
Journal of the Egyptian Nat. Cancer Inst., Vol. 17, No. 2, June: 114-120, 2005

Hepatocyte Growth Factor as a Tumor Marker in the Serum of
Patients with Prostate Cancer

MAHA HASHEM, M.D.* and TAREK ESSAM, M.D.**

The Departments of Biochemistry*, National Research Center and Surgery**, National Cancer Institute, Cairo University.

ABSTRACT
Background and Aim: Prostate cancer is a leading

cause of death among men worldwide; it is invasive and
metastasizes to different organs. Metastatic spread of this
type of cancer is the greatest barrier to achieve cure. The
present study is carried out to study the serum levels of
hepatocyte growth factor (HGF) in patients with prostate
cancer in relation to stage and grade and to evaluate its
diagnostic and prognostic clinical validity as a tumor
marker.

Patients and Methods: The study included 47 patients
with prostate cancer and 15 apparently healthy men as a
control group. The patients were divided into two groups,
including 27 patients with localized prostate cancer (group
I) and 20 patients with metastatic prostate cancer (group
II). Detection of serum levels of HGF and prostate specific
antigen (PSA) was carried out by an enzyme immunoassay.

Results: The serum levels of HGF and PSA were
significantly increased in groups I and II as compared to
the control group and were highest in group II. The best
cut-off value for HGF was 663.8pg/ml with 83% and
93.3% sensitivity and specificity, and was 4.4ng/ml for
PSA with a sensitivity and specificity of 85.1% and 100%;
respectively; with positive and negative predictive values
of 97.5%, 63.6% and 100%, 68.2%; respectively. Com-
bining PSA and HGF was more accurate in distinguishing
between patients with metastatic disease and those with
localized disease than either marker alone with a sensitivity
of 98.1% (p<0.05).

Conclusions: HGF is elevated in the serum of patients
with carcinoma of the prostate and this elevation is related
to the stage of malignancy and is independent of age.
These results imply that HGF may be an important serum
marker for prostate cancer.

Key Words: Prostate - Adenocarcinoma - Hepatocyte
growth factor (HGF) - Prostate specific an-
tigen (PSA).

INTRODUCTION

Prostate cancer is one of the most common
non-cutaneous cancers in men, with a risk in-
creasing after the age of 50 [1]. Because local
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extension beyond the capsule of the prostate
rarely produce symptoms, about one to two
thirds of patients have local extra-capsular
extension or distant metastases at diagnosis [2].
The ten years survival rates are 75% in cancer
confined to prostate, 55% with regional exten-
sion, and 15% with distant metastases [3]. So,
early diagnosis is crucial to successful manage-
ment of prostate cancer patients [4].

Prostate-specific antigen (PSA) is a protein
produced by the cells of the prostate gland [5].
It is a tissue-specific serine protease. As men
age, both benign and malignant prostate lesions
become more frequent. While PSA does not
allow doctors to distinguish between a benign
prostatic condition and cancer, an elevated PSA
level may indicate that other tests are necessary
to determine whether cancer is present.

Polypeptide growth factors have been impli-
cated in stromal-epithelial interactions in pros-
tatic carcinoma as well as in a multitude of
biological behaviors of prostate cancer cells [6].
Over expression of these protein factors may
be a critical mechanism in prostate cancer pro-
gression, particularly in the progression of
androgen independent disease [7]. Scatter factor
(SF), also known as hepatocyte growth factor
(HGF), is a pleiotropic polypeptide growth
factor with a number of biological activities,
including cell scattering, stimulation of cell
motility, mitogenesis, morphogenesis, angio-
genesis, and cellular invasiveness. HGF com-
plementary DNA has a transforming activity
and a broad array of tumors develops in HGF
transgenic mice. HGF may induce cell dissoci-
ation and scattering of prostate cancer cells, act
as a mitogen for DU 145 and PC-3 prostatic



carcinoma cells, and stimulate urokinase-type
plasminogen activator and the invasiveness of
prostatic carcinoma cells [8]. The membrane
receptor for HGF (c-MET protooncogene prod-
uct) is over expressed in prostatic carcinoma
[9]. Recently, over expression of HGF in pros-
tatic carcinoma tissues was also reported [10].

Thus, the aim of this study was to determine
the serum level of HGF in men with metastatic
prostate carcinoma compared to those with
localized cancer and controls in order to assess
its clinical value as a serum tumor marker and
its relationship with the outcome.

