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ABSTRACT

\Ye have purified a protein from serum-free conditioned medium of
the HT29 human colon adenocarcinoma cell line based on its ability to
inhibit the proliferation of the same cell line. The purification procedure
consisted of acid gel permeation, semipreparative, and analytical re-
versed-phase chromatographies. The high-pressure liquid chromatogra-
phy-purified colon cancer cell growth inhibitor migrates as a single band
of 27 and 34 kDa on sodium dodecyl sulfate/polyacrylamide gels under
nonreducing and reducing conditions, respectively. MHz-terminal amino
acid sequence analysis of the first 32 residues has demonstrated that this
protein belongs to the insulin-like growth factor-binding protein (IGFBP)
family. More precisely, this growth inhibitor appeared to be identical to
the recently cloned human IGFBP-4. This IGFBP (HT29-IGFBP) has
been characterized by performing ligand blotting and competitive binding
experiments. The affinity of HT29-IGFBP for insulin-like growth factor
(IGF) II (=3.4 x 10'Â°M~') is slightly greater than its affinity for IGF-I
(=1.4 x 10'Â°M~'). HT29 cells also produce two other isoforms (28 and

31 kDa, nonreduced) of the HT29-1GFBP having the same partial Ml-
terminal amino acid sequence as the 27-kDa protein. The monoclonal
antibody aIR-3 is known to block the mitogenic actions of IGFs. aIR-3
inhibited the growth of HT29 cells, thus suggesting that IGFs are
required for the growth of these colon cancer cells.

INTRODUCTION

The growth and differentiation of normal cells are regulated
by a number of different factors. Autologous production of
growth factors by a cell having receptors for the cognate factor
could result in a growth advantage for the cell. Autocrine
secretion of growth factors has been proposed as a central
mechanism in the process of malignant transformation (1-5).
Numerous studies have demonstrated that growth factors are
multifunctional and mediate positive or negative proliferative
signals depending on the target cells used (6). Our purpose in
this study was to identify inhibitory factor(s) produced by HT29
cells. This human colon adenocarcinoma cell line is well char
acterized with respect to its growth and differentiation (7, 8).
Extensive research has been conducted to identify the growth
factor receptors (9-14) expressed at the surface of HT29 cells
and the growth regulators secreted in their extracellular me
dium (14-16). Some of these substances may act as autocrine
factors and influence the growth of HT29 cells (13, 17).

IGF-II2 is present in high amounts in the conditioned medium
of HT29 cells. These cells secrete IGF-II in association with
binding proteins (14). The mechanism of action of IGFs is
complex, due to the ability of these peptides to interact with
the following distinct macromolecules: insulin/IGF-1 receptor;
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IGF-II receptor: and insulin-like growth factor binding proteins
(18). IGFBPs have been shown to be modulators of IGF actions
in both stimulatory and inhibitory ways (19).

IGFBPs can now be classified into five distinct groups.
IGFBP-1, IGFBP-2. and IGFBP-3 have been most extensively
studied. They have been purified from a number of biological
fluids, and the sequences of their cDNA have been reported
(20-26). cDNA of human IGFBP-2 was cloned (24) before the
protein was isolated from human serum (25). A novel IGFBP,
now named IGFBP-4, was isolated from human osteosarcoma,
human prostatic carcinoma cell-conditioned media (27. 28),
and adult rat serum (29). The recent characterization of its
primary structure (30) revealed that it contains 20 cysteines
instead of 18 as described for IGFBP-1, -2, and -3 (20-26). The
purification of another member of the IGFBP family from
human cerebrospinal fluid (31), serum (25), and transformed
human fibroblast-conditioned medium (32) was reported by
several laboratories. This protein has an apparent molecular
weight of 34,000 (nonreduced) and, similar to IGFBP-2 (33),
shows a marked preference for IGF-II over IGF-I.

We report here the purification to homogeneity of a potent
inhibitor of the colon cancer cell line HT29. This protein was
isolated from conditioned medium of HT29 cells, suggesting
that it might have a potential role as a regulator of the prolif
eration of these cancer cells. NH2-terminal sequence analysis
provided evidence that this growth inhibitor is an IGFBP show
ing identity to IGFBP-4. IGF binding studies functionally con
firmed this protein as an IGFBP.

