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mesenchymal stem cells from anoikis
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Abstract

Mesenchymal stem cells (MSCs) have the capacity for multilineage differentiation and are being
explored as a source for stem cell-based therapies. Previous studies have shown that adhesion to
extracellular matrix plays a critical role in guiding MSC differentiation to distinct lineages. Here
we conducted a focused screen of microRNAS to reveal one microRNA, miR-125b, whose
expression changes as a function of cell adhesion. miR-125b expression was upregulated by
limiting cell-matrix adhesion using micropatterned substrates, knocking down beta5 integrin, or
placing cells in suspension culture. Interestingly, we noted that suspending hMSCs did not induce
substantial apoptosis (anoikis) as is typically observed in adherent cells. Although miR-125b
appeared to have some effects of on hMSC differentiation, we demonstrated a striking role for
miR-125b in protecting hMSCs from anoikis. Knockdown of miR-125b increased anoikis while
expressing a mimic protected cells. Mechanistic studies demonstrated that miR-125b protected
against anoikis by increasing ERK phosphorylation and by suppressing p53. Lastly, we found that
miR-125b expression is quite limited in endothelial cells and MEFs; the rapid anoikis normally
observed in these cells is antagonized by expressing a miR-125b mimic; and induced pluripotent
stem (iPS) cells generated from the MEFs led to upregulated miR-125b expression. Together,
these observations demonstrate a novel link between cell-matrix adhesion, miR-125b expression,
and a stem-cell specific survival program triggered in adhesion-limited contexts such as might
occur in early development and wound healing.

Introduction

Mesenchymal stem cells (MSCs) are multipotent cells that can differentiate into a variety of
tissues, including bone, cartilage, fat and muscle 1. This multipotential differentiation
capacity makes these cells an attractive target for cell-based regenerative therapies, such as
cardiac repair following myocardial infarction 2. Differentiation is guided by numerous cues,
most notably the presence of soluble factors (growth factors, hormones, small molecules) as
well as insoluble cues that emanate from interactions of cells with the extracellular matrix.
The importance of these insoluble cues is highlighted by several studies showing that cell
spreading 3, cell shape 3456, matrix stiffness °7, and integrin engagement and clustering 8
regulate which lineages can be induced by differentiation medium. Although organization of
the actin cytoskeleton and the ability of cells to transduce mechanical forces is a common
denominator in these studies, the molecular mechanisms by which these adhesive cues
control differentiation remain incompletely understood.
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Most mechanistic studies of how cell-matrix adhesion regulates MSC differentiation have
focused on well-documented signal transduction pathways such as MAPK signaling 4°, or
secondary messenger systems, such as cCAMP 10, Although these pathways are indubitably
important, there is increasing evidence that MSC differentiation is guided by the activity of
microRNAs. First, the expression of several microRNAs has been shown to correlate with
specific lineages including miR-140 for chondrocytes 11, miR-138 for osteoblasts 12, and
miR-30, -33a, and -17-92 cluster, -143, -103, for adipocytes 13141516 Moreover,
antagonizing the expression of miR-29b and miR 17-92 blocked MSC differentiation to the
osteogenesis and adipogenic lineages, respectively 1715, Given the emerging importance of
microRNAs in regulating cellular differentiation, we hypothesized that cell adhesion might
regulate MSC lineage specification through differential expression of microRNAS.

In this study, we performed a focused screen of microRNAs reportedly expressed in hMSCs
or its differentiated lineages 18151611 to determine whether cell adhesion could regulate
microRNA expression. We identified one microRNA, miR-125b, that was specifically
induced under conditions of low or absent cell-matrix adhesion. Previous studies have
shown that miR-125b is expressed in hematopoietic and epidermal stem cells 19, but this
microRNA has not been well characterized in hMSCs. Interesting, we found that miR-125b
did not promote cellular differentiation, but rather had an unexpected function in promoting
cell survival in response to withdrawal of cell-matrix adhesion signals, a process that
normally triggers anoikis. This anoikis-resistance phenotype is mediated by the ability of
miR-125b to upregulate MEK/ERK signaling while suppressing p53 expression. Moreover,
the ability to upregulate miR-125b in response to loss of cell-matrix adhesion appears to be a
stem-cell specific phenomenon..

