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Abstract
The long-term outcome of patients with mucoepidermoid carcinoma is poor. Limited availability
of cell lines and lack of xenograft models is considered a major barrier to improved mechanistic
understanding of this disease and development of effective therapies.

Objective—To generate and characterize human mucoepidermoid carcinoma cell lines and
xenograft models suitable for mechanistic and translational studies.

Methods—Five human mucoepidermoid carcinoma specimens were available for generation of
cell lines. Cell line tumorigenic potential was assessed by transplantation and serial in vivo
passaging in immunodeficient mice, and cell line authenticity verified by short tandem repeat
(STR) profiling.

Results—A unique pair of mucoepidermoid carcinoma cell lines was established from a local
recurrence (UM-HMC-3A) and from the metastatic lymph node (UM-HMC-3B) of the same
patient, 4 years after surgical removal of the primary tumor. These cell lines retained epithelial-
like morphology through 100 passages in vitro, contain the Crtc1-Maml2 fusion oncogene
(characteristic of mucoepidermoid carcinomas), and express the prototypic target of this fusion
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(NR4A2). Both cell lines generated xenograft tumors when transplanted into immunodeficient
mice. Notably, the xenografts exhibited histological features and Periodic Acid Schiff (PAS)
staining patterns that closely resembled those found in human tumors. STR profiling confirmed
the origin and authenticity of these cell lines.

Conclusion—These data demonstrate the generation and characterization of a pair of
tumorigenic salivary mucoepidermoid carcinoma cell lines representative of recurrence and lymph
node metastasis. Such models are useful for mechanistic and translational studies that might
contribute to the discovery of new therapies for mucoepidermoid carcinoma.

Keywords
Mouse models; Salivary gland cancer; Xenograft; Oral cancer; Crtc1-Maml2; Tumor recurrence;
Metastasis

Introduction
Salivary gland cancers consist of a rare, yet rather diverse group of tumors that contribute to
2–6% of all head and neck cancers.1–3 They are divided into two main groups; those derived
from the major salivary glands (parotid, submandibular, sublingual) and those originating
from minor salivary glands lining the oral, nasopharyngeal cavity, and paranasal sinuses.1–3

There are more than 24 distinct morphological subtypes of salivary gland cancers
recognized by the World Health Organization.1–4 Among the most common types of
salivary gland tumors is the mucoepidermoid carcinoma, first described in 1895 by
Volkmann.5 The standard of care for patients with mucoepidermoid carcinoma is surgery
alone or in combination with radiation therapy, since chemotherapeutic drugs have shown
modest effects.2,3 The search for safe and effective therapies for mucoepidermoid
carcinomas is hindered by the relatively poor understanding of the pathobiology of this
disease. Access to research tools, such as cell lines and xenograft models, is critical for a
better understanding of the biology of salivary gland mucoepidermoid carcinomas and for
the development of mechanism-based therapies. Notably, findings obtained with salivary
gland mucoepidermoid carcinoma cells might be germane to the biology of mucoepidermoid
carcinomas in other sites (e.g. lungs, breast, thyroid gland).

Mucoepidermoid carcinomas represent 30–35% of all salivary gland tumors and originate
most often from major salivary glands.6 Mucoepidermoid tumors are graded (i.e. low,
intermediate, high) based on several characteristics, such as mitotic rate, relative frequency
of epidermoid and mucin-producing cells, cell differentiation, tumor size, cyst formation,
perineural invasion, and metastatic disease.4,5,7,8 While patients with low or intermediate
grade tumors have a 80–95% 5-year survival, patients with high grade mucoepidermoid
carcinomas exhibit a 5-year survival of only up to 40%.4,6 Notably, metastatic spread to
regional lymph nodes (30–70%) or to lungs and/or bone (10–20%) contributes to the poor
outcome of patients.2 The mechanisms underlying the processes of salivary mucoepidermoid
carcinoma migration and loco-regional invasion, as well as mechanisms involved in the
homing of these cells to the lungs and bone, are largely unknown.

