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Abstract: Objectives: Heterogeneous cells appear in multiple organs during the same time period as the primary 
lesion of some tumors is clinically detected. These heterogeneous cells are also known as disseminated tumor cells 
(DTCs). However, the characteristics of DTCs that disseminate during oral carcinogenesis remain unclear. Materials 
and methods: A mouse 4NQO model of lymph node metastasis in oral squamous cell carcinoma was established. 
Tissue samples of the tongue, bone marrow and submandibular lymph node were collected. Five stages (stage 
0~stage IV) of carcinogenesis in each experimental animal were classified by two pathologists. After immunohisto-
chemical staining of cytokeratin, the DTCs were isolated from bone marrow samples (stage II) by the laser capture 
microdissection (LCM) technique during oral carcinogenesis. Genomic amplification of bone marrow DTCs was per-
formed, and homozygous deletion of the RB1CC1 gene was analyzed. After confirming the presence of dissemi-
nated tumor cells in stage II bone marrow samples, a comprehensive study among various stages of lymph node 
tissue was conducted using the same method. Results: DTCs that spread from the primary tumor were discovered in 
stage II bone marrow samples and in stage I, stage II and stage III submandibular lymph node samples through im-
munohistochemical staining. These spreading cells had different levels of homozygous exon deletion in the RB1CC1 
and TP53 genes. Conclusion: Early spreading of epithelial cells may occur during the carcinogenesis of oral cancer. 
DTCs of oral carcinoma may show different chromosome aberrations from matched primary tumor cells.

Keywords: Disseminated tumor cells (DTCs), oral squamous cell carcinoma (OSCC), whole-genome amplification 
(WGA), homozygous deletion, metastasis

Introduction

Invasion and metastasis are the leading causes 
of death due to oral cancer. Tumor metastasis 
is a complex and multi-step process that 
requires cancer cells to lose adhesion, invade 
blood or lymphatic vessels, survive in the circu-
latory system, colonize metastatic organs and 
eventually form metastases after adapting to 
the local microenvironment [1]. Traditionally, 
metastasis occurs during the final stage of can-
cer. In the advanced stages of tumor evolution, 
some primary tumor cells accumulate sufficient 
gene mutations, acquire stronger invasive and 
survival capabilities, and migrate to adjacent 
tissue or distant organs through the vascular 
system. These cells form new tumor clones in 
the colonized organs, eventually leading to 

macrometastasis [2-4]. However, this notion 
has been recently challenged. Many studies 
have found that the spreading of heteroge-
neous cells begins in the early stages of tumor 
progression. These cells are also known as dis-
seminated tumor cells (DTCs) [5]. A study of 
breast cancer DTCs showed that tumor cells 
can spread after obtaining a small amount of 
genetic variation and continue to acquire 
genomic aberrations in the new microenviron-
ment [6]. Eyles and colleagues confirmed the 
presence of tumor cells in the early stages of 
tumorigenesis using an RET. AAD mouse mela-
noma model [7]. DTCs may exhibit latent metas-
tasis in the shape of dormant cells, which may 
transform into malignant cells under certain 
conditions due to the local microenvironment 
[8]. Insights into the dynamic process of head 
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and neck carcinoma metastasis are warranted 
before auxiliary treatment plans are developed 
after removal of the primary tumor.

To date, few studies have focused on the spr- 
eading of tumor cells in oral cancer, and we 
speculate that oral cancer may demonstrate 
the early spreading phenomenon of primary tu- 
mor cells during tumorigenesis. To this end, in 
this study, we intended to preliminarily observe 
and confirm the early spreading of DTCs into 
bone marrow and lymph node tissue during car-
cinogenesis in a 4NQO-induced mouse model 
of oral squamous cell carcinoma to further und- 
erstand the mechanisms of metastasis and 
dormancy of DTCs.

Presently, the most commonly used tumor 
metastasis model is the xenograft animal mo- 
del, which is advantageous for its short tumor 
formation time and high metastasis rate [9]. 
However, this animal model cannot simulate 
the spontaneous occurrence of cancer, and the 
use of advanced tumor cell lines is unsuitable 
for exploring the early events of tumor metasta-
sis. Our pre-constructed 4-nitroquinoline-1-ox-
ide (4NQO) oral carcinoma animal model is a 
chemically induced carcinogenesis mouse mo- 
del with a high occurrence rate of submandibu-
lar lymph node metastasis [10]. This model is 
useful for studying the mechanisms of tumor 
formation, progression and metastasis. Pan-
cytokeratin (pan-CK) is a commonly used mark-
er for detecting occult metastasis in epithelio-
genic malignant tumors and can be used to 
identify disseminated tumor cells [11], and 
thus, pan-CK was selected to detect dissemi-
nated epithelial cells in bone marrow and lymph 
nodes in this study. Oncogene or tumor suppre- 
ssor gene mutations represent one factor that 
differentiates tumor cells and somatic cells. 
The TP53 mutation is commonly found in the 
epithelial tissue of head and neck squamous 
cell carcinoma [12], and the RB1CC1 mutation 
is an early cancerous marker [5]. Genetic muta-
tion analysis of immunohistochemical positive-
stained cells can help to further identify wheth-
er these cells have undergone malignant tran- 
sformation in bone marrow or lymph node 
tissue.