MATERIALS AND METHODS

Peptides and Reagents. Recombinant human IGF-I and IGF-II were
purchased from Bachern Bioscience, Inc. (Philadelphia, PA). lodinated
IGF-I and IGF-II were from Amersham (Arlington Heights, IL). Re
agents for sodium dodecyl sulfate-polyacrylamide gel electrophoresis
were obtained from Bio-Rad (Richmond, CA). All other chemicals were
from Sigma (St. Louis, MO). Monoclonal antibodies to insulin-like
growth factor I receptor (Â«IR-3.IgGl) and to c-weu-encoded protein
(IgGl) were from Oncogene Science (Manhasset, NY).

Cell Culture and Preparation of Conditioned Medium. HT29 human
colon adenocarcinoma cell line and MCF-7 human breast carcinoma
cell line were obtained from the American Type Culture Collection
(Rockville, MD). HT29 cells were routinely cultured, and serum-free
conditioned medium (HT29-CM) was collected as described elsewhere
(14). Two liters of HT29-CM were thawed and centrifuged at 4Â°Cfor

15 min at 2000 x g. The supernatant was concentrated 10-fold in an
Amicon 2-liter concentrator with a YM-10 Amicon membrane (Beverly,
MA) at 4Â°C.The concentrate was acidified by adding 17 M acetic acid
to a final concentration of 5%. After l h at 4Â°Cthe mixture was

centrifuged. and the supernatant was dialyzed in Spectra/por 3 mem
brane tubing (molecular weight cutoff, 3500; Spectrum. Los Angeles,
CA) against 15 liters of 1% acetic acid. The dialysis buffer was changed
four times over a 2-day period. The retained material (~150 mg) was
lyophilized and subjected to a number of Chromatograph) steps.

Bio-Gel P-100 Permeation Chromatography. The lyophilized material
was reconstituted in 5 ml acetic acid and centrifuged at 100,000 x g
for 2 h. The supernatant was applied to a Bio-Gel P-100 (Bio-Rad)
column (1.6 x 65 cm) equilibrated with l M acetic acid. The column
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IGFBP PRODUCED BY HT29 CELLS

was eluted at room temperature at a flow rate of 10 ml/h. Fractions of Growth Inhibition Assay. HT29 cells (5 x 10') in 50 nl of control
2.5 ml were collected, and aliquots of the even-numbered fractions were
assayed for GIÃ€.The active fractions were pooled for further purifica
tion. The data are presented in Fig. \A.

Reversed-Phase HPLC on a Semipreparative C\%Column. Fractions
15 to 21, from two separate Bio-Gel P-100 columns, were pooled and
injected onto a semipreparative C18-fiBondapak column (7.8 x 300 mm;
Waters Division of Millipore, Milford, MA) that had been equilibrated
with 0.1% TFA in water. The flow rate was set at 2 ml/min. The
column was further washed with 30 ml of 0.1% TFA in water. A linear
gradient was used between the primary solvent (0.1% TFA in water)
and the secondary solvent (0.1% TFA in acetonitrile). The gradient
conditions were as follows: 0 to 20% acetonitrile for 2 min; isocratic
elution with 20% acetonitrile for 18 min; 20 to 40% acetonitrile for
150 min; and 40 to 100% acetonitrile for 20 min. Four-mi fractions
were collected, and aliquots were assayed for GIÃ€(Fig. IÃŸ).

Reversed-Phase HPLC on an Analytical C|g Column. The active
fractions (fractions 48 to 56) from the previous Chromatographie step
were pooled and applied to an analytical C,Â«-/jBondapakcolumn (3.9 x
300 mm; Waters Division of Millipore). The column was equilibrated
with 0.1 % TFA in water. Proteins were eluted by applying the following
gradient conditions: 0 to 25% acetonitrile for 2.5 min; isocratic elution
with 25% acetonitrile for 27.5 min; 25 to 35% acetonitrile for 200 min;
and 35 to 100% acetonitrile for 20 min. The flow rate was 0.5 ml/min,
and 2-ml fractions were collected (Fig. 1C).

