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breast cancer. We report here that patients with breast cancer contain
ing high levels of ir-HGF have significantly shorter disease-free and
overall survival times compared with those with low levels of ir-HGF.

Abstract
Hepatocyte growth factor (HGF) is a stromally derived modulator of
epithelial cell proliferation and mntilily. In the present study, we have
measured immunoreactive (ir)-HGF concentration in tumor extracts of
258 primary human breast cancers using an enzyme-linked immunosorbent assay and have evaluated its association with disease-free and overall
survival. The median value of ir-HGF concentration was 11.0 ng/100 mg
protein (range, 1.4-566.7 ng/100 mg protein). Correlation analyses be
tween ir-HGF concentration and clinicopathological factors showed that
the ir-HGF level was correlated only with tumor size (P = 0.05). No
significant associations were found between ir-HGF content and age,
menopausa! status, nodal status, histolÃ³gica! type, histological grade, ves
sel involvement, estrogen receptor, progesterone receptor, type of surgery,
or postoperative adjuvant therapy. Breast cancer patients with high irHGF concentration had a significantly shorter relapse-free (P = 0.001)
and overall survival (P = 0.001) rate when compared to those with low
ir-HGF concentration at the cutoff point of 21.7 ng/100 mg protein, which
was determined in another group of 82 patients. In multivariate analysis,
ir-HGF level was found to be the most important independent factor in
predicting relapse-free and overall survival, of greater import than lymph
node involvement. The putative role of HGF in breast cancer growth and
metastasis is hereby strengthened.

Materials and Methods
Patients. Tumor specimens from 258 patients with primary breast cancer
(132 node-negative and 126 node-positive) were evaluated in this study. These
patients underwent curative operation (radical mastectomy, 95 patients; mod
ified mastectomy, 163 patients) in the Department of Surgery II, Kumamoto
University Hospital, during the 6-year period from 1981 to 1987. Routine
follow-up of these patients after surgery consisted of clinical evaluation every
3 months for the first 2 years and every 6 months thereafter. Disease recurrence
was documented by physical examination, radiological and laboratory tests,
and/or other relevant diagnostic procedures. Median follow-up period was 8.2
years (range, 6.0-11.2 years) for patients with high ir-HGF level and 8.5 years
(range, 6.0-11.8 years) for those with low ir-HGF level.
The clinicopathological parameters studied for prognostic value were tissue
level of ir-HGF concentration, age, menopausal status, tumor size, lymph node

Introduction
HGF3 was purified from human and rabbit plasma and rat platelets
on the basis of its ability to stimulate mitogenesis of mature hepatocytes (1-3). HGF was initially considered to have a narrow target-cell
specificity and merely act as a humoral mediator of liver regeneration.
However, increasing evidence suggests that HGF is produced by
mesenchymal cells and has more diverse biological activities on a
variety of epithelial cells other than hepatocytes (4-6). Recently, the
potential role of HGF in tumor progression has attracted attention
because HGF affects both epithelial cell proliferation and motility (7).
Very recently, we have demonstrated that human breast cancer cells
have no ability to produce ir-HGF, but a large amount of ir-HGF is
present in tissue extracts from human breast cancer, which may
presumably be derived from the stromal component of breast cancer
tissues (8). Furthermore, Rubin et al. (9) reported that human mam
mary epithelial cells are particularly sensitive to the mitogenic effects
of HGF, suggesting a possible role of this peptide as a paracrine
mediator in the progression of human breast cancer. These observa
tions prompted us to investigate the relationship between the tissue
concentration of ir-HGF and the clinicopathological status in human

was measured using an enzyme-linked

immunosorbent assay kit (Otsuka Assay Laboratories, Tokushima, Japan),
which is a sandwich method consisting of three steps as reported previously
(15). The detection limit of this assay is 0.10 ng/ml.
Statistics. The correlation of various disease parameters was analyzed by
the x2 tesl- The relapse-free survival and overall survival curves were gener
ated by the Kaplan-Meier method (16). The significance of survival differences
between the patient groups was calculated according to the log-rank test (17).
Multivariate analysis using Cox's proportional hazard regression model (18)
contribution

