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STEM CELLS, CELL ASYMMETRY,
AND REGULATED CELL DEATH

REVIEW THE CONCEPTS

1. By definition, a stem cell divides to give rise to a copy of itself and to a differentiated
cell or a cell capable of differentiating into multiple cell types, such as a mutipotent
progenitor cell. Totipotent stem cells can give rise to every tissue in an organism.
Pluripotent stem cells give rise to multiple, but not necessarily all, cell types. Progeni-
tor cells give rise to more than one cell type but, unlike stem cells, do not self-renew.

2. Inplants, stem cells are located in meristems, such as shoot apical meristems (SAMs)
and floral meristems. In adult animal cells, stem-cell populations are thought to exist
in low numbers in many organs including skin, intestine, and bone marrow. SAMs in
plants are embryo-like in their concentration of totipotent stem cells. However, stem
cells are difficult to purify from adult animals, and the only totipotent stem cells found
in animals are in very early stage embryos.

3. Because Dolly was derived from an egg containing a nucleus from an adult, differenti-
ated cell, we know that differentiated nuclei (at least adult mammary cells) have the
potential to dedifferentiate and become totipotent. Since Dolly was derived from a dif-
ferentiated nucleus placed into an egg and not from an intact, differentiated cell, we
can conclude nothing about the ability of a differentiated cell to become totipotent.
Other than the nucleus, the organelles, including mitochondria, which also contain
genetic material, were derived from a germ cell. Differentiation of cells is maintained
by cytoskeletal structures, organelles that confer cell properties, particular modifica-
tions of key regulatory proteins, and accessibility of regulatory genes in the chromatin.
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10.

11.

The Dolly experiment best indicates that the chromatin of differentiated nuclei
can be remodeled from a differentiated to a totipotent state.

(a) pluripotent cells, (b) pluripotent cells, (c) totipotent cells, (d) multipotent cells.

True. Somatic cell nuclear transfer (SCNT) where the nucleus of an adult somatic
cell is introduced into an enucleated egg to produce the equivalent of a zygote
can, in rare cases, develop into a fully functional organism even though the
source of the DNA is a differentiated somatic cell from an adult. Furthermore,
induced pluripotent stem cells (from adult somatic cells) can be experimentally
introduced into a blastocyst and form all of the tissues of a mouse, including
germ cells.

Intestinal stem cells were first identified by their location in the crypts and by
their expression of the G protein—coupled receptor Lgr5. The lineage-tracing
studies in Figure 21-15 showed that the descendants of these Lgr-expressing cells
indeed gave rise to all types of differentiated intestinal epithelial cells and thus
that they were multipotent.

The key experiment was showing that a single isolated HSC was sufficient to
restore the entire blood system when transferred into a lethally irradiated mouse
in which all of the HSCs have been killed. That is, the cell was multipotent—
generating all types of differentiated blood cells—as well as able to undergo
self-renewal, in that it gave rise to multiple daughter HSCs.

Because C. elegans consists of a small, invariant number of cells, it has been
possible to generate a fate map of every cell from the fertilized egg to adulthood.
C. elegans is also very amenable to genetic manipulation. Therefore, it is possible
to alter the expression of specific genes and then determine the effect of this
manipulation on cell division, cell differentiation, and cell death. Because many
differentiation pathways are highly conserved between C. elegans and mammals
(e.g., the apoptotic pathway), much of the information derived from studies in
C. elegans can be applied by analogy to mammalian systems and homologous
genes can be discovered.

In S. cerevisiae, the myosin motor protein, Myo4p, localizes Ashl mRNA to the
bud that will form the daughter cell. In Drosophila neuroblasts, microtubules are
required for assembly of the Baz/Par6/PKC3 protein complex at the apical end.

A complex comprising Par3, Par6, and aPKC is localized anteriorly in the devel-
oping embryo and blocks expression of members of another complex (containing
Parl and Par2) from that region of the embryo. Conversely, the Par1l/Par2 com-
plex is expressed posteriorly within the embryo and prevents members of the
Par3/Par6/aPKC complex from being expressed.

In mutant mice in which either neurotrophins or their receptors are knocked out,
specific classes of neurons die by apoptosis. These results indicate that apoptosis
occurs by default unless a specific extracellular signal is transduced to block the
apoptotic program.
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12.

13.

14.

15.

16.

17.

In apoptosis, cells shrink and condense, and then fragment into apoptotic
bodies before being phagocytosed by macro-phages. In necrosis, cells
swell and burst, emptying their contents into the surroundings. Necrosis,
but not apoptosis, triggers a potentially damaging infl ammatory response
in the tissue.

Killer proteins initiate the events surrounding apoptosis. Destruction proteins
digest cell components such as DNA. Engulfment proteins aid phagocytosis of
dying cells.

(a) no cell death (since CED-9 supresses apoptosis, and CED-3, which is a killer
protein, is inactive)

(b) no cell death (while Bax would induce cytochrome c release, nonfunctional
caspase-9 would not be able to induce downstream apoptotic events)

(c) cell death (in the absence of active PI-3, the active unphosphorylated Bad
can bind Bcl-2 and lead to the induction of downstream apoptotic events)

Although external signals such as TNF and Fas ligand induce apoptosis, the
responding cell must still transduce the death signal through an intracellular
pathway and induce its own death by activation of the caspase enzymes. The
morphologic events of this death are indistinguishable from apoptosis
triggered by an intrinsic pathway.

a.The cell should undergo apoptosis even in the presence of trophic factors.

b. The cell should not undergo apoptosis even in the absence of trophic
factors.

c. The cell should not undergo apoptosis even in the absence of trophic
factors. The mutations named in the question in both (b) and (c) could be found
in cancer cells because either would block apoptosis even in the absence of
trophic factors.

IAPs have zinc-binding domains that can bind directly to caspases and inhibit
their protease activity, thus preventing apoptosis. SMAC/DIABLOs, a family
of mitochondrial proteins, can bind to the zinc-binding domains in IAPs and
pre-vent them from binding to caspases.







<<
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (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 false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




