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IA-1 is a  novel cDNA originally  isolated  from a human 
insulinoma  subtraction  library  (ISL-153).  It  encodes  a 
protein  containing  both  a  zinc  finger  DNA-binding  do- 
main  and a  putative  prohormone  domain. IA-1 tran- 
scripts  have  been  found  thus  far  only  in  tumors  of  neu- 
roendocrine  origin.  Clinical  studies  have  shown  that 
IA-1 is a  sensitive marker  for  neuroendocrine  differen- 
tiation of  human  lung  tumors. 

In this study,  we  cloned  and  sequenced  the  entire IA-1 
gene  and its 5‘-upstream  region  from a human  liver 
genomic  library. In situ hybridization  localized  the IA-1 
gene  to  the  short  arm  of  human  chromosome 20. Se- 
quence  analysis  and  restriction  enzyme  mapping 
showed  that  the IA-1 gene is uninterrupted  and  appears 
to  be  intronless.  Evidence  that IA-1 is an  intronless  gene 
that  can  translate  into  protein  was  obtained  from in 
vitro translation  studies  that  showed  that  both IA-1 
cDNA  and IA-1 genomic DNA yielded  identical  protein 
products  of  approximately  61,000  daltons.  Examination 
of  the  5”upstream  region (2090 base  pairs)  revealed  sev- 
eral  tissue-specific  regulatory  elements,  including  glu- 
cokinase  upstream  promoter  elements  and a  Pit-1  factor 
binding site. The  presence  of  several  different  upstream 
regulatory  elements  may  account  for IA-1 gene  expres- 
sion  in  different  neuroendocrine  tumors. 

We have  recently  reported  the  sequence of a novel human 
insulinoma-associated cDNA, IA-1,’ that encodes a protein 
with  zinc  finger  DNA-binding  motifs (Goto et   al . ,  1992). This 
unique  cDNA has revealed  several  interesting  features,  which 
include a putative  prohormone  domain  with  several  dibasic 
amino  acids, an amidation  signal  sequence (Pro-Gly-Lys-Arg) 
at the amino terminus, and  five Cys,-His, zinc  finger DNA- 
binding  motifs at the carboxyl terminus. Expression of the  IA-1 
gene  was  detected  by  Northern  analysis in five of five human 
insulinoma  tissues, in all of the  murine  insulinoma cell lines 
(including  mouse,  rat,  and  hamster),  and  in  other  neuroendo- 
crine  tumor  cell  lines  (such as pituitary  tumor,  pheochromocy- 
toma,  medullary  thyroid  carcinoma, and small  cell  lung  carci- 
noma),  but it was not  detected in a variety of other  tumors 
(such as melanoma,  breast  carcinoma,  thyroid  carcinoma, glio- 
blastoma,  pancreatic  carcinoma,  and  choriocarcinoma)  or in 
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normal tissues (including  pancreas,  testes,  lymph  node, brain, 
lung, liver,  stomach,  spleen,  thyroid,  kidney, and colon). Clini- 
cal  studies  on a panel of 64 human  lung  cancer cell lines  by 
Northern  analysis  demonstrated that IA-1 mRNA was detected 
in 97%  (30/31) of small  cell lung cancer cell lines  and  13%  (430) 
of non-small  cell  lung  cancer  cell  lines  (Lan et   al . ,  1993). The 
IA-1-positive  non-small  cell  lung  cancer  cell lines were  shown 
to  have  neuroendocrine  features as evidenced  by the expression 
of one  or  more  known  neuroendocrine  markers,  such as chro- 
mogranin A and L-dopa decarboxylase.  The  restricted  expres- 
sion of the IA-1 gene in neuroendocrine  tumors suggests that 
IA-1 gene  expression  may  be under the  tight  control of certain 
tissue-specific  regulatory elements. 