Importantly, a chromosomal translocation t(11;19) generating a fusion oncogene that
consists of the mucoepidermoid carcinoma translocated gene (Mect)-1 (also called Crtc1, or
Torc1) fused to the mastermind-like gene family (Maml)-2 is present in 38–81% of
mucoepidermoid carcinomas.9–11 The resulting fusion protein is primarily found in low/
intermediate grade mucoepidermoid carcinomas and has been correlated with the prognosis
of patients.9,10,12,13 It has been shown that sustained expression of this fusion protein is
necessary for the tumor cell growth of salivary gland cancers.14 A proposed model for the
tumorigenic effect of the Crtc1-Maml2 fusion involves the activation of the Notch and/or
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cAMP-responsive element binding protein (CREB) signaling pathways leading to
phenotypic changes that characterize the pathobiology of mucoepidermoid carcinomas.15

Very few mucoepidermoid carcinoma cell lines have been established to date. The Grénman
laboratory generated the UT-MUC-1 cell line in the early nineties from a poorly
differentiated mucoepidermoid carcinoma, and showed that it is highly resistant to radiation
therapy.16 The NCI-Navy Branch in Bethesda, MD used tumor biopsies to generate 2
mucoepidermoid carcinoma cell lines (H292, H3118) and showed that both cell lines present
a reciprocal t(11;19) translocation.9 And finally, Queimado and colleagues have used viral
constructs containing the E6/E7 genes of HPV16 to stably transform the mucoepidermoid
carcinoma cell line UTSW-MEC49.17 Here, we report the generation of 5 new
mucoepidermoid carcinoma cell lines, and describe the detailed characterization of a highly
tumorigenic pair of cell lines from the same patient who presented with a local recurrence
(UM-HMC-3A) and lymph node metastases (UM-HMC-3B) four years after surgical
removal of the primary tumor. This constitutes a unique pair of mucoepidermoid carcinoma
cell lines that can be easily expanded in culture and that recapitulate the histology of the
primary tumor when transplanted into immunodeficient mice.

Materials and Methods
Tumor specimens and generation of UM-HMC cell lines

Cell lines were generated from salivary mucoepidermoid carcinoma tumors that were
surgically resected between March/2010 and August/2012, namely the University of
Michigan-Human Mucoepidermoid Carcinoma (UM-HMC) series. As a control, we also
established a cell line from a benign human pleomorphic adenoma (UM-HPA-1). Tumors
were minced in small pieces, passed through a 25-ml pipette and centrifuged at 1,000 RPM,
4°C for 5 minutes. Minced tumor specimens were then placed in a sterile petri dish (Fisher
Scientific, Pittsburgh, PA, USA) digested in 1× collagenase-hyaluronidase (Stem Cell
Technologies, Vancouver, BC, Canada) at 37°C for 45–60 minutes. Tumors were disrupted
manually every 15 minutes using a 25-ml pipette (1×) followed by a 10-ml pipette (2–3×) to
facilitate dissociation. Single cell suspensions were prepared by passing the mixture through
a 40-μm sieve (Fisher) placed in a Falcon tube containing 3–4 ml Fetal Bovine Serum (FBS,
Invitrogen). Red blood cells were lysed for 1 minute using AKC lysis buffer (Invitrogen,
Carlsbad, CA, USA) and spun at 1,000 RPM, 4°C for 5 minutes. Resulting cell populations
were cultured in a salivary gland medium (SGM) consisting of high glucose Dulbecco’s
Modified Eagle’s Medium (DMEM; Invitrogen) supplemented with 1% L-glutamine
(Invitrogen), 1% antibiotic (AAA; Sigma-Aldrich, St. Louis, MO, USA), 10% FBS
(Invitrogen), 20 ng/ml epidermal growth factor (Sigma-Aldrich), 400 ng/ml hydrocortisone
(Sigma-Aldrich), 5 μg/ml insulin (Sigma-Aldrich), 50 ng/ml nystatin (Sigma-Aldrich), and
1% amphotericin B (Sigma-Aldrich), as suggested.17 After culture for 2–3 months, the
antimicrobial regimen was changed to 5% Penicillin/Streptomicin (Invitrogen). Cell culture
medium was changed every 2–3 days and cells were passed (1:3) using 0.05% trypsin
(Invitrogen). Primary human dermal microvascular endothelial cells (HDMEC; Lonza,
Walkersville, MD, USA) were cultured in endothelial growth medium (EGM2-MV; Lonza).
This work was performed under approval from appropriate institutional review boards.

