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INTRODUCTION 

Cancer is a major public health problem in many parts of the world, and oral 

cancer is among the 10 most common cancers worldwide1,2.In the oral cavity, 

squamous cell carcinoma (SCC) is the most prevalent malignant neoplasm (90% 

approximately) 3.4.Approximately 650,000 new cases of head and neck squamous 

cell carcinoma (HNSCC) including oral squamous cell carcinoma (OSCC) have 

been reported annually worldwide, and are responsible for 350,000 deaths per 

year5,6 , with half of them occurring in developing countries7.Squamous cell 

carcinoma of the head and neck (HNSCC) and its subset, oral squamous cell 

carcinoma (OSCC), arise through a multistep process of genetic alterations, 
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usually as a result of individual predisposition and the exposure to environmental 

agents, thus, cancer is a genetic disease of somatic cells8,9.The aggressiveness of 

a malignancy due to chromosomal and genetic alterations can affect tumor 

progression, treatment and prognosis10,11.DNA mutations affect a number of 

genes, disrupting growth control. Multiple genetic and epigenetic events include 

the aberrant expression and function of molecules regulating cell signaling, 

growth, survival, and motility, angiogenesis and cell cycle control. They underlie 

the progressive acquisition of a malignant phenotype by the keratinocyte which 

progresses via a series of genetic steps to a premalignant or a potentially 

malignant cell, characterized by the ability to proliferate in an uncontrolled 

fashion. This may result in cancer, invasion across the epithelial basement 

membrane and, eventual metastasis. Changes in over one hundred genes have 

now been implicated12,13.Genomic instability, as in gene amplifications, and 

proliferative activity, are important factors in tumor progression and metastatic 

growth.14,15Amplification of 11q13 and overexpression of cyclin D1 have been 

described in 40% of cases of oral squamous dysplasia.16,17The best known 

amplification-activated human oncogenes are AKT2 in ovarian cancer18, ERBB2 in 

breast and ovarian tumors19, REL in Hodgkin lymphoma20, EGFR in glioma and 

non-small cell lung cancer and MYC in various cancers21.Amplifications of growth 

promoting oncogenes occur frequently in late-state cancers of various organs, 

which usually have poor prognosis22. It is believed that CCND1, which encodes 

cyclin D1, is one of the key oncogenes in the 11q13 amplicon23.Both CCND1 

amplification and overexpression have been reported to be significantly 

correlated with cancer development, progression, aggressive tumor growth and 

poor prognosis5, 24. In some tumors, this change has been associated with a 

decreased survival rate, increased recurrence rate, and more frequent 

metachronous tumors.24, 25, 26,27In HNSCC, the frequencies of CCND1 amplification 

and overexpression are approximately 20-40% and 40-80% respectively. (5, 24) 

Fluorescence in Situ hybridization (FISH) is a molecular cytogenetic technique 

used for the detection of specific chromosomal rearrangements and applicable to 

many different specimen types. Cancer related applications include mapping 

tumor related genes, or enumeration of gene, or chromosome copy 

number28,29.Interphase FISH eliminates the necessity and time of cell culture and 

enables enumeration of gene copy number compared with a control probe on 

the same chromosome in large populations of cells even in the absence of 

metaphase chromosomes30,31.The interphase FISH technique produces direct 

visualization of chromosomal aberrations in cell nuclei using fluorescently-

labeled DNA probes32.33. 

In the present study evaluate chromosome 11q13 aberration by 

Fluorescence in Situ Hybridization (FISH) in Oral Squamous Cell Carcinoma 

(OSCC), and to correlate between chromosome 11q13 amplification, clinical 

staging and the histopathology grading of Oral Squamous Cell Carcinoma (OSCC). 

 

MATERIAL AND METHODS 



Omneya et al., 2014 

 

 

536 October,  2014 

 

I- Tissues and Patient characteristics 

The study was conducted on 30 specimens obtained from cases diagnosed 

with oral squamous cell carcinoma, which were retrieved from Oral Pathology 

Department, Faculty of Dentistry, and Alexandria University, Egypt. The selection 

of the specimens depended mainly on the availability of paraffin blocks that 

maintained good quality and sufficient material for performing Fluorescence in 

Situ Hybridization (FISH). Informed consent was obtained from patients that were 

included during the course of the study in accordance with Faculty of Dentistry, 

Alexandria University Ethics Committee. Clinical data of all patients with regard to 

age, sex, clinical picture of the tumor were collected from patients’ files in Oral 

and Maxillo-facial and Plastic Surgery Department, and from Oral Pathology 

Department Patients' data sheets. 

