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multiforme (GBM), multiple myeloma, and lymphoma) and which
also can be used as part of a preparatory (conditioning) regimen
prior to bone marrow transplantation. BCNU treatment has been
associated with significant changes in mental status and with
white matter degeneration [108,109]. Cisplatin is a DNA cross-
linking agent used in treatment of various kinds of cancers,
including sarcomas, some carcinomas, lymphomas, and germ cell
tumors. At high doses, it has been associated with leukoencepha-
lopathy and destruction of CNS white matter [110]. The antimeta-
bolite cytarabine is a nucleoside analog used mainly in treatment
of white blood cell tumors, such as acute myeloid leukemia, acute



cells) in which vulnerability was comparable to that observed for
primary neural progenitor cells, with most such cell lines being
more resistant to these agents than the normal cells. This outcome
was seen despite the fact that the cancer cell lines we studied
often were chosen because of their previous use in studies on the
response to the drugs studied.

In vitro analyses of purified cell populations were highly
predictive of effects seen following systemic treatment with any
of the chemotherapeutic agents in vivo, in terms of both the
cellular targets and the ability of exposure to these agents to cause
cell death and also to suppress precursor cell division. In particular,
in vitro



BCNU and TMX are prooxidants—and TMX is potentially a very useful
prooxidant for treatment of a wide range of cancers

Multiple standard anticancer agents appear to make cells more
oxidized. It was thus a natural question for us to ask whether the
effects of these agents on O-2A/OPCs might be mediated through
activation of the RFC pathway.









studies on BLBC cells, we found identical results on 7 independent
BLBC cell lines representing Basal B triple-negative cells, Basal A
cells, and Basal A cells with Her2 amplification [241]. In our studies
on GBMs, five independent GBM cell lines all yielded identical
results, as did examination of biopsies from five different patients
[227]. In addition, analysis of five c-Cbl targets in GBM samples
(via the Cancer Genome Atlas) showed increased levels of at least
two c-Cbl target proteins in 73% of cases and of at least three c-Cbl
targets in 43% of cases. A more focused examination of tumors





knockdown cells to TMX caused a further decrease in EGFR levels
[241]. In addition, it also was recently reported that
transglutaminase-2 also can inhibit c-Cbl function in some GBM
cell lines [361].

There also is a growing list of proteins known to regulate the
activity of Cool-1/βpix and Cdc42, and each of these is of potential
interest as a means of controlling c-Cbl activity. For example,
inhibition of a particularly central activator of Cool-1/βpix might
produce outcomes that were similar to knockdown of Cool-1/βpix
itself. In addition, it has been reported that MEK inhibition also



of cancer cells is a puzzling one, and understanding how this can
be accomplished is likely to provide insights important for devel-
oping better anticancer therapies. How a MEK1/2 inhibitor might
have such different effects on normal cells and transformed cells is
not yet known. It is curious, however, that there are previous
observations indicating that MEK inhibition can also decrease
Cool-1/β-pix phosphorylation [365]. It will be of great interest to
determine if the MEK inhibitors we discovered through investiga-
tions on protective strategies have the unexpected property of also
being able—at least in some cancers—of restoring normal c-Cbl



analyses of the role of redox state in cell signaling do not argue
against the importance of more standard approaches to analysis of
signaling pathway function. Instead, it is the integration of all of
these various approaches together that is likely to offer the
greatest power going forward. Indeed, we suspect that one of
the greatest opportunities going forward will be to combine our
work with studies on genetic networks that also are shared by
multiple cancers and that arise in specific response to the action of
cooperating oncogenes. The network of cooperation response
genes (CRGs) was first identified in studies by Hartmut Land and
colleagues on cooperation between dominant-negative p53 and
constitutively active RasV12 (Ras) mutants in a model of colon cell
transformation [382]. Systematic functional analysis demonstrated
that CRGs are highly enriched for regulators of malignancy, and
resetting expression of individual CRGs to normal cell levels
suppressed growth of both experimental tumors and naturally
occurring human tumors [382,383]. Restoring normal expression
of even a single CRG was, in most cases, sufficient to reduce tumor
growth, and similar effectiveness was seen in both experimentally
induced cancers and xenograft tumor formation by human cancer
cells [382–384].

