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Translationally-controlled tumor protein activates the
transcription of Oct-4 in kidney-derived stem cells
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Abstract. The molecular mechanisms underlying
translationally-controlled tumor protein (TCTP) in the
activation of octamer-binding transcription factor 4 (Oct-4)
in kidney-derived stem cells have not been characterized.
The aim of the present study was to identify the transcrip-
tional activation of Oct-4 by TCTP in kidney-derived stem
cells. Homology-directed repair cDNA inserted into Fisher
344 transgenic (Tg) rats and the mouse strain 129/Svj were
used for the experiments. Diphtheria toxin (DT; 10 ng/kg)
injected into the Tg rats created the kidney injury, which
was rapidly restored by the activation of kidney-derived
stem cells. Kidney-derived stem cells were isolated from
the DT-injured Tg rats using cell culture techniques. The
co-expression of Oct-4 and TCTP were observed in the
isolated kidney-derived stem cells. Immunoblotting and
reverse transcription-polymerase chain reaction analysis
of TCTP null mutant (TCTP/") embryos at day 9.5 (E9.5)
demonstrated the absence of co-expression of Oct-4 and
TCTP, but expression of paired box-2 was detected. This was
in contrast with the E9.5 control embryos, which expressed
all three proteins. In conclusion, the results of the present
study demonstrated that TCTP activates the transcription
of Oct-4 in kidney-derived stem cells, as TCTP/ embryos
exhibited knock down of TCTP and Oct-4 without disturbing
the expression of Pax-2 The characteristics and functional
nature of TCTP in association with Oct-4 in kidney-derived
stem cells was identified.
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Introduction

Translationally-controlled tumor protein (TCTP) is an
evolutionally-conserved protein in yeast and humans (1-4),
which has important roles in cell cycle (5,6), apoptosis (7),
cytoskeleton (6), protein synthesis (8), immune response (3),
development (9) and cancer (7). In addition, a previous study
reported that TCTP expression was elevated in cancer tissues
as well as during liver regeneration (10); the protein also
has an important anti-tumor role (7,11). Therefore, TCTP is
considered a target for cancer therapy. TCTP is phosphory-
lated by polo-like kinase (12) at mitosis, and is localized to
microtubules via binding with tubulin, which results in depo-
larization and stabilization of microtubules (6). Under stress
conditions, TCTP localizes to the surface of mitochondria and
inhibits B cell lymphoma 2-associated X protein dimerization
to block apoptosis (6). TCPT binds with Chfr, which is a G,/M
checkpoint protein that controls the cell cycle under stressful
conditions (6). A study on knockout mice demonstrated that
the TCTP heterozygous (TCTP*/) mouse was developmen-
tally normal and the homozygous mutants (TCTP/) were
lethal at the embryonic stage (9), suggesting the importance
of TCTP in the developmental process. Conversely, it was
reported that TCTP activates octamer-binding transcrip-
tion factor 4 (Oct-4) expression (13), which is a stem cell
marker and has a role in stemness; it was also reported that
TCTP downregulates Oct-4 expression in mouse pluripotent
cells (14). The potential use of stem cells for therapy has a
vital role in the field of regenerative medicine (15). During
kidney development, it has been reported that stem cells are
located in the metanephric mesenchyme, which is the origin
for various structures in the mature kidney, except collecting
duct, interstitium and vasculature (16,17). In addition, it was
reported that kidney stem cells present in the adult kidneys of
skates and freshwater teleosts are able to participate in novel
nephron formation following partial nephrectomy (18-20).
Little is known regarding the molecular mechanisms and
activation of kidney-derived stem cells. In order to understand
the association between Oct-4 and TCTP in kidney-derived
stem cells, immunoblotting and reverse transcription-poly-
merase chain reaction (RT-PCR) analysis of a TCTP null
mutant was performed. The aim of the present study was to
demonstrate that TCTP activates the transcription of Oct-4
in kidney-derived stem cells.
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Materials and methods

