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ABSTRACT

Crude, delipidated milk and the acid:ethanol extracts of pri
mary human breast tumors contain several activities that biolog
ically resemble transforming growth factors (TGFs) in that they
promote the anchorage-independent growth of normal rat kidney

and Mm5mt/Ci mouse mammary tumor cells in soft agar. Three
major TGF species with isoelectric points (pi) of about 4.0, 6.0-

6.5, and 7.0 have been detected in both tumors and milk. The
pi 4.0 species from milk has been purified about 10,000-fold by
isoelectric focusing and high-performance liquid chromatogra-
phy. This species, designated milk-derived growth factor II

(MDGFn), coelutes from gel filtration columns with an authentic
human epidermal growth factor standard when using a low ionic
strength eluting buffer. However, on the same column, MDGFn
is completely resolved from human epidermal growth factor with
high ionic strength eluting buffers. Nevertheless, MDGFn purified
by the latter technique still competes with 125l-epidermal growth

factor for receptor binding to A431 cell membranes. Additionally
the TGF activity of MDGFn present in the pi 4.0 fraction of milk
is markedly inhibited by anti-epidermal growth factor receptor

antibody preparations. Consequently MDGFn appears to be an
a-TGF. MDGFn is a pepsin-sensitive, disulfide reducing agent-
sensitive, heat-stable protein that may be physiologically impor

tant for the mammary gland or the neonate.

INTRODUCTION

TGFs2 are a family of heat- and acid-stable growth factors that

can reversibly confer several biological properties associated
with the transformed phenotype upon a variety of nontrans-
formed cells (1-11). These properties include: (a) a loss of
anchorage-dependent growth; (b) the ability of the cells to grow
as colonies in a semisolid medium; (c) a diminished serum
requirement for growth in monolayer culture; and (d) a loss of
density-dependent contact inhibition of growth. TGFs have been
recovered and partially purified from a broad spectrum of trans
formed cells in vitro and from a number of rodent and human
tumors (1,3,6,7,9,11-15). However, their presence in several

nonneoplastic rodent, bovine, and human tissues such as human
placenta, kidney, lung, mouse embryos and salivary gland, hu
man urine, serum, and platelets (2, 3, 9, 16-18) suggests that

this class of growth factors may perform some unidentified
physiological function(s) beyond mediating or maintaining the
transformed phenotype of malignant cells (3, 5, 6, 8, 9). TGFs
such as the a TGF subclass resemble EGF in their capacity to
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growth factor; MDGFÂ»,milk-derived growth factor II; NRK, normal rat kidney cells,
clone 49F; FCS, fetal calf serum; PBS, phosphate-buffered saline (0.15 M NaCI:5.6
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compete with EGF for binding to EGF receptors (1, 5, 6, 8-10,
19-22), while others such as ÃŸTGF do not compete for receptor

binding but exhibit an obligatory requirement for either EGF or a
TGF for the full expression of anchorage-independent growth-
conferring activity (1-3, 6, 8, 9, 13,14,19). Since EGF can also

potentiate the biological activity of ÃŸTGF and since it has partial
amino acid sequence homology with mouse, rat, and human a
TGFs (5,10), it has been operationally classified as an a TGF (9,
13). Both a and ÃŸTGFs have been isolated from nonneoplastic
tissues (2, 3, 9, 16-18). A third type of TGFs, 7 TGF, has also

been proposed (7) and recently identified (15). This TGF class is
capable of inducing soft agar growth in the absence of either
EGF or a TGF; it does not interact with the EGF receptor system,
and it is apparently not dependent on ÃŸTGF for its activity (15).

We have previously demonstrated the presence of TGFs in
the crude or semipurified acid:ethanol extracts prepared from rat
mammary tumors, as well as in the conditioned medium obtained
from cultures of primary, chemically induced rat mammary ad-

enocarcinomas (23) and from a human mammary carcinoma cell
line, MCF-7, and ten individual clones derived from the parent

cell line (24). Although not yet highly purified, the TGF activities
from all of these sources induce the anchorage-independent

growth of NRK cells in soft agar as colonies and also inhibit the
binding of 125I-EGFto intact cells or to membranes obtained from