Reversed-Phase HPLC on a CN Column. The analytical Clg column
fractions (fractions 34 to 37) exhibiting an inhibitory activity on HT29
cells were pooled and loaded onto an analytical CN-Â¿iBondapakcolumn
(3.9 x 300 mm; Waters Division of Millipore) equilibrated with 0.1%
TFA. After an initial step gradient to 20% acetonitrile and a 20-min
plateau to elute unbound proteins, a linear gradient from 20 to 35%
acetonitrile was run for 150 min at 1 ml/min. Fractions of 3 ml each
were collected, and aliquots were tested in growth inhibition assays.
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Fig. I. Purification of a HT29 cell growth inhibitor. Chromatographies were
carried out as indicated in "Materials and Methods." Aliquots of fractions were

assayed in growth inhibition assays, and results were expressed as GIÃ€units (â€¢).
One GIÃ€unit was defined as the amount of protein required to inhibit 1!5I-labeled

deoxyuridine incorporation into the DNA of HT29 cells by 50%. After each step
of purification, active fractions were pooled and subjected to further chromatog-
raphy. A, Bio-Gel P-IOO gel filtration of the acetic acid extract of HT29-CM. The
column was calibrated with standards, bovine serum albumin (67 kDa), ovalbumin
(43 kDa), chymotrypsinogen A (25 kDa), cytochrome c (12.5 kDa), and insulin
(6 kDa). B, semipreparative C,g-MBondapak HPLC. A 20 to 40% acetonitrile
gradient was used to elute proteins. C, analytical Cis-f/Bondapak HPLC. Proteins
were eluted with a 25 to 35% acetonitrile gradient. D, analytical CN-^Bondapak
HPLC. A linear gradient from 20 to 35% acetonitrile was applied. A', thousands.

medium [Duibecco's modified Eagle's medium supplemented with 5%

heat-inactivated fetal bovine serum, penicillin (60.6 Mg/ml), strepto
mycin (100 Mg/ml), and glutamine (4 mivt)]were seeded per well in 96-
well plates. Six to 7 h later, samples to be tested were resuspended in
control medium and added to triplicate wells in 50 /il. Control wells
received 50 M'of control medium alone. Plates were incubated at 37Â°C

for 72 h. Cell proliferation was monitored by measuring the incorpo
ration of '"[-labeled deoxyuridine into DNA as previously described

(34). One GIÃ€ unit is defined as the amount of protein required to
inhibit '"I-labeled deoxyuridine incorporation in HT29 cells by 50%.

SDS-PAGE. Electrophoresis was carried out on 12.5% SDS-poly-
acrylamide gels with 4% stacking gels (35) using a Bio-Rad minielec-
trophoresis system. Lyophilized samples were reconstituted in 62 IÃŽIM
Tris-HCl, pH 6.8, 2% sodium dodecyl sulfate-10% glycerol with or
without 5% /3-mercaptoethanol. Samples were heated to 100Â°Cfor 5

min before electrophoresis. Proteins were detected by silver staining
(36).

IGF Ligand Blotting. Proteins were subjected to SDS-PAGE under
nonreducing conditions and then electrophoretically transferred onto a
0.45-Mm nitrocellulose membrane (Schleicher and Schuell, Keene, NH)
for l h at 100 V. The membrane was processed essentially as described
by Hardouin et al. (37). Briefly, the nitrocellulose membrane was
blocked with 10 mM Tris-HCl (pH 8.0), 150 m\i NaCl, 5% nonfat dry
milk, and 0.05% Tween 20. The membrane was then probed overnight
at 4Â°Cwith '"I-IGF-I in the presence of various amounts of unlabeled

IGF-I, IGF-II, or insulin. IGFBPs were visualized by autoradiography
at -70Â°C with Kodak X-Omat AR film (Eastman Kodak, Rochester,

