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ABSTRACT

We examined nuclear morphometry and DNA content in SG2M phase tumor cells (includ-

ing S phase and G2M phase cells) using image analysis to know whether or not cytometrical het-

erogeneity is always coupled with morphologic heterogeneity in 48 adult patients with ghoma

whose clinical follow-up was obtained. The SG2M phase cells were defined as the cells with a

value (SD+0.1) above the mean diploid DNA indices. An estimated DNA index of the G2M

phase cells (estimated G2M DNA index) was by multiplying the average GOGI DNA indices

by two. The G2M ploidy of each patient wasclassified into three patterns based on the differ-

ence between the mean SG2M DNA index and the estimated G2M DNA index: hypotetraploidy,

tetraploidy or hypertetraploidy. Patients with G2M-hypertetraploid high grade gliomas had

a significantly shorter time to tumor progression than patients with G2M-tetraploid tu-

mors. The nuclear size of SG2M phase cells was larger and the nuclear shape was more

markedly deformed than in GOGl phase cells. However, there was no significant difference

in the nuclear area or form factor in the SG2M nuclei between G2M-hypertetraploid and

G2M-tetraploid cells with high grade glioma, high grade and low grade gliomas with G2M-

tetraploid cell. Our results suggest that cytometrical heterogeneity does not always corre-

late with morphologic heterogeneity in glioma cells and that glioma cells with giant,

waltinucleated, or bizzare nuclei may have low proliferative potential. Ryukyu Med. J., 19
(4)187-192, 2000
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INTRODUCTION

Despite improvements in diagnosis with the newly

developed methods of neuroimaging, progress in the treat-

ment of malignant ghomas remains at a standstil一.

Therapeutic failures in ghoma treatment have largely

been thought to result from biologically heterogenous

responses to chemotherapy and radiotherapy in a single

tumorl

Most of the evidence for heterogeneity in malignant

brain tumors has thus far only been suggested by their

pathologic appearance2', however, there is data to sup-

port Nowell's hypothesis3'that tumor progression and

heterogeneity are the result of local mutations and clonal

expansion arising from a monoclonal transformed astrocyte

populationO. Shapiro et al have demonstrated that

karyotypic deviations were associated with morphologic

heterogeneity of clonal sub-populations ranging from

astrocyte-like to fibroblast-like51, It is important for

prognosis, diagnosis, and treatment to know whether or

not cytometrical heterogeneity is always coupled with
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morphologic heterogeneity in human gliomas. However,

it is not known whether glioma cells with pleomorphic

nuclei have an abnormal DNA content, or whether mor-

phologic changes in the nuclei are related to the phase

of the cell cycle.

Automated or semi-automated microscopic image

analysis is an objective method that helps to detect dif-

ferences which are hardly perceptible by other methods.

Although these studies are limited to a small number

of 100 cells6' , malignant cells can be preferentially se-

lected for analysis. Furthermore, the image analysis

allows for the simultaneous investigation of cytometnc

and morphometric information of the same tumor cell.

Our previous work with image analysis suggested

that the relationship between SG2M phase tumor cells

and clinical behavior was important, and that there are

different stem cells in the aneuploid tumor cells of a

brain tumor8'.

In the present study, we investigated histologic

grade, SG2M phase fraction, G2M ploidy pattern, and

stem cell lines in human ghomas. The time to tumor
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Fig. 1 Determination of GOGl phase DNA index in a single glioma by TAS-plus.
The GOGl-phase cells was defined as a cell with nucleus of less than 2.0 Dls (a) and the first

peak expressed the diploidy was determined as mean DNA indices of those ceils and the diploid

cells were considered to be cells with a nucleus in the range of mean ± 1SD+0.1 GOGI DIs (b).

progression (TTP) of the patients was estimated as well.

We describe here the relationship between the cytometrical

heterogeneity and the morphologic heterogeneity of cell

cycle-phased nuclei in a single glioma.

