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ABSTRACT

A role of the transcription factor Kriippel-like factor 4 (KLF4) in the generation of mature plasma cells (PC) is
unknown. Indeed, KLF4 is critical in controlling the differentiation of various cell linages, particularly
monocytes and epithelial cells. KLF4 is expressed at low levels in pro-B cells and its expression increases as
they mature into pre-B cells, resting naive B cells and memory B cells. We show here that KLF4 is
expressed in human bone marrow plasma cells and its function was studied using an in vitro model of
differentiation of memory B cells into long lived plasma cells. KLF4 is rapidly lost when memory B cells
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differentiate into highly cell cycling plasmablasts, poorly cycling early plasma cells and then quiescent
long-lived plasma cells. A forced expression of KLF4 in plasmablasts enhances the yield of their
differentiation into early plasma cell and long lived plasma cells, by inhibiting apoptosis and upregulating

previously unknown plasma cell pathways.

Introduction

Plasma cells (PCs), the sole producers of immunoglobulins, are
crucial for an effective immune response, yet they can cause
severe autoimmune diseases and cancers (multiple myeloma).
PCs can survive for years in the bone marrow or mucosas in
vivo, insuring long-term immune memory. So, the differentia-
tion of B cells into PCs and survival of PCs need to be tightly
controlled." Kriippel-like factors are a family of transcription
factors, which are essential in major biologic processes includ-
ing development, proliferation, differentiation, and apoptosis.

A main function of KLF4 is to block cell cycle by inducing
expression of CDKNIA gene coding for the p21“'P! cell cycle
inhibitor, in cooperation with p53.> KLF4 also induces expres-
sion of CDKNIB gene coding for the p27"'", another cell cycle
inhibitor.” But, whereas KLF4 acts in synergy with p53
to inhibit cell cycle, KLF4 counteracts its apoptotic activity.®
KLF4 is detected in the mouse embryo, with the highest expres-
sion occurring in the later stages. Its expression is most impor-
tant in the intestine, where it mediates the switch from transit-
amplifying cells to the various differentiated cell types in the
colonic crypts.>® KLF4 is also expressed in the lung, skin, testis,
thymus, cornea, cardiac myocytes and lymphocytes where it
appears to be involved in a wide variety of cellular processes,
including protein and cholesterol synthesis, transcription, cell
growth, and DNA repair.”

In T cells, KLF4 is directly targeted by ELF4, suggesting that
KLF4 functions to maintain T-cell quiescence downstream of
ELF4, likely by activating p21“""" in CD8" T cells.” ELF4 is a
transcription factor controlling balance between activation and
quiescence in haematopoietic stem cells.** ELF4 expression is
significantly downregulated in acute myeloid leukemia suggest-
ing a tumor suppressor function in haematopoietic stem
cells.>' ELF4 activates KLF4 in the T cell antigen receptor sig-
naling pathway.® Furthermore, KLF4 was shown to be involved
in differentiation of functional memory CD8" T cells in
response to infection.'' KLF4 is expressed in a stage-specific
manner during myelopoiesis and regulates monocyte commit-
ment, differentiation, and macrophage activation. Actually,
PU.1, an important ETS transcription factor for specifying pro-
genitor cell fate along macrophages, granulocytes, B and T cells
and NK lineages, binds KLF4 promoter.”'>"?

KLF4 is expressed at low levels in pro-B cells and its expres-
sion increases as they mature into pre-B cells, resting naive
B cells (NBCs) and memory B cells (MBCs)."* Overexpression
of KLF4 in proliferating B cells induces the cell cycle inhibitor
p219P", resulting in G1 cell-cycle arrest. KLF4 is a target gene
of FOXOI, and accounts for FOXO1 cell cycle inhibition in
B cells.)” KLF4 is also important in secondary immune
responses. A study has shown that MBCs, which are rapidly
activated during secondary responses express lower levels of
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KLF4 and KLF9 than naive B cells."® Overexpression of KLF4
reduces the number of recruited B cells and delays their entry
into division by inducing a “naive” B-cell phenotype. Because
cyclin D1 is activated by NF-«B and KLF4 is able to repress
cyclin D1, one possible explanation is that KLF4 may interact
with NF-«B downstream of CD40 and BCR signaling to regu-
late B-cell proliferation independently from p21<¥",

In addition to their role in normal B cell development and
differentiation, KLF4 has also been shown to be a tumor sup-
pressor gene in B-cell malignancies, through increasing the
expression of p21“P! and decreasing the expression of c-Myc
and cyclin D2."”

