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Isolation and characterization of a new human breast
cancer cell line, KPL-4, expressing the Erb B family
receptors and interleukin-6
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Summary A new human breast carcer cell line, KPL-4, was recently isolated from the malignant pleural effusion of a breast cancer patient
with an inflammatory skin metastasis. This cell line can be cultured under serum-free conditions and is tumorigenic in female athymic nude
mice. Flow cytometric analysis revealed the expression of Erb B-1, -2 and -3. Dot blot hybridization showed a 15-fold amplification of the
erb B-2. Reverse transcription-polymerase chain reaction analysis showed a detectable level of mRNA expression of all the Erb B family
receptors. In addition, all the receptors were autophosphorylated under a serum-supplemented condition. Unexpectedly, transplanted KPL-4
tumours induced cachexia of recipient mice. A high concentration of interleukin-6 (IL-6) was detected in both the culture medium and the
serum of mice. The weight of tumours significantly correlated with the serum IL-6 level. The antiproliferative effect of a humanized anti-Erb

B-2 monoclonal antibody, rhuMAbHER2, was investigated. This antibody significantly inhibited the growth of KPL-4 cells in vitro but modestly
in vivo. Loss of mouse body weight was partly reversed by rhuMAbHER2. These findings suggest that KPL-4 cells may be useful in the
development of new strategies against breast cancer overexpressing the Erb B family receptors and against IL-6-induced cachexia.
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Well-characterized human cancer cell hines are essential rescarch
resourees for studying cancer cell biology as well as for strategics
against cancer cell growth and progression. We recently estab-
lished & new human breast cancer cell line, designated KPL-4,
froms the malignant pleural effusion of u breast cancer patient with
aninffummatory skin metastasis that was resistant to various
chemoendocrine therapies and radiation therapy. Inflammatory
breast cancer, which is known 10 show an agpressive clinical

behaviour, has been reported to frequently overexpress Erb B-2 or

possess an amplificd c-erh B-2 gene (Charpin et al, 1992: Prost et
Al 1990 As expected. immunaocytochemical, flow cytometric and
feverse  transcription polymerase  chain - reaction (RT-PCR)
amalyses showed an overexpression of Erb B-2 in this KPL-4 cel]

tine. Dot blot hybridization also showed a 15-fold amplification of

the c-erh B-2 gene. [n addition. Erb B-2 wus autophosphorylated
under a serum-supplemented cond:ition. These findings suggest
that this cell line has highly activated Erb B-2 and may be a useful
model for studying the roles of Erb B-2 receptor overexpression in
breast cancer cells.

The Erb B family consists of four related proteins. All of these
proteins are thought 10 be growth factor receptors. Recent reports
have suggested that these tamily mambers are activated by their
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respective ligands, epidermal growth factor (EGF)/transforming
growth factor o0 (TGF-o) family members or heregulin/neu differ-
entiation factor members through heterodimer formation as well as
homodimer formation (Carraway and Cantley, 1994 Earp et al.
[995). Tt has been suggested that the Erb B-2 signal transduction
pathway plays critical roles in growth regulation or the transfor-
mation of cells overexpressing multiple Frb B family members
(Beerli et al. 1995 Karunagaran ¢t al. 1996: Lewis ot al, 1996:
Zhang et al, 1996: Graus-Porta ot al, 1997). In addition. cither
cpidermal growth factor receptor (EGE-R) or Frb B-2 OVCrexpres-
sion in breast cancer has been known 1o be o worse prognostic
indicator (Sainsbury ¢t al. 1987: Wright ¢t al. 1989). A recent
report also suggests that Erb B-3 expression is frequently observed
in breast tumounrs of a larger size and higher nuclear erade (Travis
et al. 1996). These findings indicate that the Erb B family
members and. in particular. Erb B-2 may play an important role in
breast cancer cell growth and progression.

[mmunohistochemical analysis of the Erb B-2 expression in
breast cancer tissues has clearly demonstrated that Erb B-2 over-
expression oceurs only in breast cancer cells (Walker et al. 1989).
Taken together with the importance of the Erb B-2 overexpression
in breast cancer progression. breast cancer cell-specific over-
expression of Erb B-2 indicates that blockade of the Erb B-2 signal
transduction pathway may be a powerful and selective therapeutic
method in patients with Erb B-2-overexpressing breast cancer
(Shepard et al. 1991: Disis and Cheever. 1997). Recently,

promising results from intravenous administration of a humanized
anti-Erb B-2 monoclonal antibody to heavily-pretreated patients
with Erb B-2-overexpressing recurrent breast cancer have been
reported (Baselga et al. 1996).
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Iin this article. the isolation and characterization of our new
KPL-4 human breast cancer cell line are presented. In addition. the
antiproliferative effect of a humanized anti-Erb B-2 monoclonal
antibody. rhuMAbHER?2. which is under clinical study. on KPL-4
cells was studied both in vitro and in vivo. thuMAbBHER? signifi-
cantly inhibited the growth of KPL-4 cells under both anchorage-
dependent and -independent conditions. This antibody also
modestly inhibited the growth of KPL~4 cells transplanted into
female athymic nude mice. Unexpectedly. the transplanted
tumours  induced cachexia of the recipient mice.
Interestingly. a high level of immunoreactive interleukin (IL}-6
was detected in both the culture medium and the serum of the
recipicnt mice.

severe

MATERIALS AND METHODS
Patient and cell culture

A S2-yeur-old Japanese woman with a primary breast cancer
underwent a modified radical mastectomy in September 1992, The
histologic diagnosis of the resected specimen was invasive ductal
carcinoma - with muliiple  axillary  lymph node  metastases.
Biochemical analyses of estrogen receptor (ER). progesterone
receptor {PeR) and EGE-R in the primary tumour showed that this
tamour expressed all the three receptors. In spite of adjuvant
chemoendocrine therapy  with a S-fluorouracil derivative and
taimoxiten. supraclavicalar lvmph node metastases appeared in
November 1994, The patient received a combined therapy
including  chemoendocrine therapy  with medroxyprogesterone
acetate, eyclophosphamide. epirubicin and mitomyein C and radi-
ation therapy from November 1994 1o December 1995, The recur-
rent discase progressed with little response to these therapics.
Pleural cffusion wnd inflammatory skin metastasis appeared in
December 1995, Cytologic examination ol the effusion showed
atypical epithelial cells, Mitosantrone was administered into the
pleural effusion “Ihree weeks after the administeation, the pleural
2lTusion increased and thoracic drainage was performed to reduce
the volume of the elfusion. During the same period. the infTamma-
tory skin metastasis progressed and the patient died of breast
cancer i February 1996,

Malignant pleural effusion was obtained from the patient at the
time of the thoracic drainage. A S0 ml volume of the heparinized
flutd was centrifuged at 150 g for 10 min. The cell petlet was
resuspended and plated in T-25 flasks (Corning Japan, Tokyo,
Japam containing Dutheceo’s moditied Eagle's mediom (DMEM)
supplemented  with 10%  fetal bovine serum  (FBS) (ICN
Biochemicals, Costa Mesa. CA. USA). Serial pussages  using
0.05% trypsin and 0.02% EDTA in phosphate-buffered saline
(PBS) were performed once or twice a week. Since atypical
epithelial cells predominantly grew in culture during all of the
passages and eytogenetic analysis as described below strongly
indicated the cells w0 be of 4 monoctonal origin. we have not
attempted 1o subclone them.

