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Subcellular Localization of 
Geminin and Its Prognostic 
Effect in High-Grade Gliomas 

Geminin is a 25kDa nuclear protein and has a 
DNA replication inhibitory function. 1, 3, 10, 14, 16, 17, 

18, 21, 22 Previous studies on effect of geminin on 
prognosis of a number of malignant tumors have shown 
that its high expression is a worse prognostic factor. 2,4,7, 8, 

12, 13,15, 17 On the other hand another study showed that it is a 
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 Geminin is a nuclear protein and yet has been 
detected in cytoplasm as well. However, its subcellular 
localization on any human cancers has not yet become 
clear. This study investigated geminin subcellular 
localization and it effect on prognosis of high-grade 
gliomas (WHO Grade III and IV).
 Geminin subcellular localization in 52 
cases of high-grade gliomas was determined by 
immunohistochemistry. The relation of geminin 
subcellular localization with clinical outcome in these 
malignant tumors was analyzed using Kaplan-Meier 
method and Cox proportional hazards regression 
model. 
 Cytoplasmic geminin expression was signifi cantly 
associated with advancing tumor grade (one way 
analysis of variance (ANOVA), p=0.0240). The Kaplan-
Meier curve showed that the patients with cytoplasmic 
geminin had a better prognosis (p=0.0230) than those 
without cytoplasmic geminin in Grade (Gr.) III glioma. 
The Cox regression test also showed that cytoplasmic 
geminin expression had a signifi cant relationship with 
survival in grade III patients (p=0.0192). However, 
the nuclear geminin didn’t show any such signifi cant 
correlation. 
 Cytoplasmic geminin expression increases 
with advancing tumor grade. Subcellular geminin 
localization can be a signifi cant predictive factor for 
high-grade glioma prognosis, mainly in the early stage 
of malignant transformation. 
 Key Words: geminin, geminin localization, high 
grade glioma, immunohistochemistry 

good prognostic factor in high-grade astrocytomas in the 
patients treated with radiotherapy after surgery. 19 

 Though geminin is mainly a nuclear protein, it has 
been detected in the cytoplasm as well and the actual 
effect of subcellular localization of geminin on human 
cancers is not yet clearly understood. 
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 This study, therefore, investigated the subcellular 
expression of geminin in high-grade astrocytic tumors, 
and analyzed its relation with clinical prognosis of these 
malignant tumors retrospectively. 

Materials and Methods

Study design

 This is a retrospective analytical study. All the data and 
clinical information was collected from the old record. 
The study was carried out at Department of Neurosurgery, 
Hiroshima Universty hospital, Hiroshima, Japan during 
2008-2010 AD.

Clinical data

 With the prior informed consent and with approval 
of institutional ethical review board of our university, 
specimens of 52 cases, between September 1990 and 
May 2005, including 20 cases of Gr. III and 32 cases 
of Gr. IV astrocytoma (Table 1) were obtained and 
investigated to study correlation between survival and 
subcellular geminin localization. All our cases underwent 
radiotherapy after surgery. Pilocytic astrocytoma (WHO 
Gr. I) and astrocytoma of the infratentorial region were 
excluded from the study. Cases without radiotherapy were 
excluded. We also excluded other types of gliomas such 
as oligodendroglioma, ependymoma, ganglioglioma etc 
and those originating in the thalamus. Chemotherapy was 
variable depending on individual case. We also studied 
geminin subcellular expression in low-grade (Gr. II) 
astrocytomas of 29 cases (Table 1). We tried to observe 
the subcellular localization of geminin in Gr. II, Gr. III and 
Gr. IV and tried to investigate its expression according to 
tumor grade.

Parameters Number Mean
High Grade
Total No. 52
Age (yr) 7-72 46.17±18.97
Sex M 29

F 23
Grade III 20

IV 32
Tumor resection T 5

P 47
Follw-up time (month) 0.57-

156.63 29.19±35.50
Low Grade (grade II)
Total No. 29
Age (yr) 18-67 42±13.13
Sex M 20
 F 9  
M:male, F::female, T:total, P:partial 

