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Abstract 
Astrocytes represent a heterogeneous population of specialized glial cells responsible not only for accomplishing various important functions in 
the healthy nervous tissue, but also for reacting to all types of the central nervous system diseases and trauma. GFAP immunostaining is 
considered to be the most accurate of the routine techniques used for identifying astrocytes; however, silver impregnation techniques, which 
are inexpensive and approachable, might be a reliable alternative. The present research has brought into question and tried to assess the 
sensitivity and specificity of these classical methods for identifying and differentiating normal and reactive from tumoral astrocytes. Our 
study included 10 supratentorial gliomas specimens of various grade and two normal brain samples. We performed a histological study on 
consecutive seriated sections labeled using four methods: the immunostaining for GFAP (glial fibrillary acidic protein) and the three silver 
impregnation techniques: Ramón y Cajal, Bielschowsky–Cajal and Gömöri. For each tumoral case, two areas were examined: the tumoral 
parenchyma and the tumor borders (considered as reactive gliosis) and were both compared to healthy brain parenchyma; for each area, 
three microscopic fields were assessed and two parameters were recorded: a semi-quantitative score (the astrocytes’ density) and a 
qualitative score (the color intensity). We used a complex statistical analysis in order to process the data and to compare the diagnostic value 
of silver impregnation techniques versus GFAP immunostaining (the reference method) in terms of tumoral grading and differentiating 
tumoral from normal and reactive astrocytes. Our results indicated that there data provided by both GFAP immunostaining and silver 
impregnation techniques were comparable. 
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 Introduction 

Astrocytes represent a heterogeneous population of 
specialized glial cells responsible for performing numerous 
essential functions in the central nervous system (CNS): 
the blood–brain barrier formation, the blood flow regulation, 
neuronal metabolism, transmitter homeostasis, etc. [1, 2]. 

Besides the classically well-known two major types 
(the protoplasmic and fibrillary astrocytes), there are 
many other classes identified until today, e.g.: the cortex 
interlaminar and varicose projection astrocytes, or the 
recently described subventricular/subgranular cortical 
zones astrocytes, displaying stem cells characteristics [1–
3]. Yet, despite their diversity, constant features are used 
to define an astrocyte: the star-shaped morphology, the 
presence of the glial fibrils (expressed by glial fibrillary 
acidic protein – GFAP), and the close relationship with 
both neurons and blood vessels [1, 3]. 

The reactive astrogliosis reflects the specific ability 
of these cells to respond to all types of CNS trauma and 
diseases. Reactive astrocytes become larger, their domain 
organization is altered and the intermediate filament 
proteins (e.g., GFAP, vimentin, nestin) are up-regulated. 
Abundant GFAP-positive reactive astrocytes can be 
identified within or surrounding non-glial tumors, or may 
be aligned to form the glial scar, limiting a secondary, 

metastatic neoplasm. Contrarily, tumoral astrocytes 
associated with astrogliomas show various degree of 
cytoplasmic reactivity for GFAP and additionally display 
nuclear atypia [2]. 

Recently, methods employed for the nervous tissue 
study have dramatically evolved and advanced approaches 
(such as immunohistochemistry, the dye-filling techniques 
or the transgenic methods), enabled the progress in 
astrocytes knowledge [1, 4]. However, in the surgical 
neuropathology routine practice, a major challenge 
remains the differentiation of reactive astrogliosis from 
astrocytomas; this common diagnostic pitfall has serious 
clinical implications, considering the important prognostic 
differences and therapeutic approaches based on the 
pathologic diagnosis [5]. In the transition zone, at the 
periphery of the tumor, nerve tissue can be reacted or 
neoplastic, or with both changes. For a correct histological 
diagnosis, representative deep biopsies of the area are 
needed along with the use of many special stains [6]. 

Nowadays, the GFAP immunostaining is considered 
the most accurate of the routine techniques used for 
identifying astrocytes, histological diagnosis or the 
classification of astrocytomas. Nevertheless, the silver 
impregnation techniques, even though currently regarded 
as “outdated”, provide important details regarding the 
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glial cells morphology, and should be considered as a 
reliable diagnostic tool for the pathologist. 

The aim of this paper was to assess the diagnostic 
contribution (for future quantification of tumors clinical 
evolving behavior and prognosis), of silver impregnation 
techniques versus GFAP immunostaining in reactive 
astrogliosis and astrocytomas, by revealing the morpho-
logical characteristics of normal, reactive and tumoral 
astrocytes in both methods and comparing the results 
obtained. 

 Materials and Methods 

Specimens included 10 cases of supratentorial gliomas: 
one pilocytic astrocytoma (grade I), two diffuses astro-
cytomas (grade II), four anaplastic astrocytomas (grade 
III) and three multiforme glioblastomas (grade IV), 
obtained surgically from patients randomly selected in 
the Department of Neurosurgery of the “Iuliu Haţieganu” 
University of Medicine and Pharmacy, Cluj-Napoca, 
Romania, from 2010 to 2012. 

Tumors were graded according to the World Health 
Organization (WHO) classification/2007 by using routine 
light microscopy, on paraffin sections of formaldehyde 
fixed samples stained with Hematoxylin and Eosin (HE). 
Control normal brain tissue was obtained in the same 
manner from two trauma victims [7]. 

The study was developed in accordance with the World 
Medical Association (WMA) Declaration of Helsinki and 
the human brain samples were prelevated in compliance 
with the Protocol elaborated by the Ethics Committee  
of the “Iuliu Haţieganu” University of Medicine and 
Pharmacy, Cluj-Napoca. 

Tumoral astrocytes within the tumor and reactive 
astrocytes from the surrounding areas were analyzed; 
normal brain tissue was considered as standard. In order 
to complete the information provided by the routine HE 
stain, we used special histological procedures designed for 
identifying specific cellular characteristics: the immuno-
staining for GFAP and three silver impregnation techniques: 
Ramón y Cajal, Bielschowsky–Cajal and Gömöri. 