MATERIALS AND METHODS

Clinical Data and Histopathologic Diagnosis

Al1 48 adult patients included in the study under-

went surgery at Tsukuba University Hospital.　The

histopathological classification of gliomas was deter-

mined by the Department of Pathology of our institu-

tion, according to the World Health Organization (WHO)

classification. In this study, low grade glioma (LGG) indi-

cated the WHO grade II astrocytoma, oligodendroglioma,

and mixed glioma and/or the grade I or II gliomas ac-

cording to Kernohan. Anaplastic glioma (AG) indicated

the WHO grade III anaplastic astrocytoma, anaplastic

oligodendroglioma, and anaplastic mixed glioma and/

or the grade III or IV ghomas according to Kernohan.

Glioblastoma multiforme (GM) indicated the glioma

with the features of anaplasia plus the presence of focal

tumor necrosis and pseudopalisading. Twenty patients

had ghoblastoma multiforme, 17 patients had anaplastic

ghomas, and ll patients had low grade ghomas.

The patients with GM and AG were routinely

treated with surgery and postoperative radiotherapy (RT)

of 60-65 Gy combined with adjuvant chemotherapy. The

patients with LGG also were treated routinely with sur-

gery and postoperative RT. Time to tumor progression

was estimated by the neurological deterioration and the

appearance of the recurrence based on the neuroimages

and/or the surgical specimen. The estimation of the clini-

cal malignancy by time to tumor progression was corre-

lated with DNA ploidy and proliferation index such as

SG2 M fraction in all patients.

2X0-(SD+0.1)

Fig. 2 Delermination of G2M phase DNA indices in a sin-

gle glioma by TAS-plus.
The estimated G2M DNA indices (2Xo) were obtained

by multiplying the mean GOGI DNA indices (Xo) by

two. The range of tetraploid DNA indices was deter-

mined by the equation 2Xo± (SD+0.1).

Cytologic Samples and Cell Image Analysis

Samples obtained from the surgical resections were

fixed in formalin and embedded in paraffin. Sections were cut

serially from one block t0 4!∠m thick. Some slides were proc-

essed routinely with PAS, Kluver-Barrera, reticuhn silver lm

pregnation, Azan-Mallory, Bodian, phosphotungstic acid

hematoxylin (PTAH), H&E, or Feulgen staining. For

Feulgen staining, the slide was brought to room tempera-

ture and rinsed in distilled water.

Cell image analysis was performed using a TAS plus mi-

croscope image processor (Leitz, Wetzlar, Germany) with a
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Table 1 G2M ploidy. time to tumor progression, nuclear cytometry, and nuclear morphometry in 48 patients with glioma

G 2 M p lo id y

( n u m b er o f

p a tien ts )

P a th o lo g y

T im e to tu m o r

p rog ress io n
( m o n th )

N u clea r cy to m e try
N uc le a r m o rp h o m e try

in th e S G 2M n uc lei

a D N A

in d ic es

S G 2M -

U N A in d ic es
% S G 2M A rea ( M m 2) F o rm fa c to r

H y p o te tra plo id y

(3 )

G lio b la sto m a

m u ltifo rm e( l )
ll 2 .0 9 2 .7 5 45 7 5.2 0 .8 4

A n a p las tic

g lio m a ( 2)
4 3 ±3 8 .2 2 .27 ±O .H 2 .83 ±0.0 6 50 ±7 .1 35 .9 ±5 .9 0 .9 -1±0 .0 4

T etra p lo id y

28

G h o b a s to m a

m u ltifo rm eO )
9l9 ±8 .4 " 1.82 ±0 .5 1 ' 2 .86 ± 0.3 5 ' 3 2 .2 ± 16.8 ' 56 .2 ± 17.2 0 .8 4 ±0 .0 5