We have recently shown that KLF4 is expressed in malig-
nant plasma cells of two out of the 7 molecular groups of
patients with MM, i.e. the patients whose malignant plasma
cells have the t(4;14) translocation or an overexpression of
CCND1 or CCND3 genes. KLF4 blocks the proliferation of
malignant plasma cells by increasing expression of p21“P! and
p275"P! and its forced expression increased the resistance of
malignant plasma cells to melphalan.'® Furthermore, KLF4 was
identified to play a role in Carfilzomib resistance through pro-
survival autophagy induction in MM cells."

KLF4 is expressed in human healthy bone marrow plasma
cells (BMPCs), but its function in plasma cell generation has
not been reported yet. Using an in vitro model of plasma cell
generation, we show that KLF4 is not expressed in early PCs
(EPCs) and long-lived PCs (LLPCs). A forced expression of
KLF4 increases the ability of plasmablasts (PBs) to generate
EPCs and then LLPCs. In fact, forced expression of KLF4 indu-
ces the up regulation of a limited set of genes, among which
3 genes describe a novel molecular network controlling the cell
cycle, cell morphology, cellular function and maintenance asso-
ciated with a mature plasma cell phenotype.

Results

KLF4 gene is expressed in bone marrow plasma cells,
unlike in vitro generated long-lived plasma cells

KLF4 gene was expressed in healthy purified peripheral blood
NBCs, MBCs and BMPCs (> 98% purity) using both Affyme-
trix microarrays and real time RT-PCR (Fig. 1A and 1B). KLF4
expression was not expressed in EPCs or LLPCs, which are gen-
erated in vitro using Affymetrix microarrays (Fig. 1A) and at
very low levels (relative expression 2.9 or 4 vs. 400 for BMPCs)
using quantitative RT-PCR (Fig. 1B). In vitro generated pre-
plasmablasts (prePBs) and PBs did not express KLF4 gene also
(Fig. 1A), as reported for activated MBCs.'

A forced expression of KLF4 promotes plasma cell
generation in vitro

To investigate the role of KLF4 in the process of plasma cell dif-
ferentiation, in vitro generated PBs were transduced with a
KLF4-expressing measles-envelop pseudotyped lentivirus or a
control lentivirus and induced to differentiate into EPCs for
3 days in the presence of IL-6, IL-15 and IFN« as reported.*’
Measles envelop pseudotyped lentiviruses were used because
they can transduce human PCs unlike vsv-g envelop

pseudotyped ones'® (Fig. 1B). KLF4 protein was expressed in
85% £ 8% (mean value = SD of 3 experiments) of EPCs as
assessed using immunofluorescence staining with an anti-KLF4
mAb (Fig. 1C). KLF4 transduction increased 2-fold the counts
of CD138% EPCs obtained at day 10 (P = .0031) (Fig. 2A).
Transducing in vitro generated PBs with a control measles len-
tivirus did not change EPC counts as previously indicated
(results not shown).'® This increase in EPC counts by a forced
KLF4 expression is the result of combined increases in cell sur-
vival (from 48% in control EPCs to 65% in KLF4' EPCs,
P = .004, Fig. 2B) and in the efficacy of the differentiation of
PBs into EPCs (from 49% CD138* EPCs in the control group
to 57% CD138" EPCs in the KLF4 group, P = .02, Fig. 2C).
FACS data of a representative experiment are shown on
Fig. 2D showing both the increase in cell viability (FSC/SSC
gate) and in the percentage of CD138" EPCs. In agreement
with the increase in cell viability, caspase 3/7, 8 and 9 activities
were decreased significantly in KLF4" EPCs compared to con-
trol transduced EPCs (P < .0001) (Fig. 3A). The ability of a
forced KLF4 expression in PBs to promote plasma cell differen-
tiation was even more marked for the generation of LLPCs. At
day 25, 3 fold more LLPCs were obtained starting from KLF4-
lentivirus transduced PBs compared to control lentivirus trans-
duced PBs (P < .0001) (Fig. 3B). Total cell counts were on aver-
age 3 fold higher after transfection with KLF4 after D7 (1.75x at
D10, 4.03x at D17 and 2.86x at D25 (P = .04)), and dead cell
counts were on average 1.24 fold higher without transfection
with KLF4 after D7 (1.58x at D10 (P = .02), 1.19x at D17 (NS)
and 0.95x at D25 (NS)) (Data not shown) suggesting that KLF4
increases plasma cell recovery by making these cells resistant to
apoptosis.