 Table 1: Clinical details of low grade and high grade 
astrocytomas

Immunohistochemistry

 Slides containing 4-micrometer tissue sections, 
which were formalin fi xed and paraffi n embedded, were 
deparaffi nized. Antigen retrieval was done using citrate 
buffer solution, pH 6.0, and endogenous peroxidase 
blocking performed. After each step, the slides were rinsed 
and washed with phosphate buffer saline solution, pH 
7.5. Labeled StreptAvidin Biotin method was employed 
for antibody incubation using the histofi ne SAB(R) 
kit (Nichirei Co. Tokyo, Japan). The antibody used 
for geminin was Geminin (FL-209), rabbit polyclonal 
antibody (SANTA CRUZ BIOTECHNOLOGY, CA, 
USA) raised against geminin of human origin, at 1:200 
dilution. Similarly the primary antibody for Ki-67 was 
mouse monoclonal antibody (MIB-1, IMMUNOTECH, 
MARSEILLE, FRANCE) at 1:50 dilution. Primary 
antibody incubation was performed overnight at 4° C, 
followed by secondary antibody (biotinylated secondary 
antibody, SAB kit, NICHIREI CO. TOKYO, JAPAN) 
incubation for 30 min. Negative control by eliminating the 
primary antibody incubation was performed while doing 
immunostaining. 

 The slides were evaluated at ×400 magnifi cation for 
geminin subcellular localization by two of the authors 
without any prior knowledge of the histological diagnosis. 
A third author estimated the MIB-1 LI by counting the 
positive cell nuclei per 1000 tumor cells in each sample in 
the same way. All the values were expressed as percentage 
(%).

Evaluation of geminin expression

 Geminin expression in astrocytomas of Gr. II, III and 
IV was evaluated and then subcellular categorization 
of the samples was done. At fi rst, 1000 cells of each 
sample was evaluated for only nucleus positive (N), only 
cytoplasm positive (C) and both nucleus and cytoplasm 
positive (N+C) cells. Then total nucleus positive and total 
cytoplasm positive cells were calculated by adding N 
and N+C and C and N+C respectively. Finally, positivity 
or negativity was determined by taking cut off value of 
10% by two of the authors without prior knowledge of 
pathological diagnosis. For instance, cytoplasm positive 
means that particular specimen has 10% or more geminin 
expression in the cytoplasm. Finally, each sample was 
classifi ed into nuclear positive and nuclear negative; and 
cytoplasmic positive and cytoplasmic negative. 

Statistical analysis

 The statistical analyses were performed using the 
software package SPSS (Statistical Package for the 
Social Sciences).  Subcellular localization of geminin was 
examined and the samples were categorized into different 
groups as mentioned above. Survival period, duration 
between fi rst surgery and death or last follow-up, was 
measured in months. 
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 Nuclear and cytoplasmic geminin expressions were 
compared by one way ANOVA (Analysis of Variance) 
and Post Hoc test to assess whether their expression varies 
along with increasing tumor grade, from grade II to III and 
from III to IV.

 The Kaplan-Meier method was used to assess survival 
against geminin localization (nuclear positive vs. nuclear 
negative and cytoplasmic positive vs. cytoplasmic 
negative) in Gr. III and Gr. IV separately and also in 
combined Gr. III+IV group. The log rank test was used 
as a univariate analysis to evaluate statistical signifi cance. 
Furthermore, a multivariate analysis with 95% confi dence 
interval (CI) was performed in Gr. III and Gr. IV separately 
as well as in combined Gr. III+IV as a whole to compare 
several prognostic variables for survival using the Cox 
proportional hazards regression model. The prognostic 
variables were age and MIB-1 LI as a continuous value and 
sex, extent of tumor resection and geminin localization as 
a categorical value. A　p value of <0.05 was regarded as 
statistically signifi cant throughout the study.　

Results

Geminin immunohistochemistry

 All of 52 cases of high-grade astrocytomas were found 
to have geminin expression, the mean geminin labeling 
index (LI) being 26.85% (range: 4.67-84.91) (Figure 1). 
Taking 10% as a cut off value as mentioned above, nuclear 
geminin expression was positive in 40 cases while 12 
were negative in combined Gr. III+IV group. Similarly, 29 
cases were positive for cytoplasmic geminin expression 
while 23 were negative. Similarly, all 52 cases showed 
expression of MIB-1, the mean LI being 17.98%. Details 

of the immunohistological fi ndings of geminin expression 
and its subcellular localization in low and high-grade 
astrocytoma are shown in Table 2. 