NY) and Kodak intensifying screens.
IGF Binding Assays. IGF binding assays were performed essentially

as described by Martin and Baxter (38) using a charcoal suspension
mixed with protamine sulfate for separating bound from free tracer. In
competitive binding studies, HPLC-purified IGFBP (0.3 ng for IGF-I
and 0.15 ng for IGF-II) was incubated with '"I-IGF-I or '"I-IGF-II in
the presence of various amounts of unlabeled IGF-I or IGF-II (1 pg to
5 ng/200-jÃlreaction volume). The concentration of IGFBP used was
determined in preliminary titration experiments to achieve about 30 to
40% maximal binding. Experimental points were estimated in dupli
cate. Nonspecific binding (500 ng/ml of cold tracer) was subtracted
from all data, and the results were expressed as the percentage of
maximal specific binding. Standard errors were always below 7% of
mean values.

Amino Acid Sequence Analysis. The NH2-terminal sequence was
determined on 50 pmol of pure 27-kDa IGFBP from two different

preparations using an Applied Biosystems 475A protein sequencer
(Foster City, CA). Cysteine residues were identified on one preparation
after derivatization with 4-vinylpyridine (39). Alternatively, HPLC-
purified IGFBPs were electrophoresed (nonreduced), as described
above, on a 15% polyacrylamide minigel and electroblotted on a Bio-
Rad PVDF protein sequencing membrane. The membrane was stained,
destained as recommended by the supplier, and air dried. PVDF mem
brane pieces containing the blotted IGFBPs (as assessed by ligand
blotting experiments performed as control) were excised and individ
ually subjected to sequencing.

RESULTS

Purification of a Colon Cancer Cell Growth Inhibitor. The
serum-free conditioned medium of the human colon cancer cell
line HT29 (HT29-CM) was concentrated, acidified, and frac
tionated over a Bio-Gel P-100 column. In order to check the
ability of these cancer cells to produce their own growth mod
ulators, aliquots of the column fractions were tested for GIÃ€
on HT29 cells themselves. A major inhibitory peak was ob
served, eluting at an apparent molecular weight of around
45,000 (Fig. 1/4). Active fractions from the Bio-Gel P-100
column were pooled and subjected to semipreparative Cig re-
versed-phase chromatography. The elution profile is shown in
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IGFBP PRODUCED BY HT29 CELLS

Fig. \B. Most of the activity emerged from the column at an
acetonitrile concentration of 27 to 30%.

Rechromatography of the pooled active fractions on an ana
lytical C,Â»column with a shallow acetonitrile gradient resulted
in the elution of the HT29 cell antiprolifcrative activity around
29% acetonitrile (Fig. 1C). The active peak emerged as a
shoulder (fraction 36) of the major protein peak eluting at 29%
acetonitrile.

In order to achieve a better resolution, we used an analytical
CN column as the final step for the purification procedure. As
shown in Fig. ID, the growth-inhibitory activity eluted at 25%
acetonitrile in a single peak, well separated from the contami
nating proteins observed during the analytical d* column chro-
matography. About 50 Â¿igof HT29 cell growth inhibitor were
purified to homogeneity from 4 liters of HT29-CM. Fig. 2
illustrates the SDS-PAGE analysis of the purified factor (frac
tion 28; HPLC CN column). When run under nonreducing
conditions and silver stained, this protein gave a single band
with a molecular mass of 27 kDa. Under reducing conditions a
single 34-kDa protein band was observed.

NH2-terminal Amino Acid Sequence Analysis of the HT29
Cell Growth Inhibitor. NH2-terminal amino acid sequence
analysis of the HPLC-purified protein yielded the sequence
shown in Fig. 3/Ã•.This partial amino acid sequence was com
pared with all proteins in the National Biomedicai Research
Foundation data base (release 23), GenBank (release 63), and
the European Molecular Biology Laboratory data base (release
22). Significant homologies were seen with the NH:-terminal
sequences of the IGFBPs, indicating that the HT29 cell growth-
inhibitory factor was structurally related to this group of pro
teins. This protein was termed HT29-IGFBP. The 32-residue
NH2-terminal amino acid sequence we report for HT29-IGFBP