Materials and Methods

Cell culture and reagents

Human mesenchymal stem cells (Lonza) were maintained in DMEM containing 10% fetal
bovine serum (Hyclone), 0.3 mg/ml glutamine, 100 mg/ml streptomycin, 100 units/ml
penicillin. Experiments were conducted on cells at passage 6 or earlier. Human umbilical
vein endothelial cells (HUVEC) were cultured in EGM-2 media (Lonza). For cell
suspension studies, cells were plated in F-127 pluronics-treated polystrene dishes. Long-
term suspension cultures (24 hours or longer) also included 2% methylcellulose to prevent
the cells from settling. For hnMSC differentiation studies, osteogenic media (R&D Systems)
and adipogenic media (Lonza) were used. Media were changed every 3 days. Cells were
then harvested and then assayed for alkaline phosphatase using Fast-Blue, and lipid droplets
using Red-0il-O staining as previously described (REF).

Generation of iPS cells

Mouse embryonic fibroblasts (MEF, OCT4-GFP), a gift from Penn iPSC core facility, were
maintained in high glucose DMEM containing 10% fetal bovine serum, and 0.3 mg/ml
glutamine. iPS reprogramming was performed using a lentivirus containing mouse Oct4,
KIf4, and Sox2,(Penn iPSC core facility). Following infection, MEFs were cultured on top
of matrigel at seeding density of (3x10°/cm?2) in DMEM media containing KOSR
(Invitrogen), beta-Mercaptoethanol (Sigma), and LIF (Millipore) for 10 days. GFP-positive
foci were picked for miRNA analysis.

p53 knock down

p53 knockdown lentivirus were made from pLVTH-sip53 plasmid (Addgene plasmid
12239 20)
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3’ UTR seed sequences of p53 (sense,
AATTCAAGACTTGTTTTATGCTCAGGGTCAACTGCA, anti-sense,
GTTGACCCTGAGCATAAAACAAGTCTTG) and LIN28 (sense, AATTC
GGTACATGAGCAATCTCAGGGATAGCCTGCA, antisense,
GGCTATCCCTGAGATTGCTCATGTACCG) were cloned into pGL3-BS contruct (gift
from Dr. Mitchell Weiss)

Caspase-3 activity

Live/Dead Vi

Caspase-3 activity was determined by EnzChek Caspase-3 Assay Kit (Invitrogen). The
activity was normalized to total DNA content as determined by CyQUANT (Invitrogen)
fluorescence.

ability Assays

Suspended cells were washed PBS 3X to remove excess methylcellulose before seeding on
coverslips. Cells were incubated with the live/dead viability solution (calcein AM and
ethidium homodimer-1) (Invitrogen) for 30 minutes, as per the manufacturer’s guidelines.

Real time RT-PCR analysis

Total RNA was isolated using Trizol Kit as specified by the manufacturer (Invitrogen).
300ng of total RNA was reverse transcribed by using Multiscribe reverse transcriptase
(Applied biosystems) and 5X Tagman microRNA RT primer and 5X Tagman RNU6B RT
primer (Applied biosystems). Real-time PCR was performed using Tagman 2X universal
PCR master mix and 20X Tagman microRNA Real-time primers or 20X Tagman RNU6B
Real-time primer, and monitored using an ABI 7300 system (Applied Biosystems). Data
analysis was performed using the ABI Prism 7300 Sequence Detection Systems v1.0
software (Applied Biosystems,). The RT primer and real-time primers for hsa-miR-19a, hsa-
miR-24, hsa-miR-103, hsa-miR-107, hsa-miR-140, hsa-miR-125b, hsa-miR-143, hsa-
miR-320 are all from Applied Biosystems.

