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Induced pluripotent stem (iPS) cells derive from autologous somatic cells, the application prospect of iPS cells for
regenerative medicine and tissue engineering is better than embryonic stem cells (ESCs) to some extent. Alveolar type II
(AT II) epithelial cells play key role in the injured lung tissue regeneration and function recovery. The differentiation of iPS
cells into AT II cells could provide available source for injured lung treatment. In this study, rat iPS (riPS) cells were
resuscitated and proliferated for 14 days before differentiation. A modified three-step induction protocol similar to the
reported ESCs inducing procedure was used in this study for the differentiation groups. Routine cell culture was done to the
riPS cell control group (riPS-con). At stage 3, cells of day 7 (Diff. 7) and day 14 (Diff. 14) were collected for the real-time
polymerase chain reaction tests for gene expressions of Oct4, Nanog, SPA, SPB, SPC, SPD, and CC10. Immunofluorescence staining of SPC and SSEA-1 was conducted. At the end of the differentiation, cell morphology became
outstretched and epithelium-like. Cells of the Diff. 14 group positively expressed SPC and negatively expressed SSEA-1,
which is contrary to the riPS-con group. In the Diff. 7 and the Diff. 14 groups, the expression of Oct4, Nanog, and SPB
decreased (P < 0.05), whereas the expression of SPA, SPC, SPD (P < 0.05), and CC10 (P > 0.05) increased. This study
indicated that riPS cells can successfully differentiate into AT II epithelial cells with the three-step induction protocol and
may be further applied to implanting in decellularized rat lung scaffolds and building a bio-artificial lung.
Keywords: induced pluripotent stem cells; rat; alveolar type II epithelial cells; differentiation

Introduction
Lung transplantation is the main treatment of end-stage
diseases. However, a scarcity of suitable donor lungs
largely restricts the development of lung transplantation,
which calls for acute clinical alternatives. Regenerative
medicine is a newly developed method that grows healthy
cells in vitro and implants these cells into the injured organ
to restore its physiological functions. Lung is a vital organ
with numerous generations of branching leading to the
alveoli, which include various types of cells in each section
of the airway (Rippon et al. 2006). These complex structure
and cell types bring the development of pulmonary
regenerative therapy formidable challenges. Alveolar type
II (AT II) epithelium cells, which comprise 5% of the
alveolar lining, are crucial cells to alveolar homeostasis and
repair (Otto 1997). These cells secret pulmonary surfactants
that are indispensable to lower alveolar surface tension and
prevent airway collapse. They also have the ability to
undergo proliferation and differentiation to be Alveolar
type I (AT I) epithelium cells (Otto 1997), that comprise
95% of the alveolar lining. Thus, the growth of normal and
functional AT II epithelium cells in vitro shed light on the
development of end-stage lung disease therapy.
Induced pluripotent stem (iPS) cells are novel stem cell
populations induced from mouse, rat, or human adult
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somatic cells through reprogramming by transduction of
defined transcription factors (Takahashi & Yamanaka
2006a; Okita et al. 2007; Li et al. 2009). These cells
demonstrate the same proliferation and differentiation
potentials as embryonic stem cells (ESCs) and could avoid
the immune rejection reactions after implantation since its
autologous cell derivation. Several studies reported that
mature AT II epithelium cells could be detected in
differentiated murine and human ESC populations (Ali
et al. 2002; Rippon et al. 2004). Murine iPS cell-derived AT
II were also successfully achieved lately (Alipio et al. 2011;
Yang et al. 2011; Banerjee & Henderson 2012; Schmeckebier et al. 2013). However, there is no report about the rat
iPS (riPS) cells differentiation into AT II epithelial cells. In
this study, we used a three-stage differentiation protocol
similar to the inducing methods that reported by Rippon
et al. (2006) to study the possibility of development of AT
II cells from iPS cells in rat.

Materials and methods
Resuscitation and proliferation of rat-induced
pluripotent stem cells
Rat-induced pluripotent stem cell (riPSC) line (Sidansai,
Shanghai, China) was used in this study. The freezing tube
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was taken out from the liquid nitrogen and immersed into
37°C water bath. The melted cell suspension was transferred into riPSCs complete medium (Sidansai, Shanghai,
China). The procedure of centrifugation (1000 rpm,
5 minutes) and re-suspension (with 2 ml/4 ml riPSCs
complete medium) should be repeated twice in order to
remove the residual component of the previous frozen
stock solutions. The cell suspension was transferred into
T25 culture bottle pre-covered with mouse embryo
fibroblast (MEF) cells (Cellapy, Beijing, China) and was
added to the 5 ml of total volume of complete medium.
Daily culture medium replacement was carried out. riPSCs
were passaged by a ratio of 1 to 10 till cells spread to
more than 80% of the bottom of the culture bottle. Cell
passage was conducted every 2–3 day since the 4th or 5th
day of cell resuscitation. After 2 weeks of cell proliferation, differentiation started.