agrees with the partial sequence of an IGFBP (now considered
to be IGFBP-4) described by Mohan et al. (27), except at
positions 9 and 12, and shows complete identity to the deduced
NHi-terminal amino acid sequence of the recently cloned hu
man IGFBP-4 (30). This indicates that the growth inhibitor we
purified from HT29-CM is IGFBP-4. Fig. 3Ã„shows a compar
ison of the NH;-terminal amino acid sequence of human
IGFBP-1 (20), human IGFBP-2 (25), human IGFBP-3 (26),
and human IGFBP-4 (30) which have been aligned to give the
maximal homology. It appears that cysteine residues are con
served among all members of the IGFBP family. The NH2-
terminal amino acid sequence of the IGFBP isolated from
cerebrospinal fluid (31), transformed human fibroblasts (32),
and human serum (25) was not compared with that of IGFBP-
1, -2, -3, and -4 since no appreciable homology was observed.

Functional Characterization of HT29-IGFBP. In order to
functionally identify this 27-kDa growth inhibitor as an IGFBP
we have performed ligand blotting experiments (Fig. 4). These
experiments confirmed the purity of this protein migrating as
a single band. Binding of i:5I-IGF-I to HT29-IGFBP was spe

cific since it was completely inhibited in the presence of 50 ng
(20 ng/ml) unlabeled IGF-I or IGF-II. One ng of insulin (400
ng/ml) does not affect the binding of the radioactive tracer to
the HT29-IGFBP. The inability of insulin to bind IGFBP is a
characteristic shared by all the IGFBPs. The competitive bind
ing experiment shown in Fig. 4 also indicates that unlabeled
IGF-II is slightly more potent than unlabeled IGF-I in compet
ing for I2'I-IGF-I binding to HT29-IGFBP. Identical results
were obtained when '^I-IGF-II was used as a tracer in this type

of experiment (data not shown).
The preference of HT29-IGFBP for IGF-II over IGF-I was

R NR
kDa
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66.0-
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21.5-

14.4-

Fig. 2. SDS-PAGE of purified HT29 cell growth inhibitor. 0.5 ^g of protein
was loaded on a 12.5rÂ¿polyacrylamide gel under reducing (R) and nonreducing
conditions (NR). The protein was detected by silver staining. Ordinale, molecular
masses in kilodaltons of marker proteins.
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Fig. 3. A, NH2-terminal amino acid sequence of HT29-IGFBP purified from
HT29 conditioned medium. H, comparison of the reported NHj-terminal amino
acid sequences for hlGFBP-1. hIGFBP-2. hIGFBP-3. and hIGFBP-4. The se
quences have been aligned to show maximum homology between these 4 IGFBPs.
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Fig. 4. Ligand blotting analysis of HT29-IGFBP with '"1-IGF-I. HPLC-
purified HT29-IGFBP was subjected to I2.5CÂ¿SDS-PAGE and then electroblot-
ted to nitrocellulose (25 ng HT29-IGFBP/lane). Nitrocellulose membrane was
cut into strips, and each strip, corresponding to one lane, was probed with 20.000
cpm of '"I-IGF-I in the presence of various amounts of unlabeled IGF-I. IGF-II,
or insulin. HT29-IGFBP was then visualized as described in "Materials and
Methods."

further assessed by performing competitive binding experi
ments in liquid phase. As shown in Fig. 5A, unlabeled IGF-II
demonstrated a higher potency than IGF-I in competing with
125I-IGF-I for binding to purified HT29-IGFBP. When com
petitive binding studies were done with I25I-IGF-II, unlabeled
IGF-II was again a more efficient competitor than unlabeled
IGF-I (Fig. 5B). Scatchard plots derived from competition
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Fig. 5. Competitive binding of IGF-I and IGF-II to purified HT29-IGFBP.
Specific binding of '"I-IGF-I to 0.3 ng HT29-IGFBP (A) and specific binding of
'"I-IGF-I1 to 0.15 ng HT29-IGFBP (B) were measured in the presence of
increasing amounts of unlabeled IGF-I (O) or unlabeled IGF-II (â€¢).B/B0, ratio
of radioactivity bound in the presence of unlabeled IGF to radioactivity bound in
the absence of competitor. Points, means of two separate experiments performed
in duplicate. SE was always below 7% of mean values.

