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ABSTRACT We have used RNA from human hypothala-
mus as template for the production of cDNAs encoding insulin-
like growth factor II (IGF-H). The prohormone coding se-
quence of brain IGF-ll RNA is identical to that found in liver;
however, the 5' untranslated sequence of the brain cDNA has
no homology to the 5' untranslated sequence of the previously
reported liver cDNAs. By using hybridization to specific probes
as well as a method based on the properties of RNase H, we
found that the human IGF-H gene has at least three exons that
encode alternative 5' untranslated regions and that are ex-
pressed in a tissue-specific manner. A probe specific to the
brain cDNA 5' untranslated region hybridizes to a 6.0-kilobase
transcript present in placenta, hypothalamus, adrenal gland,
kidney, Wilms tumor, and a pheochromocytoma. The 5'
untranslated sequence of the brain cDNA does not hybridize to
a 5.3-kilobase transcript found in liver or to a 5.0-kb transcript
found in pheochromocytoma. By using RNase H to specifically
fragment the IGF-ll transcripts into 3' and 5' fragments, we
found that the RNAs vary in size due to differences in the 5' end
but not the 3' end.

The somatomedins, or insulin-like growth factors (IGFs), are
a family of peptides related to insulin by structure and
function (for review see refs. 1-5). Two ofthe somatomedins,
IGF-I and IGF-II, are 62% homologous at the amino acid
level (6). Despite structural and functional similarities, evi-
dence has begun to accumulate that these two peptides have
distinct and different roles. IGF-I mediates the growth effects
of growth hormone in childhood and adolescence (7, 8). The
role of IGF-II is not known. Levels of IGF-II are less
dependent on levels of growth hormone (9) and IGF-II is a
less potent mitogen in vivo than IGF-I (8). IGF-II can be
synthesized by a number of fetal tissues (10) and, in rats, may
stimulate fetal growth (11). In humans, IGF-II levels in serum
persist into adulthood at 3 or 4 times the level of IGF-I (9).
In adult human cerebrospinal fluid and brain, IGF-II, but not
IGF-I, was found (12, 13). However, a truncated form of
IGF-I as well as IGF-II was recently isolated from fetal and
adult human brain (14, 15). Evidence for local synthesis in
pituitary and brain (13, 16) suggests a physiological role for
IGF-II as a neuroregulator and/or a brain growth factor.
Although several forms of IGF-II that differ in molecular

size have been found in human brain and spinal fluid, their
exact relationship to serum IGF-II has not been established
(12). The major serum form of IGF-II is the classical 7.5-kDa
form (6). Two minor variants, postulated to be the result of
polymorphic IGF-II alleles, have also been described (17,
18).
Current data indicate that a single gene for IGF-II is located

on chromosome 11 (19, 20) adjacent to the insulin gene (21,
22). However, the 5' untranslated region of the human cDNA

clones is different from the 5' sequence reported in the
genomic clone (23). To investigate the possibility that differ-
ent coding regions and/or different 5' untranslated regions
may be present on IGF-II mRNAs expressed in different
tissues, we have used RNA from human hypothalamus as
template for the production of cDNAs encoding IGF-II.

MATERIALS AND METHODS
Synthesis and Cloning of cDNA. RNA was prepared using

guanidinium thiocyanate CsCl (24, 25). Oligonucleotide (3.8
Ag/ml) was annealed to poly(A)- RNA (0.38 mg/ml) in 50
mM sodium phosphate, pH 7.2/5 mM EDTA at 90'C for 3
min. KCI was added to 100 mM and the mixture was cooled
over 5 min. Double-stranded cDNA was synthesized as
described by Gubler and Hoffman. (26), inserted into the Pst
I site by oligo(dG)-oligo(dC) tailing (27), and used to trans-
form Escherichia coli MM294 prepared as described (28). As
probes for colony screening, we used oligonucleotides la-
beled at their 5' end by use of bacteriophage T4 polynucle-
otide kinase and [y-32P]ATP. Filters were prehybridized in
6x SSC (0.9 M sodium chloride/90 mM sodium citrate)/1x
Denhardt's solution (0.02% Ficoll/0.02% polyvinylpyr-
rolidone/0.02% bovine serum albumin/0.5% NaDodSO4/
sheared and denatured herring sperm DNA (100 ug/ml)/
0.05% sodium pyrophosphate at 370C for 2 hr and hybridized
in 6x SSC/1 x Denhardt's solution/tRNA (20 ug/ml)/0.05%
sodium pyrophosphate at 420C (23-mer) or 370C (17-mer) for
-15 hr. Filters were washed in 6x SSC/0.05% sodium
pyrophosphate several times at room temperature, at 420C
(23-mer) or 370C (17-mer) for 1 hr and at a temperature
approximately 5PC beyond the "melting" temperature (tM)
for 10 min.