Transfection of SiRNA or mimics

Results

Small interfering RNA targeting miR-125b or a miR-125b mimetic were purchased from
Thermo Scientific Dharmacon RNAI Technologies (#IH30059505,#C30059503). The
SiRNA was transfected into hMSC using Lipofectamine RNAIMAX® reagent (Invitrogen).

Expression of miR-125b is regulated by cell-matrix adhesion

We first tested whether changes in the amount of cell-matrix adhesion could affect the
expression of a panel of eight microRNAS reportedly expressed in human mesenchymal
stem cells (nMSCs) or differentiated MSCs 18151611 \When plated at high cell seeding
densities, hMSCs become crowded and have previously been shown to decrease adhesion
against the underlying matrix, which in turn can influence differentiation3. We observed
four miRNAs are induced at least 1.5-fold at high seeding densities (Figure 1A). Although
changes in cell density can impact cell-matrix adhesion, it also impacts paracrine signaling
and cell-cell adhesion. To isolate whether the changes in miRNA levels were a direct
consequence of changes in cell-matrix adhesion, we assayed miRNA expression in hMSCs
cultured on either continuous fibronectin which promote maximal cell adhesion and
spreading (spread cells) or small micropatterns of fibronectin (1024 wm?) which restrict cell
spreading (round cells) (Figure 1B). We observed that one miRNA, miR-125b, was elevated
two-fold in round compared to spread cells (Figure 1B). To further confirm the specific role
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of cell-matrix adhesion, we examined whether miR-125b could be induced by specifically
antagonizing integrin receptors. Indeed, sSiRNA-mediated knockdown of beta5 integrin, a
major component of the fibronectin receptor, induced miR-125b by two-fold (Figure 1C).

The inverse relationship between levels of cell-matrix adhesion and miR-125b expression
suggested that cell-matrix adhesion and/or cell spreading suppresses miR-125b. To test
whether cell adhesion per-se suppresses miR-125b, we assayed miR-125b levels in hMSCs
suspended in 2% methylcellulose. We found that miR-125b was potently induced by the
absence of cell-matrix adhesion (Figure 1D). In fact, the eight-fold induction caused by
complete loss of adhesion was greater than the effects of cell density, micropatterning, or
integrin knockdown.

miR-125b is not essential for adipogenic or osteogenic differentiation

To investigate a potential role for miR-125b in the differentiation process of hMSCs
previously shown to be impacted by high or low seeding densities, we measured miR-125b
under conditions that promote either osteogenesis or adipogenesis. miR-125b expression
was slightly elevated in either differentiation condition, relative to basal medium; however,
miR-125b levels remained below those observed in low cell adhesion contexts (Figure 1E).
To investigate whether changes in miR-125b levels could drive differentiation, hMSCs were
transiently transfected with a miR-125b antagonist or mimetic prior to differentiation in a
bipotential medium that can promote either osteogenic or adipogenic fates 3. Interestingly,
miR-125b mimetic strongly inhibited the formation of either adipocytes or osteoblasts
(Figure 1F). In contrast, miR-125b knockdown did not appear to perturb hMSC
differentiation. Given that miR-125b was not induced by high cell seeding density in
bipotential differentiation, and that elevated miR-125b interfered with differentiation, we
conclude that the regulation of miR-125b by cell adhesion does not contribute to the process
of hMSC differentiation.

miR-125b protects against anoikis

The absence of a positive effect of miR-125b on hMSC differentiation left unanswered the
functional significance of miR-125b upregulation in response to limited adhesion. Since we
observed the most dramatic induction of miR-125b when hMSC were suspended in
methylcellulose, we focused on whether miR-125b might modulate a cellular response to
suspension conditions. In most adherent cell types, loss of adhesion triggers cell death in a
process known as anoikis 1. We therefore assayed for survival of hMSCs following
suspension for either 24 hours, or 7 days. Remarkably, hMSCs were unexpectedly resilient
to suspension conditions. While suspension triggers complete cell death in many cells, a
sizeable fraction (~ 32%) of hMSCs remained viable in the absence of adhesion for one
week (Figure 2B).