 

II- Histopathological examination 

For each case, 4µ thick sections were prepared from formalin fixed, paraffin 

embedded tissue blocks. The sections were stained by haematoxylin and eosin (H 

and E), examined under light microscope to confirm diagnosis, and for evaluation 

of histopathological grading of the tumor. If lymph nodes were obtained, they 

were treated similar to the primary tumor. 

 

III- Immunohistochemical staining 

The immunodetection was carried out on 4µ thick sections, mounted on 

positively charged, coated slides. Positive and negative controls were 

included.IHC analysis was performed using the Rabbit Polyclonal antibody, ready 

to use (Cat. #RB-9041-P), Lab Vision Corporation Fremont, Ca-USA. The 

streptavidin-biotin peroxidase complex method was used. This technique 

involves the sequential incubation of the specimens with an unconjugated 

primary antibody specific to the target antigen, a biotinylated secondary antibody 

which reacts with the primary antibody, enzyme labeled streptavidin, and DAB 

substrate-chromagen. 

 

III- Fluorescence in Situ Hybridization (FISH) 

FISH was carried on thin sections (4µ), cut from formalin-fixed, paraffin-

embedded tissue blocks. Paraffin pretreatment reagent kit II was used (Order # 

32-801210).The probe used was a locus specific identifier LSI (CCND1 Spectrum 

Orange/ CEP11 Spectrum Green), (Vysis Inc. Downers Grove, Il-USA).The sections 

were incubated at56oC overnight and deparaffinized by washing in xylene, 

ethanol, and distilled water. Then sections were heat-pretreated at 80oC for 

10minutes. Next, they were digested with protease at 37oC for 10-45 minutes, 

rinsed in purified water for 3 minutes, and dehydrated in graded ethanol (70%, 

85%, and 100%) for 2 minutes each. Next, the cyclin D1/CEP 11 probe mix was 

applied to dry slides, the tissue area was cover slipped and sealed with rubber 

cement. The slides were then incubated in (Vysis/HYbrite 
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Denaturation/Hybridization Unit).  Denaturation was done at 73oC for5 minutes 

and hybridization at 37oC for approximately18 hours. Post-hybridization washes 

were performed in 2X SSC/0.3% NP-40 at 73oC for 2 minutes andin2X SSC/0.3% 

NP-40 at room temperature for 2-5 minutes. 

Then 10µL of counterstain DAPI (diamidino-2-phenylindole) (Vysis Inc., IL-

USA) were applied. 

 As an alternative method to the paraffin sections, fine-needle aspirations 

were performed on 2 cases of resected tongue specimens. The cells were soaked 

in 0.05 M KCl solution for 2 min to disrupt the cell membranes and expose the 

naked nuclei, and then fixed by addition of an equal volume of methanol/acetic 

acid (3:1) solution (Carnoy). After centrifugation at 3000 rpm for 10 min, the 

upper layer was exchanged for Carnoy solution. Centrifugation and solution 

exchange were repeated twice, and the resulting upper layer was transferred 

drop wise to glass slides under steam. The specimens were then air-dried and 

stored at -20°C until use.  

 

Fluorescence Microscopy 

FISH signals were analyzed using BX51/61 Olympus fluorescent microscope 

equipped with a suitable set of filters including: DAPI single band pass, dual band 

pass FITC/TRIC and triple band pass (FITC/TR/DAPI) (Olympus, UK LTD). The 

microscope is equipped with a vertical illuminator that contains a turret of filter 

cubes and mercury or xenon arc lamp housing. The fluorescent microscope is 

attached to a digital camera and results were interpreted using (Cytovision 

Applied Imaging) Imaging system. 

