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Abstract: Reprogramming of somatic cells into induced pluripotent stem cells (iPSCs) emerges as a prospective
therapeutic angle in regenerative medicine and a tool for drug screening. Although increasing numbers of iPSCs
from different sources have been generated, there has been limited progress in yield of iPSC. Here, we show that
four Yamanaka factors Oct4, Sox2, KIf4 and c-Myc can convert human embryonic renal cortical cells (hERCCs) to
pluripotent stem cells with a roughly 40-fold higher reprogramming efficiency compared with that of adult human
dermal fibroblasts. These iPSCs show pluripotency in vitro and in vivo, as evidenced by expression of pluripotency
associated genes, differentiation into three embryonic germ layers by teratoma tests, as well as neuronal fate
specification by embryoid body formation. Moreover, the four exogenous genes are effectively silenced in these
iPSCs. This study highlights the use of hERCCs to generate highly functional human iPSCs which may aid the study
of genetic kidney diseases and accelerate the development of cell-based regenerative therapy.
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Introduction

The cloning of Dolly demonstrated that nuclei
from mammalian differentiated cells can be
reprogrammed into an undifferentiated state
by transacting factors present in the oocyte [1],
this discovery led to a search for factors which
could mediate similar reprogramming without
somatic cell nuclear transfer. Then, Yamanaka
and colleagues have shown that overexpres-
sion of specific transcription factors (Oct4,
Sox2, c-Myc, and KIf4) can reprogram mouse
fibroblasts to undifferentiated, pluripotent
stem cells. These induced pluripotent stem
cells (iPSCs) were similar to human embryonic
stem cells (ESCs) in morphology, proliferation,
surface antigens, gene expression, epigenetic
status of pluripotent cell-specific genes, and
telomerase activity [2]. The iPSCs are deemed
equivalent to ESCs especially when Zhou Q et
al. produced a viable animal from an iPSC using
the tetraploid complementation assay [3].
These findings led people to understand dis-
ease mechanisms, to screen effective and safe

drugs, and to treat patients of various diseases
and injuries directly using iPSCs but not ESCs.

Up to now, iPSCs can be generated from a few
cell types, including fetal and adult fibroblasts
[2], hepatocytes, stomach cells [4], keratino-
cytes [B], peripheral blood [6], cord blood [7, 8],
dental pulp cells [9-11], and even fully differen-
tiated lymphocytes (T and B cells) [12-17]. It is
also recognized that stemness facilitates repro-
gramming, as shown by more efficient repro-
gramming of progenitor or precursor cells to
iPSCs than of differentiated cells [18-22].

However, while the accessibility of these human
cell sources provides an advantage in generat-
ing iPSCs, reprogramming those samples is not
an efficient (0.001-0.1%) process [23, 24]. We
therefore sought to find a more practical cell
type that could be readily isolated and expand-
ed, yet could reprogram quickly and efficiently.
Here we report the rapid reprogramming of
hERCCs into iPSCs, with efficiency approximate-
ly 40-fold higher than human fibroblasts which
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we used to induce iPSCs under the same con-
ditions. We test the hERCCs-derived iPSCs
(ERCC-iPSCs) in morphology, proliferation, gene
expression, and teratoma formation, the resu-
Its demonstrate that there is no difference
between ERCC-iPSCs and ESCs. This high-
efficiency approach of iPSCs reprogramming
described here would further advance the
development of model diseases and new drugs
test by using quite a few iPSCs.

Materials and methods
Cell culture

Human embryonic kidney was removed from
the aborted fetus. The tissue was washed with
phosphate-buffered saline (PBS; Invitrogen)
containing penicillin and streptomycin (GIBCO)
for three times. The cortical part was mechani-
cally disrupted and cut into strips with eye scis-
sors as small as possible, then dissociate the
minced tissue pieces with collagenase IV
(Sigma) and 0.25% trypsin (Sigma) in a Falcon
tube (BD Biosciences) [25, 26]. Subsequently,
cells were plated in Dulbecco modified Eagle
medium (DMEM; Invitrogen) containing 10%
fetal bovine serum (FBS; Invitrogen), 1% nones-
sential amino acids (NEAA; Invitrogen), 1x
GlutaMAX (Invitrogen), and 0.5% penicillin/
streptomycin. The medium was changed every
other day. Primary renal cortical cells were
expanded for three to five passages to remove
other types of cells and retained fibroblasts-like
only.

