SHORT COMMUNICATION

The Chromosome Location of the Human Homolog of the Mouse
Mammary Tumor-Associated Gene INT6 and Its Status
in Human Breast Carcinomas

Shukichi Miyazaki,* Akira Imatani,* Linda Ballard,t Antonio Marchetti,f Fiamma Buttitta,$
Hans Albertsen,t Heli A. Nevanlinna,§8 Daniel Gallahan,* and Robert Callahan*>*

*Laboratory of Tumor Immunology and Biology, National Cancer Institute, Bethesda, Maryland 20892; tHuntsman Cancer Institute,
University of Utah, Salt Lake City, Utah 84112; ¥Molecular Pathology Section, Department of Oncology, University of Pisa, Pisa,
Italy; 8Helsinki University Central Hospital, Haartmaninkatu 2, 00290 Helsinki, Finland

Received April 22, 1997; accepted August 25, 1997

The INT6 gene is a common integration site for the
mouse mammary tumor virus in mouse mammary tu-
mors. We have determined that the human homolog
of INT6 is located on chromosome region 8g22-g23. A
processed INT6 pseudogene is located on chromosome
6qg. INT6 is composed of 13 exons that span 45 kb of
genomic DNA. The deduced amino acid sequence of
the gene product is identical to the mouse protein and
contains three potential translation start signals. We
have examined 100 primary breast carcinoma DNAs
for evidence of genetic alteration affecting INT6. Loss
of heterozyosity (LOH) was detected in 11 of 39 (28%)
of the tumor samples informative for a polymorphic
sequence in intron 7 of INT6. Since single-strand con-
formation and hybrid mismatch analysis of the re-
maining allele in these tumor DNAs failed to detect
any mutations, we conclude that the target gene for
LOH must be closely linked to INT6.
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INT6 was identified as a common integration site for
the mouse mammary tumor virus (MMTYV) in a trans-
plantable hyperplastic outgrowth (HOG) line derived
from a preneoplastic hyperplastic alveolar nodule and
in two independent mammary tumors from unrelated
mice (7). In each case the proviral genome was inte-
grated within a different intron of the gene and was in
the opposite transcriptional orientation to that of INT6.
One consequence of these integration events was the
expression of a truncated INT6 RNA species terminat-
ing within the long terminal repeat (LTR) element of
the integrated MMTYV proviral genome. Since no point
mutations were detected in the non-rearranged allele,
we hypothesized that MMTYV integration into INT6 ei-
ther caused the expression of a biologically activated
protein or corresponded to a dominant-negative muta-

Sequence data from this article have deposited with the EMBL/
GenBank Data Libraries under Accession Nos. U94162-U94174.
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tion. Expression of INT6 can be detected as early as
Day 8 of embryonic development and has been detected
in all adult tissues that have been tested (5, 7). INT6
has the potential to encode a 54-kDa protein whose
amino acid sequence is unrelated to any known protein
in the GenBank. Although the function of INT6 is un-
known, it is primarily a cytoplasmic protein that local-
izes to the Golgi apparatus (5). In this report we present
the complete nucleotide sequence of the human homo-
logue of INT6, its chromosomal location, and a survey
of 100 primary breast tumor DNAs to determine
whether it is a target for mutation during tumor devel-
opment.

We have previously shown by Southern blot analysis
that INT6 has been highly conserved in mammals and
in more distantly related species such as Drosophila
and Caenorhabitis elegans. (7). A recombinant clone of
the 1.5-kb INT6 RNA transcript was obtained from a
human lung cDNA library (Clontech). Its nucleotide
sequence (GenBank Accession No. U94175) is 90% sim-
ilar to mouse INT6, and the deduced amino acid se-
guence of the gene products are identical. There are
three potential translation start signals at 21, 168, and
183 bp, respectively. In a reticulocyte in vitro transcrip-
tion/translation system, the primary start signal used
isat 21 bp (5). The major INT6 protein species detected
in vivo is approximately 43 kDa in size and comigrates
with the in vitro product initiated at 183 bp (5). During
the preparation of this article, Desbois et al. (4) re-
ported the nucleotide sequence of a partial cDNA clone
of human INT6 missing 42 bases at the 5’ end including
the first translation start signal.