Differentiation of riPSCs
After the proliferation of riPSCs, cells were digested with
0.25% trypsin. Differential adhesion method was used to
remove MEF cells in order not to influence the following
differentiation. Embryoid bodies (EBs) were formed
24 hours post-passage. The differentiation protocol used
in this study for iPSCs included three stages similar to the
methods for ESCs (Rippon et al. 2006).
Stage 1
EBs were suspension cultured in 9 cm peri-dishes with
Dulbecco’s Modified Eagle Medium (DMEM) contained
10% fetal bovine serum (FBS) for 2.5 days. Then, culture
medium was replaced with DMEM that contained 10%
knock out serum replacement (KOSR) and 100 ng/ml
Activin A during the next 4.5 days. During the following
4 days, 10% KOSR DMEM was used.
Stage 2
EBs were adherent cultured in 6-well culture plates (precovered with gelatin) with 10% FBS DMEM for 10 days.
And at the end of the 10th day, cells were digested with
0.25% trypsin and passage to new 6-well culture plates.

Immunofluorescence staining
Immunofluorescence staining was performed on actively
dividing cells cultured in 24-well plates. Cells were fixed
in 4% paraformaldehyde (PFA) for 30 minutes at room
temperature. Cells were removed from the PFA and
washed once with phosphate buffer solution and then
0.5% Triton was added for 15 minutes at room temperature. Then cells were washed twice with antibody
dilution solution. Then cells were confined for 60 minutes
with confining solution. Diluted the primary antibody
(SPC and SSEA-1) in the antibody dilution solution
(1:500 and 1:100), and put the solution in the cell well,
stored the sample at 4 °C overnight. The secondary antibodies used were goat anti-mouse-phycoerythrin (PE)
(Sigma, St Louis, MO), goat anti-rabbit-PE, and rabbit
anti-goat-PE (both from Southern Biotech, Birmingham,
Alabama). Nuclei were counterstained with 4′,6-diamidino-2-phenylindole (DAPI) (sigma) solution (diluted as
1:1000 in the antibody dilution solution) for 5 minutes.
Images were captured by OLYMPUS IX71.
Real-time polymerase chain reaction
Total RNA was isolated using Trizol, chloroform, and
isopropanal in the proportion of 5:1:2.5. Five micrograms
of total RNA were reverse transcribed using cDNA
archive kit (Invitrogen). PCR reaction system included
primer (Table 1), template, SYBR mix (TOYOBO), and
double-distilled H2O. The protocol is 95°C for 5 minutes
(94°C 15 s, 66°C 10 s, and 72°C 20 s) × 40 cycles.
Specific markers of rat-induced pluripotent cells (Oct4 and
Nanog) and AT II epithelium cells (SPA, SPB, SPC, SPD,
and CC10) were analyzed. The CT values of each group
were tested. Internal control gene was G3PD-1. ΔCT
represented the CT value of tested gene minus the CT
value of G3PD-1. ΔΔCT equaled the ΔCT value of the
differentiation group minus the ΔCT value of the control
group. The relative gene expressions of each group were
calculated as 2 DDCT .
Statistical analysis
Quantitative RT-PCR results (2 DDCT ) were analyzed by
one-way analysis of variance with Tukey post-test.

Stage 3
Small airway growth medium (Rippon et al. 2006) was
used for cell culture in the next 4–14 days.
For the control group (riPS-con), routine riPS cell
culture medium was used throughout the three steps as a
time control to the differentiation groups.
Cells of the 7th (Diff. 7) and 14th (Diff. 14) day of the
stage 3 were collected and stored for the follow-up
immunofluorescence staining and real-time polymerase
chain reaction (RT-PCR) analysis.

Results
Cellular morphology variation during the procedure
of differentiation
The differentiation procedure included three stages. During stage 1, cells were cultured in suspension medium.
EBs formed gradually (as shown in Figure 1B, white
arrow). EBs were adherently cultured since stage 2. After
the adherence of EBs, cells grew radially (as shown in
Figure 1C). The radial growth indicated the differentiation
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Table 1. RT-PCR primers.

