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Metastasized murine oral squamous cell carcinoma cells induce
intratumoral polymorphonuclear myeloid derived suppressor cells
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Abstract. Myeloid derived suppressor cells (MDSCs) localize
to hematopoietic organs and peripheral blood during inflam-
mation or tumor tissues and lymph nodes in the presence of
a tumor. However, whether there are differences in MDSCs
found in the primary tumor and metastases is unknown. In
the present study, we established a cell line of metastasized
tumor cells to a lymph node, L5-11, which were derived from
the Sq-1979 mouse buccal mucosa squamous cell carcinoma
cell line. We then analyzed tumor immunogenicity, especially
with regard to MDSCs, to clarify the differences between
the primary tumor and metastases, using an isogenic hetero-
topic tumor transplantation model. Our data showed that the
population of intratumoral MDSCs, especially polymorpho-
nuclear MDSCs in the lymph node metastasis model were
significantly increased compared with syngeneic grafts from
the primary cell line Sq-1979 after 21 days. Furthermore,
we identified that the lymph node metastasis cell line had
increased expression of genes that promote the expansion
of MDSCs, tumor growth and metastasis. Hence, these data
suggest that tumor immunosuppression can occur via activa-
tion of MDSCs. However, further examination is required
to clarify whether all or a subset of these factors from the
Ilymph node metastasis tumor cells are required to induce
intratumoral MDSCs.
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Introduction

The prognosis of oral squamous cell carcinoma (OSCC),
which includes head and neck squamous cell carcinoma, is
greatly influenced by metastases, such as to the lymph node.
The 5-year survival rate of patients without lymph node
metastases is between 63 and 86%, while the 5-year survival
rate of patients with lymph node metastases is between 20
and 36% (1,2). Although traditional thinking suggests the
relationship between lymph node metastasis and prognosis is a
consequence of the malignancy (3), metastasizing capacity (4)
or acquisition of resistance to chemotherapy (5) of tumor
cells, the involvement of the immune system in the metastatic
process remains poorly explored. To better understand this
relationship, we analyzed tumor immunological properties
between primary tumor cells and cells from a lymph node
metastasis using the L5-11 cell line that we established. The
L5-11 cell line was derived from a lymph node metastasis
from the murine OSCC cell line Sq-1979. Mice transplanted
with the L5-11 cells had larger spleens and tumors than those
transplanted with Sq-1979. Therefore, we hypothesized that a
tumor immunosuppressive mechanism was acquired by the
lymph node metastasis cell line L5-11.

Recently, the presence of abnormally differentiated bone
marrow-derived cells has been appreciated as a major immu-
nological characteristic of cancer (6). Many studies have also
demonstrated that myeloid derived suppressor cells (MDSCs)
downregulate the immune response to tumors, infectious
diseases and inflammation (7,8). MDSCs are subdivided into
two groups by phenotype: i) monocytic MDSC (M-MDSC),
which assume the form and phenotypes of immature mono-
nuclear cells and have the cell surface markers CD11b*, Ly6CM
and Ly6G; and ii) polymorphonuclear MDSC (PMN-MDSC),
which assume the form and phenotype similar to immature
polymorphonuclear cells and have the cell surface markers
CD11b*, Ly6C"™ and Ly6G* (9). MDSCs inhibit T cell func-
tion (10), induce regulatory T cells (11) and support tumor
growth and metastasis (12), all of which serve a pro-tumor
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function. MDSC from peripheral lymphoid organs suppress
antigen-specific CD8* T cells, in contrast, MDSC from a
tumor microenvironment suppress both antigen-specific and
non-specific T cell activity (13). However, the activity of
MDSCs from a metastasized tumor have not been studied,
nor have basic comparisons of MDSCs derived from primary
and metastasized tumors. Moreover, there are few studies
regarding the role of MDSCs in OSCC. Therefore, we aimed
to clarify the characteristics of MDSCs derived from primary
tumors and metastases, and our data suggest that the poor
prognosis associated with metastasis in OSCC involves tumor
immunosuppression.