Synthesis of Oligodeoxynucleotides. Oligonucleotides were
synthesized in a model 380A DNA synthesizer (Applied
Biosystems) and purified by electrophoresis in a 20% poly-
acrylamide gel.
cDNA Sequencing. Isolated cDNAs were sequenced by

either the chemical method (29) or the enzymatic method
(30).

Blot Hybridization Analysis of RNA. Poly(A)+ RNA (3 ,ug)
was fractionated in 1% agarose/2.2M formaldehyde gels (31)
and transferred to nylon filters (GeneScreenPlus, New En-
gland Nuclear). For probing with cDNA, blots were
prehybridized in 0.5 M sodium phosphate buffer/1% bovine
serum albumin/1 mM EDTA/7% NaDodSO4 at 650C for 2 hr
and hybridized in the same solution at 650C for 40 hr. The
filters were washed in 40 mM sodium phosphate/5% NaDod-
S04/1 mM EDTA/0.5% bovine serum albumin at room
temperature for 5 min, in 40 mM sodium phosphate/1%
NaDodSO4/1 mM EDTA four to seven times at 650C for 3
min, and in 100mM sodium phosphate three times at 650C for
3 min. As probe, we used IGF-II cDNA nick-translated to a

Abbbreviation: IGF, insulin-like growth factor.
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specific activity of 5 x 108 dpm/,ug, using [a-32P]dCTP. The
filters were exposed to Fuji RX x-ray films for 12-150 hr.
RNase H Mapping. Five micrograms oftotal placental RNA

or poly(A)+ liver RNA and 20 ng of a specific IGF-II cDNA
restriction fragment were dried, dissolved in 25 ul of hybrid-
ization solution [75% (vol/vol) formamide/0.5 M NaCI/0.04
M Pipes, pH 6.4/1 mM EDTA/0.05% NaDodSO4] and then
incubated overnight at 55°C after heating to 90°C for 5 min.
The sample was diluted 1:4 and nucleic acids were precip-
itated by addition of ethanol. Precipitates were washed once
with ethanol, dried, and dissolved in RNase H buffer (20 mM
Tris HCl, pH 7.5/10 mM MgCI2/100 mM KCI/0.1 mM
dithiothreitol/5% sucrose). RNase H (1 unit) was added and
the mixture was incubated for 30 min at 37°C. After digestion,
EDTA was added to 10 mM and the sample was extracted
with an equal volume of phenol/chloroform (1:1, vol/vol).
The aqueous phase was removed and nucleic acids were
ethanol-precipitated. The pellet was washed with ethanol,
dried, dissolved in sterile distilled H20, and electrophoresed
in denaturing formaldehyde/agarose gels for blot hybridiza-
tion analysis as described (32). IGF-II DNA was labeled
either by nick-translation to a specific activity of 1-5 x 108
cpm/,ug or by replacement synthesis with phage T4 DNA

A
A CAC6TTCACTCT6TCTCTCCCACTATCTCT6CCCCCCTCTATCCTTATAACAACA6

CT6ACCTCATTTCCC6ATACCTTTTCCCCCCC6AAAA6TACAACATCT66CCCGCCCCA6CCC6AAGACA6CCCGTCCTCCCT
CAsCC6CC6AA6AsTCACCACCGAGCTTGTGTSSEAGAGGT66ATTCCAG