Gene

Primer sequence (5ʹ-3ʹ)

Oct4

F: CGAGGCCTTTCCCTCTGTTCCT
R: TCTCTTTGTCTACCTCCCTTCC
TTGC
F: ACCTACCTCTTCAAGATAGCC
CTG
R: ACCTTTGCCTCTGAAACCTA
TCCT
F: CCTTCATTGACCTCAACTAC
R: GGAAGGCCATGCCAGTGAGC
F: AAACAATGGGAGTCCTCAGC
R: GTTCTCCTCAGGAGTCCTCG
F: GCCAGATTAAACCCAAAGCC
R: GACCAGCTTGTTCAGCAGAG
F: AAACATACTGAGATGGTCCTT
GAG
R: GTAGTCATATAGAACGATGC
CAG
F: TGGACTAGTTGGACCTCCAG
R: CCCAGCCTCTCCTTTAGGAC
F: AAGCTCACGGAGAAGATCCT
R: TATTGCAAAGAGGAAGGCGG

Nanogendo

GADPH
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SPA
SPB
SPC

SPD
CC10

Amplicon
length
(bp)
119

186

594
154
121
134

120
156

of EBs. Cell density kept increasing (as shown in
Figure 1D), which represented the proliferation capacity
of the differentiation cells. These cells might be the
precursor cells. During stage 3, cell morphology became
outstretched and epithelium-like. These cells (as shown in
Figure 1F, black arrow) could possibly be AT II epithelium cells.

Figure 1. Cellular morphology variation during the procedure of
differentiation. The differentiation procedure included three
stages. Stage 1: Cells were suspension cultured for 11 days.
(A): Stage 1, day 2. (B): Stage 1, day 5. EBs formed (white
arrow). Stage 2: EBs were adherently cultured for 10 days. (C):
Stage 2, day 2. Cells grew radially. (D): Stage 2, day 7. Cells
proliferated. Stage 3: Cells were adherently cultured for 4–
14 days. (E): Stage 3, day 3. (F): Cells grew into alveolar type II
epithelium-like cells (black arrow). 550 × 750 mm (200 ×
200 DPI). ×4: scale bar, 500 μm. ×10: scale bar, 200 μm. ×40:
scale bar, 50 μm.

Immunofluorescence staining of SPC and SSEA-1
Immunofluorescence staining for the specific expression
markers of AT II epithelial cells (SPC) and riPS cells
(SSEA-1) was conducted. Cells of stage 3, day 14 (Diff.
14) were used for staining. SPC and SSEA-1 both existed
in cytoplasm. The specific staining was in red color,
differentiated from the blue color of DAPI staining for
nuclei. Cells of the Diff. 14 group positively expressed
SPC and negatively expressed SSEA-1. The percentage of
SPC positive cells is about 10%. To the contrary, the cells
of the riPS-con group counter-expressed the two markers
(SPC, negative; SSEA-1, positive), as shown in Figures 2
and 3.
Quantitative RT-PCR
The primer sequence of each gene was shown in Table 1.
After differentiation, the expression of Oct4 and Nanog
decreased significantly (Figure 4). The expression of SPA,
SPC, and SPD increased significantly both in stage 3,

day 7 (Diff. 7) and stage 3, day 14 (Diff. 14) groups.
However, SPB gene expression decreased in the two groups.
The expression of CC10 increased, but no significant
differences were found, as shown in Figure 5. The
abbreviations in this text were shown in Table 2.

Discussion
Regenerative medicine and tissue engineering are relative
newly developed therapeutic technologies for terminal
lung diseases. The derivation of seed cells is one of the
critical points for the cell replacement therapy and bioartificial lung system development. AT II epithelial cells
comprise 5% of the alveolar lining. These cells secret
pulmonary surfactants that are indispensable to lower
alveolar surface tension and prevent airway collapse.
They also act as progenitor cells for AT I epithelium cells
(Otto 1997; Reddy et al. 2004; Wetsel et al. 2011) that
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Figure 2. Immunoﬂuorescence staining images for SSEA-1. Nuclei was stained with DAPI in blue color (left). Cytoplasm was stained
with SSEA-1 in red color (middle). After merging the two images, the two colors displayed in one image (right). Cells in the riPS-con
group positively expressed SSEA-1 (middle, up), which not observed in the cells from the Diff. 14 group (middle, down). 750 × 380 mm
(300 × 300 DPI). Scale bar, 200 μm.

Figure 3. Immunoﬂuorescence staining images for SPC. Nuclei was stained with DAPI in blue color (left). Cytoplasm was stained with
SPC in red color (middle). After merging the two images, the two colors displayed in one image (right). Cells in the Diff. 14 group
positively expressed SSEA-1 (middle, down), which do not observed in the cells from the riPS-con group (middle, up). 750 × 383 mm
(300 × 300 DPI). Diff. 14 group: scale bar, 200 μm. riPS-con group: scale bar, 50 μm.
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Figure 4. Speciﬁc gene expression of riPS cells. The gene expressions of speciﬁc markers of riPS cells are tested with RT-PCR. After
differentiation, at stage 3, day 7 (Diff. 7) and stage 3, day 14 (Diff. 14), both Oct4 and Nanog were down-regulated compared with the
riPS-con group. Compared with the riPS-con group, *P < 0.05. 762 × 299 mm (300 × 300 DPI).