Immunohistochemistry (IHC) for GFAP 

The brain tissue sections were prepared according to 
the paraffin-sectioning technique, and consecutive cross 
sections of 5 µm were obtained. 

Standard immunohistochemistry staining Avidin–Biotin 
complex (ABC) method with 3,3’-diaminobenzidine (DAB) 
chromogen was performed, the coloration following the 
manufacturer’s protocol. 

For revealing the astrocytic GFAP protein, we used 
monoclonal mouse-antihuman antibodies against GFAP 
DAKO PAP Kits (Glostrup, Denmark), clone GF2, 1:50 
dilution. Control slides were included in each staining run; 
therefore, GFAP-expression was evaluated with respect to 
positive control cells. All immunohistochemical stainings 
were evaluated by two persons independently and 
consensus was made when the opinions differed. 

Silver impregnation techniques 

There are several silver metallic impregnation 
techniques, all based on the same principle: the reduction 

of ionic soluble silver and precipitation on specific 
structures [8]. 

The recipes of silver impregnation techniques are 
limited at ammonium hydroxide and ammonium carbonate 
silver solutions, both prepared from silver nitrate (AgNO3); 
in our study, we employed 209139–25G Sigma Aldrich 
crystals extrapure AgNO3 solution, with a different 
concentration dependent to the type of technique used: 
5% for Gömöri’s method, 2% for Ramón y Cajal technique 
and 4% for Bielschowsky–Cajal’s technique [8]. 

All three techniques, performed according to the 
protocol, allowed the visualization of the astrocytes’ 
processes and cellular body and were used for a better 
comparison of results. 

For each case, the specimen included the tumoral 
parenchyma and the tumor borders relative to healthy 
brain parenchyma. Consecutive seriated sections from each 
block of tissue were labeled using the four methods: the 
immunostaining for GFAP and the three silver impregnation 
techniques. The sensitivity of each method was qualitatively 
and semi-quantitatively assessed. The density of astrocytes 
and the intensity of staining were evaluated. The astrocytes’ 
density (semi-quantitative score) was assessed using a 
Weibel grid (Figure 1). 
 

 

Figure 1 – Weibel grid.

 

The counting Weibel type 2 grid was electronically 
superimposed over each field of view and the astrocytes 
intersecting the short lines were counted. The color 
intensity (qualitative score) was classified as grade 1 (very 
pale color of cell body and long, thin and branched 
processes), grade 2 (low color degree of cell body and 
branched processes), grade 3 (moderate color degree of 
cell body and less branched processes) and grade 4 
(intense color of cell body and few, short and thick 
processes). High-quality images of the most representative 
fields were taken for each sample, using a camera 
connected both to the computer and to the microscope 
(Olympus BX50), with comparative magnification values. 
On each histological section, color intensity and cell 
density were determined in nine fields of view, of which 
three in the normal brain parenchyma, three in the 
peripheral zone surrounding the tumor, and three within 
the tumor. 

Statistical analysis 

A complex statistical analysis was performed. 

Statistical analysis of semi-quantitative score 
(astrocytes’ density) 

The following parameters were taken into considera-
tion: (1) the correlation between the tumoral grade and 
the number of marked cells; (2) the correlation between 
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average densities of I and II grade tumoral cells, comparing 
with III and IV grade tumoral cells; (3) the correlation 
between tumor cells density in each tumoral grade and 
normal cells density or reactive cells density; (4) the 
ratio of the average number of marked tumoral cells and 
the number of normal and reactive astrocytes; (5) the 
comparison of methods for the previous parameters – 
(5.1) regarding the tumoral grade/each area investigated, 
(5.2.) regarding the sensitivity and specificity of each 
method versus the relation tumor-normal brain 
parenchyma samples, tumor-astrogliosis samples, normal 
brain parenchyma-reactive samples, (5.3) regarding which 
of the three silver impregnation techniques was the 
closest to GFAP immunostaining results. 

Statistical analysis of qualitative score (color 
intensity) 

The following parameters were taken into considera-
tion: (1) the correlation between the tumoral grade and 
the number of marked cells; (2) the correlation between 
the average color intensity grade of I and II grade tumoral 
cells, comparative with III and IV grade tumoral cells; 
(3) the correlation between color intensity grade of tumor 
cells in each tumoral grade and color intensity grade of 
normal cells or reactive astrocytes; (4) the ratio of the 
average number of marked tumoral cells and the number 
of normal and reactive astrocytes; (5) the comparison of 
methods for the previous parameters – (5.1) regarding 
the four tumoral grades/each area investigated, (5.2) 
regarding the sensitivity and specificity of each method 
opposite the relation tumor-normal brain parenchyma 
samples, tumor-astrogliosis samples, normal brain 
parenchyma-reactive samples, (5.3) regarding which of 
the three silver impregnation techniques was the closest 
to GFAP immunostaining results. 

Data were described either as absolute frequency 
and relative percentage or as median and 25th and 75th 
percentile. The Kolmogorov–Smirnov test was used to 
assess the normality of variables distribution. We used 
the following statistical tests: Mann–Whitney test to 
compare the two groups by comparing their environments 
for the same variable with non-parametric distribution; 
Kruskal–Wallis test to compare more than two groups by 
comparing their overall averages for the same variable, 
having a non-parametric distribution, followed by a 
post-hoc Bonferroni analysis for the comparison of two 
groups, with correction of the type I error. 

Analysis of correlation between continuous variables 
was performed by determining the Pearson’s correlation 
coefficients (when variables were approximately normally 
distributed) and Spearman (when the variables were not 
normally distributed or were ordinal). Significance of 
Pearson’s and Spearman’s correlation coefficients was 
tested. 

