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Abstract

Extracellular matrix proteins from embryonic
mesenchyme have a normalizing effect on cancer
cells in vitro and slow tumor growth in vivo. This
concept is suggestive of a new method for controlling
the growth and spread of existing cancer cells in situ
and indicates the possibility that extracellular proteins
and/or embryonic mesenchymal fibroblasts may
represent a fertile subject for study of new anti-cancer
treatments.

Bischof and colleagues have made a case for breast can-
cer cell normalization by biglycan isolated from embry-
onic mesenchyme in vitro [1]. Further, they show that
injection of extracellular matrix (ECM) isolated from
embryonic mesenchymal fibroblasts grown in vitro can
suppress tumor growth when inoculated directly into
growing tumors in vivo. Their results shed light on the
potential mechanism by which embryonic mesenchyme
can control tumorigenic expression of cancer -cells,
which was demonstrated by several investigators decades
ago [2,3]. The evidence indicates that only ECM from
inductive mesenchyme is effective in normalization of
cancer cells. In Bischof and colleagues’ report, cancer-
associated fibroblasts failed to produce a normalizing
effect. The authors went on to show that tenascin C and
biglycan were two ECM proteins that were uniquely
expressed by inductive embryonic mesenchymal fibro-
blasts. Further, they demonstrated that only biglycan was
able to normalize cancer cells in vitro. Isolated growth
factors associated tightly with the purified ECM were
ineffective in normalizing breast cancer cells. Finally,
siRNA knockdown of biglycan mRNA and protein in em-
bryonic fibroblasts abrogated their ability to normalize
breast cancer cells or reduce their growth in vitro.
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Biglycan has been disrupted by targeting in mice, and
variously leads to an osteoporosis-like phenotype and bio-
mechanically affected specific tendons [4-6]. One wonders
how the embryonic mesenchyme from these models
might behave in normalization studies.

While the implication of a single ECM component,
biglycan, is intriguing from a therapeutic perspective,
this reductionist view of the role of ECM in controlling
tumorigenesis is not in agreement with the published lit-
erature. Schedin and colleagues have very carefully stud-
ied the role of mammary ECM in breast tumorigenesis
[7-10]. They have found that reproductive history and
the developmental state of the gland from which the
breast ECM was isolated alters the effects of the ECM
on tumor growth. For instance, ECM derived from invo-
luting mammary tissues has pro-tumor effects compared
with that isolated from nulliparous tissues, and this pro-
tumorigenic potential is thwarted by treatment with
nonsteroidal anti-inflammatory drugs [8,9]. In addition,
they report that ECM isolated from parous mammary
glands has an inhibitory effect on tumor growth [7].
Contrary to Bischof and colleagues’ findings that bigly-
can is uniquely expressed in inductive mesenchyme,
biglycan was found to be present in ECM preparations
from nulliparous, parous, and involuting (with or with-
out prior nonsteroidal anti-inflammatory drug treat-
ment) rat mammary glands. Further, no significant
differences in biglycan concentrations were identified
between these ECM preparations [7,10].

Our laboratory has also been interested in trying to
understand tissue-microenvironment-induced suppres-
sion of cancer cell tumorigenesis. Our data demonstrate
that pluripotent human male cancer cells, mouse embry-
onic stem cells and breast cancer cells from both mouse
and human can be induced to differentiate and not
produce tumors in the mouse mammary gland during
regenerative growth [11-14]. All of our published data
have been determined in postpubertal mammary fat
pads whose mesenchyme, according to Sakakura and
colleagues [15], had lost inductive activity after interaction
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with mammary epithelium in utero at day 17. Thus, our
observations and those of Schedin and colleagues do
not agree with the conclusion of Bischof and colleagues
that biglycan is sufficient for tumor cell normalization
and that tumor cell normalization is unique to inductive
mesenchyme.

The specific components involved in tumor-cell
normalization are likely to be context dependent. Further-
more, changes in ECM architecture rather than ECM
composition are implicated in tumor suppression by ECM
isolated from mammary glands of parous rats [7], adding
an additional layer of complexity to the story. Therefore,
reductionist approaches to understanding these issues
should be cautioned. What is clear from the whole of the
published literature, including the recent report by Bischof
and colleagues, is the indispensable role of the local
microenvironment, including the ECM, in controlling cell
growth, survival, and fate determination.

Abbreviations
ECM: Extracellular matrix; siRNA: Small interfering RNA.