of each variable to

Results
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was carried out to assess the independent
disease-free and overall survival.
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involvement, histological type, histological grade, vessel involvement, ER,
PgR, type of surgery and postoperative, adjuvant therapy. When histological
typing was performed according to the WHO classification (10), all tumors in
this study were classified into the same category, i.e., invasive ductal carci
noma. Therefore, each tumor was further analyzed according to the classifi
cation of the Japanese Breast Cancer Society (11) and was graded in parallel
according to the criteria described by Bloom and Richardson (12) except for 7
comedocarcinomas.
ER and PgR were determined by the dextran-coated
charcoal method as described previously (13).
Assay for ir-HGF. Frozen tissue (0.2 g) was homogenized and extracted
with 50 mM Tris-HCl buffer (2 ml), pH 7.4, containing 0.25% Triton X-100 as
described previously (14). The tissue extracts were stored at -80Â°C until

ir-HGF in Tumor Extracts. A serial dilution curve of tissue
extracts exhibited parallelism with that of standard human HGF (data
not shown). When standard HGF was added to two tissue samples at
final concentrations of 0.313, 1.250, 2.500, and 5.000 ng/ml, the
recoveries of HGF were 100.9 Â±1.4%, 99.1 Â±1.3%, 104.3 Â±3.7%,
and 105.4 Â±6.1%, respectively. For estimation of the reproducibility
of the assay, seven samples were chosen, and each sample was
measured five times. The coefficient of variation of SD was within
2.2-5.4%.
Fig. 1 shows the distribution of ir-HGF concentration in 258 breast
cancer tissues. The distribution was not normal, and there was the
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Fig. 1. Distribution of the 25H primary breast cancer tumors as a function of the tissue
ir-HGF concentration. The class interval is 10 ng/KXI mg protein. Arrow, ine median value
of 11.0 ng/KX) mg protein.
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0.64), or type of adjuvant therapy (P = 0.62). Only tumor size (s5.0
cm) was associated with high concentrations of ir-HGF (P = 0.05).
ir-HGF in Multivariate Prognostic Analysis. Fig. 2 shows dis
ease-free and overall survival curves stratified by ir-HGF status.
These curves visualize the increased hazard rates of our patients with
ir-HGF-high primary tumors. In univariate analysis concerning re
lapse-free and overall survival rate, tumor size (P = 0.036; P =
0.002), lymph node involvement (P = 0.002; P = 0.001), histological
grade (P = 0.042; P = 0.063), postoperative adjuvant therapy (P =
0.042; P = 0.053), and ir-HGF level (P = 0.001; P = 0.001) were
significant prognostic factors in 258 breast cancer patients. Following
the univariate study, multivariate analysis was conducted to test the
independent prognostic role of these variables. When all variables
were taken into account, through a stepwise analysis the model
selected Â¡r-HGFconcentration as the single independent prognostic
factor regarding relapse-free survival (P = 0.001; relative risk = 3.3)
and overall survival (P = 0.001; relative risk = 3.5) (Table 1). Nodal
status came next, short of significance (P = 0.034, relative risk = 2.5;
and P = 0.005, relative risk = 2.1; respectively), whereas tumor size,
histological grade, and postoperative adjuvant therapy were not sig
nificant. With respect to overall survival, the model added tumor size
as a third variable for prediction (P = 0.047; relative risk = 1.4)
(Table 1).
When the multivariate analysis was repeated separately within 132
node-negative and 126 node-positive groups, ir-HGF remained the
most important variable for predicting disease-free (P = 0.022, rela
tive risk = 3.5; and P = 0.041, relative risk = 2.8; respectively) and
overall survival (P = 0.008, relative risk = 3.8; and P = 0.036,
relative risk = 2.5; respectively). Then, we combined the two inde-
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Fig. 2. Relapse-free and overall survival of 258 patients wtlh breast cancer according
to their ir-HGF levels. The cutoff value of ir-HGF was 21.1 ng/ 100 mg protein. Numbers
in parentheses, the total number of patients per group.

Histological lype"