Tumor grade Catergory Number %
Gr III +IV Nucleus +ve 40 76.92 

Nucleus -ve 12 23.08 
Cytoplasm +ve 29 55.77 
Cytoplasm -ve 23 44.23 
Total 52 100.00 

   Gr III Nucleus +ve 14 70.00 
Nucleus -ve 6 30.00 
Cytoplasm +ve 11 55.00 
Cytoplasm -ve 9 45.00 
Total 20 100.00 

   Gr IV Nucleus +ve 26 81.25 
Nucleus -ve 6 18.75 
Cytoplasm +ve 18 56.25 
Cytoplasm -ve 14 43.75 
Total 32 100.00 

Gr II Nucleus +ve 15 51.72 
Nucleus -ve 14 48.28 
Cytoplasm +ve 14 48.28 
Cytoplasm -ve 15 51.72 
Total 29 100.00 

MIB-I positive cases 52 100.00 
 mean LI  17.98 
+ve:positive, -ve:negative, LI:labeling index

 Table 2: Immunohistochemical  fi ndings of high grade  
and low grade astrocytomas

 Figure 1: Geminin immunohistochemistry showing 
a) no geminin expression in low grade astrocytoma, 
b) predominantly nuclear geminin expression in high 
grade, c) predominantly cytoplasmic geminin expression 
in high grade, d) both cytoplasmic and nuclear geminin 
expression in high grade astrocytoma

 Figure 2: Cytoplasmic geminin expression over tumor 
progression from Gr. II to Gr. IV, represented by box plot 
diagram. ANOVA between the groups showed signifi cant 
difference (p= 0.0240).

Geminin and Its Prognostic Effect
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Geminin subcellular expression in different grades of 
tumor

 The continuous values of labeling index (LI) of nuclear 
and cytoplasmic geminin expression of Gr. II, Gr. III and 
Gr. IV were compared to each other by one way ANOVA. 
The difference in cytoplasmic expression between the 
groups, i.e. between Gr. II, III and IV, was found to be 
more signifi cant than that in nuclear expression according 
to ANOVA (p=0.0240 and 0.050 respectively). Moreover, 
Post Hoc (Scheffe) test also showed signifi cant difference 
in cytoplasmic geminin expression between Gr. II and Gr. 
III, Gr. II and Gr. IV (p= <0.05) and between Gr. III and 

Gr. IV (p=<0.05) whereas it was not signifi cant in case of 
nuclear geminin. It means higher the tumor grade, higher 
is the cytoplasmic geminin expression (Figure 2).

Subcellular geminin localization and prognosis

Before investigating prognosis according to subcellular 
geminin localization, we compared survival between Gr. 
III and Gr. IV by Kaplan-Meier method and found that the 
survival of GR. III was signifi cantly better than that of Gr. 
IV (p=0.0083). Then we examined the cumulative survival 
in Gr. III, Gr. IV and combined Gr. III+IV groups. The 
survival between nuclear positive and nuclear negative 

 Figure 4. Kaplan-Meier curves of Gr. III astrocytoma: a) comparison of survival between nuclear geminin positive 
(+ve) and negative groups (-ve); survival not signifi cant (p=0.2682), b) comparison of survival between cytoplasmic 
positive (+ve) and negative (-ve) groups; Survival signifi cant (p=0.0230).

 Figure 3: Kaplan-Meier curves of Gr. IV astrocytoma: a) comparison of survival between nuclear geminin positive 
(+ve) and negative groups (-ve) of Gr. IV astrocytoma; survival not signifi cant (p=0.1719), b) comparison of survival 
between cytoplasmic positive (+ve) and negative (-ve) groups, survival not signifi cant (p=0.9391).
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groups was not statistically signifi cantly different either 
in Gr. III and Gr. IV separately or in combined group. In 
the combined group, neither of nuclear and cytoplasmic 
geminin localization showed any signifi cant difference in 
survival between positive and negative groups (p=0.7210 
and 0.2402 respectively). In grade IV also neither of 
subcellular geminin localization showed any signifi cant 
difference in survival (Figure 3). However, cytoplasmic 
localization showed a signifi cant predictive effect on 
survival in Gr. III tumors (Figure 4). The cytoplasmic 
positive group was found to have much better survival 
than the cytoplasmic negative group (p=0.0230) in Gr. 
III tumors whereas nuclear localization didn’t show any 
signifi cant difference (p=0.2682) in survival. Furthermore, 
Cox regression analysis showed that cytoplasmic geminin 
was a signifi cant factor predicting survival (p=0.0192) in 
Gr. III tumors unlike in Gr. IV and combined group where 
as nuclear geminin didn’t have any signifi cant prognostic 
effect neither in Gr. III and Gr. IV separately nor in 
combined group (Table 3). 