Regulation of cell transformation by CRGs appears to be a
general principle, as CRGs that regulate transformation of colon

http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref1
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref1
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref1
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref2
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref2
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref2
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref3
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref3
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref3
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref3
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref4
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref4
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref4
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref5
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref5
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref5
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref6
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref6
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref7
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref7
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref7
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref7
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref8
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref8
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref8
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref9
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref9
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref9
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref10
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref10
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref10
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref11
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref11
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref11
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref11
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref12
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref12
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref12
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref13
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref13
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref13
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref13
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref14
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref14
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref14
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref14
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref15
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref15
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref15
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref15
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref16
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref16
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref17
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref17
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref17
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref17
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref18
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref18
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref19
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref19
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref20
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref20
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref20
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref21
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref21
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref22
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref22
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref22
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref23
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref23
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref24
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref24
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref25
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref25
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref26
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref26


http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref27
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref27
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref27
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref27
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref28
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref28
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref29
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref29
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref29
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref30
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref30
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref30
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref31
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref31
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref31
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref32
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref32
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref33
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref33
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref33
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref34
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref34
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref35
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref35
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref35
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref36
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref36
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref36
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref36
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref37
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref37
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref37
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref37
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref38
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref38
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref38
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref39
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref39
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref39
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref40
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref40
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref40
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref41
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref41
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref41
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref41
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref42
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref42
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref42
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref43
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref43
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref43
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref44
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref44
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref44
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref45
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref45
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref46
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref46
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref47
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref47
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref47
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref48
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref48
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref48
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref48
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref49
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref49
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref49
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref50
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref50
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref50
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref51
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref51
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref51
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref52
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref52
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref52
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref52
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref53
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref53
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref53
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref54
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref54
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref54
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref55
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref55
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref55
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref55
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref56
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref56
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref56
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref56
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref56
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref57
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref57
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref57
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref57
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref58
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref58
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref59
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref59
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref59
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref60
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref60
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref60
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref61
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref61
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref61
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref62
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref62
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref62
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref63
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref63
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref63
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref64
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref64
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref65
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref65
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref65
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref66
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref66
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref67
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref67
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref68
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref68
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref69
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref69
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref69
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref70
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref70
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref70
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref71
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref71
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref71
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref72
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref72
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref72
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref73
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref73
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref74
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref74
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref74
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref75
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref75
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref75
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref76
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref76
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref77
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref77
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref78
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref78
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref79
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref79
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref80
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref80
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref80
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref80
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref81
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref81
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref81
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref82
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref82
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref82
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref83
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref83
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref84
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref84
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref84
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref85
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref85
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref86
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref86


http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref87
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref87
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref87
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref88
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref88
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref88
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref89
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref89
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref89
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref90
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref90
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref90
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref91
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref91
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref91
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref92
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref92
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref93
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref93
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref93
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref93
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref94
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref94
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref94
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref95
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref95
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref95
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref95
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref96
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref96
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref96
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref96
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref97
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref97
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref97
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref98
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref98
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref99
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref99
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref99
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref100
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref100
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref100
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref101
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref101
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref101
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref101
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref101
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref102
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref102
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref102
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref102
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref103
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref103
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref103
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref103
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref103
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref104
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref104
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref104
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref105
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref105
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref105
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref105
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref106
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref106
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref106
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref106
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref107
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref107
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref107
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref108
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref108
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref108
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref109
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref109
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref109
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref110
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref110
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref111
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref111
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref112
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref112
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref112
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref113
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref113
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref114
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref114
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref115
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref115
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref115
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref116
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref116
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref116
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref116
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref117
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref117
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref117
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref117
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref118
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref118
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref119
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref119
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref119
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref119
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref120
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref120
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref120
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref120
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref121
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref121
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref122
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref122
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref122
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref123
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref123
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref123
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref124
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref124
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref124
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref125
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref125
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref125
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref126
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref126
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref126
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref126
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref127
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref127
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref127
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref128
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref128
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref128
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref128
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref128
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref129
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref129
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref129
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref130
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref130
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref130
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref131
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref131
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref131
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref131
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref132
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref132
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref132
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref133
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref133
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref133
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref134
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref134
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref134
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref135
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref135
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref136
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref136
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref136
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref137
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref137
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref138
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref138
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref138
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref138
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref139
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref139
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref139
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref139
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref140
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref140
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref140