The current study sought to search for DTCs in 
bone marrow and submandibular lymph node 
tissues during the carcinogenesis of oral carci-
noma from our pre-constructed 4NQO oral car-
cinoma animal model and to further verify the 

results by evaluating the homozygous deletion 
of the RB1CC1 gene and the TP53 exome of 
these cells.

Materials and methods

Tissue sample collection

Twenty-four BLAB/c mice were administered 
drinking water containing 200 mg/l 4NQO for 
20 weeks to induce oral carcinoma according 
to the previous method [10]. Four mice were 
sacrificed bi-weekly. Tissue samples (tongue, 
submandibular lymph nodes and bone marrow) 
were harvested from week 21 to 36. Four nor-
mally raised mice that served as controls were 
sacrificed at the 40th week. The tongue tissue 
was immersed in 4% formalin solution. The sub-
mandibular lymph nodes were placed in cryo-
stat tubes and stored in liquid nitrogen. The 
bone marrow was washed out from the femur 
with 1 ml of PBS solution and then placed in 
heparinized tubes. The animal experimental 
protocol was approved by the Animal Ethics 
Committee of Guangxi Medical University, 
China.

Pathological staging

The tongue lesions were stained by HE (hema-
toxylin & eosin), and lymph node metastasis 
was confirmed by the appearance of clumped 
tumor cells according to HE and pan-CK stain-
ing. The pathological stage of each animal was 
then classified by two experienced patholo-
gists. Oral mucosa dysplasia was classified as 
normal mucosa (stage 0), moderate dysplasia 
(stage I), or severe dysplasia (stage II) accord-
ing to the grading and diagnostic criteria of the 
World Health Organization (WHO) in 2005, and 
oral squamous cell carcinoma (OSCC, stage III) 
was classified according to the American Joint 
Committee on Cancer (AJCC) Cancer Staging 
Manual (Fifth Edition). OSCC combined with ly- 
mph node metastasis was classified as meta-
static oral squamous cell carcinoma (stage IV). 
Bone marrow samples from stage 0, stage II 
and stage III animals were used for preliminary 
experiments, followed by a more comprehen-
sive study of lymph node samples from stage 
0~IV animals.

Sample processing

Mononuclear cells from the bone marrow were 
isolated by a Ficoll gradient centrifugation 
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method [13]. The mononuclear cell suspension 
obtained by the above method was centrifuged 
and then washed twice with D-Hank’s solution. 
The monocyte sediment was resuspended in 
150 µl of PBS after centrifugation. The stage II 
monocyte suspension was coated evenly on 
(polyethylene PEN) membrane slides (ZEISS, 
Germany) dedicated for microdissection (50 µl 
for each smear, 3 smears for each sample, 36 
smears in total), while the stage 0 and stage III 
monocyte suspensions were coated evenly on 
positively charged glass slides (50 µl for each 
smear, 3 smears for each sample, 24 smears in 
total).

Serial sections (5-8 µm) were cut from the fro-
zen submandibular lymph node blocks using a 
cryostat microtome (SLEE, Germany). Using 
four lymph nodes for each pathological stage, 
serial sections of twenty lymph nodes from 
stages 0~IV were cut. One section was placed 
on a positively charged glass slide every 15 
sections, and the adjacent section was placed 
on a PEN membrane slide dedicated for micro-
dissection (3 positively charged glass slides 
and 3 PEN slides were collected for each lymph 
node). 

Immunohistochemistry

All the monocyte smears and positively charged 
glass slides of lymph nodes were subjected to 
immunohistochemical staining. The procedure 

Laser capture microdissection (LCM)

Pan-CK-positive monocyte smears underwent 
laser capture microdissection (LCM) to extract 
single DTCs using the method described in a 
previous study [15], (3 DTCs were isolated from 
each CK-positive smear), while the lymph node 
PEN slide adjacent to the CK-positive slide was 
pretreated with HE stain before the same pro-
cedure (3 DTCs were isolated from each posi-
tive lymph node sample). The procedures are 
shown in Figure 1. For lymph node DTC extrac-
tion, the dissection area was located in the 
same region of the CK-positive cells according 
to the adjacent CK-positive positively charged 
glass slide. The collected DTCs were placed in a 
centrifuge tube filled with DEPC water and 
stored at -20°C after brief centrifugation at 
14000 g.