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

Author details

'School of Medical Diagnostic and Translational Sciences, College of Health
Sciences, Old Dominion University, Norfolk, VA 23529, USA. 2l\/lammary Stem
Cell Biology Section, CCBB, Center for Cancer Research, NCI, Bethesda,

MD 20892, USA.

Published: 17 Feb 2014

References

1. Bischof AG, Yuksel D, Mammoto T, Mammoto A, Krause S, Ingber DE: Breast
cancer normalization induced by embryonic mesenchyme is mediated
by extracellular matrix biglycan. Integr Biol (Camb) 2013, 5:1045-1056.

2. Parchment RE, Gramzinski RA, Pierce GB: Embryonic mechanisms for
abrogating the malignancy of cancer cells. Prog Clin Biol Res 1990,
354A:331-344.

3. Pierce GB, Arechaga J, Wells RS: Embryonic control of cancer. Prog Clin Biol
Res 1986, 226:67-77.

4. XuT, Bianco P, Fisher LW, Longenecker G, Smith E, Goldstein S, Bonadio J,
Boskey A, Heegaard AM, Sommer B, Satomura K, Dominguez P, Zhao C,
Kulkarni AB, Robey PG, Young MF: Targeted disruption of the biglycan
gene leads to an osteoporosis-like phenotype in mice. Nat Genet 1998,
20:78-82.

5. Young MF, Bi Y, Ameye L, Chen XD: Biglycan knockout mice: new models
for musculoskeletal diseases. Glycoconj J 2002, 19:257-262.

6. Robinson PS, Huang TF, Kazam E, lozzo RV, Birk DE, Soslowsky LJ: Influence
of decorin and biglycan on mechanical properties of multiple tendons in
knockout mice. J Biomech Eng 2005, 127:181-185.

7. Maller O, Hansen KC, Lyons TR, Acerbi |, Weaver VM, Prekeris R, Tan AC,
Schedin P: Collagen architecture in pregnancy-induced protection from
breast cancer. J Cell Sci 2013, 126:4108-4110.

8. McDaniel SM, Rumer KK, Biroc SL, Metz RP, Singh M, Porter W, Schedin P:
Remodeling of the mammary microenvironment after lactation
promotes breast tumor cell metastasis. Am J Pathol 2006, 168:608-620.

9. O'Brien J, Hansen K, Barkan D, Green J, Schedin P, O'Brien J, Hansen K,
Barkan D, Green J, Schedin P: Non-steroidal anti-inflammatory drugs
target the pro-tumorigenic extracellular matrix of the postpartum
mammary gland. Int J Dev Biol 2011, 55:745-755.

10.  O'Brien JH, Vanderlinden LA, Schedin PJ, Hansen KC: Rat mammary
extracellular matrix composition and response to ibuprofen treatment
during postpartum involution by differential GeLC-MS/MS analysis.

J Proteome Res 2012, 11:4894-4905.

Page 2 of 2

11, Booth B, Boulanger C, Anderson L, Smith G: The mammary microenvironment
restricts the tumorigenic phenotype of MMTV-neu-transformed tumor cells.
Oncogene 2011, 30:679-689.

12. Boulanger CA, Bruno RD, Mack DL, Gonzales M, Castro NP, Salomon DS,
Smith GH: Embryonic stem cells are redirected to non-tumorigenic
epithelial cell fate by interaction with the mammary microenvironment.
PLoS One 2013, 8:262019.

13. Bussard KM, Boulanger CA, Booth BW, Bruno RD, Smith GH:
Reprogramming human cancer cells in the mouse mammary gland.
Cancer Res 2010, 70:6336-6343.

14.  Bussard KM, Smith GH: Human breast cancer cells are redirected to
mammary epithelial cells upon interaction with the regenerating
mammary gland microenvironment in-vivo. PLoS One 2012, 7:e49221.

15. Sakakura T, Suzuki Y, Shiurba R: Mammary stroma in development and
carcinogenesis. J Mammary Gland Biol Neoplasia 2013, 18:189-197.

10.1186/bcr3617

Cite this article as: Bruno and Smith: A potential mechanism for
extracellular matrix induction of breast cancer cell normality. Breast
Cancer Research 2014, 16:302



http://breast-cancer-research.com/content/16/1/302

	Abstract
	Abbreviations
	Competing interests
	Author details
	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