A n a p la stic

g lio m a (8 )
13 .6 ± 12 .6 ' 1.94 ±0 .7 1 ' 2.8 1 ア0 .54 " 3 5 .9 ±2 3.1 ' 48 .9 ± 14.9 0 .8 4 ±0 .06

L o w G ra d e

g lio m a (l l)
4 5 .6 ±2 .5 ' 1.2 0 ±0 .40 " 2 .27 ±0 .3 9 ' " l l.6 ± 1 1.3 ' 47 .7 ± 11.0 0 .8 7 ±0 .0 6

H y p e rte tra p lo id y

17

G h o b la s to m a

m u ltifo rm e (lO )
4 .2 + 4.0 1 2 .0 1士0 .66 3 .4 7 ±0 .4 9 " 34 ± 16 .8 60 .3 ± 7.3 0 .8 0 ±0 .08

A n a p la stic

g ーio m a (7 )
10 .6 ±5 .4 2 .16 ± 1.27 3 .53 ±0.9 3 37 ±29 .7 6 1.3 ± 26.9 0 .8 0 士0 .0 6

a,f: p<0.002　b,h : p<0.05　　c : p-0.054　,i : p<0.005　,g,j : p<0.01

xlOO magnification lens (numerical aperature:1.32). The

nuclear integrated optical density (IOD) was estimated

on the densitometnc levels on each pixel. The nuclear

DNA content was calculated from the sum of the optical

density (OD) values of each pixel of the nucleus. The

IOD was measured using a wavelengthof 545 nm. The

nuclei of 100 well-preserved cells with neighboring nu-

clei were selected by visual observation and measured

with image analysis. The IOD values of 10-20 lympho-

cytes from the same specimen were used to calculate

the mean value of the control diploid cell population.

Thatis, theDNA index (DI) of each tumor nuclei was

determined by dividing the tumor-IOD by the mean

IOD of the lymphocyte nuclei. The DI was expressed as

arbitrary units. The morphometric nuclear parameters

included form factor (FF), number of nuclei, and nu-

clear area (y"m2). FF was calculated as 4k Xarea/(pe-

rimeter) 2. An FF of 1.0 means that the nucleus is

round, while an FF of 0.01 indicates an irregular shape.

The nuclear size was estimated from the number of pix-

els occupied by a nucleus.

Determination of G2M Ploidy in Image Cytometry

Although various types of DNA distribution were

observed in the FCM histograms, two modal such as

diploidy and/or aneuploidy seemed to be important fac-

tor as a clinical prognosis. Cosidering the terminology

adopted for the quantitative measurement of DNA, the

term DNA aneuploid must beagreed on as being a syno-

nym for abnormal stemline. Therefore, we think that it

is essentially clinically importanもfor tumor bilogy to

be determined by DNA analyses whether the tumor has

an abnormal stemline or not. Image cytometry (ICM)

by TAS analysis dose not provide a standard GOGI DI.

Therefore, the GOGI DIs were calculated by construct-

ing a histogram of all DIs in the 100 measured nuclei.

From this crude histogram we first determined the GOGl-

phase cells with nuclei of less than 2.0 Dls (Fig. la).

The diploid cells were considered to be those cells with

a nucleus in the range of mean ± (1SD+0.1) GOGI DIs

(Fig. lb). Then the SG2M phase cells (including S phase

and G2M phase cells) were defined as the cells with a

value (SD+0.1) above the mean diploid DNA indices.

