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Quantitative Analysis of Stereological
Parameters on Tumor Cell Nuclei in Gliomas
with Various Histological Grading
Bin-cai Pan, M.Phil., and Hong Shen, Ph.D.

OBJECTIVE: To analyze the morphological characteris
tics of glioma tumor nuclei and provide objective stere
ological parameters for the precise histological grading
of gliomas.
STUDY DESIGN: Ninety paraffin-embedded samples of
glioma with various histological grading were collected.
Routine hematoxylin and eosin staining was performed
on each sample. Morphological parameters of the nucleus
and the cellular density parameters were evaluated in
each sample by computer image analysis technology on
random 4-10 fields under the microscope. The relation
ship between histological grading and related parameters
was statistically analyzed.
RESULTS: The nuclear morphological parameters (area,
major axis, minor axis, perimeter) of tumor cells were
significantly increased in gliomas with higher histologi
cal grading (p<0.001). There was significant difference
in number density of tumor cells between low- and
high-grade gliomas (p<0.001). However, there was no

correlation found among the grade II–IV glioma tissues
in cellular number density (p>0.05).
CONCLUSION: Stereological morphological and densi
ty features of glioma cells are important diagnostic parameters for histological grading of tumors and might
help for accurate diagnosis of gliomas. (Anal Quant
Cytopathol Histpathol 2017;39:187–191)
Keywords: brain glioma; density parameter; glio
ma; histological grading; morphological parameters;
stereology.
Histological grading of gliomas is an independent
prognostic factor of important value for the choice
of treatment plan and the evaluation of curative
effect.1-3 According to the World Health Organiza
tion (WHO) criteria, 4 different grades are applied
to various gliomas based on histological features,
such as cellularity, mitotic activity, blood vessel
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proliferation, and necrosis. WHO grade I or II usually is applied to low-grade gliomas with low
proliferative potential. WHO grade III or IV designation is applied to cytologically malignant, mito
tically active neoplasms often associated with rapid
progression and poor outcome.4 However, the dis
tinct disadvantage of the diagnostic classification
system is that it was based only on the experience
of descriptive diagnosis, without quantitative stan
dard. In addition, the grading system was general
ly applicable to the comprehensive assessment of
total tumor resection and was not suitable for the
more extensive preoperative biopsy or puncture
of small specimens because these small samples
of tumor tissue were limited in number and could
not be evaluated on the vascular, necrosis, etc.
In this case, it was very important to observe the
morphological and structural characteristics of the
cell by observing the morphological structure of the
glioma.
Materials and Methods
Specimens of Gliomas
Archival formalin-fixed, paraffin-embedded speci
mens from 90 Chinese patients who underwent
surgery at Guangdong Tongjiang Hospital between
2010 and 2015 were recruited. There were 63 males
and 27 females, with average age of 45 years (range,
4–67 years). None of the patients received adju
vant radiotherapy or chemotherapy before surgical
treatment. According to the 2007 WHO histological
grading criteria of gliomas,5 10 cases were WHO
grade I, 25 cases were grade II, 30 cases were grade
III, and 25 cases were grade IV. Each specimen
was sectioned with 1–4 paraffin blocks; 4-um-thick
sections were stained with hematoxylin and eosin.
Experimental Methods
Data acquisition and image analysis were per
formed by optical microscope (Zeiss Axio Lab.
A1), micro camera (Champion Image MD-300), and
image analysis software (Image-Pro Plus 6.0). First
the test software was calibrated using the objec
tive micrometer, and then hematoxylin and eosin–
stained sections were placed under the optical microscope objective lens with 40× magnification to
capture the microscopical fields randomly. Four to
10 microscopical fields for each sample were taken
by the IMAGE MD-300 CHAMPION microscopic
imaging system and input into the computer. ImagePro Plus 6 image analysis software was used to
measure the morphological parameters of the nu-
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clei of different grades of gliomas. The morpholo
gical parameters included nuclear area, long and
short axis of the nucleus, and nuclear perimeter.6,7
The cell number in these microscopical fields under the objective lens with 40× magnification was
counted, and then cell number density and nuclear
area density were calculated, respectively. In this
study 894 cells of grade I glioma, 683 of grade II,
667 of grade III, and 639 of grade IV were identified
and analyzed.
Statistical Analysis
SPSS 13.0 statistical software was used for statisti
cal analysis. All measured values were expressed
as mean±standard deviation (X±S). The test results
of different groups were analyzed by rank sum test
of multiple independent samples, the significance
level was p<0.05.
Results
Differences in the Morphological Parameters of the
Nucleus of Gliomas
The nuclear parameters of tumor cells showed
significant differences among the gliomas with
various histological grading. Low-grade gliomas
(WHO grade I–II) were significantly lower than
those of high-grade gliomas (WHO grade III–IV)
in nuclear axis, nuclear area, and perimeter. How
ever, there was no significant difference in long
axis of nuclei between grade I and II tumors (p>
0.05), regardless of area or perimeter. In addition
to WHO grade I and II tumor cell nucleus long
axis showing no significant difference, the other 2
groups were statistically significant (p<0.05), sug
gesting that low-grade gliomas usually had small
er nuclei. It might be an important stereological
feature to identify different histological grade of
gliomas. Another feature was variation of nuclear
morphology of gliomas. The variability of nuclear
parameters in low-grade gliomas was much smaller
than that in high-grade gliomas, which suggested
that there was obviously varied nuclear size of
tumor cells in high-grade gliomas. This might be
responsible for cell pleomorphism of tumor cells in
high-grade gliomas (Table I) (Figure 1).
Differences in Density Parameters of Glioma Cells
Although there was overall significant difference
in cell densities of different grades of gliomas
(Table II), there was no difference among highergrade gliomas (WHO grade II–IV) (Figure 2). This
suggested that WHO grade I tumors usually pre
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Table I Relationship Between Histological Grading of Gliomas and Morphological Parameters of Nuclei
Nuclear morphological parameters
Histological
grade