RT-PCR for CRTC1-MAML2 fusion oncogene
UM-HMC cells were plated at 2.0 ×105 cells per 100 mm3 dish and grown to 90%
confluency in SGM. RNA was extracted using TRIZOL (Invitrogen) and one-step PCR
(Invitrogen) was performed, according to manufacturer’s instructions. Primer sequences
used to identify the CRTC1-MAML2 fusion were 5′-ATG GCG ACT TCG AAC AAT CCG
CGG AA-3′ (forward) and 5′-CCA TTG GGT CGC TTG CTG TTG GCA GGA G-3′
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(reverse) and result in a 196-base pair amplicon, as described.18 GAPDH was
simultaneously run for each sample as loading controls.

Western blots
Whole cell lysates were generated with a NP-40 lysis buffer and resolved by PAGE.
Membranes were probed with antibodies against human EGFR, E-Cadherin, Pan-cytokeratin
and B-actin (Santa Cruz Biotechnology, Santa Cruz, CA, USA); Cytokeratin-7 and
Vimentin (Cell Signaling, Beverly, MA, USA); CRTC1 (MECT1; Abcam, Cambridge, MA,
USA); and NR4A2 (Sigma-Aldrich) overnight at 4°C.

UM-HMC-derived xenograft tumors
1×105 UM-HMC-3A (passage 14) or UM-HMC-3B (passage 27) cells and 9×105 HDMEC
(Lonza) were seeded in biodegradable scaffolds and co-implanted subcutaneously in the
dorsal region of severe combined immunodeficient (SCID) mice (CB-17 SCID; Charles
River, Wilmington, MA, USA), as we described.19,20 First through fourth passage tumors
were surgically retrieved when they reached 800–1,000 mm3. To maintain tumor
propagation in vivo, xenografts were digested (as described above) and 1×105 tumor cells +
HDMEC (9×105) were seeded in new biodegradable scaffolds and re-implanted into SCID
mice. Tumor tissues were retrieved, fixed overnight in 10% buffered formalin (Fisher) at
4°C, and processed for immunohistochemistry. Human tumor specimens and cell line-
derived xenografts were stained for Hematoxylin and Eosin and Periodic Acid Schiff (PAS)
at University of Michigan core facilities.

UM-HMC cell line authentication
To verify the identity of cell lines and cell line-generated xenografts, genomic DNA from
the patient’s tumor (reference), high passage UM-HMC-3A cells (passage 60) and UM-
HMC-3B cells (passage 50), or xenograft tumors generated with UM-HMC-3A (passage 14)
or UM-HMC-3B (passage 27) was purified using the Wizard Genomic DNA Purification
Kit (Promega, Madison, WI, USA). DNA genotyping by short tandem repeat (STR)
profiling was performed and analyzed independently by Biosynthesis Inc. (Lewisville, TX,
USA).

Results
In vitro characterization of UM-HMC cells

We had access to 4 specimens from surgical resections of human mucoepidermoid
carcinomas to perform this work. The information about the patient age, gender, tumor site,
grading and/or staging, and highest passage of the cell lines is provided in Table 1. We
generated multiple UM-HMC cell lines and one benign pleomorphic adenoma that was used
as control in selected experiments. Here, we will focus on the description and
characterization of the UM-HMC-3A and UM-HMC-3B pair. Small colonies of attached
cells were readily visible for UM-HMC-3A and UM-HMC-3B cells after 9 days of culture.
We observed that these cells maintained a cobblestone epithelial-like morphology for at
least 100 passages (Figure 1A).