66ACAATCA6AC6AATTCTCCCCCCCCCCCCAAAAAAAAGCCATCCCCCC6CTCT6CCCC6TC6CACATTC66CCCCC6C6AC
cCCCCAsCCCCA6sGCTCTSAATCGCTGCCAGCTCACcCCCCTGCCCAGCCTGCCCCACAECCTsA6CCCCA6CA6SCCA6A6
TC66CCA6A6C66C6CT66CA6A66A6T6TCC66CA66EA66CCAAC6CCC6CT6TTC66TTT6C6ACAC6CA6CA666A66T
AGCCCASTCCT6ASTSAC6ECT6CT6T6cscCTSTCCAc6c6ACCCCAGC6CTCCCA6AAcT6AG6T66TCAScCA6cCCCAS

-24
* ET 6LY ILE PRO MET 6LY LYs SER NET LEU VAL LEU LEU

666C66CA6C6TC6CC66CTTCCA6ACACCA AT6 66A ATC CCA AT6 666 AA6 TC6 AT6 CT6 6T6 CT CTC
CCTCA6CcCCAACTeC6EA6CA6

-10 110
THR PHE LEU ALA PHE ALA SEP CYS CYS ILE ALA ALA TYR ARe PRO SEE 6LU THR LEU CYs 6LY
ACC TTC TT6 6CC TTC 6CC TC6 T6C T6C ATT 6CT 6CT TAC C6C CCC A6T 6A6 ACC CT6 T6C 66C

20 30
6LY 6LU LED VAL Asp TH LEU61L. PHE VAL CYS 6LY Asp Aw. 6LY PHE TYR PHE SEE ARn PRO
666 6A6 CT6 6T6 6AC ACC CTC CA6 TTC 6TC T6T 666 6AC C6C 66C TTC TAC TTC A6C A66 CCC

n0 50
ALA SER ARC VAL SER ARC ARC SER ARC 6LY ILE VAL 6LV 6LU CYS CYS PHE ARC SER Cys Asp
6CA A6C C6T 6T6 A6C C6T C6C A6C C6T 66C ATC 6TT 6A6 6A6 T6C T6T TTC C6C A6C T6T 6AC

fiO 70
LEU ALA LEU LEU 6LU THE TYl Cys ALA THE PRO ALA LYs SEE 6LU ARE Asp VAL SEE THE PRO
CT6 6CC CTC CT6 6A6 AC6 TAC T6T 6CT ACC CCC 6CC AA6 TCC 6A6 A66 6AC 6T6 TC6 ACC CCT

80 90
PRO THR VAL LEU PRO Asp ASE PHE PRO ARn TYR PRO VAL 6LY LYS PHE PHE 6LE TYR Asp THE
CC6 ACC 6T6 CTT CC6 6AC AAC TTC CCC A6A TAC CCC 6T6 66C AA6 TTC TTC CAA TAT 6AC ACC

OLICO H

polymerase to a specific activity of 3-5 x 107 cpm/,ug (33).
After hybridization, filters were washed for 1 hr at 60°C in 0.1
x SSC/0.1% NaDodSO4 and then exposed to Kodak XAR-5
film at room temperature or at -70°C with Cronex Lightning
Plus intensifying screens.

RESULTS
We extracted RNA from human adult hypothalamus and
synthesized two double-stranded cDNA libraries. To enrich
for sequences encoding IGF-II, we used IGF-II-specific
oligonucleotides to prime cDNA synthesis. One library was
constructed using an oligomer that was 21 nucleotides long
and complementary to the 3' end of the IGF-II coding
sequence (34) (Oligo B, Fig. 1). The second library was
constructed using an oligomer that was 23 nucleotides long
and complementary to the E peptide of IGF-II (Oligo H, Fig.
1).
Transformation with the cDNA inserted into plasmid

pBR322 resulted in 103 colonies, which were screened with
32P-labeled oligonucleotides A and C (see Fig. 1). Only one of
the five colonies that hybridized with both oligonucleotides
contained IGF-II sequence. The plasmid, pIGF-II/1, con-
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TUP LYS 6LE SEE THER ELE AR 1EU ARp ARC 6LY LEU PRO ALA 1EU 1EU RC ALA ARC ARC 6LY
T6E AA6 CA6 TCC ACC CA6 C6C CT6 C6C A66 66C CT6 CCT 6CC CTC CT6 C6T 6CC C6C C66 66T 753

