The effect of aging on micronuclei frequency and
proliferation in human peripheral blood lymphocytes

INTRODUCTION: Increase in the instability of cellular
genome with an increasing age is the result of an
accumulation of cellular damage and mutations. This
instability which might be observed as chromosome
damage or chromosome losses can be measured by the
micronucleus technique.

AIM: The aim of this study was to investigate the effect of
aging and oxidative stress induced by non-toxic levels of
H,O, on micronuclei induction and their relationship to cell
proliferation in human peripheral blood lymphocytes.
MATERIALS AND METHODS: Healthy volunteers with
different ages were choosen. Spontaneous and H,O,
induced micronuclei frequencies were measured in
peripheral blood lymphocytes of 30 volunteers by the
micronucleus method.

RESULTS: Spontaneous micronuclei frequencies
increased first then started to decrease after 50 years of
age. This biphasic response was significantly higher than
micronucleus (MN) frequencies induced by H,0, (P < 0.05),
which followed the similar shape of response to increasing
ages with lower frequencies. Proliferative capacity of
cells either treated with H,O, or not did not differ with an
increasing age giving similar responses.

CONCLUSION: These results indicate biphasic character
of chromosome damage; first increase and decrease after
50 years with an increasing age. But this change pattern
was not correlated with the steady state of proliferation
capacity of cells through an increasing age. Decreases in
H,O,-induced MN frequencies compared to spontaneous
MN frequencies may be inducing an apoptosis by H,O,
treatment leading to underscoring damaged cells.
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Introduction

Aging, which is generally described by decreasing
in the functions of tissues and organs of body, is the
result of increasing instabilities in expression and
structure of genome.!"! Although the mechanism of
aging is not certainly understood, the accumulation of
oxidative damage occurring on macromolecules (protein,
lipids, or nucleic acids) in years is one of the important
determinants in aging.?# Increase in the amount of
mutations as a result of accumulation of oxidative
damage in time may also explain the increasing cancer
incidences with aging. Unrepaired and/or misrepaired
DNA double breaks that were caused by physical or
chemical agents in cellular genome can be observed
as chromosome damage.® In addition, chromosome
losses resulting from the damage on centromers or
spindle fibers and unsegregation of chromosomes during
the cell division are important events in cancer and aging.

Micronucleus (MN) technique is a cytological marker
of chromosome damage and chromosome losses in the
binucleate cells (BN) obtained by blocking cytokinesis by
cytochalasin-B (cyt-B) agent (5). Accentric chromosomes
or chromosomes with damaged centromers or whole
chromosome loss can be seen as micronucleus in
binucleate cells. In this technique, proliferative indexes
(Pl) can also be obtained by calculating the ratio of
a number of multinucleated cells to a number of total
cells, thus providing information about cell proliferation
in addition to chromosome damage. Therefore, MN
technique can be used in studying toxic effects of
chemical agents and radiation on genome, in identifying
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chromosome irregularities resulting from the lack of
essential metabolites, in predicting cancer risk and
degenerative diseases of aging.l’'"

Ramsey et al.,'"? and Bolognesi et al.,''" have shown
the spontaneous chromosome aberrations that were
measured in healthy human lymphocytes increased with
an increasing age and defined the possible responsibility
of the environmental factors in this increase in addition
to the inherent genetical factors. Ganguly™ has shown
that the chromosome aberrations and MN frequencies
that were measured from lymphocytes of different aged
individuals gave a positive correlation with individual
ages, whereas mitotic indexes that were measured for
cellular proliferation gave a negative correlation with
individual ages. In some another studies that were
performed with MN technique applied to lymphocytes,
Fenech!"® has shown an increase in the MN frequencies
with an increase in age and the effect of aging on the
induction of chromosome damage rates was at least
25%; Bolognesi et al.,['s'and Ganguly!"¥ have also shown
a decrease in the proliferative capacity of lymphocytes
with an increasing age.

The aim of this research was to investigate the
effect of aging on both MN formations as determinants
of chromosome damage in human peripheral blood
lymphocytes and proliferative effectiveness of
lymphocytes. The role of environmental factors and diet
regimes should also be acknowledged besides the role
of genetical factors of aging in chromosome damage
formation.['”'® Therefore, it was also aimed to investigate
MN frequencies and proliferative indexes induced by
non-toxic hydrogen peroxide (H,0,) stress in addition
to in vitro measuring of spontaneous MN frequencies
in this project.

