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Kriippel-like factor 8 (KLF8) regulates critical gene transcription associated with different types of cancer. A novel
paradigm in tumor biology suggests that the initiation and progression of osteosarcoma (OS) are driven by osteosarcoma
stem cell-like cells (OSCs), but the role and underlying mechanisms of KLF8 in OSCs are poorly elucidated. In this study, an
obviously increased level of KLF8 is shown in 9 out of 10 primary OS tissues and is associated with the poor progression-
free interval. Significantly, KLF8 expression in CD133+ OSCs is higher than that in CD133- counterparts. By knocking
down KLF8 in CD133+ OSCs, we show that si-KLF8-OSCs can hardly form compact spheres. In the meantime, infection
with si-KLF8 in CD133+ OSCs results in the downregulation of OCT4 and SOX2; increased adriamycin (ADM) sensi-
tivity; and decreased tumorigenic potential in vivo. Mechanisms study demonstrates that KLF8 directly binds the miR-429
promoter region and regulates its expression transcriptionally. Furthermore, we indicate that miR-429 directly targets SOX2
to mediate cancer stem cell-like features in CD133+ OSCs. In the clinic, miR-429 levels are negatively associated with KLF8
levels in OS, suggesting that an elevated KLF8/miR-429 ratio may have clinical value as a predictive biomarker. In conclu-
sion, targeting the KLF8-miR-429-SOX2 signaling pathway may provide an effective therapeutic approach to suppress the

initiation and progression of OS.
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Osteosarcoma (OS) is the third most common cancer in
adolescence and is the most frequent appearance of primary
bone tumors [1]. Despite the advanced intensive treatment,
including a combination of surgery, radiotherapy and high
dose chemotherapy [2], the 5-year survival and the outcome
for OS patients presenting with metastasis have remained
poor.

A rising number of studies indicate that cancer stem cell-
like cells (CSCs), characterized by increased tumorigenicity,
self-renewal ability and multipotency, contribute to tumor
initiation and progression [3, 4]. CSCs have been observed
in several types of tumors and have been critically linked
to malignant transformation, and maintenance of cancers
[4]. OS, as heterogeneous cancer, has been demonstrated to
comprise of an array of distinguishable sub-clones [5], where
osteosarcoma stem cell-like cells (OSCs) existed [6-8]. Thus,
therapeutics targeting OSCs may be an effective strategy to
prevent OS originating and progressing.

Kriippel-like factor (KLF8) shares homology in its three
C2-H2 zinc finger DNA binding domains and was found

to play a crucial role in different types of malignant tumors
[9-12]. Despite the dual transcription factor function which
transcriptionally activates or represses tumor-related genes,
recently, it has emerged as an important cancer-promoting
protein [13, 14]. KLF8 is found highly overexpressed in some
invasive human cancers, including breast cancer, ovarian
cancer, etc. [14-16], and associated with a poor prognosis or an
early recurrence. Our previous study demonstrated that KLF8
was upregulated and its knockdown in Saos-2 OS cells resulted
in significant inhibition of proliferation and invasion [17].
However, the mechanisms underlying KLF8 in OS is poorly
elucidated. In CSCs, recent studies show that KLF8 promotes
the proliferation of hematopoietic stem cells, and stem cell
populations in the kidney by regulating the transcription of
Wnt signaling [16]. In addition, KLF8 is one of the master
epithelial to mesenchymal transition (EMT)-promoting
transcriptional factors [18]. Considering that a large body
of evidence suggests a role of aberrantly activated EMT in
CSC properties regulation [19, 20], these findings prompted
us to investigate the role and mechanisms of KLF8 in OSCs.
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MicroRNAs (miRNAs) are a family of short non-coding
regulatory RNAs that can bind to the 3’-untranslated region
(3’UTR) of target mRNAs to induce translation repression
or mRNA cleavage and to attenuate protein expression [21].
miRNAs have emerged as important regulators in either
tumor suppression or promotion [22]. miR-429 was reported
suppressing the progression and metastasis of OS by targeting
ZEB1, one of the most crucial EMT factors [23, 24], which
suggests that miR-429 may regulate the EMT-associated CSC
properties. Both of miR-429 and KLF8 are the crucial EMT
factors in OS, however, whether they have any underlying
links is unknown. In the meantime, the miR-429 regulation
of EMT-associated CSC properties remains unclear.

