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T h e  r e g u l a t i o n  o f  e x p r e s s i o n  o f  a v a r i e t y  o f  g e n e s  in-  
v o l v e d  in  i m m u n e  f u n c t i o n ,  i n f l a m m a t i o n ,  a n d  c e l l u l a r  
g r o w t h  c o n t r o l ,  as  w e l l  as  c o n t r o l  o f  e x p r e s s i o n  o f  cer-  
t a i n  v i r u s e s  s u c h  as  t h e  h u m a n  i m m u n o d e f i c i e n c y  v i r u s  
(HIV),  is  d e p e n d e n t  on  the  t r a n s c r i p t i o n  fac tor  NF-KB. 
In  m a n y  ce l l s ,  N F - r B  is  f o u n d  in  t h e  c y t o p l a s m  w h e r e  i t  
i s  a s s o c i a t e d  w i t h  an  i n h i b i t o r  p r o t e i n  k n o w n  as  IKB. 
R e c e n t l y  t h e  g e n e s  e n c o d i n g  the  p 5 0  a n d  p 6 5  s u b u n i t s  
o f  NF-KB, as  w e l l  as  o n e  f o r m  o f  IKB/MAD-3 ( N F K B I ) ,  
h a v e  b e e n  c l o n e d .  A s  par t  o f  our  g o a l  to  d e t e r m i n e  th e  
c h r o m o s o m a l  o r g a n i z a t i o n  o f  m e m b e r s  o f  th e  R E L /  
N F K B  f a m i l y ,  as  w e l l  as  t h e i r  i n h i b i t o r s ,  w e  loca l -  
i z e d  the  N F K B p S 0 / p l 0 5  (NFKB2) a n d  IKB/MAD-3 
(NFKBI) g e n e s  to  h u m a n  c h r o m o s o m e  b a n d s  4 q 2 4  a n d  
1 4 q 1 3 ,  r e s p e c t i v e l y .  © 1992 Academic Press, Inc. 

NF-KB is a transcription factor involved in the regula- 
tion of expression of numerous genes, including immuno- 
globulin K, IL-2 receptor, and class I major histocompat- 
ability genes, as well as HIV gene expression [see (9) for 
review]. NF-KB has been characterized as a heterodi- 
meric complex of two proteins, p50 and p65 (3). cDNAs 
encoding both the p50 and p65 subunits have been 
cloned, and the predicted proteins were shown to be re- 
lated to the REL protooncogene product and to the prod- 
uct of the dorsal maternal effect gene of Drosophila (5, 8, 
13, 16). Interestingly, the p50 DNA-binding subunit of 
NF-KB is apparently processed from a 105-kDa precur- 
sor protein that  has six C-terminal repeats of the an- 
kyrin/cdcl0 consensus sequence (5, 8). Recently a novel 
subunit of NF-KB, p49 or LYT-10, has been identified 
and may be a spliced form of a larger protein, pl00, that  
also contains ankyrin repeats (11, 17). 

In many cells, NF-KB is found in the cytoplasm where 
it is associated with its inhibitor, IrB (1, 2). Recently a 
clone for one form of IKB has been identified (6) and has 
been shown to encode a protein with multiple repeats of 
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the ankyrin homology. Interestingly, the oncogene 
BCL3 also contains multiple copies of the ankyrin ho- 
mology (14) and has been found to have IKB-like ac- 
tivity (7). 

A human genomic library was screened with restric- 
tion fragments of cDNAs encoding NFKB2 and NFKBI. 
Several positive phage were identified from each screen 
and were purified as single isolates. Phage DNA was re- 
striction mapped and probed with NFKB2 or N F K B I  
cDNA fragments to identify positive genomic restriction 
fragments. Subsequently, regions of subcloned DNA 
were sequenced by the dideoxy method to demonstrate 
identity with the relevant cDNA clone. 