The interclass concordance coefficient (ICC) and its 
significance, the Bland–Altman graphs, were used to 
assess the diagnostic tests with continuous measurement 
variable. We used sensitivity and specificity and their 
confidence intervals of 95% estimation for the qualitative 
measurement variable, and diagnostic tests were compared 
by using the ROC (receiver operating characteristic) 
curve, by calculating the area under the curve (AUC) 
and its significance. 

ROC curves by the analysis of sensitivity and specificity 
were used to find the cut-off value for a qualitative 
variable. As the sensitivity and specificity values are closer 
to 1, the performance of the diagnostic test is higher. 

The significance level for the statistical tests used 
was α=0.05. Data analysis employed MedCalc and SPSS 
(Statistical Product and Service Solutions) statistical 
software. 

 Results 

Immunohistochemistry for GFAP 

The immunological staining for GFAP revealed the 
astrocytes by dying the cellular bodies and the cytoplasmic 
processes. 

The peripheral zones surrounding the tumors showed 
various degrees of reactivity ranging from moderate to 
severe astrogliosis. Compared to normal astrocytes, 
reactive astrocytes appeared larger, exhibiting shorter 
but intensively branched processes. 

Reactive astrocytes’ cellular bodies and processes were 
intensively positive for GFAP, therefore the extension of 
the individual domains could be easily identified. Astrocytic 
individual domains were preserved in moderate astrogliosis, 
whereas in severe astrogliosis the superposition of the 
astrocytic domains could be noticed. 

The perivascular extensions of the astrocytic processes 
were readily visible (Figure 2). 

In tumors, a gradate decrease in astrocytes’ affinity 
for the dye could be noticed, due to the loss of glial 
filaments, both in the cell body and processes. 

Tumoral astrocytes exhibited various degrees of 
immunoreactivity for GFAP (Figure 3). 

Silver impregnation techniques 

All three silver impregnation techniques (Bielschowsky–
Cajal, Ramón y Cajal and Gömöri) were used either as 
markers in differentiating normal and reactive astrocytes 
from tumoral types (Figures 4–6) or in comparing tumoral 
astrocytes (Figure 7). 

Final comparative images of similar fields labeled with 
silver impregnation techniques and GFAP immunostaining 
are presented below (Figure 8). 

The map of astrocytes stained using Bielschowsky–
Cajal’s technique was of very fine detail and can be 
compared to that given by the IHC method. 

Statistical analysis of semi-quantitative score 
(astrocytes’ density) 

Correlation between the tumoral grade and the 
number of marked cells (Table 1) 

Table 1 – Astrocytes’ density: correlation with tumor 
grade 

correlation coefficient r Spearman 0.951 
GFAP 

p <0.001 

correlation coefficient r Spearman 0.952 Bielschowsky–
Cajal p <0.001 

correlation coefficient r Spearman 0.952 
Ramón y Cajal

p <0.001 

correlation coefficient r Spearman 0.953 
Gömöri 

p <0.001 
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Figure 2 – Photomicrographs of the brain parenchyma (×400).
Human brain tissue sample, monoclonal anti-GFAP antibodies
(GF2 DAKO clone): (a) Normal astrocytes exhibit numerous, 
thin, short, branched cytoplasmic processes; (b) Moderate 
astrogliosis: reactive astrocytes were hyperplastic but the 
individual domains were still preserved; the GFAP expression
was up-regulated; (c) Severe astrogliosis: reactive astrocytes 
showed an intense proliferation resulting in pronounced 
hyperplasia; there also was a superposition of astrocytic 
processes and the perturbation of the individual domains. 

 

Figure 3 – Photomicrographs of tumoral astrocytes. Human brain tissue sample, monoclonal anti-GFAP antibodies 
(GF2 DAKO clone): (a) Diffuse astrocytoma grade II (×400); (b) Anaplastic astrocytoma, grade III (×400) was 
characterized by the partial loss of astrocytic processes and a decrease in the affinity for the stain of the astrocytes’ 
cellular bodies; (c) Glioblastoma, grade IV (×400): there are fusiform or large tumoral cells with well-delineated plasma 
membranes and lack of cell processes; (d) Glioblastoma, grade IV (×1000): a higher magnification was used to compare 
the gradual decrease in the intensity of the cytoplasm and the cell processes. 
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Figure 4 – Photomicrographs of normal, reactive and tumoral astrocytes. Human brain tissue sample, silver impregnation 
Bielschowsky–Cajal’s technique. The different magnifications were used for a better visualization of increased 
hypercelularity in correlation with tumoral grade. For a better analogy between the normal and high malignant 
astrocytes, the same magnification (×1000) was used: (a) Normal astrocytes within healthy brain parenchyma: 
astrocytic cellular bodies and the short, branched astrocytic processes could be identified (×1000); (b) Peritumoral 
reactive astrogliosis: cellular hypertrophy and hyperplasia were apparent (×1000); (c) Tumoral astrocytes within an 
astrocytoma grade III: cellular hypertrophy and marked hyperplasia were present; loss of astrocytic processes was a 
characteristic feature for differentiating astrocytoma from astrogliosis (×400); (d) Tumoral astrocytes within a 
glioblastoma grade IV: nearly total absence of astrocytic processes was apparent, as a sign of severe malignity 
(×1000). 

 

Figure 5 – Photomicrographs of normal astrocytes. Human brain tissue sample, silver impregnation Gömöri’s technique: 
(a) Cellular bodies and the long, branched cytoplasmic processes of the astrocytes were apparent (×400); (b) Astrocytic 
processes forming the blood-brain barrier by their vascular endfeet (×1000). 
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Figure 6 – Photomicrographs of reactive and tumoral astrocytes (×1000). Human brain tissue samples, silver impreg-
nation Gömöri’s technique: (a) Reactive astrocytes exhibiting long, thin processes and forming a dense network;  
(b) Glioblastoma grade IV: astrocytes underwent loss of their processes. 

 

Figure 7 – Photomicrographs of the tumoral astrocytes: a gradate loss of cytoplasmic processes could be observed as 
tumor malignity increased. Human brain tissue sample, silver impregnation Ramón y Cajal’s technique: (a) Diffuse 
astrocytoma (×200); (b) Glioblastoma (×400). 

