
[CANCERRESEARCH5.V2W-2960. JuK 1. 1W|

Advances in Brief

Growth-stimulating Activity of Interleukin 6 on Human Mammary Epithelial Cells
Transfected with the int-2 Gene1

Fulvio BasÃ³lo, Simonetta Calvo, Lisa Fiore, Pier Giulio Conaldi, Valeria Falcone, and Antonio Toniolo2

Invitine of Pathological AnaÃoin\. University itf fisti Medicai School. 56100 Pisa Â¡F.B., S. C.. L F.Â¡.and Institute of 'Medicine and Public Health, UniversitÃ ' Ã>fPavÃaMedical

School. 57. Viale Borri. 21100 VÃ¡reseÂ¡P.C. C. V. F.. A. T.Â¡.Italy

Abstract

We have shown recently that normal human mammary epithelial cells
do produce intcrleukin 6 tll.oi. interleukin 8, and a nonsecreted Torrn of
tumor necrosis Tactor. Here we report that ductal inTiltrating mammary
carcinomas fail to express immunoreactive lid. Since abnormalities oT
cytokine genes are a Trequent event in cancer, we investigated the produc
tion of and the response to cytokines of mammary cells using a panel of
oncogene-transformed cells derived from the spontaneously immortali/ed
MCF-10A cell line. We found that only the parental line and the inl-2-

transformed cells responded to exogenous IL6 and/or were suppressed by
IL6-neutralizing antibody. In contrast to highly transformed cells, these
two lines, which were either nontransformed (MCF-10A) or weakly trans
formed (int-2), were found to express IL6 receptors. These data suggest

that loss of IL6 pathways can be a marker of mammary cell transforma
tion.

Introduction

Recently we have found that normal human mammary epithelial
cells do produce IL61 and IL8 together with a nonsecreted form of
TNF.4 In contrast, no evidence was found for the production either of

the three major forms of IFN or of IL-la/ÃŸ. These data were con
firmed by detection of cytokine-specific mRNAs in primary cultures
of MEC derived from reduction mammoplasty and by immunohis-

tochemical analysis of normal mammary glands. IL6. as other cyto
kines. has pleiotropic effects and is produced by various tumors and
tumor cell lines (1, 2). In addition. IL6 is implicated in the growth
regulation of several malignancies, in either an autocrine or a para-
crine fashion (3-5). To investigate whether the production of and the

response to cytokines proper of MEC are related to the events linking
oncogene hyperexpression to cell transformation, we produced a panel
of lines derived from the spontaneously immortalized MCF-10A cell
line (6) by transfection of the following oncogenes: int-2, c-Ha-ra.v,
c-erb-B2, and c-Ha-w.v plus c-erb-B2 (7-9). In comparison to primary
cultures, oncogene-transformed cells were found to be defective in

IL6 and IL8 production and. in partial agreement with the latter
finding, defects of IL6 production were found in all human mammary
ductal infiltrating carcinomas evaluated by immunocytochemistry.
This prompted us to study MCF-IOA cells and its oncogene-trans-
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formed derivatives with regard to their interactions with cytokines that
are produced by normal MEC.

Materials and Methods

Cell Lines; Cell Proliferation Studies; Anchorage-independent

Growth

Cell Lines. The MCF-IOA cell line is a spontaneously immortali/ed, hut

noi transformed, human breast epithelial line recently developed and charac
terized (61. Oncogenes (murine int-2 and hum.m c-Ha-ra.v. c-erb-B2. c-Ha-ru.v

plus c-erb-B2 ) were inserted by transfection or infection with retrovirai vectors

into MCF-IOA cells. The biological effects of these oncogenes on MEC have
been reported (7-9). MCF-IOA cells and their transformed counterparts were

grown in DMEM/F12 culture medium (Gibco. Grand Island, NY) supple
mented with 5% horse serum (Gibco). insulin, hydrocortisone, cholera toxin,

human recombinunt epidermal growth factor as reported (6); biochemiculs
were from Sigma Chemical Co.. St. Louis. MO). The human breast carcinoma
cell line T47D (kindly provided by F. Ciardiello. University of Naples. Naples.
Italy) was cultured in RPMI 1640 with 10% fetal bovine serum.

