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Sometimes disparate fields come together in interesting
ways. Elsewhere in this issue, Koenig et al.1 bring together
research examining regulation of blood vessel survival in the
developing retina and regulation of Bim expression in
endothelial cells with intriguing results.
Several previous studies have examined cell death in

hyaloid vessels. This transient vascular network provides
circulation to the developing eye prior to retinal vascularization
but ordinarily regresses during early postnatal development.2

Prior studies have shown that hyaloid vessel regression
requires Bax and Bak,3 suggesting involvement of the intrinsic
apoptotic pathway. Moreover, interruption of the Bcl2l11 gene
encoding the BH3-only Bcl-2 family member Bim also
diminishes hyaloid vessel regression,4 implicating Bim in the
process.
A different body of literature has previously investigated

various aspects of Bim regulation. As summarized in
Figure 1, in healthy cells Bim is bound to and sequestered
by dynein light chain 2,5 which resides on microtubules.
Upon phosphorylation by JNK,6 however, Bim is released
from microtubules and directly binds to Bax or Bak to
trigger apoptosis.7,8 Apoptosis can also be triggered if Bim
expression increases, e.g., as a consequence of Foxo3a- or
E2F1-mediated Bcl2l11 transcriptional activation,9,10 and
Bim levels exceed the binding capacity of dynein light chain
2 and other neutralizers, including antiapoptotic Bcl-2
family members. Conversely, cells are protected from
apoptosis when Bim expression is downregulated by
miR17B92 family microRNAs.11,12 In addition, phosphor-
ylation of Bim by RSK2 creates a phosphodegron
that is recognized by the E3 ligase bTRCP to produce
Bim ubiquitylation and degradation, again protecting
cells.13

In the context of these prior findings, Koenig et al.1 asked
how Bim is activated to cause physiological vessel loss in the
developing retina. Initial experiments not only confirmed that
Bim� /� pups exhibit attenuated postnatal hyaloid vessel
regression, but also demonstrated by in situ hybridization
that Bim mRNA is upregulated in endothelial cells, pericytes
and ocular macrophages of Bimþ /þ mice as these vessels
regress, pointing in the direction of increased gene expres-
sion or mRNA stabilization as a contributing factor in this
process.

To assess which pathway might be responsible for
increased Bim mRNA, Koenig et al.1 then examined hyaloid
vessels in mice in which all Foxo binding sites in the Bcl2l11
promoter had been mutated or in mice lacking the Foxo3
gene. In both cases, hyaloid vessel regression proceeded
normally, suggesting that Foxo-mediated Bcl2l11 transactiva-
tion is dispensable for hyaloid vessel regression.
In further experiments, Koenig et al. investigated the role of

the miR-17B92 microRNA cluster in Bim-regulated endothe-
lial cell apoptosis. AlthoughmiR-17B92 cluster miRNAs have
been implicated mainly in regulating lymphocyte apopto-
sis,11,12 Koenig et al.1 showed that growth factor withdrawal
also resulted in reduced miR-17-5P and miR-92-3P miRNA
levels in endothelial cells. Further, Bim mRNA levels were
elevated in miR-17B92þ /� endothelial cells compared to
miR-17B92þ /þ endothelial cells even under basal condi-
tions, i.e., in the presence of growth factors. When miR-
17B92þ /� endothelial cells were deprived of growth factors,
Bim mRNA levels increased still more.1

While these results are consistent with a role for miR-
17B92 regulation of Bim in ocular vessels during postnatal
development, the present study leaves a number of issues for
future study. First, it remains to be shown that hyaloid vessel
regression is impaired in miR-17B92þ /� pups. Second, it is
unclear whether another factor also contributes to the Bim
upregulation during growth factor withdrawal. While the
results of Koenig et al. demonstrate that Bim is elevated in
miR-17B92þ /� endothelial cells under growth factor-replete
conditions, the further increase in Bim mRNA in miR-
17B92þ /� cells under starvation conditions suggests an
additional level of regulation that might not be completely
explained by the data of Koenig et al. Third, given the role of
Bim in demise of endothelial cells after treatment with VEGF-
A-neutralizing antibody,14 the role of miR-17B92 cluster
RNAs in vessel regression after treatment with bevacizumab
for cancer or ranibizumab for wetmacular degeneration needs
further investigation. Fourth, in view of the recent demonstra-
tion that changes in miR-17B92 cluster microRNAs con-
tribute to glucocorticoid-induced Bim upregulation and
lymphoid cell death,15 one wonders whether changes in
miR-17B92 cluster microRNAs play a role in the ability of a
wide range of additional anticancer treatments, including
histone deacetylase inhibitors,10,16 MEK inhibitors17 and
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tyrosine kinase inhibitors,18 to elevate Bim levels and kill cells.
Finally, it will be important to further understand what
regulates expression of miR-17B92 cluster microRNAs.
Studies reporting that these microRNAs are elevated in and

contribute to the pathogenesis of a number of neoplasms,
including neuroblastoma, renal cell carcinoma, prostate
cancer and various lymphomas,19,20 coupled with emerging
understanding of their role in suppressing Bim, suggests that
this will be a fruitful area of research. Thus, like most good
scientific reports, the results of Koenig et al. answer one set of
questions only to raise an entirely new set.
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Figure 1 Bim expression is regulated at multiple levels. Transcriptional
activation of the Bcl2l11 gene, which encodes Bim message, reflects the activity of
Foxo3a, E2F1 and possibly other transcription factors. In addition, levels of Bim
mRNA are regulated by microRNAs, including miR-17B92 cluster members miR-
17-5p and miR-92a-3p, which induce Bim mRNA degradation through the RNA-
induced silencing complex (RISC). Once translated, the most abundant isoforms
BimEL and BimL are bound and sequestered by dynein light chain 2 in healthy cells5

but are released as a consequence of signaling that induces apoptosis. As
described elsewhere in this issue, Koenig et al.1 have demonstrated that Bim mRNA
levels are elevated in endothelial cells during hyaloid vessel regression in the
developing eye. Their further studies have shown that this elevation of Bim message
does not require Foxo transcription factors, but instead reflects changes in miR-17-
5p and, to a smaller extent, miR-92a-3p
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