Materials and methods

Mice. Male C3H/HeN mice, 6-8 weeks old, were purchased
from Chubu Kagaku Shizai, Co., Ltd. (Nagoya, Japan). The
mice were maintained ad libitum on Oriental MF solid chow
(Oriental Yeast, Co., Ltd. Tokyo, Japan). The present study was
approved by the Animal Ethics Committee of Asahi University
(no. 14-018 and 16-017).

Cell culture and establishment of a metastasized cell line.
The C3H murine OSCC cell line Sq-1979 was obtained from
the RIKEN BioResource Center (Ibaraki, Japan). Tumor cells
were cultured in minimum essential medium (MEM; Wako
Pure Chemical Industries, Ltd., Osaka, Japan) containing
10% fetal bovine serum (FBS; Biowest, Nuaille, France) and
antibiotics (100 U/ml penicillin and 100 pug/ml streptomycin)
at 37°C in a humidified atmosphere containing 5% CO,.

Sq-1979 cells (1x107) were suspended in 0.1 ml of
phosphate-buffered saline (PBS), then subcutaneously
inoculated in the posterior neck area of mice. After 3 months,
metastasized regional lymph nodes were dissected into MEM
supplemented with 10% FBS and minced to isolate attached
cells. Then, the metastasized sub-clone, L5-11 was isolated by
the serial limiting dilution method. Cell images were taken
using a Nikon Eclipse Ti inverted microscope system (Nikon,
Tokyo, Japan).

Evaluation of cell growth using the MTT assay. Sq-1979 or
L5-11 cells were seeded into 96-well plates at a density of
1x10° cells/well and allowed to adhere for 24 h. Cell viability
was assessed daily by addition of 5 ul of 3-(4,5-dimethylthi-
azol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) using a
Cell Proliferation kit I (Roche Diagnostics GmbH, Mannheim,
Germany) according to the manufacturer's instructions. The
number of viable cells was assessed by measuring the absor-
bance of the produced formazan crystals at 595 nm with a
Tecan SpectraFluor Plus XFluor4 software (Tecan Japan, Co.,
Ltd., Kawasaki, Japan). The measurement was performed daily
for 4 days. Cell growth was calculated relative to the value on
the first day, which was set at 100%.

In vivo tumor growth analysis. Sq-1979 or L5-11 cells (1x10°)
were resuspended in 0.1 ml PBS and subcutaneously injected
into the lateroabdominal area of male C3H/HeN mice. Tumor
size was observed every 3 days; the tumor volume was calcu-
lated using the formula: a x b%/2 where ‘a’ is the length and
‘b’ is the width of tumor diameter. Mice were sacrificed after
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30 days. There were no significant differences in body weight
of the mice.

Preparation of tumor infiltrating cells and spleen cells. Mice
were sacrificed 21 days after tumor implantation for analysis.
Tumor tissue was finely chopped, incubated with the enzyme
mix from the tumor dissociation kit (MACS Miltenyi Biotec;
Miltenyi Biotec GmbH, Berdish-Gladbach, Germany)
according to the manufacturer's instruction, and then the
resuspended-sample was applied to a MACS SmartStrainers
(70 pm) placed on a 15-ml conical. Red blood cells in the
sample were removed using a red blood cell lysis solution
(MACS Miltenyi Biotec). For total spleen cell isolation, red
blood cells were removed using the same procedures, and the
cells were applied to a MACS SmartStrainers (70 gm) placed
on a 15-ml conical. After collection, total cell numbers were
counted with a counting chamber.

Flow cytometry. Fc receptors in the sample were blocked by
anti-mouse CD16/32 (eBioscience, Santa Clara, CA, USA)
using 1 ug per million cells for 10 min on ice. Then, cells
were labeled with Mouse MDSC Flow Cocktail 2 with isotype
control, which contained PE anti-mouse CD11b (clone M1/70),
FITC anti-mouse Ly-6G (clone 1A8), and APC anti-mouse
Ly6C (clone HK1.4), or FITC anti-mouse CD8a clone:53-6.7,
PE anti-mouse CD4 clone:GK 1.5 (all from Sony Biotechnology,
Inc.,SanJose, CA, USA), and FITC mouse IgG2 and PE-mouse
IgG2b (BD Biosciences, San Diego, CA, USA) for 30 min in
the dark. Cells were then washed and resuspended in FACS
buffer (PBS with 0.5% BSA). Data acquisition and analysis
were performed using EC800 flow cytometry analyzer with
EC800 analysis software (Sony Biotechnology Inc.).

