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The gene for the type 1 tumor necrosis factor receptor (TNF-R1) 
is localized on band 12p13 
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Summary .  The  gene coding for the type I (p55) t umor  
necrosis factor  receptor  (TNF-R1)  has been  localized on 
h u m a n  c h r o m o s o m e  12, band  12p13.2, by  in situ hybridi- 
sat ion using a biot inylated genomic  probe.  

Introduction 

T u m o r  necrosis factors alpha and beta (TNFA,  TNFB)  are 
structurally related cytokines  with pleiotronic  biological  
activities involved in several aspects of  the in f lammatory  
response  (Old 1989; Beut ler  and Cerami  1988). They  in- 
itiate their effects on cell funct ion by binding to c o m m o n  
cell surface receptors  (Aggarval  et al. 1985). Two distinct 
molecular  species of  T N F  receptors  (TNF-Rs) ,  bo th  o f  
which bind T N F A  and T N F B ,  have been  identified. 
These  two receptors  differ in size and are expressed dif- 
ferentially in different cell lines ( H o h m a n n  et al. 1989; 
E n g e l m a n n  et al. 1990). Recent ly ,  the c D N A s  for bo th  
receptors  have been  cloned and their nucleic acid se- 
quence  de te rmined  (Loetscher  et al. 1990; N o p h a r  et al. 
1990; Schall et al. 1990; Smith et al. 1990). There  is a 
marked  similarity in structure be tween  the extracellular  
domains  of  the two TNF-Rs .  Bo th  are c o m p o s e d  of  re- 
petit ive cysteine-rich domains ,  homologous  to repeti t ive 
structures found in the N G F  receptor  and in certain o ther  
cell surface proteins.  On  the o ther  hand,  the s tructure 
of  the intracellular  domains  appears  to be unrelated.  
Southern blotting analysis of  human  genomic D N A ,  using 
the c D N A s  of  the two T N F - R s  as probes ,  indicated that  
each is encoded  by a single gene.  W e  repor t  here  the 
localization of  the gene encoding one of  the two recep-  
tors - the type I or  p55 T N F - R  - on  h u m a n  chromo-  
some 12 by nonradioact ive  in situ hybridizat ion.  

Materials and methods 

Chromosome preparations 

High-resolution chromosome preparations were obtained from 
phytohemagglutinin-stimulated blood cultures of healthy males after 
methotrexate synchronization (Camargo and Cervenka 1980, 1982). 
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Probe 

A human genomic library (prepared from PLC/PRF/5 cells in the 
charon 28 vector, Shaul et al. 1984) was screened under high strin- 
gency conditions with a clone corresponding to a 0.98 kb fragment 
of TNF-R1 cDNA (refered to as C2 in Nophar et al. 1990). The 
clones obtained were mapped using oligonucleotides (correspond- 
ing to nucleotides 40-60, 150-166, 458-478, 422-442, 1924-1958 
of the type I TNF-R cDNA according to Nophar et al. 1990) and 
the 16kb G3 clone was used as total phage DNA as a probe for in 
situ hybridization. The probe was labeled by nick-translation with 
bio-11-dUTP (Sigma, La Verpilli~re) according to the BRL pro- 
tocol and then prepared according to Cherif et al. (1990). 

Prehybridization 

Competitive hybridization was performed to eliminate hybridiza- 
tion of repetitive sequences contained within the 16kb probe. In 
brief, nick-translated probe and competitor DNA (human placenta 
DNA, Sigma, sonicated to 300-500 base pairs) were repared at 
final concentrations of 1 gg/ml (probe) and 100 and 50~tg/ml 
(competitor human DNA) in a hybridization mixture as described 
by Cherif et al. (1990). After denaturation at 70~ for 5 min, DNA 
was preannealed by incubation of the hybridization mixture at 37~ 
for I h and 3 h (Kievits et al. 1990). 

In situ hybridization 

In situ hybridization was carried out according to Cherif et al. 
(1990). The hybridization mixture (50 ml), corresponding to a final 
probe concentration of 1 ~tg/ml, was placed on the slide, covered 
with a coverslip, and sealed with rubber cement. After overnight 
incubation at 37~ the slides were washed according to the pro- 
tocol previously described. 

