
Abstract 11C-methionine positron emission tomography
(PET) and proliferating cell nuclear antigen (PCNA)
staining were performed in 13 cases of glioma to investi-
gate the relationship between the uptake of L-[methyl]-
11C-methionine and the degree of malignancy and prolif-
erative potential. The 11C-methionine uptake was signifi-
cantly greater in high-grade gliomas compared to low-
grade gliomas (P<0.05). The PCNA indexes were also
significantly higher in the high-grade cases (P<0.05).
Moreover, a strong positive correlation was found be-
tween the 11C-methionine values and the PCNA indexes
(P<0.005), demonstrating that higher 11C-methionine
uptake was associated with greater proliferative potential
and greater malignancy. 11C-methionine PET is a poten-
tially useful preoperative method to discriminate the ma-
lignacy of glioma.
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Introduction

Positron emission tomography (PET) has been used to
investigate the malignancy, extent of spread, effective-
ness of therapy, and the prognosis of brain tumors using
various tracers to measure blood flow, amino acid me-
tabolism, and glucose metabolism [2, 8, 10]. Various
studies have found a correlation between tumor grade
and 11C-methionine PET findings [4, 7, 21, 24]. Howev-
er, the correlation between PET findings and histological
indications of malignancy remains unclear. Moreover,
the involvement of 11C-methionine in intracellular amino
acid metabolism, particularly as related to protein and

nucleic acid synthesis, remains controversial [14, 21, 25,
27]. Consequently, 11C-methionine PET studies have
been used primarily for determining the extent of tumor
spread [2, 10, 11, 22–24, 27].

Immunohistological studies have clearly demonstrat-
ed the effectiveness of markers such as Ki-67 [12, 26],
bromodeoxyuridine [6], and PCNA [1] for the evaluation
of the malignancy and prognosis of brain tumors [1, 6, 9,
13, 17–19]. PCNA is thought to be particularly effective
as an indicator of brain tumor malignancy, since it can
easily be used to evaluate the spread of brain tumors in
paraffin sections [1, 17].

We investigated the correlation between the prolifera-
tive capacity of brain tumors as determined by the
PCNA index and amino acid metabolism measured by
11C-methionine PET to assess the usefulness of this
method for the preoperative diagnosis of the malignancy
of brain tumors.

Materials and methods

This study included 13 patients with glioma who underwent pre-
operative magnetic resonance imaging (MRI) and 11C-methionine
PET studies in our department since 1992. All patients underwent
either excision of the tumor or biopsy.The tumors were classified
according to the World Health Organization (WHO) classification
of neuroepithelial tumors as one pilocytic astrocytoma, two fibril-
lary astrocytomas, one gemistocytic astrocytoma, one oligoden-
droglioma, one oligoastrocytoma, one gliomatosis cerebri, one
anaplastic ependymoma, one anaplastic astrocytoma, and four gli-
oblastomas. To compare the proliferative capacity, tumors in
WHO grades 1 and 2 (seven cases) were classified as low-grade
gliomas, and tumors in grades 3 and 4 (six cases) as high-grade
gliomas.

11C-methionine PET was performed using a Headtome IV
(Shimadzu, Kyoto, Japan) located at the Cyclotron Center of Iwate
Medical University. 12.27 kBq/kg of 11C-methionine (produced in
a baby cyclotron) was injected intravenously and PET performed
after 30 min of stabilization. This PET scanner has a 4.5-mm (full-
width half-maximum) spatial resolution and a slice thickness of
6.5 mm. The four-surface detector ring with seven rows of image
units was moved in increments of 6.5 mm, allowing 14 cross-sec-
tion images to be obtained simultaneously [16]. The local radioac-
tivity count was measured in a region of interest of 20-mm diame-
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ter, which included the region of maximal count in the PET image.
The uptake of 11C-methionine was calculated as the differential
uptake ratio (DUR) using the following equation: DUR=(pixel
count/pixel volume)/(injected radioisotope activity/body weight) ±
calibration factor.

Moreover, the ratio of the DUR on the side of the lesion to that
in the normal, contralateral cortex (the T/N ratio) was also calcu-
lated. The PCNA index was measured using anti-PCNA monoclo-
nal antibody immunostaining by the avidin-biotin-peroxidase
complex method of Hsu [15]. Tumor tissue removed at surgery
was placed in a 10% formalin solution for 24 h and 3-µm-thick
paraffin sections were prepared. After deparaffinization of the sec-
tions, they were immersed in 0.3% H2O2 to remove inherent per-
oxidase. After washing in phosphate-buffered saline (PBS), sec-
tions were treated for 30 min at room temperature with tenfold di-
luted normal rabbit serum (Dakopatts) and reacted overnight at
4°C with 50-fold diluted PCNA mouse monoclonal antibody (PC
10, Novocastra Co.) as the primary antibody. After washing in
PBS, sections were reacted for 30 minutes at room temperature
with peroxidase standard streptoavizin (Nichirei) and then stained
with 0.005% H2O2 diaminobenzidine solution (20 mg in 0.05 M
Tris-HCl buffer, pH 7.6) and contrast-stained with hematoxylin.

Approximately 2000 cells were examined at 400-fold magnifica-
tion under a light microscope and the percentage of positive
PCNA cells was determined [1]. Differences in values between the
low- and high-grade gliomas were evaluated using Student’s t-test,
and correlations were evaluated with Spearman’s correlation coef-
ficient.