Real-time PCR. Total RNA was purified using the RNeasy
Mini kit (Qiagen, Heiden, Germany), and 600 ng total RNA
was used for reverse transcription with iScript™Advanced
cDNA Synthesis kit (Mediatech, Herndon, VA, USA). For
real-time PCR analysis, 1 #l cDNA samples diluted 20x, 1 pl
each of the upper and lower primer (Final 500 nM), 7 ul
nuclease-free water, and 10 ul SsoAdvanced SYBR-Green
Supermix (Bio-Rad Laboratoties) were used. The following
primers were designed by Primer Express software (Biosystems,
Waltham, MA, USA): VEGFA forward, 5'-GCTGTGCAGG
CTGTAACGAT-3'and reverse, 5'-GGTCTGCATTCACATCT
GCTGTGC-3'"; VEGFRI forward, 5-ATCTATAAGGCAGC
GGATTGACCG-3' and reverse, 5'-CACGGAGGTGTTGAA
AGACTGGA-3"; Npnl forward, 5~ AATCGAAAACCCAG
GGTACCTCAC-3' and reverse, 5-GCAGTCTCTGTCCTCC
AAATGGAA-3"; Npn2 forward, 5'-ACTGTACCTTCACC
ATCCTGGCC-3' and reverse, 5'-GGTCCAACATGTGG
AATGCCATC-3"; Sema3a forward, 5'-AGATGCTCCATT
CCAGTTTGTTCAC-3' and reverse, 5'-ACATAAGCCACCG
CATCACTTGTA-3'"; Sema3b forward, 5'-GGATGCATGT
CTCTGAGCTCCG-3' and reverse, 5'-GGCCCAGCCATAA
CTCATTTGTC-3"; Sema3f forward, 5'-ATGGCTGATAT
CCGCATGGTCTT-3" and reverse, 5'-CCTTAGTGGACTT
CATCGAGGGC-3'; SI00A9 forward, 5'-CATCATGGAGG
ACCTGGACACAA-3" and reverse, 5-GCAGCTTCTCA
TGACAGGCAAAGA-3"; IL-6 forward, 5'-CCTACCCCA
ATTTCCAATGCTCTC-3' and reverse, 5-GCATAACGCA
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Figure 1. In vitro characterization of Sq-1979 and L5-11 cells. (A) Sq-1979 cells (left panel) and L5-11 cells (right panel) were imaged at x100 magnification
(top panel) and x400 magnification (bottom panel). The scale bar is 100 gm. (B) Sq-1979 and L5-11 were seeded into 96-well plates at a density of 1x10?
cells/well and allowed to adhere for 24 h. Cell viability was assessed on a daily basis by the MTT assay.
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Figure 2. In vivo tumor growth. (A) Tumor growth curves for Sq-1979 and L5-11 xenografts. Mice were inoculated by subcutaneous injection on day 0 with
1x10° Sq-1979 or L5-11 cells. The y-axis shows tumor growth, and the x-axis shows the days after the transplantation. Tumor volume was measured every
3 days. (B-D) After 21 days of syngeneic grafts growth spleens and tumors were removed from recipient animals (n=13). (B) Representative spleens are shown
from negative control mice (left panel), Sq-1979-transplanted mice (middle panel) and L5-11-transplanted mice (right panel). (C) Bar graph indicates the total
splenic cell numbers. (D) Representative tumors are shown from Sq-1979 syngeneic grafts (left panel) and L5-11 syngeneic grafts (right panel). All quantitative
data are represented as mean = SD of three independent experiments. “P<0.035, “P<0.01.

CTAGGTTTGCCG-3"; and HIFl1a forward, 5-TGGATTT
TGGCAGCGATGACAC-3' and reverse, 5'-AGTGGCTTTG
GAGTTTCCGATGA-3". The reaction conditions consisted of
one 5-min cycle at 95°C, followed by 45 cycles at 95°C for
10 sec, and 72°C for 10 sec. The reaction and absolute quantita-
tion analysis were performed with a Thermal Cycler Dice®
Real-Time System TP800 (Takara Bio, Inc., Shiga, Japan).