Whole-genome amplification (WGA) and purifi-
cation of DTCs

Whole-genome amplification of single DTCs 
was performed using the Single Cell Whole 
Genome Amplification Kit (Sigma, USA) and the 
multiplex displacement amplification technique 
[16]. The PCR purification kit (Qiagen, Germany) 
was used to clean up the amplified DNA, and 
the DNA concentrations were determined us- 
ing a NanoDrop spectrophotometer (Nanodrop 
Technologies, USA). The amplification product 

Figure 1. Microdissection procedure. A. Recognition of CK-positive cells. B. 
Adjustment of the cutting area. C. Removal of DTCs from the slide. D. Single 
DTCs left on the cut chip.

was performed as previously 
described [14]. Briefly, the 
slides were treated with 3% 
hydrogen peroxide to block 
endogenous peroxidase ac- 
tivity and were boiled for  
30 min in 0.01 M sodium 
citrate buffer to retrieve the 
antigen. Rabbit anti-mouse 
polyclonal antibody (AE1/AE3, 
1:100 dilution, Boster, Wu- 
han, China) was used as the 
primary antibody. Biotin-labe- 
led secondary antibody was 
added after complete remov-
al of the primary antibody. Sp- 
ecific antigen antibody rea- 
ctions were visualized using  
a DAB staining kit (ZSGB- 
BIO, Beijing, China). All sec-
tions were counterstained 
with hematoxylin after immu-
nohistochemical staining.
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containing the GAPDH gene was considered a 
successful whole-genome amplification prod-
uct, and the product could be used for subse-
quent chromosomal mutation analysis. 

DNA extraction from tongue tissue

Stage 0~IV animal tongue tissue (4 samples of 
each pathological stage) was made into a cell 
suspension with a homogenizer. DNA extrac-
tion was performed using the Qiagen QLAamp 
DNA Mini Kit (Qiagen, Germany) following the 
manufacturer’s protocol.

Homozygous deletion analysis for RB1CC1 and 
TP53 

Homozygous deletion analysis of the DNA prod-
ucts from DTCs and tongue tissue was per-

specimens, the PCR array was repeated to 
exclude false-positive results.

Results

Tissue samples and pathological staging

Twenty-eight animal tissue samples (tongue, 
submandibular lymph node, and bone marrow) 
were collected at the end of the fortieth week, 
including four cases of normal mucosa (stage 
0), four cases of moderate dysplasia (stage I), 
twelve cases of severe dysplasia (stage II), four 
cases of squamous cell carcinoma (stage III) 
and four cases of metastatic oral squamous 
cell carcinoma (stage IV). Representative res- 
ults are published in our previous article [10].

Immunohistochemical staining results

Four stage 0 bone marrow samples were judged 
as pan-CK negative. Five of the 12 stage II bone 
marrow samples were judged as pan-CK posi-
tive, of which CK-positive cells were discovered 
on 12 smears. All 4 stage III bone marrow sam-
ples were judged as pan-CK positive, of which 
CK-positive cells were discovered on all smears. 
Four stage 0 lymph node samples were judged 
as pan-CK negative. One of the 4 cases of 
stage I and stage II lymph node samples was 
judged as pan-CK positive, of which CK-positive 
cells were discovered on 1 slide respectively. 

Table 1. Primer sequences of RB1CC1 exons 2, 6, and 7 and TP53 
exons 5-8

Gene Primer sequence Length 
(bp)

Annealing  
temperature (°C)

GAPDH F: AGCGAGACCCCACTAACATC
419 57.3

R: TCCCCACTGCCTACATACCA
RB1CC1 (Exon 2) F: CATTTCTTTTTACCCCCCAC

315 53.1
R: GGAATCTCTTACTTCAGTCTGACG

RB1CC1 (Exon 6) F: GTTTTTGGCAGTCTCTTATAGTGG
211 55.4

R: GTATTCGTGGCTGTTACCTGAG
RB1CC1 (Exon 7) F: CAACAGGCATTACAACCACTAC 

245 54.2
R: CACAAACTCATTCACAGCAGAC

TP53 (Exon 5) F: TACTCTCCTCCCCTCAATAAGC
143 55.5

R: ACGACCTCCGTCATGTGCT
TP53 (Exon 6) F: GGCTCCTCCCCAGCATCT 

109 53.5
R: CTCGGGTGGCTCATAAGGT

TP53 (Exon 7) F: CGGCTCTGAGTATACCACCAT
106 52.5

R: GGAGTCTTCCAGTGTGATGATG
TP53 (Exon 8) F: CTTTGAGGTTCGTGTTTGTGC

102   53.5
R: CTCCCTGGGGGCAGTTCA

Table 2. Immunohistochemical results of pan-CK 
in bone marrow and lymph node samples

