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ABSTRACT

The insulin-like growth factors I and II (IGF-I and -II) are proteins
which stimulate cell proliferation and are important in normal human
growth and development. They are coded for by separate genes and bind
to specific cell surface receptors, eliciting a mitogenic response. IGFs are
secreted by several cell lines derived from adult tumors. We have exam
ined a number of human adult tumors for IGF messenger RNA (mRNA)
expression and found IGF-II mRNA levels were consistently elevated in
two types, colon carcinoma and liposarcoma. Adult colonie mucosa con
tains low levels of IGF-I and -II mRNA while several colon tumors,
particularly of rectal and rectosigmoid origin, contained significantly
elevated levels of IGF-II message. Over 90% of liposarcomas examined
contained greatly elevated levels of IGF-II mRNA while control tissue
(adipose) contained very low or undetectable IGF mRNA levels. Many
of these tumors also contained elevated IGF-I mRNA levels. Northern
analysis of these RNAs revealed differences in the abundance and sizes
of IGF transcripts compared to other normal and malignant tissues known
to express IGF.

INTRODUCTION

The importance of growth factors in the molecular mecha
nisms of cell transformation and tumor proliferation has re
cently been demonstrated (1, 2). It has been shown that many
tumor-derived cell lines secrete polypeptide growth factors into
their media (2), in many cases releasing them from serum
requirements. In the case of the transforming growth factors a
and ÃŸand PDGF,3 autocrine stimulation of cell growth has
been demonstrated in vitro (3-5). For PDGF, an autocrine
stimulatory loop has been shown to occur in athymic mice
bearing v-sw-transformed cells (5). Similar studies using small
cell lung carcinoma cells clearly demonstrate an autocrine de
pendence of these tumors on bombesin and bombesin-like pep-
tides (6).

IGF-I and -II are polypeptides which are closely related in
structure to insulin (7-10) and are produced in a variety of
cells. In both fetal and adult tissues many cell types produce
IGFs (10). Insulin-like growth factors are capable of stimulating
cell division as well as DNA synthesis and transcription (11-
13). The IGFs stimulate cell growth in culture, perhaps by
controlling the progression through Gl (14-16). Their action
can be potentiated by PDGF in vitro (14). In addition, they can
mimic the effect of insulin on insulin-responsive cells (12, 17,
18). IGF-like peptides are known to be secreted by human
fibrosarcoma and osteosarcoma-derived cell lines (18-19). It
has been suggested that the hypoglycemia observed in some
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patients with certain cancers may be due to the secretion of
IGFs by these tumors (20, 21). Recently, two groups have
demonstrated elevated IGF-II mRNA levels in Wilms' tumor

(a childhood malignancy of the kidney tissue) when compared
to normal kidney tissue (22, 23). As a first step in determining
if IGFs participate in the proliferation of adult human tumors,
we have investigated whether IGF mRNA levels are elevated in
human tumors, compared to levels found in adjacent normal
tissues. We have focused our investigation on two categories of
human tumors: carcinomas of the colon and soft tissue sarco
mas derived from adipose, known as liposarcomas.

Our interest in colon carcinoma stems from data published
from our laboratory and another which places the IGF-II gene
in close proximity to the c-Harvey ras 1 oncogene (24, 25). c-
H-ras 1 is known to be expressed in approximately 50% of

human colon tumors examined (26). This suggested to us that
perhaps the IGF-II gene, due to its proximity to the c-H-ras 1
gene, was also expressed in certain colon tumors. We have
focused on liposarcomas for two reasons: (a) in our initial
screening and test analysis of a variety of human tumor types,
the liposarcomas demonstrated a consistently high elevation of
IGF mRNA (particularly that of IGF-II) when compared to the
normal surrounding fat and connective tissue from which lipo
sarcomas are derived. Other types of sarcomas such as histo-
and leiomyosarcomas demonstrated no such increase; (b) adi
pose cells, the tissue of origin for malignant liposarcoma cells,
contain both insulin and IGF-II receptors (24). Thus, IGF-II
may play an important role in the deregulation of growth
control in normal adipocytes upon their transformation into
liposarcoma. This may occur in an autocrine-type fashion.