In this study,  we  cloned  and  characterized the IA-1 gene from 
a human  liver  genomic  library. We mapped,  by  restriction en- 
zymes, a 13-kb  genomic  fragment that contained the IA-1 gene, 
sequenced the entire gene and its 5”upstream  region, and lo- 
calized the IA-1 gene  to  chromosome  20 p11.2 by  fluorescence in  
si tu hybridization. 

MATERIALS  AND  METHODS 
Screening of IA-1 Genomic Clones from Normal Human Liver 

Library-A human liver genomic library in A GEM-11 was purchased 
from Promega (Madison, WI). This library contains 9-23-kb fragments 
of normal human genomic DNApartially digested with Sau3AI and two 
bases filled in by  Klenow fragment. The total primary plaque-forming 
units of this library is 2.0 x lo6, and the final amplified titer is 1.65 x lo9 
plaque-forming units/ml. The library was screened by the standard 
plaque hybridization method  (Sambrook et al., 1989).  Briefly, duplicate 
filters were lifted, baked under vacuum at 80 “C for 1 h,  and washed 
with 5 x SSC  for  30 min. The filter was prehybridized at  50  “C with 40% 
formamide, 5 x SSC, 10 pg/ml sheared salmon sperm DNA, 6 x Den- 
hardt’s solution (5 Prime + 3 Prime, Inc., Boulder, CO) for 6  h followed 
by hybridization in the same solution with a randomly primed  labeled 
(lo6 cpdml) cDNAprobe, LA-1-34 (Goto et al., 1992). Hybridization was 
carried out at 50 “C for  16 h, and the filter was washed with 1 x SSC, 
0.1%  SDS at the same temperature. Positive plaques from duplicate 
filters were  subjected to secondary and tertiary screening. 

DNA Sequence Analysis  and Restriction Enzyme Mapping-A posi- 
tive genomic  clone, containing a 13-kb insert, was digested with Sac1 
and subcloned into the pBlueScriptI1 (sk+) vector (Stratagene, La Jolla, 
CA). Plasmid DNA was  used  for  double strand DNA sequencing. DNA 
sequencing was  performed using Sequenase T4  DNA polymerase under 
conditions  recommended by the supplier (U. S. Biochemical  Corp.). In- 
ternal sense and antisense strand primers were synthesized by  Bio- 
synthesis, Inc.  (Lewisville, TX). Both strands were  sequenced and ana- 
lyzed using the Geneworks 2.1 software package (IntelliGenetics, 
Mountain View,  CAI. The current FASTA data base was used for search- 
ing both  nucleic  acid and protein sequence similarities (Pearson and 

clone was performed by the method of Whittaker and Southern (1986) 
Lipman, 1988). Restriction enzyme mapping of the isolated genomic 

with some  modifications.  Briefly,  plasmid DNA  from the pL3S5.6  or 
pL3S4.9  clone was dissolved in 100 1.11  of 1 x restriction buffer contain- 
ing 10 mM magnesium chloride.  Twenty-pl aliquots were W cross- 
linked for 0, 1, 15,  45,  or  60  min using Stratalinker  (Stratagene)  and 
subjected  to appropriate enzyme digestion. The sample was heated at 
65 “C for 15 min and run on a 1% agarose gel  for Southern analysis. 
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FIG. 1. Genomic  organization of the LC\-1 gene. The  restriction  enzyme  map of a  13-kb genomic clone containing  the IA-1 gene  was 
determined by a  combination of sequencing  and  restriction  enzyme  mapping  with Sad, EcoRI, PstI, HindIII,  and  BarnHI as  described  under 
"Materials  and  Methods."  The  13-kb  fragment  was  digested  with  restriction  enzyme  Sac1  and  subcloned  into  the  pBlueScriptI1 vector. Four clones, 
designated pL3S4.9, pL3SO.8, pL3S2.0, and pL3S5.6, were  generated.  The  rectangular box shows the location of  IA-1  cDNA; the  shaded  area 
represents  the coding sequence,  and  the open areas  represent  the 5'- and  3'-untranslated regions. The  5"upstream  sequence  (from +1 to -2090 bp) 
of the IA-1 gene  is  shown  in Fig. 6. A clone, dSacl2-IA-I,  was  prepared  as a DNA template for in vitro  translation  study. No intron  was found in 
the IA-1 gene. 
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FIG. 2. Southern  analysis. Fifteen  pg of genomic DNAisolated from 
16  individuals  were  digested  with  restriction  enzymes EcoRI or HindIII 
and  electrophoresed on a 0.8% agarose gel. Denatured DNAs were 
transblotted  to  Nytran  and  hybridized  with ""P-labeled full-length IA-1 
cDNA. The  blot  was  washed  under  high  stringency  and exposed a t  
-70 "C for 3 days.  Six  samples (A-F) are shown. 