RT-PCR analysis revealed that all UM-HMC cell lines expressed the Crtc1-Maml2 fusion
oncogene (Figure 1B). In contrast, human head and neck squamous cell carcinoma cells
(UM-SCC-74B) used as negative control did not express this oncogene. Western blot
analysis showed that all UM-HMC cell lines expressed wtCRTC1 and NR4A2, a member of
NR4A orphan nuclear receptors and prototypic target for Crtc1-Maml2 (Figure 1C). CRTC1
and NR4A2 expression was low or undetectable in adenoid cystic carcinoma cells (ACC-52)
used as controls.
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In addition, we evaluated the expression of epithelial and mesenchymal markers in the
mucoepidermoid carcinoma cells (Figure 1D). UM-HMC-1, UM-HMC-2, UM-HMC-3A
and UM-HMC-3B exhibited high levels of several epithelial markers, i.e. epidermal growth
factor receptor (EGFR), E-cadherin, pan-cytokeratin, and cytokeratin-7; and lower levels of
the mesenchymal marker Vimentin. In contrast, the UM-HPA-1, expressed no EGFR, E-
Cadherin, or cytokeratin 7; low levels of pan-cytokeratin and high levels of vimentin.

UM-HMC-3A, UM-HMC-3B cells generate xenografts that resemble the patient’s tumor
To verify the tumorigenic potential of the UM-HMC cells, we implanted all cell lines into
immunodeficient mice. UM-HMC-3A and UM-HMC-3B cells consistently generated
palpable xenograft tumors (Figure 2A, B). In ongoing experiments, transplantation of UM-
HMC-1 (cells at passage 10 or passage 40) and control UM-HPA-1 (passage 4), have yet to
grow into palpable tumors (Suppl. Figure 1). Histological analyses revealed that the
xenograft tumors exhibit areas populated primarily by epidermoid-like cells while other
areas are characterized by predominance of mucous-like cells, which is a typical feature of
mucoepidermoid carcinomas (Figure 2C).

To determine if UM-HMC-3A and UM-HMC-3B consistently generated xenografts with the
patient’s tumor characteristics, we transplanted these cells into SCID mice, waited until the
1st passage tumors reached approximately 1,000 mm3, digested them and transplanted the
resulting cells into new mice to generate 2nd passage xenografts that were analyzed by an
expert in oral pathology (Figure 3). The histology of the human tumors from which the cell
lines were derived was used as control. The 1st and 2nd passage xenograft tumors closely
resembled the human tumor morphology with areas of epidermoid cells (top inserts) and
mucous generating cells (bottom inserts) clearly visible (Figure 3). Similarly, the patterns of
Periodic acid Schiff (PAS) staining present in the human tumors are also shown in the 1st

and 2nd passage UM-HMC-3A and UM-HMC-3B-derived xenografts (Figure 4A),
suggestive of high levels of mucopolysaccharide secretion.21 PAS-positive globules are
readily visible in both, the human tumor and the cell line-derived xenograft tumor (Figure
4B).

To assess the specificity of the approach used for generation of tumorigenic
mucoepidermoid carcinoma cell lines, we also transplanted UM-HMC-2 cells (passage 5)
into SCID mice. The UM-HMC-2 cells consistently generated tumors, but the time to
palpability was longer when compared to UM-HMC-3A or UM-HMC-3B (Figure 2B).
Histological analysis of the xenograft tumors revealed similar morphological features as
those exhibited by the patient’s tumor (Suppl. Figure 2).

Interestingly, we observed an overall trend for quicker tumor formation with increased in
vivo passage of UM-HMC cell lines (Figure 5). The UM-HMC-3A cells generated 1st

passage xenografts within 133–260 days, 2nd passage xenografts at 77–91 days, 3rd passage
at around 55 days and 4th passage xenografts at around 42 days (Figure 5A). Notably, not all
transplantations of UM-HMC-3A generated xenograft tumors in the 1st passage. However,
the tumor take in subsequent passages of UM-HMC-3A was 100%. In contrast, we observed
a 100% tumor take of the lymph node metastasis-derived cell line (UM-HMC-3B) since the
1st in vivo passage (Figure 5B).

And finally, to confirm that the cell lines and xenograft tumors were indeed derived from the
patient’s specimens, we performed short tandem repeat (STR) profiling from the human
tumor, xenograft tumors and high passage UM-HMC-3A and UM-HMC-3B cells. The
genotypic analysis confirmed that cell lines were derived from the patient’s tumors and no
contamination of other cell types was detected (Suppl. Figure 3). Likewise, the STR
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profiling confirmed that the xenograft tumors exhibit the same genotypic signature as the
human specimen from which the tumor cells were isolated.