Stage
Bone marrow Lymph node

n + - n + -
0 4 (12) 0 (0) 4 (12) 4 (12) 0 (0) 4 (12)
I 0 0 0 4 (12) 1 (1) 3 (11)
II 12 (36) 5 (12) 7 (24) 4 (12) 1 (1) 3 (11)
III 4 (12) 4 (12) 0 (0) 4 (12) 2 (2) 2 (10)
IV 0 0 0 4 (12) 4 (9) 0 (3)
Note: The numbers in parentheses show the corresponding 
number of smears (slides).

formed as described pre- 
viously [17]. All the prim- 
er sequences were desi- 
gned by Takara Biote- 
ch (Dalian, China) accord- 
ing to Gene Bank. Exons  
2, 6, and 7 of RB1CC1 
were amplified in stage  
II bone marrow-derived 
DTCs and stage 0, II, and 
III tongue tissue, while 
exons 5-8 of TP53 were 
amplified in lymph node-
derived DTCs and stage 
0~IV tongue tissue. Deta- 
iled information on the 
primers is shown in Table 
1. The PCR reaction bands 
were separated by 2.0% 
agarose gel electrophore-
sis and were visualized 
under a UV illuminator.  
For homozygous deletion 
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Two of the 4 stage III lymph node samples were 
judged as pan-CK positive, of which CK-positive 
cells were discovered on 1 slide respectively. 
All 4 stage IV lymph node samples were judged 
as pan-CK positive, of which CK-positive cells 
were discovered on 9 slides. Detailed informa-
tion is shown in Table 2, and representative 
pictures are shown in Figures 2 and 3.

Microdissection results

Thirty-six DTCs were isolated from 12 stage II 
CK-positive smears, and twenty-four DTCs were 
isolated from CK-positive lymph nodes by 
microdissection technology, including three 
from stage I lymph nodes, three from stage II 
lymph nodes, six from stage III lymph nodes, 

or precancerous lesions, although homozygous 
deletion of TP53 exon 5 was found in tongue 
tissues of OSCC (1/4) and metastatic OSCC 
(1/4). Homozygous deletion of TP53 exon 5 
occurred in DTCs derived from stage I (1/2), 
stage II (1/2), stage III (1/3) and stage IV (2/8) 
animal lymph nodes. Homozygous deletion of 
TP53 exon 6 occurred in only metastatic OSCC 
tongue tissue (1/4). Homozygous deletion of 
TP53 exon 7 was not found in tongue tissue or 
DTCs. Homozygous deletion of TP53 exon 8 
occurred in metastatic OSCC tongue tissue 
(1/4) and DTCs derived from stage II (1/2) and 
stage IV (1/8) animal lymph nodes. Detailed 
information is shown in Table 3, and represen-
tative electrophoretic bands are shown in 
Figure 5.

Figure 2. Micrograph of immunohistochemical staining of monocyte smears. 
(A) The stage 0 animal monocyte smear shows no positive-stained cells; orig-
inal magnification, 200×. (B) An enlarged view of (A); original magnification, 
400×. (C) The stage II animal monocyte smear shows scattered positive-
stained cells; original magnification, 200×. (D) An enlarged view of (C). The 
black arrows show a single positive cell; original magnification, 400×. (E) 
The stage III animal monocyte smear shows clustered positive-stained cells; 
original magnification, 200×. (F) An enlarged view of (E). The black arrows 
show clustered positive cells; original magnification, 400×.

and twelve from stage IV ly- 
mph nodes.

WGA results

The genomic DNA of three 
DTCs (8.3%) was successfully 
amplified from 36 stage II 
bone marrow-derived DTCs. 
The genomic DNA of fifteen 
DTCs (62.5%) was successful-
ly amplified from 24 subman-
dibular lymph node-derived 
DTCs, including two genome 
samples from stage I lymph 
nodes, two from stage II lymph 
nodes, three from stage III 
lymph nodes, and eight from 
stage IV lymph nodes.

