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ABSTRACT

Cigarette smoking exposes individuals to numerous carcinogenic and genotoxic substances that can induce DNA damage
and chromosomal instability. The frequency of satellite associations (SA) among acrocentric chromosomes (D- and G-
groups) serves as a cytogenetic biomarker for assessing tobacco-induced chromosomal damage. This comparative
cytogenetic study evaluated peripheral-blood lymphocyte cultures from 30 adult male cigarette smokers and 30 matched
non-smoker controls. Smokers were subdivided into three equal categories based on their smoking index (SI): Category I
(SI £150), Category II (SI 150-300), and Category III (SI >300). Fifty well-spread metaphases per participant (totalling
500 per smoker category and 1,500 across controls) were examined to score total satellite associations (SA), including D—
G (DG), G-G (GG), and D-D (DD) associations. Mean satellite-association frequencies increased progressively with
higher smoking index categories, recording 14.0 in Category I, 24.0 in Category II, and 34.0 in Category III, compared to
matched control means ranging between 7.0 and 7.5. Student's t-test confirmed statistically significant differences between
smokers and controls across all categories (p =0.0005 for Category I; p <0.0001 for Categories II and III). DG associations
were identified as the most frequent component in Categories I and II. A preliminary follow-up of two participants who
ceased smoking for 1.5 years showed a descriptive decrease in SA frequency. Satellite association frequency is
significantly higher in cigarette smokers than in non-smokers and exhibits a dose-dependent increase corresponding to the
smoking index. These findings suggest that satellite association holds potential value as a cytogenetic biomonitoring
parameter for evaluating tobacco-associated genomic effects, though larger longitudinal studies are warranted.
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1. INTRODUCTION

Tobacco, one of the greatest disease producing products is the creation of man that nurtured a bad habit in the form of
cigarette smoking. Tobacco has been hailed as a gift from the gods, a miraculous cure for all life’s physical ills, a solace
to the soldier or sailor, but tobacco smoking has become the largest cause of preventable Death around the globe. The
majority of tobacco products are consumed in the form of cigarette that is reported to contain more than 4000 added
chemicals which are carcinogens and tobacco smoke itself is carcinogenic. Today about 25-33% of adult male and female
smokes cigarettes1, 2. According to the survey smoking kills 900,000 people per year in India, unless the government
takes a stringent action and awareness among the smokers the number may further increase. WHO estimation showed that
about 5 million people die prematurely due to smoking3,4

Cigarette smoking is the major cause of cancer, cardiovascular diseases, premature death, impotency, erectile dysfunction,
yet people continue to smoke. Even passive smoking can cause some health problem and respirator disorderS. Young
children exposed to smoking resulted respiratory disorders, in pregnant females are linked to miscarriages, low birth
weight baby6. Cigarette smoke contains carcinogenic pyrolytic products that bind to the DNA and cause genetic mutation
and may inhibit the programmed cell death resulting in cancer cell7. Around 19 chemical carcinogenic substances have
been identified in cigarette smoke: Penzopyrene, Acroline, Nitrosamine, Nicotine etc. Humans are exposed to variety of
chemicals, radiations, mutagens and carcinogens causing health hazard to the future generation. Genotoxic substances that
are present in the cigarette may interact with and alter DNA molecule causing cytotoxicity8. An increased frequency of
chromosome breaks has been demonstrated in the initial stage of carcinogenesis. Taking this hypothesis, the cytogenetic
damage can be taken as a biomarker to identify the effect of exposure of chromosome damage due to cigarette smoking.
Rapid development of genetic tests like Chromosome Aberration Analysis (CAA), Satellite Associations (SA), Micro
nuclear Test (MN), Sister Chromatid Exchange (SCE), Fluorescent in situ hybridization (FISH), Flow Cytometry and
Spectral Karyotyping (SKY) are the rapid tests available to assess chromosome damage by mutagenic and or carcinogenic
chemicals. The frequency of areocentric chromosome associations can be applied as a biomarker to assess the chromosome
damage due to cigarette smoking9.