Discussion
The poor long-term survival of patients with malignant mucoepidermoid carcinomas
demands new tools to better understand the pathobiology of these malignancies and to
develop effective and safe therapies. Progress in this field has been hindered by the limited
availability of tumorigenic mucoepidermoid carcinoma cell lines and xenograft mouse
models. Here, we describe the process that led to the generation of several new
mucoepidermoid carcinoma cell lines, and show the detailed characterization of a unique
pair of cell lines derived from a patient with resistant disease. Notably, the features
represented by these two cell lines, i.e. local recurrence (UM-HMC-3A) and metastatic
spread (UM-HMC-3B) are the clinical features that ultimately determine the survival of
patients with mucoepidermoid carcinoma. These cell lines and related xenograft models
constitute a useful tool that can contribute to advances in the mechanistic understanding of
this disease and in the development of new therapies.

A key step in the establishment of new cell lines is the optimization of culture conditions,
particularly the selection of an appropriate cell culture medium. Using the cell culture
medium previously reported by Queimado and collaborators as a basis,17 we’ve introduced a
modification substituting RPMI for DMEM. The resulting medium appeared very
appropriate for establishing and maintaining the UM-HMC cell lines in vitro. However, not
all cell lines presented a robust growth for extended number of passages. While the UM-
HMC-3A, UM-HMC-3B, and UM-HMC-1 have been expanded for 70–100 passages, other
cell lines have proved to be more challenging in regards to in vitro expansion (e.g. UM-
HMC-2). We thought initially that the difficulties associated with the continuous expansion
of these cells in vitro were due to the high proportion of stromal fibroblasts in these cultures.
However, the UM-HMC-2 cells present an epithelial expression profile (i.e. high EGFR, E-
Cadherin, Pan-cytokeratin, Cytokeratin-7; and low Vimentin) but have been difficult to
culture in vitro. Also, while robust in vitro growth correlates well with generation of
xenograft tumors upon transplantation in mice for some cell lines (UM-HMC-3A, UM-
HMC-3B), the UM-HMC-1 cells grow very well in culture but so far have not generated
tumors in mice. On the other hand, UM-HMC-2 cells grow slowly in vitro, but are readily
tumorigenic when transplanted into mice. We are currently performing experiments to
understand possible reasons for these rather surprising observations.

An interesting observation is the noticeable improvement in tumor take and reduction in the
time to tumor growth for the UM-HMC-3A cells transplanted into mice. We also noted that
the time to tumor growth reduced considerably for UM-HMC-3B between the 1st passage
and the 4th passage xenografts. These data suggest that passing mucoepidermoid carcinoma
cells in vivo enables the selection of more tumorigenic cells. These cells may be more
tumorigenic for several reasons that include, but are not limited to, increased cell survival,
proliferation, improved adaptation to host (murine)-derived cytokines/growth factors,
enhanced cancer stem cell (tumor-initiating cell) fraction. Alternatively, accelerated tumor
growth upon in vivo passaging may be caused by the recruitment of host cells that support
xenograft growth and that are being passed along with the tumor cells. Ongoing experiments
are addressing such questions in the laboratory. Nevertheless, the fact that in vivo passaging
greatly enhances the tumorigenic potential of the mucoepidermoid carcinoma cell lines has
certainly enabled us to shorten the experiments and may also teach us important mechanistic
lessons.
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The xenograft tumors generated by the transplantation of mucoepidermoid carcinoma cell
lines resembled very closely the histology of the human tumors from which they were
derived. UM-HMC-3A tumors show a glandular pattern with both solid (epithelial-like) and
mucous cells clearly visible and stable from passage to passage in mice. The positive PAS
staining confirmed that the tumor cells are functional, mucous-secreting cells, a hallmark of
mucoepidermoid carcinomas. The UM-HMC-3B tumors also show a glandular pattern and
both solid and mucous cells. The first and second passage xenograft tumors show less of the
mucous-secreting cells and more of a solid type pattern. This might explain the faster growth
rates, and 100% tumor take for UM-HMC-3B cells compared to UM-HMC-3A cells. The
finding that the cell lines UM-HMC-3A and UM-HMC-3B transplanted into mice
reconstituted their parental tumors’ complex morphology with multiple cell types is
somewhat puzzling. Perhaps one explanation for these findings is that these tumors contain
cancer stem cells, which have also been found in head and neck squamous cell carcinomas
(HNSCC)22 and other glandular malignancies (e.g. breast cancer).23 Notably, cancer stem
cells have been reported in many cell lines, including HNSCC cells.24 It is possible that
mucoepidermoid carcinomas follow the cancer stem cell hypothesis,25 and that these cell
lines contain a sub-population of tumorigenic stem-like cells that retained multipotency and
that can reconstitute the complex cellular heterogeneity of the parental tumors.

