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Aims
The aim of this study was evaluating the correlation between the degree of expression of protein kinase 

M in the tumour samples of patients with pilocytic astrocytoma (grade I) and the parameters of non-relapse 
survival rate.

Materials and Methods
The effect of the degree of expression of brain-specific atypical isoforms of protein kinase C - protein 

kinase M (PK M) on the prognosis of non-relapse survival rate for patients diagnosed with pilocytic astro-
cytoma has been studied. Two equal groups: one with at least 5-year relapse-free period (RFG [relapse free 
group]) and one with the relapse (RG [relapse group]) have been formed. Rabbit monoclonal antibodies 
against human PK M antigen have been used for analysis. 

Results
It has been shown that the percentage of cells expressing PK M (PKE M) was statistically significantly 

higher in the RG, unlike in the RFG (34.36±1.52% and 24.14±1.25% accordingly). Also, the value of the his-
toscore of PK M was significantly higher in the RG as compared to the RFG, 120.46±3.6% and 91.7±3.31%. 
Moreover, a high-level reverse correlation between the parameters of PKE M and the histoscore of PK M 
and time prior to relapse has been found. 

Conclusions
These results show the presence of the correlation between the degree of PK M expression and progress 

of the tumour process, and can also become the basis for creation of new diagnostic approaches and develop-
ment of means of target therapy of pilocytic astrocytoma.
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INTRODUCTION
The term “pilocytic” has been used 

since 1930 for the description of astrocyto-
mas that contain bipolar cells with piliform 
processes [1]. What is now called pilocytic 
astrocytoma (PA) used to have numerous 
names before the WHO system of classifi-
cation became generally accepted. Before, 
PA was called polar spongioblastoma and 
juvenile astrocytoma. PA is a tumor of low 
malignancy (Grade I by the WHO classi-
fication of tumors of the central nervous 
system (CNS)).

Pilocytic astrocytoma is the most com-
mon brain tumor in children and adoles-
cents (33.2% of the total number of gliomas 
that develop in patients aged 0-14 years old 
and 17.6% from the total number of prima-
ry brain tumors in children) [2]. The mean 
age of the onset in the senior age group is 
22 years old. Patients older than 50 years 
have PA much rarer. 

PA develops in different parts of the 
CNS affecting the optic nerve, optic chi-
asma/ hypothalamus, thalamus and basal 

ganglia, brain hemispheres, and brainstem. 
However, in the majority of cases, PA is lo-
calized subtentorially. 

PA is characterized by a bi-phase pattern 
that includes closely aligning bipolar cells 
that contain aggregates of α-B-crystallin in 
the form of Rosenthal fiber and loose multi-
polar cells with microcysts and eosinophilic 
grains that contain α1-antichymotrypsin and 
α1-antitrypsin. These two elements can be 
observed in different proportions providing 
a significant histological diversity. It should 
be noted that it is possible to reveal the 
features characteristic of high-grade neo-
plasms, for example, cellular and nuclear 
anaplasia, the proliferation of the vascular 
endothelium, necrotic foci, etc. However, 
these features often represent degenerative 
alterations caused by the slow growth of the 
tumor and not malignization [3].

Pilocytic astrocytoma has a wide variety 
of genetic aberrations. The fusion BRAF-
KIAA1549 which induces the MAPK cas-
cade is revealed in more than 70% of tu-
mors. There are also other fusions of the 
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gene BRAF, its deletion and mutation of 
V600E revealed. All these genetic devia-
tions activate the MAPK cascade, which 
leads to an increase in the proliferative 
activity of the cells. Other mechanisms of 
activation of this signal pathway include 
sporadic inactivating mutation of the gene 
NF1 or mutation of two alleles of the gene 
in patients with type-I neurofibromatosis, 
KRAS mutations, point mutations N546K 
and K656E of the gene FGFR1 and its fu-
sion with the gene TACC1; mutation of the 
gene RAF1 including a rare fusion with the 
gene SRGAP3, and mutations in the genes 
of the NTRK family [2].

