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ABSTRACT Human insulin-like growth factor II (IGF-II)
cDNA from a placental library was isolated and sequenced.
The 5’ untranslated region (5'-UTR) sequence of this cDNA
differs completely from that of adult human liver and has
considerable base sequence identity to the same region of an
IGF-II cDNA of a rat liver cell line, BRL-3A. Human placental
poly(A)* RNA was probed with either the 5'-UTR of the
isolated human placental IGF-II cDNA or the 5’-UTR of the
IGF-II cDNA obtained from adult human liver. No transcripts
were detected by using the 5'-UTR of the adult liver IGF-II as
the probe. In contrast, three transcripts of 6.0, 3.2, and 2.2
kilobases were detected by using the 5’-UTR of the placental
IGF-II cDNA as the probe or the probe from the coding
sequence. A fourth IGF-II transcript of 4.9 kilobases presum-
ably containing a 5'-UTR consisting of a base sequence dis-
similar to that of either IGF-II 5'-UTR was apparent. There-
fore, IGF-II transcripts detected may be products of alterna-
tive splicing as their 5'-UTR sequence is contained within the
human IGF-II gene or they may be a consequence of alterna-
tive promoter utilization in placenta.

Insulin-like growth factors I and II (IGF-I and IGF-II) are
polypeptide mitogens that share structural homology with
insulin and exhibit a similar spectrum of biologic activities
(1-4). They are thought to be important in postnatal growth
(5, 6). Several observations also suggest that IGF-II may
play a role in fetal growth and development (7-10). Expres-
sion of human IGF-II mRNA has been examined in various
fetal and adult tissues, including tumors (11-13). The cDNA
sequences of IGF-I and IGF-II predict that both are synthe-
sized as large precursor molecules that undergo extensive
processing. Recently, we reported the expression of the
IGF-II gene in human placenta and showed that there are
changes in the relative abundance of IGF-II mRNA during
gestation (14). Four major transcripts of 6.0, 4.9, 3.2, and 2.2
kilobases (kb) were detected when hybridized with a human
liver-derived IGF-II ¢cDNA probe containing the coding
region.

Here we describe the isolation and sequencing of IGF-II
cDNA from a human placental library.Y The 5’ untranslated
region (5'-UTR) sequence of this cDNA differs completely
from that reported for human adult liver (15). It has consid-
erable base sequence identity to the same region of IGF-II
cDNA isolated from a rat liver cell line, BRL-3A (16), and to
a small partial sequence reported recently for IGF-II cDNA
isolated from human hepatoma (17). By using the 5’-UTR as
probe we demonstrated that placenta expresses no IGF-II
transcripts with adult liver-like 5’-UTR and three of the four
defined placental IGF-II transcripts hybridize to the placen-
tal 5'-UTR probe. These results indicate that the IGF-II gene
may undergo an alternative splicing process as both UTR

The publication costs of this article were defrayed in part by page charge
payment. This article must therefore be hereby marked ‘‘advertisement’
in accordance with 18 U.S.C. §1734 solely to indicate this fact.

1947

sequences are contained within the single IGF-II gene (16,
17). Alternatively, it may be a result of tissue-specific
promoter utilization and could be of developmental signifi-
cance or be related to tissue-specific expression. It is also of
interest that placental IGF-II transcripts are expressed at a
much higher level in diabetic pregnancies.

METHODS

Placentas were handled as described (14). The cDNA library
was prepared according to Gubler and Hoffman (18). By
using 10 ug of poly(A)* RNA from a term placenta of an
overt diabetic (class B), 1 x 10° individual clones were
obtained. Colony hybridization was performed by using a
32p_Jabeled IGF-II cDNA insert as described (14). The
[«-32P]dCTP-labeled nick-translated probe had a specific
activity of 2-5 x 107 cpm/ug of DNA. Hybridization
solution consisted of probe at a concentration of 1 x 10°
cpm/ml, 0.3 M NaCl/30 mM sodium citrate, 5 X concen-
trated Denhardt’s solution (0.02% bovine serum albu-
min/0.02% Ficoll/0.02% polyvinylpyrrolidone), 0.1% so-
dium pyrophosphate, 100 ug of sonicated/denatured Esche-
richia coli chromosomal DNA per ml, 10% dextran sulfate,
and 0.1% sodium lauryl sulfate. Hybridization was per-
formed at 60°C. Membranes were then washed at 65°C in a
solution consisting of 0.15 M NaCl/15 mM sodium citrate
and 0.1% sodium lauryl sulfate and exposed to Kodak XARS
x-ray film to obtain autoradiograms. Hybridizing clones
were rescreened at low density and isolated. Plasmid DNA
was isolated from these positive clones and was digested
with restriction enzymes and mapped. Further analysis was
performed by using Southern blot hybridization. After sub-
cloning appropriate DNA restriction fragments into pPGEM-3
plasmid vectors, DNA sequencing was accomplished by
using the dideoxy chain-terminating method (19). The SP6
and T7 promoter primers, dATP[a->°S], Klenow fragment of
E. coli DNA polymerase or avian myeloblastosis virus
reverse transcriptase were all used in the performance of
sequencing (20). Sequences of two cDNA clones were
obtained in their entirety. DNA sequence was determined by
overlapping across all restriction enzyme sites used as
initiation points.