Probe detection and R-banding 

The hybridization signal was revealed by avidin-conjugated fluores- 
cein isothiocyanate (FITC; 5 mg/ml, Vector Laboratories, Burlin- 
game) and amplified with additional layers of biotinylated goat 
anti-avidin antibody (5 mg/ml, Vector laboratories) according to 
Pinkel et al. (1986). R-bands were obtained by a modification of 
the technique of Camargo and Cervenka (1980, 1982) omitting the 
Giemsa staining step. After staining with Hoechst 33258, the slides 
were UV-irradiated (365 nm) for 20 min, and then immersed in 
Earle solution at 87~ (Bernheim and Berger 1981) for 2 min. A 
second round of signal amplification was carried out to ease the de- 
tection of hybridization signal, and the chromosomes were finally 
counterstained with propidium iodide (1 mg/ml) in an antifade so- 
lution (Johnson et al. 1981). 
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Fig. 1. R-banded metaphase. The two chromosome 12 homologues 
are indicated by arrows 

p13.32. The  T N F A  and T N F B  genes  were  p rev ious ly  
local ised  at 6p21.3 (Spence  et  al. 1989). A n u m b e r  of  
genes  have  been  local ized to band  12p13 on  the  shor t  
a rm of  c h r o m o s o m e  12. A m o n g  them,  some  encode  
ant igens  l ike C D 4  and CD9 ,  o thers  enzymes  l ike eno lase  
2 ( E N O 2 ) ,  g l y c e r a l d e h y d e - 3 - p h o s p h a t e  d e h y d r o g e n a s e  
( G A P D ) ,  and  t r iose p h o s p h a t e  i somerase  I (TPI1) .  The  
genes  encod ing  the r and  s s u b c o m p o n e n t s  of  comple -  
m e n t  c o m p o n e n t  1 (C1R and  C1S) have  also been  local-  
ized at 12p13, while the  gene  encod ing  a lpha -2 -macrog-  
lobul in  ( A 2 M )  occurs  in the  reg ion  12p13 .3-p12 .3  ( R o p -  
ers  and  Craig  1989). 

The  gene  encoding  the  s t ruc tura l ly  r e l a t ed  N G F  re-  
c ep to r  res ides  not  on c h r o m o s o m e  12, but  on ch romo-  
some  17. I t  wou ld  be  in te res t ing  to f ind out  w h e t h e r  any  
o t h e r  m e m b e r  of  the  fami ly  to which the  type  I T N F - R  
be longs  - and  which have  a p p a r e n t l y  all evo lved  f rom a 
c o m m o n  ances to r  gene  - local izes  close to the  type  I 
T N F - R  gene.  

Bands  12p12-p13  are  n o n - r a n d o m l y  involved  in chro-  
m o s o m a l  r e a r r a n g e m e n t s  of  mal ignanc ies  such as acute  
l ymphob la s t i c  l e u k e m i a  ( R a i m o n d i  et  al. 1986), acute  
mye lob las t i c  l eukemia  (Berge r  et  la. 1986) and mal ignan t  
l y m p h o m a  ( Jonveaux  et  al. 1991) e i the r  as " p r i m a r y "  or  
as s econda ry  events .  Poss ib le  r e a r r a n g e m e n t s  and  dele-  
t ions o f  the  T N F - R 1  gene r e m a i n  to be  inves t iga ted  in 
these  mal ignancies .  
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Fig. 2. In situ hybridization with the TNF-RI biotinylated probe. 
The double spots on chromosomes 12 are indicated by arrows 

The slides were screened with a Zeiss fluorescence microscope 
equipped with filter combination No. 487709 for detection of the 
signal (FITC) and No. 487715 for chromosome identification. The 
hybridization signal appeared as yellow-green twin spots over sis- 
ter chromatids on R-banded chromosomes stained in red. Micro- 
photographs were taken with Kodak Ektachrome 400 film. 

Results 

The  loca l i sa t ion  of  the  hyb r id i zed  p r o b e  was unambigu -  
ous  a f te r  ana lys ing  30 m e t a p h a s e s .  A spo t  on  bo th  chro-  
m a t i d s  (Figs .  1, 2) o f  c h r o m o s o m e  12 was p r e s e n t  at  
12p13 .2 -p13 .32  on  bo th  c h r o m o s o m e s  in 21 cells and  
on ly  on  one  c h r o m o s o m e  12 in nine cells. N o  such dou-  
b le  s ignal  cou ld  be  o b s e r v e d  on  any o t h e r  c h r o m o s o m e .  

Discussion 

In  situ hyb r id i za t i on  with  a b io t i ny l a t ed  genomic  p r o b e  
a l l owed  us to local ize  the  T N F - R 1  gene  at  12p13 .2-  
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