Experimental animals. Animal use in the present study
was approved by the institutional animal care and ethical
committee. A total of 12 heterozygous offspring of trans-
genic (Tg) rats (Rat ID, RGD_ID1302921) generated from
Fisher 344 with the insertion of homology-directed repair
(hDTR) cDNA were used throughout the experiments. Tg rats
were gifted by Dr Wei Zhang (School of Science, Sun Yan-Sen
University, Guangzhou, China). Rats were maintained under
standard conditions with free access to feed and water and
a 12-h light/dark cycle (lights on at 07:00), as previously
outlined (21). Diphtheria toxin (DT; D0564; Sigma-Aldrich;
Merck Millipore, Darmstadt, Germany) was used to stimulate
kidney injury in the rats. The minimum lethal dose of DT for
humans was reported to be 100 ng/kg body weight (21,22).
Based upon the standard protocol (23), 10 ng/kg DT is efficient
at causing kidney injury in Tg rats. Tg rats received 10 ng/kg
per day for three days via intraperitoneal (IP) injection. Both
the control Tg rats and DT-injected Tg rats were carefully
monitored at regular time intervals (every 6 h). Urine and
feces samples were collected from the animals to identify
the presence of dead cells and to determine the protein levels
(TCTP, Pax, B-actin and Oct-4). Following analysis for kidney
damage via Tryphan blue in the urine, the podocytes began
to deplete slowly and samples were collected at the 10th day
after DT injection. Day 10 is the optimal time to collect the
kidney samples (based upon the preliminary standardization
protocol) to identify the presence and role of kidney stem cells
in the process to restore the injured cells caused by the DT

Cell culture experiments. Pentobarbital sodium injection
method was used to sacrifice Tg rats. Briefly, rats were anes-
thetized with pentobarbital sodium (60 mg/kg body weight;
IP) prior to surgery. Kidneys were exposed with the help of
holding clamps and were surgically removed after the 25 min
of IP injection. Kidney-derived stem cells were isolated from
the Tg rat kidneys as follows: The rat kidneys were surgi-
cally removed, harvested, minced, and partially digested
using collagenase (Sigma-Aldrich; Merck Millipore) in the
presence of trypsin inhibitor (T9253; Sigma-Aldrich; Merck
Millipore). The cell suspension was washed with and plated
in a medium composed of 58% Dulbecco's modified Eagle's
medium-low glucose and 42% MCDB-201, and supplemented
with 1X insulin-transferrin-selenium, 1 mg/ml bovine
serum albumin (BSA), 0.05 M dexamethasone, 0.1 mM
ascorbic acid 2-phosphate, 100 U penicillin, 1,000 U
streptomycin, 2% fetal bovine serum, 10 ng/ml epidermal
growth factor, 10 ng/ml platelet-derived growth factor-BB
and 10 ng/ml leukemia inhibitory factor (all Sigma-Aldrich;
Merck Millipore). The medium composition used for the
present study was partially modified from the protocol previ-
ously described by Gupta et al (24). The cells were seeded
on fibronectin-coated culture flasks (BD Biosciences, San
Jose, CA, USA) at low density (300 cells/cm?), to avoid
cell-cell contact, and cultured at 37°C in the presence of
5% CO,. Single clones of cells were obtained by reseeding
the cells at non touching density and following experiments
were performed to characterize the isolated cells as a kidney
derived stem cells.
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Generation of TCTP null mutant. TCTP/ and normal embryo
control samples [both from embryos at day 9.5 (E9.5)] were
used in the present study. A TCTP null mutant (TCTP/) was
generated a previously described (9). The 129/Svj mouse
strain was used. Genotyping of Tg rat tissues was performed
by PCR using Platinum Taq DNA polymerase (11146-057;
Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA,
USA) and the following primers from Sigma-Aldrich (Merck
Millipore): K1, 5“TCTAGAAAAGTGGAGGCGGAGC-3'
and K5, 5'-GGTGACTACTGTGCTTTCGGTA-3' for the
wild-type and floxed alleles, and K1 and K4, 5-AAAGCAGAT
CCAGAATAACCCC-3' for the deleted allele. A T100 Thermal
Cycler (Bio-Rad Laboratories, Inc., Hercules, CA, USA) was
used for PCR analysis. PCR products were separated by
2% agarose gel electrophoresis with ethidium bromide. A Gel
Doc EZ system and its in-built software program (Bio-Rad
Laboratories, Inc.) was used to analyze the PCR results. All
animal experiments were performed in accordance with the
guidelines set by the Institutional Animal Care and Utilization
Committee.

