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Abstract: We investigated heterogeneity and clonality based genetic relationships between primary tumors of oral 
squamous cell carcinoma (primary) and metastases utilizing the high-resolution array based comparative genomic 
hybridization approach. Total 50 tumor samples (from 30 metastatic primary tumors patients) were collected and 
subjected to comparative genomic hybridization (a high-resolution array). Genetic profiles of these tumors were 
compared with their paired lymph node metastases while the genetic profiles of non-metastatic primary tumors 
were compared with lymph node metastases. Distinctive differences were found in the patterns of genomic profiles 
of metastatic primary tumors and their paired lymph node metastases. Paired samples had higher similarity scores 
than non-paired samples. Minor populations with different copy number aberrations were also found in metastatic 
oral squamous cell carcinoma. Further copy number aberrations were compared between grouped samples of 
lymph node metastases and metastatic primary tumors to identify copy number aberrations with respect to lymph 
node metastasis. We concluded that genetically clonal tumor cells are predominantly responsible for the composi-
tion of metastatic primary tumors and their paired lymph node metastases and minor populations with different 
copy number aberrations may also exist in metastatic oral squamous cell carcinoma.

Keywords: Heterogeneity, clonality, oral squamous cell carcinoma, comparative genomic hybridization, copy num-
ber aberration

Introduction 

Head and neck cancer is found to be in the 
sixth place of existence of most common 
human cancer in the world [1]. Among them 
almost half of these cases are located in the 
oral cavity. Except less than 10% cases all are 
oral squamous cell carcinoma (OSCC) cases 
[2]. Each year 0.3 million new cases of OSCC 
are being diagnosed [3]. Each year, more than 
10 thousand new cases in Japan [4], 40 thou-
sand new cases in the EU and 35 thousand 
new cases in the US [2] are being recorded. The 
association of half decrease in the half decade 
patients’ survival with OSCC is related with the 
presence of cervical lymph node metastasis [5, 

6]. That’s why it is very important to predict or 
detect the presence of lymph node metastasis 
for the sake of effective treatment of OSCC. As 
per several reports the imaging techniques 
such as ultrasonography, CT and MRI are not 
beyond question of reliability for detection of 
micrometastases due to high incidence of 
occult neck disease in these cases [7-12]. So 
far, many parameters such as altered gene 
expression, thickness and size of primary 
tumors found useful for the identification of 
high-risked occult node metastasis in node-
negative patients [13-16] even then the mecha-
nism of spreading of tumor cells is not still clear 
[17]. Initially, studies of the development and 
progression of colorectal and pancreatic can-
cers revealed a concept called as the “multi-
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step tumorigenesis model” which had referred 
the accumulation of chromosomal aberrations 
[18].

Recently, the “clonal evolution model” has 
been established as an extension of previous 
model and in this new model a single clone is 

Figure 1. In our proposed model for the development of metastasis and non-metastasis pathways for OSCC; it origi-
nates from single cell (shown in green colored structure) containing one genomic aberration (shown in small yellow 
box). This single clone then proliferates to change into X. During this process some tumor cells randomly acquire 
additional mutations and hence forms a forms a unique subpopulation in the primary tumor in either of the metas-
tasis (Y) and non-metastasis pathways (Z). Through clonal evolution some of the metastasis can spread to cervical 
lymph nodes (Y’).

Figure 2. Laser-capture microdissection (a 
representative figure). Sections of tissues 
(A) before and (B) after microdissection. (C) 
tumor cells after harvest on the film. 
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Table 1. Clinicopathological characteristics of the patients subjected in our study
Sample ID (Sex) 

M = male;  
F = Female

Age Site Stage Histological  
differentiation

Metastatic  
neck lymph 

node

Delayed  
lymph node 
metastasis

Primary tumor  
thickness 

(mm)
Source tissue: 
Oral squamous 
cancer cell  
metastatic
primary tumor

Case 1 (M) 47 Tongue T2N2bM0 Well + - 11
Case 2 (M) 67 Floor of mouth T2N2cM0 Well + - 2
Case 3 (F) 70 Tongue T2N0M0 Well + + 6
Case 4 (F) 68 Gingiva T3N0M0 Moderate + + 4
Case 5 (F) 77 Tongue T2N0M0 Well + + 4
Case 6 (F) 88 Gingiva T2N0M0 Well + + 10
Case 7 (F) 76 Tongue T1N0M0 Well + + 3
Case 8 (F) 78 Tongue T2N0M0 Well + + 5
Case 9 (M) 62 Tongue T2N0M0 Well + + 7