IGF-I

n, =043mol/mol

0123
IGF-I Bound (mol/mol)

\ ,Koi =3.4xl010M"'
V"^ ni = 035mol/molA..............IGF-II

IGF-E Bound (mol/mol)

Fig. 6. Scatchard plots of IGF-I (top) and IGF-II (bottom) binding to pure
HT29-IGFBP. The conditions were similar to those of the experiments shown in
Fig. 5. B/F, ratio of bound to free ligand; .v-axis, mol of IGF-I or IGF-II bound/
mol of HT29-IGFBP. assuming molecular weights of 7.700, 7,500. and 27.000,
respectively.

curves are shown in Fig. 6. Using IGF-I as tracer and compet
itive ligand, we generated a curvilinear plot that was consistent
with a two-site model (Fig. 6, top). The affinity of the high-
affinity site of the HT29-IGFBP is 1.4 x 10'Â°M~', whereas the
affinity of the low-affinity site, Ka = 8.4 x IO7M~', is such that

it might be considered a nonspecific component as previously
reported for other IGFBPs (32, 38). A similar low-affinity/
nonspecific component was observed when IGF-II was the
ligand used and the Ka of the high-affinity binding site was 3.4
x 10'Â°M"1 (Fig. 6, bottom). Insulin (2 ng/ml) did not interfere
with the binding of I25I-IGF-I or 125I-IGF-II to HT29-IGFBP.
These data indicate that HT29-IGFBP has about a 2-fold higher

HPLC-Froctions
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i i ikDa

97.4-
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Fig. 7. Ligand blot analysis of HPLC CN column fractions with '"I-IGF-I.
Approximately 100 ngprotein/HPLCCN column fraction (fractions 23-31 (were
vacuum dried, resuspended in sample buffer, elcctrophoresed on a 12.5% poly-
acrylamide gel. and electrotransferred to nitrocellulose. Nitrocellulose filter was
incubated with 200.000 cpm I2!I-IGF-I. IGFBPs were visualized by autoradiog-
raphy as indicated in "Materials and Methods."

affinity for IGF-II than for IGF-I. This represents only a slight
difference in comparison to the 10- to 100-fold preference for
IGF-II exhibited by another member of the IGFBP family (31,
32).

HT29 Cells Synthesize Three Isoforms of HT29-IGFBP.
HT29 cells secrete at least three different IGFBPs with molec
ular masses of 26, 28 and 31 kDa (14). The identification of
the growth inhibitor purified from HT29-CM as an IGFBP
prompted us to determine whether the screening assay used
during the purification procedure had led to the isolation of
one particular inhibitory IGFBP. Therefore, we used HPLC
CN column fractions to perform ligand blotting experiments.
Approximately 100 ng of protein/HPLC fraction were run on
SDS-PAGE (fractions 23 to 31). Fig. 7 shows that IGFBPs
were detected in fractions 25 to 30. The 27-kDa HT29-IGFBP
described above was found in fractions 27 to 30 and, as ex
pected, was the only IGFBP present in the 25% acetonitrile-
eluting HPLC peak (Figs. 7 and ID). Fraction 26, which
constitutes the less hydrophobic shoulder of the 27-kDa
IGFBP-containing HPLC peak, was found to contain 3
IGFBPs. Bands corresponding to 27, 28, and 31-kDa proteins
were revealed by autoradiography. The 31-kDa IGFBP was the
only one detected in fraction 25 of the HPLC CN column.
Electroblotting and amino acid sequencing were used to identify
the IGFBPs in fractions 25 and 26. A single Asp-Glu-Ala-
Ile-His-X-Pro-Pro-X-Ser sequence (X represents a step for
which no amino acid could be assigned) was obtained for 27-
and 31-kDa IGFBPs. Sequencing of the 28-kDa IGFBP gave
two sequences suggesting that this sample was heterogeneous.
However, amino acids aspartic acid, glutamic acid, alanine,
isoleucine, and histidine represented the highest pmol ratios
for the first 5 sequencing cycles. This strongly suggested that
the 28-kDa IGFBP has the same NH2-terminal amino acid
sequence as the two other IGFBPs copurified in fraction 26 of
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Fig. 8. Dose-response curve of HT29-IGFBP (O), Â«IR-3monoclonal antibody
to the IGF-1 receptor (A), and a monoclonal antibody to the c-neu-encoded
protein (A) on the incorporation of I35l-labelcd deoxyuridine (L'dR) into DNA of
HT29 cells. The growth inhibition assay was performed as indicated in "Materials
and Methods." Plotted data are the average of results from triplicate wells. SE