The phenomenon of Satellite Association (SA) involving specific position of the satellite chromosomes (D and G group
chromosomes except Y chromosome) with their satellites attracted towards each other was first observed in mitotic
chromosomes and later in meiotic chromosomes. The formation of SA has been attributed to the involvement of satellite
chromosome in nucleolar formation10. The sticky nucleolar material has a tendency to hold the associated chromosomes
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together through mitosis. The fusion of two or more nucleoli would tend to stretch mechanically the nucleolar forming
chromosome segment with obvious risk of breakage. If breaks occur in more than one of the chromosomes involved, the
closeness of the broken ends would predispose to translocation and thus SA would be active in the origin of translocation
between satellite chromosomes11.

A high incidence of satellite associations has been considered as predisposing to an increased tendency of nondisjunction
in satellite chromosomes and thus to the induction of D and G trisomies. Higher frequency of satellite associations has
been reported in Down’s syndrome children and mothers using contraceptive pills and among the couples with recurrent
abortion. This shows there is some kind of influence on the satellite chromosome to associate in the event of toxic
substance intake9. The present cytogenetic study is designed to investigate frequency of satellite association in smokers
and non-smokers and assess the possible chromosomal damage due to cigarette smoking.

MATERIALS AND METHODS

Study design and setting

This was a comparative cytogenetic study designed to evaluate the frequency of satellite associations (SA) in peripheral-
blood lymphocytes of cigarette smokers and non-smoker controls. The study population comprised 30 adult male smokers
attending the Medicine/TBCD Department of Mahatma Gandhi Medical College & Research Institute. An equal number
of non-smoker controls were selected and matched with respect to age, sex and social status. The primary comparison was
the frequency and pattern of acrocentric chromosome satellite associations across increasing levels of smoking exposure.
The study methodology was structured to permit comparison of three smoking-index categories and corresponding
matched controls. The study protocol states that 50 metaphases were examined for each participant and that associations
involving D- and G-group acrocentric chromosomes were scored.

Eligibility criteria
Table 1. Eligibility criteria

Criteria Smokers Controls

Inclusion Active cigarette smokers; age >18 years; smoking | Non-smokers; age >18 years
exposure classified by SI

Exclusion Alcohol or other substance abuse; ex-smoker | Not applicable in the original
considered as control; known chromosomal | protocol
anomaly

Study population and smoking-index classification

Thirty smokers were subdivided into three categories of 10 participants each according to smoking index (SI). The
smoking index was calculated using the formula: SI = number of cigarettes, bidis or cigars smoked per day x number of
years of smoking. Category I comprised participants with ST <150; Category II included SI >150 to <300; and Category
III included SI >300. An equal number of controls were matched for age, sex and social status.

Table 2. Distribution of study participants according to smoking-index category.

Category | Smoking index | Smokers, n | Matched controls, n | Total
participants

I <150 10 10 20

11 >150 to <300 10 10 20

111 >300 10 10 20

Total — 30 30 60

Participant distribution by smoking-index category

Number of participants
— " e N w
> = S tn &

[

o
51 =150 S1150-300 51 =300 Matched controls
Study group

Figure 1. Distribution of participants across smoking-index categories and the matched control group. The study
included 10 smokers in each SI category and 30 matched controls.

Blood collection and lymphocyte culture

Following informed consent, 2 mL of peripheral venous blood was collected aseptically into a heparinized sterile
container. Lymphocyte cultures were established using the Hungerford method with minor modifications. The source
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protocol describes inoculation of approximately 0.5 mL blood into complete culture medium followed by incubation for
approximately 69—70 hours at 37°C. Cultures were handled under sterile conditions and mixed periodically12.

Table 3. Peripheral-blood lymphocyte culture and metaphase preparation protocoll3.

Step | Procedure Key condition

1 Collect peripheral venous blood 1-2 mL; heparinized sterile syringe

2 Inoculate blood into complete culture | Approximately 0.5 mL

medium

3 Lymphocyte culture 69—70 h at 37°C

4 Mitotic arrest 0.01% colchicine; approximately 25 min at 37°C

5 Hypotonic treatment 0.075 M KCI; approximately 7 min at 37°C

6 Fixation Methanol: glacial acetic acid, 3:1

7 Centrifugation Approximately 1000 rpm for 5 min during
processing

8 Slide preparation Fixed cell suspension used to prepare metaphase
slides

At the end of the culture period, colchicine was added to arrest dividing lymphocytes at metaphase. The cells were then
subjected to hypotonic treatment with 0.075 M potassium chloride followed by repeated fixation using cold methanol:
glacial acetic acid (3:1). The source protocol describes centrifugation at approximately 1000 rpm for 5 min during
processing, followed by preparation of metaphase slides14.