We next investigated whether the overexpression of KLF4
induced changes in the expression level of immunoglobulin
genes using Affymetrix U133 P2 microarray data. Our data
didn’t reveal any significant difference between control PCs
and KLF4-overexpressing PCs (Table S1 and Fig. S2).

KLF4 expression induces a BMPC gene expression profile
in EPCs

As KLF4 is a transcription factor, we looked for the transcrip-
tional changes induced in EPCs generated from PBs transduced
with KLF4 lentiviruses. Thirteen probe sets interrogating
12 coding genes were significantly upregulated and no probe
set downregulated (2 fold change, FDR < .05) in KLF4" EPCs
compared to control EPCs, using supervised SAM analysis. The
ontology characteristics of these genes are provided in Table 1.

Clustering NBCs, MBCs, prePBs, PBs, EPCs, KFL4"EPCs,
LLPCs, and BMPCs according to the expression of these
12 genes resulted in two major clusters: A “B cell to early
plasma cell” cluster comprising NBCs, MBCs, prePBs, PBs and
EPCs, and a “mature plasma cell” cluster comprising KFL4™"
EPCs, BMPCs and LLPCs (Fig. 4A).

Ingenuity pathway analysis of this transcriptional profile
showed an enrichment of a “cell cycle, cell morphology, cellular
function and maintenance” network encoded by 13 genes,
3 (KLF4, CALDI and AKAPI2) of these 13 genes being upregu-
lated in KLF4" EPCs versus EPCs (Fig. 4B). Analyzing gene
expression profiling of these 13 genes in the process of MBC to
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Figure 1. KLF4 gene and protein expression during plasma cell differentiation. A. KLF4 gene expression was assayed using Affymetrix microarray (probe set 220266_s_at)
Histogram data are the mean signal from 5 purified primary Naive B cell (NBC) samples, 5 purified primary memory B cell (MBC) samples, and 5 purified primary bone
marrow plasma cell (BMPC) samples. Next four samples were obtained by differentiating MBCs in vitro into preplasmablasts (prePB, 5 samples), plasmablasts (PB, 5 sam-
ples), early plasma cells (EPC, 5 samples), and 5 long lived plasma cells (LLPC, 5 samples). B. KLF4 log, relative expression normalized by GAPDH expression using real
time PCR. Histogram data are the mean signal from 6 PCR amplifications (2 PCR/samples and 3 samples) for each purified cell population. C. Nuclei were labeled with
dapi and KLF4 protein expression using staining with a anti-KLF4 rabbit antibody and a Alexa488-conjugated goat anti-rabbit antibody. Data are of one experiment repre-
sentative of 3. PBs generated at day 7 were transduced with KLF4 or control lentiviruses, induced to differentiate into EPCs for 3 days and KLF4 expression analyzed at
day 10. The percentages are those of KLF4™ cells determined by counting 1000 cells, and in this experiment 87% of cells were double labeled by dapi and conjugated
antibody (merge panel). The statistical comparisons were done using a t-test and a P value < .05 was considered as significant.

PC differentiation using a standardized score indicates this net-
work is significantly up regulated in EPCs (P < .05), KLF4"
EPCs (P < .0001), LLPCs (P < .0001) and BMPCs (P < .0001)
compared to NBCs, MBCs, prePBs or PBs (Fig. 4C). Thus, this
“cell cycle, cell morphology, cellular function and maintenance”
network is a network associated with plasma cell differentiation.

Discussion

A major finding of the current study is that the KLF4 transcrip-
tion factor enhances 2 fold the ability of plasmablasts to

generate syndecan-1" early PCs in vitro and 3 fold their ability
to generate long-lived PCs. This in vitro property should occur
in vivo as KLF4 is expressed in highly purified bone marrow
PCs.