An estimated DNA index of the G2M phase cells (esti-

mated G2M DNA index) is calculated by multiplying

the average GOGI DNA indices by two (Fig. 2). The

G2M ploidy of each patient was classified into three pat-

terns based on the difference between the mean SG2M

DNA index and the estimated G2M DNA index:

hypotetraploidy, tetraploidy or hypertetraploidy. For ex-

ample, If thoseDIswere in a range (1SD+0.1) of esti-

mated G2M DIs (2 times of GOGI DIs), that peak would

be equal to tetraploid G2M DIs. This means that that

tumor had 2C and 4C amounts of DNA (Fig. 3a). If

those DIs were above a range (1SD十0.1) of estimated

G2M DIs, that peak would be equal to hypertetraploid
G2M DIs. This means that that tumor has an abnor-

mal stemline with nucleus more than 4C amount of DNA

(Fig. 3c). If those DIs were below a range (1SD+0.1) of

esimated G2M DIs, that peak would be equal to

hypotetraploid G2M DIs (Fig. 3b). Thus, our method

can estimate G2M and/or second DI peak from crude

histogram of 100 tumor nuclei even though we had no

standard GOGI DI peak in ICM analysis.

A previous study of brain tumors8'established a

mean diploid DI of 1.2士0.32 in GOGl phase tumor cells.

We used this number to determine the ploidy pattern of

the tumors in this series.

Statistical Analysis

Paired two-tailed Student's t-test was used for compari-

sons of the mean　±SD of the mean of the factors
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Fig. 3　Determination of ploidy represented by the mean DIs in all G2M phase cells.

a): Tetraploidy was defined as a calculated G2MDI within a range of ±(1SD　+0.1)
of the estimated G2MDI.

b): Hypotetraploidy indicates that the mean SG2MDl is less than lSD　+　0.1point
below the estimated G2MDI.

c): Hypertetraploidy indicates that the mean SG2MDl is more than lSD　+　0.1point
above the estimated G2MDI.

studied. Correlation and variation analysis were also

used.

RESULT S

Morphometry in GOGl and SG2M Phase Nuclei

In all the patients with ghomas studied, the mean

area of nuclei in SG2M phase cells was significantly

larger than in GOGl phase cells (Fig. 4a). The mean

FFs of nuclei in SG2M phase cells from patients with

GM and AG were significantly lower than the mean

FF of GOGl phase cells. A similar pattern was seen in

LGG, but the difference was not significant (Fig. 4b).

Nuclear Cytometry and Morphometry in SG2M Phase

Cells

In patients with tetraploid ghomas, the patients

with high grade ghoma had a shorter mean TTP, a

higher mean DI, a higher mean SG2MDI, and a higher

mean %SG2M than those with low grade glioma (p<0.05-

0.002) (Table 1).

The patients with GM and hypertetraploid tumors

had a shorter mean TTP and a higher mean SG2MDI than

those with tetraploid tumor cells (p-0.054, p<0.05).

In the 37　patients with high grade ghoma, the

patients with hypertetraploid tumors had a shorter mean

TTP than those with tetraploidy tumors (p<0.05) (Table 2).

There was no significant difference in TTP between pa-

tients with hypotetraploidy and tetraploidy, or between

patients with hypertetraploidy and hypotetraploidy, al-

though the three patients with hypotetraploid tumors

had a tendency for a longer TTP. The mean SG2MDIs of

patients with hypertetraplpid gliomas were significantly

higher than those of patients with tetraploid tumors.

However, the %SG2M values were not significantly differ-

ent between the patients with tetraploid and hypertetraploid

gliomas.

In the patients with'tetraploid gliomas, the patients

with high grade ghomas had a shorter mean TTP and a

higher mean %SG2M than those with low grade ghomas

(Table 1). However, there was no significant difference

in the nuclear area or form factor in the SG2M nuclei be-

tween G2M-hypertetraploid and G2M-tetraploid cells

with high grade glioma, high grade and low grade

gliomas with G2M-tetraploid cell (Table 1,2).