Placental poly(A)* RNA was prepared as described (14)
and was separated by electrophoresis through 1% aga-
rose/formaldehyde denaturing minigels (21). After electro-
phoresis the RNA was transferred to nitrocellulose mem-
branes by capillary blotting in the presence of a 3 M NaCl/0.3
M sodium citrate, pH 7.0, solution. Nitrocellulose mem-
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branes were baked in a vacuum oven for 2 hr at 80°C. HindIII
restriction fragments of A DNA and the RNA ladder were
concomitantly electrophoresed in lanes adjacent to the
poly(A)* RNA, and lanes containing specific-size bands were
cut from the gel and stained with ethidium bromide for sizing.
Hybridizations were performed by using [a->?P]dCTP-
labeled, nick-translated IGF-II ¢cDNA probes (1 x 10°
cpm/ml) in a solution of 35% (vol/vol) formamide, 0.9 M
NaCl/90 mM sodium citrate, 0.1 M sodium phosphate (pH
7.2), Denhardt’s solution, 20 ug of sonicated/denatured E.
coli DNA per ml, 10% dextran sulfate, and 0.1% sodium
lauryl sulfate at 42°C. Hybridized blots were washed in a
solution of 0.015 M NaCl/1.5 mM sodium citrate at 65°C
before exposure to Kodak XARS x-ray film.

RESULTS AND DISCUSSION

By using an adult human liver IGF-II cDNA insert contain-
ing the coding region (14) as probe, cDNAs encoding a
human IGF-II sequence were isolated from a placental
library. This library was prepared by using poly(A)* RNA
obtdined from a term human placenta of an overt diabetic.
Because IGF-II RNA appears to be present in greater
relative abundance in overt diabetic placenta as compared
with that in normal pregnancy placenta (14), an unamplified
overt diabetic placental cDNA library was used for screen-
ing. Approximately 30,000 colonies from this cDNA library
were screened, of which 23 individual colonies specifically
hybridized to the human liver IGF-II probe. Analysis of the
cDNA inserts of these clones revealed the presence of two
groups differing in size. One clone from each group was
selected for further examination. Clone 23 contained a
cDNA insert of =550 base pairs (bp) and clone 52 contained
an insert of =1350..bp. These inserts were analyzed by
restriction mapping and DNA sequencing. Fig. 1a illustrates
the restriction maps of IGF-II clone 23 and clone 52 cDNA
inserts and depicts the strategy used for DNA sequencing.
Clone 23 contains part of the base sequence for the 5'-UTR
and a portion of the protein coding region. The entire
sequence of the clone 23 cDNA insert is present in clone 52.
The DNA sequence in the overlapping region of these clones
is identical. The sequence of the 1350-bp insert of clone 52
(Fig. 1b) contains an open reading frame of 540 bp, from
which the sequence of a 180-amino acid protein can be
predicted. This protein contains the sequence for the signal
peptide, the B, C, A, and D domains of mature human
IGF-1I, and includes the entire E domain (17). The predicted
polypeptide has 94% amino acid sequence identity with rat
IGF-II (16). The 5’-UTR of clone 52 is composed of 546
bases and the 3'-UTR of this clone contains 264 bases.
Comparison with the human IGF-II genomic sequence (16,
22) indicates that the 5’-UTR and the 3’-UTR are incom-
plete. A possible reason for this is high G+C content
(>65%) in the 5’-UTR and a similar structural barrier in the
3’-UTR of the placental IGF-II mRNA. By comparing the
sequence of clone 52 with IGF-II cDNA sequences isolated
from adult liver cDNA libraries (23, 24), it is apparent that
the coding regions and the 3’-UTRs are identical, whereas
the 5'-UTRs are completely different, except for 8 basés
upstream from the initiation codon, ATG (Fig. 1b; ATG is
underlined). Examination of published human IGF-II ge-
nomic sequences (11, 15, 22) indicated two potential RNA
splice sites, which, if utilized, would result in formation of
two human IGF-II mRNAs differing in their 5'-UTRs. Oné
of these has been identified in IGF-II cDNA from adult liver
and the other is represented in clone 52 from placenta. Both
species are most probably derived from a single IGF-II gene
by way of differing intron—exon organization in the 5'-UTR
(Fig. 1¢). The IGF-II cDNA sequence obtained from an adult
human liver library matches the exon gene sequences of
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IGF-IIA (11, 22) in which the 5'-UTR is interrupted by at
least three introns of 11, 1.5, and >6 kb in length (Fig. 1¢).
The IGF-II ¢cDNA sequence obtained from the placental
library matches the exon gene sequences of human IGF-1IB
(16) in which the 5’-UTR is interrupted by at least one intron
of 2.68 kb (Fig. 1c). Since only one IGF-II gene has been
detected in the human genome (11), the 5’ exon (exon —1)
of IGF-IIB may be contained within the large intron (11 kb)
that separates exon 1 from exon —1 of IGF-IIA.