The generation of early PCs and then of LLPCs from plas-
mablasts in vitro is an apoptotic process with 50% cell death
occurring during early PC generation and 80% during LLPC
generation.””*' KLF4 increases early PC and LLPC generation
by reducing cell death, in association with a reduction of effec-
tor caspase. This anti-apoptotic activity could be explained by
its ability to antagonize apoptosis triggered by p53.*
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Figure 2. KLF4 increases plasma cell differentiation efficiency. A. Number of EPCs obtained at day 10 in vitro and following either control (CTRL) or KLF4 transduction at
day 7. Data are the mean product of live cell counts obtained at day 10 starting from 500 000 live PBs at day 7 and of the percentage of CD138™ cells in the live popula-
tion assessed by FACS staining (n = 5). B. Viability of EPCs obtained at day 10 in vitro and following either control or KLF4 transduction of PBs at day 7 assayed using
Trypan Blue staining (n = 5). C. Percentages of CD138™" EPCs obtained at day 10 in vitro and following either control or KLF4 transduction of PBs at day 7 assayed by
CD138 FACS staining (n = 5). D. FACS staining of EPCs obtained at day 10 in vitro and following either control or KLF4 transduction at day 7. Data are from one experi-

ment representative of 5.

Together with its ability to reduce cell death occurring dur-
ing the differentiation of PBs into LLPCs, a forced KLF4
expression also activated transcription of genes, which are
highly expressed in bone marrow mature plasma cells. The
12 genes, which are upregulated in KLF4" EPCs vs. control
EPCs, make it possible to delineate a cluster of mature plasma
cells comprising KLF4* EPCs, BMPCs and LLPCs in one hand
and a cluster of B cells, preplasmablasts, plasmablasts and
EPCs in the other hand. A role of the proteins encoded by these
12 genes in plasma cell biology is presently unknown.

Three of these genes (AKAP12, KLF4, and CALDI) belong
to a molecular network comprising 13 proteins and associated
to “cell cycle, cell morphology, cell function and maintenance,”
which is mainly driven by the transcription regulator NUPRI.
Incorporating the expression of these 13 genes into a single
score shows a progressive increase of this “cell cycle, cell mor-
phology, cell function and maintenance” network score in the
process of B cell to mature plasma cell generation. Thus, this
network, driven by NUPR1, could play a major role for the gen-
eration and maintenance of mature PCs.
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Figure 3. KLF4 decreases caspase activity in early plasma cells and increases their
ability to generate long lived plasma cells. A. Caspase 3/7, caspase 8 and caspase 9
activities in EPCs obtained at day 10 in vitro following either control or KLF4 trans-
duction of PBs at day 7. Data are the mean ratio of the caspase activity in KLF4*
EPCs and control EPCs (3 experiments and 3 replicates/experiment). “indicates a
significant decrease in activity using a t-test (P < .0001). B. EPCs were obtained
from PBs transduced at day 7 with control or KLF4 lentiviruses and then induced
to differentiate into LLPCs for 25 days. Data are the ratio of LLPC counts generated
from KLF4™ EPCs and control EPCs. *indicates a significant increase in LLPC counts
generated from KLF4" EPCs using a t-test for pairs (P < .0001).

NUPRI was first described as a gene strongly induced in
pancreatic acinar cells during the acute phase of pancreatitis.**
Induction of transcriptional regulator NUPR1 mRNA is rapid,
strong, and transient in response to various stresses such as
exposure to LPS or chemical inducers of cell cycle arrest.”* The
NUPRI nuclear small protein is capable of producing multiple
effects depending on the scenario of its expression. NUPR1 can
promote tumor growth and aggressiveness and protect tumor
cells from apoptosis.”* In non-cancer cells, NUPR1 expression
is required for an appropriate stress response, suggesting its
expression is beneficial. It is likely that the timing, the level,
and the cellular context of its expression further increase
NUPRI1 complexity.”> NUPRI knockdown alters the expression
of several genes coding for proteins involved in DNA repair
and cell-cycle progression® such as Aurora kinase A and KLF4
and also for proteins associated with stress response (XBP1 and
DUSP5). XBP1 is a major transcription actor controlling the
response to unfold protein,*® and is essential to drive plasma
cell differentiation and survival facing their ability to produce
high amounts of immunoglobulins.”” DUSP5 is a member of
the family of dual specificity phosphatases that show distinct
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substrate specificities for various mitogen-activated protein kin-
ases known to negatively regulate members of the kinase super-
family (MAPK/ERK, SAPK/JNK, p38), which are associated
with cellular proliferation and differentiation.® We show here
that the expression of NUPRI gene is increased throughout B
cell to plasma cell differentiation (Supplementary Fig. 1), sug-
gesting the protein could be important to support plasma cell
survival given the high stress induced by their production of
large amounts of immunoglobulin.

