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New Human Oral Squamous Carcinoma Cell Line and Its Tumorigenic Subline
Producing Granulocyte Colony-stimulating Factor

Kou Matsuo,' Yukiko Ishibashi,' Ieyoshi Kobayashi,! Satoru Ozeki,> Masamichi Ohishi,?
Tsuyoshi Tange,® Jouji Hirata,* Tamotsu Kiyoshima' and Hidetaka Sakai®*

"Department of Oral Pathology and *First Department of Oral Surgery, Faculty of Dentistry, Kyushu
University 61, 3-1-1 Maidashi, Higashi-ku, Fukuoka 812, ’Department of Pathology, Faculty of
Medicine, University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113 and *Department of Clinical
Laboratory, Kyushu University Hospital, 3-1-1 Maidashi, Higashi-ku, Fukuoka 812

A new buman carcinoma cell line, MISK81-5, was established from a metastatic lymph node of oral
squamous cell carcinoma. Immunocytochemical and ultrastructural observations revealed an obvious
epithelial origin of the cell line. Chromosome analysis revealed a hypertriploid karyotype with
numerical and structural anomalies. MISK81-5 cells could form a tumor mass in the sub¢ntaneous
tissue of recipient BALB/c athymic mice only when coinjected with Matrigel. A stem cell assay
revealed that conditioned medium (CM) of MISK81-5 contained granulocyte colony-stimulating
factor (G-CSF) or interleukin-6 activity. Quantitation by ELISA disclesed a higher concentration of
G-CSF in the CM of MISK81-5 than in the CM of other squamous and gastric carcinoma cell lines.
The sMISK, that was derived from MISKS81-5 as a subpopulation of the cell line having higher
tumorigenicity, also showed a similar hematopeietic stimulating activity to that of MISK81-5. These
characteristics of the MISK81-5 cell line and its subpopulation, sMISK will be useful for studying the
biological behavior of oral squamous cell carcinomas and its relation to hematopoietic stimulating

factors.
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A large number of cell lines from human solid tumors
have been established and have contributed to research
on various facets of tumor cell biology. Squamous cell
carcinoma (SCC) is the most common type of cancer
occurring at any site of the body, including the oral
cavity. However, fewer SCC cell lines have been estab-
lished and characterized from oral mucosa than from any
other site, probably due to the lower prevalence of oral
cancer and/or difficulty in cultivation because of con-
tamination by oral bacterial flora. We established a new
cell line, MISKB81-5, from a metastatic lymph node of
a poorly differentiated SCC that had originated in the
buccal mucosa. The cell line produces high levels of
granulocyte colony-stimulating factor (G-CSF). Recent
studies have suggested that some hematopoietic stimu-
lating factors, such as granulocyte-macrophage colony-
stimulating factor, macrophage colony-stimulating fac-
tor, interleukin-1 (IL-1), IL-6 and G-CSF, can stimulate
the irn vive and in vitro proliferation, invasion, motility
and metastasis of tumor cells.!™ Nevertheless, there have
been only a few investigations into oral SCC cell lines
that produce hematopoietic stimulating factors.*” Here,
we describe the establishment and characterization of the
above-mentioned new oral SCC cell line, MISK 81-5, that

* To whom correspondence should be addressed.
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produces a high level of G-CSF, and its highly tumori-
genic subline, survival MISK (sMISK).

MATERIALS AND METHODS

Clinical history of the host The patient, an 81-year-old
woman who had a 5-month history of an enlarging tumor
mass in the right buccal mucosa, was admitted to the
First Department of Oral Surgery of Kyushu University
(Fukuoka) on June 10, 199i. She was diagnosed as
having poorly differentiated SCC, and was treated by
chemotherapy and radiotherapy followed by partial re-
section of the cheek with radical neck dissection. In spite
of these therapies, the tumor developed rapidly and in-
vaded the cervical region. The patient died of aspiration
preumonia on December 1 of the same year. The periph-
eral blood showed increased white cell counts up to
41,800/mm? with the progression of carcinoma, without
any infectious foci. Almost all of the white cells in the
peripheral blood were mature neutrophils.