The 1.5-kb INT6 RNA transcript is encoded by 13
exons that span 45-kb of overlapping recombinant A\
and P1 bacterial phage clones of human genomic DNA
(Fig. 1A). Southern blot analysis of EcoRI-digested hu-
man genomic DNA resolves four INT6-related frag-
ments above 2 kb in size (Fig. 1B, Lane 3). The 4.6-kb
(exons 2 and 3) and 3.7-kb (exons 6 and 7) fragments
were also detected in cellular DNA from a Chinese
hamster/human somatic cell hybrid whose human com-

GENOMICs 46, 155-158 (1997)

ARTICLE NO. GE974996

0888-7543/97 $25.00

Copyright © 1997 by Academic Press

All rights of reproduction in any form reserved.



SHORT COMMUNICATION

156

FHINOTAL —
-0¢
-— £.£580d _ m.N
[44
— 8.£580
8¢
[ v8essd -v'v
— 9INI
8t
[ evessq -99
9l
— 299580 - V.m
ac
—  08€S8Q -2
\e
X
2601580 : 4
JHIWOHLNID —2 .t i
bg aINOSOWOHHD 5 (A ¢ -g
PRI AN LA AR RN vo OLOVVYLLIOVLOLOVLLLLOYD
YO9IOYOVOLOLIVIYO00D 49 8ET 8T 99 07 FYsIIINvvsIvovOIvTYYols
€ 'S
ET_ 2 NOHLNI NI LY3d34-v9 3HL 19313d OL SHIWIHC
QT
T AWy - T ¥agmny1
aNOTO T4 -
g g g =4

HEN __BLJ It |1 HE TN ||

00ST-6TET PSTT-ZTBOT 180T-2L6 698-€VL TVL-8T9 LT9-26Y T6V-LBE 9BE-TUVE £ve-92¢ SCT-TTL 0T1-T

€1 NOXH 11 NOX& 0T NOXE 8 NOXH L NOXA 9 NOX& S NOXd b NOXZ € NOoXd 7 NOX™ T NOXE
» TL6-0LS
T i
@ o ad o€ i 02 ad 01
dVYIN DINON3D 9LNI NVINNH A/



SHORT COMMUNICATION

plement is only chromosome 8 (Fig. 1B, Lane 2). We
have shown previously that mouse INT6 is located on
chromosome 15, 16 cM centromeric of the Myc protoon-
cogene (8). This region of mouse chromosome 15 is con-
served on human chromosome 8q.

The mouse genome also contains several processed
INT6 pseudogenes (8). The INT6-related 23-kb EcoRI
fragment is detected in a Chinese hamster/human hy-
brid containing only chromosome 6 as a part of its hu-
man complement of chromosomes (Fig. 1B, Lane 1). It
has been reported that INT6 sequences (D6S1876) are
located on chromosome 613 (NCBI, The Human Gene
Map). The nucleotide sequence of the fragment de-
tected on chromosome 6 is identical to 1136-1360 bp
of our INT6 cDNA nucleotide sequence. The primers
used to detect the 224-bp fragment by PCR analysis
are located in exons 10 and 12, respectively (Fig. 1A).
It seems likely that the chromosome 6 INT6-related
sequences correspond to a processed INT6 pseudogene,
since the genomic distance separating exons 10 and 12
on chromosome 8 exceeds 10 kb.

During the process of defining the exon/intron struc-
ture of INT6, we identified a polymorphic dinucleotide-
repeat sequence in intron 7 (Fig. 1A). In a survey of
125 unrelated individuals, four distinct alleles were
observed, and a total of 67 (54%) individuals were found
to be heterozygous (data not shown). Based on genetic
typing of INT6 in four CEPH (K884, K1331, K1332,
and K1362) (6, 12), we performed a genome-wide link-
age scan and observed significant two-point lod scores
between INT6 and several genetic markers previously
mapped to the long arm of chromosome 8. This initial
localization led to the genotyping of an extended set of
CEPH pedigrees (K1463, K1447, K1346, K1451,
K13293, K1375, and K1334) by multipoint linkage
analysis to localize precisely INT6 relative to seven
reference markers on the long arm of chromosome 8.
The most likely location of INT6 (720 times more likely
than the next best order) was determined by the
REGION MAP algorithm (13) to be within the 25 cM
interval between D8S343 and D8S384 on chromosome
region 8922-q23 (Fig. 1C). It may be pertinent that
D8S384 has been shown to be in the middle of the
minimal region of overlap (MRO) of the Langer—Gie-
dion syndrome (LGS) locus (2).