Case 10 (M) 69 Tongue T2N0M0 Well + + 8
Case 11 (M) 57 Floor of mouth T2N2cM0 Well + + 4
Case 12 (F) 73 Tongue T2N0M0 Well + + 5
Case 13 (M) 71 Buccal mucosa T2N0M0 Well + + 6
Case 14 (F) 73 Buccal mucosa T1N0M0 Well + + 11
Case 15 (M) 75 Floor of mouth T1N0M0 Moderate + + 2
Case 16 (F) 69 Buccal mucosa T4N0M0 Well + + 2
Case 17 (M) 64 Tongue T2NM0 Well + + 7
Case 18 (M) 58 Tongue T1N0M0 Well + + 7
Case 1 (M) 47 Tongue T2N2bM0 Well + + 11
Case 2 (M) 67 Floor of mouth T2N2cM0 Well + + 2
Case 3 (F) 70 Tongue T2N0M0 Well + + 6
Case 4 (F) 68 Gingiva T3N0M0 Moderate + + 4
Case 5 (F) 77 Tongue T2N0M0 Well + + 4
Case 6 (F) 88 Gingiva T2N0M0 Well + + 10

Source tissue: 
Oral squamous 
cancer cell neck 
lymph-node 
metastasis

Case 7 (F) 76 Tongue T1N0M0 Well + + 3
Case 8 (F) 78 Tongue T2N0M0 Well + + 5
Case 9 (M) 62 Tongue T2N0M0 Well + + 7

Case 10 (M) 69 Tongue T2N0M0 Well + + 8
Case 11 (M) 57 Floor of mouth T2N2cM0 Well + + 4
Case 12 (F) 73 Tongue T2N0M0 Well + + 5
Case 13 (M) 71 Buccal mucosa T2N0M0 Well + + 6
Case 14 (F) 73 Buccal mucosa T1N0M0 Well + + 11
Case 15 (M) 75 Floor of mouth T1N0M0 Moderate + + 2
Case 16 (F) 69 Buccal mucosa T4N0M0 Well + + 2
Case 17 (M) 64 Tongue T2NM0 Well + + 7
Case 18 (M) 58 Tongue T1N0M0 Well + + 7

Source tissue: 
Oral squamous 
cancer cell 
non-metastatic 
primary tumor

Case 19 (F) 77 Tongue T1N0M0 Well - - 4
Case 20 (M) 59 Tongue T3N0M0 Well - - 10
Case 21 (M) 45 Tongue T2N0M0 Well - - 11
Case 22 (M) 72 Tongue T2N0M0 Well - - 5
Case 23 (F) 74 Tongue T1N0M0 Well - - 4
Case 24 (F) 84 Floor of mouth T2N0M0 Moderate - - 8
Case 25 (M) 75 Tongue T2N0M0 Well - - 10
Case 26 (M) 81 Floor of mouth T2N0M0 Well - - 6
Case 27 (F) 87 Tongue T1N0M0 Well - - 5
Case 28 (M) 76 Tongue T1N0M0 Well - - 4
Case 29 (M) 79 Tongue T2N0M0 Well - - 8
Case 30 (M) 81 Tongue T2N0M0 Well - - 7
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held responsible for several distinct subpopula-
tions [19-21]. In these cases there is replace-
ment of distinct subpopulations with the pre-
dominant population through the stage of 
tumor progression within a single tumor mass. 
Thus several genetically heterogeneous sub-
populations were coexisted within a single tu- 
mor mass due to the effects of environmental 
selection pressure. These tumor progression 
models have their limitations and could not 
explain the cellular and molecular mechanisms 

for lymph node metastasis [22, 23]. Since geno- 
mic copy number aberrations contribute to the 
malignant feature of tumor cells, a comparative 
study of genomic profiles of a primary tumor 
along with their corresponding metastases 
should provide mechanism of the process and 
progress of metastasis [24].