Primary culture and cell cloning A metastatic lymph
node obtained at radical neck surgery was cut into 1-2
mm cubes, placed on the bottom of sterile culture dishes
containing 2 ml of g-minimum essential medium (a-
MEM; Gibco Inc., Grand Island, NY) and 109 fetal
calf serum (FCS; Bioproducts Inc.,, Walkersville, MD)
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and 1% penicillin-streptomycin (Gibco), and incubated
in a 5% CO, atmosphere at 37°C. After -2 weeks,
polygonal epithelioid and spindle-shaped fibroblastoid
cells had begun to propagate in the periphery of some
explants. From these cells, epithelioid cells were selected
and cloned by means of limiting dilution and the use of
a fine Pasteur pipet attached to a micromanipulator
(Narishige Co., Ltd., Tokyo), and the clonal epithelioid
cell line, MISK 81-5, was obtained. The cell line has been
maintained for over 70 serial passages.
Light and electron microscopy Materials were fixed in
10% neutral formalin, embedded in paraffin and cut into
5 m sections, which were stained with hematoxylin and
eosin. Cultured cells collected by trypsinization were
dispersed onto glass slides, fixed in absolute methanol,
and stained immunochistochemically by means of avidin-
biotin-peroxidase complex.®” The primary antibodies used
for immunocytochemistry are summarized in Table 1.
Several confluent dishes were selected, prepared for
transmission electron microscopy by means of routine
techniques, and observed under a JEOL 200 CX (JEOL
Co., Ltd., Tokyo) electron microscope.
Cell-doubling time Culture dishes (60 mm diameter)
were inoculated with 10* cells in 5 ml of @-MEM contain-
ing 109 FCS. From day 4 to day 10 after inoculation, the
number of cells harvested by trypsinization was counted.
Growth curves were constructed from the cell counts
and the doubling time was calculated.
Chromosome analysis Chromosomes of MISK381-5 cells
at the 40th passage were analyzed by means of G-
banding,” and described according to the ISCN (1985).!%
Tumorigenicity Cultured MISK81-5 cells (1 X 107) were
transplanted subcutaneously into both male and female
BALB/c nu-nu mice (5 males and 5 females, 6-10 weeks
old, Japan SLC Inc., Shizuoka). In another experiment,
0.1 m! of cold ®-MEM containing 5-10X 10° MISK 81-5
cells was mixed with 0.1 ml of cold liquid basement mem-
brane matrix, Matrigel (9.04 mg/ml, Becton Dickinson
Labware, Bedford, MA), and immediately injected sub-

Table 1.

cutaneously info nude mice. These animals were killed
4 weeks after transplantation, and examined for tumor
growth, invasion and metastasis. A subline, sMISK was
obtained from a rapid growing tumor of MISK81-5 cells
implanted with Matrigel, 12 weeks thereafter. The
tumorigenicity of sMISK was tested by means of re-
implantation as described above.

Analysis of hematopoietic stimnlating activity in condi-
tioned media The conditioned medium (CM) of
MISK81-5 and sMISK cells cultured for 4 days was
harvested and centrifuged. The supernatant was frozen at
—20°C until use. To analyze the hematopoietic activities
in these CM, stem cell assay was performed using mouse
bone marrow cells (BDF;, 10-20 weeks old, female,
Japan SLC). Details of this assay are described in the
literature.”™™ On day 7, granulocyte (G), granulocyte-
macrophage (GM) and macrophage (M) colonies were
counted under an inverted microscope, according to
morphological criteria.'™ To confirm the G-CSF activ-
ity in CM, goat anti-hrG-CSF polyclonal antibody {Cen-
tral Research Laboratories of Chugai Pharmaceutical
Co. Ltd., Tokyo} was added to the stem cell cultures,
Quantitation of human G-CSF and IL-6 in the CM by
means of an enzyme-linked immunosorbent assay
(ELISA). Human G-CSF and IL-6 in CM of MISK&1-
5 were quantified by using ELISA systems (Amersham
International ple, Buckinghamshire, UK). Other CM of
six human carcinoma cell lines, HSC-2, HSC-3, HSC-4,
MKN 28, MKN 45 and MKN 74 (supplied by the
Japanese Cancer Research Resources Bank, Tokyo) were
also prepared and quantified. The HSC and MKN series
were human oral SCC and pastric cancer cell lines,
respectively.

