
Peres and Prince Molecular Cancer 2013, 12:117
http://www.molecular-cancer.com/content/12/1/117
LETTER TO THE EDITOR Open Access
The T-box transcription factor, TBX3, is sufficient
to promote melanoma formation and invasion
Jade Peres and Sharon Prince*
Abstract

The T-box transcription factor, TBX3, is overexpressed in several cancers and has been proposed as a
chemotherapeutic target. Several lines of evidence suggest that TBX3 may be a key contributor to malignant
melanoma, a highly aggressive and intractable disease. Using in vitro and in vivo assays we demonstrate here for
the first time that overexpressing TBX3 in non-tumourigenic early stage melanoma cells is sufficient to promote
tumour formation and invasion. Furthermore, we show that TBX3 may play an important role as a reciprocal switch
between substrate dependent cell proliferation and tumour invasion.

Keywords: TBX3, Melanoma, Migration, Invasion
Letter to the Editor
Background
Malignant melanoma is a highly aggressive and intractable
disease which has a rising incidence surpassing all other
cancers [1]. It is therefore imperative to identify new
targets for the development of improved therapies to treat
melanoma. To this end, an understanding of the molecu-
lar mechanisms underpinning the stepwise progression of
melanocytes to metastatic melanoma is important. Indeed,
in the last decade, several transcription factors have been
identified as potential therapeutic targets including MITF,
PAX3, SNAIL and the developmentally important T-box
transcription factor TBX3 [2-4].
TBX3 is overexpressed in a number of cancers inclu-

ding a subset of melanomas but its precise role in the
progression of this disease still needs to be clarified.
Earlier studies pointed to TBX3 contributing to the
oncogenic process by functioning as an anti-senescence
factor by directly repressing the negative cell cycle regu-
lator p19/p14ARF [5,6]. More recent studies however
suggest that TBX3 may function in advanced stages of
melanoma. Hoek and colleagues demonstrated that
TBX3 was upregulated in approximately 55% of cell lines
obtained from advanced melanoma lesions [7]. Further-
more, we have shown that knocking down TBX3 in
vertical growth phase (VGP) and metastatic melanoma
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cells inhibits cell migration and tumour formation [8]
and TBX3 was demonstrated to repress the E-cadherin
gene which is characteristically downregulated in VGP
melanoma [9]. Furthermore, Boyd and co-workers dem-
onstrated that oncogenic B-RAF is able to upregulate
TBX3 expression which in turn represses E-cadherin
levels [10].
Findings
WM1650-TBX3 cells have decreased proliferative ability
To determine if TBX3 is not only essential but suf-
ficient to promote melanoma formation, we stably
transfected the non-tumourigenic human WM1650
radial growth phase (RGP) melanoma cell line, which
expresses undetectable levels of TBX3, with the pEGFP-
N3 vector in which the cytomegalovirus promoter drives
the expression of a green fluorescent protein tagged hu-
man TBX3.
Western blot and qRT-PCR analyses confirmed that

TBX3 was successfully overexpressed in the WM1650-
TBX3 cell line established (Figure 1a, b).
We previously reported that VGP and metastatic

melanoma cells in which TBX3 was depleted maintained
a higher proliferative ability than their control cells [8].
It was therefore hypothesised that the overexpression of
TBX3 in RGP cells would lead to a decrease in their
proliferative ability.
Indeed growth curves and pulsing the cells with 5-