was always below 10% of mean values.

the HPLC CN column. These data might indicate that the 3
bands detected in ligand blotting experiments represent iso-
forms of a single type of IGFBP, the 27-kDa protein being the
most abundant component.

Inhibition of HT29 Cell Growth by HT29-IGFBP. The inhib
itory potential of purified HT29-IGFBP (27 kDa) was more
intensively studied. Growth inhibition assays were performed
by adding various amounts of purified HT29-IGFBP to HT29
cells. The 50% inhibition of 125I-labeled deoxyuridine incorpo
ration into DNA was achieved with about 10 ng of HT29-
IGFBP/well (Fig. 8). A reduction in cell number, without any
noticeable morphological modification, was observed when
HT29 cells were treated with HT29-IGFBP. HT29-IGFBP had
no cytotoxic effect on HT29 cells.

In most of the in vitro studies with IGFBPs, these proteins
were found to inhibit IGF actions. It is known that HT29 cells
synthesize IGF-II as well as IGF receptors (14). HT29-IGFBP
might inhibit the proliferation of HT29 cells by preventing the
mitogenic action of IGF molecules through IGF-I receptors
which have been reported to mostly mediate IGF growth-
stimulatory effects (18). To check this possibility, we treated
HT29 cells with the monoclonal antibody Â«IR-3.Â«IR-3has
been reported to bind to the IGF-I receptor and prevent both
IGF-I (40) and IGF-II (41) proliferative signals to cells. A dose-
dependent inhibition of '-5I-labeled deoxyuridine incorporation

into DNA of HT29 cells was observed with a 50% inhibition
obtained with about 30 ng of Â«IR-3 antibody/well (Fig. 8).
Control growth inhibition assays were conducted by incubating
HT29 cells with a monoclonal antibody to the extracellular
domain of the c-neu/erbB2-encoded protein. No significant
inhibition of cell proliferation was seen using this antibody
which has the same isotype as Â«IR-3(Fig. 8).

MCF-7 cells which require IGF-I for optimal growth, as
demonstrated by the ability of Â«IR-3to inhibit their prolifera
tion (40), were also inhibited by HT29-IGFBP (40% inhibition
maximal effect) in growth inhibition assays (data not shown).

DISCUSSION

We have purified, to homogeneity, an IGFBP secreted by the
human colon adenocarcinoma cell line HT29. This cell line has
been the subject of a number of studies concerning its ability to
produce growth factors (13-16). Our present study was aimed

at checking the ability of HT29 cells to secrete self-regulatory
molecules. Using the HT29 cell growth inhibition assay as a
screening test during the purification procedure, an acid-stable
protein was isolated from the conditioned medium of HT29
cells. The partial NH2-terminal amino acid sequence of this
growth-inhibitory protein showed that it belongs to the IGFBP

