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SUMMARY

Oral cancer is characterized by high morbidity and mortality with a predisposition to metastasize 

to different tissues, including lung, liver, and bone. Despite progress in the understanding of 

mutational profiles and deregulated pathways in oral cancer, patient survival has not significantly 

improved over the past decades. Therefore, there is a need to establish in vivo models that 

recapitulate human oral cancer metastasis to evaluate therapeutic potential of novel drugs. Here 

we report orthotopic tongue cancer nude mouse models to study oral cancer growth and metastasis 

using human metastatic (UMSCC2) and non-metastatic (CAL27) cell lines, respectively. 

Transduction of these cell lines with lentivirus expressing red fluorescent protein (DsRed) 

followed by injection into tongues of immunodeficient mice generated orthotopic tongue tumors 

that could be monitored for growth and metastasis by fluorescence measurement with an in vivo 

Imaging System (IVIS 200). The growth rates of CAL27-DsRed induced tumors were higher than 

UMSCC2-DsRed tumors after day 15, while UMSCC2-DsRed tumors revealed metastasis 

beginning on day 21. Importantly, UMSCC2 tumors metastasized to a number of tissues including 

the submandibular gland, lung, kidney, liver, and bone. Further, immunohistochemical analyses of 

tongue tumors induced by CAL27 and UMSCC2 cells revealed elevated expression of 

components of protumorigenic pathways deregulated in human cancers, including Cyclin D1, 

PCNA, Ki-67, LSD1, LOXL2, MT-MMP1, DPAGT1, E-cadherin, OCT4A, and H3K4me1/2. 

These orthotopic mouse models are likely to be useful tools for gaining insights into the activity 

and mechanisms of novel oral cancer drug candidates.
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Introduction

Oral squamous cell carcinoma (OSCC), accounts for the majority of head and neck cancers 

and ranks as one of the most common cancers in the world [1,2]. In contrast to other 

cancers, oral cancer statistics are dismal: half of oral cancers are not diagnosed until the 

cancer has spread to nearby tissues, at which stage the 5-year survival rate is approximately 

50% [3,4]. Oral cancer arises from the neoplasms of the oral cavity with more than 90% of 

cases classified as squamous cell carcinomas (SCC). Treatment for OSCC frequently 

involves a combination of surgery, radiotherapy, and chemotherapy [5]. Despite these dire 

statistics and disease morbidity, OSCC is one of the most understudied cancers with little 

information known about the molecular mechanisms underlying its etiology and 

progression. Likewise, no molecular biomarkers have been identified to inform decisions 

about either timely diagnosis or treatment. Studies to date have shown that OSCC’s primary 

tumor growth and metastasis are controlled by numerous factors, including the 

microenvironment, and different biologics have been under development for treating OSCC. 

A reliable model to evaluate the effects of these candidate new therapeutics is needed to gain 

insights into their preclinical effectiveness.

Current OSCC mouse models include subcutaneous xenografts, orthotopic injections and 

genetically engineered models [6–9]. Subcutaneous mouse xenografts generally do not 

recapitulate advanced local–regional or distant metastatic disease. Orthotopic transplantation 

of tumor cells remains a reproducible and reliable methodology for studying mechanisms 

and potential therapeutic applications, since phenotypic properties of metastatic cells are 

governed by the expression of genes that are regulated by interactions with the relevant 

organ-specific microenvironment [10]. However, these orthotopic OSCC mouse models rely 

on the use of bioluminescence, which is fraught with transient and variable signals, and they 

exhibit limited metastasis [11,12] that do not reflect many sites observed in human OSCC 

[13–17].

The goal of the present study is to establish mouse models that primarily reflect tumor 

growth and metastasis for mechanistic and therapeutic studies. We have generated an 

orthotopic oral cancer nude mouse model using either non-metastatic CAL27 cells or 

metastatic UMSCC2 cell lines expressing red fluorescent protein (DsRed) that can be 

imaged in vivo. Injection of CAL27 cells into the tongues of nude mice induced local tumor 

growth with no evidence of spread to internal organs, whereas UMSCC2 cells induced both 

a primary tumor and extensive metastasis. We present evidence that these animal models 

provide important insights into the mechanism OSCC growth and metastasis, and will 

permit relatively rapid screening for the therapeutic potential of small molecules or more 

complex biologics in preclinical studies.

