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Abstract. Background: Relapse in individual patients after
incomplete/residual removal of meningiomas cannot be
predicted by histology alone as re-growth occurs even in
histologically benign meningiomas. Materials and Methods:
Proliferating cell nuclear antigen (PCNA), Ki-67 and human
telomerase reverse transcriptase (hTERT) labelling indices
were measured in histological sections derived from residual
meningiomas in 37 patients to assess their relationship to
relapse. The labelling index (LI) expressed the percentage of
tumour cell nuclei immunoreactive for PCNA, Ki-67 or
hTERT in 1,000 tumour cells counted per section. The
histological specimens comprised the following 2 groups: (i)
stable for at least 10 years after initial partial resection of
residual meningiomas: 20 specimens; (ii) relapsing between 11
and 145 months after initial resection of residual
meningiomas: 17 specimens. Results: The proliferative activity
and hTERT expression do not directly correlate with every
relapse. The PCNA LI significantly differed in the relapsing
group (10.8%) compared to the stable group (5.5%) (p=0.08).
The Ki-67 LI also was higher in the relapsing group (2.5%)
than in the stable group (2.0%), but not statistically
significantly (p=0.9). hTERT LI was significantly higher in the
relapsing group (27.8%) than in the stable group (7.2%)
(p<0.01). Conclusion: The mean PCNA, Ki-67 and hTERT
LI were higher in the relapsing group of residual meningiomas
than in the stable group, although no statistical difference was
found for PCNA and Ki-67. On the other hand, a statistical
difference between the two groups of meningiomas was found
for hTERT; however, it is no absolute predictor for relapse at
the individual patient level.

Meningiomas are classified as benign, atypical and
malignant by the World Health Organization according to
their histopathological features (1). For the group of
residual meningiomas after surgery, this grading system

fails to give information on the putative relapse and
biological behaviour of benign tumours. Techniques based
on the detection of antigens specifically expressed by
proliferating cells have been developed. Two of these
techniques are proliferating cell nuclear antigen (PCNA)
and Ki-67 immunolabelling. PCNA functions as a co-factor
for DNA polymerase delta in the S-phase of the cell cycle
and is also involved during DNA synthesis associated with
DNA damage repair mechanisms (2). Ki-67 is expressed
during the late G1-, S-, G2- and M-phases of the cell cycle,
although its function is unknown (3). On the other hand,
telomerase activity has been linked to an indefinite lifespan
of tumour cells by elongation of shortened telomeric DNA
during cell division. The enzyme complex is composed of
different proteins including two major subunits, namely, an
integral RNA subunit and a reverse transcriptase (hTERT)
(4, 5). The present study was undertaken to gain more
insight into the biological behaviour of residual
meningiomas. The presence of PCNA, Ki-67 and hTERT
at the first intervention were compared with the potential
relapse of the meningioma after partial resection. In this
way, we tried to answer the question of whether PCNA, 
Ki-67 or hTERT expressions reflect differences in
biological behaviour in relation to the relapse of residual
meningiomas.

Materials and Methods

Clinical data and histopathological classification. Archival material
of 37 patients, with intracranial meningiomas, who had undergone
surgery at the University Hospital, Ghent, Belgium between 1984
and 1995, with a follow-up of at least 10 years, was examined. The
median patient age was 54.1 (range 21-77 years) and there were 18
women and 19 men. All selected patients had undergone
incomplete tumour resection according to Simpson’s grade III and
IV classification (6) based on the surgeon’s assessment at the time
of surgery and on post-operative scanning. Relevant clinical data
were obtained from the patients’ medical records. The classification
and grading of the tumours was based on WHO criteria (1).
Selected cases were stained immunocytochemically for vimentin (an
intermediate filament), glial fibrillary acidic protein (GFAP) for the
cytoplasmic filament of astrocytomas, S-100 protein for glial and
neural tumours and for neuron-specific enolase (NSE), in order to
confirm the diagnosis. The benign meningiomas included 20 of
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meningothelial type, 2 fibroblastic, 7 transitional, 7 psammomatous
and 1 angiomatous (Tables I and II). The presence of relapse of
meningiomas was based on the surgeons’ clinical and technical
records and confirmed by histopathological data. 