The study presented here reveals significant elevation of IGF-
II message in the majority of liposarcomas examined and in a
number of colon carcinomas, particularly those of rectal or
rectosigmoid origin. A difference in the distribution of tran
script sizes in these tumors has also been detected.

MATERIALS AND METHODS

Tumor Procurement and Preparation. Tumors were obtained through
the Department of Surgery at RPMI. At the time of surgery, the
pathologist separated the tumor and provided a sample that represented
at least 90% tumor tissue. A sample of histologically confirmed normal
adjacent tissue was also provided from the same surgical specimen and
served as a control. In the case of liposarcomas, the control consisted
of surrounding fat or connective tissues that were free of malignancy.
For the colon tumors, colon mucosa, and depending on the depth of
tumor invasion, submucosal layers approximately 5 cm from the tumor
site served as control tissues. Thus in each case, appropriate, malignant-
free control tissues were collected from each patient. In no case was
tissue additional to that which would be removed normally during a
particular surgical procedure taken from the patient. The tumor and
adjacent tissue were frozen in liquid nitrogen immediately upon removal
from the patient and after pathological examination. Specimens were
stored at â€”70Â°Cuntil required for use.

RNA Isolation from Tumor and Adjacent Tissue. Total RNA isolation
was performed as previously described (27, 28) with some modifica-
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lions. Frozen tissue (0.5 g) was pulverized and placed in 15 ml of 4 HIM
sodium citrate, pH 7.0, 0.1 M 0-mercaptoethanol, and 0.5% sarkosyl.
Tissue was homogenized in a Brink man poh iron at a setting of 3.5 for
15-30 s. The rest of the procedure was as described by Glisin et al.
(27). RNA was quantitated by measuring the absorbance at 260 nm
and confirmed by electrophoresis on 1.29o mini agarose gels followed
by ethidium bromide staining. Intact RNA was obtained with no
detectable degradation as judged by denaturing gels run on each sample.
For each RNA isolation, tumor and adjacent tissue were processed
simultaneously under the same conditions.

Poly(A)* mRNA was purified according to the procedure of Aviv
and Leder (19). Total RNA was passed twice through a 1.0-ml column
of oligodeoxythymidylic acid cellulose (Collaborative Research) prior
to washing and elution. Gel analysis of poly(A)+ RNA on minigels
revealed 90% of ribosomal RNA had been removed. Poly(A)+ mRNA

was quantitated by measuring the absorbance at 260 nm and stored at
â€”20Â°C.For preliminary screening and dot blot analysis, total RNA was

used. In addition, for some preparations from small specimens, the
total RNA yield is so low that isolation of poly(A)+ mRNA was not

practical.
Dot Blot Analysis. Dot blot Northern analysis was performed ac

cording to the procedure of Kafatos et al. (30). Ten ^g of denatured
total RNA was spotted onto Zetabind (AMF-Cuno) using a Schleicher
and Schuell dot blot apparatus.

The cDNA probes used in this study were purified from an adult
human liver cDNA library (31). The probes used are the plasmids
phigfl and phigf2 which encode preproIGF-I and preproIGF-II, re
spectively (32). The IGF-I plasmid contains a 607-base pair insert with
an open reading frame of 470 nucleotides. This is sufficient to code for
the entire 130 amino acid precursor for IGF-I. The IGF-II plasmid
contains a 1046-base pair insert with an open reading frame of 790
nucleotides coding for the 180 amino acid precursor for IGF-II. The
IGF cDNA probes were nick translated using {"PJdCTP and [32P]dTTP
to a specific activity of 1.2 x IO8,as described previously (32). Approx
imately 1.5 x IO7 counts/dot blot were added at a concentration of
12.5 x 10" cpm/ml in 0.5 M sodium phosphate, pH 7.0, 1 HIMEDTA,

7% sodium dodecyl sulfate, and 1% bovine serum albumin. Blots were
hybridized overnight at 65Â°Cand then washed twice in 40 HIMNaHPO4

(pH 6.8), 1 mM EDTA, 0.5% bovine serum albumin, and 5% sodium
dodecyl sulfate for 10 min each, both washings at 65Â°C.Blots were
then placed on Kodak XAR5 film with intensifying screens at â€”70Â°C.