Fifty well-spread metaphases were examined for each participant. Satellite associations were scored using the criteria
attributed to Hansson. The analysis focused on the acrocentric D-group chromosomes (13, 14 and 15) and G-group
chromosomes (21 and 22), including D-G (DG), G-G (GG) and D-D (DD) associations. The original protocol also
describes microscopic documentation using an Olympus BX51M microscope and photography under an oil-immersion
objectivel5.

Table 4. Operational definitions used for cytogenetic scoring16.

Variable | Operational definition

SA Total number of satellite associations observed among 50 metaphases

DG Association involving a D-group and a G-group acrocentric chromosome

GG Association involving two G-group acrocentric chromosomes

DD Association involving two D-group acrocentric chromosomes

SA% Satellite associations expressed as a percentage of the 50 metaphases examined

D group | Chromosomes 13, 14 and 15
G group | Chromosomes 21 and 22

Planned metaphase examination by study group

1400 -

1200 -

1000 -

Metaphases examined

Category | Category Il Category lll Controls
Study group
Figure 2. Number of metaphases evaluated in each study group. Fifty metaphases were examined per participant,
corresponding to 500 metaphases for each smoker category and 1,500 metaphases across the 30 matched
controls.

Satellite-association scoring criteria

A metaphase was considered to show a satellite association when the satellite-bearing ends of the relevant acrocentric
chromosomes were directed toward each other and their longitudinal axes met between the short arms. The source
methodology further specifies that the distance between the centromeres of associated chromosomes should not exceed
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approximately the total length of one G-group chromosome excluding its satellite; when a connecting thread was visible,
a somewhat greater distance could be accepted provided it remained below the specified chromosome-length criterionl7.

Smoking-cessation follow-up

All participants received counseling regarding smoking cessation. Two participants from the highest smoking-index
category subsequently returned after approximately 1.5 years of smoking cessation. A repeat 2-mL heparinized venous
blood sample was collected and analyzed using the same lymphocyte-culture approach. Satellite-association frequencies
were compared descriptively with their pre-cessation observations. The source document reports the two follow-up
participants and their before/after SA values18.

Table 5. Smoking-cessation follow-up methodology.

Follow-up Method

component

Participants Two participants previously classified in SI >300 category
Follow-up interval Approximately 1.5 years after smoking cessation

Sample 2 mL heparinized venous blood

Laboratory method | Hungerford lymphocyte-culture method

Outcome DG, GG, DD and total SA frequency

Analysis Descriptive before-versus-after comparison

Statistical analysis: Satellite-association frequencies were summarized for each smoking-index category and compared
with the corresponding matched controls. The study used Student's t-test to evaluate differences between smokers and
controls, with statistical significance assessed from the reported p values.

RESULTS:

Genotoxicity associated with cigarette smoking was assessed by determining the frequency of satellite associations among
acrocentric chromosomes. Satellite associations were evaluated involving the D-group chromosomes (13, 14 and 15) and
G-group chromosomes (21 and 22). Thirty male smokers were classified into three categories according to the smoking
index (SI): Category I, SI <150; Category II, SI 150-300; and Category III, SI >300. Fifty metaphases were screened for
each participant using the satellite-association criteria described in the study protocol.

The participant-level observations demonstrated progressively higher satellite-association frequencies with increasing
smoking index. In Category I, individual smoker values ranged from 8 to 22 associations, compared with 6—8 among
matched controls. In Category 11, smoker values ranged from 18 to 30, compared with 5-10 in controls. In Category III,
smoker values ranged from 23 to 44, whereas controls showed 5—10 associations.

Table 6. Descriptive characteristics and satellite-association components among smokers.