 Survival  

Factors
Hazard 
Ratio

p value 95% CI

Age 1.0470 0.1083 
0.9900-
1.1065

Sex (M/F) 6.3690 0.0144 
1.4458-
28.060

Cytoplasmic 
geminin

0.1230 0.0192 
0.0215-
0.7107

Nuclear geminin 1.8490 0.5169 
0.2883-
11.853

Tumor resection 
(T/P)

0.5400 0.5050 
0.0884-
3.2984

MIB-1 LI 1.0060 0.7759 
0.9635-
1.0511

M:male, F:female, T:total, P:partial,  LI:labeling 
index, CI:confi dence interval   

 Table 3: Cox regression multivariate analysis for 
survival

Discussion

 This study has demonstrated that the group with 
cytoplasmic geminin expression has better prognosis as 
compared to that without cytoplasmic geminin expression 
and cytoplasmic geminin is more signifi cantly correlated 
with survival than nuclear geminin in Gr. III tumors. 
Numerous studies have shown that geminin is highly 

expressed in malignant conditions. Our previous paper 
on geminin expression in high-grade astrocytomas also 
revealed the same thing. However no study has, so far, 
reported the subcellular localization of geminin and its 
effect on clinical outcome in human cancers. Therefore, 
our study is the fi rst one to evaluate the effect of geminin 
subcellular localization, showing that the cytoplasmic 
geminin, but not the nuclear, is one of signifi cant 
predictors of survival in high-grade astrocytomas mainly 
in the early stage of malignant transformation i.e. in Gr. 
III tumors. In fact, it is not yet clearly known what the 
real function and signifi cance of the cytoplasmic form of 
geminin is, making it diffi cult to associate and correlate 
with survival. However, from other previous reports it can 
be simply assumed that cytoplasmic geminin refl ects the 
cell cycle related inactivation of geminin.

 In normal cell, geminin is present in S, G2 and M phases 
of cell cycle and inhibits re-replication by inhibiting Cdt1, 
which is present specifi cally in G1 phase and initiates the 
process of DNA replication. Geminin functions are thought 
to be regulated by Crm1-dependent nuclear-cytoplasmic 
shuttling.5, 24 This shuttling is coordinated with different 
cell cycle phases and regulates the availability of geminin 
in the nucleus as an inhibitor of both MCM loading and 
Hox gene transcription, ensuring proper progression of 
cell cycle and developmental processes. 

 Inside nucleus, geminin frequently changes its position 
between chromatin and nuclear soluble fraction in cell 
cycle dependent manner by the process of phosphorylation. 
While geminin is mainly located in chromatin of nucleus 
in G2 and M phases, it resides in nuclear soluble fraction in 
S phase. 5, 24 It has been observed that nuclear geminin i.e. 
chromatin bound geminin is essential for the initiation and 
maintenance of proper cytokinesis and thus cell division. 
In the absence of geminin, cells arrest in cytokinesis. 
Therefore, geminin is thought to function inside the 
nucleus, but not in the cytoplasm. However, our data 
did not show any signifi cant correlation between clinical 
outcome and nuclear geminin, rather it showed a signifi cant 
correlation with cytoplasmic geminin. Moreover, ANOVA 
also showed a more signifi cant difference in cytoplasmic 
geminin expression than the nuclear geminin expression 
over the tumor grade progression suggesting cytoplasmic 
geminin has some signifi cance in tumor progression and 
its ultimate clinical outcome.  

