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ABSTRACT 

To detect a previously described Avai l  restriction fragment length poly- 
morphism (RFLP) in the human insulin-like growth factor II (IGF-II) 
gene we used the polymerase chain reaction (PCR) and genomie sequenc- 
ing. The RFLP is located in exon 9 of the IGF-II gene at nucleotide 820 
(GenBank accession number X07868) as a C--*T transition. Digestion with 
AvaII reveals a two-allele polymorphism, an a allele in which the AvaII site 
is not present, and a b allele. 

In healthy Dutch persons (n = 26), the frequency of the a allele was 
62%. A similar a allele frequency was found in groups of Japanese (53%, 
n = 65) and Chinese (54%, n = 84), while in a French group the frequency 
was significantly lower (25%, n = 52). In Dutch individuals that had 
developed benign (n = 11; all women) and malignant (n -- 9; 2 women and 
7 men) smooth muscle tumors, a significantly higher frequency of 83 % for 
the a allele was found. Since there was no difference between the presence 
of the a and b alleles in normal and tumor tissue of the same individual, 
the higher a allele frequency was not due to mutation in the IGF-II gene 
or loss of heterozygosity. There was no correlation between the presence of 
the a allele and expression of the IGF-II gene. 

The data reveal a correlation between homozygosity for the a allele and 
the occurrence of smooth muscle tumors. Women homozygous for the 
IGF-II a allele are more prone to develop a leiomyoma than women who 
are heterozygous or homozygous for the b allele. Furthermore, in both 
women and men the risk for leiomyosarcomas seems to be higher in a 
allele homozygotes. 

A role for IGF-II in the growth of several tumors seems likely. 
Large quantities of IGF-II peptide have been found in different kinds 
of tumors and expression of the IGF-II gene in many of these tumors 
is highly enhanced, compared to normal tissue; the type I IGF recep- 
tor, which mediates the growth promoting effects of IGF-II, is also 
present in many of the IGF-II gene overexpressing tumors (3, 10). We 
have suggested a role for IGF-II in the growth of malignant smooth 
muscle tumors (leiomyosarcomas) (11), since in 55% of the leiomyo- 
sarcomas the IGF-|I gene is highly expressed compared to normal 
smooth muscle tissue or benign smooth muscle tumors (leiomyoma). 
In addition, we have recently shown an inverse correlation between 
CpG methylation and expression of the IGF-II gene in leiomyosarco- 

mas (12). 
In this paper we describe the detection of a previously described 

AvalI RFLP (13) in the human IGF-II gene. This RFLP is a two-allele 
polymorphism and is located in exon 9 of the gene. We show the exact 
location of the RFLP and we compare the frequency of distribution of 
the alleles in a group of healthy Dutch persons with the published 
frequencies in healthy French, Japanese, and Chinese persons. Also, 
the frequency of the alleles in Dutch patients who had developed 
benign or malignant smooth muscle tumors has been studied. 

MATERIALS AND M E T H O D S  

I N T R O D U C T I O N  

Human IGF-II 3 is a polypeptide of 67 amino acids that is structur- 
ally related to IGF-I and insulin. The main production site of IGF-II 
is the liver, but it is also produced in many other tissues. The poly- 
peptide has not only insulin-like activity but also growth-promoting 
activity (1, 2). Besides an endocrine mode of action of IGF-II, local 
effects have been reported in many tissues, indicating that this poly- 
peptide is involved in paracrine or autocrine growth regulation as well 
(1 ,3 ,  4). 

The human gene that codes for IGF-II contains 9 exons and has 4 
promoters. The promoters are activated in a developmental and tissue- 
specific manner (5-8). The ninth exon of the IGF-II gene is quite 
large; the first 237 nucleotides are part of the coding region which is 
followed by an approximately 4-kilobase untranslated 3' region. A 
number of polyadenylation signals in exon 9 of the IGF-II gene gives 
rise to mRNAs with different 3' ends. Recently, it was demonstrated 
that IGF-II mRNAs containing the long 3' noncoding region are 
subjected to specific cleavage within this region (9). Despite the 
differences in the 5'- and 3'-untranslated regions, all the IGF-II 
mRNAs code for the same form of mature peptide. 
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Tissues and Samples. Normal myometrium was isolated from uteri of 
women undergoing hysterectomy, leiomyomas were obtained from uteri, and 
leiomyosarcomas from both women and men were from smooth muscle in 
other parts of the body. In many cases, leiomyoma and nontumorous myome- 
trium from the same patient were available. Immediately after surgery, the 
smooth muscle layer of the uterus was isolated; the tissues were frozen in 
liquid nitrogen and stored at -70~ until further use. Blood samples were 
obtained from healthy volunteers. WBC were isolated according to standard 
procedures and immediately used for genomic DNA isolation. 