RNA molecules transcribed from a single gene but con-
taining heterogeneous 5'-UTRs have been reported for a few
eukaryotic genes. These transcripts may arise by different
mechanisms. One such mechanism is single promoter usage
with alternative transcription initiation and/or alternative
splicing (25). Another possible mechanism is alternative
promoter usage (26-29). Frunzio et al. (29) reported that the
IGF-II gene of rat BRL-3A cells contains two distinct
promoter regions that are transcribed with differing effi-
ciency, resulting in the production of RNAs having different
5’ noncoding exons. However, since the 5’-UTR sequences
of the IGF-II cDNA derived from the human adult liver and
placenta are not complete, the mechanism(s) responsible for
the heterogenous 5'-UTRs of these two human IGF-II
mRNAEs is, at present, unresolved and needs to be estab-
lished. It has been suggested that the human IGF-II gene
also contains two distinct promoters (17).

The nucleotide sequences of the IGF-II ¢cDNA from
placenta are identical to the suggested exons —1, 1, 2, and 3
of the IGF-IIB gene (Fig. 1c¢) reported by Dull et al. (16).
Therefore, the suggested exon—intron assignments for this
gene are confirmed. Only a minor difference exists in the
IGF-II ¢cDNA from placenta. This difference occurs in the
base sequence from positions — 168 to — 159 where a stretch
of 10 deoxyadenosine residues is present (Fig. 1b; under-
lined). In contrast, the IGF-IIB gene contains a stretch of
only 8 deoxyadenosine residues in the same relative se-
quence positions. Since sequencing of the IGF-II cDNA
from placenta has been performed twice in this particular
area, using two different subcloned fragments, and autora-
diograms clearly showed 10 distinct adenosine bands; se-
quencing errors are unlikely to be the reason for the discrep-
ancy. This difference may be the result of a reverse tran-
scription error that occurred during ¢cDNA synthesis,
although this kind of error is rare. However, if our cDNA
sequence from positions —159 to — 168 is correct, there is an
in-frame termination codon (TAA), at position —444 up-
stream from the ATG initiation codon (Fig. 1b; boxed)
instead of an in-frame TGA termination codon at position
=279, as suggested by the genomic DNA sequence (16).
However, in both cases the methionine at position —24 is
the first amino acid in the prepro-IGF-II molecule since no
other ATG is in phase between Met-24 and the TAA termi-
nation codon. Furthermore, comparison of sequences of the
human placental IGF-II cDNA to those of buffalo rat liver
IGF-II cDNA (16) indicates 80% identity in the amino acid
sequences of the coding regions. However, no apparent base
sequence identity exists in the 3'-UTRs. In contrast the
5'-UTRs have 85% identity, overall, in their base sequences,
with many areas having >90% homology (highly conserved
areas) and few areas having <70% identity (variable areas)
(Fig. 2). This high degree of sequence conservation in the
IGF-II 5'-UTRs may imply possible evolutionary and/or func-
tional significance.