Hybridization  was  performed a t  39 "C for 18 h  in  a  solution  containing 
6 x Denhardt's  solution,  10 pg/ml sheared  salmon  sperm DNA, 2 x SSC, 
and loG c p d m l  end-labeled probe. Four oligonucleotide probes (TGC- 

CATCVATC, AAGAAGCCCAAGGCCAT), located a t  both  ends of 
pL3S5.6 and pL3S4.9, were  end-labeled by T4 polynucleotide kinase 
(Life Technologies, Inc.)  and  used  to  probe  partially  digested DNAs. 

Southern Analysis-Total genomic DNAs were  prepared from 16  in- 
dividuals by standard  methods  (Sambrook  et  al.,  1989).  Fifteen  pg of 
DNA were  digested  with  restriction  enzymes EcoRI or  HindIII  and 

CCACTAGTAACTAAC, AGTGGGAAAAGGAVCCG, TGGGGGACT- 

-68 

FIG. 3. In vitro translation. IA-1 cDNA, clone IA-1-18 (lanes 1 and 
2) and IA-1 genomic DNA, clone dSacl2-IA-1  (lanes 3 and 4 )  were 
subcloned  into the pBlueScriptI1 vector. Capped mRNAs of sense  (lanes 
1 and 3 )  and  antisense  (lanes 2 and 4 )  were  synthesized  in an in vitro 
transcription  system.  One  pg of each  transcript  was  translated  in a 
rabbit  reticulocyte  lysate  with I"'S1cysteine. Translated  products  were 
separated on a 7.5%) SDS-polyacrylamide gel electrophoresis  gel, fixed 
with  autoradiography  enhancer,  and  the film was exposed overnight. 
The  translated  protein  is  marked by an arrow  along  with  protein 
markers. 

electrophoresed on a 0.8% agarose gel. Denatured DNAs were  trans- 
blotted  to  Nytran  via  capillary  blotting  and  hybridized  with  a "P-la- 
beled cDNA  IA-1-18 probe (Goto et al., 1992).  Hybridization  was per- 
formed at  50 "C for 18 h  in  a  solution  containing 40%. formamide, 5 x 
SSC,  10 pg/ml sheared  salmon  sperm DNA, 6 x Denhardt's  solution,  and 
loG c p d m l  radiolabeled probe. The  blot  was  washed twice in  0.1 x SSC, 
0.1% SDS a t  60 "C (high  stringency).  Autoradiograms  were exposed a t  
-70 "C for 3  days. 

RNase  Protection Assay-A genomic subclone  (dSac3BE),  including 
both IA-1 cDNA and  5"flanking  regions,  was  prepared from BglI diges- 
tion  and 5"deletion of pL3S2.0. "'P-Labeled antisense riboprobe (ap- 
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Flc:. 4. Chromosomal  localization. A,  metaphasc  ~hr~mosomes fill- 
lowing fluorescence in s i t u  hybridization  with the genomic IA-1 probe. 
Arrows  indicate  the  signal a t   20~11.2.  R,  simultaneous  Hoechst  33258 
staining  and  QFH-banded chromosomes. 