Materials and Methods

Study group

This study was performed with peripheral blood
lymphocytes that were collected from 30 healthy
volunteers including both man and woman with different
ages after approval by the Istanbul Universit.y Istanbul
Medical Faculty Ethics Committee. Volunteers signed
informed consent documents. Their ages ranged

between 23 and 73 years. They did not take treatment for
any kind of systemic disease in their histories. Twenty-
one donors were man and 9 were woman. Only 5 of them
were current smokers, and 3 were ex-smokers (smoked
between 10 and 30 years).

Micronucleus assay

For each donor, peripheral blood was drawn into two
different 4.5-ml sterilized lithium-heparin tubes. One
tube was left for control to measure spontaneous MN
frequencies and the other one was treated with non-toxic
levels of H,0, (500 uM for 30 mins) to measure stress-
induced MN frequencies. Microculture method!'®2% was
used for lymphocyte culture with small modifications;
for each donor, 0.5 ml of whole blood either treated
and untreated was added in culture containing 15 g/
ml phytohemagglutinin (Sigma, St. Louis, MO, USA),
1 ml newborn calf serum and 4 ml of RPMI-1640
with glutamine (Sigma) supplemented with 100 pg/ml
streptomycin and 100 IU/ml penicillin, and incubated
at 37°. At the 44™ hours of incubation, cytochalasin-B
(Sigma, St. Louis, MO, USA) solution (6ug/ml) was
added and cells were incubated for another 28 h in order
to obtain micronuclei in binucleate cells.® At the end of
total incubation period of 72 hours, cells were treated with
ice-cold hypotonic KCI solution (0.075M). Immediately
after, cells were washed three times with methanol:acetic
acid (7:1) solution. Staining was performed after dropping
cells on ice-cold glass slides with 5% Giemsa solution.
One thousand binucleate per patient were scored.

Fenech!® criteria for scoring micronuclei were
applied. Binucleate cells with two identical nuclei
were considered for evaluation. Binucleate cells either
containing micronuclei or not were scored for evaluating
MN frequencies. Nucleoplasmic bridges, nuclear buds
(blebs and extrusions) were also included in scoring in
order to see their effect on aging other than MNi. Cells
with one, two, three, and four nuclei were scored for
calculating proliferative index (PI) in order to evaluate
proliferative status of each donor’s lymphocytes
according to the formulation by Eastmond and Tucker:®"
Pl=(M1+(2xM2)+(3xM3)+(4xM4))/N, where M1,M2,M3,
and M4 represent the number of cells with 1-4 nuclei,
and N the total number of scored cells.
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Statistical analyses

Comparisons between MN frequencies and proliferative
indexes before and after H,0, treatment for each donor’s
lymphocytes were made with paired t-test. Unpaired
t-test was applied to compare scores between different
gender and smoking conditions. The effects of aging
on spontaneous, H,0,-induced MN frequencies and
proliferative indexes were evaluated with regression
analysis.

Results

The age, gender, cigarette smoking conditions,
spontaneous, and H,O,-induced MN frequencies
and proliferative indexes (Pl) that were measured in
lymphocytes were given in Table 1. The distribution of
donor ages was from 23 to 73 years in the range of 50

Table 1: The age, gender, cigarette smoking status,
spontaneous and H,O,-induced MN frequencies, and
proliferative indexes

