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Establishment and Characterization of Novel Cell Lines from
Sinonasal Undifferentiated Carcinoma

Yoko Takahashi', Michael E. Kupferman', Diana Bell 2, Tilahun Jiffar', June Goo Lee', Tong-Xin Xie',
Ning-Wei Li"*, Mei Zhao', Mitchell J. Frederick”, Aexander Gelbard®, Jeffrey N. Myers', and Ehab Y. Hanna'

Abstract

Purpose: Sinonasal undifferentiated carcinoma (SNUC] is a rare and aggressive cancer. Despite theuse of
multimodality treatment, the overall prognosis remains poor. To better understand the biologic features of
SNUC and help develop new therapies for the disease, we established SNUC cell lines and characterized their
biclogic behaviors.

Experimental Design: Cell lines were established from a patient with a T4ANOMO SNUC of the right
maxillary sinus who was rreated with surgical resection at our center. Tumor colonies were harvested and
were sequentially replated onto larger plates. Two populations were devel oped and labeled MDAST88-6 and
MIDAB788-7. These cell lines were characterized with molecular, biomarker, functional, and histologic
analyses.

Results: Short tandem repeat genotyping revealed that the cell Hine is isogenic to the parental tumor, and
cytogenetic analysis identified 12 chromosomal translocations. The SNUC cell lines do not form coloniesin
soft agar but are tumorigenic and nonmetastatic in an orthotopic mouse model of sinonasal cancer. Western
blot analysis revealed that both MDAS788 cell lines express epithelial markers but do not express
mesenchymal markers or the endocrine marker synaptophysin.

Conclusions: This is the first report of the establishment of stable human-derived SNUC cell lines. The
lines were highly tumorigenic and maintain the histologic and molecular features of the original tumor.
These cell lines should serve as useful tools for the future study of SNUC biclogy and the development and
testing of novel therapies for this deadly disease. Clin Cancer Res; 18{22); 1-10. ©2012 AACR.

structures, often extends into the orbital or cranial cavity,
and can metastasize (o the cervical lymph nodes, lungs,
bones, brain, and liver (2, 4-6).
The treatment ﬁf SNUC includes aggressive multimodal
zh erapy with radiotherapy and chemotherapy and, in some
instances, surgery f§ »b}, Despite aggressive management,
the prognosis remains poor, and the median survival time
from diagnosis is less than 18 months {2, 3}
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Sinonasal undifferentiated carcinoma [SNUC) is a rare,
highly aggressive cancer that arises in the nasal cavity and
paranasal sinuses. Initially described by Frierson and col-
leagues in 1986 (1), this tumor is on the spectrum of
neurcendocrine sinonasal malignancies, which indudes
sneuroblastoma, newroendodarine carcinema, and
11 {d% carcinoma. There is a male predominance [2-
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Translational Relevance
- Sinonasal undifferentiated carcinoma (SNUC) is a
rare, highly aggressive cancer that arises in the nasal |
cavity and paranasal sinuses. Treatment of SNUC
includes aggressive multimodality therapy, including
chemoradiotherapy and surgical resection when needed,
Despite aggressive management, the prognosis remains |
poor, and the median survival time is less than 18
-months. Because of the rarity of this disease, few studies
on SNUC have been conducted, and most of these are
foeused upon improved diagnostic accuracy. To under-
stand the biologic characteristics of SNUC and to devel-
ap novel alternative treatments, it is essential to establish
a reliable and phenotypically accurate wmor model
system for SNUC. Here, we report the establishment
and characterization of two novel SNUC cell lines that
are highly tumorigenic and maintain the histologic and
molecular features of the original tumor. These cell lines
may serve as useful tools for the future study of SNUC
and in the development and testing of novel therapies |
for this deadly disease.

before undergoing surgical resection of the residual tumor.
Under an approved Insttutional Review Board protocol, a
portion of the resected specimen and matching normal
tissue were collected.