Cell		
number
Nuclear area

WHO grade I
894
WHO grade II
683
WHO grade III
667
WHO grade IV
639
		

26.53± 3.86
31.08± 3.07
50.09± 6.36
71.75± 0.28
p < 0.001*

Nuclear axis
(major)

Nuclear axis
(minor)

Nuclear
perimeter

7.37 ± 2.72
7.32 ± 2.49
9.67 ± 3.31
11.83 ± 0.91
p < 0.001*

4.52 ± 1.53
4.97 ± 1.49
6.12 ± 2.07
6.96 ± 0.40
p < 0.001*

19.07 ± 6.72
20.60 ± 6.52
29.60 ± 9.20
35.85 ± 1.64
p < 0.001*

*Kruskal-Wallis H rank sum test.

sented the smallest cell density; however, there was
no significant difference in cellularity observed in
higher-grade gliomas. Moreover, there were sig
nificant differences in the nuclear area densities
of different grades of glioma cells, and there also
were significant differences among tumors with
higher grade, suggesting that the nuclear area
density could be used as a critical diagnostic clue
to determine the accurate histological grading of
gliomas.
Discussion
Glioma is the most common intracranial tumor,
accounting for about 40% of all central nervous
system tumors.8 WHO criteria of glioma histologi
cal grading are mainly based on the following 4
aspects: (1) cellularity and polymorphism of tumor
cells, (2) mitotic activity, (3) the proliferation of

vascular endothelial cells, and (4) tumor necrosis.9
This classification designation is generally applied
to total resection of tumors but not to partial resection of tumors or even small biopsies because
it is difficult to accurately assess histological grade
by the above-mentioned characteristics due to lim
ited observation. Therefore, it is necessary to find
some certain diagnostic parameters of the glioma
tumor cell itself to assist in tissue grading. With
the development and popularization of computer
medical image processing and analysis technolo
gy, the stereological analysis of medical image
plays an increasingly important role in assisting
clinicopathological diagnosis.10,11 In this study the
morphological and structural parameters of grade
I–IV glioma cells were quantitatively analyzed by
computer-based medical image analysis. The stereological parameters of glioma cells with various

Figure 1
The stereological parameters
of glioma tumor cells with
various histological grading.
(A) WHO grade I gliomas,
(B) WHO grade II gliomas,
(C) WHO grade III gliomas,
and (D) WHO grade IV tumors
were evaluated by Plus
Image-Pro 6 image analysis
software. This figure showed
that there was a significant
difference in the nuclear
density and nuclear size
among gliomas with various
histological grading.
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Relationship Between Histological Grade and Tumor
Cell Density Parameters in Gliomas
Cell density parameter

Histological
grade

Tumor cell
number density

Nuclear area
density

WHO grade I
WHO grade II
WHO grade III
WHO grade IV

45.27 ± 17.36
85.11 ± 42.96
126.33± 42.12
90.63 ± 26.96
p < 0.001*

0.0013± 0.00073
0.0015± 0.00105
0.0024± 0.00279
0.0021± 0.00371
p < 0.001*

*Kruskal-Wallis H rank sum test.