There are a lot of data on the genetic 
origin of PA. However, secondary mecha-
nisms of progressing of these tumors re-
main understudied. These mechanisms play 
an important role in the realization of the 
proliferative potential of tumor cells due to 
the mutations that lead to tumor growth and 
progression. Understanding of these mech-
anisms is important from the fundamen-
tal point of view because it improves the 
knowledge on the grounds of carcinogene-
sis. The practical value of this knowledge is 
explained by the fact that radical resection 
is not always possible because of compli-
cated localization of the tumor, which often 
leads to the recurrence of the pathological 
process. Presently, there are neither reliable 
tools of prognosis of PA development nor 
effective target therapy for the treatment of 
such patients.

At the same time, the factors involved 
in the process of tumor progression should 
possess specific properties, for example, the 
capability of quick activation and long-term 
maintenance of plastic molecular transfor-
mations in the tumor cells. These properties 
can be observed in a special type of atypical 
isoform of protein kinase C – protein kinase 
Mζ (PK Mζ). PK Mζ is an alternative splic-
ing variant of PKC ζ that does not contain 
a regulatory auto-inhibiting domain. For 
this reason, it remains active until it gets 
destructed [4; 5]. At the same time, PK Mζ 
is specific for the brain tissue [6; 7]. In gen-
eral, the role of PK Mζ in patients with tu-
mors is hardly studied. It was revealed that 
in patients with acute lymphocytic leuke-
mia, PK Mζ is synthesized in tumor cells 
and gets involved in the process of carci-
nogenesis [8]. However, in patients with 
brain tumors, the role of this factor has not 

been studied. Thus, the present study was 
aimed to evaluate the association between 
the expression of PK Mζ in PA and the re-
currence-free survival.

MATERIALS AND METHODS
Groups and their characteristics 
The retrospective, blind, randomized 

study included 50 samples of tumors ob-
tained from patients diagnosed with pi-
locytic astrocytoma (PA) (Grade I by the 
WHO) that underwent surgical treatment at 
the Burdenko National Medical Research 
Center of Neurosurgery in 2009–2014. 
These patients were followed up for mini-
mum 5 years. They underwent regular con-
trol MRI of the brain for a possible tumor 
recurrence (minimum twice a year). There 
were two equal groups of patients (25 pa-
tients in each group): a group of patients 
with tumor recurrence (RG) and a group of 
patients without tumor recurrence (NRG) 
for at least 5 years. The tumor recurrence 
was diagnosed in patients with a clinical 
picture of the tumor in the typical localiza-
tion and evident MR signs of the tumor re-
currence in the same place as the primary 
tumor. The time to the recurrence was cal-
culated as days from the surgery for the pri-
mary tumor to the registration of the signs 
of the recurrence. 

The mean age of patients included in the 
study was 11.55±1.54 years old. There were 
52% of men and 48% of women. In the RG, 
the mean age of patients was 8.95±1.68 years 
old. In the NRG, it was 14.15±2.51 years 
old. In the RG, the mean time to the recur-
rence was 819.92±126.72 days.

The study protocol followed guidelines 
for experimental investigation with human 
subjects in accordance with the Declaration 
of Helsinki and was approved by the ethics 
committee. Written informed consent was 
obtained from each patient (or an official 
representative) before the study.

Immunohistochemical Study
The immunohistochemical study was 

performed using waxed blocks with fixed 
samples of the tumor (in the RG, the sam-
ples of the tumor were taken after the 1st 
surgery) that were used for preparing 3-µm-
thick sections. The sections were dewaxed 
with xylene and hydrated with different so-
lutions of ethanol. After that, the obtained 
preparations were incubated with rabbit 
monoclonal antibodies to the antigen of 
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human PK Mζ (Abcam, Great Britain) and 
anti-rabbit murine IgG against horseradish 
peroxidase (Cell Marque, Sigma-Aldrich, 
USA). The sites of binding were revealed 
using diaminobenzidine 3,3’-tetrahydro-
chloride (Ventana Medical Systems, USA).

Processing and analysis of the immuno-
histochemical study results

The samples were studied with a light 
microscope at x400 magnifi cation by three 
pathologists. For the evaluation of the ac-
tivity of the expression of PK Mζ, the cal-
culation of the ratio of cells that expressed 
this marker (PK Mζ) was performed. In ad-
dition, the expression was evaluated with 
a histoscore semiquantitative method. The 
mean values were recorded.