Morphologic analysis

Hiematoxyviin~cosin staining of paratlin-embedded specimens
wis performed using the conventional method in resected samples
from nude mice beuring KPL-4 transplanted tumours. Micro-
photographs were obtained with an Olvmpus AH-2 microscope
tOlympus. Tokvo. Japan). The cultured cells were observed and
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phase-contrast microphotographs were taken with an inverted
Nikon Diaphot-TMD microscope (Nikon. Tokvo. Japanj. For
transmission electron microscopy. KPL-4 transplanted tumours
were resected. minced into blocks I mm in size and fixed with
2.5% glutaraldehyde in PBS for 2 h at 4°C. After washing with
PBS. the blocks were post-fixed with 19 osmium tetroxide in
0.1M cacodylate buffer and embedded in epoxy resin. These
blocks were cut into thin sections with a Supernova ultracutter
(Reichert-Jung. Vienna. Austria) with a diamond knife. stained
with uranyl acetate and lead citrate. and examined with a Hitachi
H-7100 electron microscope (Hitachi Electronics. Tokyo. Japan).
For immunocytochemical staining. paraffin sections of the tumour
samples or cell pellets fixed with 5% buffered-formalin and
embedded in paraffin werc dewaxed with xylene. hydrated with
PBS. treated with hydrogen peroxide for elimination of endoge-
nous peroxidase and then processed by the immunoperoxidase
procedure. Rabbit anti-cytokeratin (Milab. Tokyo. Japan). anti-
carcinoembryonic antigen (Milab). anti-CA 15-3 (Turner. Tokyo.
Japan). anti-vimentin (Dako Japan. Tokyo. Japan) and anti-Erb
B-2 (Triton Bioscience. Alameda, CA. USA) antibodies were used
as the first antibody. Control experiments were performed by
substituting normal rabbit serum for the first antibody. The reac-
tion was visualized by streptavidin-biotin (Nichirei, Tokyo. Japan)
recommendations

techniques  following. the  manufacturer’s

(Kurebayashi ¢t al, 1995).

Chromosomal analysis

Cytogenetic analysis was performed after this cell line had been
passed 16 times. Semi-confluent cells were exposed to 0.1 g ml !
coleemid for 4 hand detached with a trypsin solution. A hypotonic
solution o 0.075 M potassium chloride was added. and the cells
were fixed with 3:1 methanol-acetic acid and stained convention-
ally with Giemisa.

Receptor analysis

ER and PeR in the cell pellet and tansplanted wmours were
measured by an enzyme immunoassay using the ER-EIA and
PeR-EIA Kits (Dinabot, Tokyo. Jupan) following the manufac-
turer’s recommendations. EGF-R in membrane fractions of the
samples was determined by o radioreceptor assay using 13HEGE
(New England Nuclear. Boston. MA. USA) as the ligand as
deseribed elsewhere (Yasui et al. 1988}

erb B-2 amplification

Total cellular DNA was extracted by a conventional phenol-
chloroform method. DNA dot blot hybridization was performed as
described previously (Kurebuvashi et al. 1993}, In bricl. DNA
samples were spotted onto Hyvbond N nvlon sheets (Amersham.
Arlington Heights. 1L, USA). which were hybridized with o 3P-
labelled specitic: DNA probe and exposed to X-ray films.
Hybridization signals were analysed with a BSA2000 bioimaging
analyser (Fuji Film. Tokyo. Japan). The degree of oncogene ampli-
ficution was estimated by comparison with the radiouctivity of
placental DNA on the same membrane. The uctin probe was used
as an internal control. The DNA probe was o 1.6 kb EcoR] frag-
ment of human c-erb B-2 obtained from Otsuka Pharmaceutical
Co. (Tokushima. Japun).
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Flow cytometric analysis

Approximately 1 x 10 cells per sample were harvested with
iry psin. stained with first antibodies for 1 h and washed with PBS
twice. The samples » ere then stained with secondary fluarescein
isothioeyvanate (FITC)-antimouse antibody (Becton Dickinson.
San Jose. CAL USA) for 30 min and washed with PBS twice
The level of each Erb B receptor cell-! was analysed by a flow-
evtometer (Becion Dickinson). The first antibodies were as
follows: anti-EGF-R monoclonal antibody (Oncogene Science.
Uniondale. NY. USA). anti-Erh B-2  monocional antibody
(NeoMarker. Freemont. CA. USA). anti-Erb B-3 monoclonal
'lnlihnd (NeoMarkery and anti-Frb B-4 monoclonal antibody
NeoMarker).

RT-PCR analysis

Total cellular RNA was extracted with a TRizol RNA extraction
Kit (GIBCO BRI Life Technologies. Gaithersherg, MD. USA)
according to the manutacturer's recommendations. One micro-
gram of total RNA and 120 pmol of Oligo (dTy primer in 13 pl
was heated to 70°C for 10 min followed by cooling on ice for
Fmin. ¢DNA syathesis was initiated with 200 units of reverse
(CLONTECH Laboratories Inc.. Palo Alto. CA,
USA)Y under conditions recommmended by the manufacturer. and

transcriptase

the reaction was allowed to proceed at 42°C for t . The reaction
was terminated by heating at 947°C Tor 53 min., ¢cDNA was finally
dissolved ina totd of 100 1l dicthylprocarbonate-treated water
and frozen at -20°C before use. Oligonucleotide primers for
RT-PCR were designed using published sequences ol human
EGE-R. Brb B-20 Erb B-3. irb B4 and B2-microglobulin and
synthesized by the solid-phase triester method (Table ). PCR was
performed using a 130 10 1:100 ditution of cDNA. 200 a1 of cach
primer. 200 us ANTPs, 10 mat Tris-HCl (pH 8.3). 1.5 mnt magne-
sium chloride. SO mv potassium chloride, 0.0 1% gelatin and 1 unit
o Ampli-Tag DNA polymerase (Perkin-Elmer Cetus, Norwark.
CTOUSA)Y ina final volume of 20 HLAfter an initial denaturation
dUO4°C for S min, anncaling at 37°C for 1 min, and extension al
72 C for Imin were performed on 1 DNA Thermal Cycler 2400
tPerkin-Elmer Cetus). The final oxtension was performed  tor
7 min. PCR products were analysed ina 1.29% agarose gel stained
with cthidium bromide.