A431 human epidermoid carcinoma cells, an EGF receptor-rich
source (25). Moreover, these mammary tumor-associated TGFs
are heat- and acid-stable proteins that are inactivated following
reduction. The NRK colony-stimulating activity associated with
the conditioned medium from MCF-7 cells has been partially

characterized; it has an apparent molecular weight in low salt of
6000 and has a pi of 4.0 (24). During the course of these studies
of human breast tumor-associated TGFs, it became apparent
that the MCF-7 cells, either in culture or propagated in nude

mice as tumors, were a poor source for obtaining sufficient
quantities of these human TGF-like activities for further charac

terizations. Further, the recovery of such activity from the con
ditioned medium of MCF-7 cells was generally low. In searching

for an alternative source, we found that human milk contains a
considerable amount of TGF-like activity which can be resolved

into three major species following isoelectric focusing. The pres
ent study was undertaken to purify and characterize the TGF-

like activity with a pi of 4.0 from human milk. We have opera
tionally named this activity MDGFn and have shown that this
activity probably belongs to the a TGF family, based on its
interaction via the EGF receptor system.

MATERIALS AND METHODS

Cell Culture. NRK cells (clone 49F) and human A431 epidermoid
carcinoma cells were grown as previously described (23). The C3H
mouse mammary tumor cell line Mm5mt/Ci (26, 27) was propagated in
Improved Minimal Eagle's Medium containing 10% FCS (v/v) supple
mented with 4 HIM glutamine, 20 mM W-2-hydroxyethylpiperazineA/'-
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ethanesulfonic acid (pH 7.4), streptomycin (100 Â¿ig/ml),penicillin (100
units/ml), (insulin 10 /Â¿g/ml;Sigma Chemical Co., St. Louis, MO), and
dexamethasone (1 Mg/m')-

Preparation and Extraction of TGFs. Pooled human milk (0.5 liter)
from four to five donors was obtained from the Georgetown University
Hospital human milk bank and was centrifugea at 15,000 x g for 30 min
at 4Â°C.The floating lipid layer was removed, and the supernatant was

filtered through glass wool to remove any residual lipids. The skimmed
milk was subsequently dialyzed for 18 h at 4Â°Cagainst 20 volumes of

distilled water, and the dialyzed material was centrifugea at 15,000 x g
for 30 min at 4Â°C.The supernatant was then filtered through an 0.8-/<m

Nalgene filter (28, 29). Biopsies of human breast tumor samples were
obtained from Dr. Patrick Byrne, Georgetown University Hospital.
Acid:ethanol extracts from pooled primary breast tumors were prepared
as described by Roberts ef al. (13). The etherethanol-precipitated ma

terial from the acid:ethanol extracts was solubilized with 1 M acetic acid,
dialyzed against 1% acetic acid, and lyophylized to dryness. The residual
material was solubilized in the appropriate buffer, and any insoluble
residue was removed by centrifugaron (23).

Purification of MDGF,,:IEF. Protein samples (100-200 mg) from milk

or tumor extracts were adjusted to or solubilized in 10 mw Buffalyte (pH
3-10; Pierce Chemical Co., Rockford, IL). Samples were loaded onto a
110-ml IEF column (LKB Model 8100 Ampholine column) in a 5-20%
sucrose gradient in 10 mw Buffante (pH 3-10) and focused for 24 h at
4Â°Cuntil the initial current (31 mA) had fallen to 3 mA. Fractions of 3 ml

were collected from the column and their pH was determined. The
fractions were then dialyzed against 500 volumes of 0.2 M ammonium
formate (pH 5.2) and lyophylized to dryness. The fractions were recon
stituted in 0.5 ml PBS, and aliquots were assayed for TGF activity by
their ability to stimulate colony formation of NRK cells in soft agar or
assessed for the presence of human EGF using an immunodot-blot
assay. Fractions containing the pi 4.0 TGF-like, MDGFn activity from

multiple runs were pooled for further purification by gel filtration or
reverse-phase chromatography.