A-kinase anchor proteins (AKAPs) have the common func-
tion of binding to the regulatory subunit of protein kinase
A (PKA) and confining the holoenzyme to discrete locations
within the cell. AKAP12 associates with protein kinases A
and C and phosphatases, and serves as a scaffold protein in
signal transduction. The cAMP signaling pathway is a key
regulator of haematopoietic cell proliferation, differentiation,
and apoptosis. Signal specificity is achieved through local acti-
vation of signaling enzymes that are anchored to subcellular
organelles and membranes, in particular through AKAP12
binding.***°
A knockout of AKAPI2 in mice leads to an increase in pre B
and immature B cells in the bone marrow, and significantly
reduced numbers of recirculating and splenic B cells suggesting
it is required in mature B cell generation. Another interesting
member of this plasma cell network is FGF1. FGF1 belongs to
the fibroblast growth factor family and possesses broad mito-
genic and cell survival activities. FGFI is involved in a plethora
of biological processes, including cell growth, proliferation,
migration, differentiation, and survival in different cell types.31

According to the role of KLF4 in supporting plasma cell
generation and survival, KLF4 deregulation could be involved
in plasma cell tumorigenesis or autoimmune diseases. High lev-
els of KLF4 expression have been reported myeloma patients
with t(4;14) translocation, an overexpression of CCND1 or
CCND3."®*? Furthermore, KLF4 overexpression was described
to be associated with melphalan and carfilzomib drug resistance
in myeloma cells."®"

In conclusion, we have shown that KLF4 promotes the gen-
eration of human mature plasma cells in vitro, enhancing both
the ability of plasmablasts to generate early and long lived
plasma cells and the survival of plasma cells. This plasma cell
property of KLF4 should be relevant in vivo since this protein
is expressed in bone marrow plasma cells. Elucidating the
mechanisms of action of KLF4 will require further study but it
is of note its forced expression in EPCs induced the upregula-
tion of previously unknown plasma cells genes, in particular
linked to a “cell cycle, cell morphology, cell function and main-
tenance” network driven by NUPRI.

Materials and methods
Reagents

Human recombinant IL-2 was purchased from R&D Systems
(Minneapolis, MN), IFN-« (IntronA) from Merck Canada Inc.
(Kirckland, Canada), IL-6 and IL-15 from AbCys SA (Paris,
France), IL-10, from Peprotech (Rocky Hill, NJ, USA). Mouse
(or rat when indicated) mAbs conjugated to allophycocyanin
(APC), fluorescein isothiocyanate (FITC), peridinin
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Figure 4. KLF4 induces a mature plasma cell molecular network. A. Unsupervised clustering of gene-expression profiles of purified NBCs, MBCs, prePBs, PBs, EPCs, KLF4™"
EPCs, LLPCs and BMPCs. Samples were profiled using Affymetrix U133 plus 2.0 microarray and an unsupervised hierarchical clustering was run with the 13 probe sets
(interrogating 12 unique genes) significantly overexpressed in KLF4™ EPCs vs. control EPCs (log transform, center genes, uncentered correlation and average linkage). Sig-
nals of each 13 probe sets were standardized across samples and are depicted according to the color scale shown on the left hand side. B. Ingenuity Pathway Analysis of
the 12 genes overexpressed in KLF4™ EPCs vs. control EPCs showing enrichment for a “cell cycle, cell morphology, cellular function and maintenance” network comprising
13 proteins. C. Values of the “cell cycle, cell morphology, cellular function and maintenance” network score in NBCs, MBCs, prePBs, PBs, EPCs, KLF4" EPCs, LLPCs and
BMPCs (5 samples/population). The score is the sum of standardized expression of each of the 13 genes among the 5 samples of a population. In case of several probe
sets for a same gene, the probe set with the highest variance was used. * or ** indicates a significant increase in the score compared to that in MBCs using a t-test

(* P <.05and ** P < .001).

chlorophyll protein-cyanin 5.5 (PerCP-Cy5.5), phycoerythrin
(PE), specific for human CDI19 (clone HIB19), CD27 (clone
M-T271), CD38 (clone HIT2) and CD138 (clone RF8B2) were
purchased from BD Biosciences (Le Pont De Claix, France);
CD20 (clone B9E9) from Beckman Coulter (Fullerton, CA).