To compare relative expression levels of cach Erb B family
receptor in humun breast cancer cell lines, the PCR products in the
agarose gel were stained with ethidium bromide. A gel image was

KPL-4 human breast cancer cell line 709

obtained using the FAS-11 UV-image analyser (TOYOBO. Tokyo.
Japani. and the densities of the products were quantified using the
Quantity One version 2.5 (PDI Inc.. Huntington Station. NY.
USA) The relative expression levels were caleulated as the
density of the product of each Erb B family receptor divided by
that of B2-microglobulin from the same cell line. The following

three human breast cancer cell lines were selected as the positive

controls: the MDA-MB 231 cell line. highlyv expressing EGF-R:
the SKBr-3 cell line. highly expressing Erb B-2 and Erb B-3
(Etheir et al. 1996 and the T-47D cell line. highly expressing Erb
B-3 and Erb B-4 (Plowman et al. 1993),

Immunoprecipitation, Western blot and
phosphorylation assay

KPL- or T-47D cells were cultured in 100 mm-diameter dishes in
DMEM supplemented with 5% FBS, and then they were washed
twice with PBS and lysed in ! ml of tysis buffer | Tris-buffered
saline (pH 6.8) containing sodium dodecy! sulphate (SDS) and
B-mercaptocthanol . Cell lysates were precleared with 30 pl of
normal rabbit scrum for | vat 4°C. The lysates were then immuno-
precipitated with cither anti-EGF-R (Oncogene Science), anti-Erh
B-2 antibody (NeoMarker). anti-Erb B-3 (C-17. Santa Cruy
Biotechnology. Santa Cruz. CAL USA) or anti-Erb B4 (C-1&.
Santa Cruz Biotechnology) antibody in combination with protein
A agarose (Pharmacia, Piscataway. NJ. USA) overnight at 4°C
with gentfe agitation. The i Ill]mUI]()plLLIPILI[L\ were subsequently
washed four times in washing bufter prior to clectrophoresis on a
4-10% SDS polyacrylamicle gel clectropheresis (SDS-PAGE)
(Tris-glycine gradient geh) (Novex. San Dicgo. CAL USA). Next.
they were clectroblotted  onto Hybond  ECL nitrocellulose
membranes (Amersham). After being blocked overnight with 5%

bovine serum albumin (BSA) in Tris-buffered saline containing
0.05% Tween 20 (pH 7.5). the blots were incubated with mono-
clonal antiphosphotyrosine antibody (U pstate Biotechnology Inc.,

Lake Placid. NY. USA) for 1 h. After extensive washing. they
were then labelled with peroxidase-tagged sheep antimouse TeG
(L1000 for 30 min and visualized by ECL detection (Amcersham)
(Tang et al. 1990).

To in\"c.\'[igulc the cross talk between EGF-R and Erb B-2.
0.1 pg ml P EGE or 0.1 pg w7 heregulin BT (NeoMurker) was
added o a routine culture medium 24 h before the cell harvest and
then tyrosine phosphorylation of Erb B-2 was explored by the
same method as described above.

Table 1 Sequence of oligonucieotide primers used in RT-PCR and size of predicted products amplified

Primer (bp) Sequence Size of predicted product
EGF-R Forward 5-GCACGAGTAACAAGCTCACG-3" 231
Reverse 5-TTCCTCTGATGATCTGCAGG-3’
Erb B-2 Forward 5-AGCAGAGGATGGAACACAGC-3 121
Reverse 5-CTCCTGGATATTGGCACTGG-3"
Erb B-3 Forward 5-TAGTGGTGAAGGACAATGGC-3 116
Reverse 5-AGGAGCACAGATGGTCTTGG-3’
Erb B-4 Forward 5-AGTCAGTGTGTGCAGGAACG-3’ 130

Reverse 5-TCAATGCTGGTTATCTCCAGG-3’

3 2-microgiobulin

Forward 5-CATCCAGCGTACTCCAAAGA-3’ 165
Reverse 5-GACAAGTCTGAATGCTCCAC-3
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Cell growth in vitro

Two times 107 cells per well were plated in 12-well plates (SB
Medical. Tokvo. Japan) and grown in DMEM supplemented with
3¢ FBS at 37°C in a 3% carbon dioxide atmosphere. Triplicate
wells were trypsinized every other day and the cell number was
measured by a Coulter counter (Coulter Electronics. Harpenden.
UK). The tumour doubling time was estimated from the lincar
portion of the growth curve. To investigate the effect of EGF on
the growth of KPL-4 cells. 2 x 107 cells per well were plated in the
12-well plates and grown in DMEM supplemented with 5% FBS
for 2 days. Then the cells were washed twice with PBS and grown
in a scrum-frec DMEM supplemented with 0.1-10 g ml ' EGFE.
The culture medium was changed every other day. Triplicate wells
were trysinized 4 or 8 days after switching the culture medium and
the cell number was counted.

The cffect of a humanized anti-Erb B-2 monoclonal antibody.
rthuMAbHER?2 (provided by Mitsubishi Chemical Co.. Tokyo. Japan
and designated MKC-254 in Japan) was investigated using this
systen. thuMADBHER?2 is a construet containing the antigen-binding
loops of the murine 4DS antibody with human variable region
framework residues plus 1gG, constant domains (Fendley et al,
1990: Carter et al. 1992). Two times 107 KPL-4 cells per well were
plated in the 12-well plaies and grown in DMEM supplemented with
5% FBS for 2 days. Then the cells were washed twice with PBS and
erown i1 DMEM supplemented with 5% FBS plus 0.1-10 pg ml'!
MuMADBHER2 for 4 days. As the control, concentrations of human
leG | (Sigma Bioscienee, St Louis. MO. USA) of the same amount
were added to the medium. The mediom was changed every other
day. Triphicate wells were trypsinized and the cell number was
measured. To investigate the effect of thuMAbHER2 on the stimu-
fated growth of KPL-4 cells by EGE 10 ug mi P rhuMADBHER2 was
added o DMEM supplemented with 0.1 pg ml ' EGE

Anchorage-independent growth in soft agar was also investigated
in this cell line. A top layer ol 0.25% agarose (Iwaki Chemicals,
Tokyo. Japan) in DMEM containing KPL-4 cells at a density of
2 x 10 per owell was added 1o cach well of a 6-well plate (5B
Medical) onto o bottom Layer of 0.5% ugarose in DMEM containing
0110 g ml ! thuMADBHER2, 0. ug ml ' EGE alone or plus
10 e wl PrhuMABHER2 or 10 tg mit human LeG (as a control).
After 227 weeks. colonies were stained with 250 e per dish 3-(4.5-
dimethylthiazol-2-y1)-2.5-diphenyl  tetrazolium - bromide  (Sigma
Chemical Co. St Louis. MO, USA) and enumerated using an
Onmicon 3600 Tumour Colony Image Analysis System (Imaging
Products International Ine.. Charlestown, VAL USA).

Celt growth in vivo

Approximately 1 x 187 KPL-4 cells were inoculated into the
mammary tat puad of d-week-old female nude mice or severe
combined-immunodetficient (SCID) mice (CLEA Japan, Tokyo.
Jupan). Semi-contluent KPL-4 cells were trypsinized and hurvested
and viable cells were counted in o haemocytometer using trypan
blue exclusion. Tumour volume was calculated as the product of the
Jargest diameter. the orthogonal measurement and the tumour depth.
Mean tumour volume was caleulated as the sum of tumour volumes
divided by the number of tumours. After the mice were sacrificed by
cervical dislocation. ransplanted wmours. lvmph nodes. lungs. liver
and Kidnevs were collected. After measurement of the tumour
weight. the resected samples were fixed with 5% buftered-formalin
and embedded in paraftin for morphologic analysis.
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To investigate the effect of thuMABHER2 on the growth of
KPL-+ cells wansplanted into nude mice. approximately 5 x 10
KPL-4 cells were injected into the right and left mammary fat pads
of 4-week-old female nude mice (two sites per mouse). In add;.
tion. to investigate the effect of rhuMAbHER? on the in vivg
growth of KPL-1 human breast cancer cells that do not over.
express Erb B-2 (as the control cells). the cells were injected intg
4-week-old female nude mice in the same manner. In the
rhuMAbHER 2-treated group. 20 mg kg'' rhuMAbHER2 wy
intraperitoneally administered as a loading dose 2 weeks after the
cell injections and then 10 mg kg’ rhuMAbHER?2 was intraperi-
toneally administered once every week during 3-5 weeks after the
cell injections. The same volumes of human IgG were adminis.
tered in the control group in the same manner. Five mice (ten
tumours) were treated in each group. Three-dimensional tumour
size was measured with calipers every week after the cell injec-
tions. The body weight of the mice was measured every week
before the administration of thuMAbHER2. All the mice were
sacrificed 5 weeks after the cell injections. Then. mouse blood was
collected and the serum was stored at =80°C before use,
Transplanted twmours. axillary lymph nodes and lungs were
resected, and the weight of tumours was measured.