Here, we aim to explore the role and underlying mecha-
nisms of KLF8 in OSCs. In this study, an obviously increased
level of KLF8 is showed in 9 out of 10 primary OS tissues and
is associated with the poor progression-free interval. Signifi-
cantly, the KLF8 expression in CD133* OSCs is higher than
that in CD133" counterparts. By knocking down KLF8 in
CD133* OSCs, we show that si-KLF8-OSCs can hardly form
compact spheres. In the meantime, CD133* OSCs infected
with si-KLF8 result in the downregulation of OCT4 and
SOX2, increased ADM sensitivity, and decreased tumorigenic
potential in vivo. Mechanisms studies demonstrate that KLF8
directly binds the miR-429 promoter region and regulates its
expression transcriptionally. Furthermore, we indicate that
miR-429 directly targets SOX2 to mediate cancer stem cell-
like features in CD133* OSCs.

Materials and methods

Animal and cell culture. Female athymic BALB/c nu/
nu mice, 3-4 weeks old, obtained from HFK Bioscience
(China), were maintained at the Animal Core Facility at
Affiliated Eighth People’s Hospital, Jiangsu University, under
specific pathogen-free (SPF) condition. All studies on mice
were conducted in accordance with the National Institutes of
Health ‘Guide for the Care and Use of Laboratory Animals’
and were approved by the ethics committee of Affiliated
Eighth People’s Hospital, Jiangsu University. The human
gastric cancer cell line MG-63 and U-2 were purchased from
ATCC (Manassas, USA) and were properly kept in Affiliated
Eighth People’s Hospital, Jiangsu University. All the cell lines
were authenticated by Short Tandem Repeat-Polymerase
Chain Reaction (STR-PCR).

Sample collection. 10 patients with primary osteosar-
coma in Affiliated Eighth People’s Hospital, Jiangsu Univer-
sity were enrolled in this study from January 2013 to June
2016. Informed consent for the additional core-needle
biopsy and experimental use of tumor samples was obtained
from all patients, following a protocol approved by the Ethics
Committee of Affiliated Eighth People’s Hospital, Jiangsu
University.

Flow cytometry assay and fluorescence activated cell
sorting (FACS). Flow cytometry assay was done on single-

cell suspensions obtained by enzymatic digestion of spheres
which were derived from primary colorectal cancer samples
and labeled with FITC conjugated anti-CD133 antibody
(Miltenyi Biotec, Germany) by using an Epics Altra flow
cytometer (Beckman Coulter, USA).

Spheres derived from primary tumor samples were disso-
ciated into single cells by enzymatic digestion. Single-cell
suspensions were washed and incubated in staining solution
1% BSA and 2 mM EDTA with the specific antibodies at
appropriate dilutions. Then the cells were sorted to CD133*
and CD133" subpopulations.

Western blot analysis. Cells were harvested and lysed in
RIPA lysis buffer (150 mM NaCl, 50 mM Tris-HCI (pH 8.0),
0.1% SDS, 2 mM EDTA, 1 mM PMSE 1% NP40, 5 pug/ ml
aprotinin, and 1 pg/ ml leupeptin) on ice, and then centri-
fuged at 10000 x g for 10 min. Total proteins were resolved
by 12% SDS-PAGE (Bio-Rad Laboratories, Inc, Hercules,
CA, USA) and blotted onto nitrocellulose membranes
(Amersham Biosciences Corp., Pittsburgh, PA, USA).
Membranes were blocked with 10% non-fat milk powder
at room temperature for 2 h and incubated overnight with
primary antibodies purchased from Abcam, Cambridge,
USA: anti-KLF8 (ab168527, 1:1000), anti-OCT4 (ab184665,
1:2000), anti-SOX2 (ab79351, 1:1500) or from Sigma-
Aldrich, Louis, USA: anti-B-actin antibody (A1978, 1:2000).
After three 5 min washes in Triethanolamine-Buffered Saline
solution with 0.1% Tween-20 (TBS-T), membranes were
incubated with horseradish peroxidase (HRP) conjugated
secondary antibodies (sc-2357, 1:2000; Santa Cruz Biotech-
nology, Dallas, USA) for 4 h at room temperature and then
washed again in TBS-T and visualized with an enhanced
chemiluminescence kit (ECL-kit, Santa Cruz Biotechnology,
Dallas, TX, USA). All experiments were performed in tripli-
cate.