Interestingly, an array-based comparative ge- 
nomic hybridization informed us about genomic 
copy number aberrations [25] across the entire 

Neck lymph-node 
metastasis

Case 10  
Lymph-node  

metastasis-1 (M)
69 Tongue T2N0M0 Well + + 8

Case 10  
Lymph-node  

metastasis-2 (M)
69 Tongue T2N0M0 Well + + 8

Figure 3. Genomic profiles of lymph node metastasis tissue from case 10. In (A) low- and (B and C) high-power views 
(after staining) (a representative figure). Laser-capture microdissection was used to collect the tumor cells in the 
area of (B) lymph node metastases-1 and (C) lymph node metastases-2 which was then subjected to array based 
comparative genomic hybridization analysis. 
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genome. This kind of array identifies tumor-sup-
pressive genes which are located in compara-
tive genomic hybridization and thus identify re- 
gions of tumor-suppressive or oncogenic genes 
in OSCC [26-30]. However, relevance of copy 
number aberrations in lymph node metastasis’ 
process and progress is still not explored fully. 
Only one study has been reported, so far, for 
comparing the genomic profiles of the primary 
tumor along with metastases utilizing compara-
tive genomic hybridization in OSCC [28]. How- 
ever, that study was limited to only eight cases 
and even then there was lack of comparison of 
the clonality of genomic profiles of the primary 
with their corresponding metastases. Besides, 
a few studies which have analyzed this relation-
ship in head and neck squamous cell carcino-
ma [31, 32] have their own limitations as they 
used conventional metaphase comparative 
genomic hybridization of restricted resolution, 
led to incomplete characterization of genomic 
regions.

In the background of “punctuated clonal evolu-
tion” model [33] which is limited to small num-
ber of samples, we hypothesized a new model 
(Figure 1) for the development of metastatic 
OSCC in which we proposed the composition of 
metastatic primary tumor as genetically hetero-
geneous subpopulations. So far, single-cell se- 
quencing based upon deep sequencing has 
never been used for the investigation of the 
clonal evolution of OSCC by deep sequencing. 
Thus we aimed herein the investigation of rela-
tionships, specifically based on gene, of OSCC’s 
primary tumors with their corresponding metas-
tases followed by the identification of the rela-
tion of copy number aberrations and lymph no- 
de metastasis. Hence, a high-resolution array-
based comparative genomic hybridization anal-
ysis has been performed in the present study 
for the genomic profiling of metastatic primary 
tumors, their paired cervical lymph node metas-
tases, and non-metastatic primary tumors after 
collecting their tumor samples followed by their 
comparative study.

Materials and methods

Specimen source, tissue array and genomic 
DNA extraction

The study was approved by the ethics review 
board of the First Affiliated Hospital of Nan- 
chang University and all samples were collect-
ed from this hospital and written consent was 
obtained from all the patients. The study pa- 

tients were selected and their medical records 
analyzed retrospectively. Thirty patients having 
scattered tumors without multiple occurrence 
were chosen and subjected to surgical OSCC 
tumors resection in our hospital. First tissues 
were fixed by formalin and then embedded with 
paraffin before their sections were cut and sub-
jected to histological analysis through staining 
using hematoxylin-eosin and with toluidine blue 
(Beijing, China) for extraction purpose of geno- 
mic DNA (Figure 2). As shown in Table 1, we col-
lected 50 samples (from 30 patients). These 
50 samples include 18 paired samples of met-
astatic primary tumors and their corresponding 
lymph node metastases, 12 samples of non-
metastatic primary tumors, as well as 2 sam-
ples of lymph node metastases from case 10 
(Figure 3) by using laser-capture microdissec-
tion (ArcturusXT, Beijing, China). 

We focused on random selection of patients 
with metastatic OSCCs; even then, we selected 
non-metastatic OSCCs with a tumor thickness 
of more than 4 mm, so that any selection bias 
in terms of tumor thickness could be reduced. 
Hence we could not find statistically significant 
value of the difference of median (P=0.591, 
using Mann-Whitney U test) tumor thickness 
between metastatic primary tumors and non-
metastatic primary tumors. Proteinase K diges-
tion method was used for genomic DNA extrac-
tion which was further followed by extraction 
using phenol and chloroform. Genomic DNA 
was also extracted, separately as the source of 
control DNA from normal renal cortex of 15 pa- 
tients with renal or ureteral pelvic carcinoma.