Cell Proliferation Studies. Analysis of cell proliferation was performed in
DMEM/F12 serum-free medium containing 0.1% bovine serum albumin. 5

fig/ml insulin. 5 (ig/ml human transferrin. and 5 ng/ml sodium selenite as
reported ( 10) by measuring: (a} DNA synthesis as incorporation of [ '-MlldUrd

(Amersham. Milan. Italy): and (hi mitochondria! function as an indicator of
cell viability, e.g.. by cleaving 3-(4.5-dimelhyllhia/ol-2-yl)-5-triphenyltetra/o-

lium bromide; MTT to form a colored forma/an product (Promega. Florence.
Italy). For DNA synthesis. 5000 cells/well were seeded in triplicate in 4X-well

plates in complete DMEM/F12 medium and cultured for 24 h: cultures were
then washed twice w ith serum-free medium and incubated for 4 h to eliminale

the remaining serum components. The medium was replaced with 0.4 ml of
either plain medium, medium containing cytokines (IL6. 0.01-1 ng/ml; IL8.
0.1-10 ng/ml; TNFa, 0.1-10 ng/ml: TNFÃŸ.0.1-10 ng/ml). or medium con
taining cytokine-neutrali/.ing antibodies (a dose neutralising at least 1000
biological units). At various times after treatment. 0.3 /iCi of [ l:l5I]IdUrd were

added to each well in 50 u,l of medium. Cultures were pulsed for 3 h followed
by 3 washes with warm medium. 3 precipitations with ice-cold lOVr trichlo-

roacetic acid, and DNA extraction with 2 \ perchloric acid at 60 for 30 min.

Radioactivity in the perchloric acid supernatant was counted in a gamma
counter and the results were expressed as

Nel cpm/culture

Net cpm in untreated control
X 100

The MTT lest was carried out under equivalent conditions by seeding lower
numbers of cells into 96-well plates with 6 replicas for each condition; cultures

were incubated for 5 or 7 days. Follow ing standard processing, the absorbance
at 570 nm (630 nm reference) was recorded with an enzyme-linked immun-

osorbent assay reader. The results were expressed as

Corrected absorbance of test well

Untreated control
x 100

Statistical analysis was performed with a PC software (Statgraphics; STSC,
Rockville, MD).
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Assay for Anchorage-independent Growth. Two-cm2 wells were layered

with 500 ni of 0.8% Agar Noble (Difco, Detroit. MI) in complete DMEM/F12
medium and IO4 MEC were seeded in 1 ml of 0.3% Agar Noble in complete

medium. Medium was changed twice a week, and 21 days later cultures were
photographed and the colonies (>60 jj.m) were counted. The assay was made

in triplicate.

Cytokines, Neutralizing Antibodies, and Evaluation of Cytokine
Levels

The following reagents were used: (a) human recombinant cytokines, IL6
(HIL-6-D; Genzyme. Cambridge. MA; UBI, Lake Placid. NY); IL8 (01-169.
UBI ; 1-50 17, Sigma). TNFa (T-0 157, Sigma), and TNFÃŸ( 1293-00, Genzyme);

(hi neutralizing cytokine antibodies. IL6 (LP-716. Genzyme: mAb IgGl. Bio-

source. Camarillo. Ã‡A),IL8 (06-198, UBI; AB-208, RD Systems, Minneapo

lis. MN). Levels of immunoreactive cytokines in tissue conditioned media
were measured in confluent cultures 5 to 7 days after plating by means of
commercially available enzyme-linked immunosorbent assay kits: IL la and
IL IÃŸ(Quantikine: RD Systems); TNFa (Factor-Test. Genzyme; Cytoscreen.

Biosource); IFNa and IFNy (Cytoscreen, Biosource); IFNÃŸ(Easia. Medgenix.
Brussels, Belgium); IL6 (Cytoscreen. Biosource; Predicta. Genzyme); IL8

(Quantikine, RD Systems; Cytoscreen. Biosource).