In addition, known quantities of the IGF cDNA probes were spotted
onto Zetabind and hybridized with labeled probe. These served as
standards in order to roughly quantitate the signal obtained in the dot
blot analysis of the samples.

Characterization of RNA Transcripts from Tumor and Adjacent Tis
sue. Tumor RNA samples which demonstrated enhanced transcription
of IGF-I or -II genes were characterized by Northern glyoxal gel analysis
(33). Ten Â¿/gof RNA were loaded onto a 1.2% agarose gel and
electrophoresis was performed for 4-5 h at 90 V. The RNA was
immediately transferred to Zetabind and the blots used for cDNA
hybridization. Hybridization and washing conditions were the same as
those described for dot blot analysis. Glyoxalated DNA size markers
were run and the position of the 28 and 18S mRNA bands noted in
order to determine transcript size. In cases where poly(A)* RNA was

used, 1-5 fig of sample were loaded per gel lane. Following hybridiza
tion and washing, blots were exposed to XAR5 film at â€”70Â°Cwith

intensifying screens.

RESULTS

IGF-I and -II mRNA Enhancement in Colon Carcinomas and
Liposarcomas. Total RNA and poly(A)+ mRNA were purified

from human colon carcinomas and liposarcomas as described
in "Materials and Methods." RNA purified from either normal

colonie mucosa or adipose tissue surrounding the tumor, but
free of malignant invasion, from each patient served as control
for colon tumors and liposarcomas, respectively. In each case,
NaOH-treated RNA controls were run to determine whether

any of the observed signal was contributed by DNA contami
nation of the RNA preparation. No such contamination was
observed in any of the experiments we performed. We have
examined by dot blot analysis the relative levels of IGF-I and
-II message in 20 primary colon carcinomas and their corre
sponding colonie mucosa. The results of some of these analyses
are shown in Fig. 1. Of the tumors analyzed, approximately
40% demonstrate a moderate to high (10- to 50-fold) elevation
of IGF-II mRNA levels. About 20% also exhibited mildly
enhanced IGF-I mRNA levels (3- to 5-fold) (data not shown).
In those colon tumors with the greatest elevation of IGF-II
mRNA, the mRNA was 50 times greater than in control tissue
(Fig. I, lanes 8 and 13). In each case the normal colonie mucosa
demonstrated a very low background level of IGF-I and -II
mRNA which demonstrated only minor variations from patient
to patient. Therefore, even the low level enhancement of 3- to
5-fold is deemed significant in these studies. In addition to
these observations, an interesting correlation between the pro
pensity for enhanced IGF mRNA levels and the site of the
tumor within the colon has begun to emerge. Our studies
indicate that nearly 60% of tumors of rectal origin (Fig. 1, lanes
8, 11, and 72), and 50% of rectosigmoid tumors (Fig. 1, lanes
1, 6, and 13) contain enhanced IGF-II mRNA levels. This is in
contrast to tumors of sigmoid and cecal origin which demon
strated enhanced IGF-II message levels in 0% (Fig. 1, lanes 2-
5 and 7) and 25% of these cases, respectively. Normal colonie
mucosa from these four regions of the colon demonstrate no
significant difference in IGF-II mRNA levels, all being of low
and similar concentration. These initial data suggest a propen
sity for IGF-II message enhancement in colon tumors occurring
in the most distal portions of the bowel. A similar distribution
of elevation patterns is observed for IGF-I in these tumors. In
addition, tumors of rectal origin which demonstrate elevated
IGF-II message levels are primarily of Dukes C stage, whereas
those with no message enhancement are Dukes B (depth of
invasion. Dukes C > B). These data indicate that there may be
a correlation between depth of invasion of rectal tumors and
IGF-II mRNA elevation. Further analyses of a larger sample
population will be required before these clinical correlations
can be firmly established.