120 130
HIS VAL 1EU ALA LYS 6LU LEU 6LU ALA PHE ARC 6LU ALA LYS ARp His ARC PRO 1EU ILE ALA
CAC 6T6 CTC 6CC AA6 6A6 CTC 6A6 6C6 TTC A66 6A6 6CC AAA C6T CAC C6T CCC CT6 ATT 6CT 816

140 150
LEN PRO THE 6LL Asp PRO ALA His 6LY 6LY ALA PRO PRO 6LU MET ALA SEE AsI ARC LYs
CTA CCC ACC CAA 6AC CCC 6CC CAC 666 66C 6CC CCC CCA 6E6 AT6 6CC A6C AAT C66 AA6 T6A 879

_Ou1.1
OLc10 C

6CAAAACT6CC6CAA6TCT6CA6CCC66C6CCACCATCCT6CA6CCTCCTCCT6ACCAC66AC6TTTCCATCA66TTCCATCCC 963
6AAAATCTCTC66TTCCAC6TCCCCT6666CTTCTCCT6ACCCA6TCCCC6T6CCCC6CCTCCCC6AAACA66CTACTCTCCTC 1047
66CCCCCTCCATC666CT6A66AA6CACA6CA6CATCTTCAAACAET6ACAAAATC6ATT66CTTTAAACACCTTCACATACCT 1131

B
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FIG. 1. (A) Sequence of human prepro-
IGF-II cDNA and protein. The predicted
amino acid sequence of prepro-IGF-II is
numbered by designating the first amino acid
of IGF-II as 1. The region corresponding to
IGF-II is boxed. Clone pIGF-II/67 contains
the sequence from nucleotide 1 to 684 and
clone pIGF-II/1 contains the sequence from
nucleotide 515 to 879. Sequence from nucle-
otide 880 to 1131 is from ref. 19. The number
of the nucleotide at the end of each line is
indicated. Oligonucleotides used for priming
and screening cDNA libraries are under-
lined. Homology with other reported cDNA
sequences ends in the 5' untranslated se-
quence at position 329 (indicated by an
asterisk). Sequence of the 5' untranslated
region from liver cDNA is shown below the
sequence of the brain cDNA and is from ref.
34. (B) Composite restriction map of IGF-II
cDNAs. P, Pvu II; E, EcoRI; N, Nae I; H,
Hinfl; L, Sal 1; S, Sst I; B, Bal I. Positions
of the initiator (ATG) and terminator (TGA)
codons are indicated. bp, Base pairs.
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FIG. 2. RNA blot analysis. (A) Total RNA (5 ,/.g) from placenta
(lane 1) or Wilms tumor (lane 2) was electrophoresed and transferred
as described in Materials and Methods, hybridized with a Pvu II-Bal
I coding-region fragment, and exposed to x-ray film for 12 hr. (B) A
blot containing 3 u.g of RNA per lane was hybridized with the same
probe described in A and exposed 40 hr. Lanes: 1, adrenal gland
poly(A)-; 2, adrenal gland poly(A)+; 3, pheochromocytoma poly-
(A)'; 4, liver poly(A)+. (C) A blot containing 3 jsg of RNA per lane
was hybridized with a Pvu II-Nae I fragment containing the 5'
untranslated region. This fragment is 73% G+C. Lanes: 1, placenta
total RNA; 2, adrental gland poly(A)+; 3, pheochromocytoma
poly(A)+; 4, liver poly(A)+. Positions of 28S and 18S rRNA are
indicated by arrows.