PCR results

Homozygous deletion of RB- 
1CC1 exon 2 occurred in stage 
II animal bone marrow DTCs 
(2/3) and OSCC tongue tiss- 
ue (2/4). There was no homo- 
zygous deletion of RB1CC1 
exons 6 and 7 in severe dys-
plasia tongue tissue, OSCC 
tongue tissue or stage II ani-
mal bone-marrow DTCs. The 
electrophoresis results are sh- 
own in Figure 4.

There was no homozygous 
deletion of TP53 exon 5 in  
the tongue tissues of normal  
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Discussion

Xenograft models and chemo-inducing mode- 
ls are commonly used animal models in the stu- 
dy of oral cancer metastasis [9]. The xenogra- 

a mixture of CK monoclonal antibodies that  
recognize CK1-CK8, CKl0, CKl4, CKl6, and 
CKl9. The current study used pan-CK antibody 
to identify DTCs in tissue samples because of 
its high specificity and sensitivity. In this study, 

Figure 3. Micrograph of the immunohistochemical staining of submandibu-
lar lymph nodes. A. The stage 0 animal lymph node slide shows no positive-
stained cells; original magnification, 200×. B. An enlarged view of the box on 
the left; original magnification, 400×. C. The stage I~II animal lymph node 
slide shows scattered positive-stained cells; original magnification, 200×. D. 
An enlarged view of the box on the left; the black arrows show single positive 
cells; original magnification, 400×. E. The stage III animal lymph node slide 
shows clustered positive-stained cells; original magnification, 200×. F. An 
enlarged view of the box on the left; the black arrows show clustered positive 
cells; original magnification 400×. G. The stage IV animal lymph node shows 
a wide range of positive-stained cells; original magnification, 200×. H. An 
enlarged view of the box on the left; original magnification, 400×.

ft model is advantageous 
because of its fast tumor for-
mation time and controllable 
tumor size. Nevertheless, the 
aim of this study was to inves-
tigate the spreading of DTCs 
in different stages of oral car-
cinogenesis. Therefore, a che- 
mically induced carcinogene-
sis model was used to sim- 
ulate the whole process of 
tumorigenesis. Thus far, che- 
mically induced oral cancer 
models have not yet achieved 
satisfactory lymph node me- 
tastasis [18, 19]. According to 
our previous study, subman-
dibular lymph node metasta-
sis was successfully obtained 
after 32 weeks of administra-
tion by increasing the 4NQO 
dose in drinking water and 
prolonging the administration 
time. The rate of lymph node 
metastasis was 100% after 
32 weeks in the current study, 
which was much higher than 
the rate of a xenograft model 
reported by Zhao et al [20].

Disseminated tumor cells are 
single or small clusters of 
tumor cells that migrate from 
primary tumors and colonize 
in regional lymph nodes, pe- 
ripheral blood, or bone mar-
row to initiate early microme-
tastasis [21]. Cytokeratin is 
an epithelial cell-specific mar- 
ker [22] that is not express- 
ed in mesenchymal tissue. 
Immunohistochemical stain-
ing of cytokeratin in lymph 
node and bone marrow tis-
sues can discriminate epithe-
lial derived disseminated cel- 
ls and is a commonly used 
method to identify oral can-
cer-disseminated tumor cells 
[23, 24]. Pan-CK (AE1/AE3) is 
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CK-positive cells were found in stage I~II lymph 
nodes and in stage II bone marrow tissues but 
not in stage 0 tissues, indicating that epithelial 
cells may spread from the primary lesion during 
the early stage of tumorigenesis. DTCs were pri-
marily discovered after the primary tumor diag-
nosis [25]. However, DTCs were found during 
the period of oral precancerous lesions in the 
current study, furthering our understanding of 
tumor metastasis. Due to the limitations of 
medical ethics, it is difficult to obtain lymph 
node and bone marrow samples from patients 
with dysplasia of the oral mucosa for dissemi-
nated cell detection. Therefore, it is difficult to 
determine whether heterogeneous cells dis-
seminate from the primary site of human oral 
precancerosis. The epithelial-mesenchymal 
transition (EMT) [26] may reduce the expres-
sion of cytokeratin in tumor cells during inva-
sion and metastasis [27]. In this study, we used 
CK to mark DTCs, which may result in false-
negative results, resulting in a portion of the 
disseminated cells being undetected. We 
intend to use EMT epithelial markers such as 
N-cadherin or FSP1 [28] to assist in the detec-
tion of DTCs in a future study.

