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Squamous cell carcinoma especially of oral cavity is one of the most prevalent diseases in the world. Chromosomal 
rearrangements are known to play important role in the pathogenesis of many diseases including cancer. In case of Head 
and Neck Squamous Cell Carcinoma, chromosomal changes are detectable at all stages of tumor development providing 
excellent opportunity for chromosomal prognosis and therapy. The present work aimed to study the frequency and pattern
of chromosomal aberrations in human peripheral blood lymphocyte culture of freshly diagnosed Head and Neck squamous 
cell carcinoma patients. Further In vitro anticancer drugs (5-Fluorouracil {5-FU } and Cisplatin) effects were studied for
clastogenicity. Results indicated significant impact of chemotherapeutic agents on the frequency of different types of chro-
mosomal rearrangements.
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Oral squamous cell carcinoma (OSCC) is a major cause of 
morbidity and mortality worldwide, accounting for more than 
275,000 new cases and over 120,000 deaths every year [1]. It 
is already known that non-random chromosomal aberrations 
occur in all human cancer types including squamous cell 
carcinoma (SCC) of the head and neck (HNSCC) [2]. Further 
many reports suggested that chromosomal aberrations and 
accumulation of mutations in many genes encoding crucial 
proteins or oncoproteins that control cell growth and apoptosis 
may also induce neoplastic formation [3, 4, 5]. However in case 
of Head and Neck SCC, chromosomal aberrations are found 
to be a dominant genetic event in carcinogenesis and may play 
an important role in cancer progression [6].

In the present study, chromosomal rearrangements were 
observed in freshly diagnosed HNSCC patients who had not 
undergone any chemotherapeutic and/or radiation treatment. 
Further, peripheral blood lymphocytes of patients were ex-
posed to anticancer drugs namely 5- Fluorouracil {5-FU} and 
Cisplatin commonly used for oral cancer treatment.

5-FU is considered to be purely an S phase active chemo-
therapeutic agent [7] and also causes DNA damage, specifically
double strand (and single-strand) breaks, during synthetic phase 

of cell cycle due to the misincorporation of FdUTP into DNA 
[8, 9]. On the other hand, Cisplatin is a potent anti-tumor agent 
being cytotoxic to tumor cells via DNA–protein and DNA–DNA 
interstrand and intrastrand crosslinks [10]. The drug may also
induce programmed cell death or apoptosis [11].

Therefore, it is important to improve the patient survival
rate in HNSCC and it is essential to find more accurate prog-
nostic markers, if any, such as chromosomal rearrangements 
with different end points.

Materials and Methods

Lymphocyte Culture.Lymphocyte cultures were set by 
method of Hungerford [12] with slight modifications [13].
Heparinized whole blood (0.5 ml) was added to a mixture 
containing 5 ml of culture medium RPMI 1640 and 0.1 ml 
phytohemagglutinin (Lectin). Then the culture vials were kept
in HERA cell150 CO2incubator for 71 hrs, at 37 °C with 5 % CO2. 
Then 0.1 ml demecolcine solution was added at last 2 hours of
incubation period to arrest cells at metaphase. The cells were
collected by centrifugation, resuspended in a prewarmed hy-
potonic solution (KCL, 0.075 M) for 20-25 minutes and fixed
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in chilled methanol/ acetic acid (3:1 v/v) solution (Carnoy’s 
fixative). Then drops of cell suspension were allowed to fall
from at least 2.5 feet height on pre chilled and chemically 
cleaned slides. These slides were air dried on a hot plate at
50-60 °C. All slides were blind coded and labelled soon after
assuring about well spread chromosome.

Experimental protocol.Total of 60 Peripheral Blood Lym-
phocyte cultures (PBLC) of oral squamous cell carcinoma 
patients (blood was collected from Lions Cancer Detection 
Centre, Surat) were studied along with 60 age and sex matched 
controls. Written consent of patients was obtained. All control 
and patients were divided in 8 groups (Table 1).

Group A1 and Group A2.Total 15 PBL cultures of healthy 
individuals (Group A1) and 15 that of freshly diagnosed HN-
SCC patients (Group A2) respectively without chemotherapy 
treatment.

Group B1 and Group B2.Total 15 PBL cultures of control 
(Group B1) and 15 that of HNSCC patients (Group B2) ex-
posed to 30 ng/30µl of 5-FU added after 24 hours of initiation
of lymphocyte culture.

Group C1 and Group C2. Total 15 PBL cultures of healthy 
individuals (Group C1) and 15 that of HNSCC patients (Group 
C2) exposed to 15 ng/15µl Cisplatin added at 24 hours in 
lymphocyte culture.

Group D1 and Group D2. Total 15 PBL cultures of con-
trol (Group D1) and 15 that of HNSCC patients (Group D2) 
exposed to combination of 5-FU and Cisplatin drugs at the 
concentration of 30 ng/30µl and 15 ng/15µl respectively after
24 hours of initiation of culture.

Slides were prepared from all the cultures and scored. Re-
sults were analysed statistically using student t-test with aid 
of Statistical Package of Social Sciences (SPSS) software. The
significance level for chromosomal aberrations was considered
at p value < 0.05.