Statistical analysis. All quantitative data are presented as
the mean + SD. Data were evaluated using one-way analysis

of variance followed by Tukey-Kramer test for Figs. 2C, 3B
and C, 4B and D. Unpaired two-tailed Student's t-test was
performed for the two-group comparisons in Figs. 3E and F
and 4E and F. P<0.05 was considered statistically significant.

Results
Characterization of the murine lymph node metastasis cell

line derived from OSCC. After establishing the L5-11 murine
lymph node metastasis cell line, derived from the murine
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Figure 3. Characterization of MDSCs in the spleen and tumor. (A) Representative single parameter diagrams showing the expression of Ly6C and Ly6G by
flow cytometry, gated on CD11b* splenic cells. The vertical axis shows Ly6C (APC), and the x-axis shows Ly6G (FITC). (B) Bar graph showing the percentage
of M-MDSCs and (C) PMN-MDSCs detected by flow cytometry in the spleen at 21 days after Sq-1979 or L5-11 transplantation. The line graph shows cell
counts. (D-F) Graphs are the same as in A-C, except cells were harvested from syngeneic graft tumor tissues, therefore, no samples could be taken from control
animals. All quantitative data are represented as mean + SD of three independent experiments. “P<0.05, “P<0.01 (n=12).

OSCC cell line Sq-1979, we compared the morphology of the
two lines. Sq-1979 cells grew in island structures, similar to the
original squamous epithelium. However, L5-11 cells formed
fewer of these structures, and when they were observed they
were small punctate arrangements that had poor epithelial

characteristics (Fig. 1A). Next, we compared the growth rate
of these cells. The in vitro growth rate was not significantly
different between Sq-1979 and L5-11 cells (Fig. 1B). To test
in vivo growth rates, we generated isogenic heterotopic trans-
plantation models from both tumor cell lines and measured
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Figure 4. CD4* and CD8* cell from spleen and tumor tissues. (A) Representative single parameter diagrams showing the expression of CD4* and CDS8* in
splenic cells from negative control mice (left panel), Sq-1979-transplanted mice (middle panel) and L5-11-transplanted mice (right panel) by flow cytometry.
The vertical axis shows CD4* (FITC), and the x-axis shows CD8" (PE). (B and C) Bar graph from FACS analysis of cell surface (B) CD4* and (C) CD8*
expression that represents the mean + SD of three independent experiments. The line graph shows a cell count. (D-F) Graphs are the same as in A-C, except
cells were harvested from syngeneic graft tumor tissues, therefore, no samples could be taken from control animals. All quantitative data are represented as

mean = SD of three independent experiments. "P<0.05, “P<0.01 (n=12).

tumor diameters. In contrast to the in vitro growth rates,
L5-11 tumors grew faster than Sq-1979 tumors (Fig. 2A). We
removed spleens and tumors at day 21 post-transplantation
and both were larger in the L5-11 group compared with the
Sq-1979 group (Fig. 2B-D).

Metastatic OSCC cell syngeneic grafts induce increased
splenic PMN-MDSCs. We examined the population of splenic
MDSCs to compare tumor immunogenicity between Sq-1979

and L5-11 syngeneic grafts because, in addition to increased
tumor growth in the L5-11 group, the recipient mice also
showed significantly increased spleen volume (Fig. 2B-D).
The proportion of M-MDSCs were ~2% from all groups, and
there were no significant differences observed. The absolute
M-MDSC cell numbers for each group were 1.3x10° cells in
the control mice, 1.2x10° cells from Sq-1979-transplanted
mice and 2.0x10° cells from L5-11-transplanted mice; these
results did not show significant differences (Fig. 3A and B).
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Figure 5. Quantitative real-time PCR analysis of genes that influence MDSC
expansion and tumor growth. Quantification of (A) VEGFA, VEGFRI,
Sema3a, Sema3b, (B) Sema3f, Npnl, Npn2, (C) SI00A9, IL-6 and HIFla
mRNA in Sq-1979 and L5-11 cells using quantitative real-time RT-PCR. The
bar graphs show relative expression levels and represent the mean + SD of
three independent experiments.