To test whether miR-125b played a role in this hMSC survival in suspension culture, we
assayed the effects of knockdown of miR-125b on cell survival. Transiently transfecting a
miR-125b hairpin inhibitors as an antagonist, we could prevent the induction of miR-125b in
response to cell suspension (Figure 2A). Importantly, we observed that knockdown of
miR-125b dramatically reduced hMSC survival in suspension (Figure 2B,C). Moreover, this
effect was specific to suspended hMSCs since knockdown of miR-125b had no effect on the
viability of adherent hMSCs (Figure 2D). To confirm that this change in viability was
associated with changes in the levels of apoptosis, we measured the activity level of caspase
3, a terminal effector of apoptosis 22. Consistent with a requirement for upregulation of
miR-125b to promote survival in suspended hMSCs, we observed 1.5-fold higher levels of
caspase 3 activity in miR-125b knockdown cells compared to controls (Figure 2E).
Together, these data show that a subpopulation of hMSCs are refractory to the anoikis
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pathway triggered by cell suspension, and this resistance to anoikis appears to be largely
miR-125b dependent.

miR-125b targets p53 in hMSCs

microRNAs bind to complementary sequences in the 3"UTR of mRNAs, and thereby
downregulate gene expression by either attenuated translational efficiency or degradation of
the targeted mMRNA. The repertoire of genes targeted by mir-125b in hMSCs is not yet
known; however, p53 and 1in28 have been identified as miR-125b targets in several cell
types 2324, To begin to examine whether miR-125b protected cells from anoikis through its
reported effects on these genes, we cloned the 3"UTR sequences of these genes into a
luciferase plasmid to generate putative reporters for miR-125b activity. We then
characterized these reporters under different conditions of cell-matrix adhesion that we had
previously observed to trigger elevated miR-125b expression. In this assay, the p53 3'UTR
luciferase reporter showed decreased expression at high seeding density, whereas no change
occurred in the 1in28 reporter (Figure 3A). These results suggested that p53 may be a target
for miR-125b regulation in hMSCs.

To investigate whether endogenous p53 is specifically targeted by miR-125b, we measured
levels of p53 expression in response to direct manipulations of miR-125b levels. In adherent
cells, transfection of a miR-125b antagonist upregulated p53 expression, while a miR-125b
mimetic suppressed p53 (Figure 3B). Moreover, suspending cells, which upregulates
miR-125b, decreased p53 levels. In contrast, miR-125b-knockdown cells showed persistent
p53 expression in suspension culture (Figure 3C). Together these results show that p53 is a
target of miR-125b in hMSCs.

p53 plays a critical role in mediating apoptosis during anoikis 2°. While p53 is reported to
increase the sensitivity of cells to anoikis, it is not absolutely required for the anoikis
response?. To address whether inhibition of p53 expression by miR-125b may be part of
the mechanism by which miR-125b prevents anoikis, we investigated the effects of p53
knockdown in suspended hMSCs. Using a lentivirally encoded p53 shRNA 20, we observed
that reduction of p53 was associated with an 80% decrease in caspase 3 activity in
suspended hMSCs, (Figure 3D). This decreased level of apoptosis in p53 knockdown cells
suggests that p53 suppression by miR-125b may be an effective mechanism to protect
hMSCs against anoikis.

miR-125b regulates levels of phospho-ERK in suspended hMSCs

To further characterize how miR-125b protects against anoikis, we examined how signal
transduction pathways associated with cell survival changed in suspended hMSCs. As
expected, hMSCs showed a dramatic downregulation of phospho-FAK in response to loss of
cell adhesion (data not shown). In contrast, suspended hMSCs showed unexpectedly
elevated levels of phospho-MEK and phospho-ERK (Figure 4A). Since ERK signaling has
been implicated in p53-mediated survival 27 and hMSC viability 28, we examined more
closely whether miR-125b was involved with the observed changes in ERK
phosphorylation.