Results

The results show frequency of chromosomal aberrations
observed after chemotherapeutic exposure to peripheral

blood lymphocytes of HNSCC patients in comparison to con-
trols (Table 1). We found significant increase in chromosomal
aberrations of Head and Neck Squamous cell carcinoma pa-
tients in comparison to control without any chemotherapeutic 
exposure to their lymphocytes (P value < 0.05). While PBLs 
exposed to 5- FU added at 24 hours of initiation of culture 
also revealed similar results. It was interesting to note that no 
statistical significant difference was observed in frequency of
chromosomal aberrations in patients exposed to Cisplatin 
alone as well as in combination of 5-FU and Cisplatin.

On the other hand, gaps were excluded from total chro-
mosomal aberrations, 5-FU exposure showed significant
increase in chromosomal aberrations in comparison to con-
trols (P value < 0.05).

In all study groups it was remarkable to note that PSC (Pre-
mature separation of centromere) was significantly higher as
compared to that of controls (P value < 0.05).

Peripheral Blood Lymphocytes of HNSCC patients not 
exposed to any chemotherapeutic agents showed significant
increase in ring, chromatid gap, chromatid break and endore-
duplication as compared to controls (Figure -1). In addition, 
the frequency of hypo diploids was found to be significantly
higher in HNSCC patients (P value < 0.05).

5-FU exposure to patients exhibited significant increase
in chromosome gap, chromosome and chromatid breaks 
and telomeric associations as compared to healthy indi-
viduals (P value < 0.05). While Cisplatin exposure showed 
significant increase in dicentric chromosomes, ring and
chromatid interchange (Figure -1). In addition, Cisplatin 
exposure also showed significant increase in hyper diploid
metaphase configuration (Figure -1). Exposure to combined
drugs (5-FU and Cisplatin) showed a significant increase
in chromatid breaks and hypo diploids (P value < 0.05) as 
compared to controls.

Table 2 indicates frequency of chromosomal aberrations 
in Head and Neck SCC patients with and without treatment 
of chemotherapeutic agents. A higher significant increase in
chromosomal aberrations (chromosome break, ring and chro-
matid gap) was found in patients exposed to 5- FU (P value 

Table 1. Chromosomal aberrations in Head and Neck squamous cell carcinoma after various treatments of chemotherapeutic agents as compared to control.

B G D R B G Int Total  
aberrations

Total aberrations 
excluding gaps ER TA PSC Hypo Hyper

Without Chemotherapy (Based on Group A1 & A2)
P value 0.15 0.29 0.49 0.04* 0.04* 0.02* 0.08 0.03* 0.30 0.008* 0.47 0.02* 0.02* 0.12

5-Fluorouracil (Based on Group B1 & B2)
P value 0.01* 0.02* 0.08 0.36 0.006* 0.09 0 0.004* 0.03* 0.03 0.01* 0.01* 0.05 0.36

Cisplatin (Based on Group C1 & C2)
P value 0.24 0.22 0.04* 0.04* 0.29 0.41 0.004* 0.08 0.05 0.36 0.09 0.01* 0.17 0.03*

5-FU + Cisplatin (Based on Group D1 & D2)
P value 0.33 0.35 0.33 0.05 0.03* 0.25 0.21 0.22 0.42 0.33 0.16 0.0008* 0.0007* 0.35

(* – P value < 0.05 significantly different from control)
(B- Break, G- Gap, D- Dicentric, R-Ring, Int- Chromatid Interchange, ER- Endoreduplication, TA- Telomeric association, PSC- Premature separation of 
centromere, Hypo- Hypodiploid, Hyper- Hyperdiploid,)
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Figure: Various types of chromosomal aberrations observed in oral SCC patients. 

      A) Normal metaphase plate    B) Hyper diploid metaphase plate        C) Telomeric association                                       
D) Chromatid break                   E) Open ring                                              F) Chromatid interchange 

      G) Double minutes                    H) Isochromatid gap 
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Figure1. Various types of chromosomal aberrations observed in oral SCC patients.
A) Normal metaphase plate. B) Hyper diploid metaphase plate. C) Telomeric association. D) Chromatid break. E) Open ring. F) Chromatid interchange.
G) Double minutes. H) Isochromatid gap
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< 0.05). Further, it also induced hyper diploids (P value < 0.05). 
However exposure to Cisplatin showed significant increase
in chromatid gap, chromatid interchange, endoreduplication 
and hypo diploids except hyper diploid metaphases. (P value 
< 0.05).

Interestingly, when PBLs of HNSCC patients were ex-
posed to combination of 5-FU and Cisplatin, it showed 
significantly higher increase in total aberrations values
(including Dicentric, ring and chromatid gaps) as compared 
to those without chemotherapeutic exposure. Results of ex-
cluding gaps of total aberrations also showed similar results. 
(P value < 0.05)

Discussion

Johanson [14] revealed that heritable acquired charac-
teristics of neoplastic cells brought about by changes in the 
genetic material, does not imply that their neighbouring non 
neoplastic cells are without importance. Tumor cells face not 
only each other but also surrounding stromal tissue and the 
systemic antitumor response. This proposition supports even
peripheral blood which is a non-neoplastic tissue can be used 
for cytogenetics.