Analytical and Preparative Gel Filtration HPLC. Approximately 1-
10 mg of milk protein in 0.2-10 ml of PBS was loaded onto either a 7.5-
x 300-mm (analytical) or a 21.5- x 300-mm (preparative) TSK 3000 SW

gel filtration column (Beckman) previously equilibrated with PBS or PBS
plus 1 M NaCI. The columns were eluted isocratically with the equilibration
buffer at a flow rate of 1-2 ml/min using a Beckman HPLC apparatus
equipped with a UV detector. One-mi fractions were collected, dialyzed
against distilled water for 24 h at 4Â°C,and lyophylized to dryness, and

aliquots from each fraction were assayed for either NRK colony-stimu
lating activity or for competition with 125I-EGFfor binding to A431 cell

membranes. Multiple runs on the preparative HPLC column were per
formed, and the peak fractions containing the soft agar growth-promoting
and/or EGF receptor-competing activity were pooled and lyophylized to

dryness. Purification was monitored by using NRK cells.
Reverse-Phase HPLC. Samples containing 0.25-1 mg of protein in 1

ml of 0.1% TFA in water were injected onto a Waters semipreparative
ds-MBondapak column (7.8 x 300 mm) (1, 9,13). The column was then
eluted with a linear gradient of 0-40% acetonitrile containing 0.1% TFA

at a flow rate of 1 ml/min. Fractions of 1 ml were collected and lyophy
lized, and aliquots from each fraction were assayed for either NRK
colony-stimulating activity or for competition with 125I-EGFfor binding to

A431 cell membranes.
Immunodot Blot Assay for Human EGF (Urogastrone). Milk or breast

tumor IEF fractions were analyzed for the presence of human EGF using
rabbit polyclonal antibodies generated against human urine-derived EGF.

Aliquots of the IEF fractions were applied to nitrocellulose paper and
reacted with rabbit anti-human EGF antiserum diluted 1:500 and devel
oped with peroxidase-conjugated goat anti-rabbit 7-globulin diluted

1:1000 (Dako, Copenhagen, Denmark). The relative amount of human
EGF present was estimated by comparing the color intensity of the
samples to the color intensity of sheets spotted with known amounts of
purified human urinary EGF.

Colony Formation in Soft Agar. Soft agar assays for screening
anchorage-independent growth-stimulating activity were conducted as
previously described using NRK cells (23). Briefly 1-2 x 103 cells were
suspended in 0.3 ml of 0.3% Difco agar supplemented with Dulbecco's
modified Eagle's medium and 15% FCS in the absence or presence of

aliquots from human milk or breast tumor extracts or aliquots from the
column fractions and layered over 0.3 ml of a 0.6% agarmedium base
layer in 24-well cluster dishes (Costar). In some experiments, the effects

of crude, delipidated skimmed milk or IEF fractions were tested on the
ability of Mm5mt/Ci C3H mouse mammary tumor cells to grow in soft
agar. In this case, 1-5 x 103 cells were seeded in 0.3% agar containing

15% FCS in the absence or presence of aliquots of milk and processed
as described for the NRK cells. Where indicated, a mouse monoclonal
anti-EGF receptor antibody (AB EGF-R 1*"; Oncor, Inc., Gaithersburg,

MD) at various dilutions was added to the agar overlay with the NRK or
Mm5mt/Ci cells in the presence or absence of milk aliquots or the pi 4.0
fractions. Various dilutions of a rabbit anti-human EGF antiserum (30)

generously supplied by Dr. Richard Savage, Department of Biochemistry,
Temple University School of Medicine, Philadelphia, PA, were also tested
under identical conditions. Recombinant human EGF was obtained from
Amgen Biologicals, Thousand Oaks, CA. All cultures were incubated for
10-14 days before staining the colonies with nitro blue tetrazolium (9,

13, 23). The number of colonies was determined with an Artek Model
880 colony counter equipped with a visual display. The data represent
the average results obtained from duplicate or triplicate cultures. Colo
nies greater than 40 to 50 /urn in diameter were scored and counted.

EGF RRA. Mouse EGF (receptor grade) was purchased from Collab
orative Research Laboratories, Waltham, MA, and 125I-EGF (specific

activity, 75-125 iiCi/Â¿tg)was obtained from Amersham Corporation,
Arlington Heights, IL. EGF receptor-competing activity in the milk frac

tions was assessed by incubating aliquots of each fraction with 2 ^g of
A431 membranes in a suspension or solid phase assay in 0.5 ml of
binding buffer containing 2.5 ng of 125I-EGFfor 1 h at 23Â°Cas previously

described (5,10, 31). All assays were conducted in duplicate.