The in vitro effect of human recombinant G-CSF and
IL-6 on the growth of MISK81-5 MISKS8I1-5 cells
were cultured in 5 ml of ®-MEM containing 10% FCS
with or without human recombinant G-CSF (hrG-CSF,
Kirin Brewery Co. Ltd., Tokyo) or human recombinant
IL-6 (hrIL-6, Central Research Laboratories of Ajino-

Immunohistochemical Staining of MISK81-5 Cells

Primary antibodies™

Positive MISK81-5

No. Designation

Immunized animal cells (%)

1. Anti-epidermal growth factor (EGF) recetor

2. Anti-human epithelial membrane antigen (EMA)

3. Anti-keratin, wide spectrum screening®’
4, Anti-vimentin
5. Anti-desmin

mouse, monoclonal 100
mouse, monoclonal 9.1
rabbit, polyclonal 98.0
mouse, monoclonal 0
mouse, monoclonal 0

a) No. 1 antibody was purchased from Oncogene Science Inc. (Uniondeal, NY) and No. 2-5 from the

Dako Corporation (Carpinteria, CA).

b} Two hundred cells were observed, and the percentage of positive cells was calculated.
¢) No. 3 is specific for epidermal keratin subunits of 60, 58, 56, 52, 51 and 48 kDa.
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moto Co., Inc., Yokohama). Six days after cultivation,
the trypsinized cells were harvested and the cells were
counted.

Statistical analysis Statistical analysis was performed
using Student’s 7 test with Welch’s correction. Differ-
ences between groups were considered significant if the
P value was less than 0.05.

RESULTS

Morphology and growth of cultured cells The MISKR1-5
cells growing on the bottom of culture dishes were poly-
gonal, and proliferated in a pavement-like arrangement
(Fig. la). Multiplication or piled-up foci were rarely
observed. The growth profile of sMISK was similar to
that of MISKg&1-5. However, multiplication and piled-up
foct were often present in cultured sMISK, Ultrastruc-
turally, the outline of the cells was almost smooth with
poorly developed spinous processes (Fig. 1b). An inter-
cellular bridge-like structure between each cell was occa-
sionally observed. Cell junctional apparatus such as tono-
fibrils, zonula adherens and desmosomes, was also poorly
developed. The cytoplasm contained a large number of
poly-ribosomes and secondary lysosome-like intracyto-
plasmic structures.

Immunocytochemically, all MISK81-5 cells were posi-
tive for the EGF-receptor. Most MISK81-5 cells reacted
with rabbit antisera containing polyclonal anti-keratin
antibodies. The anti-EMA antibody reacted with 9.19% of
the MISK81-5 cells. No immunoreaction to the anti-
vimentin or anti-desmin antibody was detected (Table I).

R 5

Fig. 1.

Phase-contrast

micrograph and electron microscopy of MISK81-5. Polygonal-shaped MISK81-5 cells are seen attache