For the calculation of the histoscore of 
PK Mζ, the share of weakly stained cells 
was multiplied by 1, the share of moder-
ately stained cells was multiplied by 2, the 
share of the cells with expressed positive 
staining was multiplied by 3, and the results 
were summed. For the evaluation of the ex-
pression of the marker, the cytocolorimet-
ric method was used and a microscope Carl 
Zeiss Scope.A1, a camera Axiocam 105 col-
or (Zeiss AG, Germany), and the software 

for the formation and analysis of the images 
ZEN 2 (Zeiss AG, Germany), ImageJ (NIH, 
USA) and Adobe Photoshop (Adobe Sys-
tems, USA). The mean values of the expres-
sion were recorded by three pathologists. 

Statistical processing of the study results 
Statistical processing of the study results 

was performed with Statistica 10 (StatSoft, 
USA). The signifi cance of the diff erences in 
the activity of the expression of PK Mζ in 
two groups was evaluated with the Mann-
Whitney U-test. For the estimation of the 
infl uence of PK Mζ and histoscore PK Mζ 
on the survival, correlation analysis be-
tween these two parameters was performed 
by the Spearman test. The diff erences were 
signifi cant at p<0.05.

Results and Discussion
Results
The share of cells with positive expres-

sion of PK Mζ in both groups 
The analysis of the results showed that 

the expression of PK Mζ in the NRG was 
24.14±1.25%. At the same time, the mean 
expression of PK Mζ in the RG was higher 
and equal to 34.36±1.52% (Figure 1). The 
revealed diff erences were statistically sig-
nifi cant (p=0.000034, z=4.14).
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Fig. 1. The share of cells that express PK Mζ in the NRG and RG. 
The level of expression of this marker was signifi cantly higher in the RG than in the NRG 

(p=0.000034, z=4.14)
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Fig. 2. Values of the histoscore PK Mζ in the NRG and RG. 
This parameter was signifi cantly higher in the RG than in the NRG (p=0.000006, z=4.51)
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Fig. 3. Correlation between the expression of PK Mζ and time to the tumor recurrence. 
A – negative correlation between the share of cells positive 

to the marker PK Mζ and time to tumor recurrence (r=−0.9488). 
B – negative correlation between the values of the histoscore PK Mζ 

and time to tumor recurrence (r=−0.9994)

Histoscore PK Mζ in the NRG and RG
The mean histoscore of PK Mζ in the 

NRG was 91.7±3.31%. At the same time, 
the mean histoscore PK Mζ in the RG was 
higher and was equal to 120.46±3.6% 
(Figure 2). The revealed diff erences were 
signifi cantly diff erent (p=0.000006, z=4.51).

Correlation between the expression of 
PK Mζ and the histoscore PK Mζ and time 
to recurrence 

A negative correlation was revealed be-
tween the expression of PK Mζ and the time 
to recurrence (r=−0.9488) (Figure 3A). A 
negative correlation was also revealed be-
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tween the histoscore PK Mζ and time to re-
currence (r=−0.9994) (Figure 3B).

Discussion
Genetic modifications and transforma-

tions in patients with PA are actively stud-
ied. In cases with PA, the most important 
role in the transformations is played by the 
gene BRAF. The fusion KIAA1549-BRAF 
is the most common. The mutation BRAF 
V600E is met much rarer. 

Still, the most important pathogenic 
mechanisms that directly influence the tu-
mor progression and determine the func-
tional activity of single tumor cells remain 
understudied. In this aspect, effector mech-
anisms that contribute to the realization of 
the main oncologic potential in the driver 
mutations and oncogene transformations 
play a crucial role. 

The study results showed that PK Mζ 
could play an important role in the progres-
sion of the tumor process. It was possible to 
reveal the differences in the expression of 
PK Mζ between the group of patients with 
recurrence-free PA in the post-operative pe-
riod and the group of patients with PA re-
currence. Besides, a strong correlation was 

established between the expression of PK 
Mζ and the time to tumor recurrence. 

CONCLUSIONS
A potentially valuable marker for the 

prognosis of recurrence-free survival was 
identified, which may contribute to the de-
velopment of new diagnostic and follow-up 
approaches. Fundamentally, it was shown 
that PK Mζ can play a center effector patho-
genetic role in the development of pilo-
cytic astrocytomas because the level of its 
expression correlates with the progression 
of the tumor process. The key role of PK 
Mζ in the carcinogenesis makes it a prom-
ising target for the development of target 
therapy drugs.
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