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Abstract
Glioblastoma (GB) is the most prevalent malignant primary brain tumor in adults. The preclinical glioblastoma model GL261 is
widely used for investigating new therapeutic strategies. GL261 cultured cells are used for assessing preliminary in vitro data for
this model although very little is known about the molecular characteristics of this cell line. Protein Kinase CK2 is a pleiotropic
serine-threonine kinase and its inhibition may be a promising therapeutic strategy for GB treatment. In our group we follow
treatment response with CK2 inhibitors in vivo using the GL261 murine model. For that, it is of our interest to assess the
differential expression of α, α’, β CK2 subunits as well as CK2 activity in the GL261 GB model. CK2α’ expression changed
along the growth curve of GL261 cells, undergoing downregulation in postconfluent phase cells, whereas CK2α and CK2β
expression remained essentially unchanged. Furthermore, a marked decrease in CK2 activity in slowly proliferating
postconfluent phase GL261 cells was observed. Finally, CK2α’ expression in orthotopic GL261 tumors was intermediate
between CK2α’ expression found in cultured cells in exponentially growing or postconfluent phase, reflecting the heterogeneous
nature of GL261 tumours growing in vivo. The results obtained suggest that, in the GL261 cell line, CK2α’ could play a specific
role in highly proliferative cells. Also, the decrease in CK2 activity in slowly proliferating GL261 cells could imply a differential
susceptibility to subunit-specific CK2 inhibitors in this cell line, although further studies are needed to confirm this hypothesis.
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Introduction

Glioblastoma (GB) is the most prevalent malignant primary
brain tumour in adults with a survival of 14–15 months even
after aggressive treatment, being urgent to seek for new thera-
peutic strategies [1]. Protein Kinase CK2 is a tetrameric, ubiq-
uitously expressed serine threonine kinase, consisting of two

catalytic subunits (2α/αα’/2α’) and two regulatory subunits
(2β). CK2 has been reported to specifically phosphorylate
Akt1 on Serine 129 [2], allowing to indirectly evaluate CK2
activity in vivo by assessing the phosphorylation status of Akt1
in protein extracts. Moreover, CK2 has been described to play
an important role in the regulation of the Brain Tumor Initiating
Cells of GB [3]. Cyclin D1 expression is a good biomarker of
cell cycle progression, being higher in proliferating cells and
decreasing when cells enter in G0/G1 phase [4].

The GL261 glioma model is an orthotopic, immuno-
competent preclinical model of GB generated by stereo-
tactic injection of GL261 glioma cells in C57BL/6j mice.
CK2α expression was found to be upregulated in
GL261 GB tumours compared to wild type brain paren-
chyma [5]. However, not much is known about the mo-
lecular characteristics of the GL261 cell line. A better
understanding of GL261 cells in culture could be of help
in planning treatment strategies for GL261 as an in vivo
GB model. The aim of this study was to analyze the rel-
ative protein content of α, α’ and β CK2 subunits in
exponentially growing (EP, exponential phase) and
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partially growth arrested (PCP, postconfluent phase)
GL261 cells in culture and also in GL261 established
tumours. In order to assess the proliferation status of cells
in the different growth curve phases, cyclin D1 expression
was also analyzed. Furthermore, overall CK2 activity was
checked through the phosphorylation status of the CK2-
specific site S129 of Akt 1 in GL261 cells and tumours.

Materials and Methods

Cell Culture and Animal Model

GL261 mouse glioma cells were cultured as stated in [5]. For
the GL261 cells growth curve, 5 × 105 cells were seeded in
75 cm2 flasks and counted with TC10 counter (Bio-Rad) from
day 1 to 11 post-seeding (n = 3–6 for each day). For Western

blot analysis, GL261 cells were seeded and collected after
6 days to obtain exponential cells and 9 days to get
postconfluent cells. GL261 mice were generated as described
in [5]. At day 17 p.i., when tumour volumes were 105.5 ±
12.8 mm3, animals were euthanized and tumours resected.

Protein Extraction, Western Blot and Blot
Quantification

Protein was extracted from cells and tumor samples as
described in [6]. Blots were quantified with the ImageJ
software and protein levels were normalized with the re-
spective loading control (β-tubulin). To perform compara-
tive analysis in the experiments shown in Figs. 1b, d, 2a, c
and e (corresponding to different membranes), the highest
average value found in quantitation was attributed the val-
ue B1^, and the remaining values were proportionally

Fig. 1 GL261 cells growth curve and proliferative status along
growth phases (a) Growth curve carried out with n = 3 to 6, depending
on the time point evaluated, showing mean ± SD for each time point. (b)
Western blot for EP and PCP GL261 protein extracts (n = 3 for each
condition) in which Cyclin D1 and Tubulin expression were analyzed.
Second image (below 1st row) corresponds to a blot at longer exposure
timewith the Chemidoc Image System.While not used for quantification,

this second image allows to visually confirm Cyclin D1 expression in
PCP cells. (c) Comparative quantification of Cyclin D1 normalized with
tubulin expression (n = 13 for each group). (d) Cyclin D1 expression in
EP and PCP cells and in GL261 tumors. (e) Comparative quantification of
Cyclin D1 normalized with tubulin expression (n = 3 for GL261 cultured
cells and GL261 tumors). No significant differences were found in Cyclin
expression between EP and Tumor. * = p < 0.05, ** = p < 0.01
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calculated referencing to it. Graphs were performed with
GraphPad Prism software.