To localize the N F K B I  and NFKB2 genes, we per- 
formed fluorescence in situ hybridization (FISH) of bio- 
tin-labeled probes to normal human metaphase chromo- 
somes. All hybridizations were repeated twice and gave 
similar results. Human metaphase cells were prepared 
from phytohemagglutinin-stimulated peripheral blood 
lymphocytes. FISH was performed as described previ- 
ously (15). Biotin-labeled probes were prepared by nick- 
translation using Bio-11-dUTP (Enzo Diagnostics, New 
York). Hybridization was detected with fluorescein-con- 
jugated avidin (Vector Laboratories, Burlingame, CA), 
and chromosomes were identified by staining with 4,6- 
diamidino-2-phenylindole-dihydrochloride (DAPI). 

Hybridization of the N F K B I  probe resulted in specific 
labeling of chromosome 14 only (Figs. 1A-1C). Specific 
labeling of 14q13 was observed on two (6 cells), three (5 
cells), or all four (14 cells) chromatids of the chromo- 
some 14 homologues in 25 cells examined. In hybridiza- 
tions of the NFKB2 probe, we observed specific labeling 
of chromosome 4 only (Figs. 1D-1F). Specific labeling of 
4q24 was observed on one (1 cell), two (9 cells), three (11 
cells), or all four (4 cells) chromatids of the chromosome 
4 homologues (25 cells examined). Thus, the NFKBIand  
NFKB2 genes are localized to 14q13 and 4q24, respec- 
tively. 

As described earlier, NFKB2 is a member of the 
NFKB/REL  family; NFKBI belongs to the family of 
NF-KB inhibitors. These families can be further divided 
into subfamilies on the basis of the presence (NFKBI, 
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FIG. 1. In situ hybridization of biotin-labeled NFKBI (a-c) or NFKB2 (d-f) probes to human metaphase cells from mitogemstimulated 
lymphocytes. (a, d) Metaphase cells that are counterstained with DAPI; (b, e) the detection of the biotin-labeled probes with FITC-conjugated 
avidin. (c, f) Partial karyotypes of labeled chromosomes from additional metaphase cells. (a-c) Hybridization of the NFKBI probe; specific 
labeling was observed at 14q13 {arrows). (d-f) Hybridization of the NFKB2 probe; specific labeling was observed at 4q24 (arrows). 

14q13; N F K B 2 ,  4q24; p 4 9 / L Y T 1 0 / N F K B 1 ,  10q24; 
BCL3,  19q13.1-q13.2) or the  absence  (REL,  2p12-p13;  
p65) of  anky r in  repeats .  Thus ,  a l though m e m b e r s  of  
these  famil ies  have funct ional  and  sequence similarit ies,  
the  genes encoding these  pro te ins  are dispersed to dif- 
f e r en t  h u m a n  chromosomes .  

E x p e r i m e n t a l  evidence ob ta ined  recent ly  suggests 
t h a t  these  pro te ins  m a y  be involved in growth control  

and,  in some ins tances ,  in the prol i fera t ion  of neoplast ic  
cells. B C L 3  and  N F K B 1  were init ial ly identified as 
t r ans fo rming  genes in B cells and  are located a t  the  
b reakpo in t s  of  the  t(14;19) and  t(10;14) in B cell chronic  
lymphocyt ic  l eukemia  and  B cell l ymphomas ,  respec-  
t ively (11, 14). R E L  is the  cellular homologue of the  
t r ans fo rming  gene v-rel; a l te ra t ions  of  the  R E L  locus 
have  been  identified recent ly  in l y m p h o m a s  (10). To  
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date, bands 14q13 and 4q24 have not been identified as 
being involved in recurring chromosomal abnormalities 
in human tumors. Although genes on chromosomes 4 
and 14 have been implicated in cell growth (12, 18, 19), 
whether the N F K B I  or N F K B 2  genes are involved in the 
pathogenesis of human tumors remains to be deter- 
mined. 
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