Generation of iPSCs clones

Lentiviral vectors carrying the pluripotency
genes (Oct4, Sox2, KIf4 and ¢c-Myc) have been
used to induce reprogramming of hERCCs as
previous reported [27]. hERCCs (10° per 100
mm Petri dish) were maintained in medium sup-
plemented with 5 yg/ml Polybrene (Sigma) with
lentivirus (MOI=200) produced by 293FT cells
(Invitrogen) at 37°C, 5% CO,, overnight. After 24
h viral infection, cells were incubated with the
same medium above for another 24 h to
enhance the efficiency of transduction follow-
ing the method developed by Yamanaka [2].
Then the medium was changed fresh complete
DMEM every other day till the 5th day when
medium was replaced with KnockOut™ SR
XenoFree Feeder-Free medium (1x KnockOut™
DMEM/F-12 supplemented with 20% Knock-
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Out™ SR XenoFree, 2 mM GlutaMAX™-|, 1x
KnockOut™ SR-GFC, 20 ng/ml human bFGF,
0.1 mM B-mercaptoethanol (all from Invitrogen)
and antibiotics. About 12 days after transduc-
tion, clones was observed and mechanically
propagated onto plastic dishes (BD Bioscien-
ces) which were coated by Mitomycin C (Sigma)
treated MEF feeders. The Efficiency of iPSCs
Induction was calculated at passage 1.

Alkaline phosphatase staining and immunos-
taining

Alkaline phosphatase (AP) staining was per-
formed using the Leukocyte Alkaline Phospha-
tase kit (Sigma), according to the manufactur-
er's protocol. For immunostaining, cells cul-
tured on matrigel-coated 10 cm dish were fixed
with PBS containing 4% paraformaldehyde
(PFA; Sigma) for 10 min at room temperature.
After washing with PBS, the cells were treated
with PBS containing 5% normal goat or donkey
serum (Chemicon), 1% bovine serum albumin
(BSA; Nacalai tesque), and 0.1% Triton X-100
(Sigma) for 10 min at room temperature. After
rinsed with PBS, cells were incubated with pri-
mary antibodies overnight at 4°C, and then
labeled with secondary antibodies. The primary
antibodies included Vimentin (1:200; Abcam),
Fibronectin (1:200; Abcam), cytokeratin 18
(1:250; Abcam), E-Cadherin (1:100; Santa
Cruz), Nestin (1:200; Abcam), Nanog (1:100;
Santa Cruz), Oct4 (1:200; Abcam), Sox2 (1:200;
Abcam), WT1 (1:200; Abcam), LIM1 (1:500;
Abcam), SSEA4 (1:250; Abcam), Tujl (1:200;
Abcam), Map2 (1:100; Abcam) and glial fibrillary
acidic protein (GFAP, 1:250; Abcam). Secondary
antibodies used were Alexa Fluor 488 donkey
anti-mouse/rabbit 1gG (1:200; Invitrogen) and
Alexa Fluor 555 goat anti-mouse/rabbit IgG
(1:200; Invitrogen). Nuclei were counterstain-
ed with 4, 6-diamidino-2-phenylindole (DAPI,
Invitrogen) in PBS at the room temperature for
5 minutes.