Of most concern is the issue of misidentification of cell lines.26 The short tandem repeat
(STR) profiling is a relatively simple approach to determine human identity by examining
sequences in DNA regions that are highly prone to variation that has been used in forensics
for many years27, and has been proposed as a method to confirm the identity of cell lines.26

This approach was recently utilized to verify the identity of the cells that constitute the
NCI-60 cell line panel.28 The authors showed that several cell lines have common origins.
The problem of misidentification of cell lines is certainly relevant to salivary gland cancer
research. It has been recently shown that several adenoid cystic carcinoma (ACC) cell lines
are cross-contaminated with other cells.29 Genetic profiling revealed that ACC2, ACC3, and
ACCM were HeLa cells, ACC5 contained T24 bladder cancer cells, ACNS were mouse
cells and CAC2 were rat cells. These findings had devastating consequences for research in
adenoid cystic carcinoma. Here, we used STR profiling to match the donor human tumor
with the xenografts and cells lines derived from this tumor. The xenograft STR profiles
shared 100% similarity with the STR profile of the donor human cancer. Interestingly, the
UM-HMC-3A had one STR difference at the TH01 allele (changed from 9 to 8). The UM-
HMC-3B also had one STR difference, but in this case, it was in the D13S317 allele
(changed from 8 to 11). This difference constitutes a 93.3% match with the donor tissue, i.e.
31 out of 32 STRs evaluated here were identical. Notably, it has been proposed that 80%
similarity or higher and/or a difference of up to one STR are considered within the definition
of “identical” cell line origin.28 This is due to the observation that technical issues may lead
to small variations in the STR profiling that could be considered normal. Alternatively, this
minor difference might be attributable to genetic instability, which is a hallmark of cancer.
Nevertheless, one concludes that the 2 cell lines described in detail here (UM-HMC-3A,
UM-HMC-3B) are indeed derived from human mucoepidermoid carcinomas. Notably, the
detection of the Crtc1-Maml2 translocation, characteristic of mucoepidermoid
carcinomas9,30 further confirms the origin of these cell lines as true mucoepidermoid
carcinoma cells.