Cell samples

Peripheral blood cells from healthy volunteers were purchased
from the French Blood Center (Toulouse, France) and
CD19"CD27"MBCs purified (> 95% purity) as described.”’
When indicated, D10 early PCs (CD138") were FACS-sorted
using an APC-conjugated anti-CD138 mAb. The purity of
FACS-sorted cell populations was > 95% as assayed by

cytometry. The Resto-6 lymph node stromal cell (SC) line was
kindly provided by Pr. Tarte (Rennes, France).”

Cell cultures

PCs were generated through a four-step culture as reported.”>*!
All cultures were performed in Iscove’s modified Dulbecco
medium (IMDM, Invitrogen) and 10% FCS.>**"** In step 1,
purified peripheral blood MBCs (1.5 x 10°/ml) were activated
for 4 days by CpG oligodeoxynucleotide and CD40 ligand
(sCD40L) - 10 ng/ml of phosphorothioate CpG oligodeoxynu-
cleotide 2006 (Sigma), 50 ng/ml histidine tagged sCD40L, and
anti-poly-histidine mAb (5 pg/ml), (R&D Systems) - with IL-2
(20 U/ml), IL-10 (50 ng/ml) and IL-15 (10 ng/ml) in 6 well cul-
ture plates. In step 2, PBs were generated by removing CpG
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oligonucleotides and sCD40L and changing the cytokine cock-
tail (IL-2, 20 U/ml, IL-6, 50 ng/ml, IL-10, 50 ng/ml and IL-15,
10 ng/ml). In step 3, PBs were differentiated into EPCs adding
IL-6 (50 ng/ml), IL-15 (10 ng/ml) and IFN-« (500 U/ml) for
3 days. In step 4, EPCs were differentiated into LLPCs using
IL-6 and Resto6 SC conditioned medium was obtained by cul-
turing confluent monolayers of SCs for 5 days with culture
medium. The culture supernatant was 0.2 uM filtered and fro-
zen and 50% of SC-CM was added to PC cultures, and renewed
every week. Finally, LLPCs were also obtained adding IL-6
(10 ng/ml).

Assay for cell viability and cell growth

Cell concentration and viability were assessed using trypan blue
dye exclusion test. The number of metabolic active cells at day
25 was also determined using intracellular ATP quantitation
with a Cell Titer Glo Luminescent Assay (Promega Corpora-
tion, Madison, WI).

Measurement of caspase activity

Caspase 3/7 activity was determined using the Caspase-Glo® 3/
7 Assay (Promega, Madison, WI) according to manufacturer’s
instructions. The assay provides a luminogenic caspase 3/7 sub-
strate, which contains the tetrapeptide sequence DEVD selec-
tive for caspases 3/7. Addition of Caspase-Glo® 3/7 reagent
results in cell lysis, followed by caspase cleavage of the substrate
and release of luminescent signal. The luminescence produced
is proportional to the amount of caspase activity present. At
the time of apoptosis measurement, 50 microlitres of each sam-
ples was transferred into a single well of a 96-well plate and 50
microlitres of Caspase-Glo® 3/7 Assay mixture added. After
incubation for 30 minutes at 22°C luminescence was measured
using a Berthold luminometer.

Caspase 8 and caspase 9 activity was determined using the
Caspase-Glo® 8 and the Caspase-Glo® 9 Assays, respectively,
(Promega, Madison, WI) according to manufacturer’s instruc-
tions and the above protocol.

Caspase 3/7, caspase 8 and caspase 9 activation was mea-
sured with Caspase Glo Assay (Promega, Madison, WT) accord-
ing to the kit protocol and after normalization with ATP
content. For Caspase Glo 3/7 and Caspase Glo 9 assays, the
intensity of bioluminescence is proportional to the activation of
caspases 3/7 and caspase 9 respectively.