 

Figure 8 – Photomicrographs of reactive astrocytes. Comparison between silver impregnation Bielschowsky–Cajal’s 
technique (a – ×400) and immunostaining for GFAP (b – ×400). Human brain tissue samples (diffuse astrocytoma 
grade II). 
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Figure 8 (continued) – Photomicrographs of reactive astrocytes. Comparison between silver impregnation Bielschowsky–
Cajal’s technique (c – ×1000) and immunostaining for GFAP (d – ×1000). Human brain tissue samples (diffuse 
astrocytoma grade II). 

 

All the correlations were statistically highly significant 
(p<0.001) and positives (values rising in the same 
direction) (r>+0.75). 

Correlation between average densities of I–II grade 
tumoral cells, comparative with III–IV grade tumoral 
cells and sensitivity and specificity of each method 
(Table 2) 

Table 2 – Astrocytes’ density: comparison between 
methods and tumor grades I–II versus III–IV 

Method 
Grade I–II  

(n=9)* 
Grade III–IV 

(n=21)* 
pB 

GFAP 480 (252–517.5) 798 (756–1320) <0.001

Bielschowsky– 
Cajal 

480 (256.5–510) 777 (735–1303.5) <0.001

Ramón y Cajal 450 (234–502.5) 735 (693–1155) <0.001

Gömöri 435 (229.5–487.5) 714 (693–1155) <0.001

pA 0.73 0.26  

*Median (percentile 25%–percentile 75%); pA – Comparison between 
methods; pB – Comparison between tumor grades. 

The differences between tumor grades I–II and III–
IV were statistically highly significant (pB<0.001), and 
the differences between methods were statistically not 

significant (pA=NS). In ROC curves analysis, the cut-off 
values of cell density between tumoral grades I–II 
compared to III–IV were: 616.5 for GFAP immuno-
staining, 624 for Bielschowsky–Cajal technique, 588  
for Ramón y Cajal technique and 591 for Gömöri 
technique. 

Correlation between tumor cells density in each 
tumoral grade and normal cells density or reactive 
cells density 

We compared the four methods taking into consi-
deration the number of marked tumoral cells, counted in 
three areas for each tumoral grade. 

For tumoral grade I, we only had three cases, therefore 
the comparison analysis between areas was not concluding. 
For tumoral grades II, III and IV, all the differences were 
statistically highly significant (p<0.001 for each compa-
rison, data not shown). 

Ratio of the average number of marked tumoral 
cells and the number of normal and reactive astrocytes 
(Table 3) 

All the differences for the comparison between zones 
were statistically highly significant (pA<0.001). 
 

Table 3 – Astrocytes’ density: comparison between methods and investigated areas (healthy, periphery, tumor) 

Method 
Healthy  
(n=30) 

Periphery  
(n=30) 

Tumor  
(n=30) 

Ratio periphery/healthy 
tumor/healthy 

pA 

4.15 
GFAP 26.5 (25–28)*,+,a,b 197.5 (188.75–211.25)‡,a,b 756 (521.25–1229.25) 

31.38 
<0.001 

4.16 Bielschowsky–
Cajal 

25 (23.75–28)*,+,c 195 (185–206.25)‡,c 735 (510–1204.5) 
31.66 

<0.001 

4.10 
Ramón y Cajal 25 (22–26)*,+ 185 (175–205)‡ 703.5 (506.25–1122) 

30.92 
<0.001 

4.12 
Gömöri 24 (22.75–26)*,+ 180 (170–200)‡ 703.5 (491.25–1122) 

31.38 
<0.001 

pB 0.001 <0.001 0.33   

Median (percentile 25%–percentile 75%); pA – Comparison between zones; pB – Comparison between methods; *p<0.05 for comparison 
healthy with periphery; +p<0.05 for comparison healthy with tumor; ‡p<0.05 for comparison tumor with periphery; ap<0.05 for comparison GFAP 
immunostaining with Ramón y Cajal; bp<0.05 for comparison GFAP immunostaining with Gömöri; cp<0.05 for comparison Bielschowsky–Cajal 
with Gömöri. 
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Comparison between methods for each of the 
previous parameters 

Comparison between methods regarding the tumoral 
grade/each area investigated 

Regarding the tumoral grade, pA was not significant, 
which means that the methods were not different compared 
to GFAP immunostaining (Table 2). 

In healthy and peripheral areas, the Bielschowsky–
Cajal technique was not significantly different compared 
to GFAP immunostaining, and the Ramón y Cajal and 
Gömöri techniques were significantly different. For the 
tumoral area, none of the techniques was significantly 
different from GFAP immunostaining (Table 3). 

Sensitivity and specificity of each method regarding 
the relation tumor-normal brain parenchyma samples, 
tumor-astrogliosis samples, normal brain parenchyma-
reactive samples 

In ROC curves analysis, the cut-off values of 
peripheral versus tumoral area were 229.5 for GFAP 
immunostaining, 231.5 for Bielschowsky–Cajal technique, 
217.5 for Ramón y Cajal technique and 213 for Gömöri 
technique; the cut-off values of healthy versus tumoral 
area were 131.5 for GFAP immunostaining, 136.5 for 
Bielschowsky–Cajal technique, 126.5 for Ramón y Cajal 
technique and 122 for Gömöri technique; and finally, 
the cut-off values of peripheral versus healthy area were 
104.5 for GFAP immunostaining, 102.5 for Bielschowsky–
Cajal technique, 91.5 for Ramón y Cajal technique and 
94 for Gömöri technique. All the cut-off values were 
statistically highly significant (p<0.001). 

Which of the three silver impregnation techniques 
was the closest to GFAP immunostaining? 