0.034Relative

0.005

0.68

O.S2

0.15

II.II.S5

a| vs. a2 vs. a-,
Histological grade
I vs. II vs. HI

median value of 11.0 ng/100 mg protein (range, 1.4-566.7 ng/100 mg
protein). To evaluate ir-HGF as a prognostic factor in breast cancer,
the cut-off point of 21.7 ng/100 mg protein was first determined in
another group of 82 patients (8) to give the optimal separation be
tween a low and high risk of relapse according to the method of
Tandon et al. (19). This cutoff point identified 31% of the patients as
having high ir-HGF levels in the present series.
Relations between dichotomized ir-HGF levels and other clinicopathological parameters were then determined. There was no signif
icant association between levels of ir-HGF and age (P = 0.61),
menopausal status (P = 0.58), nodal status (P = 0.16), histolÃ³gica!
type (P = 0.40), histolÃ³gica! grade (P = 0.53), vessel involvement
(P = 0.72), ER (P = 0.66), PgR (P = 0.77), type of surgery (P =
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a Histological typing was performed according to the Japanese Breast Cancer Society
(25). a,, papillotubular carcinoma; a2. solid-tubular carcinoma; a,, scirrhous carcinoma.
' Seven comedocarcinomas were excluded from this analysis.
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Fig. 3. Relapse-free and overall survival curves in patients with hreasl cancer. Four risk
groups were separated according to lymph node status and ir-HGF concentration. The
cut-off value of ir-HGF was 21.7 ng/KM) mg protein. n( + ) and n(-). the status of lymph
node metastasis. Numbers in parentheses, the number of patients per group.

pendent prognostic factors. ir-HGF level and lymph node status, to
define four risk groups. Patients with high ir-HGF concentrations had
a poor relapse-free survival and overall survival; of these patients, the
worst survival rate was seen in those with node-positive breast cancer
and with high ir-HGF concentration. In contrast, patients with nodenegative breast cancer and low ir-HGF concentration had better sur
vival rates than did patients in any other groups (Fig. 3).
Discussion
Recent evidence suggests that HGF increases the invasiveness of
cancer cells in an invasion assay system in vitro (20, 21) and also
increases the motility and invasiveness of some cancer cells in coop
eration with other factors (e.g., fibroblast growth factors) in vivo (22).
However, a few attempts have been made to examine the biological
significance of HGF expressed in human breast cancer. Rubin et al.
(9) reported that a broad-spectrum lung fibroblast-derived mitogen
that is highly related to HGF elicits a significant stimulation of
milogenic-signaling tyrosine phosphorylation on B5/589 mammary
epithelial cell lines. In the present study, we provide statistical evi
dence that HGF concentration in primary breast cancer tissue is a
useful prognostic marker which identifies clearly high- and low-risk
patients. Breast cancer patients with high ir-HGF concentration had a
significantly shorter disease-free and overall survival rate when com
pared to those with low ir-HGF concentration. In multivariate analy
sis, HGF was found to be an independent and most powerful prog
nostic factor in breast cancer. Since the relative impact of prognostic
factors on disease-free and overall survival reflects their respective
role in tumor biology, we can speculate that HGF may play an
important role in the progression of human breast cancer.
The mammary stroma is known to exercise a paracrine influence on
the neighboring epithelial cell population (23). Recent experiments
have suggested a potential importance of HGF in stromal epithelial
communication in human breast cancer. Seslar et al. (24) reported that

a delicate interaction may exist in fibroblast HGF expression between
epithelial and mesenchymal compartments in human breast cancer
depending upon the in vivo circumstances. HGF receptor is widely
distributed in various epithelial cells including tumor cells but appar
ently not in mesenchymal cells (25). In contrast, HGF production was
seen in the stromal component but not in the epithelial component of
the breast (8, 24). Since it has been reported that HGF is a modulator
of epithelial cell proliferation and motility for a broad spectrum of cell
types (4-7), it seems conceivable that HGF produced by breast
stromal cells plays a pathological role in facilitating breast cancer celt
invasion and metastasis.
Several investigators reported that amplification of the c-met pro
tooncogene that encodes the HGF receptor might participate in carcinogenesis and progression of human gastric cancer (26), colorectal
cancer (27), and thyroid cancer (28). In contrast, Bieche et al. (29)
demonstrated that patients with LOH on chromosome 7q3l (the c-met
protooncogenc locus) in primary breast cancer DNAs had signifi
cantly shorter disease-free survival and overall survival after surgery
than patients without this alteration, indicating that the c-met protoon
cogene may act as a metastasis suppressor gene. This finding seems to
be somewhat contradictory to our results. However, as it is not evident
whether another alÃ-eleof the c-met gene is also lost in the cases of
LOH, normal or altered protein encoded by the remaining copy of this
gene may be produced. In this context, c-met activity should be
studied in such cases of LOH.
In conclusion, this is the first report showing that HGF concentra
tion is an independent and most powerful prognostic factor in human
breast cancer. This result supported the hypothesis that the overexpression of this peptide in human breast cancer tissue may play an
active role in the tumor progression that leads to metastasis.
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