[141] Han, R.; Yang, Y. M.; Dietrich, J.; Luebke, A.; Mayer-Proschel, M.; Noble, M.
Systemic 5-fluorouracil treatment causes a syndrome of delayed myelin
destruction in the central nervous system. J Biol 7:12; 2008.

[142] Dessi, F.; Pollard, H.; Moreau, J.; Ben-Ari, Y.; Charriaut-Marlangue, C. Cytosine
arabinoside induces apoptosis in cerebellar neurons in culture. J. Neurochem.
64:1980–1987; 1995.

[143] Geller, H. M.; Cheng, K. -Y.; Goldsmith, N. K.; Alejandro, A. A.; Zhang, A. -L.;
Morris, E. J.; Grandison, L. Oxidative stress mediates neuronal DNA damage
and apoptosis in response to cytosine arabinoside. J. Neurochem. 78:265–275;
2001.

[144] Martin, D. P.; Wallace, T. L.; Johnson, E. M. J. Cytosine arabinoside kills
postmitotic neurons in a fashion resembling trophic factor deprivation:
evidence that a deoxycytidine-dependent process may be required for nerve
growth factor signal transduction. J. Neurosci. 10:184–193; 1990.

[145] Sanz-Rodriguez, C.; Boix, J.; Comella, J. X. Cytosine arabinoside is neurotoxic
to chick embryo spinal cord motoneurons in culture. Neurosci. Lett.
223:141–144; 1997.

[146] Tomkins, C. E.; Edwards, S. N.; Tolkovsky, A. M. Apoptosis is induced in post-
mitotic rat sympathetic neurons by arabinosides and topoisomerase II
inhibitors in the presence of NGF. J. Cell Sci. 107:1499–1507; 1994.

[147] Wick, A.; Wick, W.; Hirrlinger, J.; Gerhardt, E.; Dringen, R.; Dichgans, J.;
Weller, M.; Schulz, J. B. Chemotherapy-induced cell death in primary
cerebellar granule neurons but not in astrocytes: in vitro paradigm of
differential neurotoxicity. J. Neurochem 91:1067–1074; 2004.

[148] Cho, K. H.; Choi, S. M.; Kim, B. C.; Lee, S. H.; Park, M. S.; Kim, M. K.; Kim, J. K.
5-fluorouracil-induced oligodendrocyte death and inhibitory effect of cyclo-
heximide, Trolox, and Z-VAD-FMK in murine cortical culture. Cancer
100:1484–1490; 2004.

[149] Yamada, M.; Nakagawa, H.; Fukushima, M.; Shimizu, K.; Hayakawa, T.;
Ikenaka, K. In vitro study on intrathecal use of 5-fluoro-2’-deoxyuridine
(FdUrd) for meningeal dissemination of malignant brain tumors. J. Neuroon-
col. 37:115–121; 1998.

[150] Rowitch, D. H.; Lu, Q. R.; Kessaris, N.; Richardson, W. D. An ‘oligarchy’ rules
neural development. Trends Neurosci 25:417–422; 2002.

[151] Ross, S. E.; Greenberg, M. E.; Stiles, C. D. Basic helix-loop-helix factors in
cortical development. Neuron 39:13–25; 2003.

[152] Ligon, K. L.; Fancy, S. P.; Franklin, R. J.; Rowitch, D. H. Olig gene function in
CNS development and disease. Glia 54:1–10; 2006.

[153] Li, H.; Richardson, W. D. The evolution of Olig genes and their roles in
myelination. Neuron glia biology 4:129–135; 2008.

[154] Mitew, S.; Hay, C. M.; Peckham, H.; Xiao, J.; Koenning, M.; Emery, B.
Mechanisms regulating the development of oligodendrocytes and central
nervous system myelin. Neuroscience ; 2013.

