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Abstract

We attempted to determine whether the plasma concentration of basic fibroblast growth factor
(bFGF) was elevated in brain tumor patients. The plasma concentration of bFGF was measured in 55
brain tumor patients and 17 normal subjects by enzyme immunoassay. Upper limit of plasma bFGF in
the normal subjects was 1.6 pg/ml. Elevated plasma bFGF levels were observed in 28 patients includ-
ing 13 of 17 glioma patients, eight of 19 benign tumor patients, and seven of 19 malignant tumor
patients. Twelve of 14 malignant glioma patients had elevated plasma bFGF levels. There was a good
correlation (r = 0.42, p < 0.05) between the elevated plasma bFGF level and the tumor volume. Fur-
ther studies are needed to determine whether the plasma bFGF level is a clinically useful diagnostic and

prognostic marker for patients with brain tumors.
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Introduction

Basic fibroblast growth factor (bFGF), originally iso-
lated from the pituitary gland and brain, is a potent
mitogen for both neuroectoderm- and mesoderm-de-
rived cells.>®!¥ This peptide has been identified in a
wide variety of normal and malignant tissues includ-
ing brain tumors such as gliomas and meningio-
mas.*'¢1" Recently, evidence has accumulated linking
bFGF expression with abnormal growth and progres-
sion in human gliomas. Glioma cells express messen-
ger ribonucleic acid (mRNA) and peptide for
bFGF'*>19 and bFGF receptors.'® Exogenously added
bFGF stimulates glioma proliferation in culture,'”
and neutralizing anti-bFGF antibody suppressed glio-
ma growth in vitro.? In addition, bFGF is a potent in-
ducer of new blood vessel formation which may be es-
sential to the growth of solid tumors.” These findings
support the autocrine and paracrine roles of bFGF in
human gliomas. The level of bFGF in body fluid has
been measured in patients with various cancers using
enzyme or radioimmunoassay,*””!V but not in
patients with brain tumors.

This study measured the plasma bFGF level in
patients with various types of brain tumors using a
commercially available enzyme immunoassay and ex-
amined the relationship between the plasma bFGF
level and the size of brain tumors.

Materials and Methods

The patients were 26 males and 29 females between §
and 77 years of age. The diagnosis in all 55 patients
was based on histological examination of surgical
specimens. There were 17 gliomas, 19 non-glioma be-
nign tumors, and 19 non-glioma malignant tumors.

Blood was collected by venipuncture and was im-
mediately mixed with 1/10 volume of 3.8% sodium
citrate. This citrated anticoagulated blood was cen-
trifuged at 2500g for 15 minutes. The supernatant
was stored as platelet-poor plasma. Platelet-poor
plasma was also obtained from 17 healthy individ-
uals (ranging in age from 18 to 58 years) to establish
normal control levels.

The plasma levels of bFGF were determined using
a commercially available enzyme immunoassay kit
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Fig. 1 Relationship between the logarithm of the con- ) o )
centration of standard bFGF and the logarithm Fig. 2 Distribution of plasma bFGF levels in control
of optical density at 450 nm. individuals and patients with various brain

tumors. The broken line indicates the upper
limit of plasma bFGF in the controls.

(Amersham, Tokyo, Japan). This quantitative
‘‘sandwich’® enzyme immunoassay uses a highly
specific monoclonal antibody for bFGF bound to
the wells of a microtiter plate, together with a poly- Case  Age/ Plasma  Tumor
clonal antibody to bFGF conjugated to horseradish No.  Sex Tumor type (Eg/anl) "E’clr‘ge
peroxidase. Recombinant human bFGF was used as

