha-ras-1 
as a probe (Fig. 4). Utilizing EcoR1 restric- 
tion, the chromosome 11 human homolog of 
c-Ha-ras-1 appears as a band at 27 kb while 
the Chinese hamster band is seen at 24 kb 
(data not shown). Two identical bands were 
observed in either cell: one of 27 kb corre- 
sponding to the chromosome 11-related homo- 
log and one of 24 kb corresponding to the 
C H O  homolog. 

Demonstration of  Chromosome l 1- 
Associated c-Ha-ras-1 Segregation with 
Chromosome I1. Since all the hybrids stud- 
ied contain other human chromosomes in 
addition to chromosome 11, it was not possible 
to state with certainty that D N A  containing 
the chromosome l l - re la ted  c-Ha-ras-1 se- 
quence had not been translocated to another 
location. To examine this possibility, segre- 
gants were prepared from hybrids containing 
either the normal or abnormal  chromosome 
11. D N A  f rom seg regan t  clones were  
restricted with EcoR1 and then probed for 
c-Ha-ras-1.  As can be seen in Fig. 5, the 
human chromosome 11-associated c-Ha-ras-  1 
band was not present in Southern blots of 
these segregants. 

Fig. 4. Demonstration that c-Ha-ras-1 is present in 
somatic cell hybrids containing either the patient's nor- 
mal chromosome 11 or chromosome 11 with an 1 lp1300- 
15.1 deletion. RT-CHO-3-1 contains the patient's normal 
chromosome 11 while hybrids RT-CHO-21-2 and RT- 
CHO-24-2 contain the deleted chromosome. Ten micro- 
grams of DNA from each hybrid was digested with 
EcoRl loaded into each well probed with c-Ha-ras-1. 
Exposure time was 14 days. 

Regional Mapping of  Chromosome 11- 
Associated c-Ha-ras-1. While use of  the 
hybrids containing either a normal chromo- 
some 11 or the chromosome 11 with the 1 lp13 
deletion demonstrated that c-Ha-ras- 1 appar- 
ently was located outside of the deletion, it 
was not clear if c -Ha-ras- I  was proximal or 
distal to the deletion. One human-hamste r  
hybrid, R T - C H O - I - 1 ,  contained a human 
chromosome 11 with a translocation of the 
short arm of the chromosome 11 to a Chinese 
hamster chromosome with no 1 lp13 deletion 
(Fig. 3). In the course of this translocation, 
the terminal portion of  the short arm was lost. 
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Fig. 5. To determine if c-Ha-ras-I segregates with chro- 
mosome 11, 10 ~g of DNA from segregants of the hybrids 
containing either the patient's normal chromosome 11 or 
deleted chromosomes were probed with c-Ha-ras-l. RT- 
CHO-5-1 containing the normal chromosome II and 
RT-CHO-21-2 containing the chromosome II with the 
I I pl 3~pl  5. l deletion have chromosome 11-associated 
c-Ha-ras-l while their chromosome l l  segregants RT- 
CHO-5-1R2 and RT-CHO-21-2R1 do not. 

W h e n  D N A  from this hybr id  was probed with 
c -Ha- ras -1 ,  the 27-kb band corresponding to 
chromosome l 1-associated c-Ha-ras-1  was 
absent  (Fig.  6). However,  the 24-kb C H O  
homolog was present.  These  da ta  are  consis- 
tent  with a regional  location of c-Ha-ras-1  to 
the  distal  portion of the short  a rm of chromo- 
some 11. 

Mapping o f  Genes for  Insulin and Beta- 
Globin on Chromosome 11 Relative to e- 
Ha-ras-1. D N A  from hybr id  cells containing 
a normal  chromosome 11, chromosome 11 
with the p l  3 - - p l  5.1 deletion, segregants,  and 

Fig. 6. Southern analysis of 10 ~tg of EcoR1 digested 
DNA from hybrid 1-1 using c-Ha-ras 1 probe. The 27-kb 
band corresponding to chromosome 11-associated c-Ha- 
ras-1 is absent; however, the 24-kb Chinese hamster 
homolog is present. This is consistent with a regional 
localization of c-Ha-ras-1 distal to 1 lp15.2. 