proximately 400 nucleotides)  was  prepared by T7 RNA polymerase 
transcription  and  subjected  to 6% urea gel purification.  The riboprobe (1 
x IO5 cpm)  was mixed with  50  pg of HeLa RNA or NCI-H69 small cell 
lung  carcinoma RNA in a hybridization  buffer  (40 mM PIPES,  pH 6.4, 
50% formamide).  The  reaction  mixture  was  heated  to  90 "C for 5 min 
and slowly cooled down to  45 "C for overnight  incubation.  RNase diges- 
tion was  carried  out by adding  300 p1 of RNase  solution (300 mM NaCI, 
10 mhf Tris-C1, pH 7.4,5 mM EDTA, 2 pg/ml RNase T1,40 pg/ml RNase 
A) a t  room temperature for 10 min.  The  reaction  was  stopped by adding 
20 pl of 1% SDS  and 5 p1  of 10 mg/ml protease K a t  37 "C for 15 min.  The 
reaction  mixture  was  extracted  with  400 p1 of phenokhloroform twice 
and  ethanol  precipitated.  The  protected  fragment  was  analyzed on an  
8% denaturing  sequencing gel. 

In Vitro  IFansZation-An EcoRI fragment  (6.5  kb) from genomic IA-1 
DNA was  subcloned  into the pBlueScriptI1 (sk+) vector (Stratagene). 
Serial  deletion  was performed to eliminate  the  5'-untranslated  se- 
quence.  One clone (designated  dSacl2-IA-1, starting at position -145 bp 
and  extending  to  the EcoRI site  in  the 3"region of IA-I  gene)  was chosen 
for in  vitro  translation  study. Both dSacl2-IA-1  and IA-1-18  cDNA, 
containing  the complete IA-1 open reading  frame,  were  linearized  with 
either  BarnHI or XhoI restriction  enzyme.  Capped mRNA (Stratagene) 
was  synthesized  using  either  T3 or T7 RNA polymerase  to  produce 
either  the  sense or antisense  transcript.  One  pg of each  transcript  was 
added  to  a  rabbit  reticulocyte  in  vitro  translation  reaction  mixture 
(Promega)  in  the  presence of [?31cysteine (Amersham Corp.) a t  30 "C 
for 1 h.  Twenty pl of reaction  mixture  was run on 7.5% SDS-polyacryl- 
amide gel electrophoresis  and fixed with  autoradiography  enhancer 
(DuPont  NEN).  The gel was exposed to the film overnight a t  room 
temperature. 

FZuorescence In  Situ Hybridization-The procedure  utilized has been 
reported by  Tory et  al.  (1992). Briefly, biotinylated IA-1 genomic DNA 
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FIG. 5. RNase protection assay. A :'ZI"labeled antisense riboprobe 
was  prepared by T7 RNA polymerase  transcription from a genomic 
subclone,  dSac3BE.  The riboprobe was  purified from a 6% urea  gel,  and 
1 x 10' cpm riboprobe was mixed with  50  pg of NCI-H69 RNA (lane 11, 
HeLa RNA (lane 21, or  yeast tRNA (lane 3)  for overnight  hybridization. 
The  hybridized  mixture  was  subjected  to  RNase  digestion  and  analysis 
on a 8% denaturing  sequencing gel. An estimated 100-nucleotide (nt)  
long  fragment  (lane 1 )  was  protected  with  small cell lung  carcinoma 
RNA (arrow). Riboprobe size  markers  were  prepared from the  same 
vector. 

probe (20 ng/p1) was  hybridized  with  metaphase chromosomes over- 
night at 37 "C in  a  solution of  50% formamide  and 10% dextran  sulfate 
in  2 x SSC. The  slides  were  washed  with 50% formamide  in  2 x SSC 
followed by 2 x SSC  alone,  both at  40 "C. Detection  was  carried  out 
using  avidin-fluorescein  isothiocyanate. Chromosome identification 
was performed following simultaneous  staining  with  Hoechst 33258. 