The figure presents the Bland–Altman charts for 
comparing the silver impregnation techniques with the 
GFAP immunostaining, independently between tumor 
and peripheral areas (Figure 9, a–c) and between tumor 
and healthy areas (Figure 9, d–f). 

The comparison between methods indicated the 
following results: the interclass correlation coefficient 
between GFAP and Bielschowsky–Cajal was ICC=1 
95%CI (0.99–1.00), p<0.001, between GFAP immuno-
staining and Ramón y Cajal was ICC=0.995 95%CI 
(0.989–0.998), p<0.001; between GFAP immunostaining 
and Gömöri was ICC=0.995 95%CI (0.985–0.997), 
p<0.001. 

Statistical analysis of qualitative score (color’ 
intensity) 

The following parameters were taken into consideration: 

Correlation between the tumor grades and the 
number of marked cells (Table 4) 

Table 4 – Correlation between color intensity and 
tumoral grade 

correlation coefficient r Spearman -0.45 
GFAP 

p 0.01 

correlation coefficient r Spearman -0.62 Bielschowsky–
Cajal p <0.001 

correlation coefficient r Spearman -0.73 Ramón y Cajal

p <0.001 

correlation coefficient r Spearman -0.65 
Gömöri 

p <0.001 

For GFAP immunostaining, the correlation between 
the tumoral grade and the number of marked cells  
was statistically significant (p<0.01) and for the silver 
impregnation techniques, the correlations were statistically 
highly significant (p<0.001). All the correlations had 
good negative values (the color intensity decreased with 
the tumoral grade increase, r between -0.5 and -0.75). 

Correlation between the average color intensity 
of I and II grade tumoral cells, comparative with III 
and IV grade tumoral cells (Table 5) 

Table 5 – Color’ intensity: comparison between methods 
and tumor grades I–II versus III–IV 

Method 
Grade I–II  

(n=9)* 
Grade III–IV 

(n=21)* 
pB 

GFAP 3 (2–3) 2 (1–2.5) 0.08 

Bielschowsky–Cajal 3 (2–3) 2 (1.5–2.5) 0.02 

Ramón y Cajal 3 (2–3) 1 (1–2) <0.001

Gömöri 2 (2–3) 1 (1–2) 0.01 

pA 0.60 0.05  

*Median (percentile 25%–percentile 75%); pA – Comparison between 
methods; pB – Comparison between tumor grades. 

For GFAP immunostaining, the value had no statistical 
significance, for Bielschowsky–Cajal and Gömöri technique 
the comparisons were statistically significant (p<0.01) and 
for the Ramón y Cajal technique the comparison was 
statistically highly significant (p<0.001). 

Correlation between the color intensity for tumoral 
cells in each tumoral grade and the color intensity 
for normal and reactive astrocytes 

For tumoral grade I, we only had three cases, therefore 
the comparison analysis was not concluding. For tumoral 
grade II, we did not obtain statistically significant 
differences between areas. For tumoral grades III and IV, 
all the differences were statistically highly significant 
(p<0.001 for all comparisons, data not shown). 

Average number of marked tumoral cells and the 
number of normal and reactive astrocytes ratio (Table 6) 

Table 6 – Color’ intensity: comparison between methods 
and investigated areas (healthy, periphery, tumor) 

Method 
Healthy 
(n=30) 

Periphery  
(n=30) 

Tumor  
(n=30) 

pA 

GFAP 3 (2–3)*,b,c 4 (3–4)+,a,b,c 2 (1–3)‡ <0.001

Bielschowsky–
Cajal 

3 (2–3)* 3 (3–4) 2 (2–3)‡ <0.001

Ramón y Cajal 2 (2–3)* 3 (3–3) 2 (1–2)‡ <0.001

Gömöri 2 (2–3)* 3 (3–3) 2 (1–2.25)‡ <0.001

pB 0.005 <0.001 0.10  

Median (percentile 25%–percentile 75%); pA – Comparison between 
zones; pB – Comparison between methods; *p<0.05 for comparison 
healthy with periphery; +p<0.05 for comparison healthy with tumor; 
‡p<0.05 for comparison tumor with periphery; ap<0.05 for comparison 
GFAP immunostaining with Bielschowsky–Cajal; bp<0.05 for comparison 
GFAP immunostaining with Ramón y Cajal; cp<0.05 for comparison 
GFAP immunostaining with Gömöri. 
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Figure 9 – Bland–Altman graphics for comparing the investigated techniques with the GFAP immunostaining:  
(a–c) Comparison between tumor and periphery; (d–f) Comparison between tumor and healthy. 

 
We obtained statistically highly significant results 

(p<0.001) for all the methods. 

Comparison between methods for each of the 
previous parameters. 

Comparison between methods for the four tumoral 
grades/each area investigated 

Regarding the tumor grade, for tumoral grades I and 
II, there were no statistically significant differences 
between methods (pA=NS) whereas for tumoral grades 
III and IV the value was at the limit of the statistic 
significance (pA=0.05) (Table 5). 

In the healthy parenchyma, the Bielschowsky–Cajal 
technique was not significantly different from GFAP 
immunostaining, whereas the Ramón y Cajal and Gömöri 
techniques were significantly different from GFAP 
immunostaining. 

In the peripheral area, all the silver impregnation 
techniques were significantly different from GFAP 
immunostaining. 

In the tumoral area, none of the silver impregnation 
techniques was significantly different from GFAP 
immunostaining (seeing pB, Table 6). 
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Sensitivity and specificity of each method regarding 
the relation tumor–normal brain parenchyma samples, 
tumor–astrogliosis samples, normal brain parenchyma–
astrogliosis samples 

GFAP immunostaining was not significant in detecting 
the tumor grades (AUC=0.69, p=0.10). Instead, the 
silver impregnation techniques were significant, but the 
most accurate technique for detecting the tumor grade 
was Ramón y Cajal technique (AUC=0.89, p<0.001). 