PCR Analysis of Cellular RNA

To detect cytokine-specific mRNAs in MEC cultures, total RNA was ex
tracted from 10h cells by the guanidinium thiocyanate method followed by

precipitation with isopropyl alcohol (II). After treatment with RNase-free
DNase for l h at 37Â°C,complementary DNA was obtained by using Moloney

murine leukemia virus reverse transcriptase in conjunction with random hex-

amer primers (Clontech. Palo Alto. CA; all molecular biology reagents were
from this firm). One to 4 jul of each complementary DNA sample were then
amplified by PCR using Taq polymerase and a panel of cytokine- or receptor-

specific primer pairs (Cytokine MAPPing Amplimers; Clontech). The reaction
was carried out in a total volume of 50 /nl with standard buffer containing
deoxynucleotide triphosphates (200 HIM each; Pharmacia. Piscataway, NJ).

Amplification was carried out for the following human genes: IL6 (amplified
product 628 base pairs), IL6-R (a-chain, amplified product 251 base pairs).
IL8 (amplified product 289 base pairs), and ÃŸ-actin(amplified product 1126

base pairs). The latter primer pair was used as a quality control for mRNA
detection. Total RNA obtained from primary venous endothelial cell cultures
was used as a specific control for IL8 expression. Samples of human liver
obtained at surgery served as controls for IL6 and IL6-R expression. Pream-

plified DNA specific for each primer pair (Clontech) was used as a further
control. Thirty amplification cycles were performed in a thermal reactor (mod
el 480; Perkin-Elmer Corporation. Norwalk. CT). Amplification products were

separated by electrophoresis on agarose gels containing 2% KILOrose and 0.5
mg/ml ethidium bromide in 45 mm Tris-borate-EDTA. Bands of the expected

molecular size were detected under UV light using FX 114/Haelll digest as size

markers.

Results and Discussion

Production of Cytokines by the MCF-10A Cell Line and Its
Oncogene-transfected Derivatives. Initial experiments showed that

all cell lines tested, with the exception of the highly malignant T47D
cell line used as control, released measurable amounts of IL6 and IL8
in the medium (Fig. \A). However, in comparison to primary MEC
cultures, the MCF-lOAcell line produced significantly reduced levels
of the above cytokines that appeared further suppressed in its onco-
gene-transfected counterparts. In agreement with previous data ob
tained on primary cultures,4 no cell line released sizable amounts of
either immunoreactive TNFa, IFNa/ÃŸ/-y,or ILla/ÃŸ. PCR analysis of

cellular RNA (Fig. IÃŸ)showed that all MCF-10A derivatives ex
pressed IL8-specific mRNA but lacked IL6 mRNA. IL6-R messages
were expressed only by the parental line and by mr-2-transfected cells.
These data indicate that in the MCF-10 model, immortalization and

oncogene transformation are related to increasingly serious abnormal
ities of IL6 gene expression. For unknown reasons, the /Vif-2-trans-

fected cell line was capable of secreting levels of IL8 that were higher
than those produced by the parental line. It should be recalled here that
IL6-R expression is up-regulated by glucocorticoid hormones (12) and
that cell cultures of differentiated MEC are grown in hydrocortisone-
supplemented media; thus IL6-R expression might be indirectly re

lated to the expression of glucocorticoid receptors.
Immunohistochemical Study of Human Breast Carcinoma. A

study of human breast cancer performed in parallel with an analysis of
normal mammary glands has shown that tissues obtained from 13
patients with ductal infiltrating mammary carcinoma were consis-
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Immunohistochemical Studies

For immunohistochemical staining, frozen sections of 13 samples of breast
cancer were cut at 5 jxm and immediately fixed in acetone:paraformaldehyde
(1:1, v/v) at -20Â°C. The following antibodies were used: IL6 (neutralizing

rabbit polyclonal antibody LP-716, Genzyme; neutralizing mouse mAb IgGl,
Biosource), IL8 (neutralizing rabbit polyclonal antibody 06-198. UBI; neutral

izing goat polyclonal antibody AB-208, RD Systems), TNFa (neutralizing
rabbit polyclonal antibody IP-300, Genzyme). Each section was stained with
the appropriate antibody dilution (mAb, 5-30 fig/ml; polyclonal antibody.

1:30-1:100) in phosphate-buffered saline-bovine serum albumin for 45 min.

Specific reactivity was revealed by immunoperoxidase staining using a com
mercially available avidin-biotin complex kit (Vectastain ABC kit: Vector.
Burlingame, CA); 3,3'-diaminobenzidine was used as substrate and slides were
briefly counterstained with Harris' hematoxylin.