" SCC Cell Line Producing G-CSF

The doubling time during the logarithmic growth
phase was calculated to be 25 h.
Chromosome analysis The chromosome number varied
within a hypertriploid range from 72 to 79 in a sample
of 50 metaphases. The modal number was 77. Common
changes in 10 cells were as follows. The numerical
changes including no copies of the normal chromosomes
1, 2, 3 and 13, one copy of the normal X chromosome,
three copies of the normal chromosome 18, and struc-
tural changes including 1p+, 19—, 2p—, 3p+gq—, 5q—,
8q+, 13p+, 14q—, 15p+, 16q+, 19p+ and Xp-+, and
9-13 unidentified marker chromosomes were observed.
In addition, one copy of chromosome 17, three of chro-
mosome 7 and four each of chromosomes 6 and 9 were
also detected in 9 of 10 cells. In 8 of 10 cells, i(5p)
was observed. Furthermore, two structural profiles of
3p+q—, 10p—+ and Xp+ were identified.
Tumorigenicity The MISK81-5 cells transplanted into
the subcutaneous tissue of nude mice did not form any
tumor masses (n=10). However, the cells formed small
tumors (n=4, 8 X5X3-5xX3X2 mm) when coinjected
with Matrigel. The sMISK cells proliferated without
Matrigel in nude mice and formed larger tumors (n=35,
14X 12 X 6-10X7 X 3 mm), and induced marked myeloid
hematopoiesis in bone marrow, granulocytosis in the
lung and/or granulocytic extra-medullary hematopoiesis
in the liver, lymph node and spleen with or without
splenomegaly. The histological findings of the tumors
were similar to those in well-moderately differentiated
squamous cell carcinoma with expansive growth, without
invasion or matastasis.

G

i

to the bottom of a culture dish, and proliferated in a pavement-like arrangement. Multiplication or piled-up foci are rare (a,
»330). The outline of the cytoplasm is relatively smooth, and poor in spinous processes, Large numbers of secondary lysosome-
like dense materials are dispersed in the cytoplasm (b, X 2100, bar=>5 mm).
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Table II. Hematopoietic Stimulating Activity in MISK81-5 and sMISK CM by Stem Cell Assay
Anti-G-CSF Number of colonies (mean*SE, n=4)
Samples . o)
antibody G GM M
None (control) - 0.34+0.3 0 1.0+0.7
20 ng hrG-CSF - 8.010.6% 0.3£0.3 3.0104
7wl 0 0 4]
20 ng hrIL-6 — 6.811.09 3.0£0.79 4.81.0.9%
7 1l 6.3£15 3.320.5 83110
109% MISK81-5 CM — 11.811.0% 4.810.69 5.8+1,19
7 1l 0 0 3.5+03
109 sMISK CM — 13.00.4% 6.320.87 7.0£0.49
7 ¢l 0 0 23109

a) A volume of 7 gl of goat anti-human G-CSF polyclonal antibody was enough to neutralize 40 ng
of G-CSF activity.

b) P<0.001, ¢) P<0.01, d) P<0.05, e) P<0.02, /) P<0.005, compared with control cultures.
Abbreviations of colonies; G, granulocyte; GM, granulocyte-macrophage; M, macrophage.

Table ITI. Evaluation of Human G-CSF and Human IL-6 in
Conditioned Media

Table IV. Effect of hrG-CSF or hrIL-6 on the Growth of
MISK381-5

G-CSF (ng/ml) IL-6 (ng/ml}) Growth factor

Samples mean=t 18D mean~ ISD No hrG-CSE holl6
Medium® <0.01 (n=4) <0.01 (n=4) ne (20 ng/ml) (20 ng/ml)
MISK8i-5 CM 19.38t479 (n=4) 1.611:0.19 (n=4) mber a}

HSC-2 CM 2.590.09" (n=2) 1.1710.06° (n=4) NFX?Es’ Oj:cilis 21105 1.7£03 2.040.3
HSC-3 CM 3.10£0.14" (n=2) 0.35:20.03% (n=2) -

HSC-4 CM 0.03+0.019 (n=2) 0.93F0.019 (n=2) MISKSI-S cells (1.7x<10Y) were cultured in @-MEM con-
MEKN 28 CM <0.01 (n=2) 0.01 (n=1) taining 10 9% FCS with or _without hrG-CSF or hrIL-6, On
MEN 45 CM <0.01 (n=2) 0.03 (n=1) day 6, the number of trypsinized cells was counted.

MKN 74 CM <0.01 (n=2) 0.01 (n=1) @) The number of cells represents the mean+SE.