RESULTS

Presence of TGF Activities in Human Milk and Breast Tu
mors. Human milk is known to contain a variety of growth factors
and hormones (28, 29, 32-35). As illustrated in Table 1, we now

show that TGF activities are also present in substantial amounts
as judged by the ability of aliquots of crude, skimmed milk to
potentiate the growth of NRK cells in soft agar. Acidiethanol
extracts of human breast tumors also possess considerable TGF
activity and, in fact, when normalized for the amount of protein
present in the samples tested, the tumors were about equipotent
with milk (Table 1). Three of 4 tumors tested were highly positive
for TGF activity, while 20 individual milk samples analyzed have
all been positive in the soft agar assay. The anchorage-inde
pendent growth-conferring activity of milk appears to reside

primarily in the whey fraction of milk, since removal of the casein

Table 1
Presenceof NRKcolony-stimulatingactivity in humanmilk and humanbreast

carcinoma acid:ethanol extracts
Two hundred-Mialiquots of skimmed milk (15 mg of protein per ml), casein-free

skimmed milk (9 mg of protein per ml), or reconstituted acid:ethanol extract of a
primary human breast carcinoma (3 mg of protein per ml) were tested for their
ability to inducethe growth of NRK cells in soft agar as described in "Materials and
Methods."

Addition NRK colonies/dish

None,control
Humanskimmed milk
Casein-free,skimmed milk
Primaryhuman breast carcinoma

0437 Â±68"

423 Â±53
156

" Mean Â±SE.
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fractions by precipitation at pH 5.6 fails to remove the TGF
activity (Table 1). A comparison of the number of colonies
produced by the pi 4.0 TGF (MDGF,,, see below) relative to
controls is illustrated in Fig. 1.

IEF Fractionation of the TGF Activities in Milk and Tumor
Extracts. Fifteen ml of dialyzed, skimmed milk (35 mg protein)
were loaded onto an isoelectric focusing column and developed
for about 16 h. Column fractions were collected and analyzed
for pH and then dialyzed and lyophylized in preparation for
screening in soft agar on NRK cells. The ether-precipitated

proteins present in the acid:ethanol extracts of the breast tumors
were also fractionated on the IEF column and similarly prepared
for TGF assays using NRK cells suspended in soft agar. The
assay results are presented in Fig. 2. Peaks of activity were
localized at pH 4.0, 6-6.5, and 7.0 for both the tumor and milk

samples. Whereas considerable TGF activity was recovered in
the focused fractions of milk, only very small amounts were
recovered from the tumor samples even though similar amounts
of total TGF activity were loaded onto the IEF column. For this
reason, we chose to continue to purify the TGF activity from
milk. Additionally the first peak of activity, that of the pi 4.0
fraction, was chosen for further study since a TGF activity with
a pi of 4.0 was also shown by us to be present in the conditioned
medium from MCF-7 cells, a breast cancer cell line (24). We have

operationally defined the pi 4.0 TGF activity of milk (and presum
ably of the tumor) as MDGF,,, to distinguish it from another acidic
growth factor, MDGF,, which has recently been purified by us
from milk (35).

Evaluation of EGF Contamination of MDGF,,. Since MDGF,,
is an acidic growth factor (pi 4.0 ), it was essential that this factor
be distinguished from EGF, a factor known to be present in
human milk (32). EGF present in the various fractions from the
IEF column was examined along with the TGF activity from the
same fractions. The results are given in Fig. 3. Whereas the TGF
activity focused at pH 4.0 (Fraction 3), the material which reacted
with an antiserum against human EGF focused maximally at pH
4.8 (Fraction 6). This is close to the value reported for human
EGF (36). The antibody used in these assays was a polyclonal
antibody generated against human urinary EGF. Less than 2%
of the total immunoreactivity detected was found in Fraction 3,

the fraction that contained almost all of the TGF activity detected
using NRK cells in the soft agar assay.

Since multiple molecular forms of human EGF have been
detected (33, 37), we decided to assess the possibility of EGF
contamination of the MDGF,, preparation (the pi 4.0 fraction)
using an alternate anti-human EGF antiserum. An amount of the

pi 4.0 fraction equivalent to 25 pi of milk, which would contain
maximally 1-2 ng of EGF (32), was tested for promotion of the

soft agar growth of NRK cells in the presence or absence of
sufficient anti-human EGF antiserum to neutralize 10 ng of
human EGF as determined in a radioreceptor assay. This anti-
serum was prepared by Savage and Harper against human
urinary EGF (30). As shown in Table 2, this antiserum reduced
the number of colonies growing in soft agar by about 45%. The
results suggest either that these antibodies against human uri
nary EGF cross-react with MDGF,,, or that the MDGF,, prepara

tions are variably contaminated with EGF. In any event it is clear
that most of the TGF activity in the pi 4.0 fraction or in crude,
delipidated milk is not neutralized by either the anti-human EGF

antibody that we generated nor by the one prepared by Savage
and Harper.