RT-PCR for marker genes

Total RNA of ERCC-iPSCs was isolated by using
Trizol (Invitrogen). For each sample, 1 ug of RNA
was used for reverse transcription. cDNAs gen-
erated from the RNA were diluted 2-, 10-,
20-fold in three replicates to build a calibration
curve. The expression value of gene analyzed
was normalized to the amount of GAPDH cDNA.
PCR products were separated by electrophore-
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Table 1. Primer sequences

Primer Sequence Application

endo-Oct3/4 GAC AGG GGG AGG GGA GGA GCT AGG (5" t0 3') RT-PCR/gPCR
CTT CCC TCC AAC CAG TTG CCC CAAAC (5" t0 3’)

endo-Sox2 GGG AAA TGG GAG GGG TGC AAAAGA GG (5'to 3)) RT-PCR/gPCR
TTG CGT GAG TGT GGA TGG GAT TGG TG (5’ to 3’)

endo-KlIf4 ACG ATC GTG GCC CCG GAA AAG GACC (5" t0 3") RT-PCR/qPCR
TGA TTG TAG TGC TTT CTG GCT GGG CTC C (5’ to 37)

endo-c-Myc GCG TCC TGG GAA GGG AGATCC GGAGC (5" t0 3") RT-PCR/gPCR
TTG AGG GGC ATC GTC GCG GGA GGC TG (5’ to 3')

endo-c-Nanog CAG CCCCGATTCTTC CACCAGTCCC (5" t0 37) RT-PCR/gPCR
CGG AAG ATT CCC AGT CGG GTTCACC (5" to 37)

endo-c-Lin28 CGG ACC TGG TGG AGT ATT CTG TAT TG (5’ to 37) RT-PCR/gPCR
GGG TAG GGC TGT GGATTITCTTCTTC (5" t0o 3')

endo-c-GAPDH GGA AAG CCT GCC GGT GAC TAACCC TGC (5’ to 37) RT-PCR/qPCR

GCT TCC CGT TCT CAG CCT TGA CGG TG (5’ to 37)

sis in 1.5% agarose gel in a tris-acetate buffer
and visualized using a uV gel analyzer (Biorad).
Primers we used that would amplify transcripts
of the endogenous gene but not transcripts of
the transgene, which are listed in Table 1. Real-
time PCR was performed using SYBR Green
RT-PCR Reagents Kit in a two-step cycling pro-
tocol on 7700 Fast Real-Time PCR System
(Applied Biosystems) according to manufactur-
er's instructions. The expression data were
averaged upon normalization to GAPDH expres-
sion. Data were quantified with the AACt
method.

Teratoma formation test and karyotype analy-
sis

ERCC-iPSCs were harvested by collagenase IV
treatment, collected into tubes, centrifuged,
and suspended in DMEM/F12 (Invitrogen).
Approximately 5x10° iPSCs were injected sub-
cutaneously to nude immunodeficient mice of
6-8 weeks old. After 6~8 weeks, tumors were
dissected, and fixed with 10% formaldehyde in
PBS. Parrafin embedded tissue sections were
then generated and stained with hemotoxylin
and eosin (H&E staining). Chromosomal stud-
ies were performed by using standard proto-
cols for high-resolution Giemsa (G)-banding.

In vitro differentiation

Differentiation to kidney progenitor-like cells:
ERCC-iPSCs were split onto plates coated with
Matrigel, making sure the sub-colonies were of
small size (300-500 cells per colony). After 24
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h of recovery, the cells were changed to grow in
chemically defined media (DMEM/F12, 17.5 mg
ml? BSA (Sigma Aldrich), 17.5 pyg ml?t insulin
human (Sigma), 275 ug ml* holo-transferrin
human (Sigma), 450 pM monothioglycerol
(Sigma Aldrich), 2.25 mM each L-glutamine and
non-essential amino acids, 100 unit ml* peni-
cillin and 100 ug ml* streptomycin supplement-
ed with 50 ng ml* bFGF (Invitrogen) and 30 ng
ml* BMP-4 human (Sigma) for 2 days, and in
the basal media supplemented with 1 uM reti-
noic acid (Sigma), 10 ng ml* Activin A human
(Sigma) and 100 ng ml* BMP-2 human (Sigma)
for another 2 days, with the same amount of
fresh media changed every other day [28].