Ultrastructural characterization of the SNUC specimen

Transmission electron microscopy was conducted by the
High Resolution Electron Microscopy Facility at MDACC. A
sample was taken from the central portion of the solid
runor from the sinonasal cavity specimen immediatel
after surgical extirpation and was preserved in a solution
containing 3% gltaraldehyde, 2% formaldehyde, and
0.1 mwlfL cacodylate (pH 7.3}, Ultrathin sections were cut
with an LKB Ultracut microtome [Leica), stained with
nyl acetste and lead citrate in an LKB Ulgostainer, and
mined with a EM 1010 transmissi ' i
scope (JEOL) at an iu@Eem!zg*g voltag
%zz’zgws’% were obtain aé $

mycin ;m% was then
1 f;}f{,{é into l-w2.

regular trypsin-EDTA solution, the cells were treated with
TrypLE Express Stable {Invitrogen) when they were expand-
ed. Cells were maintained in 10% FBS DMEM mmmnmg
0.1 mg/mb of Primocin (InvivoGen). Two populations
originally from independent colonies were designated
MDAB788-6 and MDAS788-7 on the basis of their inital
colony numbers. Both the MDAS788-6 and MDAS788-7
lines were free from mycoplasma and murine pathogens by
the Infectious Microbe PCR Amplification Test {University
of Missouri, Research Animal Diagnostic Laboratory,
Columbia, MO},

Acquired cell lines and cell culture

Three established human head and neck squamous
carcinoma cells lines were used, UMSCC33, OSC19,
MDA1386LN, and an established cancer-associated fibro-
blast cell line. All cell lines were grown on tissue culture
dishes in DMEM supplemented with 10% heat-inactivated
FBS.

Short tandem repeat genotyping

‘The genomic DNA from the acquired cell lines and from
the original fresh-frozen tssues were extracted using the
Gentra Puregene Cell Kit (Qlagen, Inc.) following the man-
ufacturer’s instructions. Short tandem repeat (STR) geno-
typing was conducted by the Characterized Cell Line Core
Facility at MD Anderson.

Karyotyping

G-banding and spectral karyotyping were conducted by
MD Anderson’s Molecular Cytogenetics Facility by using the
following procedures.

Chromosome preparation.  Exponentially growing cells
were exposed to colcemid {0.04 ug/ml) for 25 minutes at
37°C and hypotonic treatment (0.075 mol/L KCI) for 20
minutes at room temperature. Cells were fixed in a meth-
anol and aceticacid {3:1 by volume) mixture for 15 minutes
and washed 3 times in the fixative. The slides were air dried
and processed for G-banding and speciral karvotyping,

G-banding. C-banding was conducied by treating the
slides in trypsin and swaining with Cilemsa stain using a
routine laboratory procedure (1) to characterize the ¢
genetic alterations. Stides were analyzed using an |
E400 microscope {1 1 inc, and images of metaphs

v c;’sg}{;im;% ng an Agmé i %;}ii{é?&l Imaging systerm
equipped wi %z amera and karvoiyping st‘gfwire A mini-
i of 1 > 20 metaphases wer ¢
sample

f’ai}%ti?’/if §zg§r;sgz3f§sfgg Spectral karvotyping was con-
ducted the manufaciurer's protocol using
plied Spectral Imaging)
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Cell proliferation assay
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hours, the culiure media were remaoved; 100 pl of double
distilled water was added: and the plates were frozen
and thawed 3 times. A total of 100 ul of Hoechst 33342
solution {20 pmol/L in 10 mmol/L Tris-HCL 2 mol/L NaCL
1 mmol/L EDTA, pH 7.4; Invitrogen} was added and mea-
sured at 360 nm excitation and 460 nm emission. The
proliferation data were analyzed using GraphPad Prism 5
(CraphPad Software, Inc.).

Soft agar colony formation assay

‘Ten thousand MIDAB788 cells were suspended in 0.3%
agarose {Lonza Walkersville, Inc.) in DMEM containing
209 FBS. This suspension was overlaid onto a solid layer
of 0.6% agarose in a 6-well plate. The cells were treated with
fresh DMEM containing 20% FBS every other day. Three
weeks later, the cells were fixed with methanol, stained
with 0.02% crystal violet, and photographed at 10
magnification.

Anoikis assay
For determination of anoikis resistance, 2 x 10° viable
MIDAS788 cells were cultured as previously described (12).