Isolation of Genomic DNA. Fresh WBC were resuspended in digestion 
buffer (75 mM NaCI-25 mM EDTA, pH 8.0-200 /zg/ml proteinase K from 
Boehringer Mannheim, Mannheim, Germany). Frozen tissue was pulverized in 
liquid nitrogen and transferred to a tube containing digestion buffer. Genomic 
DNA was isolated essentially as described elsewhere (12, 14). DNA concen- 
trations were measured using a fluorometric assay with the dye Hoechst 33258 
(15, 16). 

PCR Analysis. Genomic DNA was directly used for PCR analysis. Sev- 
enty-five ng of heat-denatured genomic DNAwere amplified in 50 ~1 of 50 mM 
KCI-10 mM Tris-HCl, pH 8.3-1.5 mM MgCI2-0.01% gelatin-2.5 mM dATP-2.5 
mM dCTP-2.5 mM dGTP-2.5 mM dTTP-30 pmol downstream primer-30 pmol 
upstream primer. The amplification was started by adding 0.25 unit of Taq 
DNA polymerase (HT Biotechnology, Ltd., Cambridge, United Kingdom) 
using a hot-start technique. Amplification was performed in a Pharmacia LKB 
(Uppsala, Sweden) Gene ATAQ Controller for 30 cycles consisting of 45 s 
denaturing at 94~ followed by a 45-s annealing step at 49~ and a 1-min 
extension at 72~ 

Genomic Sequencing. The generated PCR fragments (2% of the total 
yield) were subjected to an additionaI asymmetrical PCR under the same 
conditions as mentioned above, but I pmol of downstream primer and 100 
pmol of upstream primer were used in the PCR. This procedure yields single- 
stranded DNA. After removal of the primers and the deoxynucleotide triphos- 
phates by the Prep-A-Gene method (Bio-Rad, Richmond, CA), the product was 
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sequenced by the dideoxy method using the Sequenase kit (United States 
Biochemical Corp., Cleveland, OH). 

Southern Blot Analysis. One-tenth of the yield of the first PCR was diluted 
3-fold and digested with restriction endonucleases AvalI (New England Bio- 
labs, Beverly, MA), ApaI, or HaelII (Boehringer Mannheim, Germany). The 
DNA was size-separated by electrophoresis in 1% agarose gels and transferred 
to GeneScreen (New England Nuclear, Boston, MA) membranes. After baking 
at 80~ for 2 h, the blots were prehybridized for 6 h at 42~ in 35% (v/v) 
deionized formamide-1 ra NaCI-50 mM Tris-HC1, pH 7.5~).2% bovine serum 
albumin (fraction V)-0.2% polyvinylpyrrolidone-0.2% Ficoll 400-0.1% so- 
dium pyrophosphate-l% sodium dodecyl sulfate-10% dextran sulfate-100 
/.~g/ml denatured herring sperm DNA. Hybridization was performed in the 
same solution supplemented with a 32p-labeled oligonucleotide probe for 20 h 
at 42~ Blots were washed to a final stringency of 1 M NaCI-100 mM sodium 
citrate-l% sodium dodecyl sulfate at 65~ for 5 min and exposed with two 
intensifying screens to preflashed Fuji RX film or to Kodak XAR5 film. 

Oligonucleotides. The downstream PCR primer was 5'-TTG'I"rGC- 
TATITI'CGGATGGC-3', complementary to nucleotides 894-914 in exon 9 of 
the human IGF-II gene (GenBank accession number X07868). The upstream 
PCR primer was 5'-AGCACAGCAGCATCTrCAAAC-Y (nucleotides 430- 
450 of the same sequence). The primer used for sequencing was complemen- 
tary to nucleotides 852-871 of this sequence (5'-TGAGAAGGGAGATGGC- 
GGTA-3'); the same primer was also used as a probe on the Southern blots. In 

the latter case, the primer was end-labeled with ['y-3Zp]ATP by T4 polynucleo- 
tide kinase (New England Biolabs, Beverly, MA) to a specific activity of 10-25 
)< 106 cpm/nmol oligonucleotide. 