Materials and methods

Stable cell line generation

Non-metastatic CAL27 cells were obtained from ATCC and Dr. Maria Kukuruzinska’s 

laboratory at the Boston University Henry M. Goldman School of Dental Medicine. The 

metastatic cell line (UMSCC2) cells were generously provided by Dr. Roberto Weigert’s 
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laboratory at NIDCR, Bethesda, MD. These cells were grown under standard conditions 

(DMEM, 10% FBS, 1% penicillin-–streptomycin). The plasmid for DsRed protein 

expression (pHAGE-EF1a-DsRed-UBC-GFP) was provided by Dr. Darrell Kotton’s 

laboratory at the Boston University School of Medicine. In order to visualize these cells in 

vivo, cells were infected with lentivirus particles expressing DsRed protein at a multiplicity 

of infection of 25 according to a standard protocol [18] to generate CAL27-DsRed and 

UMSCC2-DsRed cells. The expression of DsRed protein in these cells was confirmed by 

fluorescence microscopy.

Orthotopic injection of OSCC cells into nude mice

All experiments were performed as approved by Boston University Medical Center IACUC. 

CAL27-DsRed and UMSCC2-DsRed cells were trypsinized and suspended in serum-free 

DMEM media. These cells (0.5 × 106 cells in 40 μl per tongue) were injected into two 

month old nude mice (NCr nu/nu, n = 5/group; Taconic Farms, Hudson, NY), in respective 

groups after anesthetizing with 4% isoflurane. Mice in the control group were injected with 

vehicle only. Caliper measurements were performed at regular intervals to monitor the 

volumes of all tumors. Tumors were harvested at sacrifice, weighed and either snap frozen, 

ground to a fine powder in liquid nitrogen and then extracted for Western blotting or 

processed for histology and immunohistochemistry.

IVIS imaging

Mice were imaged for DsRed protein expression using an IVIS 200 system (Xenogen, 

Alameda, CA, USA) [19]. Anesthesia was administered in an induction chamber with 2.5% 

isoflurane in 100% oxygen at a flow rate of 1 L/min and then maintained with a 1.5% 

mixture at 0.5 L/min. The fluorescence signals were optimized for DsRed protein at 

excitation 570 and emission 620. Fluorescence region of interest (ROI) data are the 

calibrated, normalized fluorescence efficiency (p/s/cm2/sr)/(μW/cm2) as per the instructions 

(Perkin Elmer, USA). The data are reported as normalized fluorescence intensity (FU) from 

a defined region of interest for oral tongue tumors or systemic metastases compared to 

control vehicle-injected mice.

Western blots

Tumor samples were extracted into SDS PAGE sample buffer (0.1 mM Tris–HCl, 4% SDS, 

10% glycerol, 5% β-mercaptoethanol) and boiled for three to five minutes. Protein 

concentrations were determined using Nano Orange assay kits (Molecular Probes, Eugene, 

OR, USA). Samples of approximately 20 μg of protein were obtained from extracts of 3 

pooled tumors per experimental group and were subjected to 10% SDS PAGE and Western 

blotting with primary antibodies from Cell Signaling Technology (Danvers, MA, USA). The 

antibodies used were Cyclin D1 (#2926), PCNA (#2586), LSD1 (#2139), Mono-Methyl-

Histone H3 Lysine 4 (H3K4me1) (#9723) and the normalization control β-actin (#4970). 

Horse radish peroxidase-coupled anti-rabbit and antimouse secondary antibodies were 

purchased from Cell Signaling Technology (Danvers, MA, USA; 7074 and 7076, 

respectively).
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Immunostaining

All tumors were harvested at sacrifice and then fixed in 4% paraformaldehyde overnight, 

and placed in phosphate buffered saline overnight at 4°°C. Tongue tumor tissue sections 

were made and subjected to immunohistochemistry. Three tumors, 3 to 4 sections per tumor, 

were used for immunohistochemistry staining analysis using rabbit antibodies for Ki-67 

(Abcam Inc.; ab15580), LSD1 (Cell Signaling Technology #2139) OCT4A (Cell Signaling 

Technology #2840) E-cadherin (BD Transduction laboratories, #610181), MT-MMP1 

(Abcam Inc;ab51074) DPAGT1 (Covance Research Products, Inc [20]) and LOXL2 

(GeneTex #GTX105085).