High-resolution array based comparative ge-
nomic hybridization 

Precisely, 44 k oligonucleotide comparative 
genomic hybridization arrays (Agilent Techno- 
logies, Beijing, China) were used for the analy-
sis. The manufacturer’s protocol was used for 
labeling and hybridization. For this purpose, 
Alul and Rsal (Promega, Beijing, China) were 
used for the digestion of 1.8-2.2 µg of tumor 
DNA. For control we took an equal amount of 
control DNA. After digestion, Cy5-dUTP and 
Cy3-dUTP were used to label the tumor and 
control DNAs, respectively, through Genomic 
DNA Labeling Kit Plus (Agilent Technologies), 
which were further subjected to Microcon 
YM-30 filters (Millipore, Beijing, China), and 
then whole sample was concentrated to 81.8 
µl. These were then pooled so that they could 
be mixed with human Cot-1 DNA before dissolv-
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Figure 4. Genomic profile of a metastatic primary tumor and the corresponding paired lymph node metastases of a metastatic OSCC (a representative figure). (A) 
Paired samples of lymph node metastases (above) and metastatic primary tumor (below) from case 10. Detailed genomic profiles of Chr2, Chr7 and Chr11 encircled 
are respectively shown in (B-D). 
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ing in hybridization buffer. Then the samples 
were further denatured and hybridized to the 
comparative genomic hybridization array at 
70°C for 24 h. As per manufacturer’s protocol 
glass slides were scanned after washing.

Data analysis

Feature Extraction (v.9.5.3.1; Agilent Techno- 
logies) with linear normalization was utilized for 
the analysis of microarray images. DNA Analy- 
tics (v.4.0.8.1; Agilent Technologies) was used 
to import the resulting data. The log2 ratio val-
ues of Cy5 (tumor) to Cy3 (control) was calcu-
lated after normalizing the raw data. At a 
threshold of 7.0 the ADM-2 algorithm was used 
to determine the aberrant regions. The aberra-
tion filter parameters were chosen as: mini-
mum number of probes in region 2, percentage 
penetrance per feature 0, minimum absolute 
average log2 ratio for region 0.171 and maxi-
mum number of aberrant regions 10 k were set 
for detecting gains and losses. In order to con-
firm this we set reference CGH vs reference 
analyses on same the aberration filters (using 
the ADM-2 algorithm) and detected no aberrant 
region (data not shown). Hence we confirmed 
the sufficiently conservative nature of our 
parameter setting as it yielded nearly zero false 
positivity rates. The X and Y choromosomes 
mapped probes data were eliminated. The 
qualities of array and all copy number aberra-
tions detected in each sample data were also 
summarized (data not shown). Further, concor-
dance rates between paired or non-paired met-
astatic primary tumors and lymph node metas-
tases were also calculated. The cluster merge 
option along with correlation were chosen with 
respect to complete shrinkage as the similarity 
metric in unsupervised hierarchical clustering 
(as default settings of Gene cluster software 
(version 3.0)). Fisher’s exact test and paired 
t-test were used for statistical calculations, 
considering the differences at P<0.05 as statis-
tically significant values.

Results

Genetic relationship between metastatic pri-
mary tumor and the paired lymph node metas-
tases in metastatic OSCCs

We analyzed the genomic profiles of 18 pairs  
of metastatic primary tumor and lymph node 
metastases pairs using array-based compara-

tive genomic hybridization, for this purpose. 
Case 10 was shown in Figure 4 as our repre-
sentative case. Across the entire genome a 
similar profile pattern was shared between the 
metastatic primary tumor and paired lymph 
node metastases of this case (Figure 4A). 
However, in some cases (2q, 2p, 7p and 16q) 
we found distinct genomic aberrations (Figure 
4A). In the lymph node metastases (but not in 
the metastatic primary tumor) the loss of 2q 
and gain of 7p were observed while loss of 2p 
was observed in the metastatic primary tumor 
(but not in the lymph node metastases) (Figure 
4B and 4C). Specifically, results in chromosome 
11q supported the clonal relation between the 
tumor cells in the metastatic primary tumor 
and paired lymph node metastases of this case 
(Figure 4D). These results have suggested that 
in this case the genetically distinct subpopula-
tions have composed metastatic primary tumor 
and paired lymph node metastases. Separate 
dissection on tissue sections of lymph node 
metastases from case 10 was performed so 
that we can get the geographical distribution  
of subclones. Tumor cells from two sites on the 
lymph node metastases tissue sections were 
collected and genomic aberrations were ana-
lyzed by using array based comparative genom-
ic hybridization procedure (Figure 3A-C). In this 
case 10, differences in the log2 ratio of aberra-
tions were found but couldn’t clarify the differ-
ence observed between genomic aberration 
patterns (data not shown). We also found slight-
ly higher intensity of 11q13 amplification in 
lymph node metastases-1 than in lymph node 
metastases-2. Similarly, higher intensity of 7p- 
12 amplification was observed in lymph node 
metastases-2 than in lymph node metasta-
ses-1 (detailed data not shown) and hence we 
found the clonal composition of these two sites 
with genetically distinct subclones. On the 
other hand similarity of the aberration pattern 
of chromosome 3q of lymph node metasta-
ses-1 more to that of metastatic primary tumor 
than to that of lymph node metastases-2 has 
led us to the conclusion that tumor cells in 
lymph node metastases-1 might have more 
close relation with those in metastatic primary 
tumor (detailed data not shown).