Migration and invasion assays

Migration and invasion assays were conducted as previ-
ously described {13) using OSC19 cells asa positive control.
Briefly, 4 > 10° cells were plated on cell culture insert wells
or Matrigel-coated wells (BD Biosciences) in DMEM con-
taining 10% FBS, and the degree of migration was deter-
mined after 48 hours.

Protein analysis

The cells from all lines {MDAB788-6, MDAS788-7,
MDALZGRLN, O8C19, UMSCC33, and cancer-associated
ﬁi}*’abizzsm) were lysed in lysis buffer (50 mmol/L HEPE

150 mmol/L NaCl, 10 mmol/L EDTA, 10% glycerol, 1
Triton X-100, pil 7.5} with proteinase ni}szwis (‘i mmol/L
sodium orthovanadate, 1 mmol/L }htmf methyisu foz;y
fluoride, »x1 Complete protease mhsbi{sg cockuail; Roche
Holding, Inc). Organ homogenates in TNN  buffer
{50 mmol/L Tris-HCl {pH 7.4}, 150 mmol/L NaCl
5 mmol/L EDTA, 0.5% Nonidet P-40] were clarified by
centrifugation {total lysate}). Antibodies wer as
fe §i{,m:> g;}afa»kz:;g;{‘ Thermo Fis ; Eezzziééij,,
okeratin 8 (N )

1

19 {Ab-1,
tific), vimentin
-cadherin; BD

37, B Biosciences),

sored, and actin and

dherin
“39 %6%

as previou sty

Animal care

Male nude mice {aged 6-8 weeks) were purchased from
the Animal Production Area of the Natdonal Cancer
Institute-Frederick Cancer Research and Development
Center {Frederick, MD)}. The mice were maintained in a
pathogen-free environment and fed irradiated mouse
chow and autoclaved reverse osmosis-treated water at
facilities in accordance with current regulations and stan-
dards of the LLS, Department of Agriculture, U5, Depart-
ment of Health and Human Services, and the NI The
mice were used in accordance with MD Anderson’s
Animal Care and Use Guidelines, and all animal proce-
dures were done in accordance with a protocol approved
by the institution’s Instirational Animal Care and Use
Committee

-

Subcutaneous flank model

A total of 7 or 8 mice per cell line underwent subcuta-
neous injection with 1 x 10° cells suspended in avolume of
200 pl of PBS directly into the right flank with a 1-mL
tuberculin syringe (Hamilton Co.) and a 30-gauge hypo-
dermic needle. The same number of the cells suspended ina
volume of 100 uL of PBS with 100 ulL of Matrigel Matrix
Growth Factor Reduced (BD Bioscience) were also injected
into the lefr flank of the same mice because Matrigel is
known to enhance the tumorigenicity of a wide range of
cancer cell lines in vive {15). Injected mice were then
examined twice weekly for tumor development. When
present, twmors were measuwd using calipers in cepha-
lad-to-caudad and lefi-to-right dimensions. Tumor volume
was calculated as V = AE* (1/6), where A is the longest
dimension of the umor and B is the dimension of the tumor
perpendicular to A, When the longest dimension reached 15
mm, the animals were euthanized with CO,. At the time of
death, the tumors and langs were harvested and placed in
10% buffered formalin soludon overnight for fixation.
Hematoxylin and eosin (H&FE) staining was used on histo-
jogic sections.

Orthotopic skull base model
We vwzsg the soft palate model that was
our group [16). Briefly, 1 x ‘éé}éz MDAS
gaggrgms; ed in a volume of 15 pb of | 3!’% wi%z 15 pl
iniected into the muscle of the soff 3
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followed by high-resolution sagittal T,-weighted RARE
scans [TE/TR 60/3,000 ms, 20 x 15 mm” field of view
{(FOV), 256 x 128 image matrix, 1 mm slices, RARE factor
8, 5 averages|, geometrically matched axial T,-weighted
spinecho (TE/TR 11.5/1,000 ms, 20 x 15 mm” FOV, 256
x 128 image matrix, | mm slices) and T,-weighted RARE
images (TE/TR 60/3,000 ms, RARE factor 8, 5 averages) of
the paramedian dorsal skin,

tmages were viewed using ParaVision software {Bruker
BioSpin} and Imagel analysis software {rsb.info.nth.gov/
1j/). Measurements were taken after comparizon of T,
and T images to confirm consistency of cutaneous micro-
anatomic strata. All measurements were taken using
ParaVision software on representative T,-weighted axial

stices.