Immunostaining and RT-PCR analysis. Kidney-derived
stem cells were fixed with 4% paraformaldehyde, permea-
bilized with Triton X-100 and blocked with 1% BSA in
phosphate-buffered saline (PBS) for 1 h. The cells were then
incubated with anti-Oct-4 (1:100; SAB2500713) and anti-TCTP
(1:50; WHO0007178M1; both Sigma-Aldrich; Merck Millipore)
primary antibodies overnight at 4°C. The plates were washed
in 1X PBS and incubated with the following horseradish
peroxidase (HRP)-conjugated secondary antibodies for
45 min at room temperature in the dark: Rabbit anti-goat IgG
HRP (ab97023), goat anti-mouse IgG H&L (FITC) (ab6785),
donkey anti-mouse IgG H&L (Texas Red) (ab6818) and
donkey anti-goat IgG H&L (Texas Red) (all 1:10,000; ab6883;
all Abcam). Plates were developed with 3,3'-diaminobenzidine
(DAB) substrate (Sigma-Aldrich; Merck Millipore). Cells
were then observed under a Nikon 7i-S fluorescent microscope
(Nikon Corporation, Tokyo, Japan). For RT-PCR analysis,
2 4 ug total RNA was isolated from the kidney-derived cultured
stem cells using an Rneasy Mini kit according to the manufac-
turer's protocol (Qiagen GmbH, Hilden, Germany) and treated
with DNase 1 (Invitrogen; Thermo Fisher Scientific, Inc.),
prior to being stored at -70°C. The quality and quantity of the
RNA were validated by standard procedures, which included
cross-checking of the quality of RNA by agarose gel electro-
phoresis and of the quantity via a Nanodrop spectrophotometer
(Nanodrop Technologies, Pittsburgh, PA, USA). RT to cDNA
was performed using using Platinum Taq DNA polymerase
with 0.5 ug total RNA as a template and PCR was performed
on 1/20 of the RT product using the following primers from
Sigma-Aldrich (Merck Millipore): Oct-4 forward, 5'-CTG
TAACCGGCGCCAGAA-3', and reverse, 5S"TGCATGGGA
GAGCCCAGA-3'; paired box-2 (Pax-2) forward, 5"-TGGAGA
GGCCTGCCAAGTA-3, and reverse, 5'-AAGAGTGGGAGT
TGCTGTTG-3"; and TCTP forward, 5-AAACCAGAAAGG
GTAAAGCC-3', and reverse, 5"-TCCACTCCAAATAAA
TCACGG-3'. Thermal cycling was performed under standard
conditions as follows: 40 cycles of two-step PCR (95°C for
15 sec and 60°C for 60 sec) after initial denaturation (95°C
for 10 min) with 1 ul cDNA. PCR products were separated by
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2% agarose gel electrophoresis with ethidium bromide. The
bands were observed and documented using a Gel Doc EZ gel
documentation unit (Bio-Rad Laboratories, Inc.).

Immunoblotting analysis. Protein samples were isolated from
the TCTP/ and normal embryo control samples (both E9.5)
using 2X protein sample buffer and incubating the homogenate
in a boiling water bath for 5 min. Protein quantity was esti-
mated according to Lowrys method of protein estimation using
BSA as standard. Protein samples (80 pg) were subsequently
separated by 8% SDS-PAGE. The resolved protein samples
from the SDS-PAGE gel were transferred to a polyvinyli-
dene fluoride membrane (Sigma-Aldrich; Merck Millipore),
blocked with 4% BSA for 1 h and incubated with the following
primary antibodies: Anti-Oct-4 (1:100), anti-TCTP (1:50) and
anti-Pax-2 (1:100; SAB1404166) antibodies (all Sigma-Aldrich;
Merck Millipore) overnight at 4°C. Anti-B-actin antibody
(1:100; A5316; Abcam, Cambridge, UK) was used as a loading
control. The non-specific binding of the primary antibody
was eliminated through washing with 1X Tris-buffered saline
with Tween-20. The following secondary antibody conjugated
with HRP were incubated for 1 h at room temperature: Rabbit
anti-goat IgG HRP (ab97023), goat anti-mouse IgG H&L
(FITC) (ab6785), donkey anti-mouse IgG H&L (Texas Red)
(ab6818) and donkey anti-goat IgG H&L (Texas Red) (all
1:10,000; ab6883; all Abcam). The washed membrane was
developed according to the manufacturer's protocol using
the DAB/H,0, substrate (Amresco LLC, Solon, OH, USA)
to produce a brown-colored product, which appeared on the
membranes and was clear to the naked eye.