 

Evaluation of FISH analysis 

Evaluation of the preparation was performed by counting at least 200 nuclei 

per slide, according to the criteria described. Enumeration of the fluorescent 

signals was performed in at least 200 nuclei per slide under objective power of 

100X, using an Olympus fluorescent microscope BX51/61 equipped with single 

band sets for DAPI, Fluorescein Isothiocyanate (FITC) and spectrum Orange to 

discriminate the color signals of green for chromosome 11 centromeric DNA and 

orange for cyclin D1 during scoring. If the signals ratio of the orange signals to 

the green signals is 2 or more than 2 then it was considered positive 

amplification. When clusters of CCND1 signals were observed in more than 20% 

of 100 nuclei, the tumor was considered as showing “cluster-type amplification of 

CCND1.” 

 

Statistical Analysis of FISH Results 

FISH results were compared with clinic pathologic information using the Chi-

square and the Fisher's exact test (FET). The clinico-pathologic variables included 

patient age, gender, tumor site, disease stage, histopathology grading, and the 

presence of lymph node metastasis34, 35. The significant p value in these tests is < 
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0.05. All statistical analyses were performed using Microsoft, Statistical Package 

of social Science (SPSS) computer program, version 17.0 for windows. 

 

RESULTS 

The clinical demographic data of the patients were collected. The mean age 

of the patients was 56.2 years (range: 25 – 78 years / SD= 12.3).  

 

Immunohistochemical results 

Nineteen (63.3%) out of 30 cases showed positive immunostaining, while 

eleven cases (36.7 %) were negative. The Well Differentiated OSCC showed 

positive immunoexpression of Cyclin D1, which was mainly detected as a diffuse 

brownish nuclear reaction. The immune reaction was localized at the periphery of 

the tumor cell nests while the keratin pearls were devoid from any reaction. The 

Moderately Differentiated OSCC showed diffuse positive brownish 

immunoreaction to Cyclin D1. The reaction was mainly nuclear. Mostly, intense 

nuclear immune-signals of Cyclin D1 were noted at the periphery of cell nests. 

The central areas were free from any reaction. Some cases exhibited Cyclin D1 

nuclear expression in almost all the malignant epithelial cells, with different 

intensities.   

The Poorly Differentiated OSCC showed positive Cyclin D1 immuno-signals 

in the dissociated malignant epithelial cells. The highly anaplastic cells revealed 

intense nuclear immunoreactions to Cyclin D1. An interesting finding in one case 

was the presence of intense granular immuno-signals of Cyclin D1 bordering the 

nucleolar membrane indicating high malignancy (Figure 1). 
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Fig1. [A] Moderately differentiated Squamous Cell Carcinoma revealing intense brownish 

nuclear immunoreactions to cyclin D1. (x 200). [B] Well-differentiated squamous cell 

carcinoma showing positive Cyclin D1 immunosignals concentrated at the periphery of 

the tumor cell nests (arrows). Keratin is devoid from any reaction. (x400). [C] Poorly 

differentiated squamous cell carcinoma showing intense reaction of Cyclin D 1 in 2 

malignant epithelial cells undergoing mitosis in anaphase stage. (x 1000). [D] Poorly 

differentiated Squamous Cell Carcinoma showing CCND1 nuclear expression detected 

bordering the nuclear membrane as well as the nucleolar membrane (x1000). 

 

FISH Results 

 

Eight of the 30 formalin-fixed paraffin blocks cases (26.7%) were scored 

positive for CCND1 amplification, together with the two cases obtained by FNA, 

whereas 22 cases (73.3%) were scored negative. Staging revealed that 4 (50%) of 

the positive cases were in the stage II, 2 (25%) in stage III, 1 (12.5%) in stage I, and 

1 (12.5%) in stage IV. Out of the 8 positive cases, 5 cases (62.5%) were of the 

moderately differentiated type, while 2 (25%) were of the poorly differentiated 

type and only 1/8 (12.5%) was of the well differentiated type of OSCC.Not all cells 

showed the classical pattern of dual color signals (2 green and 2 or more orange 

signals); where alternative signal patterns were also observed in the some cases 

(Figure 2). 
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Fig 2. FISH analysis of OSCC using LSI [CCND1 Spectrum Orange / CE11 Spectrum Green 