We euthanized mice with CO.» when they became mor-
ibund. At the time of death, the full heads of mice were
obtained, fixed in formalin solution for 48 hours, decalci-
fied in 5% formic acid for 4 days, and paraffin-embedded.
H&E staining was done on histologic sections of the head 1o
determine the extent of tumor growth and the degree of
invasion into surrounding structures.

Statistical analysis

The unpaired 2-tailed ¢ test was used to compare the
differences in mean twmor volume between 2 groups
{with or without Matrigel for the tumor injection} with

GraphPad Prism 5. P < 0.05 was considered statistically
significant.

Histopathologic and genetic characteristics
Pathologic analysis of the original tumor was con-
ducted and compared with the established cell lines. H&E
staining of the primary tumor from the patent’s biopsy
showed small- to medium-sized polygonal cells that
formed nests, sheets, ribbons, and trabeculae (Fig. 1A},
characteristic of the classical SNUC morphology. {1} After
the induction chemotherapy, the tumor had developed a
slight squamoid appearance (Fig. 1B). Electron micros-
copy indicated undifferentiated polygonal cells with
sparse intracellular membrane structures, as well as ribo-
somes, neurosecretory granules, and lipid-filled vacuoles
{Fig. 1C, left); higher magnification showed that micro-
tubules were present along with rough endoplasmic retic-
ulumn, polyribosomes, and membrane-bound, dense-core
neurosecretory granules (Fig. 1C, right). The established
cell lines grew as adherent and tightly packed monolayers
with a polygonal shape and large nuclei (Fig. 1D). The
morphology was maintained across all cell passages. STR
fingerprinting was conducted to characterize the isogenic
nature of the MDA8788 cell lines to the parent tumor.
All DNA extracted from the original specimen and the 2
new lines had identical STRs (Supplementary Table}.

.
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Comparison (o the American Type Culture Collection STR
database and STR data from 49 cell lines in our laboratory
revealed that MIDAS788 is a unigue cell line, distinct from
all others in our collection.

Cytogenetic analysis

Cytogenetic analysis of the MDAS788 cells was con-
ducted by using C-banding and spectral karyotvping anal-
ysis. G-banding analysis revealed that 12 clonal markers
{m1-m12; Fig. 2A and Supplementary Fig. S1) were shared
by both cell lines. By combining G-banding and spectral
karvotyping analysis {Fig. 2B), the following translocations
were identified: m1 t {117}, m2 t {1:22), m3 ¢ {1:15), md ¢
(2:12), m5 t{4:15), m6 t{3:6}, m7 ¢ (8:19), m& ({910}, mY
£(9:16), m101(13:13), mi1 t {14, 14}, and m12 ¢ (18:19).

Phenotypic behavior of MDAS78S cell lines

We next assessed the replicative behavior of the estab-
tished cell lines using Hoechst 33342 fluorescence dye. The
doubling time of both MDA8788 cell lines was found (o be
approximately 40 hours, which was slower than a median

deubling time of 26.3 hours in head and neck squamous
cancercell lines { 10). To examine the ability of the tumors to
grow under anchorage-independent conditions, we con-
ducted soft agar assays on both cell lines. Neither cell line
formed colonies after 3 weeks, whereas MDAI386LN cells
formed large colonies (Fig. 3A). To test whether the
MIDAS788 cells are resistant to anoikis (anchorage-depen-
dent programmed cell death), the cells were grown in
suspension culture at various time points. Within 72 hours,
most of the MIDAS788-6 cells died, whereas the MDAS788-
7 cells displayed a 309 viability (Fig. 3B). These results
suggested that while the SNUC cell lines had behavior
characteristics that were reminiscent of squamous cell car-
cinomas, the lack of growth in soft agar and the relative
anoikis sensitivity suggested a more epithelial-like pheno-
type. To examine the migratory and invasive potential of
the SNUIC cells, the MDAS788-6 cells were evaluated by in
vitro Transwell migration and invasion assays. MDAB788-6
did not migrate or invade, even after 48 hours, whereas
08019 showed both invasion and migration {Supplemen-
tary Fig. $2).