hybrids  with only the short  a rm of ctiromo- 
some 11 were probed with gene sequences for 
human  insulin and beta-globin.  Hybr id iza t ion  
was seen with both insulin (Fig.  7) and beta-  
globin (Fig.  8), regardless  of whether  a nor- 
mal  chromosome 11 or one with an l l p 1 3  
delet ion was present.  Addi t iona l ly ,  hybr id iza-  
tion was also de tec tab le  with D N A  from the 
cell RT-CHO-1-1  which conta ined a delet ion 
of the te rmina l  port ion of the short  a rm of 
chromosome 11. As  ment ioned previously, the 
chromosome l 1-associated homolog of the 
c-Ha-ras-1  oncogene could not be detected in 
this hybrid.  W e  feel these findings of D N A  
hybr id iza t ion  with the probes for insulin and 
beta-globin  with this hybr id  are  consistent  
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Fig. 7. Hybridization of human and hybrid EcoRl-digested DNA with DNA probe for human insulin gene. 
Hybridization was seen with human and hybrid DNA regardless of whether or not the patient's abnormal or normal 
chromosome 11 was present. In addition, hybridization was seen with DNA from the hybrid CHO-RT-I-1  with a 
terminal deletion of the short arm of chromosome 11. Ten micrograms of DNA was loaded into each well. Exposure 
time was 11 days. 

with their location being proximal to the c- 
Ha-ras-1 oncogene. 

DISCUSSION 

These results show that somatic cell 
hybrids can be used to isolate particular 
human chromosomes containing a specific 
disease-associated abnormality. This ap- 
proach allows the production of separate 
hybrids containing the patient's normal or 
abnormal chromosome. The production of 
these two distinct types of hybrids allows 
direct comparison of properties of the normal 
and the abnormal chromosomes. This proba- 
bly represents a more searching comparison 
than that of the patient's affected chromo- 
some with a similar chromosome in hybrids 
constructed from the cells of other individuals, 
because they have the same replicative history 
and environment prior to fusion with hamster 
cells. 

We have utilized these two types of 
hybrids to explore the expression of a cell 
surface antigen which has been regionally 
mapped to the short arm of chromosome 11. 
Hybrids containing the normal chromosome 

11 were killed in the presence of a monoclonal 
antibody to this antigen, while the hybrids 
with the chromosome 11 containing the 1 lp13 
deletion were not. This result constitutes evi- 
dence that the expression of the antigen maps 
to the deleted region. It must be emphasized 
that the deletion of the chromosome 11 stud- 
ied is relatively large, so the exact position of 
the E7 antigen and its relationship to the 
lesion responsible for AWTA remains to be 
more precisely delineated. Further investiga- 
tions of this linkage in several patients with a 
variety of such deletions should be illuminat- 
ing. 

The availability of this hybrid system 
allows additional investigations of human 
chromosome I I. By using somatic cell hybrid- 
ization and Southern analysis of hybrids pro- 
duced from a patient with an interstitial dele- 
tion in the short arm of chromosome 11, we 
have observed that hybrid cell lines prepared 
from a patient with AWTA association, which 
contain either a normal chromosome 11 or' an 
abnormal chromosome 11, display identical 
hybridization when subjected to Southern 
analysis using c-Ha-ras-1 as a probe. Thus, 
c-Ha-ras-1 does not appear to be in the de- 
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Fig. 8. Hybridization of human beta-globin probe to 10 
#g EcoRl-digested DNA from patient's fibroblasts and 
hybrid cells. Major regions of hybridization are shown by 
markers a and c. Band at marker b and at high molecular 
weight in hybrid CHO-RT-I-1 and -3-1 were known to 
represent plasmid contamination by probing of samples 
with 32p-labeled pBR322. The pattern of hybridization of 
beta-globin with both human and hybrid EcoR l-digested 
DNA is consistent with previous reports from this insti- 
tute (3). Hybridization was seen with DNA from hybrids 
containing the normal or abnormal chromosome 11 and 
the hybrid RT-CHO-I-I with a terminal deletion of the 
short arm of chromosome 11. 

leted area of chromosome 11. This finding is 
in agreement with observations utilizing 
restriction site polymorphisms of c-Ha-ras-1 
to examine cells containing both chromosome 
11 from patients with AWTA (15, 16). Fur- 
thermore, utilizing a hybrid with a transloca- 
tion of chromosome 11 to a Chinese hamster 
chromosome and subsequent loss of the l lp 
terminal portion and human c-Ha-ras-1 
homolog, we have regionally mapped the 
chromosome l l-associated c-Ha-ras-1 to the 
distal portion of chromosome 11. This concurs 
with the ass ignment  of c - H a - r a s - I  to 
1 lp15.1--~l lp15.5 by Huesse et al. (15). 