PATIENTS AND METHODS

This study was carried on 47 patients, who
were newly admitted to the surgery department
of National Cancer Institute, Cairo University
from May 2002 to December 2003. Their age
ranged from 54 to 75 years. The diagnosis of
prostate cancer was confirmed by needle biopsy
or after prostatectomy specimen examination.
The staging procedures included digital rectal
examination (DRE), i.v. pyelography, bone
scanning, computed tomography (CT), magnetic
resonance imaging (MRI) and/or ultrasonogra-
phy of the abdomen and pelvic cavity. Besides,
15 apparently healthy, age matched men served
as controls.

Patients were Divided Into Two Groups:

Group I: 27 patients with localized prostate
carcinoma (stages pT1, pT2 or pT3).

Group II: 20 patients with metastatic prostate
carcinoma (pM1).

Blood samples (5ml) were collected from
patients by venipuncture before the start of
treatment and sera were obtained after clotting
and centrifugation for 10min at 3000rpm. Sera
were stored at -80ºC until assay.

Determination of serum hepatocyte growth
factor by quantitative sandwich enzyme immu-
noassay (ELISA) technique using a kit supplied
by R and D systems, Minneapolis MN 55413,
USA (catalog no. DHG00): The test procedure
began by the addition of samples and standards
to microassay wells precoated with the captured
antibody. After washing any unbound substanc-
es, an enzyme-linked polyclonal antibody for
HGF was added. Following a wash to remove

any unbound antibody-enzyme reagent, a sub-
strate solution was added to the wells and color
developed in proportion to the amount of HGF
bound in the initial step. The color development
was stopped and the intensity of the color was
measured [11].

Determination of serum prostate specific
antigen by ELISA which is a quantitative sand-
wich enzyme immunoassay using commercially
available kits supplied by Abazyme, (LC,
Needham, MA, USA) [12]: Colored reaction
products were measured with an ELISA reader.
Results are expressed as ng PSA/ml of serum
based on a standard curve.

Statistical Analysis: Statistical Package for
Social Science (SPSS) program version 9.0 was
used for analysis of data. Data was summarized
as mean and SD. A non parametric test was
used for the analysis of two independent vari-
ables. Pearson’s correlation was also done, r
value was considered weak if <0.25, mild if
≥0.25 -<0.5, moderate if ≥0.5 -<0.75 and strong
if ≥0.75. p-value was considered significant if
<0.05. Cut-off value was calculated according
to the mean ±2 SD of the controls. Sensitivity,
specificity, positive predictive value, negative
predictive value, and over all accuracy of HGF
and PSA were calculated.

RESULTS

Table (1) presents the clinical features of
the patients and controls.

Table (2) and figures. (1,2) show the descrip-
tive statistics of serum levels of HGF and PSA.
HGF was significantly increased in prostate
cancer patients when compared to the control
group as shown in table (3) (p<0.0001).

A significantly increased serum HGF was
found in prostate cancer patients with metastatic
disease when compared to patients with a local-
ized disease (p<0.002). The serum levels of
PSA showed a significant increase in all prostate
cancer patients compared to the controls
(p<0.0001), and a significant increase was found
in group II when compared to group I
(p<0.0001). The elevation in levels of HGF was
not related to age (p>0.05) and (r=0.2).

Fig. (3) shows the relation of serum HGF
with PSA in the different studied groups. There
was a significant positive relation (p<0.05)
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between HGF and PSA (r=0.4). Combining
PSA and HGF was more accurate in distinguish-
ing between patients with metastatic disease
and those with localized disease than either
marker alone, where the sensitivity increased
from 83% for HGF and 85.1% for PSA to 98.1%
for the combined markers.

Table (4) shows the sensitivity, specificity,
positive predictive value, negative predictive
value and over all accuracy of HGF and PSA.
The cut-off point of HGF was 663.8pg/ml. Two
of the control group showed a HGF level above
the cut-off point. On the other hand, 8 of the
prostate cancer patients had HGF levels below
the cut-off point, whereas none of the patients
with metastasizing disease had a HGF level

below the cut-off point. The cut-off point of
PSA was 4.4ng/ml. None of the control group
had a PSA level above the cut-off value and
none of group II patients had a PSA level below
the cut-off. Whereas, 7 of group I patients
showed levels less than the cut-off point.

Fig. (4) illustrates that serum HGF levels
were significantly related to stage of prostate
cancer when group I was compared with group
II. There was a significant increase in serum
levels of HGF in stage pM1 compared to stages
pT1 and pT2 (p<0.005), but there was no dif-
ference between stage pM1 and pT3. Fig. (5)
demonstrates the significant relation between
serum PSA levels and the stage of prostate
cancer (p<0.0001).
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Table (2): Descriptive statistics of HGF and PSA levels
in the different studied groups.