Immunohistochemistry. Sections (4 Ìm) of paraffin-embedded tissue
were labelled with mouse mononclonal antibodies against PCNA
(1:50 dilution, Novocastra, Newcastle, UK), Ki-67 (1:50 dilution,
Novocastra) and hTERT (1:50 dilution, Novocastra), diluted 1:50
in BSA/PBS. An antigen retrieval method was applied for antigen
Ki-67 and hTERT. The slides were heated in sodium citrate buffer
(10 mM, pH 6.0) for 30 min in a microwave oven at the highest
power (700 W, Amana, Newton, IA, USA). Immunostaining was
performed with the standard streptavidin-biotin-peroxidase method
and diaminobenzidine (DAB). Samples were incubated with
biotinylated rabbit anti-mouse, 1:200 for 30 min, followed by the
third incubation with the streptavidin-biotin-peroxidase complex,
1:200 for 30 min. Visualization of the complex was realized with
DAB and the sections were counterstained with haematoxylin. A
glioblastoma multiforme, positive for hTERT, was used as a
positive control, whereas normal brain tissue and antigen-free
buffer of the positive control were used as negative controls.
Labelling indices (LI) were calculated as mean percentage values
by counting the nuclei of tumour cells in 3 positive areas of the
histological sections for 1,000 cells.

Statistical analysis. All statistical analyses was carried out using
SPSS for Windows version 10.0 (SPSS Inc., Chicago, IL, USA). A
Mann-Whitney test was used to analyse the associations for the
different variables between the 2 groups of meningiomas and a
Spearman analysis for the correlation. The categorized variables
entered into the analysis were re-growth, PCNA LI, Ki-67 LI and
hTERT LI. The values were expressed as mean±SD and as
percentages when appropriate. The level of significance was set at
a p-value of less than 0.05. All reported p-values are two-tailed.

Results

Seventeen patients with intracranial residual tumour
classified as a meningioma showed re-growth, whereas the
other group of 20 patients with residual tumour remained
stable for at least 10 years. This total group of 37 cases was
analysed for the expressions of PCNA, Ki-67 and hTERT.
The results are summarized in Tables I and II.

Analysis of proliferation markers PCNA and Ki-67 (Figure 1).
PCNA immunoreactivity was localized in the nucleus of
tumour cells. The PCNA LI in the whole group ranged from
1.0% to 45.0%, with a mean value of 7.9% (SD=10.3). Table
I and Table II list the PCNA LI for patients of the 2 different
groups with stable and re-growing meningiomas after initial
partial surgery. The mean PCNA LI was 5.5% (SD=8.4) for
the group with stable residual meningioma, while it was
10.9% (SD=11.8) for re-growing residual meningiomas.

Immunohistochemical analysis of tumour cell proliferation
was accomplished with the Ki-67 monoclonal antibody,
which recognizes a nuclear antigen expressed during the late
G1-, S-, G2- and M-phases of the cell cycle (3). The

percentages of proliferating cells in the 37 meningiomas,
with a mean of 2.2% (SD=2.5) and ranging from 0.1% to
14.0%, are given in Tables I and II. In stable residual
meningiomas, the mean Ki-67 LI was 2.0% (SD=1.6) and in
relapsing residual meningiomas 2.5% (SD=3.3).

Analysis of hTERT: the human telomerase reverse
transcriptase subunit (Figure 1). hTERT forms the reverse
transcriptase subunit of the telomerase enzyme complex,
which compensates for the loss of telomere DNA in dividing
cells, and is thought to be expressed during the S- and early
G2-phases of mitosis (7). hTERT immunoreactivity limited
to tumour nucleoli was strong and distinct in the nucleoli,
with a distribution ranging from a total absence of positive
nuclei in 15 of the 20 stable residual meningiomas (75%) to
numerous labelled tumour nuclei, either uniformly
distributed or appearing in clusters in 12 out of 17 re-
growing residual tumours (71%). The mean hTERT LI was
7.2% (SD=15.0) for the stable residual meningiomas and
27.8% (SD=32.6) for the re-growing residual meningiomas.

Relationship between the different variables (Figure 2).
Although the labelling indices for both Ki-67 and PCNA
were higher in the relapsing residual meningiomas than in
the stable group, no significant correlation could be found
between PCNA and Ki-67 (p=0.14). In contrast, a
significant correlation was seen between PCNA and hTERT
(p<0.01), but no significant correlation was found between
Ki-67 and hTERT (p=0.64).

A Mann-Whitney test was used to analyse the difference
between the group of stable and relapsing meningiomas for
the variables. No significant difference was found for the 
Ki-67 proliferation marker (p=0.9) or for PCNA (p=0.08).
On the other hand, a difference was found for hTERT
(p=0.008). However, at the individual tumour level, none of
the 3 tested markers had an absolute value.