Statistical analysis

All experiments were analyzed using two way ANOVA with Bonferroni post hoc analysis or 

Student’s t-test (Graph Pad Prism 5 software, La Jolla, CA) as indicated in the figure 

legends.

Results

Orthotopic implantation of CAL27 cells into tongues induces tumor growth

In order to study the growth of orthotopic tumors, we injected CAL27-DsRed cells into the 

mouse tongue. Caliper measurements at regular intervals showed that CAL27 tumors 

exponentially grew for first 18 days and then at a slightly slower rate up to 25 ± 6 mm3 by 

day 31. IVIS imaging of these mice shows that on day 24, the tumors are localized to the 

anterior part of the tongue, and tumors continued to grow until day 31 (Fig. 1). The data also 

show that the average fluorescence intensity on day 24 was 2.3 × 108 units which more than 

doubled to 7.1 × 108 units by day 31. No evidence for metastasis to distant tissues was 

observed.

Orthotopic implantation of UMSCC2 cells into tongues induces tumor growth and 
metastasis

Human OSCC metastasizes to a number of organs including lung, liver, bone, intestine and 

other tissues [13–17]. To determine if UMSCC2-induced mouse tumors metastasize to 

organs similar to the sites in human OSCC, we followed their growth and metastasis in vivo 

for 31 days. Interestingly, caliper measurements showed that CAL27-derived tumors grew 

larger (25 ± 6 mm3) compared to UMSCC2 tumors (20 ± 5 mm3), and they displayed higher 

fluorescence intensity (Figs. 1 and 2). This finding may be related to the metastatic character 

of UMSCC2 cells.

As shown in Fig. 2, UMSCC2 cell injection induces tongue tumors by day 24 with some 

evidence of metastasis. Further metastases were detected by day 31. Fluorescence intensity 

on day 24 was 6.3 × 107 units, and it increased to 11 × 107 units on day 31 in the orofacial 

region. A comparative analysis of systemic fluorescence showed that fluorescence intensity 

increased more than 4-fold from 4.7 × 107 on day 24 to 19 × 107 on day 31. To further 

confirm these results, we dissected internal organs and imaged with IVIS to find 

fluorescence in the tongue, sublingual tissues, lung, kidneys, liver, intestine and bone, but 
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not in the heart. Thus, UMSCC2 metastasizes by 24 days post-injection which ultimately 

spreads to a variety of internal organs.

Characterization of CAL27- and UMSCC2-induced tumors

To evaluate changes in the expression and localization of selected components of oncogenic 

pathways in primary tumors from CAL27 and UMSCC2 cells, we carried out Western blot 

analyses on tongue tumor tissue extracts. Results showed that while both CAL27- and 

UMSCC2-derived tumors expressed Cyclin D1 and proliferating cell nuclear antigen 

(PCNA), the UMSCC2-induced tumors displayed higher expression of these proliferation 

markers compared to CAL27 cell-derived tumor tissues. This was supported by 

immunostaining of Ki-67, which also showed increased expression in CAL27- and 

UMSCC2-derived tongue tumors compared to vehicle injection (Fig. 3). Further, aberrant 

up-regulation of epigenetic regulators, such as lysine specific demethylase (LSD1) and 

methylated histone H3K4, occurs in most human carcinomas [21–25]. Accordingly, Western 

blot analyses of CAL27 and UMSCC2 tumors revealed increased expression of LSD1 and 

H3K4me1 in UMSCC2-induced tumors (Fig. 3). Similarly, immunostaining analyses 

showed higher expression of LSD1 in UMSCC2 tumors (Fig. 3).