RESULTS AND DISCUSSION 

Detection of Avail  RFLP by PCR. To detect a previously de- 
scribed AvaII RFLP in the human IGF-II gene (13), genomic DNA 
isolated from fresh WBC and from six normal myometria was sub- 
jected to PCR analysis. The polymorphic fragments were 1.1 kilo- 
bases (a allele) and 0.9 kilobase (b allele) (12, 13). Since only probes 
that contain the 5' part of IGF-II exon 9 are able to detect this RFLP 
(data not shown), it is most likely located in this part of exon 9. From 
available sequence information, an AvaII fragment of 1161 base pairs 
starting 190 base pairs upstream of the start of exon 9 (GenBank 
accession no. X03562, nucleotide 7757) and ending within exon 9 at 
nucleotide 971 (GenBank accession no. X07868) can be found (a 
allele). The polymorphic b allele (0.9 kilobase fragment), therefore, 
contains an extra Avail site approximately 200 nucleotides from either 
end of the l l61-base pair fragment. Fig. 1 shows a part of the IGF-II 
exon 9 sequence in which potential AvalI sites, approximately the 

Fig. 1. Partial sequence of the human IGF-II 
gene exon 9. The sequence is numbered from the 
start site of exon 9. The primers used for the PCR 
are indicated by bold italic capital letters. The 
primer used for sequencing and Southern blot hy- 
bridization is indicated by bold undercast letters. 
The site of the RFLP is at position 820. Asterisks, 
possible Avail sites at approximately the correct 
position. 

440 460 480 
GGCTGAG~TCTTCRAACATGTACAAAATCGATTGGCTTTAAACACCC 

I 4 ~ ~ I 
CCGACTCCTTCGTGTCGTCGTAGAAGTTTGTACATGTTTTAGCTAACCGAAATTTGTGGG 

500 520 540 
TTCACATACCCTCCCCCCAAATTATCCCCAATTATCCCCACACATAAAAAATCAAAACAT 

AAGTGTATGGGA~TTTAATAGGGGTTAATAGGGGTGTGTATTTTTTAGTTTTGTA 

560 580 600 
TAAACTAACCCCCTTCCCCCCCCCCCACAACAACCCTCTTAAAACTAATTGGCTTTTTAG 

ATTTGATTGGGGGAA~TGTTGTT~AGAATTTTGATTAACCGAAAAATC 

620 640 660 
AAACACCCCACAAAAGCTCAGAAATTGGCTTTAAAAAAAACAACCACCAAAAAAAATCAA 

TTTGTGGGGTGTTTTCGAGTCTTTAACCGAAATTTTTTTTGTTGGTGGTTTTTTTTAGTT 

680 700 720 
TTGGCTAAAAAAAAAAAGTATTAAAAACGAATTGGCTGAGAAACAATTGGCAAAATAAAG 

AACCGATTTTTTTTTTTCATAATTTTTGCTTAACCGACTCTTTGTTAACCGTTTTATTTC 

740 760 780 
GAATTTGGCACTCCCCACCCCCCTCTTTCTCTTCTCCCTTGGACTTTGAGTCAAATTGGC 

CTT AAACCGTGAGGGGT~AGAAAGAGAAGAGGGAACCTGAAAC TCAGTT T AACCG 

800 820 840 
CTGGACTTGAGTCCCTGAACCAGCAAAGAGAAAAGAAGGgCCCCAGAAATCACAGGTGGG 

GACCTGAACTCAGC43ACTTGGTCGTTTCTCTTTTCTTCC~GTCTTTAGTGTCCACCC 
* * * ** 

860 880 900 
CACGTCGCTCGTACCGCCATCTCCCTTCTCACGGGAATTTTCAGGGTAAACTGGCCATCC 

I § ~ t 4 
GTGeAGCGAGCat~Qg~tagagggaagagt GCCCT TAAAAGTCCCAT T TGACCGGTAGG 

920 940 960 
GAAAATAGCAACAACCCAGACTGGCTCCTCACTCCCTTTTCCATCACTAAAAATCACAGA 

I ~ § b 4 
CTTTTATCGTTGTTGGGTCTGACCGAGGAGTGAGGGAAAAGGTAGTGATTTTTAGTGTCT 
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right distance from the invariable Avail site at position 971, are 
marked with an asterisk. 