Results

Study of the individual 11C-methionine PET findings
showed that, in three of the seven cases of low-grade tu-
mor, 11C-methionine uptake was seen at the site of the
tumor, whereas in four cases the uptake was similar to
that of the surrounding normal tissue (Fig. 1). The 11C-
methionine uptake of 14.3% of low-grade cases was
comparable to that seen in some of the high-grade cases
(Fig. 2). In contrast, all six high-grade cases showed 11C-
methionine uptake at the site of the tumor (Fig. 3). The

Fig. 1a, b A 19-year-old wom-
an with pilocytic astrocytoma
in the tectum. a MRI showing
no enhancement in the lesion
after infusion of gadolinium-
DTPA. b 11C-methionine PET
scan showing uptake in the le-
sion was at the same level as
that of the surrounding normal
tissue. The DUR of the tumor
was 2.01, the DUR(T/N ratio)
was 1.11, and the PCNA index
was 0.1

Fig. 2a, b A 76-year-old man
with oligodendroglioma in the
right temporal lobe. a MRI
with gadolinium showing the
mass lesion in the right tempo-
ral lobe is markedly enhanced.
b 11C-methionine PET scan
showing markedly increased
uptake of 11C-methionine be-
yond the area of the abnormali-
ties on the MRI and at the same
level as that of the high-grade
gliomas. The DUR of the tu-
mor was 3.34, the DUR(T/N
ratio) was 2.21, and the PCNA
index was 3.7



212

mean DUR was 2.46±1.1 in low-grade cases, and signifi-
cantly higher (P<0.05) in high-grade cases (mean
DUR=4.16±0.9). Moreover, the T/N ratio showed a sig-
nificant difference (P<0.05) between 1.58±0.8 in low-
grade cases and 2.79±0.7 in high-grade cases (Fig. 4).

The mean PCNA index of the low-grade cases was
15.5±16.0%, whereas that of the high-grade cases was
39.9±17.5% (P<0.05) (Fig. 4). The range of PCNA in-
dexes was large in both groups. The low-grade cases had
indexes ranging from 0.1 to 40.5%, whereas the high-
grade cases had indexes between 20 and 70% (Fig. 4).
There was a positive correlation between the DUR and
the PCNA indexes (R∧ 2=0.397). A significant positive
correlation was seen between the T/N ratios and the
PCNA indexes (R∧ 2=0.677, P<0.005) (Fig. 5). 

Discussion

Previous 11C-methionine PET studies have found signifi-
cantly more 11C-methionine uptake in high-grade glio-

Fig. 3a, b A 56-year-old man
with glioblastoma in the right
temporal lobe. a MRI with ga-
dolinium showing the mass le-
sion in the right temporal lobe
is markedly enhanced. b 11C-
methionine PET scan showing
markedly increased uptake of
11C-methionine beyond the area
of the abnormalities on the
MRI. The DUR of the tumor
was 3.76, the DUR(T/N ratio)
was 2.58, and the PCNA index
was 28.1

Fig. 4 Comparisons of DUR (differential uptake ratio) and PCNA
indexes in low-grade gliomas (open circles) and high-grade glio-
mas (closed circles). The mean DUR of the contralateral cortex
were not significantly different between low-grade cases and high-
grade cases. The mean DUR of the tumor, T/N ratio, and PCNA
indexes were significantly higher in high-grade cases (P<0.05)

Fig. 5 Correlations between
DUR and PCNA indexes (left),
and T/N ratio and PCNA in-
dexes (right). A significant
positive correlation is seen be-
tween the T/N ratios and the
PCNA indexes (R=0.677,
P<0.005)
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mas than in low-grade ones [20, 7]. However, this differ-
ence11C does not allow evaluation of malignancy in indi-
vidual cases using only this criterion [24]. The present
study also found significantly higher DUR and T/N ra-
tios in high-grade cases compared to low-grade ones.
However, study of individual cases showed 14.3% of
low-grade glioma cases to have high DUR and T/N val-
ues. Evaluation of malignancy using morphological con-
siderations commonly finds large differences in progno-
sis in cases classified into the same histological group.
Low-grade gliomas often cannot be distinguished either
clinically or histologically from high-grade gliomas, so
high values for the DUR or T/N ratio may be indicative
of high-grade glioma.

The correlation between PCNA index and histological
malignancy and prognosis in patients with cerebral glio-
ma is well-known [1, 3, 5, 6, 9, 13, 17–19, 28]. Signifi-
cant differences in PCNA index between low- and high-
grade glioma and astrocytic tumor have been reported
[1]. The present study showed a clear positive correla-
tion between PCNA index and both DUR and T/N ratios,
indicating that 11C-methionine is taken up more rapidly
and accumulates in highly proliferative tissues. These re-
sults also indicate that cases which were histologically
classified as low-grade glioma but showed high levels of
11C-methionine uptake were in fact high-grade gliomas
in terms of proliferative capacity.

Previous studies on the correlation between the up-
take of 11C-methionine and malignancy of tumor tissue
were based only on histological classification. Our study
shows that both 11C-methionine PET and PCNA indexes
give similar indications of the biological character of the
tumor tissue. We conclude that 11C-methionine PET can
provide valuable information concerning the prolifera-
tive capacity of the tumor for the preoperative diagnosis.
The present preliminary study requires a follow-up study
and investigation of the final prognoses in a larger num-
ber of patients. In addition, the present findings apply
only to cerebral gliomas, so similar studies on other tu-
mor types will be necessary.
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