Differentiation to other cell lines: For embryoid
bodies (EBs) formation, ERCC-iPSCs were har-
vested by treating with collagenase IV and dis-
persed into small clumps by scraping and pipet-
ting. The clumps of the cells were added to poly
(2-hydroxyrthyl methacrylate)-coated dishes
and cultured in suspension in hEB medium
consisting of 80% DMEM/F12, 20% knockout
serum replacement, 1 mM L-glutamine, 1%
non-essential amino acids, 0.1 mM B-me-
rcaptoethanol, and 0.5% penicillin/streptomy-
cin for 5 days. After that, EBs were transferred
to gelatin-coated plate and cultured in N3
medium [DMEM/F12, 500 mg/mL transferring
(Sigma), 25 mg/mL insulin (Sigma), 30 nM sodi-
um selenite (Sigma), 20 nM progesterone
(Sigma), 100 nM putrescine (Sigma), and
0.5% penicillin/streptomycin  supplemented
with neurotrophic factors, including the brain-
derived neurotrophic factor (BDNF), glial cell-
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Figure 1. Culture and verification of hERCCs. A: hERCCs exhibited a reliable
fibroblast marker Vimentin. B: Positive for fibronectin; C-F: But do not express
cytokeratin 18, E-Cadherin, Nestin and Nanog. Scale bars: 50 ym.

(all from Peprotech). EBs were
cultured as a floating culture
for 5 days, and then trans-
ferred to gelatin-coated plate
for another 15 days. The
medium was refreshed every
other day [29].

Electrophysiological record-
ing

The electrophysiological activ-
ities of ERCC-iPSCs were ana-
lyzed using extracellular elec-
trode recording with an Axo-
patch 700B amplifier and the
pClamp9.2 software (Axon
Instruments). The intracellu-
lar solution for current-clamp
recordings contained (in mM)
140 KCI, 0.5 EGTA, 5 HEPES
and 3 Mg-ATP (pH 7.3, 300
mOsm) (all from Sigma). Ele-
ctrodes had resistances of
2~4 MQ when filled with this
recording solution and cells
were hold at -65 mV mem-
brane potential with a stimu-
lation of 0.1~0.5 nA for 5 ms
to elicit a response. In volt-
age-clamp mode, membrane
potentials of these cells rang-
ed from -60 mV to -70 mV. For
the initiation voltage-gated
currents, we used voltage
steps from -90 mV to +50 mV
in 10 mV increments.

Statistical analysis

Results are shown as mean
values + standard deviation
(SD) or standard error of the
mean (SEM) as indicated.
Student’s t test was used to
evaluate significance of PCR
data. P values <0.05 were
considered statistically signi-
ficant.

Results

Isolation and culture of hER-
CCs

derived neuro-trophic factor (GDNF), ciliary Under informed consent, we harvested the kid-
neurotrophic factor (CNTF) and neurotrophin-3 ney from the naturally aborted fetus. After corti-
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Figure 2. Induction of iPSCs from hERCCs. (A) Morphology of hERCCs. (B) Typical image of iPSC colony. (C) Image of
iPSCs with high magpnification. (D-G) ERCC-iPSCs were positive Nanog, Oct4, Sox2 and SSEA-4. Nuclei were stained
with 4’,6-diamidino-2-phenylindole (DAPI) (blue). (H) ERCC-iPSCs were positive for AP. (I) In three independent ex-
periments, ERCCs and HSFs generated different numbers of typical iPSC colony. (J) ERCCs had a higher reprogram-
ming efficiency compare to HSFs. Scale bars: 200 um (A, B, J), 50 ym (C), and 100 pym (D-H).