The animal protocols for these experiments were approved by
the Animal Care and Use Committee of Kawasakt Medical School.

Measurement of IL-6

IL-6 concentrations in the cultured medium and mouse serum
were measured with a chemiluminescent enzyme tmmunoassay kit
(Fujirebio, Tokyo. Japan) according to the manulacturer’s recom-
mendations. Brietly, @ mouse anti-human 1L-6 monoclonal anti-
body (HH 61-10) was used as the first antibody and a mouse
anti-human 11.-6 monoclonal antibody (Fujirehioy fabelled with
alkaline phosphatase (HH 61-2 Fab’)y was used as the second
one. After removing the unbound second untibody, 3-(2"-spiroad-

377
3

mantane)-4-methoxy-4-(3”-phosphoryloxy)phenyl-1.2-dioxetane
disodinm salt was added. Chemiluminescence wis measured with
a Lumipulse luminometer (Fujirehio). As the standard, 20-
1000 pg ml ! human recombinant 1.-6 was used. The mininal
detectable concentration of 1L-6 was 0.2 pg ml . The intra-assay
coefTicients of variation tor the high, middle and low sample Tevels
were 2.8% . 2.2% and 3.8%. respectively. The inter-assay coeffi
cients of variation for these sample levels were 3.6%, 4.9% and
8.6% (Takemura et al, 1996),

Statistical analysis

All duta are expressed as the mean + SD. Analysis of variance
(ANOVA) with StatView computer software (ATMS Co.. Tokyo.
Japan) was used 1o compare differences in the tumour volume
tumour weight. mouse body weight and 1L-6 concentration
between two different groups. Two-sided P < 0.05 was considered
as statistically signiticant. The correlation coefticients were calew
lated by linear regression analysis with the same software.

RESULTS
Isolation and characterization of the KPL-4 cell line

KPL-4 cells were isoluted from the malignant pleural effusion Of_”’
. . e ooMn
postmenopausal breast cancer patient with an inflammator} ski

. g3
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KPL-4 human breast cancer cell line 711

Figure 1 Microphotographs of KPL-4 cells in vitro and of KPL-4 transplanted tumours and their metastases in nude mice. {A) KPL-4 cells growing in a
monolayer fashion (a phase-contrast photograph, original x 100). (B) The tumour occasionally showing vascular invasion into the surrounding stromal tissues
(haematoxylin-eosin staining, original x 150). (C) Tumour cells in the marginal sinus of an axillary lymph node (haematoxylin-easin staining, original x 75).

(D) A metastasis in the fung (haematoxyltin-cosin staining, originat - 30)

metustasis which was resistant to various therapies. Collected cells
from the patient were cultured in DMEM supplemented with 5%
FBS through over 70 passages for over a year. Although KPL-4
cells basically grow ina monolayer fashion like cobblestones. they
tend 1o pile up on cach other when they reach confluency. Each
cell is polygonal and possesses a large nucleus with a single
prominent nucieolus (Figure TA). The population doubling time of
this cell Tine in DMEM supplemented with 5% FBS is approxi-
mately 30 h Interestingly. KPL-4 cells grow slowly under serum-
free conditions, and exogenous addition of EGF (0.1-10 g mlh
dose-dependently stimulated their growth (Figure 2).

Kuryotype analysis of the KPL-4 cell line at the 16th passage
revealed the median chromosome number to be 33 with a range
from 52 10 54 (n = 40). G-banding indicated marked chromo-
somal abnormalities (Figure 3). Sixteen common chromosomal
aberrations were observed in all ten metaphases  explored.
Immunocytochemical analysis showed that KPL-4 cells express
cytokeratin, carcinoembryonic antizgen, CA 15-3 and Erb B-2. but
not vimentin and ER. Biochemicul analysis indicated the absence
ol ER and PgR in this cell line. These tindings were observed in
both the culture cells and the transplanted tumours. Electron
microscopic analysis revealed intrazytoplasmic lumen and desmo-
some structures in the KPL-4 cells transplanted into nude mice.
These findings strongly suggest that this cell line is derived from a
monoclonal human breast cancer cell.

To investigate the turmorigenicity of this cell line. approximately
I X 107 KPL-4 cells were injected into the mammary far pad of

© Cancer Research Campaign 1999

female nude mice or SCID mice. KPL-4 cells developed fast-
growing tumours at a take rate of (00% in both nude mice and
SCID mice (r = [0 cach), and the growth curves of KPL-4 trans-
planted tumours in these mice were identical (Figure 4). The mice
bearing KPL-4 tumours became cachexic 3 weeks after the cefl
injections and 20% of them died within 5 weeks after the celt
injections in two separate experiments. Postmortem examination
revealed that the transplanted tumours were occasionally invasive
to surrounding tissucs (Figure 1B). such as skin and muscles. and a
massive central necrosis of the mours was frequently observed.
No macroscopic metastasis was observed in the lymph nodes,
lungs. liver or kidneys. However. microscopic examination of the
resected spechmens showed metastases into the lymph nodes
(Figure 1C) and lungs (Figure 1D).

Erb B family receptor expression in KPL-4 cells

Immunocytochemical analvsis of the KPL-4 cells revealed over-
express Erb B-2 oncoprotein. A radio-receptor assay showed that
these cells possess approximately 50 fmol per mg protein of EGF-
R in the membrane fraction. Dot blot hybridization indicated an
approximately [5-fold amplification of the erb B-2 gene in these
cells (Figure 5A). These findings were observed in both the culture
cells and the transplanted tumours. Flow cytometric analvsis using
monoclonal antibodies against Etb B family receptors demon-
strated a high level of Erb B-2 and Erb B-3. a low level of EGF-R
and no expression of Erb B-4 (Figure 3B). However. an RT-PCR
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Figure 2 Anchorage-dependent growth of KPL-4 cells in a serum-free
medium supplemented with EGF. KPL-4 cells were incubated with D-MEM
with O (@), 0.1 ( ), 1.0 () or 10 (7)) ug mi~* EGF for 4 or 8 days. Bars
show SD

analysis detected the mRNA ot all the Erb B family receptors in
KPI-4 cells. The amount of PCR products for Erb B-2 and Frb B-
4+ was higher than that for EGE-R and Erb B-3 (Figure 5C). To
compare relative expression of cach Erb B family receptor., three
human breast cancer cell Tines were also analysed by the same R1T-
PCR method. As shown in Table 2, the relative expression level of
Lrb B-2 in KPL-4 cell Tine was highest in the explored cell fines.
Immunoprecipitations were also performed using specific anti-
LGE-R/EeD-2/Erh B-3/Erb B-4 antibodies, {ollowed by Western
blotting analysis with an anti-phosphotyrosine antibody. A strong
tyrosine phosphorylation of all four Erb B family receptors was
observed i KPL-4 cells under a serum-supplemented condition