Partial Purification of MDGF,, by HPLC Chromatography. To
determine whether MDGF,, and human EGF could be physically
separated, the behavior of the two factors was compared on
molecular sieve columns. The results are given in Fig. 4. Upon
Chromatography on TSK 3000 SW HPLC columns using PBS as
the eluting buffer, all of the TGF activity in the pi 4.0 fraction was
found to elute at a position identical with that of human EGF,
indicating that MDGF,, had an apparent molecular weight of
approximately 6000 (Fig 4A). However, when the same material
was chromatographed on the TSK 3000 SW column using PBS
containing 1 M NaCI as the eluting buffer, a major peak of TGF
activity was found to elute as though much larger than the
human EGF standard (Fig. 4B). In fact, no peak of TGF activity
was found at the eluting position of human EGF (Fraction 32).
The apparent molecular weight of the major TGF peak (Fraction
26; Fig. 46) was approximately 17,000.

The same fractions eluted from the TSK 3000 SW column
with PBS:1 M NaCI were also analyzed for the presence of
factors that might compete with 125I-EGFfor binding to A431

Control MDGF2

Fig. 1. Artek colony counter visual display
of NRK colonies in soft agar in the absence
(control) or presenceof human milk MDGF, (pi
4.0 fraction). Cellswere grown for 10 days with
or without aliquots of MDGFÂ»(50 ^I/assay) and
stained with nitroblue tetrazolium.
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Fig. 2. IEF profile of NRK colony-stimulating activity from human milk and the
acid:ethanol extract of a primary human breast carcinoma. Delipidated, dialyzed
human milk (15 ml, 35 mg of protein) or the acid:ethanol extract from a primary
human breast carcinoma (100 mg of protein) was focused on a 110-ml 1KB
Ampholine column over the pH range of 3.0-10.0. Following the focusing run,
fractions were collected and the pH measured. Fractions were then dialyzed to
remove the Buffalytes, and duplicate aliquots of each were lyophilized. Reconsti
tuted fractions were tested for colony-stimulating activity using NRK cells, NRK
colonies per field (â€¢),and protein, Â»ig/ml(O), j, elution position of human EGF
following IEF under identical conditions.

membranes. Such an activity was found only in Fraction 26, the
fraction containing most of the soft agar growth-promoting activ

ity. This is shown in Table 3. To rule out the possibility that the
TGF activity in Fraction 26 might be due to EGF bound to some
binding protein, the pi 4.0 fraction was mixed with mouse 125I-

EGF, incubated briefly, and then chromatographed on the TSK
3000 SW column in high salt buffer. Fractions were collected
and assayed for soft agar growth-promoting activity and for

radioactivity. As seen in Table 3, the TGF activity was primarily
in Fraction 26, whereas the bulk of mouse 125I-EGFwas found

in Fraction 32. The results indicate that the major TGF activity
associated with the pi 4.0 fraction from milk is distinct from
human EGF and that it also can compete with EGF for receptor
binding. The results also indicate a lack of any significant human
EGF contamination in the pi 4.0 fraction, since there is no
inhibitory activity for 125I-EGF binding to its receptor in the

fractions where authentic human EGF Ã©lÃ»tesfrom the TSK 3000
SW column in high ionic strength buffer.

The Chromatographie behavior of the soft agar growth-pro
moting activity and of the EGF radioreceptor competing activity
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Fig. 3. IEF profile of NRK colony-stimulating activity and immunoreactive EGF

in human milk. The first eight fractions from the IEF run presented in Fig. 2 were
assayed for the presence of NRK colony-stimulating activity (â€¢)and for the
presence of human EGF by immunodot blot analysis (O) as described in "Materials
and Methods."