Because of the high false-positive rate of 
immunohistochemical detection [29], we so- 
ught to further confirm the characteristics of 
DTCs identified by pan-CK staining by evaluat-
ing the chromosome aberration of these cells. 
In this study, direct and indirect LCM tech-
niques were used to isolate bone marrow and 
lymph node DTCs, respectively. Direct separa-
tion of CK-positive cells from monocyte smears 

can eliminate the contamination of mesenchy-
mal cells, resulting in high-purity DTC genetic 
material. However, in this study, only 8.6% of 
the cell genome obtained by this method was 
successfully amplified by WGA. This may be 
due to the degradation of cellular nucleic acids 
during the antigen retrieval process of immuno-
histochemical staining [30, 31]. To decrease 
the degradation of cellular nucleic acids du- 
ring immunohistochemistry, microdissection of 
lymph node DTCs was performed in the same 
region in which DTCs appeared on HE-staining 
slides, adjacent to the immunohistochemical-
positive slide. In this way, the percent of the cell 
genome successfully amplified by WGA was 
improved to 62.5%. However, this method may 
result in low-purity DTC genetic material be- 
cause of mesenchymal cell contamination. In 
future studies, improving the isolation tech-
nique of single DTCs is expected to increase 
the success rate of WGA.

Mutations or deletions of tumor suppressor 
genes are hallmarks of tumor cells [32]. The 
characteristics of DTCs isolated from bone ma- 
rrow or lymph nodes can be further determined 
by detecting the genetic deletion of these cells. 
TP53 is located in the chromosome 17p13 
region, and its mutation is a key factor in the 
occurrence of head and neck squamous cell 
carcinoma [33]. The most commonly mutated 
loci in TP53 are exons 5-8 [34]. RB1CC1 is a 
tumor suppressor gene located in the chromo-
some 8q11 region, and the loss of its heterozy-
gosity was found in bone marrow DTCs of brea- 
st cancer patients [6]. Overexpression of the 
RB1CC1 protein in human and mouse oral can-
cer tissues was also found in our previous study 
[35]. The current study detected the homozy-
gous deletion of exons 5-8 of TP53 and exons 
2, 6, and 7 of RB1CC1 due to limited DNA re- 
sources. We revealed that the homozygous 
deletion of RB1CC1 and TP53 occurred in bone 
marrow- and lymph node-derived DTCs, respec-
tively, during the precancerous phase of oral 
squamous cell carcinoma and in OSCC tongue 
tissue, further verifying that the pan-CK-posi-
tive cells discovered in the lymph nodes and 
bone marrow had disseminated from oral pre-
malignant lesions in an early stage. Interestingly, 
we found no deletion of TP53 or RB1CC1 exons 
in dysplastic tongue tissue, and homozygous 
deletion of TP53 exon 6 existed in metastatic 
OSCC tongue tissue but not in lymph node 
DTCs. This may be due to the presence of dis-

Figure 4. The results of agarose gel electrophoresis 
of RB1CC1 gene exons 2, 6, and 7. A: Exon 2, B: Exon 
6, C: Exon 7. M: DNA marker. 1-3: DTCs, 4: OSCC 
tongue tissue, 5: severe dysplasia tongue tissue, 6: 
normal tongue tissue, 7: blank control.



Early discovery of disseminated tumor cells

3335	 Int J Clin Exp Pathol 2018;11(7):3328-3337

proportionate chromosomal mutations among 
disseminated cells and primary lesion cells, 
suggesting that tumor cells disseminated dur-
ing an early stage [6]. Moreover, the homozy-
gous deletion of TP53 exon 8 occurred in me- 
tastatic OSCC tongue tissue and matched lym- 
ph node DTCs, but no deletion was found in 
OSCC tongue tissue or in matched lymph node 
DTCs, suggesting that the loss of TP53 exon  
8 may rouse dormant DTCs, resulting macr- 
ometastasis. 

Disseminated tumor cells of oral cancer have 
gained increasing interest in recent resear- 
ch [36]. In our study, we found disseminated 
tumor cells in the bone marrow and lymph 
nodes during the oral precancerous stage in a 
4NQO-induced mouse model of oral squamous 
cell carcinoma by immunohistochemical stain-
ing. We further confirmed this finding by gene 
mutation analysis to preliminarily verify our 
speculation of early spreading during oral tum- 
origenesis. However, due to the insufficient 
number of animal tissue samples and the low 
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head and neck carcinoma.

Acknowledgements

mailto:yudahai813@aliyun.com



Early discovery of disseminated tumor cells

3336	 Int J Clin Exp Pathol 2018;11(7):3328-3337

[3]	 Fidler IJ and Hart IR. Biological diversity in met-
astatic neoplasms: origins and implications. 
Science 1982; 217: 998-1003.