DI SCUSSION

The degree of nuclear atypism in the tumor cells

may be correlated with the degree of malignancy in
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Tab一e 2　G2M ploidy, time to tumor progression, nuclear cytometry, and nuclear morphometry in 37 patients with high

grade ehoma

G 2M ploidy

(num ber 0r

patients)

T im e to tum o r

p rog ression
(m o nth)

N uclear cy tom etry
N uclear m orphom etry

in the SG 2M nuc ei

a l D N A ind ices
SG 2M -

D N A -m d ices
% SG 2M A reaC/r n1) F orm facto r

H ypo tetraploidy

(3)
32.3±32.7 2.21±0.14 2.8±0.06 48.3±5.8 48ー4±23.6 0.90±0▼06

T etra ploidy

17
ll.7±10.4- 1.88±0.59 2.84±0.43' 33.9±19.4 52.8±16. 0.84±0.05

H ypertetraploidy

17
6.8±5.5- 2.07±0.93 3.49±0.68" 35.2±22.1 60.7±2 .0 0 .80±D.07

a:p<0.05　b:p<0.01
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Fig. 4　Nuclear morphometryand cellcycle phased tumor
cell.

a): Nuclear area in SG2M phase cells was significantly

larger than in GOGl phase cells in all gliomas studied

(p< 0.001).

b): Form factors of nuclei in SG2M phase cells from

patients with ghoblastoma multiforme and anaplastic

ghoma were significantly lower than that of GOGl phase

cells (p< 0.05).

GM: glioblastoma multiforme, AG: anaplastic glioma,
LGG: lowgrade glioma, GOGl: GOGl phase cell, SG2M:

S phase and G2Mphase ce】1.

ghomas. Martin et al have reported that increasing nu-

clear size is seen with increasing degrees of malignancy in

ghomas, and that a large variability in nuclear volume

may be a quantitative expression of aneuploidy". On

the other hand, Levi et al and Peitzer et al have reported

that nuclear size is not a reliable marker of polyploidy"

However, we found that the nuclear area was larger

and the form factor showed more marked deformity

in SG2M phase cells than in GOGl phase cells in GM

and AG. This may result from the high cellular metabo-

lism ofSG2M phase cells, and may not be a direct con-

sequence of the number of chromosomes, as stressed by

Levi et al and Pfitzer et alml). In support of this idea,

nuclear morphology in our study was not significantly

different between hypertetraploid and tetraploid tumor

cells. Hypertetraploid glioma cells therefore had an ab-

normal DNA content without any variability in nuclear

morphology. Thus, our findings are in agreement with

those of Levi et al and Pfitzer et alml).

However, our data also indicated that there was no

significant difference among the nuclear sizes of tumor

cells with more than 2C DNA content. These results sug-

gest that ghoma cells with giant, multinucleated, and

bizzare nuclei have low prohferative potential. There-

fore, we agree that the appearance of pleomorphic nuclei

in ghoma tissue may not be a more reliable prognositic

factor than necrosis or the number of mitoses12- . Nu-

clear volume may be regulated by mechanisms other than

DNA content"'. The analysis of heterogeneity in glioma

cells appears to have contributed to improvements in

the therapy of these tumors. However, cytometrical net-

erogeneity does not always correlate with morphologic

heterogeneity in glioma cells. Our studies suggest that

morphologic heterogeneity in gliomas needs to be fur-

ther investigated in relation to other processes, such

as apoptosis.

When the DNA distribution of tumor cells are ana-

lyzed using a flow cytometry (FCM), cells containing

a larger amount of DNA content than normal diploid

cells are observed. All tumors with more than 20%　cells

in the hypodiploid and/or hyperdiploid zones, or with

bimodal. multimodal. and amodal distribution in the

histograms were considered aneuploid.

The investigations have been classified into the dif-

ferent mode with DNA ploidy, for example diploid, near

diploid, aneuploid and so on. However, the subdivision

of DNA ploidy was not reliable to determine biological



192 Cytometrical and morphologic heterogeneity in glioma

features of tumor cells such as stem lines. For the

cytometnc studies, it is clinically importance to deter-

mine whether the tumor has an abnormal stem line or

not. Our method can estimate G2M and/or second DI

peak from crude histogram of 100 tumor nuclei even

thoughwehad no standard GOGI DI peak in ICM analy-
SIS.
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