Conversely, the proportion of PMN-MDSCs from L5-11-
transplanted mice was significantly increased (8.4%) compared
with negative control mice (5.0%) and Sq-1979-transplanted
mice (5.9%). These changes were also reflected in the absolute
cell numbers of PMN-MDSCs, which were also significantly
increased in L5-11-transplanted mice compared with control
or Sq-1979-transplanted mice (8.8x10, 2.8x10° and 3.4x10°
cells, respectively; Fig. 3A and C).
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Metastatic OSCC cell syngeneic grafts induce increased
intratumoral M- and PMN-MDSCs. We concurrently exam-
ined the population of intratumoral MDSCs. The absolute cell
number of both M-MDSCs and PMN-MDSCs in the tumor
were significantly increased in L5-11 compared with Sq-1979
tumors (Fig. 3D-F). Although the fraction of M-MDSCs in
L5-11 syngeneic grafts was increased to 0.89% compared with
0.09% in Sq-1979, the fraction of PMN-MDSCs from L5-11
markedly increased to 38.1% compared with 2.7% in Sq-1979
(Fig. 3D-F). Furthermore, we examined whether the fraction
of CD8* or CD4" cells changed. Splenic CD4* and CD8*
fractions and cell numbers from L5-11-transplanted mice
were lower than the control and Sq-1979-transplanted mice
(Fig. 4A-C). Most significantly, the fraction of splenic CD8*
cells from Sq-1979-transplanted mice significantly increased
to 5.2% compared with 2.8% in the control and 0.3% in L5-11
(Fig. 4B). The fraction and number of intratumoral CD8*
cells in L5-11 significantly increased compared with Sq-1979
(Fig. 4D and E). Although the number of intratumoral CD4*
cells in L5-11 significantly increased to 0.3x10° cells compared
with 0.05x109 cells in Sq-1979, there was no significant differ-
ence in the fraction of intratumoral CD4* (Fig. 4F).

Analysis of tumor-derived factors that induce MDSCs.
We next explored which factors from tumor cells induce
MDSCs. Because the metastasis OSCC cells induced more
PMN-MDSCs than the primary OSCC cells in the spleen and
tumor (Fig. 3), we hypothesized that tumor-derived factors may
be related to the induction of MDSCs. Using real-time PCR
to assess the expression of several genes related to MDSCs,
we found that VEGFR1, Sema3a, Sema3b, Sema3f, IL-6 and
S100A9 levels were significantly increased in L5-11 cells
compared with primary Sq-1979 cells (Fig. 5). Conversely,
VEGFA, Npn2 and HIFla levels decreased despite previous
reports suggesting these are regulation factors for MDSCs.