As expected for epithelial tumors, immunostaining analyses of CAL27 and UMSCC2 

tumors showed that both tissues expressed E-cadherin. We have shown previously that 

human OSCC is characterized by deregulated E-cadherin adhesion and increased expression 

of the N-glycosylation regulating gene, DPAGT1 [20,26,27]. Compared to CAL27-induced 

tumors, the UMSCC2 tumors exhibited more prominent staining intensity for the DPAGT1 

protein, GPT, in subsets of tumor cells. Since increased N-glycosylation is associated with 

primitive cell surface markers and cell “stemness”, we also examined these tumors for 

OCT4, a stem cell marker, whose expression is a feature of various cancers and has been 

implicated to be a first step in tumor initiation [24,25]. Data in Fig. 4 show clusters of 

OCT4A positive cells in CAL27-induced tumors. In contrast, in UMSCC2-derived tumors, 

expression of OCT4A was found in more dispersed cells.

Importantly, the UMSCC2 tumors were characterized by dramatic changes in the adjacent 

tumor stroma. UMSCC2-induced tumors displayed much higher expression of the 

extracellular matrix (ECM) enzymes, lysyl oxidase like-2 (LOXL2) and MT-MMP1, 

compared to CAL27 cells (Fig. 4). Both enzymes are critical drivers of the ECM 

remodeling, with LOXL2 being aligned with cancer associated fibroblasts and an indicator 

of poor prognosis in human oral cancer [28–30] and MT-MMP1 a metalloproteinase with a 

role in proliferation, migration and invasion [31–33]. Thus, up-regulation of LOXL2 and 

MT-MMP1 observed in Fig. 4 is consistent with characteristics of human oral cancer and 

tumorigenesis in general.

Discussion

OSCC frequently metastasizes to the lymph nodes and distant organs, such as lung, bone, 

and liver [13–17]. Clinically, distant metastasis ranges from 20% to 40% leading to poor 

survival and failure of surgical, chemotherapeutic and radiation therapy interventions. 

Organ-specific microenvironments are important contributors to metastasis, and reliable 
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orthotopic oral cancer models are required to study mechanisms of cancer initiation, 

progression, and metastasis. In addition, these models play a critical role in the initial 

evaluation of novel therapeutics [10]. Implantation of human oral cancer cell lines into oral 

tissues has been shown to provide a superior model for the study of metastasis compared to 

xenografts. Orthotopic implantation of OSCC cells has advantages in that it mimics the 

processes involved in local invasion and displays high rates of spontaneous tumor metastasis 

[9,34]. Although there are several models of tongue tumors, they have been reported to 

metastasize only to lymph nodes and lung [13–17]. While the carcinogenic 4-

nitroquinoline-1-oxide (4NQO) model has been reported to recapitulate premalignant and 

malignant stages of OSCC, the 4NQO model requires more than 2 to 4 months to develop 

primary tumors [35,36] and detection of premalignant lesions or early SCC within the oral 

cavity of the test animals can be difficult with limited metastasis to lymph nodes and lung 

[37]. Here, we report two oral tongue cancer models for studies of tumor growth and 

metastasis, where the metastatic tumor spreads to several internal organs, and can be 

followed by noninvasive in vivo imaging using DsRed protein expression. These models 

represent useful tools for studies of mechanisms of metastasis and for initial evaluation of 

novel therapeutics in preclinical studies.

Our tongue cancer CAL27 and UMSCC2 mouse models offer several advantages over the 

previously described models. First, they are based on the DsRed protein in vivo imaging 

rather than bioluminescence imaging. The latter signals require injection of D-luciferin for 

transient visualization, which is metabolized and may be degraded differently in each 

mouse. For example, luciferase enzyme activity requires ATP whose concentrations are 

highest in metabolically active cells. Under optimal conditions, bioluminescence provides 

sensitive detection with high signal-to-noise ratios and low auto-bioluminescence, but 

signals are transient and variable [33]. By contrast, DsRed protein expression is constitutive, 

stable, and does not require the injection of labile enzyme substrates for imaging. Second, 

our data show that although the volume and fluorescence intensity of CAL27-induced 

tongue tumors were higher than UMSCC2, the latter tumors metastasized readily to different 

internal organs, resembling the sites of metastases of OSCC in humans. This suggests that 

UMSCC2 cells migrate more readily out of the tongue tumor, thereby reducing the number 

of DsRed cells in the tongue. These results also support the notion observed in human 

OSCC that tumor size is not a reliable predictor of aggressive disease. The migrating 

UMSCC2 cells are likely to contain a proportion of cells with colonization potential that 

may be lacking in CAL27 cells. These features render the CAL27 and UMSCC2 tumor 

models applicable to studies of tumor initiation, expansion and metastasis.