In addition to colon carcinoma we have focused our attention
on a particular type of soft tissue sarcoma, the liposarcoma.
We have analyzed 14 primary liposarcomas and one recurrent
tumor from one of the original 14 primaries. Of these, good
control tissue was procured from 11 of the total 15 patients
and we will restrict our discussion to these 11 tumors, 10 of
which are shown in Fig. 2. Of these 11 liposarcomas, 10, or
91%, demonstrated very high levels of IGF-II mRNA elevation,
most on the order of 50-fold greater than found in normal
adipose tissue from the same patient (Fig. 2, lanes 1-8). In the
single patient in which there was a recurrence (Fig. 2, lane 2)
(approximately 1 year after removal of the primary tumor), the
secondary tumor also showed high IGF-II message levels (Fig.
2, lane 6). Enhancement of IGF-I mRNA in these same samples
was much less pronounced; however, it did occur in 55% of
samples analyzed (data not shown). In no case was IGF-I
message level enhanced in the absence of IGF-II enhancement.
These results are of particular interest since adipose tissue, the
tissue of origin for liposarcomas, is known to possess IGF-II
and insulin receptors. Thus the detection of elevated IGF-II
transcripts in liposarcomas suggests the potential for an auto
crine mechanism of proliferation involving IGF-II in these
tumors. During the course of our studies we also examined IGF
mRNA levels in a number of other sarcomas including fibro-
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Fig. 1. Dot blot analysis of total RNA isolated from 12 primary colon carcinomas and corresponding colonie mucosa and one tumor of the small intestine.
Hybridization of 32P-labeled phigf2 to 10 Â¿igtotal RNA/sample. Lanes 8, II, and 12, RNA from rectal tumors; lanes 1, 6, and 13, RNA from rectosigmoid tumors;
lanes 2-5 and 7, RNA from sigmoid tumors; lane 9, RNA from a cecal tumor; lane 10, RNA from a tumor of the small intestine. Blots were hybridized and washed
as described in "Materials and Methods" and exposed at â€”70Â°Cfor 3 days on Kodak XAR5 film with an intensifying screen. Lanes I, 8-II, and 13 demonstrate
modest (RNA, <10 pg/10 ng; lane 9) to high (RNA, 50 pg/10 //g; lane 13) levels of IGF-II message enhancement in these tumors compared to the corresponding
normal colonie mucosa. T, tumor tissue; A, adjacent normal clonic mucosa.

10

*
Fig. 2. Dot blot analysis of total RNA isolated from 10 liposarcomas andcorresponding adjacent adipose tissue. Hybridization oÃ''I' labeled phigf2 to 10

ng total RNA/sample. Lanes 1-5 and 7-10, primary liposarcomas: lanes 6,
recurrent liposarcoma from patient shown in lane 2. Blots were treated as
described in "Materials and Methods" and Fig. I. Exposure on X-ray film was 3
days at â€”70Â°Cwith an intensifying screen. T, tumor tissue; A, adjacent, normal

adipose tissue.

histocytomas, fibrosarcomas, and leiomyosarcomas as well as
several malignant melanomas. None of these tumor types dem
onstrated enhancement of IGF-I or -II transcript levels.

Analysis of IGF-I and -II mRNA. In order to further investi
gate the nature of the enhanced accumulation of the IGF
mRNAs, we determined the sizes (33) of the transcripts using
total RNA isolated from colon carcinomas, liposarcomas, and
their adjacent tissue. Alterations in the transcriptional pattern
may be indicative of changes in gene structure and/or control
which may lead to enhanced expression. Where enough material
was available, poly(A)+ mRNA was also prepared (30). Repre

sentative results are shown in Figs. 3 and 4. Hybridization of
the IGF-II probe of the tumor-derived RNA revealed four
transcripts (mRNAs) of 6.2, 4.5, 2.2, and 2.9 kilobases for the
majority of the colon tumors and all liposarcoma samples. An
example of this pattern can be seen in a northern blot of 3 fig