A region flanking the potential Avail sites was amplified using the 
upstream and downstream primers indicated in Fig. 1. The amplified 
product contains 485 base pairs. Digestion with the restriction endo- 
nuclease AvalI will result in a fragment of 485 base pairs in the case 
of allele a (no Avail site). In the case of allele b, 2 fragments are 
generated of about 90-150 base pairs and 335-395 base pairs, respec- 
tively, the exact length depending on the position of the AvalI site. The 
32p-labeled oligonucleotide probe (indicated in Fig. 1) will hybridize 
to the undigested fragment and to the smaller of the digested frag- 
ments. Southern blot analysis of several of the digested PCR products 
is shown in Fig. 2. From the 26 analyzed DNA samples, 9 are homo- 
zygous for the a allele, 3 are homozygous for the b allele, and 14 
DNAs are heterozygous. Thus the frequency of the a allele is 62%, 
while the frequency of the b allele is 38%. Similar PCR analysis with 
primers flanking the other region where the RFLP could be located 
(approximately 200 nucleotides upstream from the invariable AvalI 
site at position 7757 of sequence X03562) always resulted in PCR 
fragments resistant to digestion with Avail. This amplified DNA was 
digestible since the restriction endonuclease HaelII yielded smaller 
fragments of the expected size (data not shown). 

Location of AvalI RFLP. Tadokoro et al. (17) studied an ApaI 
RFLP in the same genomic region. One of the potential Avail sites is 
in fact an Apal site [nucleotides 818--823 (Fig. 1)], and it was already 
described that the ApaI and Avail RFLP are linked (13). In Fig. 3 it is 
shown that these RFLPs are indeed coupled. PCR products from six 
different genomic DNAs were digested with either ApaI or Avail and 
analyzed on a Southern blot. It is clear from the data that these two 
restriction endonucleases yield an opposite pattern and, therefore, 
could in fact detect the same RFLP. Sequencing of the amplified 
genomic DNAs reveals a C--->T transition of nucleotide 820 in the 
lower strand (Fig. 1) which results in the toss of the ApaI site and the 
generation of an Avail site. The same C--->T transition was found by 
Tadokoro et al. (17); therefore, the ApaI and the Avail RFLP are 
identical. In all sequenced PCR products, the other five potential AvalI 
sites are invariable. 

Allele Frequencies in Different Populations. The AvalI RFLP in 
exon 9 of IGF-II has now been studied in groups of healthy persons 
from four different countries (13, 17, 18). The studied Dutch group 
consisted of 8 women and 18 men. No significant difference was 
found in a allele frequency between men and women (X 2 = 0.42; 
df = 1; P > 0.25). In Table 1, the frequency distribution of the two 
alleles is compared in Dutch, French, Japanese, and Chinese persons. 
The frequencies in the Japanese and Chinese group are very similar, 
while a higher frequency of the a allele is observed in the Dutch 
group. The difference, however, in a allele frequency between the 
Dutch and both the Japanese and Chinese groups is not significant 
(X 2 = 1.19; df = 1; P > 0.25). In the French group, which was 
described as 52 unrelated European Caucasians, the allele frequencies 

485 bp- 

95 bp 
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Fig. 3. Linkage of the Avail and ApaI RFLE Southern blot hybridization of Apal- or 
Avail-digested PCR fragments from exon 9 of the IGF-II gene from 6 individuals (Lanes 
t, 2, and 4, PCR fragments from myometrium genomic DNA; Lane 3, PCR fragment from 
leiomyoma genomic DNA; Lanes 5 and 6, fragments from healthy individuals). Left 
ordinate, sizes of the two bands in base pairs. 