In summary, we have described here the generation and characterization of mucoepidermoid
carcinoma cell lines that are capable of generating xenograft tumors that closely resemble
the histopathology of human cancers. While deeper characterization of these cells is
necessary and indeed ongoing in the laboratory, the recognition of the potential usefulness
of these cell lines to the scientific community interested in salivary gland cancer research,
motivated us to present this work and make these cells immediately available. Also, we are
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currently using the knowledge gathered through this work to develop and characterize
adenoid cystic carcinoma cell lines and related xenograft models. Well-characterized cell
lines and mouse models are critically needed for the advancement of salivary gland cancer
research and for the development of mechanism-based therapies that will improve the
survival and quality of life of patients with these rare, yet devastating malignancies.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Characterization of human mucoepidermoid carcinoma cell lines derived from a local
recurrence (UM-HMC-3A) and a metastatic lymph node (UM-HMC-3B). (A)
Photomicrographs of UM-HMC3A and UM-HMC-3B cells cultured for 100 passages in
vitro. Magnification at 100× (left columns) and 200× (right columns). (B) RT-PCR for
screening of a panel of human mucoepidermoid carcinoma cell lines for the Crtc1-Maml2
fusion oncogene (196 bp). The head and neck squamous cell carcinoma cell line (UM-
SCC-74B) was used as a negative control. (C) Western blot analysis of CRTC1 and its
prototypic target NR4A2 in human mucoepidermoid carcinoma cell lines. The adenoid
cystic carcinoma cell line (ACC-52) and the human embryonic kidney cell line (293T) were
used as controls. (D) Western blot analysis of epithelial markers (EGFR, E-Cadherin, Pan-
cytokeratin, Cytokeratin-7) and a mesenchymal marker (Vimentin) in human
mucoepidermoid carcinoma cell lines. The benign human pleomorphic adenoma (UM-
HPA-1) cell line was used as control for this experiment.
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Figure 2.
UM-HMC cells generate xenograft tumors when implanted in immunodeficient mice. (A)
Macroscopic view of a typical specimen of human mucoepidermoid carcinoma immediately
after surgical removal (Top, left panel). Macroscopic view of xenografts generated upon
transplantation of UM-HMC into immunodeficient mice (Top, right panel). And
macroscopic view of xenograft tumors (bilateral) growing in the subcutaneous space of
immunodeficient mice (bottom panel). (B) Graph depicting time to tumor palpability.
Palpable tumors were defined as those surpassing the size of the biodegradable scaffold used
to transplant UM-HMC-3A (n=8), UM-HMC-3B (n=6), or UM-HMC-2 (n=8). (C)
Photomicrographs of histological sections (HE) obtained from xenograft tumors generated
by the transplantation of UM-HMC-3A cells into immunodeficient mice. The boxes in the
low magnification (40×) image depict the areas were the high magnification images (200×)
were obtained from, i.e. red box (mucous-like cells) and black box (epidermoid-like cells).
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Figure 3.
Xenografts generated with human mucoepidermoid carcinoma cell lines retain their
histopathology over in vivo passages. UM-HMC-3A or UM-HMC-3B (100,000 cells/
scaffold) were transplanted into immunodeficient mice. When tumors reached an average
volume of 1,000 mm3, they were retrieved and digested, single cell suspensions were
prepared, and 100,000 unsorted cells were seeded in new biodegradable scaffolds to passage
them to new mice. Photomicrographs of histological sections (Hematoxilin/eosin) of the
human tumor specimen from which the respective cell lines were generated, 1st and 2nd

passages in mice. In each panel the left-side image is at low magnification (40×), the top
right-side image depicts an area of predominance of epidermoid-like cells and the bottom
right-side image depicts an area of mucous-like cells. Scale bars represent 50 μm.
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Figure 4.
Human mucoepidermoid carcinomas and UM-HMC-derived xenografts secrete high levels
of mucopolysaccharides. (A) Photomicrographs of histological sections stained with
Periodic acid Schiff (PAS) of representative fields from the human tumors that generated the
cell lines, as well as 1st and 2nd passage UM-HMC-3A and UM-HMC-3B-derived
xenografts. In each panel the left-side image is at low magnification (40×), the top right-side
image depicts an area of predominance of epidermoid-like cells and the bottom right-side
image depicts an area of mucous-like cells. Scale bars represent 50 μm. (B)
Photomicrographs depicting the similar PAS patterns in the human mucoepidermoid
carcinoma surgical specimen and in the 2nd passage xenograft generated with the UM-HMC
cell line derived from this specimen (200×). Black arrows point to PAS-positive globules in
the human tumor and in the mouse xenograft.
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Figure 5.
In vivo passage of xenografts generated with human mucoepidermoid carcinoma cell lines.
UM-HMC-3A or UM-HMC-3B (100,000 cells/scaffold) were transplanted into
immunodeficient mice. When tumors reached an average volume of 1,000 mm3, they were
retrieved and digested, single cell suspensions were prepared, and 100,000 unsorted cells
were seeded in new biodegradable scaffolds and passaged into new mice. (A,B) Graphs
depicting growth of xenograft tumors generated with UM-HMC-3A (A) or UM-HMC-3B
(B) cells over 4 in vivo passages.
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