PSA
(ng/ml)

0.5-3.8
1.8±1.3

2.2-77.3
17.4±18.8

14.1-224.1
96.0±70.4

224-794
405±129.4

411.2-1450
823.5±262.8

738.4-3212
1260.0±641.8

HGF
(pg/ml)Variables

Control group:
Range
Mean±SD

Group I:
Range
Mean±SD

Group II:
Range
Mean±SD

Table (4): The sensitivity and the specificity of HGF
(pg/ml) and PSA (ng/ml) levels in the different
studied groups.

Group I:
HGF
PSA

Group II:
HGF
PSA

Groups I & II:
HGF
PSA

Sensitivity
(%)

70.4
74.1

100
100

83
85.1

93.3
93.3

93.3
100

93.3
100

Specificity
(%)

PPV
(%)

95
95

95.2
100

97.5
100

NPP
(%)

63.6
63.6

100
100

63.6
68.2

PPV
NPN

= Positive predictive value.
= Negative predictive value.

HGF
PSA

= Hepatocyte growth factor.
= Prostate specific antigen.

Table (1): Clinical features of the different studied groups.

Age expressed as mean±SD.
Group (I)  Patients with localized prostate cancer.
Group (II) Patients with metastatic prostate cancer.

Group I

27

61.3+5.6

PT1 or pT2

or pT3

Group II

20

64.3+6.1

pM1

Controls

15

63.6+6.1

–

Variables

Number

Age

Stage

Table (3): Statistical significance of HGF and PSA between
the different studied groups (p value).

Non-significant (p>0.05).
*   Significant (p<0.05).
** Highly significant (p<0.01).

C vs GI

C vs GII

GI vs GII

0.0001**

0.0001**

0.0001**

PSAHGF

0.0001**

0.0001**

0.002*



DISCUSSION

HGF has previously been reported to be
elevated in the serum of patients with malig-
nancy, including breast cancer [13], colorectal
carcinoma [14], non-small cell lung cancer [15],
multiple myeloma [16], acute myelocytic leuke-
mia [17] and gastric carcinoma [18]. In-vitro
HGF may induce prostatic carcinoma cell ac-
tivities that are associated with the progression
and spread of prostate cancer. HGF has been
shown in-vitro to induce cellular proliferation
and scattering of the DU145 prostatic carcinoma
cell line [19], disaggregation of LNCaPFGC and
PC-3 carcinoma cells and invasiveness of the
DU145 and PC-3 prostatic carcinoma cell lines
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Group I
patients

Fig. (1): Hepatocyte growth factor levels in the studied
groups.
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Fig. (2): Prostate specific antign in the different studied
groups.
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Fig. (3): Correlation between prostate specific antigen
and hepatocyte growth factor in patients studied.
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Fig. (4): Hepatocyte growth factor in the studied patients
in relation to staging of disease.
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Fig. (5): Prostate specific antigen in the studied patients
in relation to staging of disease.
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[19]. In bone marrow environment, HGF appears
to be important for prostatic carcinoma growth
as demonstrated in co-culture experiments. HGF
promotes the proliferation, differentiation, mo-
tility and invasion of epithelial cells by binding
to its cell surface receptor, the Met tyrosine
kinase. In the prostate, Met is expressed pre-
dominantly by prostate epithelial cells (PrEC),
whereas, HGF is synthesized by prostate stromal
cells (PrSC). Met is also expressed in localized
and metastatic prostate cancers [20]. HGF se-
creted by PrSC stimulates tyrosine phosphory-
lation of the Met receptor. HGF depletion re-
duces cell migration by approximately 50%.
The response of PrEC is specific for HGF since
the other growth factors tested did not signifi-
cantly affect growth or migration of PrECs [20].
The latter study also reported that neutralizing
antibodies against HGF completely abrogated
the stimulatory effect of PrSC cells.

The present study showed significantly ele-
vated levels of serum HGF in patients with
prostate cancer when compared with controls
and in patients with metastatic disease (group
II) compared to those with localized disease
(group I). The cut-off point of HGF was
663.8pg/ml with a sensitivity of 70.4% in group
I and of 100% in group II and a specificity of
93.3% for both groups. So, serum HGF could
be used as a noninvasive marker for diagnosis
of prostate cancer especially in metastatic pa-
tients. Also, HGF may serve as an indicator of
tumor progression and future recurrence in
patients with prostate cancer. These results are
in agreement with Naughton and co-workers
who reported that HGF was elevated in men
with prostate cancer compared with those with-
out prostate cancer, and the levels were higher
in men with metastatic disease than in those
with localized disease [21]. They also concluded
that HGF is elevated in the serum of patients
with prostate cancer and this elevation is related
to the stage and grade of disease, implying that
HGF may be useful as a serum marker and may
also be functionally important in predicting the
progression and metastatic spread of carcinoma
of the prostate.