Table 2
Effect of anti-human EGF antiserum on the stimulation of NRK cell soft agar

growth by crude human milk and MDGFâ€ž(pl 4.0 fraction)
NRK cells (5 x 103) were grown in soft agar in the absence or presence of 50

Â¡A(400 Â¿igof protein) of crude, delipidated human milk or 25 pl (143 ng of protein)
of MDGFn (pl 4.0 fraction). Dilutions of the rabbit anti-human EGF antiserum were
included in the 0.3% agar overlay in the absence or presence of 50 p\ of human
milk or 25 Â¡Aof the pl 4.0 fraction. The number of colonies was then scored after
14 days following staining.

Treatment NRK colonies/dish

Control 10,15
Milk 100,105
pl 4.0 fraction 100,90

Milk + anti-human EGF antiserum (1:500) 56, 54
pl 4.0 fraction -I- anti-human EGF anti- 55, 52

serum (1:500)

Anti-human EGF antiserum (1:500) 8,10

in the pl 4.0 fraction was also examined on reverse-phase
columns. The samples were applied to a Cis-iiBondapak column,
and elution was performed with a 0-40% acetonitrile:0.1% triflu-

oroacetic acid gradient. A major peak of TGF activity was ob
served, and this peak coincided approximately with the EGF
receptor competing activity. Moreover, when the human EGF
standard was chromatographed under identical conditions, it
was found to elute 2-3 min earlier than the NRK soft agar or

EGF competing activities (Fig. 5). As was true of the pl 4.0
fraction chromatographed on the gel filtration column using the
high salt eluting buffer, there was no significant material eluting
from the reverse-phase column at the position of the human EGF
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Fig. 4. Gel filtration HPLC profile of NRK colony-stimulating activity of the pi 4.0
IEF fraction from human milk. In A, the pi 4.0 region from multiple IEF runs of
delipidated human milk was concentrated, and 1 mg of protein was chromato-
graphed on a 7.5- x 300-mm TSK-3000 SW HPLC sizing column at a flow rate of
0.5 ml/min in PBS. Duplicate aliquots from each column fraction were assayed for
NRK colony-stimulating activity (â€¢);absorbance at 280 nm ( ). J, elution position
of human EGF chromatographed under identical conditions. In B, chromatography
of the pi 4.0 fraction was on the preparative (21.5 x 300 mm) TSK 3000 SW
column in PBS:1 M NaCI. Elution conditions were the same as in A except for the
addition of 1 M NaCI to the eluting buffer. , absorbance profile of 280 nm of
the pi 4.0 fraction; â€¢,colonies of NRK cells/field; , absorbance profile of
human EGF standard run identical conditions. J, position of molecular weight
standards.

standard that was active in the EGF radioreceptor competing
assay.

Responsiveness of Mouse Mammary Tumor Cells to
MDGFn. It has been suggested that TGFs may act on the same
cells that produce them, and consequently, one might anticipate
that mammary cells would be responsive to the milk-derived

TGFs. To test this possibility, we cultured normal mouse mam
mary cells in soft agar with and without the pi 4.0 TGF containing
fraction from the IEF column. These cells did not respond but
rather became extensively keratinized and died. However, a

Table 3
Elution profile of NRK colony-stimulating activity, EGF RRA-competing activity,

and 125/-fGF from gel filtration columns in 1 M NaCI

One hundred ml of milk were focused on a 320-ml preparative IEF column, and
the pi 4.0 fraction was collected, dialyzed, and lyophilized to dryness. The sample
was dissolved in 2 ml of PBS:1 M NaCI, and 200 nl were injected onto the
preparative TSK 3000 SW column. Fractions from this column were similarly
dialyzed, lyophilized to dryness, and then dissolved in 2 ml of PBS. Fifty rf of each
fraction were assayed for soft agar growth-promoting activity. Colonies were
counted after 10 days. For the EGF RRA-competing assay, A431 cell membranes
bound to microtiter wells were used as described in "Materials and Methods." Two

and one-half n\ of the fractions were included in the assay. The peak fraction
(Fraction 26) displaced 386 cpm of 12SI-EGFin the RRA assay. Alternatively 200 nl
of the pi 4.0 fraction were incubated with 2.5 ng of mouse 125I-EGFand chromat

ographed on the TSK 3000 SW column in PBS:1 M NaCI. Aliquots from each
fraction were then counted.