5
A

R R
13 14 15
LY 3
19 420 &
W 48

=4
—3
Nl\)

but not in T-47D cells (Figure 3D). These findings suggest thy
KPL-+4 cells possess all the Erb B family receptors activatable
under a serum-supplemented condition.

rhuMAbHER?2 inhibits the growth of KPL-4 cells

The addition of 0.1-10 pg ml-' rhuMAbHER?2 to the medium
supplemented with 5% FBS significantly inhibited the anchorage-
dependent growth of KPL-4 cells (Figure 6A). However. the same
concentrations of rhuMAbHER2 more clearly inhibited the
anchorage-independent growth of KPL-4 cells in a serum-supple-
mented medium (Figure 6B). Furthermore. the addition of
10 ug ml'' rhuMAbBHER? to a serum-free medium supplemented
with 0.1 ug mi! EGF significantly inhibited the stimulated growth
of KPL-4 cells by EGF (Figure 6C). More growth inhibition was
observed under an anchorage-independent condition (Figure 6D),

To clarify the cross-talk between EGF-R and Erb B-2. tyrosine
phosphorylation of Erb B-2 induced by EGF or heregulin way
investigated. As expected in comparison with the control. Erb B-2
phosphorylation was enhanced by the exogenous addition of
0.1 ug ml ' EGF into the medium (Figure 7).

To investigate the antiproliferative effect of ThuMAbHER?2 in
vivo ThuMABHER2 was administered intraperitoncally to mice
bearing KPL-4 transplanted tumours once every week for 4 weeks.
The tumour volume 5 weeks alter the cell inoculations was
820.6 £295.3 mm' (1= 10) in the thaMABHER 2-treated group and
1055.7 £542.9 mm’ (11 = 10) in the control group (Figure 8A). The
tumour weight was 0.67 £20.17 ¢ (1= 10) in the rhuMAbHER2-
treated group and 0.91 £0.30 ¢ (1 = 10) n the control group.
rhuMADBHER2 modestly inhibited the growth of KPL-4-trans-
planted tumours (£ = 0.256 for the tumour volume and P = 0.036
for tumour weight). Because nude mice bearing KPL-4 wmours
became cachexic 3 weeks after the cell moculations. mouse body
weight was compared between the two groups. The mouse body
weight in the treated group (19.5 & 1.1 ¢) tended to be higher than
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Unidentified chromosomes

Figure 3 Karyotype analysis of KPL-4 cells displaying marked chromosomal abnormalities and unidentifisd marker chromosomes. Arrows indicate

chromecsomes
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Figure 4 In vivo growth of KPL-4 cells transplanted into female athymic
nude mice (@) or into female SCID mice (). One times 10 KPL-4 cells were
injected into the mammary fat pad of respective mice. Bars show SD
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that (17.3+ 2.1 ) in the control group 4 weeks after the cell inoc-
ulations (P = 0.086. Figure §B). Histologic examination of the
resected tumours revealed no remarkable differences in tumour
cell morphology or in lymphocyte infiltration between the two
groups. The same treatment with rhuMAbHER2 influenced
neither the growth of KPL-l-transplanted tumours (data not

“shown) nor the mouse body weight (Figure 8B). The body weight

of the mice bearing KPL-T umours was significantly higher than
that of mice bearing KPL-4 tumours tP < 0.01. Figure 8B

1L-6 levels in the culture medium and mouse serum

The concentrations of TL-6 in the culture medium and the mouse
serum were measured with a chemiluminescent enzyime assay. The
basal secretion of 11-6 from KPL-4 cells into DMEM supple-
mented with 3% FBS was approximately 6.4 pg per 48 h per onc
million cells. The concentration of 11-6 in the culture medium of
KPL-1 cells was below 0.2 pz ml ' Interestingly. a significant
correlation was found between the concentrations of 1L-6 in the
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i‘g‘r“’eﬁ (A) DNA dot blot hybridization of the c-erb B-2 gene in KPL-4 cells; Lane 1, KPL-4 cells: Lane 2. human placental DNA. Actin was used as an

=ntibrl>ad contr_ol. (B) Flow cytometric analysis of the Erb B family receptors in KPL-4 cells. (=). incubated without a first antibody. (=), incubated with a first

- Yy against each Erb B family receotor. (C) RT-PCR analysis of the Erb B family receptors in KPL-4 cells. The gel images are shown in inverted

Z;‘;Sbemation-_(D) Autophosphorylation of the Erb B family receptors in KPL-4 and T-47D cells. Cell lysate was subjected to immunoprecipitation with a specific
ibody against each receptor. The precipitates were then subjected to Western blotting with an antiphosphotyrosine antibody. Constitutive phosphorylation of

alithe Erb B family receptors was observed only in KPL-4 cells.
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Table 2 Relative expression levels of Erb B family receptors in human
breast cancer cell lines

Relative expression?

Cell line EGF-R Erb B-2 Erb B-3 Erb B-4
KPL-4 0.56 0.83 0.39 0.51
MDA-MB 231 0.65 0.52 0.18 0.18
SkBr-3 0.28 78 0.59 0.75
T-47D 0.28 0.74 0.59 0.98

*PCR-products in agarose gel were stained with ethidium bromide. a gel
image was obtained using an image analyser. and the densities of the
products were guantified by a computer-assisted method. The relative
expression levels were calculated as the density of the product of each Erb B
family receptor divided by that of B2-microglobulin from the same celi line.
Each value represents the mean of more than two separate experiments.

mouse sera and the KPL-4 tumour weights (r [correlation coeffi-
cient] = 0.831. 2 = 10, £ < 0.0 (Figure 9). In addition. the serum
concentration of  1L-6 i the rhuMAbHER2-treated  group
(38.2 93 pg ml L =5) was significantly lower than that in the
control group (67.00£ 26,11 =5) (£ < 0.05).