we 2. Cytogenetic analysis of
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Epithelial-mesenchymal transition and
neurvendocrine markers in SNUC cells

As SNUC tumors display both epithelial and mesen-
chymal biologic features, we next sought to examine
whether the established SNUC cells express epithelial
and mesenchymal markers by Western blotting {Fig.
44}, Both MDAS788 cells displayed high expression of
pan-keratin, whereas the original tumor sgeumgn had
minimum expression compared with the SNUC cell lines,
O8C19 {used as a positive control} and U;‘»ﬁbi,i;., 33 {used
as a representative of squamous cell carcinoma from the
maxillary sinus). To mgaé‘s i%@e types of cytokeratin the
SMUC cells were & 2 antibodies recognizing
cyt a)kemam 8 and I} were sxeu \s%’e%ész?; amzzmé i‘m

;,5 vimentin, or

ing the course of cell
the other hand, th
na i-zef"«* inciudi ing ¢ %ia
determinethe o

the other hand, the nontumor area expressed mesenchymal
markers (¢-SMA and vimentin, Supplementary Fig. 540
and S4E, respectively) but did not express epithelial mar-
kers. Because SNUC is a neurcendocrine tumor, we also
studied the expression level of synaptophysin, Neither the
original tumor nor the MDAS788 cell lines showed any
synaptophysin staining {Fig. 4B}, which is consistent with
the immunochistechemical profile conducted on the origi-
nal mumor {data not shown),
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A

4, Exprassion pattern of
al-mesenchymal transition
and endocrine markers in SNUC

selts, Expression patiern of various Fan-Keratin
epithelial and mesenchymal markers Short exposure
was analyzed by Wastern blotting. A,
the original tumor and the 2
MDAS788 cell lines expressed tong exposure
apithelial markers (pan-keratin,
cytokeratin B, cytokeratin 19, E- Cytokerating
cadherin, and f-catenin} but did not
Short exposure

express mesenchymal markers (N-
cadherin, vimantin, and ¢-SMA}L Cell
lines used for positive controls were
0OSC18 (for pan-keratin, cytokerating
R and 19, E- and N-cadherins, and

Lorg exposure

B-catening, MDA138GLN {for Cytokeratin1a
vimentin}, and cancer-associated

fibroblast {CAF, for a-SMA) The

arrowhsad shows the molecutar

welght corresponding to N-cadherin E.cadherin

B, syraptophysin expression was
negative in the original tumor and
hoth MUABY88 cell ines. Tota brain
lysate from a mouse was used as a
positive control. UMSCC38 was
used as a representative of sinonasal

H-cadherin >

squamous cell carcinoma, GAPDH, f-catenin
glyceraldehyde-3-phosphate
dehydrogenase.
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Orthotopic skull base model of MDAB78S cells

1o examine whether the SNUC cells represent clinical
features, we injected MDAS788-6 cells into the soft palate of
mice. The implanted cells developed visible mmors in nude
mire and tumor invasion into the brain was observed by a T,
shired fmage (Fig. 6A and B). Staining with H&E showed
local invasion into muscle {Fig. 6C), bone (Fig. 6D}, nerve
(Fig 6E), blood vessels (Fig. 6F), and lyrophatic vessels (Fig.
é(;} ‘the in vivo beh“ﬂwr rwccurately reflected the invasive
nature of SNUC wimors in patients.
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The development and evaluation of new therapeutic
approaches for SNUC has been limited by alack of available
models. To better understand and overcome the poor out-
comes of patients diagnosed wi{h this disease, establish-
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of them were isolated from squamous cell carcinomas (9,
10} and one was established from an intestinal-type sino-
nasal adenocarcinoma {20]. No stable SNUC cell lines had
been reported before the development and characterization
of the cell lines reported here. These new cell lines are
designated MDABTS 88-7, and they were
derived from a T4N right maxillary sinus
of a 7d-year-old fe ,,;sk w?;o was f%agﬁe&m ;}.ﬁ:; wreated at
OUF CEnIET. fiic
nature of the Z;