Smoking index | n Mean age (y) | Mean SI Mean SA | DG GG DD
<150 10 | 34 78.6 14.0 7.1 4.7 2.1
150-300 10 | 36 218.5 24.0 10.5 193 4.2
=300 10 | 44 389.6 34.0 12.6 11.0 ]10.3

Mean satellite-association frequency increased from 14.0 in Category I to 24.0 in Category II and 34.0 in Category III.
The corresponding mean frequencies of DG, GG and DD associations also increased across the smoking-index categories,
with DG remaining the most frequent component in Categories I and II.

Table 7. Comparison of satellite-association frequency between smokers and matched controls.

iSnIgz)l‘(lng Controls, mean £ SD | Smokers, mean = SD | t value p value
<150 7.0 £0.8165 14.0 + 5.1640 4.234 0.0005

150-300 7.0 £1.6330 24.0 +3.7417 13.1681 <0.0001
>300 7.5+ 1.5092 34.0 + 7.1647 11.4451 <0.0001

Student’s t-test showed a statistically significant difference in satellite-association frequency between smokers and
controls in all three categories. The reported p values were 0.0005 for Category I and <0.0001 for Categories II and III,
indicating that the smoker groups had substantially higher satellite-association frequencies than their corresponding

controls.

Table 8. Reported percentage of satellite association in smokers and non-smokers.

Smoking index

Non-smokers (%)

Smokers (%)

<150 14 24
150-300 14 48
=300 15 68
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The reported percentage data showed an increasing pattern of satellite association among smokers as the smoking index
increased: 24% in Category I, 48% in Category Il and 68% in Category III. The corresponding reported values in controls
were 14%, 14% and 15%, respectively. Thus, the difference between smokers and controls became progressively larger
across the smoking-index categories.

Table 9. Reported odds-ratio analysis for increasing smoking-index categories.

Smoking index | Control mean | Smoker mean | Odds ratio | CIlower | CI upper
<150 7.0 14.0 1.00 — —
150-300 7.0 24.0 1.7143 0.4972 5.9107
>300 7.5 34.0 2.2667 0.6803 7.5521

The reported odds ratio increased from 1.7143 in Category II to 2.2667 in Category III, with the source describing a
gradual increase in odds ratio with increasing smoking index. The confidence intervals reported in the source were 0.4972—
5.9107 for Category II and 0.6803—7.5521 for Category III

Satellite association frequency by smoking index Reported percentage of satellite association
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Figure 3. Mean satellite-association frequency in
smokers and non-smoker controls across smoking-
index categories. Error bars represent the reported

standard deviations

Figure 4. Reported percentage of satellite association
in smokers and non-smokers across smoking-index
categories.

Smoking cessation follow-up

Two participants from Category III returned for follow-up after reported smoking cessation for one and a half years.
Satellite-association frequency decreased in both participants. Subject 47 decreased from 44 associations before cessation
to 38 after cessation, while Subject 49 decreased from 42 to 34.

Table 10. Satellite-association frequency before and after smoking cessation.

Participant | Before cessation | After 1.5 years | Absolute change | Percentage-point change
47 44 (88%) 38 (76%) —6 —12 percentage points
49 42 (84%) 34 (72%) -8 —12 percentage points

Satellite association before and after smoking cessation

mm Before cessation
.5 years cessation

40

30

20 1

Satellite association frequency

Subject 47

Subject 49
Participant

Figure S. Individual satellite-association frequencies before and after 1.5 years of smoking cessation in two
Category III participants.
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Both participants showed a reduction in satellite-association frequency after smoking cessation. Because only two
participants were available for follow-up, these observations are descriptive and should not be interpreted as evidence of
a statistically tested cessation effect.