Regarding the detection of tumor grades, the GFAP 
immunostaining indicated Se=0.76 95%CI (0.53–0.92), 
Sp=0.56 95%CI (0.21–0.86); the Bielschowsky–Cajal 
technique indicated Se=0.76 95%CI (0.53–0.92), Sp=0.67 
95%CI (0.3–0.93); the Ramón y Cajal technique indicated 
Se=1, Sp=0.56 95%CI (0.21–0.86) and the Gömöri 
technique indicated Se=1, Sp=0.53 95%CI (0.28–0.77). 

Therefore, regarding the color intensity, the Ramón 
y Cajal technique was the best technique for detecting 
the tumor grades I–II versus III–IV. 

All the staining methods indicated statistically highly 
significant results for differentiating peripheral from 
tumoral areas. Anyway, the GFAP immunostaining was 
the best in detecting the differences between the investi-
gated areas (AUC=0.94, p<0.001). Silver impregnation 
techniques also indicated significant results. Ramón y 
Cajal technique was the most accurate of the silver 
impregnation techniques for detecting tumoral versus 
peripheral areas (AUC=0.89, p<0.001). 

The GFAP immunostaining indicated Se=0.67 95%CI 
(0.47–0.83), Sp=1; the Bielschowsky–Cajal technique 
indicated Se=0.63 95%CI (0.44–0.80), Sp=0.93 95%CI 
(0.78–0.99); the Ramón y Cajal technique indicated Se= 
0.83 95%CI (0.65–0.94), Sp=0.87 95%CI (0.69–0.96) and 
the Gömöri technique indicated Se=0.77 95%CI (0.58–
0.90), Sp=0.83 95%CI (0.65–0.94). 

Analyzing the peripheral versus healthy areas and 
the healthy versus tumoral areas, the GFAP method was 
the most accurate (data not shown). 

Differentiation between methods in terms of color 
intensity 

Differentiation between methods in terms of color 
intensity was not conclusive, because GFAP immuno-
staining indicated statistically non-significant results for 
the distinction between tumoral grades. 

 Discussion 

The growing awareness of both astrocytic profiles 
multiple diversity and glial cells’ implications in clinical 
pathology (gliomas being among the ten most common 
causes of cancer-related deaths) justifies the steady 
interest and progress in astrocytes research. 

Since differentiating tumoral astrocytes from reactive 
and normal ones still remains a major challenge, identifi-
cation of a reliable phenotypic marker has become the 
golden standard for the neuropathologist [8]. 

Modern technology has rendered available various 
novel methods designed for astrocytes’ study (e.g., sharp 
electrode, patch clamp recordings, single cell electro-
poration, transgenic approaches for cells fluorescent 
visualization [1]. Subsequently, various molecular markers: 

e.g., S100B [4, 9], β-galactosidase, glutamine-synthetase 
[10, 11], Aldh1L1protein, GFP (green fluorescent protein) 
[12, 13], IFAP-300kDa (300-kDa intermediate filament-
associated protein) [8], ADAM10, ADAM17 (disintegrin 
and metalloproteinases) [14], MGMT (methylguanyl 
methyltransferase) promoter methylation status, hetero-
zygous mutations of isocitrate dehydrogenase (IDH)-1 
and -2, BRAF fusion genes [15] were proposed and tested 
over the time. Several other molecules can be either up-
regulated or down-regulated depending of the trigger or 
of the time after the insult: e.g., regulators of inflamma-
tory cells: the cytokines and growth factors, glutathione, 
carriers and pumps: AQP4 (aquaporine 4) and Na/K 
transporters [16–20], the glutamate transporter [21–24], 
vascular regulators: PGE (prostaglandin E), NO (nitric 
oxide) [25, 26], the energy supplier: lactate [27], the 
molecules involved in synapse formation and remodeling: 
thrombospondin and C1q complement fraction [28, 29], 
the molecules involved in oxidative stress and providing 
protection against oxidative stress: NO, SOD (superoxide 
dismutase), glutathione [18, 19, 30]. 

Yet, none of these sophisticated markers proved to 
be a valid diagnostic tool, because they failed to allow a 
constant individualization of a certain phenotype or 
astrocyte class, being either in experimental stage, or 
presenting limitations and inaccuracies that prevent their 
regular use [8]. 

Nevertheless, GFAP stood the test of time, since its 
expression has been acknowledged as the prototypical 
astrocytic marker; this 50-kDa molecular weight intra-
cytoplasmic protein which forms specific 8 nm inter-
mediate filaments distinguishes astrocytes from other 
cellular types in the SNC. However, this protein is 
regarded much like an astrocyte common denominator, 
due to its presence in normal and reactive astrocytes,  
as well as in tumoral cells [31, 32]. Consequently, its 
diagnostic limitation concerning tumoral astrocytes, 
reside exactly in this ubiquity as a normal/reactive cell 
constituent [8]. On the other hand, recent reports [33] 
have demonstrated there were differences in the expression 
of GFAP in all three astrocytic phenotypes. 

Advances in clarifying GFAP characteristics have 
lately significantly evolved. It is known that, due to its 
structural role (as part of the cytoskeleton), this protein 
is not uniformly distributed within the cytoplasm [6]. 
Recent studies using transgenic mice are still investigating 
the existence of several GFAP isoforms (previously 
unknown), heterogeneously expressed in healthy and 
pathological specimens of the CNS [34–36]. This 
hypothesis may explain the variations in GFAP expression. 
The differently conveyed expression of GFAP, in normal, 
reactive or tumoral astrocytes was partly the concept 
behind this study. 

The change of astrocytic phenotype in reactive 
astrogliosis is based on the capacity of mature cells, to 
rapidly undergo a switch in response to an insult and it 
is essentially characterized by upregulation of intermediate 
filament proteins; additionally, other features as: loss  
of glutamate buffering, secretion of pro-inflammatory 
cytokines, and increased antioxidant production may 
occur [37]. Sofroniew identified four different stages  
of astrocytes’ activation: mild to moderate astrogliosis, 
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severe diffuse astrogliosis and the glial scar formation [38]. 
Reactive astrocytes exhibit specific histopathological 
features residing mainly in cell body and processes 
hypertrophy and increased proliferation in all stages of 
activation. 