Discussion

Telomerase expression was demonstrated to vary significantly
in stable and relapsing meningiomas. Although the Ki-67
proliferation marker and PCNA were higher in the relapsing
group of residual meningiomas in comparison to the stable
ones, the difference was not significant. In general, the factors
most predictive for relapse (6, 8) are the extent of resection
and the histological type. The Simpson grade at initial surgery
reportedly influences recurrence or relapse (6). Histological
parameters have been described as predictive for recurrence
of meningiomas (9). Hypercellularity, loss of architecture,
nuclear pleomorphism, an increased mitotic index, tumour
necrosis and brain invasion have been considered to be
indicative of malignancy or progressive behaviour (10, 11).
Few studies have been specifically designed to compare the
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histopathological features between relapsing residual
meningiomas and stable meningiomas after initial partial
surgery (12, 13). Meningioma, as a primary tumour of the
coverings of the central nervous system, is known to be slow
growing. Our purpose was to identify molecular markers to
predict possible re-growth in residual meningiomas. Tumour
cell proliferation and telomerase activity were thought to be
important parameters and were assessed by immunolabelling
of PCNA, Ki-67 and hTERT.

The proliferative activity of meningiomas was
considered to be predictive for recurrence (10, 13). The
cell can regulate ordered activation of protein complexes,
triggering initiation and advancement through checkpoints.
The assessment of cell proliferation in meningiomas is a
very important tool in diagnosis and especially prognosis.
It can be performed by calculating the LI of Ki-67 and
PCNA. However, the usefulness of different LIs in
establishing prognosis in individual cases is affected by
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Table I. Characteristics, PCNA, Ki-67 and hTERT of patients with no re-growth of a residual tumour.

No. Id Gender Age Histopathology Resection PCNA LI Ki-67 LI hTERT LI

1 9 M 62 Psammomatous meningioma Simpson III 5 3 19.9
2 36 M 66 Psammomatous meningioma Simpson III 5 4.5 0
3 55 M 61 Psammomatous meningioma Simpson III 40 1 0
4 66 F 59 Meningothelial meningioma Simpson III 8.5 5 0
5 91 M 54 Meningothelial meningioma Simpson III 3 3 0
6 112 F 61 Transitional meningioma Simpson III 2 1 0
7 145 F 56 Transitional meningioma Simpson III 8.5 4 28.3
8 168 F 56 Psammomatous meningioma Simpson III 2 2 0
9 170 M 57 Fibromatous meningioma Simpson IV 1 0.5 0

10 172 M 44 Transitional meningioma Simpson III 6 5 57.5
11 202 F 52 Transitional meningioma Simpson IV 1 0.1 26.1
12 208 F 61 Transitional meningioma Simpson III 4.5 3 0
13 348 F 66 Meningothelial meningioma Simpson IV 4.8 0.7 0
14 393 M 36 Meningothelial meningioma Simpson IV 1 0.3 13.1
15 409 F 44 Psammomatous meningioma Simpson III 1 2 0
16 507 M 57 Psammomatous meningioma Simpson III 2 1 0
17 575 M 54 Meningothelial meningioma Simpson IV 4 2 0
18 741 F 47 Meningothelial meningioma Simpson IV 3 0.1 0
19 743 M 77 Meningothelial meningioma Simpson IV 3 0.5 0
20 765 F 62 Fibromatous meningioma Simpson III 4 2 0

Table II. Characteristics, PCNA, Ki-67 and hTERT of patients with re-growth of a residual tumour.

No. Id Gender Age Histopathology Resection PCNA LI Ki-67 LI hTERT LI

1 6 M 62 Transitional meningioma Simpson III 6.6 0.5 18.3
2 10 M 25 Angiomatous meningioma Simpson III 45 2.8 18.2
3 92 F 56 Meningothelial meningioma Simpson III 3 14 0
4 100 F 46 Meningothelial meningioma Simpson III 3.5 3 0
5 165 F 67 Meningothelial meningioma Simpson III 11 4.6 42
6 187 F 65 Meningothelial meningioma Simpson III 7 3.1 99
7 248 M 36 Meningothelial meningioma Simpson III 25 0.8 22.3
8 255 M 64 Psammomatous meningioma Simpson III 24.7 1.5 27.7
9 279 M 59 Transitional meningioma Simpson III 4 0.6 96