[4]	 Nguyen DX and Massague J. Genetic determi-
nants of cancer metastasis. Nat Rev Genet 
2007; 8: 341-352.

[5]	 Hubert S and Abastado JP. [The early steps of 
the metastatic process]. Med Sci (Paris) 2014; 
30: 378-384.

[6]	 Schmidt-Kittler O, Ragg T, Daskalakis A, Gran-
zow M, Ahr A, Blankenstein TJ, Kaufmann M, 
Diebold J, Arnholdt H, Muller P, Bischoff J, Har-
ich D, Schlimok G, Riethmuller G, Eils R and 
Klein CA. From latent disseminated cells to 
overt metastasis: genetic analysis of systemic 
breast cancer progression. Proc Natl Acad Sci 
U S A 2003; 100: 7737-7742.

[7]	 Eyles J, Puaux AL, Wang X, Toh B, Prakash C, 
Hong M, Tan TG, Zheng L, Ong LC, Jin Y, Kato 
M, Prevost-Blondel A, Chow P, Yang H and 
Abastado JP. Tumor cells disseminate early, 
but immunosurveillance limits metastatic out-
growth, in a mouse model of melanoma. J Clin 
Invest 2010; 120: 2030-2039.

[8]	 Bleau AM, Agliano A, Larzabal L, de Aberasturi 
AL and Calvo A. Metastatic dormancy: a com-
plex network between cancer stem cells and 
their microenvironment. Histol Histopathol 
2014; 29: 1499-1510.

[9]	 Supsavhad W, Dirksen WP, Martin CK and Ro-
sol TJ. Animal models of head and neck squa-
mous cell carcinoma. Vet J 2016; 210: 7-16.

[10]	 Li J, Liang F, Yu D, Qing H and Yang Y. Develop-
ment of a 4-nitroquinoline-1-oxide model of 
lymph node metastasis in oral squamous cell 
carcinoma. Oral Oncol 2013; 49: 299-305.

[11]	 Dhawan I, Sandhu SV, Bhandari R, Sood N, 
Bhullar RK and Sethi N. Detection of cervical 
lymph node micrometastasis and isolated tu-
mor cells in oral squamous cell carcinoma us-
ing immunohistochemistry and serial section-
ing. J Oral Maxillofac Pathol 2016; 20: 436- 
444.

[12]	 Zou AE, Zheng H, Saad MA, Rahimy M, Ku J, 
Kuo SZ, Honda TK, Wang-Rodriguez J, Xuan Y, 
Korrapati A, Yu V, Singh P, Grandis JR, King CC, 
Lippman SM, Wang XQ, Hinton A and Ongkeko 
WM. The non-coding landscape of head and 
neck squamous cell carcinoma. Oncotarget 
2016; 7: 51211-51222.

[13]	 Pantel K, Schlimok G, Angstwurm M, Wecker-
mann D, Schmaus W, Gath H, Passlick B, Iz-
bicki JR and Riethmuller G. Methodological 
analysis of immunocytochemical screening for 
disseminated epithelial tumor cells in bone 
marrow. J Hematother 1994; 3: 165-173.

[14]	 Seki M, Sano T, Yokoo S and Oyama T. Tumour 
budding evaluated in biopsy specimens is a 
useful predictor of prognosis in patients with 
cN0 early stage oral squamous cell carcinoma. 
Histopathology 2017; 70: 869-879.

[15]	 Kummari E, Guo-Ross SX and Eells JB. Laser 
capture microdissection--a demonstration of 
the isolation of individual dopamine neurons 
and the entire ventral tegmental area. J Vis Exp 
2015; e52336.

[16]	 Lizardi PM, Huang X, Zhu Z, Bray-Ward P, 
Thomas DC and Ward DC. Mutation detection 
and single-molecule counting using isothermal 
rolling-circle amplification. Nat Genet 1998; 
19: 225-232.

[17]	 Calvano JE, Rush EB, Tan LK, Rosen PP, Bor-
gen PI and Van Zee KJ. Absence of p16 gene 
(CDKN2) deletions in microdissected primary 
breast carcinoma specimens. Ann Surg Oncol 
1997; 4: 416-420.

[18]	 Myers JN, Holsinger FC, Jasser SA, Bekele BN 
and Fidler IJ. An orthotopic nude mouse model 
of oral tongue squamous cell carcinoma. Clin 
Cancer Res 2002; 8: 293-298.

[19]	 Kanojia D and Vaidya MM. 4-nitroquinoline-
1-oxide induced experimental oral carcinogen-
esis. Oral Oncol 2006; 42: 655-667.