Chromosomal observations

Representative microphotographs in the source document illustrate metaphases without satellite association, satellite
associations in controls, and associations observed in smokers across the three smoking-index categories. Arrows identify
D-G, D-D and other satellite associations as described in the figure legends

G
Figure 6. A. metaphase without satellite association, B. satellite association in control group, C. Satellite association
between D and G group with SI < 150, D. Satellite Associations with SI < 150, E. Satellite association between D and G
group with SI <300, F. Satellite Associations Seen in SI > 150 <300, G. Satellite Association with SI > 300 H.
Associations Seen After Smoking Cessation

DISCUSSIONS:

The present study demonstrated an increase in satellite association (SA) among cigarette smokers with increasing smoking
index (SI). The mean SA increased from 14.0 in smokers with ST <150 to 24.0 in those with SI 150-300 and 34.0 in those
with SI >300, whereas the corresponding control groups showed much lower values (7.0-7.5). The differences between
smokers and controls were statistically significant, indicating an association between cigarette exposure and increased
satellite association. A progressive increase was also observed in DG, GG and DD associations, with DG being the
predominant association type. These findings suggest that increasing tobacco exposure may be associated with increased
chromosomal interaction involving the acrocentric chromosomes.

The findings are consistent with earlier cytogenetic studies of tobacco exposure. Yadav and Thakur reported increased
satellite association among bidi smokers and hookah smokers and observed that satellite association increased with greater
smoking duration and number of cigarettes smoked per day19. Their observation of a predominance of DG associations
is also comparable with the present findings. Other studies of cigarette smokers have reported increased chromosomal
abnormalities, sister-chromatid exchanges and other cytogenetic damage compared with non-smokers, supporting the
biological effect of tobacco exposure on peripheral blood lymphocytes20. Studies by Vijayalaxmi and Evans and by Obe
et al. similarly demonstrated increased chromosome damage in smokers, although these studies evaluated different
cytogenetic endpoints. Thus, the present findings extend previous observations by demonstrating a dose-related pattern
specifically for satellite association9.

The biological basis for these findings may involve the complex mixture of tobacco smoke constituents, including reactive
oxygen species and DNA-damaging compounds21. Chronic exposure can produce oxidative stress, DNA damage and
chromosomal instability, which may influence nuclear organization and chromosome behaviour. However, satellite
association should be interpreted as a cytogenetic biomonitoring endpoint rather than direct evidence of mutation or cancer
development. The predominance of DG associations in the present study may reflect the particular behaviour of
acrocentric chromosomes during nucleolar organization and cell division22.

A small follow-up observation was also available for two smokers who discontinued smoking for approximately 1.5 years.
Their SA frequencies decreased from 44 to 38 and from 42 to 34, respectively, corresponding to reductions of 12
percentage points in both individuals. This finding is consistent with previous evidence showing that some biomarkers of
tobacco-related DNA damage can decline after smoking cessation. However, because only two individuals were followed,
this observation should be considered preliminary and cannot establish a statistically confirmed reversal of satellite
association.

LIMITATIONS:

The study include the relatively small sample size, inclusion of only male smokers, cross-sectional assessment, possible
influence of other environmental or lifestyle factors, and the absence of biochemical verification of tobacco exposure.
Nevertheless, the consistent increase in SA across smoking-index categories and the significant differences from controls
support the potential usefulness of satellite association as a cytogenetic biomonitoring parameter in tobacco-exposed
individuals. Larger longitudinal studies incorporating biochemical exposure markers and additional cytogenetic or
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molecular endpoints are required to confirm these findings and clarify the relationship between smoking intensity,
chromosomal changes and their possible biological consequences.

CONCLUSION:

The present study demonstrates that satellite association frequency is higher among cigarette smokers than among non-
smokers and increases progressively with increasing smoking index. The predominance of DG associations observed in
the present study agrees with previous investigations of cigarette, bidi and hookah smokers. The findings are also
supported by broader cytogenetic evidence demonstrating increased chromosome damage among tobacco-exposed
individuals. The reduction in SA observed after smoking cessation is encouraging but remains preliminary because of the
very small follow-up sample. Taken together, the findings suggest that satellite association may have value as a
cytogenetic biomonitoring parameter for studying tobacco-associated genomic effects. However, further large-scale,
longitudinal studies incorporating biochemical exposure markers and complementary endpoints such as chromosome
aberrations, micronucleus frequency, comet assay parameters, DNA adducts and molecular cytogenetic analysis are
necessary to determine the reproducibility, biological significance and potential clinical utility of satellite association in
tobacco-exposed populations.
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