RESULTS AND DISCUSSION 

Genomic Structure  and Nucleotide Sequence of the IA-1 
Gene-In this study, we report  the cloning and sequencing of 
the IA-1 gene from a human normal  liver genomic library. By 
screening 2 x lo5 recombinants  with IA-1-34  cDNA probe, we 
isolated two identical genomic clones (A 3) containing an  ap- 
proximately  13-kb insert.  The A 3 genomic clone was digested 
with  Sac1  and subcloned into  the pBlueScriptI1 (sk+) vector. 
Four subclones, designated pL3S4.9, pL3SO.8, pL3S2.0, and 
pL3S5.6, were generated (Fig. 1). The IA-1 gene and  the 5'- 
upstream  flanking region (2090 bp) were completely sequenced 
from pL3SO.8, pL3S2.0, and  the 5"region of pL3S5.6. Our ex- 
periments showed that  the nucleotide sequence derived from 
normal  human genomic DNA was identical to  the IA-1 cDNA 
sequence derived from human insulinoma mRNA (Goto et al., 
1992). In addition, we have completed the restriction map of 
the A 3 genomic clone by performing restriction enzyme map- 
ping on pL3S5.6 and pL3S4.9. Both sequence analysis  and 
restriction enzyme mapping indicated that  the IA-1 gene is not 
interrupted  and, therefore, appears  to be an  intronless gene 
(Fig. 1). 

The existence of introns  has been  reported in most of the 
genes of eukaryotic  organisms. However, some important  eu- 
karyotic  genes, such as seven transmembrane receptors (Allard 
et al., 1987; Kobilka et al., 1987a, 1987b; Young et al., 1986; 
Sunahara et al., 1990; Demchyshyn et al., 1992; Nakayama et 
al., 1985), human  interferon-a  and $1 (Nagata et al., 1980; 
Lawn et al., 1981), type X collagen (Ninomiya  et al., 1986), and 
histone genes (Stein, 1984) are  intronless.  The  number of genes 
without  introns  is  small  as compared with those  with  introns. 
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GAGCTCAAM GAGCAAGGM AT” TTACTTTTAG 