cal parts were washed, dissociated and centri-
fuged, cells are plated into the 10 cm? dish with
5% CO,. Cells were passaged when monolayer
cover the dish about 7 days later. After three
passages, we checked the morphology of cul-
tured cells to rule out the presence of contami-
nant cells and performed immunofluorescence
characterization, which showed they express
markers for Vimentin (@ 57,000 molecular
weight protein of fibroblast filaments) [30] and
Fibronectin (which is secreted from cells, often
fibroblasts) [31] (Figure 1A, 1B), but lack epi-
thelial marker cytokeratin 18 (Figure 1C), which
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confirms purity of the fibroblasts. To eliminate
the possibility that the hERCCs cultures might
be contaminated with proximal tubular cells,
E-Cadherin (which could represent proximal
tubular cells) was detected and was negative.
Moreover, the absence of neural stem cells
(NSCs) markers Nestin [32] and embryo stem
cells (ESCs) markers Nanog [33] confirmed that
the starting cells contained no other progenitor
cells which have pluripotency (Figure 1D-F).
Hence, our results demonstrated that hERCCs
without stem cells could be obtained and fur-
ther subcultured for reprogramming.

Am J Transl Res 2016;8(11):4982-4993



Generation of induced pluripotent stem cells

A & B
a'é? é"gy o w03

- - - N

ol - — - NS LL_L
-~ - I
- - e
aal———— I
-l -

Teratoma

Figure 3. Characterization of hERCCs-derived iPSCs. A: RT-PCR analysis of ES cell-marker genes. Primers used for
Oct3/4, Sox2, KIf4, c-Myc, Nanog and Lin28, specifically detect the transcripts from the endogenous genes, but
not from the lentiviral transgenes. B: Quantitative PCR analysis of the Oct3/4, Sox2, Nanog, c-Myc, KIf4 and Lin28
compared to HSF-iPSCs, ESCs and hERCCs. C: High-resolution, G-banded karyotype indicating a normal diploid male
chromosomal content in the ERCC-iPSCs. D: Teratoma derived from ERCC-iPSCs included neural tissue (ectoderm),

primitive gut (endoderm) and cartilage (mesoderm).

Generation and calculation of hERCCs-derived
iPSCs

The four classical Yamanaka factors Oct4,
Sox2, KIf4 and c-Myc were cloned into the
lentiviral vectors respectively (Gifts from Dr.
helen L zhang, Boston, Massachusetts), and
then 293FT cells were used to produce suffi-
cient lentivirus. To estimate the efficiency of
reprogramming, we reprogrammed both hER-
CCs and human skin fibroblasts (HSFs, got
from our previous study) [27] under the same
conditions. Twice infection later, medium was
refreshed every other day. Approximately 10
days later, some granulated colonies appeared
in hERCCs culture, while that were not observed
in HSF culture until the 14th day. By contrast,
there is no colony formed in iPSCs-condition
cultured hERCCs and HSFs without lentivirus
infection. The colonies increased in size and
new colonies emerged with time especially
from day 21, most of them were similar to
hESCs in morphology, such as tightly packed
and flat, large nuclei and scant cytoplasm
(Figure 2A-C).
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For efficiency calculation, we divided the num-
ber of iPSC colonies by the fraction of virus-
infected input cells, which we observed 167
hESC-like colonies and 34 granulated colonies
in 5x10* hERCCs, and 4 hESC-like colonies in
HSFs. The statistic results after three rounds of
calculating with similar efficiencies of viral
transfection confirmed the difference of repro-
gramming efficiencies between the two cell
sources to generate iPSCs (Figure 2I). Per-
forming reprogramming under hERCCs culture
was sufficient to increase the reprogramming
efficiency compared to controls in HSFs culture
(Figure 2J). Around day 28, iPSCs were hand-
picked and cultured on Matrigel-coated plates
in MEF-conditioned iPSC medium for further
verification.

Verification of hES markers in ERCC-iPSC
clones

To confirm that the putative iPSCs were pluripo-
tent, we evaluated their similarity to ESCs at
the molecular and protein level. The ERCC-iPSC
clones were positive for ESC-specific surface