Donor Age Sex Cigarette Spontaneous H,0,induced
no. smoking MN/BN Pl MN/BN Pl
1 23 M Never 0,005 2,293 0,007 2,001
2 24 M Never 0,017 2,413 0,019 2,241
3 25 M Never 0,027 1,718 0,024 2,105
4 30 M  Yes (20/day) 0,008 1,629 0,020 1,861
5 30 M Never 0,015 1,775 0,008 1,757
6 31 M Never 0,004 1,769 0,012 1,771
7 31 F  Yes(5/day) 0,030 1,567 0,014 1,551
8 35 M  Yes (20/day) 0,008 1,726 0,004 1,709
9 36 M Never 0,021 1,853 0,015 1,480
10 38 F Yes(10/day) 0,009 1,825 0,009 1,916
11 43 M Never 0,035 1,571 0,024 1,760
12 47 M Never 0,019 1,705 0,020 1,340
13 48 M Never 0,029 2,085 0,015 2,331
ex-smoker
14 49 M (20/day) 0,041 1,472 0,036 1,631
15 49 M Never 0,036 1,443 0,017 1,388
16 50 M  Yes (20/day) 0,018 1,538 0,020 1,858
ex-smoker
17 50 M (20/day) 0,034 1,472 0,015 1,658
18 57 M Never 0,028 2,097 0,020 1,572
19 59 F Never 0,036 2,114 0,032 1,817
20 59 F Never 0,024 1,632 0,028 1,961
21 60 F Never 0,022 1,371 0,021 2,160
22 60 F Never 0,020 1,585 0,021 2,297
ex-smoker
23 60 M (40/day) 0,019 1,925 0,017 1,752
24 66 M Never 0,028 1,576 0,024 1,541
25 68 M Never 0,018 1,418 0,014 1,528
26 69 F Never 0,027 1,159 0,013 1,490
27 70 M Never 0,022 2,041 0,015 1,958
28 72 F Never 0,009 2,180 0,011 1,830
29 73 M Never 0,015 1,656 0,009 1,559
30 73 F Never 0,008 1,899 0,010 2,050

MN/BN=number of micronuclei/1000 binucleate cells;
Pl=(M1+(2xM2)+(3xM3)+(4xM4))/N

years. Twenty-two of donors never smoked cigarettes, 5
were current users of cigarettes, and 3 were past users.

One thousand BN were scored for each volunteers.
Their spontaneous MN frequencies were between
0.004 and 0.041 with the mean (SD) of 0.021 (0.01)
and proliferative indexes were between 1.159 and 2.413
with the mean (SD) of 1.750 (0.29). H,0,-induced MN
frequencies were between 0.004 and 0.036 with the
mean (SD) 0.017 (0.007) and proliferative indexes were
between 1.340 and 2.331 with the mean (SD) of 1.796
(0.27). When the comparisons were made between male
and female, and between smokers and non-smokers
there were no differences in the scores of either MN
frequencies or proliferative indexes before and after
H,O, treatment. Therefore, the scores under the same
heading are pooled together.

MN frequencies before H,O, treatment were
significantly higher than MN frequencies after H,O,
treatment (P = 0.010). The relationships between
spontaneous and H,0O,-induced MN frequencies and
differing ages are given in Figure 1.

Spontaneous and H,O,-induced MN frequencies of
donors showed an increase first starting from 20 years
of age up to around 50 years of age and then decreased.
The best fit line obtained by applying quadratic (2nd
degree equation) regression analysis to the data (in order
to see the biphasic character of the relationship) had a
tendency to decrease after 50 years.

Nuclear buds (blebs and extrusions) and nucleoplasmic

005
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002

MN/BN

002

001

Age (years)

Figure 1: Changes in spontaneous (e; straight line)
and H,0,-induced (o; dotted line) MN frequencies with
increasing age
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bridges were also scored in all volunteers’ binucleates,
untreated or treated with H,O, in 1000 BN cells
[Table 2]. But nuclear bridges and nuclear extrusions
were occasionally scored. Number of extrusions was
added into the scores of nuclear blebs summing up to
nuclear buds. Therefore, comparison was made in terms
of nuclear buds.

Nuclear buds before H,0, treatment were significantly
higher than nuclear buds after H,0, treatment
(P = 0.0003). This relationships between spontaneous
and H,O,-induced nuclear bud frequencies and differing
ages is given in Figure 2. Clearly, the pattern of change
in the nuclear bud frequencies with age was quite similar
to that of change in MN frequencies, showing the similar
biphasic character.

When proliferative indexes before and after treatment
were compared, there was no any difference (P = 0.42).
The similarity in relationships between proliferative
indexes and aging are shown in Figure 3.

