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were tumor cell line specific (3). Pang is not likely to
A new member of the immunoglobulin/fibronectin be involved in tumor establishment since its expres-

superfamily of adhesion molecules, Pang (plasmacy- sion was absent in 40% of the plasmacytomas exam-
toma-associated neuronal glycoprotein), was recently ined; however, this does not rule out the possibility
isolated from a plasmacytoma. In previous studies, that Pang could contribute to progressive, terminal
Pang was found to be normally expressed in the brain phases of tumorigenesis. Genes on mouse Chrs 1 and
and ectopically activated by intracisternal A-type par- 4 have been implicated in the genetic control of plas-
ticle long terminal repeats in plasmacytomas. In this macytoma susceptibility in BALB/c mice (13). To ex-
study, Pang was initially mapped to mouse Chr 6 by amine the relationship between Pang and genetic
somatic cell hybrid analysis and further positioned on susceptibility to mouse plasmacytomagenesis, we de-
the chromosome between Wnt7a and Pcp1. Southern termined the chromosomal locations of Pang inblot analysis of human–rodent somatic cell hybrids to-

mouse and human.gether with predictions from the mouse map location
Mouse Pang was initially mapped by Southern blotindicate that human PANG is located at 3p26. q 1996

analysis (12) of a panel of HindIII-digested Chinese
Academic Press, Inc.

hamster 1 mouse somatic cell hybrid DNA in 17 so-
matic cell hybrids (described in Ref. 6) with a 1.5-kb
mouse cDNA probe (3) specifying the complete Pang

Pang, a gene encoding a neuronal adhesion mole- open reading frame. This mouse cDNA for Pang hybrid-
cule, was isolated as a plasmacytoma-specific tran- izes to four HindIII fragments in BALB/c (9.7, 9.6, 7.0,
script utilizing an RT-PCR-based strategy in an at- and 6.4 kb) and hamster (18, 16, 5.8, and 3.8 kb). The
tempt to isolate Myc-like genes (3). Pang is a member BALB/c HindIII fragments cosegregated with mouse
of the immunoglobulin/fibronectin superfamily of ad- Chr 6 (0% discordancy) in the somatic cell hybrids (data
hesion molecules; its closest relatives, TAG-1 and not shown).
F11, promote axon growth and migration (2, 5). The Four different patterns of hybridization to Pang were
normal site of Pang expression is the brain, where it found with BamHI-digested DNA from a variety of in-
was detected as 4.0- and 6.1-kb RNAs on Northern bred strains of mice: (i) 28-, 18-, and 15-kb fragmentsblots; Pang was not detected in any other normal were found in A/J, ABP/Le, AKR/A, BALB/cAnPt,tissues. Abnormally sized Pang transcripts were BALB/cJ, C3H/HeN HSD, DBA/2J, DBA/2N, 020/A,uniquely found in murine plasmacytomas (3). Pang is and 129/J; (ii) 16- and 15-kb fragments were found inectopically activated by intracisternal A-type particle

C57BL/6N and C57BL/10SnJ; (iii) 17-, 16-, and 15-kb(IAP) long terminal repeats (LTRs) in murine plas-
fragments were found in NZB/BINJ, NZW, and SWR/J;macytomas; 30 of 50 plasma cell tumors expressed a
and (iv) a 15.5-kb fragment was found in Mus spretus.3.6-kb Pang transcript, and 80% of the plasmacyto-

To determine the location of Pang on Chr 6, we per-mas expressing IAP LTRs were Pang positive (3). In
formed Southern blots on genomic DNA (6) from twoaddition to the predominant 3.6-kb transcript, there
sets of backcross progeny: (i) (NFS/N or C58/J 1 Muswere a number of smaller and larger transcripts that
musculus musculus)F1 1 M. musculus musculus and
(ii) (NFS/N 1 M. spretus)F1 1 M. spretus or C58/J (7).

1 To whom correspondence should be addressed at Building 37, In the musculus cross, BglII fragments hybridizing toRoom 2B-08, 37 Convent Drive MSC 4255, NCI, NIH, Bethesda, MD
Pang were polymorphic between NFS/N or C58/J (9.0,20892-4255. Telephone: (301) 496-2360. Fax: (301) 402-1031. E-mail:

bev@helix.nih.gov. 7.2, 6.3, 6.0, 4.8 kb), and M. m. musculus (9.7, 7.2, 6.3,
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FIG. 1. Haplotype analysis of 129 backcross progeny from Cross 1 [(NFS/N or C58/J 1 Mus musculus musculus)F1 1 M. musculus
musculus] and Cross 2 [(NFS/N 1 Mus spretus)F1 1 M. spretus or C58/J]. The loci followed in the crosses are indicated to the left. Positions
of mutations were taken from the mouse Chr 6 report and are given to the left of the map. Each column represents the chromosome
inherited in the backcross progeny; the number of progeny exhibiting each type of chromosome is listed at the bottom. The black squares
represent either the NFS/N or the C58/J allele, and the open squares represent the musculus or spretus allele. Gene orders, recombination
fractions, and distances (in centimorgans) between markers are indicated just below the figure. An additional 15 progeny were typed for
alleles at Wnt7a, Pang, and Pcp1; distances between these markers based on the additional data are given at the bottom of the figure.