(Vysis)]. [A]Fine-needle aspirate from tongue SCC showing amplified CCND1. [B]A 

representative cell with cluster-type amplification. Note the presence of numerous 

copies of CCND1 (orange). Only 2 copies of the chromosome 11 centromere (green) can 

be observed in the same nucleus. [C] Cells show CCND1 amplification. FISH detected 

significantly more cells with more orange than green signals.  The inset shows a 

representative OSCC cell demonstrating multiple copies of CCND1. [D]Red arrows point 

to cells showing more orange signals than green spots, indicating positive CCND1 

amplification. Yellow arrows point to cells with 2 copies of both signals representing no 

amplification. 

 
Correlation between the CCND1 Numerical Aberration in OSCCs and 

Clinic pathologic Parameters 

The relation between FISH and the demographic data of the patients as 

regards to the age, the sex, the site of the tumor, the lymph node involvement, 

the clinical stage, and the histological grade were represented in (Table 1). The 

relation between FISH and the mentioned variables was not statistically 

significant where P= 0.47, 0.67, 0.33, 0.15, 0.58 and 0.67 respectively. 

 
Table 1. The relation between FISH and different variables 

Variables  FISH Test  P value  

-ve +ve 

Age  Mean (SD) 57.6 (9.1) 52.2 (18.9) 0.77 0.47 

Sex  Male  13 (59.1) 6 (75) - 0.67 

Female  9 (40.9) 2 (25) 

Site  Buccal mucosa 

And lip: n (%) 

9 (40.9) 4 (50) 2.20 0.33 

Tongue and floor 

of the mouth: n 

(%) 

8 (36.4) 4 (50) 

Upper and lower 

gingival: n (%) 

5 (22.7) 0 

Grade  Well: n (%) 11 (50) 1 (12.5) 3.76 0.15 

Moderate: n (%) 9 (40.9) 5 (62.5) 

Poor: n (%)  2 (9.1) 2 (25) 

Stage  I: n (%) 8 (36.4) 1 (12.5) 1.96 0.58 

II: n (%) 8 (36.4) 4 (50) 

III: n (%) 5 (22.7) 2 (25) 

IV: n (%) 1 (4.5) 1 (12.5) 

Lymph node 

metastasis  

No: n (%)  16 (72.7) 5 (62.5) - 0.67 

Yes: n (%)  6 (62.5) 3 (37.5) 

 

DISCUSSION 

Several lines of evidence indicate that tumorigenesis in humans is a 

multistep process and that these steps reflect genetic alterations that drive the 
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progressive transformation of normal human cells into highly malignant 

derivatives. 

Annually, more than 500,000 new cases of HNSCC are registered worldwide, 

and the incidence of the disease is increasing2. As for many other tumor types, 

survival of HNSCC patients is adversely affected by tumor stage and tumor site. It 

is also restricted by the growth of local recurrences, distant metastases and 

second primary tumors3, 6. Multivariate analysis study showed that tumour grade 

was significantly related to nodal disease at the time of diagnosis3, 7; however 

most authorities consider this grading system as a poor indicator of outcome and 

response to treatment38, 39,40,41,42. Escape of cancer cells from the cell cycle 

machinery reflects a fundamental hallmark of cancer progression and is even 

emerging as a central theme in oral carcinogenesis43, indeed, the strongest 

connection between cyclins and oncogenesis comes from the studies on cyclin D1 

located on 11q13 chromosome locus44. The chromosome 11q13 region 

encompasses several putative oncogenes and amplification of DNA sequences in 

chromosomal band 11q13 has been detected frequently in HNSCCs and well 

documented by cytogenetic, molecular cytogenetic, i.e., Fluorescence in Situ 

Hybridization (FISH) and Comparative Genome Hybridization (CGH) studies45, 46, 47. 

In the present study, FISH was performed on 30 cases of OSCC to detect 

amplification of 11q13 chromosome region, which harbors the Cyclin D1 

oncogene. Dual color LSI probe to identify Cyclin D1 amplification was applied. 

Amplification of 11q13 was found in 26% of OSCC cases studied. These results 

are comparable to those reported by Utikal et al. in their work on SCC48. They 

obtained 20% gain of Cyclin D1 gene copies at chromosome 11q13. In addition 

Miyamoto et al.5identified CCND1 amplification in 31.7% of their examined cases. 