ACTAGCACTC ACCACAGCAT TTTTMAACT AGGGTGAGAC 

ACMACATM  MTTATCAM TATCTTTCCC TTGATTMCC 

m T G G A C T  CTATTTTTAC ATGTTTAATT TCTACGCCAG 

AAMCTCAGC  MAATCTGTC  TGGTATACM AGCTTTGCAG 

GTGGCTTGGC TATTTGTTCC CCAGTGTTGG  ACGATCAGGG 

CTCGGGGCTG  GGCTGGACAG  AGGATGGAGG  CAGGCGGCCC 

TTCGCTGTTG TCTCTTCCTG GTGGCACAGG  GGAGGCGGCT 

GCACGCGTCT CTTTTGCGTC CAGATTGGCC  GCGACCGGAG 

TGCGCCAGAC  AGGCAGCCCC TTTATTTCGC AGCGCCTTGA 

AAATGCATGA  GGCCGCGCGG  GGAGGAGAAA GCCMCTTCA 

UPB 

T-Aa 

GAGCCTTGGA  CCACGCGGAA  GCTCCGGGCG  GCCTGGGTCG 

CCTCTGGGM CCCAGCCCAG  CCCGCCCGCG CTCCMTCCC 

TCTAGCCCCG  TGGGCGCGCG  GAGGCTGCGA  GCACAAACAT 

CTTTTGCTTG GCCTCTTGGG TCCAGCGGCC CATCCGTCCA 

CACCACGCGG  ACGCACTGCG CCTCCGCMC GATCTCCCCC 

CCGGCTCGCG  GATTGAACCC TCCTGACATA TTTGGGGCCA 

GCGTGCATTG TCGCGCTGAT GGACGGGCCC ATTTGGCGGC 

AGCAGACCGT GMGGGAGGC GGGGCCGGGC  GTGTGCCTGG 

CTCAGGTACA TCTGCCGCAC CTACCGGGCG  ACCCCCGAGT 

CGCGCTGATT GGCTCCAGGG  GAAGCGGGAG GCGAGAACM 

CAGGGCGCAG  AGCTGGGCCG  AGCCGTCGCC  GGCGCCACGC 

AGCGCGGAGG  GGGGACCGAG CCAGTGCCGT GCCCTCGGGC 

ATAGMATAT  GTTTATMAT  TTTAGATMA  CTCATTTTM  GATTTCTMC TTTTGGGGAG 

TTTTCAAMT A T A T T T C A C T T C  TTCCCTTTTC AGTGTGTGAG TTMAATATT 

AACCTGATTA ACCCCTTMT  TMTTMGCC  TMCMCTGT CCC- A C T T W  

GGTATTTTCA GAGGGWT  CCMAACMT  TAMTACCTT CAGTGGAATT MGCGTMGT 

GHP - 1 

UPE AP-1 

AAAAATGTTT CCTTCTCTTT CMTAMGTG ACATTTTCCT CACAGCATAT GACATTTTAT 

CCACTACGCA CTCGTGGGGT TCTCTGCCCT GTCCCCCGAA GATTCTGCCT TTTGTGTTTC 

AGTCTGGGTC CAMCGGMC GGCAGCGGAG  GTGGGGGTGG  GGGTGGGGGC  GGGGGGAATC 

TGTCCTCTCG GAGGCCTCAG CCTGCCTCAG AGTACAGATT GCCCCCCCTC CCCCCGTCCA 
T-Ag 

CTCMTAGCA  GGAGGTTMT TTCCTTCACA MGGTGMGG GGGCACGGCT  CCGTGGGGGC 

TTGGAGCCCT TGATTTAGCA TCTGATGTCA ACCGGCAAAC W T G C C C G  CTCGGMTGA 

CTGGGGCGCA  CGAGGCCGAC CGCGCGTTTC GGGCTTCGGC CMCTCGACC  CGGATTMCC 

GCCCCGCCM AGATGCCATT CCCMGCCTC  CMGAACCCA  MAGTTCAGA  MTTCACGTT 

GCGCTTTCGG GAGACTGAGA  AGGCCGTGCC MTTCCTTCT CAAACTCGAA  AGAAACCTTC 

CGCCCTCGGC  CACTGCCAGA  AGGCCGGGCC CCCTGTCCAC ACTTGGMCC CCGGGGAACC 

AGGTCCGGGC  GGAGGCGTCC GGACCCTGCT GCTCTCTCGG ATTCTTGTTT ATTTCCCMA 

T-Ag 

SP- 1 

SP-1 
GCASCGCCCC GGCGCGCCCC  CGCCCCCACC  CAATCAGCGC GCACMCTTC CCCCTCGGCT 

TTCTTCTCCT  TTGTTGCTAT TTTGCTAGCG ACCCGCGGGT MTCCCCGCG CGGGAGGGGG 

TCCGCGCCCC CCGGAGGAGA GACACAMGC CCAGGCACGT GCGCCTCCCC ATAGAGMGC 

ACCGGGCGV GCGW GGCGC  COGGCOGGGC  GACCAGGGGC  GCGCGCGGGG  GCCCCGCGCC 

CCCGGCCCCC TTTTGGCCGC CCCATCGCCC TCCCACCCTG CCAGGCTGAG  GAGCTGCGGA 

TGGCCCCCTC CCCCCGTTM MGGGAGCGG CTGCCGGGCC CGGGGACAGG  GACGCGCGTG 

GAGTCCCGCA  GCCGCCGCGC  CCGGGCAATG  GGCCGGGGGC  ACTGAGGGCC  GCCGGGGCCG 

CGCGCGAACACCCGCGG CTTCCTGGTG MGCGCAGCA AG 

SP-1 

SP-1 SP-1 SP-1 

?+I ....  .. 
FIG. 6. Nucleotide  sequence of the  5‘-end of the  human IA-1 gene. Transcription initiation site is assigned to  position +l. An asterisk (*) 

indicates the TATA box-like sequence. Conserved sequences of known regulatory elements, SP-I,  T-Ag, A P - I ,  upstream promotor elements (UPE), 
and GHF-1 are underlined. 