We observed that knockdown of mir-125b strongly attenuated phospho-ERK levels in
suspended hMSCs (Figure 4B). To confirm that activation of ERK is functionally relevant to
an anoikis protection mechanism in hMSCs, we treated suspended cells with a
pharmacological inhibitor of MEK. In the presence of the inhibitor UO126, no cells were
able to survive suspension conditions revealing an absolute requirement for MEK-ERK
signaling in promoting hMSC survival in suspension (Figure 4C).
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Expression of miR-125b is cell-type restricted

We were interested in exploring whether the upregulation of miR-125b in low adhesion
contexts could be observed in other cell types, particularly ones that are known to be
susceptible to anoikis. To begin to address this question, we measured miR-125b levels in
adherent versus suspended human umbilical vein endothelial cells (HUVECS), a cell type
known to be highly dependent on adhesion for survival. We observed that miR-125b is
poorly expressed in HUVECs compared to hMSCs; moreover, these cells were unable to
upregulate miR-125b in response to suspension (Figure 5A). Despite the absence of
miR-125b upregulation in suspended HUVECs, we hypothesized that the ability of
miR-125b to protect against anoikis may be conserved across cell types. Indeed, HUVECs
transfected with miR-125b mimetic inhibited suspension induced death by nearly half
(Figure 5B). In accordance with this improved level of survival, miR-125b mimetic reduced
caspase 3 activity in suspended HUVECs (Figure 5C). Since we had previously observed a
positive correlation between miR-125b, cell survival, and ERK signaling in hMSCs, we
tested whether miR-125b mimetic could regulate ERK phosphorylation in HUVECs. Indeed,
we observed that miR-125b mimetic was able to upregulate levels of phospho-ERK in both
adherent, and more importantly, in suspended HUVECs (Figure 5D).

Given that HUVECSs could not upregulate miR-125b in response to loss of cell adhesion, we
wondered whether the regulation of miR-125b by changes in cell matrix adhesion is a stem
cell specific response. To investigate this possibility, we measured miR-125b levels in
mouse embryo fibroblasts (MEF), in adherent or suspension culture, as well as following a
reprogramming protocol to generate induced pluripotent cells. While MEFs failed to induce
mir-125b in response to suspension conditions (Figure 5E), miR-125b was enriched in
MEFs following induction to pluripotency by about 3-fold compared to the parental
fibroblasts. These results suggest that robust expression of miR-125b is preferentially
associated with stem cells.

Discussion

In vivo, MSCs are resident in a number of different tissues 2°, but also transiently circulate
in the bloodstream in inflammatory settings perhaps to home to sites of injury 30. Here, we
provide the first demonstration that MSCs can resist anoikis, perhaps explaining how MSCs
are able to transit through the circulatory system to populate distant sites without undergoing
apoptosis. We also show that this response is mediated by upregulation of miR-125b.

Interestingly, miR-125b is reportedly enriched in several stem cells, most notably
hematopoietic stem cells (HSCs), as well as skin stem cells 31, miR-125b appears to
influence multiple aspects of HSC biology 19, and one study has shown that miR-125b
affects proliferation of these cells 32. In skin stem cells, miR-125b has been shown to control
the balance between stemness and differentiation 31. One of the hallmarks of HSCs and skin
stem cells is that they exist in a specialized niche with minimal cell-matrix interactions3334,
Here, we show in hMSCs that changing cell adhesion itself is a key regulator in upregulating
miR-125b. Although the environment of circulating MSC is quite distinct from these stem
cell niches, the coincidence of low or absent cell-matrix adhesion with high miR-125b
expression is all these setting is quite striking. And this strong association of miR-125b
expression, stem cell specificity, and low adhesion is further strengthened by our
observation that miR-125b is upregulated in iPS cells, which grow as aggregates and are
relatively deficient in cell-matrix contact. In contrast, adhesion-dependent cell types, such as
HUVECs and MEFs, show low miR-125b expression that is unresponsive to changes in cell
matrix adhesion. Taken together, these observations suggest that elevated miR-125b may be
a general mechanism employed specifically by stem cells to enable their survival, and
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perhaps maintain their stemness, in the context of low or no signaling from cell-matrix
adhesion.

