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oxidant radioprotectors MPG® and Ocimum leaf extract’.
Thus, Phyllanthus niruri could be a promising candidate
for nontoxic radiation protection and, therefore, needs to
be studied 1n more detail.,

I. Satyavati, G. V., Gupta, A. K. and Tandon, N. (eds), Medicinal
Plants of India, Indian Council of Medical Research, New Delhi,
1987, vol. 2, pp. 405-411,

2. Sane, R. T, Kuber, V. V., Chalissery, M. S. and Menon, S., Curr.
Sci., 1995, 68, 1243-12460.

3. Choudhary, P. K., Singh, A., Bagchi, G. D. and Kumar, S., /n-
dian Drugs, 1998, 35, 481-484.

4. Jagetia, G, C. and Ganapathi, N. G., Mutat. Res., 1989, 224, 507~
510.

5. Thomas, B. and Uma Devi, P., Strahlenther., 1987, 163, 807—
810.

6. Uma Devi, P. and Prasanna, P. G. 8., Radiat. Res., 1990, 124,
165-170.

7. Schmid, W., Mutat. Res., 1975, 31. 9-13

8. Sugahara, T., Horikawa, H., Hikita, M. and Nagata, H., Experi-
entia, 1977, 27 (Suppl.), 53-61.

9. Uma Devi, P. and Ganasoundari, A., Indian J. Exp. Biol., 1995,
33, 205-208.

ACKNOWLEDGEMENT. P. niruri plants were identified by Dr K.

Gopalakrishna Bhat, Department of Botany, Poorna Prajna College,
Udupi.

Received 27 December 1999; accepted 4 February 2000

Application of FISH-MN technique to
probe micronuclei formation in
normal, transformed and malignant
cells using alpha satellite pan
centromeric DNA

Pawan Kumar Dhar"*, Anna Kryscio® and
Christian Streffer’

"Human Genetics Section, Department of Anatomy, Kasturba
Medical College, Manipal 576 119, India

*Institut fur Medizinische Strahlenbiologie, Universitatsklinikum
D-45122 Essen, Germany

A micronucleus assay employing biotinylated alpha
pan cenfromeric DNA probe was used in the present
study. The study sample consisted of 4 normal, 2
transformed and 9 malignant cell lines of human
origin, The frequency of centromere positive micro-
nuclei (¢ + MN) was found to decrease from normal
(67 %) to transformed (64.9%) to cancer cells (59%).
The ¢ + MN/c-MN ratio from normal to malignant
cells was found to vary significantly (P < 0.01), while
the signal ratio showed absence of any correlation
(P > 0.05). These results demonstrate the usefulness
of combining FISH technique and micronuclei assay
to trace the mechanism of micronucleus formation in
cells of diverse histopathological origin.

THE micronucleus test provides a quick and easy method
of evaluating chromosomal damage. Formation of mi-
cronucler (MN) can occur either from lagging chromo-
somes or due to their loss from the cell during division.
The MN assay has been used on a variety of tissucs in-
cluding blood lymphocytes'?, fibroblasts®, mouse sple-
nocytes®, bone marrow’ and tumour cells®’, Although
the routine MN assay 1s used for determining the extent
of genomic damage, it suffers from one serious draw-
back, i.e. it does not uncover the nature of damage. The
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problem becomes more relevant in the light of findings
that indicate preferential chromosome integration in
micronuclei®”. To overcome these limitations, fluores-
cence in situ hybridization technique (FISH) has been
successfully used in the past. FISH assay has been em-
ployed for visualizing the whole chromosomes®'®, kine-
tochoresm'”, centromeres >’ and telomeres'® in the
micronuclel. By using this technique it is also possible
to distinguish between clastogenic and aneugenic activ-
ity of chemicals or physical agents®'?2°, It provides a
convenlent way of analysing chromosome segregation in
interphase cells or detecting amplified genes in tumour
cells®. Thus, problems which flaw the routine staining
techniques are overcome using this method. Recently,
flow cytometry has been used in combination with FISH
technique to make it more useful'®*"**,

Although many FISH-MN studies have been con-
ducted in the past, most of the work has been carried out
in lymphocytes and cell lines. To our knowledge, no
report exists on the FISH-MN status 1n cell lines exhibit-
ing different levels of malignancy. To address this
question, the present study was carried out on normal,
transformed and malignant human cell lines.

Established human cell lines representing normal fi-
broblasts (HMB, FRS, TUB, SV350 and SV371), trans-
formed fibroblasts (WI-38 VA 13, GM) and cancer
cells, i.e. melanoma (MeWo, Bell), head and neck can-
cer (4197, 4451), ghioblastoma (U87-155), cancer of
rectum (RKQO) and colon (SW 480) were considered.
Cells were grown in RPMI 1640 medium enriched with
10% (v/v) foetal calf serum (pH 7.2) at 37°C 1n an at-
mosphere ot 5% CO, and 95% air mixture. Before har-
vesting, cells were trypsinized at 37°C under sterile
conditions and subcultured for 24 h at 1 x 10° cells/ml
concentration. At the termination of culture, cells were
fixed in methanol/acetic acid (3:1) and slides were pre-
pared. The FISH staining was carried out as per previ-
ously described procedures®. Briefly, cclls were first
treated with RNase, {ollowed by pepsin treatment and
post fixation in a solution of phosphate buffered saline,
magnesium chloride and formaldehyde for 10 mia.
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Slides were rehydrated in the descending alcohol grade
(706, 90, 100%, 100%) at room temperature. Cellular
DNA was dcnatured in a solution of formamide and
20 x SSC (ratio 9:1, pH 7.0), at 75°C. Cells were hy-
hridized overnight with the centromenic DNA probe
(Oncor. USA) at 37°C in the humidity chamber. Post
hybridization washes were performed in a solution of
formamide, 20 x SSC (pH 7.0) and water (ratio 5:1:4)
for 15 min. Hybrnidization between probe and target
DNA was detected by subjecting the cells to three
rounds of antibody reactions with FITC-avidin, goat
antiavidin and FITC-avidin, respectivcly. Finally, slides
were mounted in DABCO antifade-Propidium lodide
(PI) solution and stored in dark at 4°C. At least 1000 PI
stained cells were counted to record the overall fre-
quency of micronuclei. In comparison, one hundred
FISH stained cells/sample were analysed. Cells having
more than four micronuclei were excluded from the
study to eliminate structures resulting from karyorrhexis
and budding™. A new parameter, ‘signal ratio’, was in-
troduced to quantitate the transmission frequency of
centric fragments/whole chromosomes into the micro-
nuclei. The signal ratio was calculated as the total num-