The  studies described here show that IA-1, which encodes a 
zinc finger DNA-binding protein, belongs to  this  small group of 
genes  that  are  intronless. 

Southern  analysis of the IA-1 gene (Fig.  2)  revealed a single 
band (6.5 kb)  with EcoRI digestion and two bands (3.8 and 0.75 
kb)  with  HindIII digestion.  These  findings are consistent with 
the  restriction enzyme mapping  data shown in Fig. 1 and  sug- 
gest  that  the IA-1 is probably a single copy gene. DNAs isolated 
from a total of 16  individuals  (not shown)  digested with  either 
EcoRI or HindIII  restriction enzymes did  not show any evi- 
dence of restriction  fragment  length polymorphisms. 

In Vitro Dunslation  Products from IA-1 cDNA and IA-1 
Genomic DNA-To show that both IA-1 cDNAand IA-1 genomic 
DNA can  translate  the  same protein  product without RNA 
splicing, IA-1 cDNA from position +12 to  the poly(A) tail (IA- 
1-18) (Goto et al., 1992) and  an IA-1 genomic DNA clone 
(dSacl2-IA-1)  containing  304 bp  5‘-upstream from the ATG 
start codon were used as DNA templates for synthesizing RNA 
transcripts.  Using  the  rabbit reticulocyte system for in vitro 
translation, a prominent  protein product with  an  estimated M, 
of 61,000 was produced by both IA-1 cDNA and  the  intronless 
IA-1 genomic DNA (Fig.  3).  Antisense transcripts revealed no 
protein product. This  demonstrates  that  the  intronless IA-1 
gene  is capable of translating  into  the  same protein  product as 
the IA-1 cDNA. 

Mapping of the ZA-1 Gene  to Chromosome 20-The fact that 
IA-1 is a sensitive  marker for small cell lung cancer (Lan  et al., 
1993) and  has a restricted  tissue  distribution (Goto et al., 1992) 
makes it important  to  determine its chromosomal localization. 
Using fluorescence in  situ hybridization, a total of 46 met- 
aphase cells were  examined. In 42 of these cells, from one to 

four chromatids were  labeled at 20~11.2 (Fig. 4). No significant 
background was observed a t  other chromosomal positions. 
These  results  suggest  that  the IA-1 gene is a single copy gene 
located on the  short  arm of chromosome 20. Several hereditary 
diseases  have been  mapped to  the  short  arm of chromosome 20. 
Thus far, only one disease,  arteriohepatic dysplasia, has been 
localized specifically to  the p11.2 region (Teebi et al., 1992; 
Simpson, 1988). 

Characterization of 5’-Upstream Sequence of the IA-1 Gene- 
The  transcription  initiation  site of the IA-1 gene  was  deter- 
mined by RNase  protection assay  using  total RNAisolated from 
both  a small cell lung carcinoma cell line (NCI-H69) and HeLa 
cells. A  gel-purified antisense riboprobe extending from 459 to 
60 bp upstream of the ATG start site was  hybridized  with 50 pg 
of NCI-H69 RNA, HeLa cell RNA, or yeast tRNA. As shown in 
Fig. 5, an  estimated 100-nucleotide long fragment  (lane 1 ) was 
protected specifically with small cell lung carcinoma RNA, 
which strongly  expressed IA-1 message, whereas HeLa RNA 
and tRNA did not protect the probe (lanes 2 and 3) .  The  tran- 
scription start  site was estimated a t  159 bp upstream of the 
ATG start codon (designated  as +I in Fig. 61, which is 12 bp 
longer than  the IA-1 cDNA reported previously (Goto et al., 
1992). At the vicinity of the  translation start site,  there  is a 
stretch of GC-rich sequence (>80%), which might form second- 
ary  structure  that could hamper  the proper primer extension 
analysis.  In fact, we made  several  primers  but were unable to 
extend them  to  the correct transcription  initiation  site  as de- 
termined by RNase  protection  assay. 