How does elevated miR-125b promote cell survival in the absence of adhesion? Upon cell
suspension, cells lose integrin-dependent signals. Typically, this loss of integrin signaling
causes marked reduction of phospho-Akt and phospho-ERK, and hence a reduction in pro-
survival signaling333. Surprisingly, while losing integrin-dependent signaling such as FAK
phosphorylation, hMSCs show robust ERK phosphorylation and ultimately increased cell
survival. Moreover, pharmacological inhibition of MEK completely ablates the ability of
hMSCs to survive in suspension. These observations suggest that miR-125b may regulate
survival through MEK/ERK signaling. Although the mechanistic link between miR-125b
and MEK/ERK signaling remains to be elucidated, it is possible that miR-125b can inhibit
the expression of suppressors of this pathway. Indeed, miR-125b is predicted to target
SMEKZ1, a MEK1 phosphatase (targetscan.org). In addition, it is interesting to note that ERK
signaling can be downregulated by dual specificity phosphatases in response to p53
signaling?’. Thus, suppression of p53 by miR-125b may contribute to sustained ERK
signaling. The ability of miR-125b to target p53 likely plays a major role in promoting
resistance to anoikis. In fact, direct knockdown of p53 was also observed to protect h(MSCs
against anoikis. These results are consistent with several studies showing that loss of p53
confers resistance to anoikis3’38, Interestingly, loss of p53 in response to suspension has
been attributed to MDM2-based degradation in MEFs and several cancer cell lines 39, The
observation that miR-125b can also target p53 suggests an additional level of regulation that
may enable long-term suppression of p53 in the absence of cell adhesion. Whether and how
miR-125b mediated suppression and MDM-2 based p53 degradation cooperated to regulate
p53 levels in normal and cancer cells is an interesting question for future studies.

Because p53 is implicated in a diverse set of cellular processes including cell cycle control,
apoptosis and regulating genomic stability, it may seem somewhat surprising that stem cells
might adopt a survival mechanism contingent on reducing the levels of this critical protein.
Indeed, loss of p53 function can have deleterious effects on MSC functionality. For
example, mutations in p53 have been implicated in age-related transformation of MSCs 40,
and the proliferation of MSCs is particularly sensitive to p53 levels*l. Moreover, p53
appears to have a role in MSC differentiation, in particular during osteogenic commitment 42
Nonetheless, it is important to point out that MSCs are non-proliferative in cell suspension
conditions, and these cells may only exist in this state during quiescences or when
transiently circulating. Importantly, upon attachment to a surface (an in vitro analog of
engraftment into a tissue), we observed that miR-125b levels were reduced to normal levels
in hMSCs (data not shown)

In conclusion, this study demonstrates that miR-125b is an adhesion-regulated microRNA
that functions to protect stem cells against anoikis. miR-125b appears to confer resistance to
anoikis by upregulating phospho-ERK while suppressing p53 levels. These findings have
important implications for how stem cells survive in the unique developmental, wounding,
and circulatory contexts of reduced or absent cell-matrix adhesion signaling.
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Figure 1.

miR-125b is an adhesion-regulated microRNA whose expression can suppress
differentiation. (A) a panel of miRNAs were assayed by gPCR for expression at low (3K/
cm?) or high (20K/cm?) seeding densities (B) miRNAs expression as a function of cell
spreading; spread (continuous fibronectin) or round (32x32 um?2 micropatterns). (C)
miR-125b expression was induced by knockdown of beta5 integrin (D) miR-125b
expression was strongly induced by cell suspension, suspended (Sus) versus attached (Att)
cells (E) miR-125b levels as a function of differentiation, GM:growth media, OM:
osteogenic media, AM: Adipogenic media, LD: low density, 3K/cm2, HD: high density,
20K/cm2. (F) miR-125b mimetic (miR mimic) suppressed adipogenic and osteogenic
differentiation of hMSCs compared to a transfection control (siGLO) or to miR-125b
knockdown cells (si-miR). Qil-red-O staining used to visualize lipid droplets, and Fast Blue
staining to visualize alkaline phosphatase (ALP) activity following 1 week of differentiation.