d

Figure 1. a, Centromere negative micronuclei (c—-MN), b, Cen-
tromere positive micronuclei (¢ + MN).
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Table 1. Summary of FISH data

FISH stained cells
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Cell % MN Total ¢+ c— Ratio Total Signal
line frcquency MN MN MN {(c+/c-) signals raho
Normal

HMB 2.2 100 64 36 1.78 121 1.89
SV3is50 1.9 100 69 31 2.23 85 .24
SV 371 1.4 100 71 29 2.45 91 1.29
FRS 1.0 100 64 36 1.78 115 1.79
Transformed

WIIBVAIL3 2.7 I15 70 45 [.56 99 1.4}
GM 2.2 100 69 31 2.23 89 1.29
Cancer

Melanoma

MeWo 3.1 117 63 54 (.17 79 1.25
Bell 8.6 100 56 44 1.27 104 1.85
Head and neck cancer

4197 4.1 100 S8 42 1.38 84 .44
4451 2.4 106 61 45 [.36 97 1.59
Colon carcinoma

RKQO 0.7 100 59 41 .44 77 1.30
SW4R() 2.7 100 52 48 1.08 01 1.75
Glicblastoma

UB7-1535 1.7 [00 65 35 1.86 96 .47

ber of signals/total number of ¢ + MN. All microscopic
studies were performed at a magnification of 1000. De-
pending upon the presence of fluorescent signal, micro-
nuclei were scored as centromere positive (c + MN) and
centromere negative (c—MN). Further, their ratio (i.c.
¢ + MN/c-MN) was also determined.

The specificity of the FISH technique in detecting
centromeres in micronuciei is shown in Figure 1. Sum-
marized results have been presented in Table 1. The
background frequency of micronucler was found to be more
in cancer cells (3.3%) than in transformed cells (2.4%) and
in normal fibroblasts (1.6%). The frequency of ¢+ MN
showed a gradual decrease from normal cells (mean 67%,
range 64-71%) to transformed cells (mean 64.9%, range
60.8-69%) to cancer cells (59%, range 52-65%). However,
the signal ratio was found to be randomly distributed among
different groups (P>0.05). On an average, one
¢ + MN/cell showed 13% decrease from normal to cancer
cells. In comparison, two to four ¢ + MN/cell showed ap-
proximately 50% increase between normal and cancer cells,
thus indicating the presence of ‘heavier’ micronuclei in
malignant cells in comparison with the normal cells.

Qur most interesting results were obtained on comparing
the ¢+ MN and ¢~ MN among different subgroups
(Figure 2). The ¢ + MN/c — MN ratio showed a progres-
sive decrease from normal to transformed to cancer cells
(P < 0.01), thus indicating a possible pattern in the for-
mation of micronuclei. It seems that micronuclei forma-
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Figure 2. Mean frequency of ¢ + MN/c — MN and signal ratio.

tion in malignant cells involves greater participation of |

acentric fragments, in contrast to the normal and trans-
formed cells that exhibit more number of whole chromo-
somes/centric fragments.

Although routine MN assay has found a wide accep-
tance in radiation and environmental biology, FISH ap-
proaches are slowly taking over the traditional methods
because they allow better identification of mechanisms by
which micronuclei originate. The application of FISH
technology is especially useful in determining the composi-
tion of micronuclei, thereby helping to evaluate the
aneugenic potential of physical and chemical agents®™’,
Micronuclei may contain entire chromosomes or acentric
fragments®®, but since all the chromosomes are not equally
sensitive to DNA breaking agents’ it is essential to know
which chromosomes contribute more frequently in the for-
mation of micronuclei. Recently®* researchers have found
greater participation of chromosomes 2 and 7 in the micro-
nuclei formation than was expected by chance alone.

It is possible that the cell cycle phase may have a role
In the transmission of chromosomes to micronuclei.
Cells exposed to radiation™, especially those in the GI
phase, have been found to exhibit higher ¢ + MN than
cells in the G2 phase at the time of exposure®’. It would
be Interesting to know which chromosomes are micro-
nucleated more often in cells of specific histopathologi-
cal status. We have attempted to show that (1) by
determining the centromere positivity of micronuclei
insight can be gained into the nature of DNA damaging
agents (clastogenicity versus aneugenicity), and (2)
genomic composition of micronuclei may be tissue in-
fluenced. The present study indicates a possible diag-
nostic application of FISH studies for differentiating
cell types of different histological backgrounds. How-
ever, since only two transformed cell lines were avail-
able for investigation, the present findings need to be
carefully interpreted.
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