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An Addendum on

Glucose-Regulated Protein 78 Signaling Regulates Hypoxia-Induced Epithelial–Mesenchymal
Transition in A549 Cells
By Sun L-L, Chen C-M, Zhang J, Wang J, Yang C-Z and Lin L-Z (2019). Front. Oncol. 9:137. doi:
10.3389/fonc.2019.00137

We thank the reviewers for their queries regarding the suitability of GAPDH, a protein that
increases in expression during hypoxia, as a control in our hypoxia experiment.

We have included additional commentary on this issue in the discussion section.
As for typical controls used in hypoxia experiments that induce the epithelial–mesenchymal

transition (EMT), we found that most articles used beta-actin (1–3) and GAPDH (4–7) as
reference proteins, while a few articles used tubulin (8). However, it seems that there are no
absolute ideal controls specifically when it comes to analyzing the cellular changes like cell death,
proliferation, mutagenesis and transition. GAPDH is a rate limiting enzyme in glycolysis. External
stimuli such as hypoxia can enhance the expression of GAPDH in some cells (9, 10). However, the
expression of GAPDH might be unchanged in cancer cells such as human glioblastoma under
hypoxic conditions (11), despite the metabolic phenotype of cancer cells being accelerated
glycolysis, even under normoxic conditions (12). On the other hand, beta-actin and beta-
tubulin are closely related to EMT and they are also not ideal controls in this circumstance.
Beta-actin plays a key role in cell migration, which is always accompanied by the EMT process
(13). The expression and function of beta-actin is expected to change during the EMT process (14).
Beta-tubulin is partially under the negative control of miR-200, a family of micro-RNAs playing a
major role in EMT (15). And coordinated regulation exists between b-tubulin and EMT protein
ZEB1 (16). In addition to hypoxia, many other stimuli or interventions can affect the metabolic
phenotype and EMT process of cancer cells (17–19). Thus, in such a scenario, it’s required to have
a reasonable control which is further checked as internal control within the study in different
conditions of the study, then that can be utilized to draw conclusions of test proteins level change.
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Sun et al. Addendum: GRP78 Signaling Regulates EMT
We also asked ourselves whether the use of GAPDH has led to a
false positive conclusion in the present study. We argue that a
false positive is unlikely for the following reasons. Firstly,
hypoxia stimulates the expression of GAPDH. If we adjusted
the expression of GAPDH, then the expression of GRP78 should
increase. Secondly, whether using beta-actin (20, 21) or beta-
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tubulin (22) as control, GRP78 was also highly expressed in
hypoxic cells. Thirdly, the signaling of smad2/3 and SRC will
not be influenced by the use of GAPDH, as the control was also
exposed to a hypoxic environment. As a result, we do not think
that the conclusion of the present study is a false positive result
due to the application of GAPDH.
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Castañeda-Saucedo E, Ortuño-Pineda C, et al. Extracellular-Signal Regulated
Kinase: A Central Molecule Driving Epithelial-Mesenchymal Transition in
Cancer. Int J Mol Sci (2019) 20:2885. doi: 10.3390/ijms20122885

15. Chilosi M, Caliò A, Rossi A, Gilioli E, Pedica F, Montagna L, et al. Epithelial to
Mesenchymal Transition-Related Proteins ZEB1, b-Catenin, and b-Tubulin-
III in Idiopathic Pulmonary Fibrosis. Mod Pathol (2017) 30:26–38.
doi: 10.1038/modpathol.2016.147

16. Lobert S, Graichen M, Morris K. Coordinated Regulation of b-Tubulin
Isotypes and Epithelial-to-Mesenchymal Transition Protein ZEB1 in Breast
Cancer Cells. Biochemistry (2013) 52:5482–90. doi: 10.1021/bi400340g

17. Boedtkjer E, Pedersen SF. The Acidic Tumor Microenvironment as a Driver of
Cancer. Annu Rev Physiol (2020) 82:103–26. doi: 10.1146/annurev-physiol-
021119-034627

18. Nagaraja SS, Krishnamoorthy V, Raviraj R, Paramasivam A, Nagarajan D.
Effect of Trichostatin A on Radiation Induced Epithelial-Mesenchymal
Transition in A549 Cells. Biochem Biophys Res Commun (2017) 493:1534–
41. doi: 10.1016/j.bbrc.2017.10.031

19. Lee CH. Epithelial-Mesenchymal Transition: Initiation by Cues From Chronic
Inflammatory Tumor Microenvironment and Termination by Anti-
Inflammatory Compounds and Specialized Pro-Resolving Lipids. Biochem
Pharmacol (2018) 158:261–73. doi: 10.1016/j.bcp.2018.10.031

20. Lee JH, Yoon YM, Lee SH. Hypoxic Preconditioning Promotes the
Bioactivities of Mesenchymal Stem Cells Via the HIF-1alpha-GRP78-Akt
Axis. Int J Mol Sci (2017) 18:1320. doi: 10.3390/ijms18061320

21. Song MS, Park YK, Lee JH, Park K. Induction of Glucose-Regulated Protein 78
by Chronic Hypoxia in Human Gastric Tumor Cells Through a Protein Kinase
C-epsilon/ERK/AP-1 Signaling Cascade. Cancer Res (2001) 61:8322–30.

22. Huang Z, Zhou M, Wang Q, Zhu M, Chen S, Li H. Mechanical and Hypoxia
Stress can Cause Chondrocytes Apoptosis Through Over-Activation of
Endoplasmic Reticulum Stress. Arch Oral Biol (2017) 84:125–32.
doi: 10.1016/j.archoralbio.2017.09.021

Copyright © 2021 Sun, Chen, Zhang, Wang, Yang and Lin. This is an open-access
article distributed under the terms of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.
June 2021 | Volume 11 | Article 637227

https://doi.org/10.1038/ncomms13867
https://doi.org/10.1038/ncomms13867
https://doi.org/10.1053/j.gastro.2017.04.017
https://doi.org/10.1053/j.gastro.2017.04.017
https://doi.org/10.1016/j.jgr.2017.03.008
https://doi.org/10.1186/s12943-017-0675-y
https://doi.org/10.1016/j.canlet.2016.08.011
https://doi.org/10.1002/jcp.28883
https://doi.org/10.1002/hep.29681
https://doi.org/10.1164/rccm.201109-1706OC
https://doi.org/10.1016/j.marenvres.2018.04.003
https://doi.org/10.3892/mmr.2016.5796
https://doi.org/10.1186/1471-2199-8-55
https://doi.org/10.1080/10409238.2018.1556578
https://doi.org/10.1111/tra.12551
https://doi.org/10.3390/ijms20122885
https://doi.org/10.1038/modpathol.2016.147
https://doi.org/10.1021/bi400340g
https://doi.org/10.1146/annurev-physiol-021119-034627
https://doi.org/10.1146/annurev-physiol-021119-034627
https://doi.org/10.1016/j.bbrc.2017.10.031
https://doi.org/10.1016/j.bcp.2018.10.031
https://doi.org/10.3390/ijms18061320
https://doi.org/10.1016/j.archoralbio.2017.09.021
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Addendum: Glucose-Regulated Protein 78 Signaling Regulates Hypoxia-Induced Epithelial–Mesenchymal Transition in A549 Cells
	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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /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 0.40
    /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 false
  /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 0.40
    /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 false
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /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
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