On the contrary, other studies reported amplification of 11q13 in about 45-47 % 

of OSCC 8, 49, 50.  The methodology used together with the heterogeneity in the 

studied population might be factors that contributed to these differences in 

frequency, and might provide a better explanation for the variation in reported 

frequencies of 11q13 amplification in different studies48. Nimeus et al., have 

reported positive cyclin D1 amplification as low as 16% in SCC of oral cavity 51 

while 56.5% in SCC of tongue was reported by Fuji et al.25 Furthermore, Mahdey 

et al.,52 reported positive cyclin D1 amplification in 72% of their examined cases 

of OSCC They included equal number of SCC of cheek and tongue only. The 

variation in positive cyclin D1 amplification in these studies may be due to the 

reason that some studies include all subsites of SCC of oral cavity 53, 54 whereas 

others have studied only a particular subsite5,25.Contradictory reports exist on the 

association of 11q13 alterations with clinical outcome. Reshmi et al., 54 found that 

in the breakage-fusion-bridge (BFB) cycle model of 11q13 amplification, distal 11q 

loss precedes 11q13 amplification and is therefore considered an early event in 

HNSCC progression.  Moreover Jin ET al.55 found that, in addition to 11q13 

amplification, loss of distal 11q may be important for biological aggressiveness of 

head and neck carcinomas. In the present study, correlation between FISH results 

and the different studied parameters was statistically analyzed, and revealed no 
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statistically significant correlation between CCND1 amplification and the different 

clinicopathologic features of the studied cases such as; the demographic data of 

the patients including the age, and the sex, the site of the tumor, its histologic 

grade and clinical stage. Similar findings were reported by Huang X. et al., 56 in 

their study where clinicopathologic features of the studied cases failed to show 

any significant correlation with 11q13 amplification. Interestingly, Kaminagakura 

et al., in their study found significant correlation between young age (<40 years) 

and CCND1 amplification, but failed to find any influence on prognosis57.The 

lymph node metastasis of tongue SCC was not significantly associated with the 

amplification of cyclin D158. However, Miyamoto et al., 5stated that the cyclin D1 

numerical aberrations are significantly associated with an invasive tumor 

phenotype and pathologic lymph node status. Moreover, Myo et al.,53 has 

concluded that the aberration in cyclin D1 numbers to be valuable in 

identification of patients at high risk of late lymph node metastasis in stage I and 

II OSCCs.On the other hand, Rodrigo et al.24 in their study, correlated CCND1 

amplification with clinicopathological parameters. Amplification-positive cases 

were found at each anatomic site; CCND1amplification was more frequent in T4 

tumours and was associated with increased regional lymph node metastasis. 

Since CCND1amplification correlates with advanced pT and pN classifications, 

most patients with gene amplification had stage IV disease. No relationship was 

observed between CCND1 amplification and histopathological differentiation 

which was in agreement with the present study. The correlation between genetic 

alterations and histological grade of OSCC is seldom studied, however, Pathare et 

al., 59 found a significant correlation of +11q13 with high-grade OSCC. One 

possible explanation for 11q13 gains affecting these characteristics may be that 

+11q13 is associated with an increased copy number of CCND1 and the 

overexpression of its protein cyclin D1. Previous studies have noted the role of 

cyclin D1 as a potential marker of proliferation 60.Many studies have been done 

on cyclin D1 in OSCC, and even though the controversy exists in the scientific 

literature, it opens a window of opportunity for further discussion and research 

in different tumours with additional different criteria like lymph node 

involvement and metastasis. The interpretation of the above study is precluded 

by its limited sample size and therefore the study should be followed further with 

large sample size to validate our finding. The observations in this field may 

contribute significantly to the patient well-being and decreased morbidity and 

mortality by establishing cyclin D1 as a better prognostic marker. 

 

CONCLUSION 

Gene amplifications are essential features of advanced cancer and have 

prognostic as well as therapeutic significance in clinical cancer treatment. The 

CCND1 numerical aberration is useful both as a prognostic indicator that is 

independent of the TNM classification. 
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