[155] Brezden, C. B.; Phillips, K. A.; Abdolell, M.; Bunston, T.; Tannock, I. F. Cognitive
function in breast cancer patients receiving adjuvant chemotherapy. Journal
of clinical oncology: official journal of the American Society of Clinical Oncology
18:2695–2701; 2000.

[156] Haykin, M. E.; Gorman, M.; van Hoff, J.; Fulbright, R. K.; Baehring, J. M.
Diffusion-weighted MRI correlates of subacute methotrexate-related neuro-
toxicity. J. Neurooncol. 76:153–157; 2006.

[157]

http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref141
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref141
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref141
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref142
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref142
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref142
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref143
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref143
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref143
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref143
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref144
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref144
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref144
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref144
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref145
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref145
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref145
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref146
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref146
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref146
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref147
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref147
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref147
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref147
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref148
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref148
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref148
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref148
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref149
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref149
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref149
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref149
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref150
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref150
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref151
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref151
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref152
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref152
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref153
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref153
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref154
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref154
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref154
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref155
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref155
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref155
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref155
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref156
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref156
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref156
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref157
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref157
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref157
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref157
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref158
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref158
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref159
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref159
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref160
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref160
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref160
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref161
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref161
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref161
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref161
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref161
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref162
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref162
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref162
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref163
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref163
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref163
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref164
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref164
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref164
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref165
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref165
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref166
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref166
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref166
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref166
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref167
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref167
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref167
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref168
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref168
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref169
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref169
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref169
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref169
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref170
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref170
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref170
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref171
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref171
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref171
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref171
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref172
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref172
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref172
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref173
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref173
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref173
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref173
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref174
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref174
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref175
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref175
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref175
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref175
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref176
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref176
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref176
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref176
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref177
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref177
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref177
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref177
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref177
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref178
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref178
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref178
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref178
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref178
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref179
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref179
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref179
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref179
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref179
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref180
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref180
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref180
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref181
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref181
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref181
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref182
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref182
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref182
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref182
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref183
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref183
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref183
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref184
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref184
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref184
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref185
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref185
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref185
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref185
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref186
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref186
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref186
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref187
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref187
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref187
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref188
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref188
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref188
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref188
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref189
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref189
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref189
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref189
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref190
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref190
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref190
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref191
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref191
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref191
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref191
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref192
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref192


http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref192
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref192
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref193
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref193
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref193
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref193
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref194
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref194
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref194
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref194
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref194
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref195
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref195
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref195
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref196
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref196
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref196
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref196
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref197
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref197
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref197
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref197
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref197
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref198
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref198
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref198
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref199
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref199
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref199
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref199
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref200
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref200
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref200
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref200
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref200
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref200
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref201
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref201
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref201
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref201
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref202
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref202
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref202
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref203
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref203
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref203
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref204
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref204
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref204
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref205
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref205
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref205
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref206
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref206
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref206
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref206
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref207
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref207
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref207
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref207
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref207
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref208
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref208
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref208
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref208
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref209
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref209
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref209
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref209
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref210
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref210
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref210
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref211
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref211
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref211
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref211
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref211
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref212
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref212
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref212
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref212
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref212
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref213
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref213
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref213
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref213
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref214
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref214
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref214
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref214
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref215
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref215
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref215
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref215
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref216
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref216
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref216
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref217
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref217
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref217
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref218
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref218
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref218
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref218
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref219
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref219
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref219
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref219
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref220
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref220
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref221
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref221
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref221
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref221
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref221
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref222
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref222
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref222
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref222
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref222
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref223
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref223
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref223
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref223
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref224
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref224
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref225
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref225
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref225
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref225
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref226
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref226
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref226
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref227
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref227
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref227
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref227
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref228
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref228
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref228
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref228
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref229
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref229
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref229
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref229
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref229
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref230
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref230
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref230
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref231
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref231
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref232
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref232
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref233
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref233
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref233
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref234
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref234
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref234
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref235
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref235
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref235
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref236
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref236
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref237
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref237
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref237
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref238
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref238
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref238
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref239
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref239


factor in the cycling of Cdc42 to regulate insulin secretion. American journal
of physiology. Endocrinology and metabolism 301:E1072–1080; 2011.