-2.2

-1.9

Fig. 3. Northern analysis of IGF-II transcripts in a representative liposarcoma
and hepatoma G2 (HepG2) cell line. Poly(A)* mRNA was separated on glyoxal
gels as described in "Materials and Methods." Lane I, 3 Â¿igpoly(A)* RNA from
a liposarcoma hybridized with 32P-labeled phigÃŸcDNA, 1-day exposure; lane 2,
same as lane I except 3-day exposure; lane 3,3 ng poly(A)* RNA from a hepatoma
G2 cell line hybridized with phigf2 cDNA. 1-day exposure; lune 4, same as Inni'
3 except 3-day exposure. Exposure was at -70"C with an intensifying screen.

Sizes of the bands in kilobases as determined by glyoxalated DNA markers are
shown at the right.

poly(A)+ mRNA from a liposarcoma (Fig. 3, lane /). The most

abundant transcripts were 6.2 and 4.5 kilobases in size, with
weaker diffuse bands at 2.2 and 1.9 kilobases which become
evident upon longer exposure (Fig. 3, lane 2). This pattern is
somewhat similar to that seen in normal kidney which has IGF-
II transcripts of about 6.2 and 4.5 kilobases. A major difference
is that in the kidney these transcripts are in a ratio of 1:10,
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taining elevated levels of these messages. Therefore it appears
that not only are there enhanced levels of IGF mRNA in certain
tumors, but in some cases the relative abundance and size
distribution of the transcripts may be different.

-8.0

,

-2.5

-1.7

Fig. 4. Northern analysis of IGF-I transcripts in colon carcinoma. Ten ng
RNA were isolated from colon carcinoma and separated on glyoxal gels as
described in "Materials and Methods." Hybridization was to "P-Iabeled phigfl
cDNA. 5-day exposure on X-ray film at â€”70*Cwith an intensifying screen. Sizes

of the bands in kilobases as determined by glyoxalated DNA markers are shown
at the right.

while in liposarcomas they are of equal intensity. This also
differs from that of normal human liver which has a predomi
nant species of 5.3 kilobases.4 The hepatoma G2 cell line
(HepG2) also has extraordinarily high levels of IGF-II mRNA
(Fig. 3, lane 3), and share the 6.2-kilobase transcript observed
in the colon carcinoma and liposarcoma mRNA samples. How
ever, in the case of HepG2, the 6.2-kilobase band clearly dom
inates: and the smaller species, if present, are not evident on
long exposure (Fig. 3, lane 4). Northern analysis of these RNA
samples using the IGF-I probe revealed that in almost every
case where there are increased levels of the mRNA, the tran
script is about 8 kilobases in size. An example of this pattern
from a liposarcoma is shown in Fig. 4, lane 1. Very faint bands
at 2.5 and 1.7 kilobases were also evident in all of the colon
and liposarcoma samples. These results differ from those of
Rotwein (34) who recently observed multiple and predomi
nantly smaller sized IGF-I transcripts in mRNA isolated from
liver. Interestingly, in one colon tumor, which expressed ele
vated levels of both IGF-I and -II mRNA, there was a single
IGF-II transcript of 2.2 kilobases (data not shown) and two
IGF-I transcripts of 2.5 and 1.7 kilobases (Fig. 4, lane 2). There
was no evidence of RNA degradation in this sample, and the
bands are sharp and distinct. These results suggest that altera
tions, perhaps at the transcriptional and processing levels, are
occurring in the IGF transcripts in several of the tumors con-