o

le through-
our newly estab-
ase, making

out cell cu
ished gﬁél aii

(‘ﬂt\r

48 In our s
- g g
tiong  were niified
- None f‘sfig'%&i"*ss? t %i
studies of SNUCs {2
e the functional %:',




Published OnlineFirst on October 2, 2012; DOL10.1158/1078-0432.CCR-12-1878

Takahashi et al.

>
-
b
bl

e

Tumor volume (mm®)
Ferd
[
f)

400
200 e 339
; - t 2 o JENNRPITS
0 7 111418 21 25 28 32 35 29
Days after injection
B 1,200
& e 334
&= 1.000
£ s 335
~osoe
2 et 336
=2 800 .,
S el 337
5 400 i 3B
= =00 s 339
g ; * s DAL
G 7 1114 18 21 25 2B 32 35 39
Days after injection
C 1,200 ~ : R
o s With
“z 1,000 Matrigel
&=
~TB0O .
@ e Without
o N
= 800 Matrigel
g
§ 400 st
=1 ”
2 200

G 7 1114 18 21 25 28 32 35 38
Days after injection

Figurs 5. Heterotransplantation of
MUABT788-6 cells into nude mice.
Tumorigenicity was examined by
injecting cells into the flanks of the
mice, Each color in A and B
ndicates dentification number of
the mice. A, the cells injected into
the flanks without Matrigel formed
twmors in66% of mice (4 of 8 mice).
B, by adding Matrige!, tumors grew
farger and faster than the ones
without adding Matrigel. Tumor
formation was observed in 100%
ofanimals, C, meantumor sizes. D,
appearance of a subcutaneous
MDAB7E8-6 tumor in a nude
mouse. The cells were injectad into
the right flank without Matrigei and
nto the left flank with Matrigel, £,
the tumors from MDA8788-6 had a
simniiar histopathologic
appearance as that of the original
surgical specimen [H&E staining;
uriginal magnifications <40 {fop)
and

« 200 {pottom)].

tumor types have identified oncogenic activation of proto-
oncogenes at chromosomal breakpoints. Purther analysis of
the observed cyrogenetic abnormalities with muational
studies may vield potential molecular targets in this diseas
We found it interesting that d
narure of SNUIC in patients, the SNLK :
ant phenotype in tumor models, Tor exarmy
the do time of the cells was relat t
not form colonies in soft a they were relatively
sensitive 16 detachment. They
] the other
in the m

e

igenic po

heterotr

e used as
fired-

known that SNUC presents as large tumors involving mul-
tiple sinonasal structures, often extends into the orbital or
cranial cavity, and can metastasize to the cervical lymph
nodes, lungs, bones, brain, and i-6). Todeterming
i NLIC cell lines in replicating pheno-
IUC in patients, the cells w
o mice. Histologic examir

ors could invade into
i cavity, indicating that these SN

orthotopic model may work as powe

Is were
, and cytokeratin 19,
specimens at high rates




Published Onlin

First on October 2, 2012; DOL10.1158/1078-0432.CCR-12-1878

Novel Experimental SNUC Model
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ansplantation of MDAS788-6 celis
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markers. This may be the result of contamination of non
tumor cells, such as cancer-associated fibroblasts. Neither
the surgical specimen nor the SNUC cells expressed synap-
tophysin, despite this tumor's neurcendocrine classifica-
tion. Some researchers have already reported that SNUC can
often be synaptophysin-negative consistent with our find-
ing (4, 8, 23, 27},

In summary, this is the first report of establishing stable
human-derived SNUC cell lines. The cell lines are highly
tumorigenic and maintain the histologic and molecular
features of the original tumor when grown in murine
models. Therefore, these lines may serve as useful wols for
future studies of SNUC tumor biology, as well as in the
development and testing of novel therapies for this deadly
disease.
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