Animal studies and bioluminescence. All of the proce-
dures were carried out according to the animal protocol
approved by the Age-matched female mice were used. A total
of 3x10° luciferase-expressing si-KLE8 cells, si-NC cells were
subcutaneously injected. Tumor progression was monitored
using bioluminescence (IVIS Spectrum), and survival
was monitored daily. Tissue samples were collected on the
indicated days after injection for pathological analysis.

Luciferase assays. Luciferase reporter assays were
carried out using the Luciferase Assay System (Promega).
The reporter gene construct (pGL3 Luciferase Reporter
vector, Cat. E1741, Promega) and pTK-Renilla construct
(pTK-Green Renilla Luc vector, Cat. 16154, Thermo Scien-
tific) were co-transfected into cells, and luciferase activity
was measured with the Dual-Luciferase Reporter Assay
System (Promega). The results are expressed as luciferase/
renilla ratios and represent the average + s.d. of at least three
experiments, each performed in triplicate.

Quantitative real-time PCR analysis (qQPCR). Real-
time PCR was performed using the Applied Biosystems®
StepOne™ Real-Time PCR Systems (Applied Biosystems).
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All qPCR reactions were performed in duplicate and the
amplification signal from the target gene was normalized
to a GAPDH signal. For the detection of mature miR-429,
the TagMan MicroRNA assay kit (Applied Biosystems) was
used according to the manufacturer’s instructions. All gPCR
reactions were performed in duplicate and the amplifica-
tion signal from the target miRNA was normalized to a U6
signal. The average of three experiments each performed in
triplicate with standard errors is presented. Primers are as
following: KLF8, F: 5-TTCAGAAGGTGGCTCAATGC-3)
R: 5-GGAGTGTTGGAGAAGTCATATTAC-3’; GAPDH,
F: 5-TGACTTCAACAGCGACACCCA-3’, R: 5-CACCCT-
GTTGCTGTAGCCAAA-3..

Promoter assays. As for the promoter assays, for
analyses of the miR-429 promoters, pGL3 reporter plasmids
containing the miR-429 regulatory sequences fused to lucif-
erase cDNA were used. Co-transfection with b-galactosidase
reporter and detection of relative luciferase units.

MTT assay. The MTT assay (Sigma Aldrich, USA) was
used to determine relative cell growth every 24 h for cell
growth curves. A total of 1x10* cells/ml were plated into
96-well plates, incubated at 37°C and cultured overnight.
20 ul of 5 mg/ml MTT was added to the media for 4 h incuba-
tion at 37 °C. Following removal of the culture medium, the
remaining crystals were dissolved in 150 pl DMSO (Sigma
Aldrich, USA). Absorbance (A) was measured spectropho-
tometrically in a microplate reader (Bio-Rad, USA) at a
wavelength of 490 nm. The curve of growth was drawn with
the absorbance (A) measured spectrophotometrically in a
microplate reader (Bio-Rad, USA) at a wavelength of 490 nm.

Statistical analysis. Unless otherwise explained specifi-
cally, all results were expressed as mean + SEM and analyzed
using the SPSS 20.0 software (SPSS, Chicago, IL, USA).
Differences between groups were assessed using the Student’s
t-test. The relationship between SLC34A2 expression and the
clinicopathological features of gastric cancer was analyzed by
Pearson’s x* test. The overall survival of the two patient groups
was analyzed by the log-rank test using the Kaplan-Meier
method. A p<0.05 was considered statistically significant.