[240] Kim, S.; Kim, D.; Lee, S. H.; Park, H.; Kim, H.; Park, D. Molecular cloning of
neuronally expressed mouse betaPix isoforms. Biochem. Biophys. Res. Com-
mun. 272:721–725; 2000.

[241] Chen, H. -Y.; Yang, Y. M.; Stevens, B.; Noble, M. Inhibition of redox/Fyn/c-Cbl
pathway function by Cdc42 controls tumor initiation capacity and tamoxifen
sensitivity in basal-like breast cancer cells. EMBO Mol. Med 5:723–736; 2013.

[242] Pichot, C. S.; Arvanitis, C.; Hartig, S. M.; Jensen, S. A.; Bechill, J.; Marzouk, S.;
Yu, J.; Frost, J. A.; Corey, S. J. Cdc42-interacting protein 4 promotes breast
cancer cell invasion and formation of invadopodia through activation of N-
WASp. Cancer Res. 70:8347–8356; 2010.

[243] Dombrosky-Ferlan, P.; Grishin, A.; Botelho, R. J.; Sampson, M.; Wang, L.;
Rudert, W. A.; Grinstein, S.; Corey, S. J. Felic (CIP4b), a novel binding partner
with the Src kinase Lyn and Cdc42, localizes to the phagocytic cup. Blood
101:2804–2809; 2003.

[244] Surviladze, Z.; Waller, A.; Strouse, J. J.; Bologa, C.; Ursu, O.; Salas, V.;
Parkinson, J. F.; Phillips, G. K.; Romero, E.; Wandinger-Ness, A.; Sklar, L. A.;
Schroeder, C.; Simpson, D.; Nöth, J.; Wang, J.; Golden, J.; Aubé, J. A Potent and
Selective Inhibitor of Cdc42 GTPase. SourceProbe Reports from the NIH
Molecular Libraries Program [Internet]. Bethesda (MD): National Center for
Biotechnology Information (US) 2010; Feb 27; 2010.

[245] Rizzo, P.; Miao, H.; D'Souza, G.; Osipo, C.; Song, L. L.; Yun, J.; Zhao, H.;
Mascarenhas, J.; Wyatt, D.; Antico, G.; Hao, L.; Yao, K.; Rajan, P.; Hicks, C.;
Siziopikou, K.; Selvaggi, S.; Bashir, A.; Bhandari, D.; Marchese, A.; Lendahl, U.;
Qin, J. Z.; Tonetti, D. A.; Albain, K.; Nickoloff, B. J.; Miele, L. Cross-talk between
notch and the estrogen receptor in breast cancer suggests novel therapeutic
approaches. Cancer Res. 68:5226–5235; 2008.

[246] Baumann, M.; Krause, M.; Hill, R. Exploring the role of cancer stem cells in
radioresistance. Nature reviews. Cancer 8:545–554; 2008.

[247] Visvader, J. E.; Lindeman, G. J. Cancer stem cells in solid tumours: accumulat-
ing evidence and unresolved questions. Nature reviews. Cancer 8:755–768;
2008.

[248] O'Brien, C. A.; Kreso, A.; Dick, J. E. Cancer stem cells in solid tumors: an
overview. Seminars in radiation oncology 19:71–77; 2009.

[249] Diehn, M.; Cho, R. W.; Clarke, M. F. Therapeutic implications of the cancer
stem cell hypothesis. Seminars in radiation oncology 19:78–86; 2009.

[250] Scopelliti, A.; Cammareri, P.; Catalano, V.; Saladino, V.; Todaro, M.; Stassi, G.
Therapeutic implications of Cancer Initiating Cells. Expert opinion on biolo-
gical therapy 9:1005–1016; 2009.

[251] Rosen, J. M.; Jordan, C. T. The increasing complexity of the cancer stem cell
paradigm. Science 324:1670–1673; 2009.