Table 1 Allele frequencies of the Avail RFLP in several populations 

n" a b b a/a c atb btb 

Dutch 26 0.62 0.38 0.38 0.47 0.15 
French a 52 0.25 0.75 0.06 0.38 0.56 
Japanese" 65 0.53 0.47 0.28 0.50 0.22 
Chinese f 84 0.54 0.46 0.29 0.50 0.21 

'~ Number of individuals studied. 
b Allele frequencies, i100 basepairs allele is a; 900 basepairs allele is b. 
~" Calculated fraction of individuals who are homozygous for the 1100 basepairs allele 

(a/a); homozygous for the 900 basepairs allele (b/b); or heterozygous (a/b). 
u Data from Schneid et al. (13). 
e Data from Tadokoro et al. (17). 
/'Data from Xiang et at. (t8). 

are quite different since there is a very high frequency of the b allele 
compared to the Dutch group (X z = 37.03; df = 1; P < 0.001) and to 
the Asian groups. This is unexpected since Europeans probably are 
more related to each other than to Asians. However, in the French 
study a different approach was used to detect the RFLP (Southern blot 
hybridization of Avail-digested genomic DNA). Therefore, we ana- 
lyzed several genomic DNAs used in the French study by our PCR 
method and several of our genomic DNAs by Southern blot analysis 
(data not shown). This revealed that both methods detect the same 
RFLP and that the data match. The reason for the observed large 
difference, therefore, remains as yet unclear. 

Allele Frequencies in Smooth Muscle Tumors. In our study on 
the frequency of the a and b alleles in the Dutch population, we also 
tested available DNA samples from smooth muscle tumors (11 teio- 
myomas and 9 leiomyosarcomas). Unexpectedly, it appeared that the 
frequency of the two alleles in the tumor tissues is aberrant from the 
distribution in healthy persons. The results are summarized in Table 2, 
and it is clear that both in leiomyomas and leiomyosarcomas the 
a allele is found with a higher frequency than in healthy individuals 
(X z = 7.13; df = 1; P < 0.01). Also, significantly more tumors are 
homozygous for the a allele than tissues of tumor-free individuals 
(X z = 8.69; df = 1; P < 0.005). From the 20 smooth muscle tumors 
we studied, 15 were from women (11 leiomyomas and 4 leiomyosar- 

485 bp 

95 bp - 
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Fig. 2, Allele distribution in a group of healthy Dutch individuals. Southern blot hybridization of Avail-digested PCR fragments from exon 9 of the IGF-II gene from 20 unrelated 
healthy individuals. The band of 485 base pairs represents the undigested a allele, and the 95 base pair band represents the digested b allele. Left ordinate, sizes of the two bands in 
base pairs. Right ordinate, alleles represented by the two bands. Top, genotype of each individual. 
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Table 2 Allele frequencies of the Avail RFLP in smooth muscle tumors 

n a a b b a/a c a/b b/b 

Normal 26 0.62 0.38 9 14 3 
Leiomyoma 11 0.82 0.18 7 4 0 
Leiomyosarcoma 9 0.85 0.15 7 1 1 
Tumors (LM+LMS) 20 0.83 0.17 14 5 1 

a Number of tissues studied. 
b Allele frequencies, 1100 basepairs allele is a; 900 basepairs allele is b. 
c Number of individuals who are homozygous for the 1100 basepairs allele (a/a); 

homozygous for the 900 basepairs allele (b/b); or heterozygous (a/b). 

485 bp- 

95 bp 

z t ,. ~ / t / .... Z / 

Fig. 4. Comparison of alleles in 4 pairs of leiomyoma and corresponding myometrium 
from the same patient. Southern blot hybridization ofAvalI-digested PCR fragments from 
exon 9 of the IGF-II gene. Left ordinate, sizes of the two bands in base pairs. Right 
ordinate, alleles represented by the two bands. 

comas) and 5 were from men (no leiomyomas and 5 leiomyosarco- 
mas). There were no significant differences in a allele frequency 
between the sexes. The expression of the IGF-II gene and the presence 
of the a allele are not correlated since in leiomyomas the IGF-II gene 
is expressed at a low level and in only 5 of the 9 studied leiomyo- 
sarcomas is the IGF-II gene highly expressed (11, 12). 

