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Establishment of cervical lymph node metastasis model of
squamous cell carcinoma in the oral cavity in mice

SUN Rui, ZHANG Jian-gang and GUO Chuan-bin
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Background Oral squamous cell carcinoma (OSCC) is the most prevalent malignant tumor in the head and neck region,
comprising more than 90% of all oral malignancies. A feasible approach for an animal model to study OSCC lymph node
metastasis was established and biological behaviors of three oral squamous cell carcinoma cell lines were compared.
Methods After implanting three kinds of cell lines (GDC185, Tca8113, Tca83) into three different anatomical sites in
nude mice, namely the tongue, floor of the mouth, and axillary fossa, we observed the tumorigenicity and the metastatic
capacity, which was confirmed by histopathology under a surgical microscope.

Results The animal model injected with GDC185 cells into the floor of the mouth had the highest rate of neck lymph
node metastasis (55.6%) and the cell lines had significantly different biological behaviors.

Conclusions Nude mice injected with GDC185 cells into the floor of the mouth could be used as a feasible animal
model to study neck metastasis of oral squamous cell carcinoma.

Oral squamous cell carcinoma (OSCC) is the most
prevalent malignant tumor in the head and neck
region, com?rising more than 90% of all oral
malignancies. With the exception of distant metastases,
nearly 50% of patients with OSCC presented with clinical
or pathological evidence of lymph node metastases. The
S-year survival rate is less than 50% for patients with
single unilateral lymph node metastasis and less than 25%
for patients with bilateral metastases.” Despite
improvements in diagnoses, surgical techniques, general
patient care, and local and systemic adjuvant therapies,
most deaths from cancer result from the progressive
growth of metastases that are resistant to conventional
therapies.3 One of the difficulties in studying the
metastasis of human OSCC is the lack of an appropriate
animal model and OSCC cell line. On the basis of
previous research, we initially studied the tumorigenicity
and metastasis capacity of three cell lines of OSCC and
hereby establish an animal model with an appropriate
metastatic rate in the neck region.

METHODS

Mice

Eighty-one BALB/C nude mice, CRL: BALB/cAnNCil-
nuBR, (purchased from Beijing Vital River Ltd., China) aged
between 5 to 6 weeks were used. They were maintained in a
laminar flow isolated rack under specific pathogen-free
conditions at the laboratory for animal experiments of the
Peking University Healthy Center. The mice were given
autoclaved food and water. All mice were handled with sterile
techniques under a laminar flow hood when removed from
their cages. The research plan was approved by the Ethical
Committee of the Laboratory for Animal Experiments, Peking
University Health Science Center.
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Cell lines

Three cell lines, GDC185 and Tca8113 and Tca83, derived
from human OSCC were used. GDC185 was established
from a neck lymph node metastasis of an upper gingival
carcinoma from a 63-year-old Chinese female. The Tca8113
cell line, derived from a 21-year-old female patient who was
diagnosed with tongue squamous cell carcinoma,’ was
obtained from School of Stomatology, Shanghai Jiao Tong
University. Tca83 was also derived from a patient who was
diagnosed with tongue squamous cell carcinoma (SCC) and
was obtained from Peking University School of Stomatology.
These cells were cultured in Eagle’s minimum essential
medium (Invitrogen Corporation, USA) or 1640 medium
(Invitrogen Corporation, USA) respectively, which were all
supplemented with 10% heat-inactivated fetal bovine serum
(Junyaobio Corporation, Australia), at 37°C in a humidified
atmosphere of 5% CO in air.

Technique

The cells were injected into three locations: the tongue,
the floor of the mouth (FOM) via submandibular to the
space among the muscles of FOM, which include the
mylohyoid and geniohyoid muscles, base of tongue and
axillary fossa. Every location was injected with 1.0x10°
viable cells/0.1 ml in normal saline by 1 ml injector when
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cells were in the logarithmic growth phase. The mice
were sacrificed on the 49th day, or when their weight was
reduced to 15 or less, or in the case of the incidental death
of the animal. Eighty-one mice were divided into 9
groups based on the cell line inoculated and the site of
injection. Each group had 9 mice.

Histological examination

The abdomen and chest were opened at autopsy. The
trachea, heart, lungs, pancreas, and stomach were
examined for evidence of tumor, under an operating
microscope (OPTON, West Germany). The subcutaneous
tumors, oral tumors (tongue or FOM), regional lymph
nodes and lungs were removed and fixed in 4%
formaldehyde solution (1:9 diluted in phosphate buffer
saline) at room temperature for 24 hours. All specimens
were embedded in paraffin, cut into 3 um thick sections,
stained with hematoxylin and eosin (HE) for microscopic
observation, and evaluated for histopathology.