Fraction20

22
24
26
28
30
32
34Colonies/

field5,4

8,9
19, 19
42,52
19, 13
20, 14
16, 17
11, 13%

of inhibition
of specific

binding0

0
0

8.8
0.2
0
0
0125I-EGF

(cpm x10~3)0.8

0.6
0.4
0.4
0.4
0.6

24.8
4.2

I 30

* 20

Fraction Number

Fig. 5. Reverse-phase HPLC profile of NRK colony-stimulating activity of the pi

4.0 IEF fraction from human milk. The pi 4.0 fraction (MDGF,,) from multiple IEF
runs of delipidated human milk (260 ^g of protein) was dissolved in 0.1% TFA and
chromatographed on a semipreparative C,a-nBondapak column (7.8 x 300 mm).
Proteins were eluted with a linear gradient of 0-40% acetonitrile containing 0.1%
TFA. Duplicate aliquots from each column fraction were assayed for NRK colony-
stimulating activity (â€¢)or for EGF receptor competing activity in the EGF RRA (O).

, percentage of acetonitrile. [, elution position of the human EGF standard
chromatographed under identical conditions.

mouse mammary tumor cell line, Mm5mt/Ci, unable to grow in
soft agar without TGF, gave a significant soft agar growth
response when the pi 4.0 TGF fraction (MDGFÂ«)was added.
There was about a 10-fold increase in colonies above the control

values (Table 4). Consistent with the observation on the ability
of MDGFn to compete with EGF for receptor binding, we also
found that the soft agar growth-promoting activity of MDGF,,

was blocked by a monoclonal antibody against the EGF receptor.
A1:500 dilution of the antibody reduced the number of soft agar
colonies by about 75%. The same amount of anti-EGF receptor

antibody had no effect on the mouse tumor cells when they were
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Table 4
Soft agar growth responseof MmSmt/C, mousemammary tumor cells to MDGFâ€ž

in the presence and absence of anti-EGFreceptor antibody

One thousand mouse mammary tumor cells were plated per well. A positive
control (crudedelipidatedmilk, 400 //g of protein)and the MDGF,,(280 ^g of protein
from the pi 4.0 fraction of the IEFcolumn)were analyzed.Fifty ^l of a 1:500dilution
of anti-EGF receptor antibody per well were also tested in the presence and
absence of the MDGF,,preparation. Colonies were counted 14 days after plating.
The receptor antibody by itself was inactive, but it reduced the number of colonies
produced by MDGF, by 75%.

Additions Colonies/field

None
Milk
MDGF,
Receptor antibody
MDGF, + receptor antibody

3,6
57,70
35,38
3,6
12, 14

grown on tissue culture dishes rather than in soft agar, ruling
out a nonspecific toxicity of the antibody preparation (data not
shown).

Chemical Stability of MDGF,,. To determine whether MDGFÂ»
was a protein, 200 ^g of the pi 4.0 fraction were digested with
100 ng of pepsin in 1 M acetic acid for 1 h at 37Â°C.The sample

was then neutralized with NaOH and tested for soft agar growth-

promoting activity with NRK cells. Pepsin digestion completely
destroyed the activity. The number of colonies produced was
109 Â±8 without pepsin treatment and 4.5 Â±1.5 colonies per
well in the pepsin-treated MDGFn. Controls of the pi 4.0 fraction

incubated in acetic acid but without pepsin showed that the acid
treatment alone did not inactivate MDGF,,. When the same pi 4.0
fraction was incubated with 65 HIM dithiothreitol for 2 h at 20Â°C

in PBS, then dialyzed against 10 liters of PBS, and tested with
NRK cells for soft agar growth-promoting activity, it was also
found to be inactivated. The disulfide-reducing agent treatment

reduced the number of colonies produced by MDGFMfrom 109
Â±8 to 13 Â±2 colonies per well, a 90% inactivation. In contrast,
MDGFi, was found to be heat stable. Heating for 30 min at 100Â°C

resulted in a preparation that retained 100% of the soft agar
growth-promoting activity (115 Â±7 and 109 Â±8 colonies per

well for the heated and nonheated samples, respectively). Thus,
MDGFn is a protease-sensitive, disulfide-reducing agent-sensi
tive, heat-stable protein.

DISCUSSION

a TGFs and ÃŸTGFs have been identified in a variety of
nonneoplastic human, bovine, and murine tissues (2, 3, 9, 16-

18). These TGFs, like their counterparts from human and rodent
tumors and tumor cell lines, have similar biological and physical
properties, although their molecular weights may differ. In hu
mans, platelets, placenta, and urine from normal pregnant
women as well as tumor-bearing individuals have been shown
to be sources of anchorage-independent growth-conferring, or

TGF, activities (2,17,18). To this list can now be added human
milk and human mammary tumors.