tained an insert of 363 bp encoding IGF-II from amino acid
35 to the end of the prohormone coding region (Fig. 1). We
obtained 105 colonies after transformation with cDNA insert-
ed into pUC8. These colonies were screened with the cDNA
from pIGF-II/1. One clone, pIGF-II/67, contained an insert
of 682 bp that includes 335 nucleotides of the 5' untranslated
region and extends to amino acid residue 92 of the prohor-
mone (Fig. 1). The coding sequence of these two cDNAs is
identical to the sequence previously reported (34, 35). The
untranslated sequence is identical to the genomic sequence of
exon 1 reported by Dull et al. (23), is highly homologous to
the 5' untranslated region of the rat liver IGF-I1 cDNA (20),
and has no homology to the 5' sequence of the reported
human IGF-I1 cDNAs (34, 35).
To examine the expression of IGF-II RNAs, we first

hybridized RNA from a variety of tissues to coding region
probes from the IGF-II cDNAs (Fig. 2). RNA from placenta,
adrenal gland, and a Wilms tumor contained a single, abun-
dant transcript 6.0 kilobases (kb) in length (Fig. 2 A and B).
RNA from liver contained a single, moderately abundant
transcript of 5.3 kb, and RNA from a pheochromocytoma
contained two transcripts of 6.0 kb and 5.0 kb (Fig. 2B). We
knew RNA from hypothalamus must contain IGF-II-specific
transcripts, since cDNAs encoding IGF-I were isolated from
a hypothalamus cDNA library. However, we expected the
transcripts to be rare, since even the use of specific primers
yielded only 1 isolate from 10,000 colonies in the second

1 2 3 4 5 6 7
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library. After long autoradiographic exposures, a transcript
of 6.0 kb could sometimes be visualized in hypothalamus
RNA and kidney RNA (data not shown).
We then probed the same RNAs with a probe containing

the 5' untranslated region. This probe hybridized only to the
6-kb transcript present in the placenta, adrenal gland, kidney,
hypothalamus, and pheochromocytoma and did not hybrid-
ize to the 5.3-kb transcript in liver or the 5-kb transcript in the
pheochromocytoma (Fig. 2C). The fragment also hybridized
to the 6.0-kb transcript in kidney and hypothalamus (data not
shown). These results indicate that two distinct 5' untrans-
lated regions are utilized in different tissues.
Although others have reported additional IGF-II tran-

scripts of 4.8 kb and 1.9 kb (34, 36, 37), we believe that these
transcripts are ribosomal RNA. We visualized RNAs ofthese
sizes only when we used probes that contained dG-dC
homopolymer tails (Fig. 3) or small fragments with high
dG+dC content (Fig. 2C). The IGF-II sequence has two
blocks of 50 and 49 bp that are 68% and 67% homologous to
a portion of 28S rRNA and have a G+C content of 80% (Fig.
3). The strength of the hybridization signal was directly
proportional to the amount of rRNA on the filter and
represents cross-hybridization to 28S rRNA or fragments of
28S rRNA.
Having determined that distinct 5' untranslated regions are

utilized in different tissues, we wanted to define more
precisely the length of these alternative regions. Primer-
extension experiments using fragments of the IGF-II cDNA
as primers indicated the presence of a strong stop in this
G+C-rich region of the RNA (data not shown).

Since primer-extension experiments failed to define the 5'
region, we required an alternative method for determining the
length of the 5' end of IGF-II mRNAs. Nuclease S1 protec-
tion experiments were not feasible because we lacked the
appropriate clones. To circumvent these difficulties, we
decided to exploit the ability of RNase H to specifically
degrade the RNA portion of an RNADNA hybrid. We
prepared a Pvu II-Sal I restriction fragment corresponding to
the sequence encoding residues 50-70 of the prohormone
(see Fig. 1B). The fragment was hybridized to RNA from
placenta or liver, and the RNADNA hybrids were digested
with RNase H (38, 39). After electrophoresis and blot
transfer, the RNA was hybridized to a probe complementary
to sequences either 5' or 3' of the annealing fragment. In the
absence of an annealing fragment, only nonspecific degrada-
tion of the RNA occurred; however, in the presence of an
annealing fragment, the RNA was broken into two specific
fragments and essentially no nonspecific degradation oc-
curred (Fig. 4). The 5' probe hybridized to an RNA fragment
of 1.5 kb in placenta and 0.8 kb in liver (Fig. 4A). Thus, the
5' end of the 6.0-kb mRNA must be about 1.3 kb beyond the
AUG initiator codon, and the 5' end of the 5.3-kb mRNA
must extend about 0.6 kb away from the AUG. When a 3'
probe was used, afragment of 4.4 kb was visualized in RNA
from both placenta and liver, indicating that the 3' end of