6.0, 4.8 kb); in the spretus cross, HindIII fragments was further localized on the short arm of Chr 3 by
examination of two hybrids containing spontaneouswere polymorphic between NFS/N or C58/J (14.5, 9.6,

7.0, 6.4 kb) and M. spretus (20.0, 14.0, 9.3 kb). These breaks or deletions involving this chromosome. One hy-
brid contained a large deletion in the short arm withPang fragments were mapped relative to the following

molecular markers in both crosses: Cbl1 (Casitas B lin- loss of distal 3p markers RAF1 (3p25), THRB (3p24.1–
p22), and ACY1 (3p21), but retention of DNF15S2eage lymphoma), Wnt7a (wingless-related MMTV inte-

gration site 7A), Pcp1 (purkinje cell protein 1), and (3p21.2–p21.3), CCHL1A2 (3p21), and two other more
centromeric 3p markers and all loci on 3q; PANG wasRaf1 (ras-related fibrosarcoma oncogene). Restriction

fragment variants for these markers have been pre- retained in this hybrid. The other hybrid contained a
break in proximal 3q with retention of long arm mark-viously described (1).

Haplotype analysis of 129 progeny from the two ers and loss of all short arm markers, and the human
PANG gene was absent from this hybrid. These resultscrosses (Fig. 1) allowed the positioning of Pang with

respect to the other four Chr 6 markers. Additional 2 indicate that the gene must be located in the region
3p21–cen or at 3p26.1 2 data available for Wnt7a, Pang, and Pcp1 yielded

the following recombination fractions and distances in No restriction fragment length polymorphisms were
detected with the PANG probe on examination of DNAcentimorgans: centromere–Wnt7a–7/144, 4.9 { 1.8–

Pang–4/144, 2.8 { 1.4–Pcp1. A composite map of Chr from peripheral leukocytes of 10 unrelated individuals
separately digested with 12 different restriction en-6, along with positions of morphological mutations

mapping in the interval between Wnt7a and Pcp1, is zymes (EcoRI, BamHI, HindIII, XbaI, SacI, TaqI,
PvuII, PstI, BglII, MspI, EcoRV, and KpnI).shown in Fig. 1. Positions of morphological markers

are taken from the current Chr 6 report (4). The chromosomal location of Pang on Chr 6 in the
mouse precludes it as a candidate gene for the plasmacy-Human PANG was localized by Southern blot analy-

sis (10) of a panel of EcoRI-digested human–rodent toma susceptibility genes identified on Chrs 1 and 4 (13).
Pang was not polymorphic between the BALB/c andsomatic cell hybrid DNA (described in (8, 9) with the

same 1.5-kb mouse PANG cDNA probe used above). DBA/2 mice used in the tumor susceptibility linkage stud-
ies; it will be of interest to reexamine the region of ChrThe membranes were hybridized (427C in 30% for-

mamide) and washed (0.11 SSC at 427C) at moderate 6 where Pang is located among the backcross progeny
to look for associations of minor susceptibility/resistancestringency allowing about 20–25% sequence diver-

gence. The largest (8.2 kb) hybridizing band in human genes with this region of the genome. In addition, tumors
induced in F1 hybrid mice will be examined by SSLPDNA was readily distinguished from hybridizing bands

in rodent DNA, but the two smaller human bands could (simple sequence length polymorphism) analysis for loss
of heterozygosity in this region of Chr 6.not be resolved and mapped in the hybrids. The gene

could be unambiguously assigned to human chromo- The location of Pang approximately 45 cM from the
centromere, as determined by comparison with the con-some 3 (Table 1), and it segregated discordantly

(ú18%) with all other human chromosomes. The gene sensus map of Chr 6 (4), places this gene within 5–8
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TABLE 1 ACKNOWLEDGMENTS

Segregation of the PANG Gene with
We thank Marianne Krall and M. Charlene Adamson for excellentHuman Chromosome 3

technical assistance with the Southern analyses. Some of the mouse
strains used in these studies were obtained from our NCI ContractGene/chromosome
NO1-CB-21075 to M. Potter and B.A.M. Portions of this research wereHuman Percentage
supported by the National Institutes of Health Grant CA 36246 tochromosome /// //0 0// 0/0 discordancy
K.B.M.
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