Results

GL261 Growth Curve: CK2 Expression and Activity
in EP and PCP GL261 Cells

The GL261 growth curve showed an exponential phase (EP)
and a postconfluent phase (PCP) (Fig. 1a). Exponential phase
is observed at days 4 to 7 and postconfluent phase at days 8 to
11 from the growth curve. CK2 expression and activity were
assessed in EP and PCP GL261 cells at days 6 and 9 of the
growth curve, respectively.

Cyclin D1 expression level was analyzed in GL261 cells
(both EP and PCP) and GL261 tumours (Fig. 1b, c, Table 1)

showing a significant (p < 0.05) decrease during the PCP phase
compared to the EP. GL261 tumours presented an intermediate
expression level between EP and PCP cells (Fig. 1d, e, Table 2).

The expression of different CK2 subunits is shown in
Fig. 2a, b. CK2α’ expression decreased during the
postconfluent phase compared to the exponential phase
(p < 0.05, Table 1). On the other hand, CK2α and β protein
levels remained essentially unchanged (Table 1). In addition,
CK2 activity, indirectly measured by phosphorylation of Akt
S129, decreased during the postconfluent phase (3.8 fold de-
crease, p < 0.05) (Fig. 2c, d, Table 1), which would agree with
CK2 activity diminishing in less proliferative cells.

Assessment of CK2 Expression in GL261 Tumours

No significant differences were found for CK2α or CK2β
expression when comparing EP, PCP cells and GL261 tumors

Fig. 2 CK2 expression and CK2
activity in EP and PCP GL261
cells and in GL261 tumours. (a)
Western blot analysis of GL261
cell protein extracts. (b)
Comparative quantification of
CK2α’, α and β expression
normalized with Tubulin
expression in EP and PCP cells
(n = 13 for each group). The
CK2α’ levels were found 1.42
fold lower in PCP cells in
comparison with EP ones (** = p
< 0.01), whereas the CK2α and
CK2β expressions remained
constant in both phases. (c)
Western blot for EP and PCP
GL261 cell protein extracts in
which total Akt, Tubulin
expression and Akt s129
phosphorylation status were
analyzed. (d) Comparative
quantification of pAkt s129/total
Akt ratio normalized with tubulin
expression in which a 3.8 fold
decrease is seen in PCP cells (n =
13 for each group). ** = p < 0.01.
(e) Western blot for EP and PCP
GL261 cells and GL261 tumor
protein extracts in which CK2α,
α’ and β expression was ana-
lyzed. (f) Comparative quantifi-
cation of CK2α, α’ and β ex-
pression, normalized with tubulin
expression (n = 3 for each group).
* = p < 0.05, ** = p < 0.01
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(Fig.2). Regarding CK2α’ expression, tumours presented an
intermediate value between EP cells and PCP cells (p < 0.05
for both comparisons).

Unbalanced CK2 Expression

CK2α’/α and CK2α’/β ratios were found 2.6 and 2.2 fold
lower, respectively, in PCP cells in comparison with EP cells,
while no significant differences were found for CK2α/β
(Table 1). This decrease in CK2α’, which is not fully com-
pensated by the increase in CK2α, changes the proportion
between catalytic and regulatory subunits. In tumors, the ra-
tios calculated suggested higher similarity with EP cells
(Table 2). CK2α’/α and CK2α’/β ratios were significantly
higher in GL261 tumors compared to PCP cells, underlining
the CK2α’ downregulation in PCP cells.