Results

Injection of DT. Tg rats express hDTR specifically in rat
podocytes. Injection of DT into Tg rats induces podocyte loss
in a dose-dependent manner. Damages in the kidney were
noted on the 7th day after DT injection, using Tryphan blue
in the urine (data not shown). The podocytes began to deplete
slowly and samples were collected at the 10th day after DT
injection.

Isolation and culture of kidney-derived stem cells. In order
to isolate the kidney-derived stem cells, cell culture technique
was performed. Control Tg rats and DT-injected Tg rats were
used for the experiments to isolate the kidney-derived stem
cells. Kidney samples from both the control and DT-injected
Tg rats were surgically removed and processed for cell culture.
After 5 weeks, the majority of the cell types had died (data
not shown). In addition, it was observed that the cultures
became monomorphic and the cells appeared spindle-shaped
when observed under the phase contrast microscope (data not
shown).

Immunostaining and RT-PCR analysis. To confirm and vali-
date that the isolated cells were kidney-derived stem cells,
immunostaining was performed. The isolated cultured cells
were immunostained with anti-Oct-4 and anti-TCTP anti-
bodies and analyzed under a fluorescent microscope (Fig. 1).
Oct-4-positive cells were observed in the plates as shown in
the Fig. 1A. TCTP expression was also noted in the same cells
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(Fig. 1B). Co-expression is shown in Fig. 1C. These results
suggest that the cells isolated and cultured from Tg rat kidneys
were kidney-derived stem cells. In addition, co-expression
of TCTP in Oct-4-expressing cells revealed that TCTP may
be involved in the activation of Oct-4, or conversely Oct-4
may induce the activation of TCTP. Furthermore, in order
to determine whether Oct-4-positive cells co-express TCTP
in the kidney-derived stem cells, RT-PCR was performed.
The following expression profile markers were analyzed
using RT-PCR: Oct-4, TCTP, Pax-2 and p-actin. Total RNA
was isolated from the cultured kidney-derived stem cells and
RT-PCR was performed following a standard protocol. The
results demonstrated that co-expression of Oct-4 and TCTP
occurred in the kidney-derived stem cells (Fig. 2). These results
suggested TCTP may be involved in the activation of Oct-4,
or conversely Oct-4 may induce the activation of TCTP in
kidney-derived stem cells. Pax-2 was used as a kidney-specific
marker. Pax-2 expression was noted in the E9.5 TCTP/ null
mutant embryos and also in the controls.

TCTP null mutant. In order to prove the hypothesis that
TCTP activates Oct-4 expression in kidney-derived stem
cells, the following experiments were designed: TCTP null
mutant (TCTP/) was generated. Although the TCTP null
mutant (TCTP/) is embryonically lethal, E9.5 was used
throughout the studies. E9.5 days embryos were collected
from the control and TCTP null mutant (TCTP7/) and
subjected to immunoblotting. The results of the immunoblot-
ting are shown in the Fig. 3, which demonstrates that there
was no expression of Oct-4 or TCTP in the TCTP null mutant
(TCTP/) embryos. The data suggests that TCTP is associated
with the activation of Oct-4. In addition, Pax-2 expression
was noted in the E9.5 TCTP null mutant (TCTP-/-) embryos.
To further validate the data, total RNA was isolated from
the control and TCTP null mutant (TCTP-/-) embryos (E9.5)
and subjected to RT-PCR. As shown in Fig. 4, no expression
of Oct-4 was observed in the TCTP null mutant (TCTP-/-)
embryos. In addition, Pax-2 transcripts were identified both
in the control and TCTP null mutant (TCTP-/-) embryos.
These results suggest that TCTP activates the transcription
of Oct-4 in kidney-derived stem cells.

Discussion

Little is known regarding the basic molecular mechanisms
underlying TCTP and its role in the activation of Oct-4 in
kidney-derived stem cells. Adult stem cells and their niches
has been well characterized in numerous organs such as bone
marrow, intestine, skin, gastrointestinal mucosa, liver, prostate
and brain (25-29). Understanding the molecular mechanism
underlying kidney-derived stem cells processes will be useful
for regenerative medicine.