Still, little is known about distinctive phenotypic 
characteristics of astrocytomas. At present, there are  
no means available for their early detection, prevention, 
or screening [15]. However, demonstration of GFAP 
presence in tumoral cells within astrocytomas indicates 
a tissue-type-specific expression preserved by these 
neoplasms [8]. It is hypothesized that, as the malignancy 
of astrocytomas increases, there is a progressive reduction 
in the GFAP expression in tumoral astrocytes [6, 33, 39]. 

Gliomas are primary brain tumors that grow by diffuse 
infiltration and the ability of tumoral cells to migrate 
has a major contribution to the malignant potential [15]. 
On this basis, the prominent peritumoral gliosis found  
at the periphery of the tumor suggests the complex 
intrication between the astrocytes that belong to the 
invaded CNS tissue and the true tumoral cells [6]. 

Histopathological differentiation between reactive 
gliosis and gliomas is critical, but sometimes extremely 
difficult, because gliosis can mimic a well-differentiated 
astrocytoma [6]. 

In HE stain, gliosis is typically polymorphic, containing 
scattered reactive astrocytes exhibiting prominent cyto-
plasmic processes; mitoses are scarce or absent. By 
contrast, glioma is monomorphic, containing densely 
packed tumoral glial cells extending few cytoplasmic 
processes; tumoral astrocytes are located in the proximity 
of apparent normal or proliferating vessels; mitoses are 
numerous, and cells undergoing mitosis contain irregular, 
elongated, heterochromatic nuclei. The nuclei on the 
microscopic field are much more numerous in gliomas 
compared to reactive gliosis. It is even said that “the 
densest reactive gliosis area is never as cell-rich as the 
scantest glioma” [6]. 

In order to sustain this idea, the present research 
has brought into question and tried to assess the 
sensitivity and specificity of some already classical 
methods for the study of astrocytes; we used sophisticated 
statistical analysis, in order to highlight the diagnostic 
value of IHC and silver impregnation techniques for 
identifying and differentiating normal and reactive from 
tumoral astrocytes. 

The four histological methods employed in our 
present research (i.e., GFAP immunostaining and three 
silver impregnation techniques) have in common the 
capacity to reveal the intracellular GFAP, therefore their 
comparison is possible. Nowadays, immunohistochemistry 
is a currently used technique; it still remains a procedure 
of modern diagnostic being obvious in case of atypical or 
varied tumoral histology. We deliberately chose the silver 
impregnation techniques, because they are available, 
inexpensive and particularly recommended whenever both 
the facilities and experience for using more elaborated 
techniques are inadequate. 

As discussed before, immunohistochemistry for GFAP 
is, at present, an essential tool for identifying normal and 
pathological astrocytes in CNS, enabling the detection 
of specific glial filaments. In protoplasmic and fibrous 

astrocytes (independently of their recently described 
molecular, structural and functional distinctions [6, 40], 
GFAP reactivity represents a hallmark reflecting glial 
filaments presence in their bodies and cellular processes. 
Yet, compared to protoplasmic astrocytes, fibrillary 
astrocyte possesses a more massive amount of GFAP 
dispersed within the cell body and long processes [6]. 
Contrarily to fibrilary and protoplasmic astrocytes, in 
pilocytic astrocytes (identified in the zones surrounding 
the tumors), GFAP immunostaining reveals Rosenthal’ 
fibers in a particular manner: thin fibers are positive for 
GFAP, whereas the thick fibers are negative or display  
a peripheral ring-shaped positive zone [4]. Moreover, it 
has been demonstrated that astrocytes are much larger 
than their profiles are defined by GFAP immunostaining 
and silver impregnation techniques and this is probably 
due to the presence of numerous very fine processes that 
are GFAP negative [3, 41]. 

The long standing concept of overlapping astrocytes 
processes as a substrate for neuronal organization has 
been challenged by recent studies using dye-filling 
techniques, which have demonstrated that astrocytes in 
healthy CNS are organized in distinct non-overlapping 
domains (only the most distal tips of processes inter-
digitate and are interconnected via gap junctions). Yet, 
in reactive astrogliosis, the transition from mild to severe 
gliosis implicates not only the global cell hypertrophy, 
but also the overlapping of the adjacent individual 
domains. Recent experimental evidence indicated that, 
in tumors, the intense cellular proliferation results in an 
overlapping or even an obturation of astrocytic domains 
[2, 3]. 

In our study, a large spectrum of reactivity ranged 
between normal and tumoral astrocytes. Compared to 
standard expression and intensity of GFAP from normal 
samples, reactive astrocytes in tumor periphery appeared 
larger, exhibiting shorter and branched processes; 
therefore the extension of the individual domains could 
be easily identified in mild and moderate astrogliosis, 
whereas in severe astrogliosis the superposition of the 
astrocytic domains could be noticed [42]. 

In tumoral specimens, a positive immunoreactivity for 
GFAP was observed in all cases. A useful parameter for 
assessing the tumoral grade was the previously mentioned 
concept stating that cell richness in GFAP is reduced 
with the increasing tumoral grade [2, 6]. The immuno-
staining was more intense for well-differentiated cells, 
highlighting both the cell body and processes; contrarily, 
it was reduced and variable for undifferentiated cells 
[6, 40]. 

Briefly, reactive astrocytes and low-grade tumoral 
astrocytes were the most intense in expressing this marker. 
In glioblastoma, tumoral cells were either heterogeneously 
stained or appeared very pale stained or even unstained. 
If cell body undergoes continuous hypertrophy, the amount 
of GFAP in the cellular extensions will dynamically 
shrink and the astrocytes become rounded [39]. 