Human milk and breast tumors contain at least three TGF
species that can be resolved by isoelectric focusing. One of
these TGF species is a protein with a pi 4.0. This protein
resembles other TGF species that have been described in that it
is heat stable but inactivated by disulfide reducing agents or
proteases (3, 6). This protein, which we have named MDGFn,
has been purified about 10,000-fold from milk. The two other

more neutral TGF species from human mammary tumors or milk

have not yet been characterized. However, their pi (about 6-7)

is close to that reported for the TGF species produced by murine
sarcoma virus-transformed mouse fibroblasts and from the urine

of cancer patients (21, 38). Because of the similarities of MDGFn
to a comparable factor recovered from the conditioned medium
of MCF-7 cells, a human mammary tumor cell line (24), we have

first concentrated on the characterization of this TGF species.
Its relative abundance in milk and its high recovery from that
source prompted our purification from milk rather than from
human mammary tumor biopsies.

The acidic pi and the apparent molecular weight of MDGFn,
deduced from chromatography on gel filtration columns using
low salt buffers, necessitated that the factor be distinguished
from EGF, a known component of milk (32). EGF is a small-
molecular-weight, acidic protein (36) that can promote the growth

of sensitive cells such as NRK cells in soft agar (1). Several lines
of evidence indicate that the two factors are not identical. First,
MDGFn can readily be separated from EGF by isoelectric focusing
and by gel filtration chromatography on TSK 3000 SW columns
in high salt buffers. MDGFn and human EGF are also well resolved
by reverse-phase HPLC chromatography. Additionally, a poly-

clonal antibody that we prepared against four isoforms of human
urinary EGF (37) showed no reactivity against the pi 4.0 fraction
in which MDGFn localizes upon isoelectric focusing. Our antibody
is equally active against all four of the human EGF isospecies
(37). However, a second polyclonal antibody, prepared by Sav
age (30), did partially neutralize the soft agar growth-promoting

activity of the pi 4.0 fraction. The question of whether we are
dealing with a minor molecular weight variant form of human
EGF cannot be resolved from these studies. It should be noted
that mouse EGF is derived from a high-molecular-weight precur
sor protein (M, ~ 133,000) that contains seven EGF-like se

quences (39). Whether MDGF,, is related to one of these must
await its purification and subseqent amino acid sequencing. It is
very clear, however, that MDGFn (pi 4.0; Mr ~ 17,000) is not the
mature form of the EGF molecule (pi 4.8; M, ~ 6,000).

MDGFn, purified by isoelectric focusing and subsequently by
HPLC chromatography on gel filtration or reverse-phase col

umns, competes with EGF for EGF receptor binding. This fact
plus the observation that MDGFn activity in the soft agar growth-
promoting assay is neutralized by an anti-EGF receptor antibody

(20) suggests that MDGFN may belong to the a class of TGFs
(3, 6). Furthermore, MDGFM is able to stimulate the growth of
mammary tumor cells in soft agar. Since a factor resembling
MDGFn is released into the growth medium by a human mam
mary carcinoma cell line (24) and since human mammary tumors
are shown here to contain MDGFn, this growth factor is a
reasonable candidate for a mammary autocrine growth factor
produced by and acting on both normal and neoplastic mammary
epithelium. Our inability to demonstrate an effect of MDGFn on
the anchorage-independent growth of normal mouse mammary

epithelial cells probably reflects the requirement for additional
factors in vitro which may be found in vivo. Defining the role(s)
and distribution of this factor in the growth, development, and
transformation of the mammary gland in vivo will obviously be
necessary to ascertain its relevance in mammary tumorigenesis.

ADDENDUM

Subsequent to our submission of this manuscript, Petrides ef a/. (Petrides, P.
E., Hosung, M., Shooter, E., Esch, F. S., and Bohlen, P. Isolation and characteri-
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zation of epidermal growth factor from human milk. FEBS Lett., 787: 89-95,1985)
have also isolated four Â«TGF-related peptides from human milk of which one was
found to be identical to human EGF. The other three TGF species were found,
however, to be chemically distinct from EGF. The relationship of these three TGF
species which were resolved by reverse-phase HPLC to the three TGF activities
described in this paper remains to be determined.
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