872-

603-

123456123456123456

Fig. 1. A, cytokine concentration (pg/ml) in epithelial mammary cell lines expressing
activated oncogenes. Evaluation by enzyme-linked immunosorbent assay 6 days after
plating (each determination was made in duplicate). Minus sign, undetectable levels.
Sensitivity of tests were as follows: TNFa. 10 pg/ml; IFNa/ÃŸ,20 pg/ml: IFN-y. 10 pg/ml;

ILla7ÃŸ,50 pg/ml; IL6, 10 pg/ml; 1L8. 10 pg/ml. Superscript I. mean Â±SD of 5 primary
cultures. 6 days after plating. B. PCR amplification product of cellular mRNA on ethidium
bromide-stained polyacrylamide gels using IL6. IL6-R. and 1L8 primers. Lane 1. positive
control; Lane 2. MCF-IOA; Lane 3. MCF-10A-R; Lane 4. MCF-IOA-E; Lane 5, MCF-
10A-E+R: Lane fi, MCF-10A-I.

2958

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/53/13/2957/2450942/cr0530132957.pdf by guest on 19 M

ay 2023



CYTOKINES IN NORMAL AND ONCOGENE-TRANSHORMED MAMMARY CELLS

Table 1 SeniUfUdntiUitive scoring ofTNFa, ILO, timi IL8 immunoreactivity in normal
unii uncini infiltrating canÃ¯noma of mamnmry gland

Immunoreactivity"Case

TNFaNormal

muniiiiarygland1
+++(65)2

++(85)3
+++(75)Duclal

infiltratingcarcinoma1
++(65)2

+++(45)3
++(87)4

+++(65)56

+478

+910

+II1213

+â€¢+

(78)-+(75)+

(66)+
(69)+
(98)+
(55)+
(70)+
(48)+

165)IL6++

(70)++
(68)+++(83)-_--_-_-____-IL8+++(85)++(78)++(84)+++

(92)++
(57)++

(68)+++(97)+

(66)+++
(55)++

(80)+
(75)+

+(78)+
(72)+
(87)+

(54)+
+(73)

" -. no staining: +. weak staining: ++. moderate staining: +++. strong staining. Num

bers in parentheses, percentage of cells showing clear cytoplasmic staining. As reported in
"Materials and Methods." antibodies directed against each cytokine were obtained from

two different sources.

tently positive for cytoplasmic immunoreactivity with antibodies to
IL8 and TNFa but always negative for IL6 staining (Table 1). In
contrast, epithelial cells of normal mammary glands were strongly
reactive with the same IL6. IL8. and TNFa antibodies. This observa
tion confirmed the in vitm results showing that defects of IL6 pro
duction are a predominant feature of transformed mammary epithelial
cells. 1L6 immunoreactivity has been found by others in a series of
human tumors that included three cases of breast adenocarcinoma the
reactivity of which was defined as "moderate" (13). The reasons for

this discrepancy are not evident but might be related to the nature of
the IL6 antibodies used; we utilized, with equivalent results, two
different antibodies the IL6 specificity of which had been tested by
neutralization of IL6 activity on the 7TDI cell line (14).

Effect of Cytokines on Cell Growth. To see whether the growth
potential of immortalized or transformed MEC was influenced by the
addition of those cytokines that are produced by normal MEC. cul
tures in serum-free medium were exposed to increasing doses of IL6,

IL8, TNFa. and TNFÃŸ.DNA synthesis was then measured by eval
uating the incorporation of | '-5I|IdUrd at 2. 4. and 7 days of treatment.

Fig. 2 shows only the results obtained at day 2 since the other times
gave no significantly different results. 1L8 had no significant effects
while, as expected (15). slightly inhibitory effects were produced by
TNF. The only substantial finding was that IL6 promoted, in a dose-
dependent manner. DNA synthesis selectively in //ir-2-transformed

cells. To test the activity of these cytokines not only on DNA synthesis
but also on cell proliferation, the MTT test (which indirectly measures
the numbers of cultured cells) was used. As shown in Table 2, IL6
increased the numbers of i/il-2-transfected cells by a factor of 3 to 4.
This was seen with two doses at two different times; under the same
conditions no effects were produced on the other lines tested. Addition
of IL8 had no effects. Addition of anti-lL6 and anti-lL8 neutralizing
antibodies to cultures in serum-free medium significantly reduced by
approximately 50% ['-5I]IdUrd incorporation in the parental MCF-