DISCUSSION

Various human breast cancer cell lines have been isolated world-
wide and used i studies o understand breast cancer cell biology

and i developing new strategies against breast cancer cell growth
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Figure 6

1 ugmh
Cugm

0.1ugmi™ EGF

0.1 ugmi EGF

and progression. Two human breast cancer cell lines have already
been isolated in our laboratory and their characterization has beey
reported elsewhere (Kurebayashi et al. 1993. 1996). In this paper,
the isolation and characterization of a third human breast cancer
cell line. KPL-4. established in our laboratory are presented. Thig
cell line was derived from a patient with a very aggressive inflam-
matory skin metastasis. As expected. KPL-4 cells grew more
rapidly than the other two cell lines both in vitro and in vivo. Our
preliminary characterization revealed expression of all four Erb B
family receptors in this cell line. In particular. both overexpression
of Erb B-2 protein and erb B-2 gene amplification were observed
in this cell line. Interestingly. KPL-4 cells can grow under a serum-
free condition and also can grow rapidly m female athymic nude
mice or SCID mice. There have been only two reports indicating
that human breast cancer cell lines overexpressing Erb B-2 can
produce tumours in nude mice. In one of these reports. the 2IMT
cell line and its subclones produced transplanted tumours in nude
mice after 2-13 wecks latency (Band et al. 1989). In the other
report. the BT-474 cell line produced transplanted tumours in nude
mice that received implants of slow release ocstrogen pellets
{Baselga et al, 1998). Therefore. to the best of our knowledge, this
KPL-4 cell line is the first human breast cancer cell line that over-
expresses Frb B-2 and can produce rapid-growing  tumours
without vestrogen supplementation in vivo. In addition. it should
be noted that transplanted KPL-4 tumours induce severe cachexia
in recipient mice and begin to kill the mice only 4 weeks after cell
inoculations. Postmortem histologic examination revealed metas-
tases from the transplanted tumours into Tymph nodes and lungs

Cantrol
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Antiprotiferative effzct of riulABHERZ on KPL-4 ceils in vitre. {A) Anchorage-dependent growth in DMEM supplemented with 5% FBS; 0.1-
rhubABHER2 significanty inhibited the growih. (B) Anchorage-independent growth in DMEM supplemented with 10° FBS; 1.0-10 ug mi~

mUMABHER2 significantly inhibited the growth. (C) Anchorage-dependent growth under serum-free conditions. Although 0.1 ug ml-" EGF significantly

”n

fimulated growth by 0.1 ug m!~
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ed the growth, 10 ug mi~ rhuMABHER2 alone did not; 10 ug mi= rhuMAbHER2 significantly inhibited the stimulated growth by 0.1 ug mi~* EGF
< 0.01). (D) Anchorage-indegendent growth in DMEM supplemented with 2°¢ FBS plus 0.1 ug mi EGF; 10 ug ml- rhruMAbHER2 significantly inhibited the
EGF (P < 0.01). Bars show SD. ™", P < 0.01: ". P < 0.05 in comparison with controt except for Figure 6C and D
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Figure 7 Tyrosine phosphorylation induced by the exogenous addition of
EGF (0.1 ug mt ") and heregulin 31 (0.1 ug mi ') to the culture medium. After
24-h treatment, the cell lysate was subjected to immunoprecipitation with a
specific antibody against Erb B-2. The precipitates were then subjected to
Western blotting with an antiphosphotyrosine antibody. Tyrosine
phosphorylation was enhanced by EGF as well as by heregulin §1 in
comparison with control.

(Figure D). These lindings indicate that KPL-4 cells possess a very
aggressive phenotype, like that of an intTammatory breast cancer,
and that this cell Tine may be a useful model in studying the
hiology of such an aggressive breast cancer.

Although RT-PCR analysis showed detectable expression of all
four Erb B family receptors (Figure 3C) and immunoprecipitation
using specitic antibody against cach Erb B fumily receptor
followed by Western blot analysis with antiphosphotyrosine anti-
body showed a remarkable autophosphorylation of cach Tieb B
family receptor under a serum-supplemented condition (Figure
D flow eytometric analysis of the expression of Erb B family

receptors on the cell surface revealed no detectable expression of

Fab B-4 (Figure SB). This discrepancy may be explained as
fotfows. First. it may be possible that the antibody used in the
Immunoprecipitation was more sensitive than the antibody used in
the flow cytometric analysis. The tormer recognized the intracel-
lular domuin of Erb B-4 and the latter recognized its extracellular
domain. It might be possible that the latter could not detect the low
cxpression of Erb B-4 in KPL-4 cells. The sccond possibility is
that Erb B-4 may be internalized under a serum-supplemented
condition and the antibody raised against the extracellular domain
of Erb B-4 could not detect Erb B-4 expression in the flow cyto-
metric analysis. Precise causes of this discrepancy remain to be
clucidated. However. a remarkable autophophorylation of each
Erb B family receptor strongly suggests that all of the Erb B tamily
receptors are activated under a routine culture condition and that
they may participate in the growth of KPL-4 cells. It is conceivable
that some of the ligands for the Erb B family receptors may be
produced by KPL-4 cells and may induce autophosphorylation of
the Erb B family receptors in an aulocrine or paracrine manner. In
Our preliminary experiment using a semi-quantitative RT-PCR.
MRNA  expression of the heregulin  family members was
undetectable in KPL-4 cells (unpublished data). Further studies
afe needed 1o clarify this interesting hypothesis.
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Figure 8 (A) Antiproliferative effect of rhuMAbHER?2 on KPL-4-transplanted
turmours in female athymic nude mice {n = 10 in each group). Five times 10°
KPL-4 cells were injected into the mammary fat pad of nude mice.
rhuMAbHERZ was administered once a week from 2 weeks after the cell
injections. I, control group; ¢, rhuMAbHER2-treated group. Bars show SD.
(B) Changes in mouse body weight (n = 5 in each group). .., control group
(injected with KPL-1 cells): @. rhuMADHER2-treated group (injected with
KPL-1 cells); "2, control group (injected with KPL-4 cells); ® rhbuMAbHER2-
treated group (injected with KPL-4 cells). Bars show SD

Our preliminary study indicated that cachexia in this nude mousc
model may be induced by the seeretion of [L.-6 from KPL-4 cells. A
high concentration of immunoreactive IL-6 was detected in the
culture medium of KPL-4 cells and in the serum of mice bearing
KPL-4-transplanted tumours. In addition. the concentrations of IL-6
in the serum significantly correlated with the weight of KPL-4-
transplanted twmours (Figure 8). Very low levels of IL-6 were
detected in the culture medium of KPL-1 cells (as a control) and the
serum of mice bearing KPL-1 tumours (data not shown). A recent
report suggest that oesophageal cancer patients with serum IL-6
levels equal to. or higher than, 7 pg ml-! are more cachexigenic than
those with levels lower than 7 pg ml-! (Oka et al. 1996). The serum
levels of [L-6 in nude mice transplanted with KPL-4 cells were
higher than 25 pg ml-! (Figure 8). Another recent report suggests
that the serum IL-6 level of patients with metastatic breast cancer is

British Journal of Cancer (1998) 79(5/6), 707-717
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Figure 9 Relationship between the weight of KPL-4-transplanted tumours
and the IL-6 concentration ir the serum of recipient mice. IL-6 concentrations
were measured with a chemiluminescent enzyme immunoassay. Correlation
coefficient () = 0.831 (n =10, P < 0.01). " , control group; @®. rhuMAbHER2-
treated group

signtficantly igher than that tfor normal 1ndividuals and that the
decrease in serum 1L-6 levels i those patients signiticantly corre-
fates with their weight gain (Yamashita et al, 1996). These findings

suggest that overproduction and secretion of 1.-6 [tom breast cancer

cells is one of the main causes of cancer-induced cachexia in breast
cancer. This hypothesis has been supported by expertmental studies
using o mouse colon carcinoma cell line. colon 26, and its subclones
(Strassmann et al. 19922 Ohe et al. 1993: Fujimoto-Ouchi et al. 1995;
Yasumoto et al. 19935). In our preliminary experiment. other possible
cachectic factors, such as tumour necrosis factor-¢, leukacmia
inhibitory factor. interferon-y and T1-1 were not detectable in the
serum of mice bearing KPL-4-transplanted tumours (unpublished
data). Further mvestigation is needed to clarily whether 1L-6 is the
sole cause of cachexia in this model system.