We recently reported that adult human liver-derived IGF-
IIcDNA, consisting of the 5’-UTR and protein coding region
specifically hybridized to four (6.0, 4.9, 3.2, and 2.2 kb)
placental poly(A)* RNAs (14). These IGF-II transcripts
were present at each stage of gestation and the 6.0-kb RNA
was always the most abundant relative to the other three
RNAs. Since the 5’-UTR of the IGF-II cDNA isolated from
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the human placental library differs from that of the IGF-II
cDNA isolated from an adult human liver library, it was of
interest to determine whether the 5’-UTR of the adult liver
IGF-II cDNA was present in one or more of the four major
IGF-II transcripts detected in the human placental poly(A)™*
RNA population. Therefore, the 5’-UTRs of placental IGF-
II cDNA and adult liver IGF-II cDNA were used as probes
of human placental poly(A)* RNA. A 266-bp placenta-
derived IGF-II cDNA probe was prepared that consists of
the sequence beginning 281 bases upstream from the initia-
tion codon, ATG (Fig. 3, probe A), and contains a portion of
the 5'-UTR of placental IGF-II cDNA. Another probe of 123
bp was prepared from adult liver-derived IGF-1I cDNA (23)
consisting of the sequence beginning 190 bases upstream
from the initiation codon, ATG (Fig. 3, probe B), and probe
containing a portion of the 5'-UTR of the adult liver IGF-II
cDNA. These cDNA fragments were used to probe
poly(A)* RNA from human placentas of each gestational
stage in RNA transfer blot hybridizations. Probe A specifi-
cally hybridized to three of the four previously detected
placental IGF-II transcripts. The sizes of the hybridizing
IGF-II RNAs were 6.0, 3.2, and 2.2 kb (Fig. 3a). These three
transcripts were present at each stage of gestation. Term
placenta from gestational and overt diabetic pregnancies
seemingly express relatively more of these three IGF-II
RNAs than term placenta from normal pregnancy. These
data are in agreement with our previous observations that
indicated that the expression of IGF-II RNA was increased
in term placenta of overt and gestational diabetic pregnan-
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cies relative to normal term placenta (14). This previous
determination was made by using the adult human liver
IGF-II cDNA, consisting of the 5’-UTR and protein coding
region, as probe. In contrast, when probe B was used in
hybridization experiments with placental poly(A)* RNA as
target, no transcripts were detected. As a control, adult
human liver-derived IGF-II ¢cDNA, which consists of 5'-
UTR and protein coding region (probe C), was used to probe
placental poly(A)* RNA. As expected, probe C specifically
hybridized to four IGF-II RNAs of 6.0, 4.9, 3.2, and 2.2 kb
in size (Fig. 3c). Therefore, analysis of the results of these
hybridizations using probes A, B, and C lead to the conclu-
sion that the four IGF-II transcripts detected in human
placenta most probably contain the same base sequence in
their coding regions as that represented in the adult human
liver IGF-II ¢cDNA protein coding region. Further, it is
apparent that these four placental IGF-II transcripts proba-
bly do not contain the same base sequence in their 5'-UTRs
as that in the 5'-UTR of adult human liver IGF-II cDNA.
The 6.0-, 3.2-, and 2.2-kb IGF-II transcripts detected in
placental poly(A)* RNA appear to contain the same base
sequence in their 5'-UTRs as that in the 5'-UTR of the
IGF-II cDNA isolated from the placental library. The 4.9-kb
placental IGF-II transcript apparently does not contain this
5’-UTR. Thus, the equivalent of the 5.3-kb IGF-II RNA
expressed in the adult human liver (11) does not appear to be
present in the IGF-II transcript population of human pla-
centa. This transcript may be in extremely low abundance
and its presence in placenta requires clarification.