Table 1 Glioma patients with elevated plasma bFGF

a standard. The enzyme immunoassay system could I 68/F  glioblastoma 7.2 125
. . 2 30/M glioblastoma 7.9 115
reliably detect recomblr}ant human bFGF at levels 3 S0/F glioblastoma 20 100
as low as 1.25 pg/ml (Fig. 1). 4 41/F glioblastoma 8.4 159
The tumor volume was calculated based on 5 71/M glioblastoma 17.1 172
preoperative magnetic resonance images. The max- 6  64/F  glioblastoma 20.0 118
imal perpendicular dimensions were measured on 1- 7 40/M  glioblastoma 3.3 69
. . . . . . 8 36/F  astrocytoma (grade 3) 11.2 140
cm thick slices of ax1a.l T,-weighted images to obtain 9 49/M astrocytoma (grade 3) 10.0 144
the area on each slice. The approximate tumor 10 54/M astrocytoma (grade 3) 6.4 150
volume was calculated by summing up these areas 11  67/M astrocytoma (grade 3) 9.3 131
multiplied by the height (1 cm) of each slice. The 12 12/M  astrocytoma (grade 3) 3.5 75
volume of the cystic tumor was obtained by subtract- 13- 75/F  astrocytoma (grade 2) 3.1 59
. 14 48/F  meningioma 8.6 45
ing the cyst volume. 15 62/M  meningioma 2.8 60
16 32/M  meningioma 1.8 57
Results 17 47/F  meningioma 3.1 120
18 76/F malignant meningioma 3.6 88
The plasma bFGF levels in 13 of the 17 normal sub- 19 45/M  pituitary adenoma 2.7 29
. . .. 20 20/F  craniopharyngioma 2.5 33
jects were lo'we.r than the detection }1m1t (1.25 pg/ rgl). 21 68/F craniopharyngioma 3.9 92
The upper limit of plasma bFGF in normal individ- 22 65/M metastatic BT (L) 271 141
uals was 1.6 pg/ml (Fig. 2). We defined elevated plas- 23 73/M  metastatic BT (L) 6.5 79
ma bFGF levels to be greater than 1.6 pg/ml. On the 24 73/F  metastatic BT (M) 8.4 90
basis of this cut off value, elevated plasma bFGF lev- ;2 23; ﬁ m;;f“ta“c IBT (1;1) i;'g ;g
els were observed in ?8 of 55. patien.ts (Table 1). 2 63/F ﬁaﬁgzx 1%;;2: 17 0
These were 13 of 17 glioma patients, eight of 19 be- 28  60/F fibrosarcoma 32.0 192
nign tumor patents, and seven of 19 malignant
tumor patients (Fig. 2). One of three patients with BT: brain tumor, L: lung cancer, M: breast cancer.
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Fig. 3 Distribution of plasma bFGF levels in controls
and glioma patients with various grades. The
broken line indicates the upper limit of plasma
bFGF in the controls.
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Fig. 4 Relationship between the size of brain tumors
and the elevated levels of plasma bFGF.

grade 2 glioma, five of six patients with grade 3 glio-
ma, and seven of eight patients with glioblastoma
had elevated plasma bFGF (Fig. 3). In addition, the
plasma levels of bFGF were higher in the patients
with malignant glioma than those in the control
group or the patients with low grade glioma (Fig. 3).

Pearson correlation analysis of the elevated levels
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of plasma bFGF and the tumor volumes in the 28
patients showed a good correlation (r = 0.42, p <
0.05) with a regression line of Y =0.11X — 2.7
(when Y is plasma basic FGF level, X is tumor
volume) (Fig. 4).

Discussion

Measurement of the plasma levels of bFGF in 55
brain tumor patients and comparison with 17 normal
subjects showed that 28 patients had an increased lev-
¢l of plasma bFGF. The elevated plasma bFGF was
quite often seen in patients with gliomas, especially
malignant gliomas. This is consistent with the earlier
observation that the expression level of bFGF in-
creases proportionally with the degree of malignan-
cy.>!” In addition, there was a good correlation be-
tween the elevated plasma levels and the tumor
volume. These observations suggest that the plasma
bFGF level is a potentially useful blood tumor
marker for malignant gliomas or large brain tu-
mors.

The main source of elevated plasma bFGF in glio-
ma patients may be the tumor tissue. However, other
sources of elevated plasma bFGF should be consid-
ered, because an elevated level of plasma bFGF was
observed in patients with non-glioma malignant
tumors such as metastatic carcinomas, in which ex-
pression of bFGF has not been observed.'® The brain
is one of the most abundant sources of bFGF.” In
the injured brain, immunoreactive peptides and
mRNA expression for bFGF are markedly increased
in the reactive astroglial cells around the lesions.?
Patterson ef al.'? observed that FGF-like activity ap-
pears in the cerebrospinal fluid of patients with acute
brain injury. In addition, both mRNA and im-
munoreactive peptide of bFGF are expressed in the
proliferating endothelial cells in malignant glio-
mas.'s!” These facts support the hypothesis that bFGF
is not only liberated from tumor cells but also from
proliferating endothelial cells and reactive astroglial
cells. In addition, bFGF has no signal peptide” and
cell death may be the main mode by which bFGF is
liberated to the systemic circulation.'?