Tsuka and colleagues suggested that the
basis of increased HGF in the serum of men
with prostate cancer may be related to autocrine
and/or paracrine mechanisms of regulation of
HGF synthesis [22]. Naughton and coworkers

stated that prostatic carcinoma cells express
increased HGF compared with benign prostatic
epithelial cells but it is not known whether an
autocrine loop of regulation of HGF expression
exists [21]. Another study illustrated that a para-
crine loop appears to be operating since it has
been demonstrated that in-vitro prostatic carci-
noma cells secrete factors that stimulate HGF
production by benign prostatic stromal myofi-
broblasts [10].

Naughton and coworkers further added that
it is tempting to speculate that in patients with
metastatic prostate cancer to bone, increased
serum HGF may be partially related to enhanced
HGF secretion by bone marrow stromal cells
that is induced by metastatic prostatic carcinoma
cells. This proposal represents an avenue for
future investigation [21].

In addition, the results of this study showed
that the serum PSA level was significantly
increased in prostate cancer patients compared
to controls, and a significant increase was found
in patients with metastatic disease (groug II)
when compared to patients with localized dis-
ease (group I). These results are in agreement
with Naughton and co-workers [21]. The cut-
off point of PSA in the present study was
4.4ng/ml with a sensitivity of 74.1% and a
specificity of 93.3% in group I and both sensi-
tivity and specificity of 100% in group II. The
positive predictive value was 100% and the
negative predictive value was 68.2%. The sen-
sitivity of PSA in both groups was 85.1%. This
is in agreement with Catalona and co-workers
who stated that in screening studies; a PSA
value greater than 4 had a reported sensitivity
of over 80% in detecting prostate cancer in
asymptomatic men [23]. On the other hand a
sensitivity as low as 27.48% was reported by
Gilbert and colleagues for a PSA level between
2.5 and 4.0ng/ml and 30.08% for a range of 4.0
to 10.0ng/ml [24].

After initially using a point cut-off of
<4.0ng/ml in 1994, Catalona and colleagues
now recommend a cut-off point of 2.6ng/ml as
an indictor for biopsy [23]. They found a prostate
cancer incidence rate of 22% in the 2.6-4.0ng/ml
PSA range (in biopsies). Krumholtz and cowork-
ers found that tumors in this PSA range had
favorable characteristics, they were significantly
smaller and were more often organ-confined
(88% vs. 63%) compared with tumors detected

Maha Hashem & Tarek Essam 118



in the PSA range of ≥4.0ng/ml [25]. In the pros-
tate cancer prevention trial by Thompson and
colleagues every man in the placebo group was
offered a prostate biopsy after the 7-year study
period [5]. For those with PSA values 4.0ng/ml,
the prostate cancer incidence rate was 15% and
of these tumors, 15% contained Gleason pattern
4, which indicates that high grade cancer in the
low PSA range is not a rare finding. Similarly,
a sub-study performed by other investigators
in the screening arm of the ERSPC trial for
patients with PSA levels in the range of 2.0-
3.9ng/ml, prostate cancer was observed in 17%
of the sextant biopsies, and the detection rate
was 14% four years after the initial screen [26].

The results of the present study also showed
significant positive relation between HGF level
and PSA in prostate cancer patients. Combining
PSA and HGF was more accurate in distinguish-
ing between patients with metastatic disease
and those with localized disease than either
marker alone where the sensitivity increased
from 83% for HGF and 85.1% for PSA to 98.1%
for the combined markers. Similarly, it was
found that combining PSA and HGF was more
accurate for discriminating metastatic disease
from local disease than either marker alone [21].
It was suggested that the serum HGF level may
be useful for staging and following the course
of treatment in prostate cancer although this
use requires validation in a large prospective
study. In addition, Kattan and colleagues con-
cluded that HGF level might be additive to
existing model for predicting recurrence in men
with localized disease [27].

Moreover, Lamszus and coworkers reported
that polypeptide growth factors and their recep-
tors may also serve as targets for therapy. There
is already an example of the successful appli-
cation of this approach in the antigrowth factor
receptor antibody trastuzumab. This humanized
monoclonal antibody is directed against the
Her-2 receptor and has been observed to confer
a survival advantage in women with metastatic
breast cancer when given with chemotherapy.
The c-MET receptor for HGF may be targeted
similarly.

In conclusion, HGF is significantly elevated
in the serum of patients with prostate cancer
and this elevation is related to the stage of
malignancy and is independent of age. These
results imply that HGF could be used as a diag-

nostic marker for prostate cancer. Moreover,
HGF can discriminate between localized and
advanced prostate cancer. Combining HGF and
PSA increases the diagnostic value of these
markers in separating localized prostate cancer
from metastatic disease.
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