The  5”upstream DNA sequence, extending 2090 bp up- 
stream from the  transcription start site, was  determined by 
double-stranded  sequencing of pL3S2.0 and pL3SO.8 genomic 
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subclones (Fig. 6) and compared with known sequences in  the 
GenBank DNA data  base  (Pearson  and  Lipman, 1988). No sig- 
nificant similarity  was found except for a number of conserved 
regulatory  elements.  The classic TATA  box (McKnight and 
Kingsbury, 1982) typically located  between  positions -25 and 
-35 bp  was  not found; however, an AT-rich sequence  located 
between positions -29 and -34 bp, which might  serve as a 
TATA box, was observed. The so-called CAATT box, which is 
often found at -80 bp, was  absent.  Three  putative  transcription 
factor SP-1 binding sites (GC boxes) located  between  positions 
-220 and -250 bp (Kadonaga et al., 1987) and  three  additional 
GC boxes further  upstream  in  reverse  orientation also  were 
found. In  this context, the promoters of several housekeeping 
genes  that lack the  characteristic TATAand CAATT boxes (Mel- 
ton et al., 1984; Reynolds et al., 1984; Valerio et al., 1985) are 
known to  have a similarly  high GC content. Further  upstream, 
three SV40 T antigen binding sites  (Jones  and Tjian,  1984) and 
an AP-1 (Lee et al., 1987a, 198713) binding site were found. The 
SV40 T antigen  binding  site  has been  shown to  be both  a posi- 
tive regulator of viral replication and a negative regulator of 
early gene transcription  (Fanning  and Knippers, 1992). The 
AF"1 binding  site binds a transcription factor, AP-1, and  its 
activities  may be modulated by treatment of cells with  the 
tumor promoter, 12-0-tetradecanoylphorbol-13-acetate (Angel 
et  al., 1987; Lee et al., 1987a). 

Two P-cell-specific upstream promoter elements,  character- 
istic of the  upstream glucokinase promoter, are located at po- 
sitions -2075 and -1807 bp of IA-l. Gel mobility shift experi- 
ments  have shown that a P-cell factor  isolated from nuclear 
extracts of murine  insulinoma cell lines  (HIT M2.2.2 and P-TC- 
31, but  not from the  pituitary  tumor cell line (AtT-20) or the 
fibroblast cell line (NIH-3T31, binds  to  the  upstream promotor 
elements (Shelton et al., 1992). The P-cell factor is  the  same 
factor that  binds  to  similar  elements,  termed CT boxes, in  the 
insulin promoter. Additionally, at position -1931 bp, there  is a 
conserved prolactidgrowth hormone  gene recognition element 
GHF-1 (TATATGCAT), which is  the  binding  site of the  pituitar- 
y-specific positive transcription factor, Pit-1 (Ingraham et al., 
1988). It  has been suggested that  the binding of the  Pit-1 factor 
to  this sequence  may confer a characteristic cellular  phenotype 
in  the  anterior pituitary. 

The IA-1 gene is expressed in  tumors of neuroendocrine  ori- 
gin, including insulinomas  and  pituitary  tumors.  The presence 
of several  different tissue-specific regulatory elements  in  the 
upstream region of the IA-1 gene may result  in  the expression 
of IA-1 in different  neuroendocrine cells responding to  different 
tissue-specific transcription factors.  Currently, we are  attempt- 
ing  to  characterize  the promoter and  other  regulatory  elements 
of the IA-1  gene as well as tissue-specific transcription factors 
present  in  various IA-1-expressing cells, including small cell 

lung carcinoma, pheochromocytoma, and medullary  thyroid 
carcinoma. 
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