histological grading were evaluated in the histo
logical grading diagnosis.
Tumor cell atypia is mainly reflected in the nuclear atypia. The characteristics of the glioma cell
nucleus are also important to determine the degree
of tumor malignancy histological features. In this
study the morphological and density parameters
of glioma cells were quantitatively determined by
stereological methods. Morphological parameters
reflect the shape features of tumor cell nuclei.12
From the measurement results of glioma nuclei,
the morphological parameters increased with the
increase of grade, and the degree of variation
of morphological parameters was also increased,
suggesting that low-grade tumor cells generally
had smaller nuclei and more uniform size. With
the increase in grade, gliomas gradually appeared
mononuclear or with multinucleated giant cells.
The cells not only displayed increased atypia and
morphology, but bizarre tumor cells, mixed with
lower grade of tumor cells, showed more obvi
ous polymorphic characteristics. In grade I–II gli-

omas it was also observed that some cases had
considerable morphological parameter variation,
probably due to the presence of the multinucleat
ed tumor cells in pilocytic astrocytoma of grade I
and the pleomorphic tumor cells in pleomorphic
xanthoastrocytoma of grade II. The variation of
morphological parameters in glioblastomas, corre
sponding to WHO grade IV, is smallest in random
analysis for different histological variants. It seems
inconsistent with their microscopic appearance.
Since the glioblastomas usually are composed of
large or giant tumor cells with bizarre nuclear
configuration and obvious nucleoli, these common
morphological features might be responsible for
minimal variation in morphological parameter
evaluation of glioblastomas when the different
subtypes of gliomas were randomly analyzed by
stereological methods. From the proportion of the
major axis and the minor axis of the nucleus, we
could see that the major/minor axis of the grade
I–IV glioma cells were >1.5, suggesting that most
tumor cells were elliptical or irregular, rather than
round (major/minor axis ratio is approximately
1). In brain tumors the tumor cell shape of central
neurocytoma and extraventricular neurocytoma
were approximately circular, so the increased
morphological parameter of the major/minor axis
ratio was helpful for the differentiation of glioma
and neurogenic tumors.
The density parameter is a measure of the number of tumor cell nuclei, which reflects the volume
of the tumor cell in a certain space or the size of
the surface area.13 From Table II we could see that
the density of grade I gliomas was the lowest, but
the number density of grade II–IV tumor cells did

Figure 2
Cell number and nuclear
density in gliomas with
different histological grading.
There was a significant
difference in the cell number
density and nuclear density
among gliomas with various
histological grading. *p < 0.05.
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not change significantly. This phenomenon was
consistent with the characteristics of practice, indeed part of grade II gliomas, such as pleomor
phic xanthoastrocytoma, oligodendroglioma, and
cellular ependymocytoma, had a higher cell density but lacked other high-level features (mitotic increase, vascular proliferation, and necrosis). Therefore, the number of single cell density parameters
could not be used as an assessment of glioma his
tological grading index. The nuclear area density
reflected the ratio of the area of the nucleus to
the total area of the cell: the higher the ratio, the
larger the nucleus was.14 From the area density of
glioma cells, the higher the grade the greater the
value, suggesting that the nucleus of the highgrade glioma was significantly larger than the
low-grade tumor cells. It was well known that the
increase of nuclei and the increase of atypia were
morphological features of polyploid, aneuploid,
or rapid growth of tumor cells,15-17 which reflected
the ability of proliferation, and metabolism of tumor cells was increased. This feature was consistent with the biological behavior of high-grade
gliomas. Therefore, the parameter of nuclear area
density was an important index to evaluate the his
tological grade of gliomas. In our study, the area
density of grade IV gliomas was slightly lower than
that of grade III, which we considered to be due to
the cases including abundant cytoplasm “giant cell
glioblastoma” and “small cell glioblastoma.”
Quantitative analysis of morphological parame
ters and density parameters of gliomas by image
analysis system has overcome the subjectivity of
traditional descriptive diagnosis, and it may be
helpful to improve the accuracy of the classifica
tion and grading of glioma,18 especially for patients who had lost surgical opportunities. Those
patients might benefit from valuable histological
information and choosing appropriate adjuvant
radio- and/or chemotherapy regimens to prolong
the survival time based on the precise histological
grading. Although quantitative analysis of glioma
morphological parameters and density parameters
as glioma histological grade still has some limita
tions and one-sidedness, it should be an effective,
objective, and necessary supplement to the tradi
tional histological diagnosis system.
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