Am J Transl Res 2016;8(11):4982-4993
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Figure 4. Differentiation of hERCCs-derived iPSCs. (A) Representative bright-field micrographs during the differentia-
tion of ERCC-iPSCs towards renal progenitor-like cells. (B, C) Immunofluorescence analysis demonstrating expres-
sion of the indicated renal progenitor markers WT1 and LIM1 after differentiation. (D) Floating culture of EB. (E)
Images of differentiated cells. (F) Neuron-like cells. (G) Immunocytochemistry of GFAP. (H) The differentiated cells
expressed neuronal markers Tujl and Map2. (I) Representative traces of membrane potential (Upper panel) re-
sponding to step depolarization by current injection (lower panel), which demonstrated the capability of the neurons
derived from ERCC-iPSCs to fire action potentials in response to a series of current injection from a holding potential
of -65 mV. (J) The fast inward currents were sensitive to bath application of the Na* channel blocker tetrodotoxin
(TTX, 100 nM). Scale bars: 100 um (A, D, E, G, H), and 50 um (B, C, F).
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antigens, including Nanog, Oct4, Sox2, SSEA-4
and alkaline phosphatase (AP) [34] (Figure
2D-H).

RT-PCR analysis revealed that ERCC-iPSCs
expressed some undifferentiated ESC-marker
genes, such as Oct3/4, Sox2, Nanog, c-Myc,
KiIf4 and Lin28 [35] (Figure 3A). However, the
transcripts of these genes could not be detect-
ed in the initial hERCCs, and primers for RT-PCR
are specific for lentiviral transcripts confirmed
efficient silencing of all the four lentiviruses.
gRT-PCR analysis corroborated these results
(normalized to GAPDH in the same samples)
(Figure 3B).

In vivo differentiation of ERCC-iPSCs

Teratoma formation is one of the reliable tests
to confirm pluripotency of iPSCs in vivo. We
injected ERCC-iPSCs which displayed a normal
karyotype of 46XY into nude immunedeficient
mice (6 weeks old, male, Slac laboratory ani-
mal) to assess teratoma-forming capacity
(Figure 3C) [36]. About 6 weeks later, tumor
with a diameter of 1.5 cm was observed at the
injection site. Histological examination showed
that the tumor contained three germinal layers,
including neural tissue (ectoderm) which pre-
sented a layered structure, primitive gut (endo-
derm) and cartilage (mesoderm) (Figure 3D).
All animal experiments were performed accord-
ing to the guidelines which approved by the
Animal Ethics Committee of Fudan University
in Shanghai.

In vitro differentiation of ERCC-iPSCs

To directly test the pluripotency of ERCC-iPSCs,
we characterized the advantage of ERCC-iPSCs
in differentiation into kidney-related cell types.
We were able to establish a rapid protocol
allowing for the priming of cells towards a kid-
ney progenitor-like cell fate as described previ-
ously [28] (Figure 4A). The generated cells
demonstrated specific expression of renal pro-
genitor markers WT1 and LIM1 (LHX1) when
exposure to defined media conditions (Figure
4B, 4C). These results suggested the possibility
of differentiation potential into different renal-
like cell types.

Next, we generated astrocytes and neurons
from ERCC-iPSCs in vitro. Traditional embryoid
body formation was found to be inefficient for
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neural differentiation from iPSCs, so we
followed a developed protocol as described
previously [37]. When EBs were cultured for 3
weeks in the presence of 2% B27 (Gibco) to
induce neuron and astrocyte differentiation
(Figure 4D-F), GFAP-positive astrocytes and
Tuj1l- and Map2-positive neurons were found
(Figure 4G, 4H). The whole-cell patch-clamp
recordings were used to evaluate the electro-
physiological phenotype of ERCC-iPSCs, whose
results confirmed that ERCC-iPSCs exhibited
properties of function mature neurons (Figure
41, 4)).

Discussion

The derivation of iPSCs from human somatic
cells offered a new therapeutic scenario for dis-
ease modeling. However, several crucial ques-
tions remain to be answered, such as what is
the most amenable and efficient cell type to be
reprogrammed. Here, we have successfully
reprogrammed human embryonic renal cortical
cells into iPSCs. The obtained ERCC-iPSCs
exhibited several desired pluripotency charac-
teristics and passed the test criteria that have
been defined for human pluripotent stem cells.
Importantly, our findings demonstrating highly
efficient reprogramming of hERCCs are in con-
trast to some previous report, which showed
that KOSM infection of other human somatic
cells generated iPSC colonies with a lower
reprogramming efficiency [38].