Although spontaneous and H,O,-induced proliferative

Table 2: Spontaneous and H,0,-induced nuclear buds*
and nucleoplasmic bridges

Donor no. Age Spontaneous H,0, induced
Buds* bridge Buds* bridge

1 23 3 1

2 24 1

3 25 8 2 6 1

4 30 1 2 1

5 30 3 1

6 31 8 2

7 31 13 2 8

8 35 2 3

9 36 4 1 3 1

10 38 1 3

11 43 26 3 26 3

12 47 13 1 15

13 48 14 1 14 1

14 49 30 18

15 49 28 1 17

16 50 18 16

17 50 22 1 7

18 57 14 11 1

19 59 17 8 1

20 59 32 1 5

21 60 12 1 12 1

22 60 6 3

23 60 13 11

24 66 10 1 7

25 68 14 1 7

26 69 18 1 9

27 70 11 5 1

28 72 12 1 14

29 73 8 4

30 73 29 1 23

*; buds are consisted from blebs and extrusions

indexes had a tendency to decrease with increasing
aging, correlation coefficients (R?) of regression analysis
for spontaneous Pl line was 0.045 and for H,O,-induced
Plline was 0.018. There were no variations in proliferative
indexes with increases in donor’s ages.

Discussion

The aim of this research was to investigate the
effect of aging on chromosome instability and cellular
reproduction in human peripheral blood lymphocytes.
Studies that were investigating the relationship between
aging and chromosome instabilities showed an increase
in MN frequencies with an increasing age.!'#16:22.23]
This increase in MN frequencies in these studies was
followed by a decrease in proliferating efficiencies of
cells. Milosevic-Djordjevic et al.,*® showed a decrease of
MN frequencies in older aged groups and explained this
might be the result of declining in proliferation capacity
of cells with an increasing age.

Anincreased frequency of chromosomal damage was
associated with increasing chromosome instability in
aged people. In this study, the increase in the frequency
of micronuclei was first observed up to 50 years of age
and this increase was followed by a decrease with a
further increasing age. This biphasic character of the
curve was also observed in the relationship between
nuclear buds, which are the result of disorientation of
nucleus integrity and age. But the decrease of buds
occurred later fifties.

0.04 q

0,02 .

0,02

Nuclear buds/BN

0,01

Figure 2: Changes in spontaneous (e; straight line) and
H,0,-induced (o; dotted line) nuclear bud frequencies
with an increasing age
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Figure 3: Changes in spontaneous (e; straight line) and
H,0,-induced (o; dotted line) proliferative indexes with
an increasing age

Non-toxic levels of an oxidant, H,0,, were also
used in this study in order to investigate if there is a
differential effect on differing ages. The alterations in MN
frequencies after H,O, treatment according to donor ages
had a similar characteristic pattern with spontaneous
frequencies, but the line representing this relationship
was lower showing decreased frequency levels. When
the paired t-test applied, there was an evidence of
difference (P < 0.05) between the two groups. However,
there was a low correlation (> = 0.018) between H,O,-
induced proliferative efficiency and age, and this was
not different (P = 0.42) than the relationship between
spontaneous Pl values and age. This similarity between
H,O,-induced and spontaneous Pl lines defines that the
H,O, treatment was not toxic.

Increases in the chromosome damage measured
by either chromosome aberration test or MN test with
increasing age were shown by many authors and this
relationship was also shown in this study. But we also
observed a trend in the decrease of chromosome
instability measured by two different measures at late
ages. Regarding this decrease in the chromosomal
instability in the most elderly donors, we investigated the
proliferative capacity of peripheral blood lymphocytes.
Proliferation capacity of cells was worked on the same
amount of cells, 1000 binucleate cells. Change in
proliferative capacity with an increasing age did not follow
the same relationship with chromosome instability with
the slope not different from zero (P = 0.26). Increasing
age did not have any influence on the proliferation

indexes. Therefore, proliferative capacity of cells can
not be responsible from the change pattern (rising and
falling or fluctuation) of chromosome instability with age.

As aresult, MN frequencies change with an increasing
age and this change have a biphasic character; first,
there is a positive correlation up to 50 years of age and
second, there is a negative correlation after 50 years.
although the pattern of changing of spontaneous MN
frequencies depending on age is similar compared to the
literature but when the regression analysis applied on the
effect of age on the proliferative efficiency of cells, there
was no correlation (R? = 0.045) between the Pl and age.
May be the age range we used were unable to detect
the decreasing proliferative capacity as we forced cells
to go division. The decrease in MN frequencies at old
ages may not be explained by the effect of proliferative
indexes. The reason of decrease in H,O,-induced MN
frequencies compared to spontaneous MN frequencies
may be inducing an apoptosis by H,O, treatment leading
to underscore cells because of damaged cells, which
requires further investigation.
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