Besides case 10, the genomic profiles of rest 
17 paired metastatic primary tumor and lymph 
node metastases samples were also compared 
individually and found similar patterns of copy 
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Figure 5. Genomic profile frequencies of copy number aberrations in (A) the metastatic primary tumors and corresponding paired of lymph node metastases in the 
18 cases, (B) the 18 lymph node metastases and 12 non-metastatic primary tumors. Frequency (%) of gains (positive axis) and losses (negative axis) are shown on 
vertical lines for each probe. Oligonucleotide probes are shown on horizontal lines from chromosomes 1 to 22 and p and q are telomeres.
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number aberrations across 
the entire genome; however, 
between metastatic primary 
tumors and paired lymph no- 
de metastases genomic pro-
files have also shown some 
distinctive differences (data 
not shown). Additionally, we 
found the similarity in the 
genomic profile of the lymph 
node metastases and the 
paired metastatic primary 
tumor for the 15 clustered 
pairs as unsupervised hier-
archical clustering data from 
metastatic primary tumors 
and lymph node metastases 
grouped together 15 out of 
the 18 pairs. Furthermore, 
by calculating the concor-
dance rates significant simi-
larities were analyzed bet- 
ween metastatic primary tu- 
mors and paired or non-pai- 
red lymph node metastases 
(on the basis of “Materials 
and Methods” section). The 
metastatic primary tumor 
and the paired lymph node 
metastases in 16 of the 18 
cases had highest concor-
dance rate (data not shown). 
We saw that the median of 
the concordance rate (P< 
0.01; as per Mann Whitney U 
test) for non-paired samples 
had lower values than those 
for paired samples. Thus our 
results suggested that met-
astatic primary tumors and 
paired lymph node metasta-
ses contain predominantly 
clonal tumor cells. Besides, 
there was probable existen- 
ce of minor subpopulations 
with different copy number 
aberrations in metastatic 
OSCCs.

Furthermore, we compared 
the number of copy number 
aberrations between meta-
static primary tumors and 
paired lymph node metasta-
ses, in order to find out pos-

Table 2. Comparison of copy number aberrations between meta-
static primary tumors and lymph node metastases