[252] Gupta, P. B.; Chaffer, C. L.; Weinberg, R. A. Cancer stem cells: mirage or
reality? Nat Med 15:1010–1012; 2009.

[253] Frank, N. Y.; Schatton, T.; Frank, M. H. The therapeutic promise of the cancer
stem cell concept. The Journal of clinical investigation 120:41–50; 2010.

[254] Wan, F.; Zhang, S.; Xie, R.; Gao, B.; Campos, B.; Herold-Mende, C.; Lei, T. The
utility and limitations of neurosphere assay, CD133 immunophenotyping and
side population assay in glioma stem cell research. Brain Pathol 20:877–889;
2010.

[255] Greaves, M. Cancer stem cells: back to Darwin? Seminars in cancer biology
20:65–70; 2010.

[256] Cheng, L.; Bao, S.; Rich, J. N. Potential therapeutic implications of cancer stem
cells in glioblastoma. Biochemical pharmacology 80:654–665; 2010.

[257] Stratford, A. L.; Reipas, K.; Maxwell, C.; Dunn, S. E. Targeting tumour-
initiating cells to improve the cure rates for triple-negative breast cancer.
Expert reviews in molecular medicine 12:e22; 2010.

[258] Garvalov, B. K.; Acker, T. Cancer stem cells: a new framework for the design
of tumor therapies. J Mol Med (Berl) 89:95–107; 2011.

[259] D'Angelo, R. C.; Wicha, M. S. Stem cells in normal development and cancer.
Progress in molecular biology and translational science 95:113–158; 2010.

[260] Blanpain, C.; Mohrin, M.; Sotiropoulou, P. A.; Passegue, E. DNA-damage
response in tissue-specific and cancer stem cells. Cell Stem Cell 8:16–29;
2011.

[261] Soltanian, S.; Matin, M. M. Cancer stem cells and cancer therapy. Tumour
biology: the journal of the International Society for Oncodevelopmental Biology
and Medicine 32:425–440; 2011.

[262] Clevers, H. The cancer stem cell: premises, promises and challenges. Nat Med
17:313–319; 2011.

[263] Rasheed, Z. A.; Kowalski, J.; Smith, B. D.; Matsui, W. Concise review:
Emerging concepts in clinical targeting of cancer stem cells. Stem Cells
29:883–887; 2011.

[264] Frame, F. M.; Maitland, N. J. Cancer stem cells, models of study and
implications of therapy resistance mechanisms. Advances in experimental
medicine and biology 720:105–118; 2011.

[265] Pietras, A. Cancer stem cells in tumor heterogeneity. Advances in cancer
research 112:255–281; 2011.

[266] Ghiaur, G.; Gerber, J.; Jones, R. J. Concise review: Cancer stem cells and
minimal residual disease. Stem Cells 30:89–93; 2012.

[267] Li, Y.; Laterra, J. Cancer stem cells: distinct entities or dynamically regulated
phenotypes? Cancer research 72:576–580; 2012.

[268] Tang, D. G. Understanding cancer stem cell heterogeneity and plasticity. Cell
research 22:457–472; 2012.

[269] McCubrey, J. A.; Steelman, L. S.; Abrams, S. L.; Misaghian, N.; Chappell, W. H.;
Basecke, J.; Nicoletti, F.; Libra, M.; Ligresti, G.; Stivala, F.; Maksimovic-Ivanic, D.;
Mijatovic, S.; Montalto, G.; Cervello, M.; Laidler, P.; Bonati, A.; Evangelisti, C.;

Cocco, A. M.; Martelli, A. M. Targeting the cancer initiating cell: the ultimate
target for cancer therapy. Current pharmaceutical design 18:1784–1795; 2012.

[270] Magee, J. A.; Piskounova, E.; Morrison, S. J. Cancer stem cells: impact,
heterogeneity, and uncertainty. Cancer Cell 21:283–296; 2012.