Recent developments in various assay systems
using monoclonal antibodies have enabled the de-
tection of small amounts of bFGF in body fluids.
However, there has been a considerable inter-assay
variability for serum or plasma bFGF levels in nor-
mal subjects. Kurobe ef al.” reported that the mean
level of bFGF in the sera of normal subjects is 190
pg/ml. This value is much higher than the values of a
few to several pg/ml found in this study and by
others.” Nonspecific binding and interference by se-
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rum proteins might cause false positive results.” In
addition, serum obtained from clotted blood con-
tains large amounts of cytokines and growth factors.
Therefore, we selected platelet-poor plasma as sam-
ples. Setting of the normal range is also a crucial fac-
tor for this kind of study. Since the upper limit of the
normal range was 1.6 pg/ml, we defined elevated
plasma bFGF levels to be greater than 1.6 pg/ml.
This resulted in inclusion of 58% of benign tumor
patients and 63% of malignant tumor patients.
However, the majority of the malignant glioma
patients (86%) were outside from normal range. If
we set the normal range higher, most benign and
malignant tumor patients would be included within
the normal range.

This study is preliminary and the precise source of
the elevated plasma bFGF in the brain tumor
patients was obscure. However, our results indicate
at least two points: 1) some patients with brain
tumors, especially malignant gliomas, have elevated
plasma bFGF levels, and 2) the level of bFGF corre-
lates with tumor size. Since there are no suitable
blood tumor markers for most types of brain
tumors, we are now working to examine whether the
plasma bFGF level is a clinically useful diagnostic
and prognostic marker for patients with brain
tumors.
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Commentary

In this study by Kurimoto et al., the authors have
studied levels of basic fibroblast growth factor (bFGF)
in the plasma of patients with brain tumors. There
were 55 patients with glioblastoma multiforme, as-
trocytomas of lower grades, meningiomas, pituitary
tumors, and metastatic brain tumors. There were 17
healthy patients whose plasma served as controls.
By enzyme immunoassay, the authors determined
that elevated bFGF levels were found in about half
of all tumor-bearing patients. The most interesting
observation was a direct correlation between bFGF
levels and tumor size. The main source of the elevat-
ed plasma bFGF was thought to be the tumor tissue
itself, although this was not conclusively proven by
the authors. As there has recently been a lot of in-
terest in the study of angiogenic factors in human
brain tumors, especially vascular endothelial growth
factor, another important parameter which the
authors might wish to examine in future studies is
the degree of vascularity of the brain tumors relative
to bFGF levels. | commend the authors for their in-
sightful and careful study.
James T. Rutka, M.D., Ph.D., F.R.C.S.C.
Neurosurgery
The Hospital for Sick Children
Brain Tumor Research Laboratory
University of Toronto
Ontario, Canada

The authors have reported interesting data on the

Neurol Med Chir (Tokyo) 36, December, 1996

plasma basic fibroblast growth factor (bFGF) level of
brain tumor patients. They found that the majority
(12/14) of malignant glioma patients showed elevat-
ed plasma bFGF level. They postulated that the plas-
ma bFGF was secreted mainly from brain tumors,
and some part originated from the destroyed brain
tissues adjacent to the tumor.

Because of the absence of signal peptide in the
bFGF gene, cell death might be the major mecha-
nism of FGF liberation to the systemic circulation,
although tumor tissue may have an alternative secre-
tion mechanism. The source of bFGF can be eluci-
dated by further studies such as 1) matching the plas-
ma bFGF level to the immunohistochemistry of surgi-
cal specimen for bFGF, 2) analysis of plasma bFGF
changes by the treatment, and 3) measurement of
bFGF in the cerebrospinal fluid and its changes by
the treatment.

There are several previous reports of this kind, in
which enzyme immunoassay could detect elevated
plasma bFGF level in renal, lung, and brain tumor
patients (see ref. 7 of this article). The present report
along with this reference suggests that plasma bFGF
can be a good marker for systemic neoplasm and
good indicator of tumor regression or growth in
response to treatment,

Kazuo YAMADA, M.D.

Department of Neurosurgery

Nagoya City University Medical School
Aichi, Japan
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