Discussion

In the present study, we first examined tumor immunogenicity
in an isogenic heterotopic tumor transplantation model of a
primary OSCC cell line (Sq-1979) and an isogenic heterotopic
tumor transplantation model of a lymph node metastasis
cell line derived from the Sq-1979 cells. Our data showed
that the M-MDSC fraction of the tumor and PMN-MDSC
number and fractions of the spleen and tumor in the lymph
node metastasis model were significantly increased (Fig. 3).
These data indicated that the lymph node metastasis OSCC
cells developed the ability to induce PMN-MDSC:s in both the
spleen and tumor. Therefore, the tumor immune suppression
by PMN-MDSCs should be considered a poor prognostic
factor for metastasis. Some reports have demonstrated that
the primary tumor can induce MDSCs in the spleen and
tumor (14,15). The ability of MDSCs to support tumor growth
and metastasis can be divided into functions: i) protection of
tumor cells from immune-mediated killing; ii) remodeling the
tumor microenvironment; iii) establishment of a pre-metastatic
niche; and iv) interaction with tumor cells to induce ‘stem-
ness’ and facilitate epithelial to mesenchymal transition (12).
PMN-MDSCs have a similar phenotype as neutrophils and
are the largest population of MDSCs, making up >75-80%
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of the total MDSCs in tumor-bearing mice (16). This study
suggested that both splenic and intratumoral PMN-MDSCs
increased not only in the primary tumor model but also in the
lymph node metastasis model of OSCC. Moreover, the number
and fraction of PMN-MDSCs significantly increased in both
the spleen and tumor of the metastasis model compared with
the primary tumor model (Fig. 3). Notably, the fraction of
intratumoral PMN-MDSCs in the lymph node metastasis
model markedly increased to 38.1% compared with 2.7%
in the primary tumor model (Fig. 3F). Other reports have
demonstrated that M-MDSCs possess the main tumor immu-
nosuppressive functions of MDSCs (17,18), suggesting that
the immunosuppressive functions of PMN-MDSCs are less
robust than M-MDSCs (19). Nevertheless, PMN-MDSCs
play a critical role in tumor immunity (12,20), for example,
PMN-MDSCs can inhibit antigen-nonspecific T cell immune
responses. The proportion of splenic PMN-MDSCs signifi-
cantly increased to 8.4% in L5-11-transplanted mice compared
with 5% in controls or 5.9% in Sq-1979-transplanted mice
(Fig. 3C), while, there were no significant differences in the
percentage of splenic PMN-MDSC between controls and
Sq-1979-transplanted mice (Fig. 3C). Conversely, splenic
CD8* cells from Sq-1979-transplanted mice significantly
increased to 5.2% compared with 2.8% in controls; however,
in L5-11-transplanted mice there was a significant decrease to
0.3% compared with controls. These data suggested that CD8*
cells had been induced in hematopoietic organs of the OSCC
primary model, but had been inhibited in the OSCC metastasis
model. At first, we anticipated that both the number and frac-
tion of intratumoral CD4* and CD8* cells would be decreased
in the metastasis model as in the spleen. However, contrary
to our expectations, both the absolute cell numbers and the
fraction of intratumoral CD8" cells in the metastasis model
significantly increased, and the number of intratumoral CD4*
cells significantly increased but the fraction was unchanged
(Fig. 4D and F). The augmentation of intratumoral CD4"* cells
in the metastasis model may be due to increased numbers of
total intratumoral cells compared with the primary tumor
model. Although, the fraction of intratumoral CD8" cells in
the metastasis model significantly increased to 2.3% compared
with 1.3% in the primary model, the augmentation of CD8*
cells may not be as effective for tumor growth suppression
because intratumoral PMN-MDSC in the metastasis model,
which have immune suppressive activity against antigen-
specific T cells, increased markedly.

It is often thought that differences in the properties of
cancer cells themselves affect the rate of primary tumor
growth and metastasis. However, our analysis of syngeneic
graft models suggested that the ability of the tumor to induce
specific immune cell infiltration may be more important than
simple proliferation rates. Therefore, we then analyzed poten-
tial tumor-derived factors that may be related to the induction
of MDSCs. VEGF is an angiogenic factor secreted from tumor
cells, and VEGF signaling through VEGFR1 and Npnl has
been shown to contribute to tumor growth and invasion (21).
VEGF production is promoted by HIF-1a (22,23), and VEGF,
IL-6 and S100A9 have been shown to induce the expan-
sion of MDSCs (24,25). The semaphorin family of secreted
and membrane-bound ligands that signal through Npnl, 2
enhance angiogenesis and lymphangiogenesis and attract
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tumor-associated macrophages to the tumor microenviron-
ment (26-28). Therefore, we analyzed the expression of these
genes in Sq-1979 and L5-11 cells. The results showed that
sema3a, sema3b, sema3f, VEGFRI1, Npnl and SI00A9 mRNA
levels were increased in L5-11 cells compared with Sq-1979
cells (Fig. 5). These data indicate that acquired expression of
these factors in the L5-11 cell line promote tumor growth and
metastasis through the construction of pro-tumor microenvi-
ronment, inducing angiogenesis and/or inducing the expansion
of MDSCs.

In conclusion, our results clearly demonstrate that splenic
and intratumoral MDSCs are enhanced in the lymph node
metastasis model of OSCC. When assaying for changes in
gene expression that could account for the increased expan-
sion of MDSCs, neither VEGF nor HIF-1a were significantly
changed, but VEGFR, S100A9 and IL-6 were significantly
enhanced in the lymph node metastasis OSCC cells. These
factors may affect the induction of MDSCs, which promote
tumor growth and metastasis.
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