[271]

http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref239
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref239
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref240
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref240
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref240
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref241
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref241
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref241
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref242
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref242
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref242
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref242
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref243
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref243
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref243
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref243
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref244
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref244
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref244
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref244
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref244
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref244
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref245
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref245
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref245
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref245
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref245
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref245
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref246
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref246
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref247
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref247
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref247
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref248
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref248
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref249
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref249
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref250
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref250
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref250
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref251
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref251
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref252
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref252
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref253
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref253
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref254
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref254
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref254
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref254
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref255
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref255
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref256
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref256
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref257
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref257
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref257
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref258
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref258
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref259
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref259
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref260
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref260
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref260
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref261
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref261
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref261
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref262
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref262
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref263
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref263
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref263
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref264
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref264
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref264
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref265
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref265
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref266
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref266
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref267
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref267
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref268
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref268
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref269
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref269
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref269
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref269
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref269
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref270
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref270
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref271
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref271
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref272
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref272
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref272
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref272
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref273
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref273
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref274
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref274
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref274
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref275
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref275
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref276
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref276
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref277
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref277
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref278
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref278
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref278
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref279
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref279
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref279
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref280
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref280
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref280
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref281
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref281
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref281
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref282
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref282
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref282
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref282
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref282
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref283
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref283
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref283
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref284
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref284
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref284
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref284
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref284
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref285
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref285
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref285
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref285
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref286
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref286
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref286
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref286
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref287
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref287
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref287
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref288
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref288
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref288
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref288
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref289
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref289
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref289
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref289
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref289
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref290
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref290
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref290
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref291
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref291
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref291
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref291
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref291
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref292
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref292
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref292
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref292
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref293
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref293
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref293
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref293
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref294
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref294
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref294
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref295
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref295
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref295


[296] Tatarek, J.; Cullion, K.; Ashworth, T.; Gerstein, R.; Aster, J. C.; Kelliher, M. A.
Notch1 inhibition targets the leukemia-initiating cells in a Tal1/Lmo2 mouse
model of T-ALL. Blood 118:1579–1590; 2011.

[297] Wang, J.; Sullenger, B. A.; Rich, J. N. Notch signaling in cancer stem cells.
Advances in experimental medicine and biology 727:174–185; 2012.

[298] Ponnurangam, S.; Mammen, J. M.; Ramalingam, S.; He, Z.; Zhang, Y.; Umar, S.;

http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref296
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref296
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref296
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref297
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref297
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref298
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref298
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref298
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref298
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref299
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref299
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref300
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref300
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref300
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref301
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref301
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref301
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref301
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref301
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref301
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref302
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref302
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref302
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref303
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref303
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref303
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref303
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref304
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref304
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref305
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref305
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref305
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref306
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref306
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref306
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref306
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref307
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref307
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref307
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref307
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref308
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref308
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref308
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref309
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref309
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref309
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref309
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref309
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref310
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref310
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref310
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref310
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref311
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref311
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref311
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref312
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref312
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref312
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref313
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref313
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref314
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref314
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref314
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref315
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref315
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref315
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref315
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref316
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref316
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref316
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref317
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref317
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref317
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref317
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref318
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref318
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref318
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref318
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref319
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref319
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref319
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref320
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref320
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref320
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref321
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref321
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref322
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref322
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref323
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref323
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref324
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref324
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref324
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref324
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref325
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref325
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref325
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref326
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref326
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref326
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref327
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref327
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref327
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref328
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref328
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref328
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref328
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref329
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref329
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref329
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref330
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref330
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref330
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref331
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref331
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref331
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref332
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref332
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref332
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref332
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref333
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref333
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref333
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref333
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref334
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref334
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref334
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref335
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref335
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref335
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref335
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref336
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref336
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref336
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref337
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref337
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref337
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref337
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref337
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref338
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref338
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref338
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref338
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref339
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref339
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref339
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref339
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref339
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref340
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref340
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref340
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref341
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref341
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref342
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref342
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref342
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref342
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref342
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref342
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref343
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref343
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref344
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref344
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref345
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref345
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref346
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref346
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref347
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref347
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref348
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref348
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref348
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref349
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref349
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref349