Immunophenotypic analysis

Flow cytometry analysis was performed with a FACSAria
cytometer using FACSDiva 6.1 (Becton Dickinson, San Jose,
CA) and with a Cyan ADP cytometer driven by the Summit
software (Beckman Coulter). Kaluza software (Beckman
Coulter) was used for data analysis. The fluorescence intensity
of the cell populations was quantified using the stain index (SI)
formula: [mean fluorescence intensity (MFI) obtained from a
given mAb minus MFI obtained with a control mAb]/[2 times
the standard deviation of the MFI obtained with the same con-
trol mAb].%°

Lentiviral production

Self-inactivating HIV-1-derived vectors were generated by
transient transfection of 293T cells in DMEM medium (Invi-
trogen, Carlsbad, NM) as described.’® Briefly, 3 ug of each
envelope plasmid (H and F proteins) were transfected together
with a gag and pol packaging plasmid and a plasmid encoding
a lentiviral vector with KLF4 or GFP genes. The virus was con-
centrated using overnight low-speed (3000 g at 4°C) centrifuga-
tion of viral supernatant and frozen at —80°C until use. The
transduction efficiency and infectious titers were assayed add-
ing to 293T cells serial concentrations of vector preparation
and monitoring GFP™ cells by immunofluorescence or KLF4
gene expression by qPCR.

Transduction

PBs were generated at day 7 after completing the first 2
steps of differentiation and lentiviral particles were added
for 3 days in step 3 conditions in order to generate EPCs.
Transduced cells were then cultured in step 4 conditions to
generate LLPCs.

Immunofluorescence staining

5 x 10* cells Day 10 cells were deposited onto poly-L-lysine
coated slides, fixed in 4% paraformaldehyde and permeabi-
lized with 0,1% Triton. Nonspecific staining was blocked by
incubating the slides in PBS containing 5% bovine serum
albumin, after which the slides were subjected to the pri-
mary rabbit polyclonal anti-KLF4 antibody (Abcam) for 1 h
in a moist chamber. Slides were washed with PBS, and
incubated for 1 h with an Alexafluor 488-conjugated goat
anti-rabbit antibody (Molecular Probes, Invitrogen) in a
dark moist chamber. Slides were washed, mounted with
Vectashield  containing  4’-6-Diamidino-2-phenylindole
(DAPI) (Sigma Aldrich, St Louis, MO), and the labeling
evaluated with an epifluorescence microscope (Leica micro-
systems, Germany).

Real-time RT-PCR

RNA was converted to cDNA using the Qiagen QuantiTect
Reverse Transcription Kit (Qiagen, Hilden, Germany). The
assays-on-demand primers and probes and the TagMan Uni-
versal Master Mix were used according to the manufacturer’s
instructions (Applied Biosystems, Courtaboeuf, France). The
measurement of gene expression was performed using the
Roche LC480 Sequence Detection System. For each primer,
serial dilutions of a standard cDNA were amplified to create a
standard curve, and values of unknown samples were estimated
relative to this standard curve in order to assess PCR efficiency.
Ct values were obtained for GAPDH and the respective genes
of interest during log phase of the cycle. Gene expression was
normalized to that of GAPDH (dCt = Ct gene of interest — Ct
GAPDH) and compared with the values obtained for a known
positive control using the following formula: 100/2ddCt where
ddCt = dCt unknown - dCt positive control.



Microarray hybridization and bioinformatics analysis

RNA was extracted and hybridized to human genome U133
Plus 2.0 GeneChip microarrays, according to the manufac-
turer’s instructions (Affymetrix, Santa Clara, CA). Gene expres-
sion data are deposited in the ArrayExpress public database
(http://www.ebi.ac.uk/microarray-as/ae/). The accession num-
ber is E-MTAB-2670 for EPCs with or without KLF4 expres-
sion. Genes differentially expressed between cell populations
were determined with the statistical microarray analysis (SAM)
method using the SAM package on R software (FC > 2, FDR <
.05, 1000 permutations)’® and analyzed with Genomicscape.’”
Gene annotation and networks were generated with Ingenuity
(http://www.ingenuity.com/).

Statistical analysis

Statistical comparisons were made using a student’s t-test on
Prism software. P values < .05 were considered as significant.
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