A humanized monocional antibody. rhuMAbHER2. was exam-
mned in this study because 1t has recently been used ina clinical
Phase Tinal in Japan. chuMAbHER?2 has already been evaduated in
a Phase H cliical trial e the USA in patients with metastatic breast
cancers that overexpress Erb B-2 oncoprotein (Baselga et al. 1996).
As was expected. this antibody significantly inhibited the growth of
KPE-4 cells in vitro and modestly in vivo, Because of the poor
tumorigenicity of human breast cancer cell lines overexpressing
Lrb B-20 only one report desceribing the unti-tumour effect of this
antibody has been published so far (Baselga et al. 1998). The
antiproliferative effect of this antibody in vivo was modest and the
inhibiton rate wus approximately 30%. However. 1t should be
noted that this antibody could inhibit the Erb B-2 signalling
pathway in the transplanted tumours but could not induce antibody -
dependent cell-mediated cvtolysis in this immunocompromised
nude mouse model. Thus. this antibady could be expected 1o be
more effective In women with normal immunity. Interestingly. the
administration of this antibody partly reversed cachexiu in recipient
mice. The results of our preliminary experiment using this KPL-4
cell line suggest that thiMAbHER?2 duves notinfluence IL-6 secre-
tion from KPL-4 cells i vitro (unpublished datay. Thus. itis Hikels
that the antiproliferative effect of this antibody resulted in reduction

British Journal of Cancer (1999) 79(5/6). 707-717

of tumour volumes. in decrease of total 1L-6 production from the
tumours and in amelioration of mouse cachexia.

rhuMAbHER? significantly inhibited the stimulated growth of
KPL-4 cells by EGF (Figure 6C. D). EGF dose-dependently stip,.
ulated the growth of KPL-4 cells under a serum-free conditiop
(Figure 2). Furthermore. our preliminary study indicates that EGg
stimulates the autophosphorylation of the Erb B-2 recepior i
KPL-+4 cells (Figure 7). It has been suggested that EGF-R prefer
heterodimerization with Erb B-2 to homodimerization with EGE.
R (Wada et al. 1990: Quian et al. 1994: Earp et al. 1995). Thee
findings suggest that EGF-stimulated heterodimerizaton betweep
EGF-R and Erb B-2. and the subsequent transactivation of the Ert
B-2 signalling pathway. may take part in the growth-promoting
cffect of EGF in this cell line. In other words. the blockade of the
Erb B-2 signalling pathway may. at least in part. inhibit the EGF-
stimulated growth of breast cancer cells expressing both EGF-R
and Erb B-2. The effect of thuMAbHER2 on EGF-stimulated
transactivation of the Erb B-2 protein is under investigation,
Recently. some authors have observed that EGF can activate the
heterodimer of Erb B-2 and Erb B-3 in the absence of EGF-R in
murine 1L-3-dependent 32D myeloid progenitor cells transfected
with Erb B-2 and Erb B-3 and in MDA-MB 134 human breast
carcinoma cells (Alimandi et al. 1997). Thus, it might be possible
that ThuMADBHER?2 inhibits Erb B-2 signal transduction through
not only heterodimerization between EGI-R and Erb B-2 but also
heterodimerization between Erb B-2 and Erb B-3. Further experi-
ments are needed 1o clucidate the action mechanisms of the
antiproliferative elfect of thuMABHER2 on breast cancer cells
overexpressing multiple Erb B family receptors.

In conclusion, we have established a new human breast cancer
cell Tine. KPL-4. from a recurrent breast cancer patient. This cell
line expresses all four members of the Erb B family but, in partic-
alar, Erb B-20 KPL-4 cells can grow rapidly in culture and form
tumours in female nude mice. Transplanted tumours caused severe
cachexiu in mice and metastasized into the Iymph nodes and lungs.
A high level of immunorcactive 11L-6 was detected in the culture
medium and the serum of mice bearing KPL-4-transplanted
tumours. A humanized anti-Erb B-2 monoclonal  antibody.
rhuMABHER2, inhibited the growth of KPL-4 cells both in vitro
and in vivo, In addition. this antibody significantly decreased
serum [L-0 Jevels of recipient mice and partly reversed mouse
body weight loss. These findings indicate that this newly-estab-
fished cell line, KPL-4. may be a useful model for studying the cell
biology of aggressive breast cancers overexpressing the Erb B
family receptors and 11.-6 and for investigating a novel therapeutic
strategy against them,

ACKNOWLEDGEMENTS

This work was supported in part by a grant from the Ministry of
Education. Science. Sports and Culure of Japun and by the
research project grants (No. 8-301. 9-106) from Kawasaki Medical
School. The authors would like to thank Dr Robert B Dickson.
Lomburdi Cancer Center. Georgetown University. for his helpful
comments on this manuscript.

REFERENCES

Alimandi Mo Wang L-ML Botaro DL Lee C-C. Kuo AL Frankel M. Fedi P Tung C.
Lippmun M and Pierce JH (1997) Epidermal growth factor and betacellulin
miediate signul transduction through coexpressed Erb B2 and Erb B3 receprors.
EMBO J 16: 3008-3617

© Cancer Research Campaign 1999




established st

SERB B and doy
ChaN SN
[2oNeedelsobn TRy
CHudis CA Moore

e minuic chrmosomies, Goies

AU BN HIVEON

[T sienoclone

wtthody in pan
metestiic Proust cencer S Clin Oncf 1407

Buselwa I Nowron o A baned IR Y-Moead Mendelohm 1o b9y Recombmunt

hemenizedwn-HERD an

Idios

hedy o Hereep i enby

>~ the antitumons &

Of Pudiitaxe

rubicin against HER 2 meu overespressiong human brec

ircer Koo 380 2N
S D Wonn ool 1O

CANUT e
Beeilt RRL G

Nowcditterentintion facior avinatois o |

IR

aNL Y

it distorentind requirament Tor FrbB-20 V0D C RGOS 6206 6503

Carzanas KE o Oy BOClm0d N neo acguaintainee for BrbB 3 and TrbB4: g

cpter heterodimerizanion i erow il signading. Cofl 78: 3-8

Carter P Prosta L Gorman OML Rideswas TBBL Henner D0 Waong W Row Lind AW\ L

Kots CoCarver ME and Shepard FINDCEOU2 ) Humanization of an anti-p 1SS0
antibody Tor huran caneer therapy. Froe Naid Aead Sci USA 8904285 4250

Charpin C. Bonnier P Klioazami A Nacheret HLAndrae Lo Lasaur MNC A Tasia ©
and Prana 1019920 Inflammiatory breast carcinoma: an imsmunohistochemicad
study nsine nonecioted anti-pHER- 2men. pS20cathepsing R and PR
Utticaneer Reo 1203091 597

Prises NME and Cheever NEN (TO97 0 HER- e o tareet o antizen-specitic
pirninotheraps ol lumnes caneer. e Vvances i Cancer Research, Nande
Woude Gland Klein Gotedsy ppe 343 3710 Academic Press: Tokvo