Human G-CSF and IL-6 levels in various conditioned media
were measured using human G-CSF and TL-6 ELISA kits
(Amersham), respectively.

a) Medium (@-MEM) contained 10% fetal calf serum.

b) P<0.01,c) P<0.05,d) P<0.001, ¢) P<0.005, compared
with the quantities of G-CSF and IL-6 in MISK381-5 CM.

Hematopoietic stimulating activity in the conditioned
medium MISKS81-5 and sMISK CM both stimulated the
formation of G, GM and M colonies by mouse bone
marrow cells (Table IT). These activities were similar to
those of hrG-CSF and hrIL-6."*'® The G-CSF activity in
CM was neutralized by goat anti-G-CSF antibody. How-
ever, M colony formation was not completely abolished
by anti-G-CSF antibody.

Evaluation of human G-CSF and IL-6 in conditioned
media The colony-forming activity of CM suggested
that the MISK81-5 cells produced and released G-CSF or
IL-6 into CM.'*'® Therefore, we quantified these factors
in MISK81-5 CM by ELISA. The concentrations of
G-CSF and IL-6 in CMs of MISK81-5 were 19-32 ng/ml
and 1.61-3.55 ng/ml, respectively. These values were
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significantly higher than those in the CMs obtained from
other cell lines. Representative experimental data are
shown in Table III.

Effect of heG-CSF or hrll-6 on the in vitro growth of
MISKS81-5 cells The ir vitro growth of MISK81-3 cells
was not modified by hrG-CSF or hrIL-6 at a concentra-
tion of 20 ng/ml (Table IV).

DISCUSSION

We established a new SCC cell line, MISK.81-5, from a
metastatic lymph node of a poorly differentiated buccal
SCC, and maintained it for over 70 serial passages. The
poorly differentiated characteristics of the primary carci-
noma seemed to have been inherited by MISK81-5 as
judged: from morphological and immunchistochemical
examinations.

The MISK81-5 cells injected into the subcutaneous
tissue of nude mice were not tumorigenic. However,
coinjection with Matrigel'™'® resulted in tumor forma-
tion. The major component of the Matrigel is laminin,



which promotes cell adhesion, migration, growth and
type IV collagenase activity.'?" These properties of
laminin in Matrigel may have augmented the tumori-
genicity of MISK81-5 cells in nude mice. However,
sMISK derived from the MISK81-5 cells had a higher
tumorigenic potency without Matrigel. Therefore it is
likely that an essential alteration of cellular properties
had occurred in the sMISK cells.

Hematopoietic stimulating factors play important roles
in the proliferation, invasion and metastasis of malignant
tumors,"* and several SCC cell lines produce and release
some hematopoietic stimulating factors. "% The pres-
ent study disclosed that the MISK81-5 cells produce and
release more G-CSF than other cell lines derived from
SCC and adenocarcinomas. The host patient of the
MISKS81-5 cell line showed a developing granulocytosis
consisting of mature neutrophils according to the pro-
gression of carcinoma tissue. This phenomenon may be
related to the high G-CSF-producing ability of MISK381-
5, and therefore the G-CSF productive potency seems to
be an essential property of the primary carcinoma cells.
However, little is known about the mechanism by which
SCC cell lines produce excessive G-CSF.” G-CSF is
coded by a single gene located on the g21-q22 region
of chromosome 17.2 The chromosomal analysis of
MISKS81-5 revealed only one copy of chromosome 17.
Therefore, the numerical anomaly of chromosome 17 in
MISKS81-5 cells may be related to the high level of
G-CSF production. Further analyses of the chromo-
somes as well as other factors in MISK81-5 should be
performed to solve this issue.

Berdel et al. have reported that G-CSF directly stimu-
lates the growth of some non-hematopoietic tumor cells
in vitro." However, the in vitro growth of MISK 81-5 was
not modified by hrG-CSF in the culture media at a
concentration of 20 ng/ml, suggesting the lack of a direct
effect of G-CSF on the growth of MISKE&1-5 cells. It
has been suggested that neutrophils activated by G-CSF
promote the growth, invasion and metastasis of tumor
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