Our findings by molecular hybridization 
of a distal location of c-Ha-ras-1 is in contrast 
to a previous assignment of c-Ha-ras-1 to 
1 lp14.1 using in situ hybridization (17) of 

normal cells but agrees with the assignment of 
others using Southern analysis (15, 16). 
Assuming that precise localization of c-Ha- 
ras-1 is within the resolving power of both in 
situ hybridization and molecular hybridiza- 
tion of DNA from specific somatic cell 
hybrids, there are several explanations for the 
observed discrepancy. 

It is possible that our and others' cytoge- 
netic analysis is in error, although this seems 
unlikely. A second possibility is that the local- 
ization of c-Ha-ras-I  to 1 lp14.1 is incorrect. 
A third explanation is that genes which 
appear to have been deleted from chromosome 
11 in AWTA have been translocated to 
another chromosome or chromosomes. By iso- 
lating the abnormal chromosome and demon- 
strating that c-Ha-ras-1 segregates with the 
chromosome, we have shown that c-Ha-ras-1 
is still on the abnormal chromosome. The 
possibility that the abnormal chromosome has 
been internally rearranged has not been 
excluded; thus, a fourth explanation is that 
there may be abnormalities of the chromoso- 
mal structure of the abnormal chromosome 11 
in AWTA which were not visible by cytoge- 
netic analysis alone, such that c-Ha-ras-1, and 
possibly other genes, have been moved to a 
different position in the short arm of chromo- 
some 11. If  this explanation is correct, it is 
possible that c-Ha-ras-1 or associated genes 
are regulated in an abnormal manner at some 
stage of development in individuals who mani- 
fest the AWTA. These genes may be directly 
involved in either the genesis of Wilms'  tumor 
or the other various abnormalities of the asso- 
ciation such as ambiguous genitalia, aniridia, 
and mental retardation. This hypothesis could 
be examined by determining the precise loca- 
tion of c-Ha-ras- 1 in other normal individuals 
and in other somatic cell hybrids derived from 
the cells of patients with the deletion of chro- 
mosome 11, either with or without Wilms'  
tumor of the kidney. 

The human insulin gene has been conclu- 
sively mapped to human chromosome 11; 
however, its regional location on the chromo- 
some has been controversial. Harper  et al. 
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(18), utilizing in situ hybridization, have 
found evidence of localization of the gene to 
llp15, while Lebo et al. (19), utilizing a 
different approach involving cell sorting of 
cells with chromoSomal translocations fol- 
lowed by restriction endonuclease analysis, 
have placed the insulin locus on or between 
1 lpl 1---~pl 5. Owerbach et al. (20), utilizing a 
somatic cell hybrid with a translocation 
involving chromosomes 11 and X, have placed 
the gene in the region l lpl3---~pter. More 
recent studies, utilizing copy number analysis 
in patients with the interstitial deletion asso- 
ciated with AWTA, have supported a location 
of the insulin gene in the band llp15 (16). 
Our findings exclude the insulin gene from the 
p13 band, and the finding of insulin gene in 
the hybrid which had lost c-Ha-ras-1 argues 
against a proposed assignment of the insulin 
gene distal to c-Ha-ras-1 on chromosome 11 
(21). 

The beta-globin gene has been previously 
localized to the p1205-p1208 region using 
molecular hybridization of cloned beta-globin 
sequence with DNA from a well characterized 
chromosome 11 deletion mutant panel (3); 
however, de Martinville and Franche (16) 
have localized beta-globin distal to l lp13. 
Our data would support either location, but if 
beta-globin is distal to 1 lp13, it is proximal to 
c-Ha-ras and in close proximity to insulin. No 
statements can be made regarding the exact 
sequence of beta-globin and insulin on chro- 
mosome 11 using our data. 

Finally, this approach utilizing somatic 
cell hybrids to compare a normal chromosome 
to an altered chromosome would appear to be 
useful in the study of other disease conditions 
involving specific chromosomal abnormali- 
ties. 
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