Metal impregnations represented for a long time the 
single available method for the overall presentation of 
glial cells and were responsible for illustrating astrocytes 
as star-shaped cells [7]. These techniques have been 
constantly improved, so that minor variations of the 
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staining procedure enabling the intensification of the 
impregnation degree [43–46]. Metallic impregnations 
have been taken into consideration as rapid and reliable 
methods, particularly useful for identification of all 
types of glial cells in the CNS samples. Moreover, these 
techniques allowed visualization of all the structural 
components nuclei, cytoplasm and processes. The 
abundance of perinuclear cytoplasm, the key element 
differentiating astrocytes from oligodendrocytes, and its 
fibrillary appearance, caused by the material resulted 
due to GFAP intermediate filaments aggregation, are 
characteristic. Small vascular endings were easily 
identified. 

In our study, in all three different techniques the results 
were comparable. Contrarily to normal astrocytes, the 
reactive peripheral cells presented a hypertrophy of their 
body and hyperplasia both of their number and processes. 
In tumoral areas the increasing degree of malignancy 
runs with a visible, progressively abatement of cellular 
processes. Astrocytes’ cell body remained well impreg-
nated, regardless of tumoral grade. 

However, of the three silver impregnation techniques 
used, the Bielschowski–Cajal method was the most 
accurate in revealing the extensive branching of astrocytic 
processes. 

The statistical analysis of the semi-quantitative score 
parameters demonstrated the followings: 

1. All the investigated methods positively reflected 
the tumoral grade, since the number of labeled cells,  
the cell density respectively increased parallel with the 
tumoral grade. 

2. Theoretically, in I–II tumoral grade the cell density 
is much more reduced than in anaplastic tumors [3, 33, 
41, 44]. By labeling procedures, due to the differences 
in the amount of GFAP between the well differentiated 
and undifferentiated cells, apparently a reduced cell 
density might be noticed, so that in certain cases, the ratio 
between the well differentiated and undifferentiated tumors 
is not of great significance. Nevertheless, in our study, 
the statistic highly significant results demonstrated that 
all four methods can distinct the well differentiated from 
the undifferentiated tumors. For example, a cut-off 
value for GFAP and for Bielschowsky–Cajal higher 
than 616.5 and 624 respectively indicated III–IV grade 
tumor. 

3. Regarding the correlation between tumor cells 
density in each tumoral grade versus normal or reactive 
cells density, a limitation of our study consisted in the 
insufficient number of cases for the pilocytic astrocytoma. 
On the other hand, for II–IV tumoral grade, the results 
were statistically significant, indicating the accuracy of 
the four methods. 

4. All four methods demonstrated differences in the 
number of marked cells in healthy parenchyma, gliosis 
and tumor with the increased cellularity from the normal 
samples to pathological ones. Thus, this was a preliminary 
parameter for different areas of sensitivity and specificity. 

5. ROC curve analysis indicated that the ratio tumor/ 
gliosis and tumor/healthy parenchyma the Bielschowsky–
Cajal technique had a higher sensitivity and specificity 
(cut-off values: 231.5 and 136.5) versus GFAP (cut- 
off values: 229.5 and 131.5). Yet, in gliosis/healthy 

parenchyma ratio, the GFAP immunostaining was  
the most precise method (cut-off values: 104) versus 
Bielschowsky–Cajal technique (cut-off values: 102). 
Bland–Altman graphics indicated that compared to GFAP 
immunostaining, which was considered the reference 
method, the Bielschowsky–Cajal technique was the most 
constant and precise for differentiating both the tumor 
from the peripheral areas, and the tumor from the healthy 
parenchyma. However, we must emphasize that all the 
methods were comparative, the silver impregnation 
techniques being close to GFAP immunostaining. 

The statistical analysis of the qualitative score 
parameters demonstrated the followings: 

1. GFAP immunostaining quite effectively labeled 
the complex arborisations of astrocytes, but this method 
also revealed the changes in the cell body staining affinity 
according to the increasing tumoral grade. Contrarily, 
metallic impregnations were more accurate in demons-
trating the loss of cell processes; the cell body was 
better contoured, independently of the tumoral grade. 

2. Yet, according to the statistic analysis results, the 
GFAP immunostaining was not a good marker for 
differentiating the low from the high-grade tumors, 
contrarily to metallic impregnations, which were better 
determinants. 

3. Regarding the correlation between tumor cells 
color intensity in each tumoral grade versus normal or 
reactive cells color intensity, all methods were accurate 
only for anaplastic tumors. 

4. All the four methods were able to identify the 
differences between the three investigated areas (healthy 
parenchyma, gliosis and tumor). 

5. The Bielschowsky–Cajal technique seemed to be 
the closest to GFAP immunostaining for detecting the 
color intensity. Comparing the methods in terms of color 
intensity, we noticed that Ramón y Cajal was the most 
accurate for detecting the tumor grades, whereas GFAP 
immunostaining was the most accurate for detecting  
the differences between healthy parenchyma, reactive 
astrogliosis and tumor. 

Different authors stated that the variations of astroglial 
cells density are depending on the labeling methods [3, 
46, 47]. Related to this idea, it was estimating that  
in spite of its extensive use, the GFAP immunohisto-
chemical method reveals at best 15% of the total volume 
of astrocytes in rodents but, in humans, the astrocytes 
are larger and have a more complex structure, being  
10 times more effective labeled [2, 3, 41]. Furthermore, 
Emsley et al. concluded that the methods employed in 
their research (GFAP, S100β and hGFAP-GFP immuno-
staining) greatly affected the number and morphology 
of astrocytes [47]. 

Regarding the color intensity score, our results could 
not be compared to other data, since similar studies 
were not found in the literature. 

 Conclusions 

Our multiple histological and statistical analysis 
performed on both normal and pathological samples 
indicated that, even though none of the investigated 
methods could be considered ideal, there was a favorable 
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comparison of results obtained by GFAP immunostaining 
and silver impregnation techniques. 
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