Stem Cells. Author manuscript; available in PMC 2013 May 01.



1dussnuein Joyny vd-HIN 1duosnueln Joyny vd-HIN

1duosnuey JoyIny vd-HIN

Page 12

H
o

1.2 *

|

1.0
0.8
Re)
©0.6
504

0.2

0.0

w
o

Percent Survival(%)
s 3

Normalized miR-125b

siGlo si-miR si-miR siGlo si-miR
MSC/Att MSC/Att MSC/Sus MSC/Sus  MSC/Sus

C / Dead

o 4%

100 ym o
—_—— »

siGlo MSC/Sus si-miR MSC/Sus

O
m

160
140
120
100
80
60
40
20 ) : T
siGlo  siGlo si-miR

0 IAtt /Sus /Sus

siGlo si-miR
/At At

N

w

N

Activity

-

Percent of seeded (%)
Normalized Caspase-3

o

Figure 2.

miR-125b protects hMSCs against anoikis. (A) miR-125b expression levels in adherent (Att)
or suspended (Sus) hMSCs transfected with miR-125b antagonist (si-miR) (B) Knockdown
of miR-125b decreased viability of hMSCs held in suspension. Viability assayed by trypan
blue exclusion and reported as percent of cells versus total number seeded (C) Imaging
hMSC survival by live (Green cytosolic) versus dead (punctate red nuclear) staining. Note
that red fluorescence of siGLO causes some viable cells to be double labeled (yellow).
These are easily distinguished from dead cells that exhibit punctate nuclear staining. (D)
Knockdown of miR-125b had no effect on cell survival under adherent culture conditions.
Percent of seeded exceeds 100% due to cell proliferation. (E) Knockdown of miR-125b
promoted apoptosis (caspase 3 activity) in suspended hMSCs. * denotes p<0.05 for
Student’s t-test.
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Figure 3.

miR-125b targets p53 to regulate hMSCs survival. (A) miR-125b targets p53 and LIN28
were analyzed for density-dependent expression (HD, high density; LD, low density) in a
3’UTR luciferase reporter assay in hMSCs (B) p53 levels in adherent hMSCs transfected
with transfection control (siGLO), miR-125b antagonist (si-miR), or mimetic (miR mimic).
(C) rescue of p53 expression in suspended hMSCs by miR-125b antagonist (D) p53-
knockdown (p53 KD) protected hMSCs from anoikis. * denotes p<0.05 for Student’s t-test.
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miR-125b expression and hMSC survival are associated with elevated phospho-ERK. (A)
suspended hMSCs showed elevated levels of active MEK and phospho-ERK (B) miR-125b
knockdown reduced levels of phospho-ERK in suspended hMSCs (C) ERK signaling was
absolutely required for survival of hMSCs in suspension, UO126 (MEK inhibitor).
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Figure5.

Upregulation of miR-125b in response to suspension is a stem-cell specific phenomenon.
(A) miR-125b was expressed at low levels in HUVECs and could not be induced by cell
suspension. Dotted line shows basal level of miR-125b expression in attached hMSCs (B)
Exogenous miR-125b improved HUVEC survival in suspension conditions (75.2% viability
compared to 51.9% of control cells following 3 hrs of suspension and replating) (C)
Exogenous miR-125b decreased caspase 3-activity in suspended HUVECs (D) HUVECs did
not sustain ERK activation in response to cell suspension; however, exogenous miR-125h
elevated phospho-ERK levels (E) miR-125b expression was upregulated upon
reprogramming of MEFs to an iPS-like state, but not by cell suspension (F) Qualitative
model of how miR-125b regulates stem cell survival in low adhesion contexts. * denotes
p<0.05 for Student’s t-test
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