To calculate the volume of the tumor implanted in the
three different locations, we measured three axes of the
excised tumor, the major axis as length, the minor axis as
width and the third axis as height. The volume was
calculated using the formula: 1/4 xlength x width x
height x . The unit of volume was cm’. We used a ruler
to measure the tumor size. The scope of the ruler was 25
cm and the precision was 1 mm.

In lymph nodes where metastases were detected, the
histological stage of the tumor was graded according to the
classification reported by Honma (Table 1), to investigate
the progression of the local lymph node metastasis.

Table 1. Histological staging of metastatic tumors

Grades Histologic findings

I Limited to the afferent lymphatic vessels or the marginal sinus

I Invasion and proliferation from the marginal sinus to the paracortex or
the cortical sinus

I Replacement and disappearance of most of the lymph tissue

v Extra-lymphatic invasion and proliferation

"Criteria by Honma.’

Statistical analysis

All data were analyzed by the Statistical Package of Social
Sciences (SPSS, version 11.5, USA). For tumorigenicity of
different cell lines, the Pearson chi-square test was used.
As for tumor size, a significant difference was analyzed
using the LSD test of one-way analysis of variance
(ANOVA) after the number raised to the power 0.2.
Fisher’s exact probability test was used to analyze tumor
metastasis. A P value <0.05 was considered statistically
significant. A P value <0.025 was considered statistically
significant between groups in the tumor size.

RESULTS

Tumorigenicity of three cell lines

Tumorigenicity comparison of the three cell lines

Table 2 shows that the tumorigenicity of the three cell lines
were not significantly different on the whole (P>0.05);

Table 2. Tumorigenicity comparison of three cell lines

Locations GDCI185 Tca8113 Tca83
Tongue 3/9 1/9 6/9
Floor of the mouth 9/9" 8/9" 1/9
Axillary fossa 8/9 8/9 5/9
Total 20/27 17/27 12/27

"P <0.05, GDC185 and Tca8113 compared with Tca83 respectively.

but on the FOM, the differences between GDC185 and
Tca83 and between Tca8113 and Tca83 were statistically
significant (P <0.05). It was noted that Tca83 in the
tongue exhibited higher tumorigenicity (6/9) than others,
although no statistically significant difference was
observed.

Tumor volume comparison of three cell lines

Statistical analysis showed that the tumor volume of the
three cell lines was significantly different (P <0.05),
although all three cell lines were able to develop into
solid tumors (Figure 1). Between groups the differences
were also significant (P <0.025). We found that the tumor
volume of Tca8113 was the largest of the three cell lines,
especially in the axillary fossa (mean+SD: 4.4504+4.190).
Some solid tumors were so large that the tumors grew out
of the back from the axillary fossa. The solid tumors
formed by Tca83 were the smallest of the three cell lines
(mean+SD:  0.105+0.223) and  without surgical
microscope analysis could have gone undetected. Tumor
volume of GDCI185 (mean+SD: 1.696+1.531) was
smaller than Tca8113 and larger than Tca&3.
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Figure 1. Comparison of tumor volume in the three cell lines.
The volume of the implanted tumor was analyzed by one-way
ANOVA test (mean+SD). Statistical analysis showed that the
tumor volume among the three cell lines had a significant
difference (P <0.05), though all the cell lines could develop into
solid tumors. The difference was also significant between groups
(P <0.025). “represents mean volume; red bars represent
standard deviation.

Comparison of lymph node metastases in three cell
lines

Comparison of local lymph node metastasis of all
injection sites in the three cell lines

Comparison of local lymph node metastasis of all
injection sites in the three cell lines (Table 3) showed that
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Figure 2. A and B: the tumor cell growth, limited in the marginal sinus, grade I (A: original magnification x 400; B: original
magnification x 200). C and D: the tumor cell invasion and proliferation from the marginal sinus to the paracortex or the cortical sinus,
grade II (C: original magnification x 200; D: original magnification x 400). E and F: replacement and disappearance of most of the lymph
tissue, grade III (E: original magnification x40; F: original magnification x 100) (A—F: HE staining).

Tca83 had minimum metastatic capacity, GDC185 had
maximum metastatic capacity and Tca8113 was in
between. The Pearson chi-square and Logistic regression
tests did not show any significant differences in the
histological metastatic progression between the GDC185
and Tca8113 groups (P >0.05). However there was a
statistically significant difference between these two cell
lines and Tca83 (P <0.05).