Chromosomal band
Chromosomal region (bp) MPT

n=15
LNM
n=15

Fisher’s 
exact test

p-valueStart Stop
(Gains)*

    3q
        3q22.3 137531759 137722921 6 8 0.715
        3q22.3 137934025 138196491 7 8 1
        3q22.3-23-24 138273677 145205323 8 9 1
        3q24 145547729 145646153 8 10 0.71
        3q24 145827074 146012579 7 10 0.426
        3q24-25.32 146407956 158853594 7 9 0.715
        3q25.32-26.2 159199272 169830144 8 9 1
        3q26.2-26.33 170039319 181002066 9 10 1
        3q26.33 181075904 181236671 10 10 1
        3q26.33-29 181381974 197282563 10 9 1
        3q29 197289125 199251188 10 8 0.71
    7p
        7p22.3 797378 1419664 5 8 0.462
        7p22.3 1456404 2060814 5 9 0.272
        7p22.2 2167170 3093625 5 10 0.143
        7p22.2-13 3330242 43716929 5 9 0.272
        7p13-12.2 43765914 50068258 5 10 0.143
        7p12.2 50208728 50208787 4 9 0.139
        7p12.2-12.1 50422509 53572980 4 10 0.066
        7p12.1-11.2 53762968 56115221 5 10 0.143
        7p11.2 56125603 56137483 5 9 0.272
    8q
        8q11.1 47655222 47655281 10 11 1
        8q11.1-11.21 48067862 48812138 10 12 0.682
        8q11.21 48848611 48848670 10 13 0.39
        8q11.21-13.3 48903308 73839888 11 13 0.651
        8q13.3-22.1 73889304 94329172 12 13 1
        8q22.1-24.3 94619246 142210616 12 14 0.6
        8q24.3 142211510 142232729 13 14 1
        8q24.3 142274933 144840107 13 15 0.483
        8q24.3 144871892 145985998 12 14 0.6
        8q24.3 145986495 145986541 12 13 1
        8q24.3 146024157 146024209 12 12 1
        8q24.3 146031718 146201771 11 12 1
        8q24.3 146250765 146250824 11 11 1
    9p
        9q22.2-32 91024411 115039890 8 7 1
        9q32-33.2 115063679 125762928 9 8 1
        9q33.3-34.11 125820201 129424744 10 8 0.71
        9q34.11 129453688 129453747 10 9 1
        9q34.11 129482231 129482290 10 10 1
        9q34.11-34.13 129531368 134397227 11 11 1
        9q34.13-34.3 134451067 139827325 11 12 1
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sibility of the requirement of 
acquisition of copy number 
aberrations tumor cells sp- 
reading from the primary si- 
te to regional lymph nodes. 
Out of total 18 cases, 9 
cases showed an increase  
in the number of copy num-
ber aberrations in the lymph 
node metastases while dec- 
rease was shown in 7 cases 
and no effect was observed 
in remaining 2 cases (data 
not shown). Thus, no signifi-
cant differences were obser- 
ved in the values of number 
of copy number aberrations 
between metastatic primary 
tumors and paired lymph 
node metastases (P=0.689). 
Furthermore, the frequen-
cies of copy number aberra-
tions were compared bet- 
ween grouped samples of 
metastatic primary tumors 
and lymph node metasta- 
ses (Figure 5A) in order to 
identify any correlation bet- 
ween copy number aberra-
tions and lymph node metas-
tasis. In spite of this, we 
couldn’t find even a single 
copy number aberration that 
was significantly more com-
mon in lymph node metasta-
ses (Table 2). Thus we may 
say that there is no require-
ment of additional copy num-
ber aberrations in spreading 
of tumor cells from the pri-
mary site to regional lymph 
nodes in OSCC.

Metastasis association of 
copy number aberrations 
with OSCCs

As shown in Figure 5A, the 
frequencies of copy number 
aberrations were not signifi-
cantly different with respect 
to metastatic primary tumors 
and paired lymph node me- 
tastases we hypothesized 
the presence of subpopula-

        9q34.3 139853305 139853364 11 11 1
        9q34.3 139879714 140128736 9 10 1
    11q
        11q13.1 65684222 66143030 6 8 0.715
        11q13.1-13.2 66153613 67157063 7 8 1
        11q13.2 68061824 68943607 8 8 1
        11q13.2-13.3 69131640 69954969 9 9 1
        11q13.3 70012764 70182767 8 8 1
    14q
        14q11.2 22307429 22689689 6 9 0.466
        14q11.2 22722071 22846652 7 9 0.715
        14q11.2-12 22863786 23720127 8 9 1
        14q12 23728455 23809579 7 9 0.715
        14q12 23837514 23837573 7 8 1
        14q24.3 75940775 76019722 8 6 0.715
        14q32.32-32.33 102408026 104704559 7 8 1
        14q32.33 104763486 105067594 6 8 0.715
    16p
        16p13.3 568884 3081611 5 8 0.46
    17q
        17q24.3 67021962 67198033 5 8 0.462
        17q24.3 67580412 67633808 5 9 0.272
        17q24.3-25.1 67761999 69952626 6 9 0.466
        17q25.1 69982273 70367509 6 10 0.272
        17q25.1-25.3 70376047 73728901 7 11 0.264
        17q25.3 73791333 78154478 6 11 0.139
        17q25.3 78189789 78218020 6 10 0.272
        17q25.3 78238617 78478382 6 9 0.466
        17q25.3 78491903 78562713 6 8 0.715
        17q25.3 78586237 78586290 5 8 0.46
    20q
        20q11.21 29436537 29436596 8 7 1
        20q11.21 29440414 30258071 8 8 1
        20q11.21 30263613 31448563 8 9 1
        20q11.21-12 31473449 37107764 9 9 1
        20q12 37196884 37781860 8 9 1
        20q12 37914814 38341204 7 8 1
        20q12-13.32 38491408 56685769 6 8 0.715
        20q13.32-13.33 56687771 60188703 7 8 1
        20q13.33 60205864 62202076 8 8 1
        20q13.33 62213501 62343283 6 8 0.715
(Losses)#