Despite much progress in the understanding of the mutational landscape and deregulated 

cellular pathways in oral cancer, there is limited understanding of the regional and distant 

spread of OSCC. Our models are likely to offer additional tools for decoding molecular and 

cellular details driving this disease.

Initial analyses show that the expression of genes that function in cancer progression and 

metastasis is upregulated in metastatic UMSCC2-compared to CAL27-derived tumors. In 

particular, we found increased expression of proteins known to function as mediators of 

tumor initiation, development and progression including regulators of cell stemness, 
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components of the cell cycle, the homeostatic N-glycosylation-intercellular adhesion 

network, epigenetic regulation, and of enzymes involved in the remodeling of the tumor 

stroma. While more studies focused on the mapping of pathway circuitries are required, 

these data suggest that at least some of these components may serve as therapeutic targets 

for the treatment of OSCC. Typically, the sensitivities of primary tumors and distant 

metastases to therapeutics are different, as microenvironments at metastatic sites in soft and 

hard tissues contribute to the efficacy of drugs. Therefore, while the drugs that are effective 

against primary oral cancer growth can also be used to inhibit metastasis, a successful 

outcome is often not accomplished. Here, our DsRed-labeled UMSCC2 model is likely to 

provide a valuable tool to evaluate efficacy of novel therapeutics in inhibiting both OSCC 

growth and metastasis.

We note that the interpretation of our findings with regard to tumor growth and metastasis is 

limited by the use of only two OSCC cell lines. Nonetheless, the molecular differences 

between these cell lines are consistent with observed phenotypes of tumor growth and 

metastasis. Further studies with a broader panel of cell lines accompanied by their molecular 

characterization will be needed to define molecular signatures of metastasis in these 

orthotopic tongue cancer mouse models.

Due to the paucity of effective treatments for OSCC, there is an urgent need for reproducible 

anti-oral cancer drug screening tools in vivo. Since our CAL27 and UMSCC2 models show 

altered expression of genes related to cell stemness, proliferation, N-glycosylation, adhesion, 

epigenetic regulation, and tumor stromal microenvironment, they can be used to test a range 

of drugs prior to evaluation in patient-derived primary tumors xenografts (PDX). PDX 

models have limitations such as lower engraftment rate and slow tumor growth, requiring at 

times multiple passages in mice to enrich for tumor cells. Further, PDX models are 

expensive and less reproducible [38], and orthotopic implantation of primary tumors tissue 

into the tongue and other sites in the oral cavity remains technically challenging. In this 

context, orthotopic DsRed-labeled UMSCC2- and CAL27-induced tumor models can be 

used as a tool to evaluate in vivo efficacy of various biologics or small molecule modulators 

as a first stage before evaluating in PDX models. In the future, molecular and phenotypic 

comparison of orthotopic UMSCC2 and CAL27 tumors with orthotopic PDX tumors could 

provide new insights into mechanisms of OSCC and candidate drugs.

Although various metastatic mouse models are available for OSCC, their relevance is 

diminished by limited metastasis beyond adjoining lymph nodes and submandibular tissues. 

We have successfully developed and characterized mouse models to study initiation, growth, 

progression and distant metastases of OSCC. These mouse models are also likely to be 

useful for an initial evaluation of biologics and small molecule inhibitors, and for the 

potential therapeutic application of a variety of candidate drugs in preclinical studies.
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Fig. 1. 
Orthotopic injection of CAL27 cell induces tongue tumor in nude mice. Orthotopic tongue 

tumors were generated by injecting CAL27 cells expressing DsRed into the tongue of nude 

mice (n = 5), and imaged by an in vivo Live imaging system (IVIS 200) at regular intervals 

starting at day 7 to day 31. Control mice (n = 5) were injected with vehicle. (A) In vivo 

imaging of CAL27-DsRed injected mice shows primary tongue tumor growth 24 days post 

injection; lane A1 represents nude mice injected with vehicle whereas lanes A2–A5 show 

mice injected with CAL27-DsRed cells (T represents region of interest of tongue for 

quantification of fluorescence intensity); (B) in vivo imaging of CAL27-DsRed cells injected 

into the tongue shows tumor growth 31 days post injection; lane B1 represents nude mice 

injected with vehicle only whereas lane B2–B5 shows mice injected with CAL27-DsRed 

cells (T represents region of interest of tongue for quantification of fluorescence intensity); 