 In this context, there appears a query why cytoplasmic 
geminin, but not the nuclear one which is a functionally 
active form, has effect on the clinical outcome. 
Mukhopadhyay et al examined the discordant regulatory 
changes in monocrotaline-induced megalocytosis of 
lung arterial endothelial and alveolar epithelial cells 
and showed that while both cell types had increased 
cytoplasmic geminin, Cdt1 was predominantly nuclear 
in one but remained cytoplasmic in the other. As a result 
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DNA synthesis was stimulated in former but inhibited in 
the latter cell type. 6 Similarly, Yoshida et al showed that 
nuclear accumulation of geminin plays the main role in 
the licensing system of Xenopus eggs.13 Nakuci et al also 
have the same opinion. 11 These observations suggest that 
DNA replication and thus cell cycle is dependent on other 
essential proteins also, other than geminin, mainly on their 
nuclear component. Therefore, other functional proteins, 
other than nuclear and cytoplasmic geminin, as well might 
have infl uenced our data. Tachibana et al have shown and 
explained that geminin inactivation caused centrosome 
over-duplication and multiple mitotic defects without 
passage through M phase in human normal and cancer 
cells. 9 Similarly, Saito et al have shown in their study 
on “survivin” that survivin down-regulation induced 
centrosome overduplication and chromosome instability 
and resulted in enhanced sensitivity of human malignant 
glioma cells to radiation therapy.23 Therefore, cytoplasmic 
localization of geminin was thought to be inactive form 
24 and from this, it can be presumed that cytoplasmic 
geminin, meaning inactivated and down-regulated 
geminin, might have induced centrosome overduplication 
and chromosome instability and thus fi nally led to 
enhanced sensitivity of cancer cells to radiation therapy. 
Therefore, we think subcellular geminin localization, 
mainly cytoplasmic geminin, has a signifi cant prognostic 
effect on prognosis of malignant gliomas especially in 
the early stage of malignant transformation. However, in 
an advanced stage of malignancy i.e. Gr. IV, subcellular 
geminin localization may not have that signifi cant effect 
on survival as shown by our study due to involvement of 
other multiple factors. 

 There are some limitations in our study. It is a 
retrospective study with small number of cases. Further 
perspective study with large number of cases is required 
to approve the above mentioned matters. Similarly, the in 
vitro experiment is very important to clarify the effect of 
geminin on the prognosis in malignant glioma patients 
which we couldn’t perform. This is another limitation of 
our study. 

 In our series, radiotherapy was the most consistent 
treatment modality in high grade glioma, thus we took 
it as an important factor. However, chemotherapy and 
its regimen were variable in our series. So we didn’t 
consider it as a signifi cant factor while predicting 
prognosis. Therefore, Chemotherapy might have also 
infl uenced, to some extent, the survival and outcome. 
Different chemotherapeutic regimen used in our cases 
were IAR {Interferon-β, ACNU (3-[(4- amino-2-
methyl-5-pyrimidinyl) -methyl] -1- (2-chloroethyl) 
-1-nitrosourea hydrochloride, nimustine), Radiation}; 
PAR (Cisplatin, ACNU, Radiation); IMR (Interferon-β, 
MCNU (methyl 6-[3-(2-chloroethyl) -3-nitrosoureido]-
6-deoxy-α-D -glucopyranoside, ranimustine), Radiation); 
ICE (Ifosfamide, Cisplatin, Etoposide); AV (ACNU, 

Vincristine); MV (MCNU, Vincristine); MVR (MCNU, 
Vincristine, Radiation) etc.

 Other molecular tumor markers also need to be 
included to evaluate the effect of geminin in the prognosis 
of high-grade astrocytomas. However, we didn’t consider 
other markers in this study as we tried to analyze solely 
the effect of geminin on high grade gliomas. Because of 
variability in treatment modality, mainly chemotherapy 
regimen, the accepted prognostic molecular markers, 
like the MGMT status, was thought not to be useful for 
analyzing the prognosis in this study. Defi nitely multiple 
factors are involved in the tumor pathology and each of 
them has their own effect on the prognosis. However, our 
study population was too small to examine these many 
accepted factors statistically. MIB-I is one of the most 
common prognostic factors and thus we considered this 
marker in our study. 

 Sex has been found to be one of the signifi cant 
predictive factors as shown by Cox multivariate analysis. 
It might be the effect of small number of cases and is an 
incidental fi nding.

 In conclusion, nuclear component is the active form 
of geminin while cytoplasmic form is the inactive one.  
Cytoplasmic localization means inactivation and down 
regulation of geminin. The cytoplasmic localization 
of geminin is more signifi cant in terms of predicting 
clinical outcome of high-grade astrocytomas than nuclear 
localization. Moreover, cytoplasmic expression predicts 
better survival and thus better clinical outcome in these 
malignant tumors mainly in the early stage of malignant 
transformation i.e. Gr. III tumors. Therefore, examination 
of subcellular localization of geminin provides essential 
information regarding the prediction of clinical outcome 
of high-grade astrocytoma. 
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