[350] Engel, R. H.; Evens, A. M. Oxidative stress and apoptosis: a new treatment

http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref350
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref350
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref351
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref351
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref351
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref352
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref352
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref352
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref353
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref353
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref353
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref353
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref353
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref354
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref354
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref354
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref354
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref354
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref355
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref355
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref356
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref356
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref356
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref357
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref357
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref357
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref358
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref358
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref359
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref359
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref359
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref360
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref360
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref360
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref361
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref361
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref361
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref362
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref362
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref363
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref363
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref363
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref363
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref364
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref364
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref364
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref365
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref365
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref365
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref365
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref365
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref366
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref366
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref366
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref367
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref367
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref367
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref368
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref368
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref369
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref369
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref370
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref370
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref370
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref370
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref371
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref371
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref371
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref372
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref372
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref373
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref373
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref373
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref373
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref374
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref374
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref374
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref375
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref375
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref375
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref375
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref375
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref376
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref376
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref376
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref376
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref376
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref376
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref377
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref377
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref377
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref377
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref377
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref378
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref378
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref378
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref378
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref378
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref379
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref379
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref379
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref380
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref380
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref380
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref380
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref380
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref381
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref381
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref382
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref382
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref382
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref382
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref383
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref383
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref384
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref384
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref384
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref385
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref385
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref385
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref385
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref386
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref386
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref386
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref386
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref386
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref386
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref386
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref387
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref387
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref387
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref388
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref388
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref388
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref388
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref389
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref389
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref389
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref390
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref390
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref390
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref390
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref390
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref391
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref391
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref391
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref392
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref392
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref392
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref393
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref393
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref394
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref394
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref394
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref395
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref395
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref395
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref395
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref396
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref396
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref396
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref396
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref397
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref397
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref397
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref398
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref398
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref398
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref398
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref399
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref399
http://refhub.elsevier.com/S0891-5849(14)01362-8/sbref399

	Redox biology in normal cells and cancer: Restoring function of the redox/Fyn/c-Cbl pathway in cancer cells offers new...
	Introduction
	Discovery of novel molecular mechanisms by which intracellular redox state controls the function of nontransformed cells
	Regulation of cell survival and signaling function in normal cells by small changes in intracellular redox state
	Intracellular redox status as a central regulator of glial progenitor cell function
	Redox modulation is necessary and sufficient in the action of cell-extrinsic signaling molecules that modulate the...
	The redox/Fyn/c-Cbl pathway as a central integrator of redox regulation of O-2A/OPC function
	Fyn kinase appears to be the key redox target in the RFC pathway
	Target-dependent activation of c-Cbl versus pan-activation of c-Cbl

	The toxicity of anticancer agents for the central nervous system defines a central challenge in developing safer cancer...
	Precursor cells and oligodendrocytes of the CNS are targets of multiple chemotherapeutic agents
	Even tamoxifen is toxic to cells of the CNS

	Convergence on the redox road to possible new treatments for cancer
	BCNU and TMX are prooxidants—and TMX is potentially a very useful prooxidant for treatment of a wide range of cancers
	BCNU and TMX activate c-Cbl in O2A/OPCs—but not in cancer cells
	Restoring RFC pathway function, and c-Cbl activation, by targeting proteins that inhibit c-Cbl, increases sensitivity to...
	Restoring c-Cbl function enables us to harness TMX for RFC pathway activation and tumor treatment in BLBC cells
	Restoring c-Cbl activity by Cool-1/βpix or Cdc42 knockdown suppresses the function of tumor-initiating cells in GBMs and...
	Restoring c-Cbl function enables simultaneous targeting of multiple proteins of critical importance for tumor-initiating...
	The effects of Cool-1/βpix and Cdc42 knockdown thus far appear to be specific to cancer cells
	Are the effects we observe really due to c-Cbl and the RFC pathway?

	Next steps
	New views on the role of c-Cbl in cancer and novel strategies: Inhibiting the inhibitors
	New views on redox treatment of cancer
	Pharmacological restoration of c-Cbl function: Opportunities and challenges
	Further perspectives on TMX

	Summary and conclusions
	Acknowledgments
	References