The present study used DT in order to determine whether
the kidney has stem cells. It is well-accepted that stem cells
are involved in renewable and compensation processes
during tissue injury or disease. In order to create an injury
to the kidney, DT-mediated injury was created in Tg rats as a
model for kidney injury. Potential kidney-derived stem cells
were isolated from the Tg rat kidneys, and were observed to
express Oct-4 and Pax-2. The results demonstrated that the
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Figure 1. Immunostaining of kidney-derived stem cells with anti-Oct-4 and anti-TCTP antibodies. (A) Oct-4-positive cells (denoted by a white arrow) in
the kidney-derived stem cells. (B) TCTP-positive cells (denoted by a white arrow) in the kidney-derived stem cells. (C) Co-expression of Oct-4 and TCTP.
TCTP, translationally-controlled tumor protein; Oct-4, octamer-binding transcription factor 4.

TCTP
Oct-4
Pax-2
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Figure 2. Reverse transcription-polymerase chain reaction analysis.
Expression profile of Oct-4, TCTP, Pax-2 and (3-actin in the kidney-derived
stem cells. Lanes 1-3 denote the triplicates. TCTP, translationally-controlled
tumor protein; Oct-4, octamer-binding transcription factor 4.
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Figure 3. Immunoblotting analysis of TCTP null mutant (TCTP/) embryos
(E9.5) with anti-TCTP, Oct-4, Pax-2 and B-actin antibodies. Lane 1 and 2,
control mouse embryos at E9.5; lane 3 and 4, TCTP null mutant (TCTP7/)
embryos at E9.5. TCTP, translationally-controlled tumor protein; Oct-4,
octamer-binding transcription factor 4; E9.5, embryos at day 9.5.

cultured cells were kidney-derived stem cells. In addition,
the cultured kidney-derived stem cells were immunostained
with anti-Oct-4 and anti-TCTP antibodies. The results
demonstrated the following: i) The expression of Oct-4 (stem
cell marker) and Pax-2 (kidney-specific marker) in the cells
isolated and cultured from the Tg rats kidneys indicated that
the cells were kidney-derived stem cells; ii) co-expression
of TCTP in Oct-4-expressing cells revealed that TCTP was
associated with the activation of Oct-4 or vice versa.

To validate the data and to confirm that the identified cells
were kidney-derived stem cells, RT-PCR was performed.

TCTP
Oct-4

Pax-2

B-actin

Figure 4. Reverse transcription-polymerase chain reaction analysis of TCTP
null mutant (TCTP/) embryos (E9.5). Expression profile of Oct-4, TCTP,
Pax-2 and B-actin in the TCTP null mutant (TCTP7/)) embryos (E9.5) and
control. Lane 1, control; lane 2, TCTP/. E9.5, embryos at day 9.5.

The expression profiles of Oct-4, Pax-2 and TCTP in the
kidney-derived stem cells were examined. The results demon-
strated that the co-expression of Oct-4, TCTP and Pax-2
was observed in the kidney-derived stem cells. The results
suggested that TCTP induced the activation of Oct-4 or Oct-4
induced the activation of TCTP in kidney-derived stem cells.

Immunoblotting experiments with TCTP null mutant
(TCTP/) embryos (E9.5) demonstrate the absence of Oct-4
and TCTP co-expression. In addition, the expression of
Pax-2 and f-actin in the TCTP/ embryos indicated the
following: (i) The TCTP null mutant (TCTP /") embryos (E9.5)
had kidney-derived stem cells; (ii) TCTP has no role in the
activation of Pax-2; and (iii) the expression of B-actin was
not changed in the TCTP null mutant (TCTP/). The results
suggested that the TCTP is important for the activation of
Oct-4 expression.

RNA samples were prepared from the TCTP null mutant
(TCTP /) embryos (E9.5) and subjected to RT-PCR with
Oct-4, Pax-2 and TCTP primers. The results of the experi-
ment demonstrated that there was no expression of Oct-4 and
TCTP in the TCTP null mutant (TCTP/) embryos (E9.5).
However, Pax-2 expression was noted in the control as well as
the TCTP null mutant (TCTP/) embryos (E9.5). These results
suggested that TCTP activates the transcription of Oct-4 in
kidney-derived stem cells.

In conclusion, the results of the present study demon-
strated that TCTP activates the transcription of Oct-4 in
kidney-derived stem cells. The characteristics and functional
nature of TCTP in connection with Oct-4 in kidney-derived



stem cells was identified. These results may serve in regenera-
tive medicine and kidney diseases in future.
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