10A cells and in the int-2 line, without affecting DNA synthesis in the
other oncogene-transfected MCF-10A derivatives and in the T47D

cell line (data not shown).
When anchorage-independent growth experiments were performed

in soft agar, ;>Â»-2-transformed cells failed to respond to IL6. Most
probably, this was due to the fact that cells hyperexpressing int-2 were

almost unable to form colonies in agar, indicating that insertion of this
gene induced only a partially transformed phenotype. In fact, the
numbers Â±SD of colonies formed in this test were: O (MCF-10A), 15
Â±4 (in/-2), 98 Â± 11 (c-Ha-ras), 86 Â±23 (c-erb-B2), 264 Â±37
(c-Hu-ras plus c-erb-B2), and 468 Â±35 (T47D). Thus, the above

order appears to define phenotypes that are increasingly transformed
i/i vitm.

These results are in partial agreement with what reported by Serve
et al. ( 16) on the general inability of IL6 to influence the growth of a
panel of human malignant nonhematopoietic cell lines. We observed,
however, that the growth of i/if-2-carrying mammary cells was sig

nificantly stimulated by IL6 and that antibodies to IL6 inhibited DNA
synthesis in the int-2 and in the parental line. This finding, apparently

unique in the model system investigated, is probably not so. since
breast MCF-7 cells have been shown to respond to IL6 by increasing

their ability to convert estrone to its biologically more active form
I7ÃŸ-estradiol (17). Other tumor cell lines have been seen to respond
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Fig. 1. DNA synthesis evaluated as incorporation of |'-5l]ldUrd. Five thousand cells/
well were seeded in triplicate in 48-well piales in complete medium and cultured for 24
h; cultures were then washed twice with serum-free medium and the medium was replaced
with either plain medium or medium containing cytokines. Forty-eight h alter treatment,
0.3 fiCi of I '-^l|ldUrd was added to each well, and alter DNA extraction radioactivity was

counted in a gamma counter. The results were expressed as:

Net cpm/culture

Net cpm in untreated control
X 100
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Table 2 Growth response in lljh and IIJÃŒ<>fMCF-IOA fell line and of ils uiicogene-transfiinned counterparts: evaluation In MTT assay"

CytokineIL61

ng/mlIO

ng/mlILSIO

ng/ml50

ng/mlDays

of
treatment57575757Absorbance

at 570 nm (c/r ofcontrol)MCF-10A78771649795.788128107MCF-10A-R81927792737781110MCF-IOA-E64851041139311610892MCF-10A-I174*299**163*424**10210582161MCF-IOA-R+E809598103688168

" Cultures were exposed to exogenous cytokines in serum-free medium, the MTT assay was performed according to standard protocols. Results are expressed as the corrected /\s7
of tesi well/untreated control x ](X). Asterisks, statistically significant differences from untreated cultures: *. P < 0.05; **. P < 0.0001 (n=6).

to IL6 with an increase of growth rate; these include the human
colorectal carcinoma LS1034 cell line (18) and Swarm rat chondro-

sarcoma cells (19). In both these reports, the IL6 response was po
tentiated hy costimulation with other cytokines: ILI orTGFÃŸ. respec
tively. On the other hand, it has also been reported that IL6 inhibits the
growth of the mammary T47D cell line (20). a finding that has not
been confirmed by the present study, as well as DNA synthesis in cells
obtained from early, but not advanced-stage human melanoma (21).

Thus a very complex situation appears to exist with regard to the
interactions of IL6 with neoplastic cells: (ii) an indifferent behavior,
exemplified by a number of malignant cells of different origin
(16, 21); (b) a stimulatory effect (17-19); (c) an inhibitory effect
(20, 21). We found that cells expressing IL6-R (MCF-10A and int-2)

were either stimulated by the addition of exogenous IL6 and/or in
hibited by neutralizing antibody to the same cytokine. The phenotype
of the latter mammary cell lines was nontransformed or weakly trans
formed as seen by clonogenic tests in agar. In contrast, highly trans
formed mammary cells lacked IL6-R and failed to respond to IL6; this

seems to reproduce what is found in the melanoma cell model (21).
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