C
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FiG. 3. Hybridization of IGF-II cDNA probes to blots of placental poly(A)* RNA from differing stages of gestation. Gestational stages of
the placental poly(A)* RNA are first trimester/11-12 weeks (lanes 1), second trimester/29 weeks (lanes 2), normal term (lanes 3), term of a
gestational diabetic pregnancy (lanes 4), and term of an overt diabetic (class B) pregnancy (lanes 5). For the blot shown in a, the 5'-UTR of
placental IGF-1I cDNA was used as probe (designated probe A). This fragment consists of 266 bp beginning 281 bases upstream from the coding
region (Pvu I1/Nae I fragment of placental IGF-II cDNA). Probe A was nick-translated to a specific activity of 1 X 107 cpm/ug of DNA, and
an autoradiogram from hybridization of the blot in a was obtained by exposure to x-ray film for 2 days with two intensifying screens at —70°C.
For the blot shown in b, the 5'-UTR of adult liver IGF-II cDNA was used as probe (15) (designated probe B). This fragment consists of 123
bp beginning 190 bases upstream from the coding region. Probe B was nick-translated to a specific activity of 6 X 10”7 cpm/ug of DNA, and
an autoradiogram was obtained as above. Lane 6 of the blot in b contains 100 ng of the adult liver IGF-II cDNA insert of 660 bp from which
probe B was obtained. This insert is composed of coding region flanked by 5’-UTR, which is 190 bp. It was hybridized with probe B as positive
control. An autoradiogram from hybridization of the blot shown in b, lane 6 was obtained by exposure to XARS x-ray film for 2 hr with two
intensifying screens at —70°C. For the blot shown in c, adult liver IGF-II cDNA insert (660 bp) was used as probe (probe C). This insert consists
of 5’-UTR (190 bp) and coding region (15). Probe C was nick-translated to a specific activity of 2 X 10’ cpm/ug of DNA, and an autoradiogram
of the blot in ¢ was obtained as described above for RNA blots. Lanes 1-5 in the blots shown in a and b contain 2 ug each of placental poly(A)™*
RNA. Lanes 1 and 3-5 in the blot shown in ¢ contain 2.5 ug each of placental poly(A)* RNA and lane 2 contains 3.0 ug. The sizes of the
hybridizing transcripts are presented in kb. HindIII fragments of either A DNA or RNA ladder (Bethesda Research Laboratories) were used
to size.
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In review, the 6.0-, 3.2-, and 2.2-kb IGF-II RNAs of
human placenta appear to contain the same base sequence as
those determined in clone 52. In contrast, the 4.9-kb IGF-II
RNA of human placenta appears to contain the same base
sequence as that determined for the protein coding region in
clone 52. This transcript, however, does not contain a
5'-UTR base sequence homologous to that in either the
5’-UTR of clone 52 or the 5'-UTR of adult liver cDNA,
suggesting the presence of a third base sequence in the
5'-UTR of human IGF-II RNA. The functional significance
of these different IGF-II RNA 5’-UTRs is not known. In
comparison, adult human kidney expresses two IGF-II tran-
scripts of 6.0 and 4.9 kb. The 4.9-kb transcript appears to be
present in greater relative abundance than the 6.0-kb tran-
script (11). This 4.9-kb IGF-II transcript is similar in size to
the placental IGF-II transcript that apparently contains a
third unique, as yet unsequenced, 5’-UTR, while maintain-
ing the presence of the same coding region present in
placental and liver IGF-II transcripts.

Heterogenous 5’-UTRs of IGF-II RNAs transcribed from
a single gene may serve a regulatory function. The existence
of these different IGF-II transcripts is representative of
tissue-specific, IGF-II gene expression, as their presence
varies in placenta, liver, and possibly kidney. Such tissue-
specific expression has been demonstrated for mouse amy-
lase (30, 31), the Drosophila Adh gene (28), and the myosin
light chains (32). These IGF-II transcripts, differing in their
5’-UTRs, may also be representative of alternative develop-
mental gene expression. Some placental IGF-II transcripts
may represent fetal IGF-II gene expression, whereas adult
liver IGF-II RNA may only represent adult IGF-II gene
expression. Recently, by using a genomic probe it was
shown that human fetal liver may express IGF-II transcripts
that are different from adult liver transcripts at the 5'-UTR
(17). However, human fetal liver IGF-II sequences have not
been cloned. Moreover, since many fetal tissues express
IGF-II, the same analysis should be applied to them before
concluding that it is a general phenomenon of different
expression regarding fetal and adult tissues. It is possible
that placental IGF-II expression as compared to adult liver
represents alternative developmental expression. Such de-
velopmental switching of expression has been demonstrated
for the Drosophila Adh gene (28) and the myosin light chains
(32). The specific function(s) of the differing IGF-II RNA
5’-UTRs is yet to be elucidated.

Finally, it should be noted that the BRL-3A rat liver cell
line, expressing IGF-II RNA containing a 5’-UTR sequence
with extensive identity to our sequence (16), was derived
from adult rat liver. Following culture these cells exhibited a
fetal pattern of RNA expression (33). This might indicate
that the IGF-II RNA containing human placental-homolo-
gous IGF-II 5'-UTR is a developmentally regulated tran-
script expressed in fetal tissues and some tumors (17). The
conserved IGF-II RNA 5'-UTRs may, therefore, be regula-
tory in function.

While this manuscript was being handled for publication,
data supportive of that stated here were reported. LeBouc et
al. (34) sequenced an IGF-II ¢cDNA clone from human
placenta with an identical, but considerably shorter, 5'-
UTR, as that reported here. Irminger et al. (35) also reported
an identical, but considerably shorter, IGF-II 5'-UTR from
an adult hypothalamic cDNA clone. Lastly, Gray et al. (36),
using the rat BRL-3A 5’-UTR with homology to that re-
ported here, showed tissue-specific and developmental
expression of human IGF-II RNAs possessing this se-
quence.
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