    3p
        3p26.3 224727 224786 7 9 0.715
        3p26.3 261300 490711 9 9 1
        3p26.3 653211 653268 9 10 1
        3p26.3 660481 902607 10 10 1
        3p26.3-25.1 1084890 14691701 11 10 1
        3p24.3 14731775 14780134 12 10 0.682
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tions carrying metastasis-related copy number 
aberrations in metastatic primary tumors along 
with in lymph node metastases. Besides, there 
was a possibility of presence of non-metastatic 
subpopulations in metastatic primary tumors. 
These were supported by Figure 4B showing 
case 10 in which 2p was lost in the metastatic 
primary tumor but not in the lymph node metas-
tases. We compared genomic profiles of lymph 
node metastases of metastatic OSCC and 
those of non-metastatic primary tumors (data 
not shown) for investigating the involvement of 
specific copy number aberrations in cervical 
lymph node metastasis. We detect losses at 3, 
8-10p, 4, 13, 18, 21q and gains at 3, 9, 14, 
20q, 16, 18p, 11q13 at more than 50% fre-
quency in both the aforementioned cases 
(Figure 5B). These results suggested the pos-
sible involvement of these copy number aberra-
tions in the development of OSCC. While differ-
ential detection in gains at 7p and 8,17q were 
observed in lymph node metastases (P<0.05, 
Figure 5B) and indicated the possible involve-
ment of these copy number aberrations in the 
lymph node metastasis of OSCC. Besides, the- 

ses. We observed almost similar average fre-
quency values frequencies of copy number 
aberrations in metastatic primary tumors and 
also in lymph node metastases cases (Figure 
5A). In this study we also observed some dis-
tinctive genomic copy number aberration pat-
terns between the metastatic primary tumor 
and paired lymph node metastases in all of the 
cases of metastatic OSCC (detailed data not 
shown). Meanwhile, we observed that in 14 of 
the 18 metastatic OSCCs copy number aberra-
tions were found which were found only in the 
metastatic primary tumor but remained unde-
tected in the lymph node metastases. This sug-
gests the tumor cells in the paired lymph node 
metastases are not responsible for all copy 
number aberration values detected in the met-
astatic primary tumor. This was further support-
ed by case 10 in which 2p was lost only in the 
metastatic primary tumor and remained un- 
touched in the lymph node metastases cases 
(Figure 4A). Thus we may say that genetically 
distinct subpopulations co-exist in nature. Thus 
we may say through our results that genetically 
clonal tumor cells have composed the meta-

        3p24.3 14808514 15439619 12 11 1
        3p24.3-22.2 15446399 38000505 12 12 1
        3p22.2-11.2 38013228 88360589 12 11 1
        3p11.2 88386457 88386516 11 11 1
        3p11.2-11.1 88510901 90264177 11 10 1
    4q
        4q31.1 1.51E+08 151243172 8 3 0.128
        4q32.1-35.2 1.56E+08 189257416 8 5 0.462
    8p
        8p23.2-23.1 3253003 6770153 6 8 0.715
        8p23.1-12 6780746 35334886 7 8 1
        8p11.23 39128088 39295715 6 8 0.715
    18q
        18q11.2-12.1 22126166 23784984 6 8 0.715
        18q12.1 23819557 28364284 8 9 1
        18q12.1 28467152 30544333 9 10 1
        18q12.1-21.2 30652551 46444013 10 10 1
        18q21.2 46480704 46578751 9 9 1
        18q21.2-22.1 46605530 59851815 10 10 1
        18q22.1-23 59916041 72201527 11 10 1
        18q23 72268316 73110608 10 10 1
        18q23 73140033 73758157 9 10 1
        18q23 73938538 75745646 9 9 1
*Genomic gains or #genomic losses detected in more than 50% of metastatic primary 
tumors or lymph node metastases are listed; MPT: metastatic primary tumors; LNM: 
lymph node metastases.

re was another interesting 
result of less frequent loss-
es at 1,9,19p and 5q in ly- 
mph node metastases than 
non-metastatic primary tu- 
mors which have suggested 
the possible relation of non-
metastatic phenotype of OS- 
CC cells with these copy num- 
ber aberrations.