4 Unpublished results.

DISCUSSION

These data demonstrate that in a number of colon carcinomas
and the majority of liposarcomas there is a population of cells
which exhibits enhanced levels of IGF-I and -II mRNA when
compared to malignant free colonie mucosa. Colon tumors of
the rectal and rectosigmoid regions had a much greater inci
dence of IGF-II mRNA elevation than those from other regions
of the large bowel. This elevation indicates that for colon tumors
the enhancement of IGF-II transcript levels is dependent at
least in part on the site of the tumor. In addition, within the
group of rectal tumors examined, those with IGF-II message
enhancement were of Dukes C stage, while those without were
of Dukes B. Thus, within the population of rectal tumors,
increases in IGF-II mRNA may in part depend on the depth of
tumor invasion through the bowel wall. This condition suggests
that a stage-specific mechanism may be responsible for the
elevation observed. The elevation of IGF-II mRNA is very
pronounced in the majority (91%) of liposarcomas examined
when compared to adjacent control tissue (adipose). IGF-I
message levels were only slightly enhanced or showed no de
tectable signal in these same tumors. Since normal adipose
tissue contains IGF-II receptors (35) whose binding to IGF-II
can be up-regulated in the presence of insulin (36, 38), the
abundance of IGF-II message in liposarcomas suggests that
large amounts of IGF-II are present which may participate in
autocrine stimulation. Such a proliferative mechanism could
contribute significantly to the growth of these tumors.

The elevated IGF mRNA levels in both classes of tumors are
not simply the result of increased cell division since tumors of
similar mitotic index exhibited vastly different message levels.
Thus the cell cycle appears to play a minimal role in the
observed elevation of IGF message. We have shown that IGF-
I mRNA is elevated in many of the tumors with enhanced IGF-
II transcripts, but the enhancement is not as great or frequent
as that of IGF-II mRNA. Since IGF-II concentrations may be
100-fold higher in fetal tissue (39) and since IGF-I levels
increase after birth, the more frequent increase observed with
IGF-II mRNA may reflect cellular dedifferentiation within the
tumor. At some point it will be important to determine which
cells are synthesizing large amounts of IGF protein in these
two groups of tumors. It will also be essential but difficult to
discern whether the IGFs are acting directly on these cells or
other cells within the tumor.

In general, the sizes of the transcripts in tumors which have
enhanced IGF mRNA levels appear similar to those found in
normal tissues; however, the relative distribution is altered in
some cases. In the case of IGF-II, colon tumors and liposarco
mas which demonstrated enhancement exhibited a transcrip
tional pattern different from normal liver or kidney. The pattern
also differed from that observed in the HepG2 cell line exam
ined. The signals in normal colonie mucosa and the few adipose
tissues (controls for liposarcomas) which contained low levels
of IGF-II message were too weak to observe the transcriptional
pattern. All but one of the tumors containing elevated IGF-I
message levels exhibited a single transcript of 8.0 kilobases in
size with faint bands at 2.5 and 1.7 kilobases. This result is the
same as that observed by us in human liver (data not shown).
These data are in contrast to those of Rotwein (34) who
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observed a predominant IGF-I transcript of 1.1 kilobase and
minor transcripts of 6.3, 3.7, and 1.7 kilobases in human liver
RNA. Only one of these sizes (1.7 kilobase) is common to our
study. The reason for these differences is unclear, particularly
since the cDNA probes used should have detected the 8.0-
kilobase transcript if it were present. Our studies also reveal
that in one colon carcinoma the 8.0-kilobase band is absent,
while those at 2.5 and 1.7 kilobases are much intensified. The
28 and 18S ribosomal bands were not diminished in these
samples compared to others, indicating degradation did not
generate the 2.5- and 1.7-kilobase transcripts. Thus, in this
particular case there appears to be a change in the size distri
bution of the IGF-I transcripts. Whether the change reflects
alterations in message stability synthesis or processing is un
known.

We have performed Southern hybridization studies on DNA
isolated from several of the tumors with high IGF mRNA
levels. The data (not shown) indicate that enhanced message
levels are not the result of IGF gene rearrangements or ampli
fications. In addition, none of these tumors contains significant
levels of epidermal growth factor or transforming growth factor
a mRNA (not shown). Recently, two groups (22, 23) have
demonstrated elevated IGF-II mRNA levels in Wilms' tumor

as compared to normal kidney tissue. These results complement
ours in that they suggest IGFs may contribute to tumorigenesis
in neoplasms originating in embryonal tissue as well as the
adult tissue shown here. Additional studies are underway in this
laboratory to determine how the changes in IGF mRNA levels
are regulated, analysis of their protein products, and which cells
within the tumor produce and respond to these proteins.
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