family. More precisely, this protein appeared to be identical to
IGFBP-4 (27-29) which has recently been cloned (30). How
ever, positions 9 and 12 in the NH^-terminal amino acid se
quence of the protein described here differ from those in the
published sequence for the 25-kDa IGFBP isolated from osteo-
sarcoma cells (27). We believe that the residue at position 9 is
actually a cysteine since this amino acid is conserved at this
position among all the members of the IGFBP family cloned
thus far (20-26). The amino acid sequence deduced from cDNA
cloning of IGFBP-4 also confirms a cysteine at this position
(30). Comparison of primary sequences of IGFBP-1, IGFBP-
2, and IGFBP-3 deduced from cDNA sequences shows the
conservation of the 18 cysteine residues which are clustered in
the NHi- and COOH-terminal regions (20-24, 26). The recent
molecular characterization of the primary structure of human
IGFBP-4 (30) indicated the presence of 20 cysteines in IGFBP-
4 and showed that the location of 18 of these cysteines is
conserved across IGFBP-1, -2, -3, and -4. All the IGFBPs
described until now are distinct from type I or type II receptors
for IGFs.

It should be noted that HT29-IGFBP exhibited a smaller
molecular mass on SDS-PAGE under nonreducing conditions
(27 kDa) than under reducing conditions (34 kDa). No definite
explanation can be provided for this unusual observation.
HT29-IGFBP specifically binds IGFs to the exclusion of insu
lin. The affinity of this IGFBP for IGFs has not been reported
before, and we show in this study that HT29-IGFBP has only
a slight selective affinity for IGF-II over IGF-I. The association
constants we have established are of the same order as those
reported for IGFBP-1 (42) and IGFBP-3 (38).

Using ligand blotting experiments, we have been able to
detect two other IGFBPs (28 and 31 kDa) which copurified
with the 27-kDa IGFBP characterized in this report. These two
IGFBPs have an NH:-terminal amino acid sequence identical
to the sequence of the 27-kDa IGFBP. This might indicate that
HT29 cells secrete three isoforms of HT29-IGFBP with molec
ular masses of 27, 28, and 32 kDa, although further investiga
tion will be necessary to definitely corroborate this information.
It should be noted that using a growth inhibition assay, we have
been able to purify only one type of IGFBP, although larger
IGFBPs (37 to 38 kDa) can be visualized in concentrated HT29-
CM.' This might suggest that other IGFBPs synthesized by

HT29 cells have a less potent inhibitory activity than HT29-
IGFBP.

The biological roles of IGFBPs have been classified into
stimulatory (19, 42, 43) and inhibitory effects (19). Thus far
IGFBP-4 has been described only as an inhibitory IGFBP (27,
28). Inhibitory effects of IGFBPs are mostly due to the ability
of these proteins to prevent IGF molecules from interacting
with their specific receptors at the cell surface, thus neutralizing
the proliferative function of these peptides. This is also the
most obvious explanation of how HT29-IGFBP inhibits the
growth of HT29 cells. The observation that the Â«IR-3mono
clonal antibody induces an inhibitory effect on HT29 cell pro
liferation reinforces the evidence of a mitogenic potential for
IGFs on these cells. HT29 cells have been shown to secrete

3 Unpublished observations.
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IGF-II and express IGFs receptors at their surface. However,
neither IGF-I nor IGF-II was found to stimulate HT29 cells
maintained in serum-free medium (14). Our findings clearly
demonstrate that IGF peptides are involved in the promotion
of the growth of HT29 colon cancer cells, potentially through
an autocrine mechanism. The possibility that HT29-IGFBP
might interact with specific structures at the cell surface to
mediate its physiological action(s), as has been demonstrated
for IGFBP-1 (44), seems to be ruled out since its cDNA cloning
provided the evidence that like IGFBP-3 (26) it does not contain
an Arg-Gly-Asp sequence near its COOH terminus (30).

The key finding in this study is that an IGFBP can regulate
the proliferation of HT29 colon cancer cells. Cell proliferation
is a complex mechanism, and the precise balance between
positive and negative regulatory molecules controls this process.
Cancer cells add complexity to this system by producing their
own self-stimulatory substances. The in vitro imbalance we
created by adding a purified IGFBP to cancer cells sensitive to
IGFs disrupted their commitment to grow. IGFs in biological
fluids must be liberated from their binding proteins before they
can exert their growth-stimulatory action on target cells. This
suggests that IGF-secreting tumor cells might be able to make
IGFs accessible to their cellular receptors. This would result in
a growth advantage for the cancer cells.
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