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Autophagy is a fundamental salvage
pathway that encapsulates damaged

cellular components and delivers them
to the lysosome for degradation and
recycling. This pathway usually conducts
a protective cellular response to nutrient
deprivation and various stresses. Tumor
cells live with metabolic stress and use
autophagy for their survival during tumor
progression and metastasis. Genomic
instability in tumor cells may result in
amplification of crucial gene(s) for auto-
phagy and upregulate the autophagic
pathway. We demonstrate that a cancer-
associated gene, LAPTM4B, plays an
important role in lysosomal functions
and is critical for autophagic maturation.
Its amplification and overexpression pro-
mote autophagy, which renders tumor
cells resistant to metabolic and genotoxic
stress and results in more rapid tumor
growth.

Lysosomal-associated protein transmem-
brane-4 β (LAPTM4B) is a putative novel
oncogene located at chromosome 8q22, a
region frequently amplified in breast
cancers. Amplification and overexpression
of LAPTM4B promotes anthracycline
resistance in primary breast cancer and is
associated with poor clinical outcomes
in patients. Although it is known that
LAPTM4B overexpression promotes
retention of anthracyclines in the cyto-
plasmic compartment and decreases drug
delivery to the nucleus, amplification of
this gene in primary tumors prior to drug
exposure raises the possibility of other roles
for this protein, perhaps to promote cell
survival or provide a growth advantage to
cancers.

We explored the role of LAPTM4B in
lysosome stability and found that knock-
down of LAPTM4B triggers lysosome
membrane permeabilization (LMP) with
cathepsin release, which leads to lysoso-
mal-mediated cell death in breast cancer
cells. Furthermore, depletion of LAPTM4B
results in increased lysosome pH, similar
to what is observed after treatment with
the lysosomotropic drug chloroquine.
However, exogenous expression of
LAPTM4B does not alter lysosome pH,
and alteration of lysosome pH by chloro-
quine does not induce lysosome mem-
brane permeabilization. These findings
suggested that the change in lysosome
pH after depletion of LAPTM4B is a
secondary effect of LMP, resulting in
deacidification of the lysosome. Apparently,
threshold levels of LAPTM4B are
required for lysosome stability and pre-
vention of lysosome-mediated initiation
of apoptosis. This may be important after
exposure to chemotherapy drugs.

Lysosomes also play roles in the com-
pletion of autophagy. We examined the
effect of modulating LAPTM4B expres-
sion on the process of autophagy during
starvation in breast cancer cells. The
combination of LAPTM4B depletion and
starvation results in marked cytoplasmic
accumulation of enlarged LC3-positive
autophagosomes that do not colocalize
with LAMP-2-positive lysosomes. This
suggests that depletion of LAPTM4B
results in failure of autophagosome-
lysosome fusion and autolysosome forma-
tion. Immunoblotting LC3-II and p62
reveals an increase of both proteins after
depletion of LAPTM4B or treatment with
chloroquine, consistent with increased
autophagosome number but a decrease in
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autophagy flux. These results suggest
LAPTM4B is required for later stages of
autophagy maturation, in which autopha-
gosomes are fused with lysosomes to form
autolysosomes. Accumulation of autopha-
gosomes leads to programmed cell death.
The combination of LMP and blocked
autophagy flux triggered by LAPTM4B
depletion results in more pronounced
caspase 3 activation and cell death. To
investigate cell survival in periods of stress,
we depleted LAPTM4B and found a
pronounced decrease in the number of
viable cells in low serum or low glucose.

In parallel experiments, we used cells
stably overexpressing exogenous LAPTM4B.
In these cells, starvation-induced auto-
phagy was greatly promoted and over-
expression of LAPTM4B results in higher
cell viability during growth in low serum
or glucose. This effect is disrupted by
the autolysosome inhibitor chloroquine.
These results are consistent with the
notion that overexpression of LAPTM4B
promotes increased autophagy flux in
cancer cells exposed to metabolic stress.

Finally, we found that tumor xenografts
with overexpressed LAPTM4B grow
much faster than control xenografts, and
have a higher LC3-II/LC3-I ratio and
decreased p62 levels, consistent with
increased autophagic flux. This result
suggests that LAPTM4B overexpression
promotes actual tumor growth in vivo,
perhaps by promoting greater tolerance
to stress by increased autophagy.

LAPTM4B represents the first example
of a gene crucial for autophagy maturation
and flux that is amplified in cancer and
associated with treatment resistance and
poor clinical outcome in various cancers.
Notably, the gene MTDH is a neighbor
on 8q22 and is co-amplified with
LAPTM4B. MTDH induces production
of autophagosomes in different cell
lineages through a noncanonical pathway
independent of Beclin 1 and class III
phosphatidylinositol 3-kinase by increas-
ing expression of ATG5 and activating
AMP kinase. Thus, the coordinate ampli-
fication of the two genes may activate and
promote these two alternate pathways of

autophagy and enhance tumor survival in
metabolic and genotoxic stress. Amplified
8q22 may represent a novel “autophagy-
promoting amplicon” in cancer. However,
this amplicon may conversely offer a thera-
peutic window. Over-reliance on over-
expression of 8q22 genes may represent an
Achilles’ heel for cancers that have amp-
lified these genes. Furthermore, nonmalig-
nant cells have less metabolic stress and
may not rely on autophagy for survival.
Targeting tumors that have 8q22 amp-
lification and reliance on autophagy-
mediated survival may preferentially kill
marker-positive tumor cells with a high
therapeutic index. Abnormal autophago-
some accumulation caused by disrupting
lysosome fusion with autophagosomes,
rather than simple inhibition of initiation of
autophagosome production, may induce
tumor cell death. Such a strategy may
synergize with other chemotherapeutic
drugs, and overcome drug resistance. Drugs
like chloroquine may represent only a lead
compound and direct the way to develop-
ment of new drugs that target autophagy.

274 Autophagy Volume 8 Issue 2



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 1.7
  /CompressObjects /Off
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /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 false
  /ColorImageDownsampleType /None
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /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 false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /None
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /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 false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /None
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /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 <<
    /ENU ([Based on 'press quality'] [Based on '[press quality for AG]'] [Based on '[Press Quality]'] Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  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 true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        18
        18
        18
        18
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 9
      /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