bromo-2-deoxyuridine (BrdU), a synthetic thymidine
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Figure 1 WM1650-TBX3 cells have decreased proliferative ability. (a) Real-time PCR (each data point represents the mean ± SD from at least
three independent experiments (*p < 0.05)) and (b) western blot (representative of three different experiments) analyses of TBX3 mRNA and
protein levels respectively in WM1650-ctrl and WM1650-TBX3 cells. p38 was used as a loading control. (c) Growth curve assays of cells grown in
medium supplemented with 10% or 2% FBS. Each data point represents the mean ± SD from at least three independent experiments (*p < 0.05)
(d) 5-bromo-2-deoxyuridine (BrdU) incorporation assay. Graph shows an average of BrdU-positive cells expressed as a percentage of total cells
counted at 1 hr and 8 hrs in 20 fields of view (*p < 0.05, mean +/− SD). (e) Cell cycle distribution was determined by staining cells with
propidium iodide and measuring their DNA content by flow cytometry. Percentage of cells in each phase of the cell cycle are shown in the
graph below (*p < 0.05, mean +/− SD). (f) Western blotting (representative of three different experiments) of the indicated proteins in WM1650-
ctrl and WM1650-TBX3 cells. The expression of TBX2, p53, p21, p16 and p14 was quantified as the densitometry value (pooled from three
different experiments) analysed by UN-SCAN-IT gel 6.1 software and was normalised to p38 levels as shown in the tables below.
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Figure 2 (See legend on next page.)
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(See figure on previous page.)
Figure 2 WM1650-TBX3 cells have increased anchorage independence and migratory ability. Cell growth (a) in a 1% agar slurry and
visualised with p-iodonitrotetrazolium chloride stain and (b) in 0.8% methylcellulose and assessed by the MTT assay. Each data point represents
the mean ± SD from at least three independent experiments (*p < 0.05; **p < 0.0009). (c,d) Migratory ability of the WM1650-TBX3 and WM1650-
ctrl cells was compared using (c) in vitro scratch and (d) transwell motility assays. Each data point represents the mean ± SD from at least three
independent experiments (*p < 0.05). (e) Real-time PCR analysis (left panel, each data point represents the mean ± SD from at least three
independent experiments (*p < 0.05)) and western blotting (right panel; representative of three different experiments) of TBX3 and E-cadherin
expression in WM1650-ctrl and WM1650-TBX3 cells. The expression of E-cadherin was quantified as the densitometry value (pooled from three
different experiments) analysed by UN-SCAN-IT gel 6.1 software and was normalised to p38 levels as shown in the table below. (f) WM1650-TBX3
or WM1650-ctrl cells were injected subcutaneously into the flanks of 6 nude mice (3 males and 3 females for each cell line) and 29 days post-
injection, mice were euthanized, photographed and tumours excised for histological analyses. (g) Representative tumour section stained with
haematoxylin and eosin and photographed at 20× magnification. Black arrows show tumour cells invading skeletal muscle.
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analogue confirmed this to be the case (Figure 1c, d). To
further explore the reason(s) for the decrease in cell
proliferation, the cell cycle profile of WM1650-TBX3
and WM1650-ctrl cells were compared by flow cy-
tometry. The results showed that there were 10%
more WM1650-TBX3 cells in the G1 phase, but
10.5% fewer in the S-phase (Figure 1e). Furthermore,
while the WM1650-TBX3 cells had reduced levels of
p21, p16 and TBX2, they had increased levels of the
tumour suppressor proteins, p53 and p14 (Figure 1f ).
This is significant because TBX2, a homologue of
TBX3, was shown to be a powerful pro-proliferative
factor in melanoma and breast cancer cell lines
which express both TBX2 and TBX3 [8,11] and there
has been an indication that TBX2 and TBX3 can re-
press each other [9]. Together these results show
that TBX3 impacts negatively on melanoma cell
proliferation.

WM1650-TBX3 cells have increased anchorage
independence and migratory ability
To further explore the possibility that TBX3 may drive
RGP cells to a more aggressive melanoma phenotype
the anchorage independent growth and colony forming
ability of the WM1650-ctrl and WM1650-TBX3 cells
were analysed using soft agar and methyl cellulose cell
viability methylthiazol tetrazolium (MTT) assays. The
results show that TBX3 promoted anchorage indepen-
dent growth since the WM1650-TBX3 cells formed
more and larger colonies (Figure 2a, b). Similarly, the
two-dimensional scratch (Figure 2c) and transwell
motility (Figure 2d) assays showed that the WM1650-
TBX3 cells migrated significantly faster than the
WM1650-ctrl cells. To confirm that the mechanism by
which TBX3 affects melanoma cell adhesion and migra-
tion is through repressing E-cadherin, we investigated
the levels of this cell adhesion molecule. Our results
show that, compared to WM1650-ctrl cells, WM1650-
TBX3 cells had lower levels of E-cadherin mRNA and
protein (Figure 2e). To confirm the above findings
in vivo, the tumour forming ability of WM1650-TBX3
and WM1650-ctrl cells was compared in nude mice.
While 100% of mice injected with WM1650-TBX3 cells
formed tumours ranging from 8 to 17.84 mm in
diameter, 0% of mice injected with WM1650-ctrl cells
formed tumours (Figure 2f ). The ability of TBX3 to
drive non-tumourigenic cells to form tumours is shown
to be highly sensitive and specific (100% in both cases).
H & E staining of tumour sections confirmed evidence
of tumour cell infiltration into the skeletal muscle of
the hind limb of mice injected with WM1650-TBX3
cells (Figure 2g black arrows).

Conclusion
This study demonstrates for the first time that increased
levels of TBX3 are sufficient to promote tumour forma-
tion and invasion of non-tumourigenic melanoma cells
in vivo. We hypothesise that this occurs as a result of
TBX3 repressing E-cadherin which leads to anchorage-
independent growth and migration. Furthermore, we
show that TBX3 may play an important role as a recipro-
cal switch between substrate dependent cell proliferation
and tumour invasion.