As we know, embryonic kidneys are a heterog-
enous mix of almost all the types of cells pres-
ent in the body. This is possible, although most
cells derived from an embryonic kidney would
be endothelial, epithelial, or fibroblasts, embry-
onic stem (ES) cell origin is suspected in the
starting cell population and they serve as the
cellular origin of iPSCs [39]. To exclude this
trepidation, we carefully screened the cells with
a pack of antibodies against stem cells contain-
ing Nestin and Nanog after three passages.
The results demonstrated that the starting cell
population does not have pluripotency. We
speculate that the cell culture environment,
including types of culture medium and supple-
ments of growth factor, affects and modifies
embryonic kidney cells growth direction to
somatic cells.

Human embryonic kidney cells (HEKCs) are also
known, more informally, as 293 cells. This par-
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ticular cell line was initiated by the transforma-
tion and culturing of normal HEKCs with
sheared adenovirus 5 DNA [40, 41]. As an
experimentally transformed cell line, 293 cells
are extremely easy to work with, being straight-
forward to culture and to transfect. Typically,
these experiments involve transfecting in a
gene (or combination of genes) of interest, and
then analyzing the expressed protein [42-46].
So, it might be an ideal cell source for transfect-
ing genes to generate and research iPSCs.
Here, we reprogrammed hERCCs (one type of
HEKCs) and HSFs with the same transcription
factors under the same conditions, our data
show that reprogramming hERCCs into iPSCs
enhanced the efficiency by about 40-fold on
iPSCs production from HSFs. Interestingly, the
expression levels of pluripotency-specific genes
Oct4 and Sox2 in ERCC-iPSCs were higher than
the others. Therefore, it is speculated that hER-
CCs allowing these key transcript genes to pro-
duce high levels of protein. Some previous
studies showed that reprogramming of somatic
cells into iPSCs just by Oct4 or Oct4 and Sox2
[47, 48], that means Oct4 and Sox2 are essen-
tial for switch on the reprogramming process. Li
et al. described that co-expression of Octd/
Sox2 can activate the expression of endoge-
nous Nanog gene [49] which is another key fac-
torforinduction of pluripotency [50]. Montserrat
et al. proved endogenous c-Myc levels were
higher in proximal tubular renal cells and thus
could potentially increase the level of transcrip-
tion [51]. One possible explanation could be
that hERCCs already express high endogenous
levels of c-Myc, which might confer a more
reprogrammable state.

We have demonstrated that additional fate
specification of ERCC-iPSCs is possible, such
as kidney progenitor-like cell and mature neu-
ron. Differentiation of ERCC-iPSCs into kidney-
related cell types was accomplished on expo-
sure to chemically defined media in the absence
of feeder layers and EB formation, which show-
ing the possible application for genetic kidney
diseases. Also, the neural cells derived from
ERCC-iPSCs can express human neuronal cell
markers and fire mature action potentials in
response to depolarizing current injection.
Graham and coworkers provided evidence that
293 cells and some other cell lines generated
by adenovirus transformation of human embry-
onic kidney cells have many properties of
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immature neurons, suggesting that embryonic
kidney cells and neural cells may have a close
relationship [52]. Interestingly, our results just
give this version a good support, and open an
avenue to repair brain injury by implanting
ERCC-iPSCs.

In summary, we have successfully repro-
grammed hERCCs into iPSCs for the first time.
This ERCC-iPSCs exhibited some stringent pluri-
potency characteristics such as expressed the
pluripotency markers, alkaline phosphatase
activity and teratoma formation. Notably, the
high efficiency of reprogramming and good
potential for differentiation suggested hERCCs
might be a good resource to generate iPSCs.
Next, we may need to evaluate the possibility of
obtaining ERCC-iPSCs with less transcription
factors such as c-Myc which is known as an
oncogenic factor [53-55]. Further studies are
essential to reduce the risk of clinical safety of
iPSC strain rather than generalizing all the
Pisces.
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