Table 3. Metastatic capacity of three cell lines (n)

Locations GDC185 Tca8113 Tca83
Tongue 0/9 1/9 1/9
Floor of the mouth 5/9° 0/9 0/9
Axillary fossa 4/9 7/9" 0/9
Total 9/27" 827" 1/27

"P <0.05, GDC185 compared with Tca8113 and Tca83. “P <0.05, Tca8113 compared
with Tca83. P <0.05, GDC185 and Tca8113 compared with Tca83 respectively.

Comparison of metastatic capacity of each injection in
different cell lines

On the FOM, GDCI185 showed typical lymph node
metastatic capacity (Table 3), whereby the metastasis was
observed in 5 out of 9 animals (55.56%). However, there
was no metastasis in Tca8113 and Tca83 specimens. The
difference between GDC185 and Tca8113, and between
GDC185 and Tca83 were significant (P <0.05) (Table 3).

The three cell lines were observed to have different
metastatic rates. On the axillary fossa, the local metastasis
rates were observed in 7/9 specimens injected with
Tca8113. Metastasis was also observed in both Tca8113
and GDCI185. Metastasis was not observed in Tca83
specimens. There was no significant difference between
GDC185 and Tca8113, or between GDC185 and Tca83.

However, the difference between Tca8113 and Tca83 was
statistically significant (P <0.05).

On the tongue, there was no metastasis in GDCI185.
Though metastasis was observed in both Tca8113 and
Tca83, the metastasis rate was very low (1/9). The
difference among them was not significant (P >0.05).

Histological stage of metastatic lymph node foci

The histological stage of metastatic tumors in the local
lymph nodes was graded according to Honma’s
classification.” Color histological graphs are shown in
Figure 2. Figures 2A and 2B show that the growth of
tumor cells is limited to the marginal sinus, whereas
Figures 2C and 2D show the invasion and proliferation of
tumor cells from the marginal sinus to the paracortex or
the cortical sinus. Figures 2E and 2F show the
regeneration and disappearance of most of the lymph
tissue. From Table 4, we can see that the proliferative
capacity of Tca8113 was greater than that of the other cell
lines.

Table 4. Histological stages of lymph node metastasis foci (n)"

Cell lines Number of lymph nodes  Histologic stage of metastatic tumor”
with metastatic tumors 1 I I
GDC185 9 5 3 1
Tca8113 8 0 1 7
Tca83 1 1 0 0

*Criteria by Honma.”

DISCUSSION

In cancer treatment, metastasis is the most formidable
problem faced by the clinical oncologist.”” The prognosis
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of a patient with cancer metastasis is usually poor
because no effective systemic therapy is generally
available.® In vivo tumor models can be used to evaluate
new therapeutic methods. Many investigators have used
xenograft models of tumor progression to study the
development and behavior of human carcinomas. The
athymic nude mouse was first described by Pantelouris.”
Povlsen and Rygaard'® who first seeded human tumor
cells into nude mice, and this model has been used to
study the relationship between the host and tumor in a
variety of anatomical sites.'"'? Braakhuis et al"’ and
Hier et al'* particularly used the xenograft model to study
head and neck cancers. These studies and others findings
are useful in studying the development and propagation
of tumors and the development of metastasis.

However, they were not able to describe the phenomena
of local lymphatic metastasis. Many researches confirmed
that injecting tumor cells into different locations of nude
mouse can establish correspondingly variable lymphatic
metastatic animal models. Myers et al'® reported that they
implanted the human squamous cell carcinoma of the oral
cavity cell lines Tul59, Tul67, and MDA1986 into the
submucosa of tongue and this formed solid tumors and
produce lymph node metastasis. However, the rate of
lymph node metastasis was mostly quite low.

Dinesman et al (1990)'° initially simulated the
physiological environment of the human oral cavity and
developed an animal model of lymph node metastasis in
nude mice. The metastatic rate is 2/42 (4.76%). In 1998,
Simon et al'” observed one metastasis in 24 animals. In
2002, Zhang et al'® during their first screening, did not
find any lymph node metastasis, but observed a 1/5 (20%)
rate of metastasis in the second screening, and 4/9
(44.44%) in the third. Unfortunately, the rate of lymph
node metastasis was very low and not suitable for
studying lymphatic metastases. Our experiment shows
that the metastatic rate was 5/9 (55.6%) in the GDC185
cell line. This result is lower than that reported in the
study by Kawashiri et al'’ who obtained a rate of 9/11
(81.82%). However, we believe that our result is more
representative of what is observed in a clinical setting.