16F If 629 C6CA6666CCU6CCU6CCCUCCU6C6u6CCC6CC6666UCAC6U6CUC6C 673
g*- --- so --- *- *- ---- *---- ---- - - --- -

tRNA 2362 CGC6666CCCC6CC6UCC--CCC6C6UC6UC6CC6U66UCCCCCUCCUCCC 2909

16F II 719 CCCCU6AUU6CUCUACCCACCCAA6ACCCC6CCCAC66666C6CCCCCC 767
*--5- * -- - *- *- -6*-------- ------- --

RRNA 4531 C6CCUC6UC6CeCeCeC666CeCCAC6eCCC6CCCA666666C66eCC6C 4579

FIG. 3. (Left) Cross-hybridization to rRNA in samples of poly(A)+ RNA from pheochromocytoma (lane 1), adrenal gland (lane 2), liver (lane
3), hypothalamus (lane 4), normal kidney (lane 5), and Wilms tumor (lane 6) and of poly(A)- RNA from hypothalamus. RNA was selected one
time on an oligo(dT)-cellulose column and contained variable amounts of rRNA. The blot was hybridized to DNA from pIGF-II/1 that had been
excised with Pst I and therefore contained dG-dC homopolymer tails. Positions of 28S, 23S, 18S, and 16S rRNA are indicated by arrowheads.
(Right) Homology between two blocks of IGF-II RNA and 28S rRNA. Nucleotides that are the same are indicated by an asterisk.
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FIG. 4. RNase H mapping. Five micrograms of placental total
RNA or liver poly(A)+ RNA was annealed to a Pvu II-Sal I
restriction fragment and digested with RNase H, and (after electro-
phoresis) hybridized to a probe specific for a region either 5' or 3' to
the annealing fragment. Lanes 1 and 4: RNA without treatment.
Lanes 2 and 5: RNA mock-annealed without restriction fragment and
digested with RNase H. Lanes 3 and 6: RNA annealed with fragment
and digested with RNase H. (A) Hybridization with a 5'-specific
probe. The schematic below shows location of annealing fragment
(o) and probe (e) against cDNA sequence. P. Pvu II; S, Sal I; B, Bal
1. (B) Hybridization with 3'-specific probe. Schematic shows location
of annealing fragment (o) and probe (e). Arrowheads show positions
of size markers, which are, in decreasing order, 6682, 4361, 2322,
2027, and 564 bases long.

these RNAs is -4150 bases beyond the UGA termination
codon.

DISCUSSION
Previous reports indicate that there is a single gene on
chromosome 11 encoding IGF-II. The sequences and restric-
tion maps reported (23, 34) are in agreement for the exons that
encode the prohormone. The 5' untranslated regions, how-

A 1 2

ever, differ completely. Bell et al. (34) and Jansen et al. (35)
reported the sequence of the 5' untranslated region found on
cDNA clones isolated from a human liver cDNA library. An
exon containing the liver 5' untranslated region was found to
be -11 kb from the exon encoding the amino-terminal end of
the prohormone. Recently, de Pagter-Holthuizen et al. (18)
reported that two exons encode the 5' untranslated region
reported by Bell et al. (34). Dull et al. (23) isolated cDNA
encoding rat IGF-II from a rat liver cell line and used this
cDNA to isolate a human genomic sequence. They identified
an exon containing a 5' untranslated region, 2.6 kb from the
exon encoding the amino-terminal end, that was -80%
homologous to the rat 5' sequence.