comprise 95% of the distal alveolar lining and work for
lung air-exchange function.
Directed differentiation of stem cells for AT II
epithelial cells opens a promising avenue for the clinical
application and basic research of those biomedical technologies. There are quite many investigations focused on

the generation of AT II cells from ESCs culture (Ali
et al. 2002; Denham et al. 2006; Rippon et al. 2006;
Samadikuchaksaraei et al. 2006; Yang et al. 2011).
However, these procedures still have not achieved a level
of purity that would be of clinical use and these mixed cell
cultures may contain undifferentiated pluripotent cells that

Figure 5. Speciﬁc gene expression of AT II epithelial cells. The gene expressions of speciﬁc markers of rat AT II epithelial cells are
tested with RT-PCR. After differentiation, at stage 3, day 7 (Diff. 7) and stage 3, day 14 (Diff. 14), SPA, SPC, SPD, and CC10 were
up-regulated compared with the riPS-con group, while SPB was down-regulated. Compared with the riPS-con group, *P < 0.05. 762 ×
304 mm (300 × 300 DPI).
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Table 2. Abbreviations in this text.
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Abbreviations
riPS cell
ESC
Oct4
Nanog
SPA
SPB
SPC
SPD
CC10
GAPDH
G3PD-1
SSEA-1
DAPI
PCR

Rat-induced pluripotent stem cell
Embryonic stem cell
Octamer-binding protein 4
Nanog homeobox protein
Surfactant protein A
Surfactant protein B
Surfactant protein C
Surfactant protein D
Clara cell secretory protein 10
Glyceraldehyde-phosphate dehydrogenase
Glyceraldehyde-3-phosphate dehydrogenase-1
Stage-specific embryonic antigen-1
4′,6-diamidino-2-phenylindole
Polymerase chain reaction

could develop into teratomas after transplantation. Mouse
iPS cells were first developed by Yamanaka (Takahashi &
Yamanaka 2006b) by introducing into mouse fibroblast
through retroviral transduction. Since the derivation of
autologous somatic cells of the iPS cells, it paves the way
for the generation of patient-specific pluripotent cells that
possess better biocompatibility and less immune reject
reaction when used in tissue engineering and cell transplantation therapy.
We used a three-stage culture method, modified on the
basis of the similar research with murine ESCs (Ali et al.
2002; Rippon et al. 2006) and murine iPS cells (Alipio
et al. 2011), to induce differentiation of riPS cells into
AT II epithelial cells in this study. At the end of
differentiation, cells positively expressed SPC and negatively expressed SSEA-1. The gene expression of Oct4
and Nanog, the specific gene markers of pluripotent iPS
cells, decreased significantly after differentiation. However, the specific gene markers of lung epithelial cells
(SPA, SPC, SPD, and CC10) up-regulately expressed.
These results indicated the cell characteristic transformation from the riPS cells into the AT II epithelial cells (SPA,
SPC, and SPD) and bronchial epithelial cells (CC10 for
clara cells) although the CC10 expression showed no
significant up-regulation (P > 0.05).
To the contrary, the SPB gene expression did not
increase after the differentiation in our study which was
different from the characteristics of murine ESC-derived
AT II cells reported by Rippon et al. (2006) and Ali et al.
(2002). However, the research results of Wetsel (Wang
et al. 2007; 2010) indicated that differentiated human
ESCs into AT II epithelial cells were SPB deficiency,
which was similar to our research. And the gene-corrected
iPS cells derived from patients with SPB deficiency can
be used clinically (Wetsel et al. 2011). SPA, SPB, and

CC10 are the markers of mature distal lung epithelial. In
this study, the inconsistent expression of the three genes
may attribute to the reason that the cells developed at the
period between the immature and mature phrase of AT II
cell formation at the end of our differentiation protocol.
SPD is also abundantly expressed in mature distal lung
epithelium but is also widely expressed in other mucosal
epithelia as part of host defense system and is not lungspecific (Rippon et al. 2006). The up-regulation of SPD
suggested that the existing cells at the end of culture
included not only lung epithelial cells but also other types,
which need to do further identification evaluation.
We successfully induced the riPS cells into rat AT II
epithelial cells with a three-stage induction protocol,
provided theoretical basis and feasibility proof for the
application of iPS cells-derived AT II cells into the
biomedical treatment of terminal lung diseases. However,
several limitations exist in this study. First, the culture
period of the third stage seemed too short, that we did not
observe clear mature characteristics of the AT II cells.
Second, we only chose two time points for the cell RTPCR tests of those specific marker gene expressions,
which showed no variation details of those markers during
the differentiation procedure.
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