Due to Simon’s results'’ of lower lymphatic metastatic
rate, we selected different sites of injection. In the FOM,
we transcervically inoculated tumor cells into the space of
the FOM muscles. The space should be adjacent to or in
close proximity to the oral mucosal floor. However, in
Simon’s experiment, they transcervically inoculated
tumor cells into the subcutaneous tissue to a depth
superficial to the mylohyoid muscle underlying the FOM.
Moreover, their studies emphasized the invasion of the
tumor, but not its lymph node metastasis.

In order to find the right type of animal model and study
the mechanism of lymphatic metastasis, we should select
three appropriate cell lines with which to compare them.
As we know, human tumors are heterogeneous™ and

metastases of human tumors are likely to result from a
selection among subpopulations of the primary tumor. By
screening the population, the selected tumor cells were of
higher potent metastatic capacity. GDCI185 was
established from a neck lymph node metastasis of upper
gingival squamous cell carcinoma and has been selected
in vivo, which means the lymph node metastatic potential
is higher. Tca8113 and Tca83 are from a primary solid
tumor of the tongue that was also diagnosed as squamous
cell carcinoma.

The present experimental results indicated that
inoculating GDC185 cells into the FOM produces an
appropriate animal model of lymph node metastasis, and
the metastatic pattern was representative of lymph node
metastasis of human oral squamous cell carcinomas in the
clinical setting. All three cell lines were able to form solid
tumors; albeit their tumor volumes were significantly
different, indicating that the proliferative capacity of the
three cell lines was different. Tca8113 had the greatest
proliferative capacity, Tca83 had the least, and GDC185
was in the middle. This difference could also be observed
in the histological staging of lymph node metastasis.
Considering the three injection sites, GDC185 and
Tca8113 had significantly higher metastatic capacity than
Tca83. When the metastatic capacity of various injection
sites was calculated separately, there was a difference
between GDC185 and Tca8113. Although GDC185 and
Tca8113 produced similar lymph node metastases in the
axillary fossa, the former had a higher rate of metastasis
in the FOM compared to the latter. Carefully studying the
tumorigenicity and lymph node metastasis of the three
cell lines, we found that of all the injection sites, Tca8113
had the strongest metastatic capacity, which coincided
with its proliferative capacity in axillary fossa. Secondly,
Tca83 demonstrated the lowest proliferative capacity,
whereby its tumor volumes in sites of injection were
negligible. Surprisingly, its rate of tumorigenicity was
higher than other cell lines in the tongue. Thirdly, the
proliferation capacity of GDC185 was in between that of
Tca83 and Tca8113, but its metastatic capacity was higher
in the FOM. There is either a connection or a conflict
between cell differentiation and proliferation in the
evolutionary development of the cell. Invasion and
metastasis are important biological behaviors of
carcinoma.”’ Our study showed a relationship between
the metastatic and proliferative capacity of the Tca8113
cell line. The latter enhanced invasion, although invasive
capacity is not necessarily correlated with lymphatic
metastatic cagacity. Our viewpoint is in accordance with
Gao’s notion.*

Fidler et al (2007),” concluded that orthotopic
implantations result in rapid growth of local tumors, and
in several model systems produce distant metastases. This
phenomenon may be explained by the organ
microenvironment hypothesis. However, we discovered
that Tca83 has a higher tumorigenicity (6/9) and lower
metastatic rate (1/9) in the tongue. This observed
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phenomenon appears to conflict with what is observed in
the clinical setting, as tongue carcinomas have a higher
metastatic rate according to Fidler’s theory. The GDC185
cell line demonstrated malignant tumor characteristics,
which were reflected in lymphatic metastatic capacity,
that were higher than those of the other cell lines. The
animal model is consistent with cases in the clinical
setting; therefore we propose it to be an optimal animal
model for studying oral carcinoma lymph node
metastases. There are several hypotheses as to why
GDC185 could have higher lymphatic metastasis rate in
the FOM. First, the mechanical pressure produced by the
muscles of FOM and rapidly proliferating neoplasms may
force cords of tumor cells along the tissue planes of least
resistance and may also increase cell motility capacity.**
However, one can question why the three cell lines

respond differently under the same inoculation conditions.

We propose that the expression of metastasis-related
genes (e.g., E cadherin, matrix metalloproteinases) may
contribute to this phenomenon.

In conclusion, the results of this study showed that the
GDCI185, Tca8113 and Tca83 cell lines demonstrate
different Dbiological capacities in proliferation and
metastasis in the context of various injection sites. These
findings suggest that inoculating tumor cells in the FOM
in nude mice is a reasonable model that imitates lymph
node metastases of human OSCC.
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