Soares et al. (40) also isolated cDNA clones from the same
rat liver cell line and found a 5' untranslated region homol-
ogous to the sequence reported by Bell et al. (34). We have
isolated cDNAs encoding IGF-II from a human brain cDNA
library and found a 5' untranslated sequence that corresponds
exactly to the genomic sequence reported by Dull et al. (23).
This sequence is present in a 6-kb IGF-II mRNA from
hypothalamus, placenta, adrenal gland, kidney, Wilms tu-
mor, and pheochromocytoma but is not present either in the
5.3-kb IGF-II mRNA present in liver or in an additional 5-kb
transcript present in a pheochromocytoma. Thus, there are at
least three exons that encode two alternative 5' untranslated
regions of IGF-I1 mRNA and are expressed in a tissue-
specific manner. A composite map that reconciles the differ-
ences in the previous reports and indicates the sizes of the
exons encoding the 5' and 3' regions of the IGF-II mRNAs is
shown in Fig. 5. Use of these exons appears to be tissue-
specific in normal tissues. Placenta, adrenal gland, and brain
all express a 6.0-kb transcript that contains a 5' untranslated
region encoded by exon 3. Liver expresses a 5.3-kb transcript
that contains a 5' untranslated region encoded by exons 1 and
2. These two transcripts could arise by at least two separate
mechanisms, which are diagrammed in Fig. 5. The first
possibility is that the IGF-II gene, like the amylase gene (41),
has two separate promoters, one upstream of exon 1 and one
upstream ofexon 3. In this case, the 5' ends of the two RNAs

3 4 5 6
~~~H

PI b-
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FIG. 5. Genomic organization of the human IGF-II gene. Two alternative mechanisms for generating IGF-II transcripts of 6.0 and 5.3 kb.
Blot hybridization of human genomic DNA with a cDNA probe are completely consistent with this map (refs. 18, 23, 34, and data not shown).
(A) The gene and transcripts produced utilizing two promoters (P1 and P2). Exon sizes: 1, 220 bp; 2, 242 bp; 3, 1280 bp; 4, 163 bp; 5, 149 bp;
6, 4150 bp. Restriction sites: R, EcoRI; H, HindIII; B, BamHI. Restriction sites and exon sizes were compiled from refs. 18, 23, 34, and data
presented in this paper. (B) The gene and transcripts produced utilizing one promoter (P). Exons are the same size as in A except for exon 3,
which is '1080 bp.
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would be different up to the cap site and exon 3 would be 1280
bp long. The second possibility is that the IGF-II gene has a
single promoter upstream of exon 1 and the two transcripts
are generated by differential splicing. In this case, the
liver-specific transcripts would contain exons 1, 2, 4, 5, and
6; the 6-kb specific transcript would contain exons 1, 3, 4, 5,
and 6; and both types of transcripts would have a common 5'
sequence near the cap site. If this is the case, exon 3 would
be 1080 bp long. Nuclease S1 protection experiments using
fragments of genomic clones or hybridization of cDNA
complementary to exon 1 would distinguish between these
two possibilities. The 5-kb transcript in the pheochromocy-
toma could be explained by a transcript containing exons 1,
4, 5, and 6. Interestingly, pheochromocytomas contain high
amounts of immunoreactive IGF-II, whereas Wilms tumors
contain the same level of immunoreactive IGF-II as normal
tissue despite increased levels of IGF-II RNA (42).
The extent of the 5'- and 3'-most exons has been uncertain

because none of the reported cDNAs are full-length. We
exploited the properties of RNase H to define the number of
bases 5' and 3' of the coding region. Since the 3' fragment
produced using liver RNA is the same size as the 3' fragment
produced using placenta RNA, it appears that the 3' end of
the IGF-II RNAs contain the same sequence, although this
sequence, shown as a single exon of 4380 bp in Fig. 5, might
be broken up into more than one exon. However, small
differences (50-100 bases) in the sizes of the 3' end would not
have been detected in our assay. The 5' end of the transcripts
is still somewhat ambiguous. Comparing the size of the 5'
region as determined by the RNase H experiments to the
sizes of exons 1 and 2 reported by de Pagter-Holthuizen et al.
(18), about 100 nucleotides of 5' sequence present in the liver
mRNA remain to be accounted for. It is possible that an
additional 5' exon remains to be found.
The function of IGF-II in brain is not clear. Some evidence

points to a role in brain growth and development of certain
neurons and glial cells (43-46). The postulated local synthesis
of IGF-II in brain (13) is confirmed by our finding of IGF-II
mRNA in hypothalamus. Since the coding region of the
transcript expressed in hypothalamus is identical with the one
coding for serum IGF-II, at least some of the 7.5-kDa form of
brain IGF-II is identical with serum IGF-II.
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