Many previous studies have demonstrated that karyotypes 
of HNSCC and oral Squamous cell carcinoma consist of near-
triploid chromosome numbers and contain various patterns of 
cytogenetic abnormality, including structural and numerical 
aberrations [15, 16, 17]. Chemotherapeutic drugs currently 
being used which may activate specific intracellular pathway(s)
and induce apoptosis in target cells. Clinical applications 
combining different drugs may exhibit synergistic effects and
reduce resistance and/or cytotoxicity [18].

We found significantly high number of hypo diploids
chromosome plates in untreated HNSCC lymphocytes as 
compared to that of controls. Our results are in total agree-
ment with those reported by Ravindran [19].

Similar frequency of hypo diploid chromosome plates was 
recorded in PBL exposure to combination of 5-FU and Cis-
platin treated patients.

In addition, we have observed significantly high frequency
of hyper diploids chromosome plates in PBLs of patients with-
out any in vitro chemotherapeutic exposure.

Previously reported studies on chromosome number vari-
ability in Oral Squamous Cell Carcinoma ranges from 38 to 
92 as reported by Ravindran [19] and 31 to 148 by Bazopou-
lou [20]. In our study we have found chromosome number 
ranging from 24 to 92 respectively. In addition, Christian et 
al. [21] has reported trisomy and monosomy of chromosome 
numbers 1, 7, 10, 17 and monosomy alone in chromosome 
number 9. However, in the present study we did not find
involvement of any specific chromosome in case of trisomy
and /or monosomy.

With regards to the loss of chromosome group namely 
A was reported in the literature, while the addition of groups 
C, D, E, F and G of chromosomes were reported by Bazopou-
lou [20] and Ravindran [19]. In the present study we have 
found the loss of group A chromosome which is in a good 
agreement with earlier mentioned studies.

In present study, we have reported significant increase in
total aberrations values after in vitro treatment of 5-FU to PBLs 
of HNSCC patients as compared to untreated PBLs of patients. 
On the other hand, the treatment of Cisplatin did not reveal 
any significant change. It is interesting to note that combina-
tion of the treatment with 5-FU and Cisplatin again showed 
significant increase in total aberrations values as compared to
untreated PBLs of patients (Table 2).

This could suggest that the cancer cells with microsatellite
instability are more sensitive to 5-FU, whereas more resistant to 
Cisplatin. In this context Reigetsu [22] described that depend-
ing on the dose given 5-FU acts via two different pathways.
It causes G1-S phase cell cycle arrest in a dose of 1000 ng/ml 
that is same used by us (30 ng/30 µl). 5-FU is thought to act 
via multiple pathways and that could be one of the reasons of 
its higher cytotoxicity to malignant cells.

Further it could be explained on the basis that HNSCC cells 
resistant to one drug may be susceptible to a combination of 
drugs due to availability of alternate apoptotic pathway acti-
vation [23]. It was well documented that high frequency of 

Table 2. Chromosomal aberrations in Head and Neck SCC patients with and without treatment of chemotherapeutic agents.

Group
Chromosome type aberrations Chromatid type aberrations Others

B G D R B G Int Total  
aberrations

Total aberrations 
excluding gap ER TA PSC Hypo Hyper

5-Fluorouracil
P value 0.006* 0.06 0.26 0.024* 0.13 0.017* 0.16 0.029* 0.16 0.317 0.147 0.07 0.1593 0.01*

Cisplatin
P value 0.5 0.12 0.24 0.248 0.42 0.009* 0.01* 0.349 0.23 0.010* 0.301 0.18 0.035* 0.36

5-FU + Cisplatin
P value 0.213 0.21 0.015* 0.006* 0.5 0.014* 0.14 0.001* 0.03* 0.009* 0.444 0.5 0.0002* 0.07

(* - P value < 0.05 significantly different from patients without chemotherapeutic exposure)
(B- Break, G- Gap, D- Dicentric, R-Ring, Int- Chromatid Interchange, ER- Endoreduplication, TA- Telomeric association, PSC- Premature separation of 
centromere, Hypo- Hypo diploid, Hyper- Hyper diploid )
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numerical aberrations could be correlated with poor prognosis 
and higher DNA damage [6, 24].

Radiosensitivity of PBLs of cancer patients has already been 
reported [25] and it is now known that, chromosomal radio-
sensitivity of lymphocytes is a marker of genetic predisposition 
to head and neck cancer [26].

In the present study it was reported that the combination of 
chemotherapeutic drugs (5-FU and Cisplatin) is much more 
effective in comparison to individual drug in the treatment
of HNSCC.

The in vitro action of chemotherapeutic agents may be 
different as compared to in vivo treatment used either indi-
vidually or in combination resulting in the rearrangement 
of chromosomal aberrations. Head and neck squamous cell 
carcinoma patients predisposed to chromosomal rearrange-
ments by anticancer drug treatment, may primarily promote 
the tumorigenesis.
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