Abbreviations
VGP: Vertical growth phase; RGP: Radial growth phase; BrdU: 5-bromo-2-
deoxyuridine; MTT: Methylthiazol tetrazolium.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
SP conceived of the study, and supervised. JP conducted all assays.
SP and JP contributed to the overall experimental design and wrote the
manuscript together. Both authors read and approved the final
manuscript.

Acknowledgements
This work was supported by grants from the SA Medical Research
Council, the National Research Foundation (NRF), Cancer Association of
South Africa (CANSA), Cancer Research Initiative of South Africa (CARISA)
and the University of Cape Town. We would like to thank Prof Dorothy
Bennett for the melanoma cell lines, Rodney Lucas for help with the
animal work, Saeb Aliwaini for help with flow cytometry and Dr
Shaheen Mowla for general assistance. The content is solely the
responsibility of the authors and does not necessarily represent the
official views of the funding agencies.



Peres and Prince Molecular Cancer 2013, 12:117 Page 5 of 5
http://www.molecular-cancer.com/content/12/1/117
Received: 30 June 2013 Accepted: 2 October 2013
Published: 7 October 2013

References
1. Jemal A, Siegel R, Ward E, Hao Y, Xu J, Thun MJ: Cancer statistics, 2009.

Cancer J Clin 2009, 59(4):225–249.
2. King R, Weilbaecher KN, McGill G, Cooley E, Mihm M, Fisher DE:

Microphthalmia transcription factor: a sensitive and specific melanocyte
marker for melanoma diagnosis. Am J Pathol 1999, 155:731–738.

3. Vachtenheimer J, Novotma H: Expression of genes for microphthalmia
isoforms, PAX3 and MSGI, in human melanomas. Cell Mol Biol 1999,
45:1075–1082.

4. Cano A, Perez-Moreno MA, Rodrigo I, Locascio A, Blanco MJ, del Barrio MG,
Portillo F, Nieto MA: The transcription factor snail controls epithelial-
mesenchymal transitions by repressing E-cadherin expression. Nat Cell
Biol 2000, 2:76–83.

5. Brummelkamp TR, Kortlever RM, Lingbeek M, Trettel F, MacDonald ME, van
Lohuizen M, Bernards R: TBX-3, the gene mutated in Ulnar- Mammary
Syndrome is a negative regulator of p19ARF and inhibits senescence.
J Biol Chem 2002, 277:6567–6572.

6. Lingbeek ME, Jacobs JJ, van Lohuizen M: The T-box repressors TBX2 and
TBX3 specifically regulate the tumor suppressor gene p14ARF via a
variant T site in the initiator. J Biol Chem 2002, 277:26120–26127.

7. Hoek K, Rimm DL, Williams KR, Zhao H, Ariyan S, Lin A, Kluger HM, Berger
AJ, Cheng E, Trombetta ES, Wu T, Niinobe M, Yoshikawa K, Hannigan GE,
Halaban R: Expression profiling reveals novel pathways in the
transformation of melanocytes to melanomas. Cancer Res 2004,
64:5270–5282.

8. Peres J, Davis E, Mowla S, Bennett DC, Li JA, Wansleben S, Prince S: The
highly homologous T-Box transcription factors, TBX2 and TBX3, have
distinct roles in the oncogenic process. Genes Cancer 2010, 1:272–282.

9. Rodriguez M, Aladowicz E, Lanfrancone L, Goding CR: Tbx3 represses
E-Cadherin expression and enhances melanoma invasiveness. Cancer Res
2008, 68(19):7872–7881.

10. Boyd SC, Mijatov B, Pupo GM, Tran SL, Gowrishankar K, Shaw HM,
Goding CR, Scolyer RA, Mann GJ, Kefford RF, Rizos H, Becker TM: Oncogenic
B-RAFV600E signaling induces the T-box3 transcriptional repressor to
repress E-cadherin and enhance melanoma cell invasion. J Investig
Dermatol. doi:10.1038/jid.2012.421. advance online publication,
20 September 2012.

11. Redmond KL, Crawford NT, Farmer H, D'Costa ZC, O'Brien GJ, Buckley NE,
Kennedy RD, Johnston PG, Harkin DP, Mullan PB: T-box 2 represses NDRG1
through an EGR1-dependent mechanism to drive the proliferation of
breast cancer cells. Oncogene 2010, 29:3252–3262.

doi:10.1186/1476-4598-12-117
Cite this article as: Peres and Prince: The T-box transcription factor,
TBX3, is sufficient to promote melanoma formation and invasion.
Molecular Cancer 2013 12:117.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Letter to the Editor
	Background

	Findings
	WM1650-TBX3 cells have decreased proliferative ability
	WM1650-TBX3 cells have increased anchorage independence and migratory ability

	Conclusion
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