[20]	 Zhao X, Pang L, Qian Y, Wang Q, Li Y, Wu M, 
Ouyang Z, Gao Z and Qiu L. An animal model of 
buccal mucosa cancer and cervical lymph 
node metastasis induced by U14 squamous 
cell carcinoma cells. Exp Ther Med 2013; 5: 
1083-1088.

[21]	 Pantel K and Brakenhoff RH. Dissecting the 
metastatic cascade. Nat Rev Cancer 2004; 4: 
448-456.

[22]	 Vaidya MM, Borges AM, Pradhan SA and 
Bhisey AN. Cytokeratin expression in squa-
mous cell carcinomas of the tongue and alveo-
lar mucosa. Eur J Cancer B Oral Oncol 1996; 
32B: 333-336.

[23]	 Vaidya MM, Sawant SS, Borges AM, Ogale SB 
and Bhisey AN. Cytokeratin expression in pre-
cancerous lesions of the human oral cavity. 
Oral Oncol 1998; 34: 261-264.

[24]	 Salazar-Fernandez CI, Gallana-Alvarez S, 
Pereira S, Cambill T, Infante-Cossio P and Her-
ce-Lopez J. Sentinel lymph node biopsy in oral 
and oropharyngeal squamous cell carcinoma: 
statistical validation and impact of microme-
tastasis involvement on the neck dissection 
decision. J Oral Maxillofac Surg 2015; 73: 
1403-1409.

[25]	 Wikner J, Grobe A, Pantel K and Riethdorf S. 
Squamous cell carcinoma of the oral cavity 
and circulating tumour cells. World J Clin Oncol 
2014; 5: 114-124.

[26]	 Banys-Paluchowski M, Krawczyk N and Fehm 
T. Potential role of circulating tumor cell detec-
tion and monitoring in breast cancer: a review 
of current evidence. Front Oncol 2016; 6: 255.

[27]	 Christiansen JJ and Rajasekaran AK. Reas-
sessing epithelial to mesenchymal transition 
as a prerequisite for carcinoma invasion and 
metastasis. Cancer Res 2006; 66: 8319-
8326.



Early discovery of disseminated tumor cells

3337	 Int J Clin Exp Pathol 2018;11(7):3328-3337

[34]	 Somers KD, Merrick MA, Lopez ME, Incognito 
LS, Schechter GL and Casey G. Frequent p53 
mutations in head and neck cancer. Cancer 
Res 1992; 52: 5997-6000.

[35]	 Guo M, Mu Y, Yu D, Li J, Chen F, Wei B, Bi S, Yu 
J and Liang F. Comparison of the expression  
of TGF-beta1, E-cadherin, N-cadherin, TP53, 
RB1CC1 and HIF-1alpha in oral squamous cell 
carcinoma and lymph node metastases of hu-
mans and mice. Oncol Lett 2018; 15: 1639-
1645.

[36]	 Grobe A, Blessmann M, Hanken H, Friedrich 
RE, Schon G, Wikner J, Effenberger KE, Kluwe 
L, Heiland M, Pantel K and Riethdorf S. Prog-
nostic relevance of circulating tumor cells in 
blood and disseminated tumor cells in bone 
marrow of patients with squamous cell carci-
noma of the oral cavity. Clin Cancer Res 2014; 
20: 425-433.

[28]	 Kalluri R and Neilson EG. Epithelial-mesenchy-
mal transition and its implications for fibrosis. 
J Clin Invest 2003; 112: 1776-1784.

[29]	 Zeisberg M and Neilson EG. Biomarkers for 
epithelial-mesenchymal transitions. J Clin In-
vest 2009; 119: 1429-1437.

[30]	 Zhi XC, Zhang M, Meng TT, Zhang XB, Shi ZD, 
Liu Y, Liu JJ, Zhang S and Zhang J. Efficacy and 
feasibility of the immunomagnetic separation 
based diagnosis for detecting sentinel lymph 
node metastasis from breast cancer. Int J 
Nanomedicine 2015; 10: 2775-2784.

[31]	 Murase T, Inagaki H and Eimoto T. Influence of 
histochemical and immunohistochemical stai- 
ns on polymerase chain reaction. Mod Pathol 
2000; 13: 147-151.

[32]	 Zsikla V, Baumann M and Cathomas G. Effect 
of buffered formalin on amplification of DNA 
from paraffin wax embedded small biopsies 
using real-time PCR. J Clin Pathol 2004; 57: 
654-656.

[33]	 Hanahan D and Weinberg RA. Hallmarks of 
cancer: the next generation. Cell 2011; 144: 
646-674.