Farp SO Dawson TN and Yo THET095y i lererodimerization wd tunciionad
teraction betseon BGE recepior Gimily memberss anew signaling paradigm

e tor Deeaet cancer rosoneche Breved Coeer Res rear 38

with i
[EREERN

| thicr SPCRokeney K1 Riding< W and Diles C (19900 rhB Tty eceptos
exvpression and srow b rezutation incanew by isolated human breast cancer ol
liie. Coneer Roy 362509907

Fendley BNOWinger ML Hadzak RN Fapart NPT Napier M and Ulleich A 199
Charactenizaiion ol murine monoclonad unibodies reactive to either the lnomnan
epidermal erowth twetor receptor ar HIER 2w eene product, Coneer Res 560
1350 1358

Fujimaio-Crachi Ko Lamura S, Mo KL Tanaka Y oand Bshisoka TE 01905,
[stablistient and characiertzaton of cachenia-mducing and non mducing
Clones of murine colon 20 carcinomas fed  Caneer 61 522 328

Graus Porta Dy Beerli RRCDady INTwid Tlvnes NE 1997y b B-20the preferied
heterodimerization partner of afl Eels B oreceprors, is aomediator of faerad
stanedive . EMEO 160 16871633

Bantnaeare D0 Prahun 1 Beerlt RROChen M Graus: Porta DL Ratzhin B Seper R
Hunes NEa

sid BGE receptorss impheations for bre st cancer, EAIRO 152 2

34204
Farchavashi B Kurosumt Moand Sonoo HOE9953 A pew uman breast caneer cell
Lnes KR T seeretes tumoeunr-associated anticens and grows rapidly in female

athy e nude e, B Cancer 710843

Kurebas ashi LR urosuni: Moand Sonoo HE19961 A pew human breast cancer el
line, KPL-3C seeretes parathy roid hormone-rekaed protein and produces
twmaotes associated with nicrocaleilications innude mice. 870 Cuneer 74:
2000207

Lewis GO oferen JAUNMeN ey AL Natiens AL Fendiy BML Bauer KD and
Sthwhowshi MX 19903 Growth reg

cells by hereanling evidence Tor the requirenient of ErbB 2 as a critical

tat-on of human breast and ovarian tiemor

component in mediating heregulin responsiveness: Caneor Res 360 14371408
Ohe Yo Padack ER. Oslon KJL Mivahara Yo Vi Ko Saito H Koeishihara Yo Oheogi
Y. Ohira T and Nishio K 01993 Interferhin-0 ¢DNA transfected Lewts Jung

© Cancer Research Campaign 1999

P Yarden Y CE000) Frb B2 i o common aosiliany subunit of NDI-

KPL-4 human breast cancer cell line 717

nomi ceiis show

anahtered net tumor growth rate but cause weight loss
e mive. Br Cancer 67: 939-914

M. Hakozaki Mo Abe T Hzuka N Hazama S.

ku AL Hirose Ko Ishihera T oand Suzuki T 1996y

Honship botweet serum Jevels o intert

wnd shorten sarvivad in
OLG ML Yamamies
Hirazawe Ko

sukin 6. various disewse parwmeters

madnatrition in pationts with esophageal cell carcinomu, Caneer Res 36

NOE

wn G Culotiseou I-NUN
Neubaver MG
HERL pIstierh riiy member of the epidernud gre
Canithy, Pros Ned Ve Sei US4 900 174601730

Prost S, Lo MG Dove-Rasy S Ahomadesbe TC Spichnann N Guerin M and Riou
Gaody Asociution of e-orr B-2 gone winplification with poor prognosis in

hresst carcinomie but notin carcinomas of the intflammatory

Ve S Caneor 38: 703768

Quian N. LeNea OML Freeman JKL Dougail WO and Greene MTU1994

Heterodimerization of

LGS Green INL Carlton GW, Foy 1L

1 < activatinn of

Jd Shovah Mo 1eed Ligand-spe

h facter receptor

wlemnmiat

dermid grovth tactor receptor and wild-type or
Kinase-deficient News amechanism of interreceptor Knase activation and
transphosphionylation. froc Nead Acad Sei US4 91 1300-1304

Samshury JRC. Fardon 3O Needham G Maleolm AT and Harris AL (TORT)
Epidermal-grow th-Tactor reeepror staits as predictor af carly recurrence and
death from breast cancer. Lancer 113981402

Shepard TN Lewis GDL Sarnp 3C. Feadly BM Maneval DL Nordent T Fieart 1
Kotts CELPalladine MACTr Ulicieh A and Skamen D (199 1) NMonoctonal
antibody therapy of human breast cancer: taking the HER 2 protooncogence to
the chinie. S Clins ol 1117127

Steassiann G Fong M.

woiney IS and Facob CO 1992y Exidence for the
imolvement of mterleukin 6 in experimental cancer cachexia, J Clin Invesy 89:
Lo TONA

Fakemurn Mo Kivoshine M. Saito Ko Nomac AL Shineda 3 Sato Moand Kasai ¢
10061 By abiatton of interleukin 6 AT 6y measurement by highly sensitive
chemituminescent enzyvime immunoassay. feakic-ro-Yakigaha 36: 1071 1070

fang CK. Perez Co Grant T Waibel CoCho Cand Lupu R (19961 Involvement of
hereeulin-32 in the acquisition of the hormonce-independent phenatype of

13S0 335Y

breast cancer eelis, Cancer Res 86:

Uravis AL Pinder SE.Robertson JERL Bell 1AL Weneyh P Guallick W1 Nichobon RYL
Poller DN Blamey RW. Blston CW and Ellis 10 (10903 CaerbB-3 in human
breast carcinoma: expression and relation to prognosis and established
progrostic factors, B Caneer 7402200 233

Wada T, Quian N and Greene N 1990y Intermoleculr association of the pI8s=
protein and EGE reeeptor modutates EGE reeeptor function. Cell 61
1330 1347

Walher R AL Guitich Wi and Varley JMETO89) An evatuation of immunoreactivity
for c-erb B-2 protein as a marher of poor short-term proghosis in breast caneer.
B d Ceonteer 60 4261249

Wright C, Angus B Nicholson SoSainsbury B Cairns )L Guilich WL Kelly T Foris
Al and Wilson HCH (19891 Expression of c-erb B-2 oncopratein: a prognostic
indicator inhuman breast cancer. Caneer Res 49: 20872090

Yamashita 1 Hideshima 12 Shivabusac T and Ogawa M 1996) Medronyprogesterone
acetate treatnient reduces seram interleukin-6 levels i patients with metastatic
breast carcinonia, Cancer 780 23462332

Yast W Sumivoshi HL Hata Jo Kameda ' Ochinn AL o fEand Tabara b ¢1988)
Eapression of epidermal growth Gactor receptor i human gastric and colonic
carcinomas. Caneer Res 480 137 141

Yasumato K. Mukaida No Harada AL Keno KoAKivama Mo Nakashima B Tujioka N
Mai M. Kasahara Tand Fujimote-Ouchi K 1993y Molecudar analvsis of the
aviokine network invelved in cachenia in colon 26 adenocarcinoma-bearing
mice. Cancer Kes 85:921-027

Zhang K. Sun J. Lin NoWen DL Chang D Thomason A and Yoshinaga SK (19963
Transtformation of NIH 3T3 cells by HER3 or HER4 receptors requires the
presence of HER T or HER2./ Biol Chen 2710 3884-3890

British Journal of Cancer (1999) 79(5/6). 707-717