Discussion

Results reported here show, for the first time and to the authors’
knowledge, that CK2α’ is specifically downregulated in
postconfluent, slowly proliferating GL261 cells. This agrees
with Pinna’s and Oliviero’s work [7], in which an induction
of CK2α’ expression was observed during G0/G1 transition
in fibroblasts, suggesting a differential expression in senescent
and proliferating fibroblasts. Taken together, these findings
suggest that CK2α’ expression could be proposed as a prolif-
eration marker for GL261 cells. However, it is still unclear
whether CK2α’ itself plays specific roles in quiescent GL261
cells, or whether there is a direct relationship between CK2
activity decrease and CK2α’ expression decrease in PCP cells
of this murine cell line. One hypothesis could be that the holo-
enzyme containing CK2α’ would be able to phosphorylate
Akt1 in S129 better than the one containing CK2α. We have
observed also that CK2α’ expression in GL261 tumors reached
an intermediate value between EP and PCP GL261 cells, prob-
ably due to the heterogeneous nature of GL261 tumors, com-
posed by both highly proliferating and slowly proliferating cells
[8] (similar to EP and PCP, respectively). The environment and
growth regulatory conditions in each growth phase could pres-
ent similarities with a different tumor region. The EP cells
would be similar to the peripheral tumor cells: ample access
to nutrients and oxygen and, accordingly, a very high prolifer-
ative rate. On the other hand, the PCP cells would resemble
more cells in the inner part of the tumor, where growth factors,
nutrients and oxygen may become limiting, decreasing the pro-
liferation rate and where cell death-related phenomena may be
also taking place. This is in agreement with results reported by
[8], in which the same GL261 tumor can present regions with
different Ki67% values ranging from 40 to 80%, with higher
values on the highly proliferative periphery, reflecting the
mixed contribution that may be taking place also in the inves-
tigated GL261 tumors in this work.

Table 2 Comparative analysis of CK2α, α’ and β and Cyclin D1 for GL261 tumors

p value

EP Tumor PCP EP-Tumor EP-PCP Tumor-PCP

CK2α’ 0.90 ± 0.15 0.65 ± 0.06 0.35 ± 0.1 0.048* 0.006** 0.011*

CK2α 0.92 ± 0.26 0.70 ± 0.16 0.72 ± 0.18 0.274 0.327 0.910

CK2β 0.85 ± 0.23 0.61 ± 0.12 0.87 ± 0.38 0.200 0.952 0.400

Cyclin D1 1 ± 0.39 0.62 ± 0.05 0.33 ± 0.14 0.23 0.049* 0.029*

CK2α’/ CK2α 1.01 ± 0.14 0.95 ± 0.21 0.48 ± 0.09 0.726 0.006** 0.006**

CK2α’/CK2β 1.08 ± 0.14 1.08 ± 0.11 0.43 ± 0.17 1.000 0.007** 0.007**

CK2α/CK2β 1.08 ± 0.08 1.16 ± 0.02 0.88 ± 0.2 0.544 0.174 0.174

Analysis of CK2α’, α and β and Cyclin D1 expression, as well as the ratios of different subunits for GL261 tumors. Ratios were obtained for each
individual sample (not from division of average values). EP = exponential phase, PCP = postconfluent phase. Mean ± SD is shown, experiments were
performed with n = 3. Please refer to BProtein Extraction, Western Blot and Blot Quantification^ section for details about quantitation.

* = p < 0.05, ** = p < 0.01.

Table 1 Comparative analysis of CK2 expression and activity, and
Cyclin D1 expression, in GL261 cells

EP PCP p- value

CK2α’ 1.00 ± 0.21 0.54 ± 0.26 3.75E-05**

CK2α 0.81 ± 0.42 1.00 ± 0.26 0.091

CK2β 0.77 ± 0.39 1.00 ± 0.34 0.233

Cyclin D1 1.00 ± 0.46 0.14 ± 0.16 2.31E-06**

pAkt s129/total Akt 1.00 ± 0.42 0.26 ± 0.27 1.87E-05**

CK2α’/ CK2α 1.56 ± 0.76 0.6 ± 0.29 0.0006**

CK2α’/CK2β 1.48 ± 0.72 0.67 ± 0.44 0.004**

CK2α/CK2β 1.16 ± 0.64 1.15 ± 0.59 0.97

Analysis of CK2 α', α and β and Cyclin D1 expression and pAkt S129
phosphorylation/ total Akt ratio in different growth phases of cultured
GL261 cells, as well as ratios of different subunits. EP = exponential
phase, PCP = postconfluent phase. Mean ± SD is shown, and experiments
were performed with n = 13. Please refer to BProtein Extraction, Western
Blot and Blot Quantification^ section for details about quantitation.

** = p < 0.01
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If we accept that GL261 tumors are composed by cells with
mixed proliferative characteristics, these results point that cells
with high CK2α’ levels could benefit from a protective effect
against apoptotic death triggered by treatment, and this could
lead to resistance to such treatment. Moreover, differences be-
tween the expression and activity of CK2 catalytic subunits may
become relevant to improve therapeutic success, since CK2α’
has been described to be more sensitive to some CK2 inhibitors
than CK2α [9] and efforts are being made to develop CK2α and
CK2α’ specific inhibitors [10]. Still, further work will be needed
to clarify whether the susceptibility to CK2 inhibitors is actually
different according to GL261 cell proliferative status, but data
presented here suggest that whenever CK2α’ selective inhibitors
were available, it may be relevant to evaluate them in GL261
mice. In this respect, a word of caution should be raised if such a
treatment becomes available: immune system participation in
response to therapy, which cannot be simulated with in vitro
assays, could be affected if an inappropriate schedule of admin-
istration is applied [6], reverting the expected beneficial effect.
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