An explanation for the difference in allele frequency observed 
between normal tissue and smooth muscle tumors might be that in 
smooth muscle tumors the b allele is selectively lost or that this allele 
is mutated at the Avail site. We therefore compared the 11 leiomyomas 
with nontumorous myometrium from the same patient. In all cases, the 
PCR analysis showed the same pattern for the tumor and the normal 
tissue. Four pairs of normal tissue and tumor are shown in Fig. 4. 
Therefore, we can exclude the possibility of loss of heterozygosity or 
a point mutation for this RFLP in leiomyomas. Since normal tissue 
was not available for the leiomyosarcomas, we cannot draw the same 
conclusion there. 

Conclusion. In this study, we have detected a previously described 
Avail RFLP in exon 9 of the IGF-II gene (13) by PCR amplification 
of genomic DNA followed by Southern blot analysis. In addition, an 
already describedApaI RFLP (17, 18) was shown to be identical to the 
Avail RFLP. Comparison of groups of healthy persons from four 
different countries which were studied for this RFLP revealed that two 
Asian groups have a similar allele frequency distribution. There is a 
slight but not significant difference in frequency in the Dutch group, 
but a highly significant different allele frequency in the French group 
was found. The reason for this difference is unclear since both the 
French and Dutch DNAs studied are from unrelated normal individu- 
als from the respective populations. 1. 

A more striking observation was that the frequency of the a allele 
in individuals with smooth muscle tumors was significantly higher 2. 
than in healthy individuals; also, the frequency of homozygous indi- 3. 
viduals for the a allele was higher in patients than in healthy indi- 
viduals. There was no difference between leiomyomas and adjacent 4. 
normal myometrium from the same woman. Therefore, it is tempting 
to draw the conclusion that women homozygous for the a allele are 

5. 
more prone to develop leiomyomas. Statistical analysis does support 
this conclusion. However, the mere homozygosity for the a allele is 6. 
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not the only factor involved since the occurence of leiomyomas in 
men is rare. A possible other factor might be the female sex steroid 
hormones; it is known that leiomyomas in the uterus may regress 
during or after the menopause when concentrations of these hormones 
change. Furthermore, leiomyomas regress in response to antiestro- 
genic treatment (19). On the other hand, the development of a malig- 
nant smooth muscle tumor in both men and women is also correlated 
to homozygosity for the a allele. From the data we have shown here, 
we cannot draw a conclusion about the cause for the development of 
a smooth muscle tumor. Expression of the IGF-II gene seems not to be 
correlated to this RFLP, although we have observed that in the two 
leiomyosarcoma patients having a b allele (one homozygote and one 
heterozygote), the IGF-II gene is expressed only at a very low level. 

Point mutations leading to a transformed phenotype of certain cells 
have been described in the coding part of the gene. Mostly, these 
mutations lead to a loss of function of the gene product; examples are 
the p53 gene and the Rb gene (20-24). The RFLP we describe here is 
not located in the coding part of the gene; therefore, the IGF-II peptide 
that is formed is normal. Still, the RFLP is correlated with the occur- 
rence of a smooth muscle tumor. Since we could not find a distinct 
correlation between expression of the IGF-II gene and the Avail 
RFLP, a possible effect may be on the stability of the IGF-II mRNAs. 
The long IGF-II mRNAs have been shown to undergo specific cleav- 
age in the 3' part of the gene (9), and recently two sequence elements 
have been identified that are involved in the cleavage (25). However, 
the Avail RFLP is not located within these sequence elements. One 
could speculate that in individuals with the a allele the IGF-II mRNA 
is better translated, leading to higher levels of IGF-II peptide than in 
individuals with the b allele. Since it has recently been shown that in 
leiomyomas the number of type I IGF receptor per cell, mediating the 
growth effects of both IGF-I and IGF-II, is higher than in normal 
myometrium (26, 27), a growth advantage for this type of tumor in 
individuals with the a allele might be the result. However, this is not 
proved and precise measurements of IGF-II peptide levels in tissues of 
individuals with either allele are necessary. Also, the enhanced sen- 
sitivity of smooth muscle cells with high numbers of type I IGF 
receptors would have to be shown. 

It is possible that individuals that developed a smooth muscle tumor 
have a higher mutational frequency among multiple genes, and this 
RFLP is only a marker for an increased frequency of mutations. We 
excluded the possibility of a point mutation or loss of heterozygosity 
in individuals with a leiomyoma compared to normal tissue (see Fig. 
4), but for individuals with a leiomyosarcoma, we cannot exclude this 

possibility. 
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