(C) caliper measurements at different internals show growth of tongue tumors, but not in 

vehicle-injected mice (n = 5; *P < 0.05, *P < 0.01; 2-way ANOVA) and (D) quantification 

and normalization of fluorescence intensity data for IVIS imaging at day 24 and day 31 (n = 

5; *P < 0.01; 2-way ANOVA).
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Fig. 2. 
Orthotopic injection of UMSCC2 cells induces primary tumor and spontaneous metastasis in 

nude mice. Orthotopic tongue tumors were generated by injecting UMSCC2 cells expressing 

DsRed into the tongues of nude mice (n = 5) and imaged with an in vivo Live Imaging 

System (IVIS 200) at regular interval starting at day 7 to day 31. Control mice (n = 5) were 

injected with vehicle. (A) In vivo imaging of UMSCC2-DsRed cells injected tongues shows 

primary tumor growth 24 days post injection; the lane B1 represents nude mice injected with 

vehicle only and lanes B2–B5 show mice injected with CAL27-DsRed cells (T and M 

represents region of interest of tongue and metastasis of other organs for quantification of 

fluorescence intensity, respectively); (B) in vivo imaging of UMSCC2-DsRed cells injected 

shows primary tongue tumor growth 31 days post injection; lane C1 represents nude mice 

injected with vehicle only whereas lanes C2–C5 show mice injected with UMSCC2-DsRed 

cells (T and M represents region of interest of tongue and metastasis of other organs for 

quantification of fluorescence intensity, respectively); (C) fluorescence imaging of internal 

organs after necropsy shows the presence of UMSCC2 cells (T = tongue; SL = sublingual 

tissue including salivary gland; LG = lung; H = heart; K = kidneys; LV = Liver; I = 

Intestine; M = Mandible and FT = femur and tibia); (D) caliper measurements at different 

internals shows growth of tongue tumors, but not in vehicle-injected mice (n = 5; *P < 0.01; 

2-way ANOVA); (E) quantification and normalization of fluorescence intensity data for 

IVIS imaging at day 24 and day 31 (n = 5; *P < 0.01; 2-way ANOVA) and (F) 

quantification of metastasis by fluorescence intensity data for IVIS imaging at day 24 and 

day 31 (n = 5; *P < 0.01; 2-way ANOVA).
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Fig. 3. 
Comparison of CAL27 and UMSCC2 induced primary tumors. (A) Quantification of 

fluorescence imaging shows differences in intensity of Cal 27 and UMSCC2 induced tumors 

(n = 5; *P < 0.05, *P < 0.01; 2-way ANOVA) and (B) western blot analysis and 

quantification of, Cyclin D1, PCNA, LSD1 and H3K4Me1/2 compared to respective β-actin 

from tissue extracts (n = 3; *P < 0.05, *P < 0.01; 2-way ANOVA) and (C) H & E staining 

(100X) from tissue sections injected with UMSCC2 and CAL27 compared to vehicle are 

shown. immunostaining with (D) non-immune IgG control (100X and 400X), (E) anti-Ki-67 

antibody (100X and 400X) and (F) anti-LSD1 antibody (100X and 400X) of tongue tumors 

sections in vehicle, CAL27 and UMSCC2 injection groups; scale bar = 1 mm for 100X and 

0.1 mm for 400X.
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Fig. 4. 
Characterization of CAL27 and UMSCC2 induced primary tumors by immunostaining with 

OSCC related protein expression. Immunostaining with (A) E-cadherin antibody (100X and 

400X), (B) DPAGT1 antibody (100X and 400X), (C) anti-OCT4A antibody (100X and 

400X), (D) anti-LOXL2 antibody (100X and 400X) and (E) MT-MMP1 antibody (100X and 

400X) of tongue tumors sections in vehicle, CAL27 and UMSCC2 injection groups; scale 

bar = 1 mm for 100X and 0.1 mm for 400X.
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