Discussion

We observed the most simi-
lar genomic profiles of meta-
static primary tumors and 
paired lymph node metasta-
ses in 16 out of 18 cases of 
metastatic OSCC (data not 
shown). Besides 15 out of 
18 metastatic primary tu- 
mor-lymph node metastases 
pairs were grouped throu- 
gh unsupervised hierarchi-
cal clustering. This result 
has suggested the sharing of 
a similar genomic profile pat-
tern between that the meta-
static primary tumor and pa- 
ired lymph node metasta-
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static primary tumor cells and paired lymph 
node metastases with the inclusion of possible 
admixing of small genetically heterogeneous 
subpopulations in metastatic OSCC. Thus, our 
hypothetical model (Figure 1) has been justi-
fied. Specifically, we could say that these 
metastasis subpopulations would be responsi-
ble to lymph node metastasis in order to yield a 
large section of the subsequent lymph node 
metastases. Genetically distinct subpopula-
tions through clonal evolution might be devel-
oped by a few subpopulations in lymph node 
metastases. Hence we proposed this hypothe-
sis by keeping an eye towards the future that 
the progression of OSCC will be verified by 
these sequencing methods. 

Gains at 7p and 8,17q were more frequently 
detected in lymph node metastases rather 
than in non-metastatic primary tumors, in this 
study, which is suggesting an association of 
copy number aberrations with former ones. 
Involvement of gain at 7p in lymph node metas-
tasis of OSCC has already been reported [34, 
35]. While 8q is frequently [26, 36] showing 
gain in OSCCs but relation of it with node 
metastasis of OSCC were not explored till now. 
Besides, till now, a little is known about the 
gain of 17q which was anticipated as a new 
member copy number aberration with respect 
to OSCC’s lymph node metastasis, in the pres-
ent study. However, association of lymph node 
metastasis with copy number aberrations was 
previously explored: gain at 7p, 11q13 and 20q 
along with loss at 8p were identified so far [28, 
34, 35, 37]. In repeated studies (>3), we identi-
fied gains at 7p and 11q13 with respect to copy 
number aberrations of lymph node metastasis 
which concludes the importance of the role of 
copy number aberrations in the metastasis of 
OSCC. We also identified 7p’s gain with respect 
to copy number aberrations of lymph node 
metastasis, but that was not with 11q13’s 
gain. A plausible explanation, for this, could be 
that we have chosen tumors having tumor 
thickness of >4 mm while other groups select-
ed non-metastatic OSCC samples randomly. 
High frequencies (55-91%) of metastatic 
OSCCs with gains at 7p, 8 or 17q in both the 
aforementioned cases were observed in this 
study. Based on these results, we may say that 
gains at these copy number aberrations might 
lead to the risk of high lymph node metastasis 
highly in the patients of primary tumor. This is 
very important suggestion for the diagnosis 

and treatment of OSCC as so far primary tumor 
is the deciding factor in the majority of current 
therapeutic strategies.

Figure 5B showed the losses at 3, 8-10p, 4,  
13, 18, 21q and gains at 3, 9, 14, 20q, 16, 18p, 
11q13 at a high frequency in both the studied 
cases. The frequency values of copy number 
aberrations were compared in present study 
with earlier less important report [38], so that 
we may determine the generalization of this 
tendency in OSCC analysis (detailed data not 
shown). Most copy number aberrations have 
shown relatively lower frequency (with excep-
tions in the frequency of 8q and 17q gain) in 
comparison to our analysis. At this time we 
can’t explain this irregular behavior due to 
shortage of information with respect to lymph 
node status in the data.

In conclusion, we achieved that primary tumors 
of OSCC and their corresponding lymph node 
metastases share very similar patterns in terms 
of genomic copy number aberrations. Besides, 
a tendency of conversion of cells in the primary 
tumor into metastatic form was observed just 
after acquiring the copy number aberrations 
with respect to metastasis during clonal evolu-
tion, for example, gains at 7p and 8, 17q. Our 
work will be helpful in the prediction and treat-
ment of lymph node metastases through the 
determination of metastasis-associated in bio- 
psy samples from patients with OSCC. At this 
present time we may suggest to explore our 
work, in future, to clarify the mechanisms re- 
vealing the process of lymph node metastasis.
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