10 301 M 55 Meningothelial meningioma Simpson III 12 2.8 34.5
11 401 F 62 Meningothelial meningioma Simpson III 2 0.6 0
12 465 M 32 Meningothelial meningioma Simpson III 20 0.1 13.1
13 485 M 37 Meningothelial meningioma Simpson III 1 3 0
14 588 F 62 Meningothelial meningioma Simpson III 3 1.3 74.6
15 670 F 39 Meningothelial meningioma Simpson IV 1 0.5 0
16 302 F 43 Meningothelial meningioma Simpson III 12 0.1 6.4
17 1103 M 61 Meningothelial meningioma Simpson III 4 2.5 20.4



sampling error, heterogeneity of the proliferation potential
and the wide overlap of LI ranges between benign and
malignant variants (10, 14).

The Ki-67 antibody recognizes a nuclear antigen that is
present in the nuclei of proliferating cells (3, 15). In our study,
the Ki-67 LI increased in the group of relapsing meningiomas,
but had no prognostic value for some patients. These data
indicate that proliferative activities or aggressiveness do not
always develop with every relapse in residual meningiomas.
There was no statistically significant difference between the
Ki-67 LIs in relapsing and stable residual meningiomas,
although there was a higher mean Ki-67 LI in the group of
relapsing meningiomas (2.5%) compared with those that did
not relapse (2.0%). Extensive overlap in the Ki-67 LI ranges
occurred between these 2 groups.

In our results, PCNA was immunostained in a larger
fraction of cells than Ki-67. PCNA has a longer half-life than
Ki-67 and is needed for DNA repair in addition to DNA
replication processes, in contrast to Ki-67, the expression of
which is restricted to cells engaged in the proliferation cycle
(3, 16). PCNA is distributed throughout the cell cycle with the
highest concentration found in the late G1- and entire S-
phases, and the lowest concentrations detected during the G2-
phase. Levels of PCNA are very low in the M-phase, and
undetectable in the G0-phase (2, 15). PCNA may also be
expressed in damaged cells in relation to the amount of DNA
alterations within the cancer cells. Tumours with a high PCNA
index but low Ki-67 could be slowly growing, but rich in
genetic aberrations and prone to developing aggressive clones.
Although no significant difference for PCNA immunolabelling
was seen, PCNA still has value as a proliferation marker in
indicating a more malignant behaviour for meningiomas with
a higher risk of relapsing or recurring.

It seems that telomerase is active on chromosomes during
the S- and early G2-phases of mitosis, the time at which
human telomeres are thought to be replicated and that the
active telomerase complex is formed within the nucleolus,
where it is sequestered, protected and prevents chromosomes
from nonsense transcriptions throughout the rest of the cell
cycle (7). Telomerase activity has been linked with an
indefinite lifespan, with continuous proliferative capacity
leading to a clinically malignant behaviour for meningiomas
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Figure 1. Immunohistochemical staining showing diffuse and intense nuclear staining for PCNA, intense staining of some cell nuclei for Ki-67 and
strong nucleolar staining for hTERT.

Figure 2. PCNA, Ki-67 and hTERT labelling indices (LI) between the
group of 20 stable and 17 relapsing residual benign meningiomas.



(7, 14, 17-20). Our results support this more malignant
behaviour because of the significantly higher presence of the
hTERT protein within the group of relapsing residual
meningiomas.

The significant correlation between PCNA and hTERT was
of interest. Both are active in the S-phase of the cell cycle (2,
7), the time at which the DNA is duplicated. PCNA exists in
2 forms in the cell. One bound to the sites of DNA replication
and another soluble in the nucleoplasm. PCNA has a dual
function in that it is involved in DNA replication, as well as in
DNA repair. Its role in DNA replication is as an activating
factor for the enzyme polymerase ‰, which is responsible for
the replication of chromosomal DNA. PCNA seems to be
involved in DNA excision and mismatch processes (21). The
fact that PCNA and hTERT are active on DNA could be a
reason for this significant correlation and a possible
interaction with each other’s function. Whether these 2
proteins influence each other should be further researched.

In summary, determining which meningiomas will relapse
and which will not remains a difficult task. In reality,
combinations of clinical factors along with the biological
potential of the tumour play influential roles in the
development of meningiomas. Our study indicated the
potential role for proliferation markers, such as Ki-67 and
especially PCNA. Further, the telomerase protein, hTERT,
seems to be of value to indicate which residual meningiomas
are aggressive and show a higher tendency to relapse.
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