The potential involvement of INT6 in mouse preneo-
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FIG. 2. Loss of heterozygosity at INT6. The nucleotide sequences
shown in Fig. 1 A were used as primers in a PCR assay (30 cycles
of 94°C for 1 min, 55°C for 1 min, 72°C for 2 min; after the last cycle, 2
min at 72°C, the products were electrophoresed on 6% nondenaturing
polyacrylamde gels) to survey matched pairs of breast tumor/lympho-
cyte DNAs for LOH. Five examples are shown, the arrow indicates
the lost allele.

plastic mammary epithelial lesions and mammary tu-
mors provided the rationale for determining whether
this gene is mutated in primary human breast tumors.
We and others (reviewed in (1)) have shown that loss
of heterozygosity (LOH) represents the most common
type of mutation in primary human breast carcinomas,
affecting at least 20 different regions of the cellular
genome. We have surveyed a panel of 89 primary hu-
man breast carcinomas (primarily invasive ductal car-
cinomas) and matching lymphocyte DNAs (3) for LOH
using the INT6 dinucleotide-repeat polymorphism.
Previously, chromosome region 8922—g23 has not been
identified as a frequent target for LOH. In our study,
of the 39 informative patients, 11 (28%) had LOH of
INT6 (Fig. 2). We have used the hybrid-mismatch (9,
14) and single-strand conformation polymorphism
(SSCP) (10) methodologies to determine whether the
remaining INT6 allele in the affected tumors contains
point mutations. The nucleotide sequences of the
primer pairs used in these analyses have been assigned
GenBank Accession Nos. U94162—-U94174. Examina-
tion of the coding region of each INT6 exon in the af-
fected tumor genomic DNAs failed to reveal any evi-
dence of mutation (data not shown). Chromosome re-
gion 8p21.3—p22 has been reported to be frequently
affected by LOH in primary human breast carcinomas
(1, 11). LOH at INT6 therefore may reflect those tu-
mors that are monosomic for chromosome 8. We have
preliminary evidence from a different panel of primary
human breast tumors that 37% have a loss of INT6
RNA expression (Marchetti et al., unpublished data).
An alternative explanation for LOH at INT6 is that
the promoter in the remaining allele has been rendered

FIG. 1. The organization of the INT6 gene and identification of its chromosomal location by somatic cell hybrid and linkage analysis.
(A) The organization and location of INT6 exons in two \ phage clones (origin) that overlap with the ends of a human DNA containing P1
phage clone (Genomes Systems Inc., St Louis, MO) were determined by a combination of restriction enzyme and nucleotide sequence
analyses. The genomic clones are indicated by arrows below the bar. BamHI restriction sites are indicated by the letter B. Exons are
depicted as solid boxes, and the corresponding portions of the INT6 cDNA nucleotide sequence are indicated above the boxes (given in
basepairs). The hatched box indicates the location of the INT6 polymorphic CA-repeat sequence. The nucleotide sequence of the primers
used to detect it by PCR analysis are given below the bar. (B) The chromosomes containing INT6-related sequences were determined by
Southern blot analysis of EcoRI-digested DNA from Chinese hamster/human hybrids (NIGMS Human Genetic Mutant Cell Repository,
Coriell Cell Institute for Medical Research,Camden, NJ) containing one human chromosome. Lanes 1 and 2 contain DNA from hybrids
GM/NA10629 and GM/NA10156B, containing chromosomes 6 and 8, respectively. The 23-, 4.6-, and 3.7-kb EcoRI fragments contain human
INT6-related sequences. Lane 3 contains EcoRI-digested human placental DNA. (C) The location of INT6 CA-repeat polymorphism on
chromosome 8 was determined by linkage analysis of DNA from 11 (4 + 7) CEPH families using 7 reference markers (see text). The numbers
between the horizontal bars indicate the distance in centimorgans between markers.
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nonfunctional by mutation or is inactive as conse-
guence of genetic imprinting. We are currently testing
these possibilities.
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