Results

KLF8 is overexpressed in CD133* OSCs and primary
OS tissues. CD133 serves as the putative marker for different
types of CSCs [25]. Flow cytometry showed the presence of a
variable fraction of CD133 positive cells, ranging from 0.03%
to 1.83%, in 10 out of 10 OS specimens (Supplementary
Table S1). We sorted both CD133* and CD133" cells from
MG-63 and U-2 -two OS cell lines- by FACS (Figure 1A).
After 2-4 weeks, by serum-free cultivation, CD133" cells
were able to form compact self-renewing spheres in serum-
free medium, whereas CD133- cells could not form compact
spheres (Figure 1B). In the meantime, we observed an
increased level of KLF8 in 9 out of 10 primary tumor tissues
compared with their adjacent counterparts (Supplementary

Table S1). Overexpression of KLF8 was obviously associ-
ated with the reduced progression-free interval (Figure 1C).
Concurrently, the expression of KLF8 in CD133* OSCs was
much higher than that in CD133" counterparts (Figures 1D,
1E).

KLF8 promotes cancer stem cell-like features of CD133*
OSCs in vitro and in vivo. To evaluate the role of KLF8 in
cancer stem cell-like features maintaining, we constructed
si-KLF8 stable cell lines by a lentivirus-mediated method. We
found that si-KLF8-OSCs could hardly form compact spheres
compared with the si-NC-OSCs group and non-treated OSCs
group (Figure 2A). si-KLF8 transfection in CD133* OSCs
resulted in increased cisplatin sensitivity: si-KLF8 substan-
tially enhanced cell death of CD133* OSCs in the presence
of adriamycin (ADM) (Figure 2B). Additionally, the expres-
sion levels of OCT4 and SOX2 were obviously decreased in
si-KLF8-OSCs compared with those in other control groups
(Figure 2C).

In vivo, si-KLF8-OSCs, si-NC-OSCs and non-treated
OSCs were injected by a subcutaneous route. Tumor forma-
tion of the si-KLF8-OSCs group was lower and in decreased
tumor take compared with that observed in another group
(Figures 2D, 2E). To investigate the long-term tumorigenic
potential, we performed serial transplantation assays of
cells isolated from tumor xenografts originally derived from
si-KLF8-OSCs, si-NC-OSCs and non-treated OSCs injec-
tion into nude mice. Cells derived from non-treated OSCs
and si-NC-OSCs tumors were able to generate xenografts in
primary, secondary, and tertiary transplantation. Whereas
cells from si-KLF8-OSCs tumors lost tumorigenic potential
during the tertiary transplantations (Figure 2F).

miR-429 is regulated by KLF8 directly. The expres-
sion of miR-429 was found reduced in OS tissues compared
with that in adjacent normal counterparts (Supplementary
Table S1). We further found that si-KLF8 in CD133* OSCs
resulted in a remarkable reduction of mature miR-429
expression (Figure 3A). To further define the transcrip-
tional regulation of miR-429, its promoter region containing
numerous putative KLF8 binding sites was constructed.
Luciferase reporter assay showed that the KLF8 knockdown
significantly inhibited miR-429 promoter activity, while the
overexpression of KLF8 enhanced the luciferase activity
(Figure 3B). These data suggest that KLF8 directly binds to
the miR-429 promoter region and regulates its expression
transcriptionally.

miR-429 directly targets SOX2 that is negatively corre-
lated with miR-429 level. 3'UTR of SOX2 was indicated
as one of the putative miR-429 targets by online prediction
software, including TargetScan 6.2 and PicTar (Figure 4A).
To further confirm whether SOX2 is the direct target of
miR-429, luciferase reporter assays were performed on OSCs
transfected with wild type or mutated SOX2 3°UTR. As shown
in Figure 4B, the luciferase activity in OSCs transfected with
wild type SOX2 3'UTR was significantly reduced in the
Lv-miR-429 group. On the contrary, the effect of Lv-miR-429
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Figure 1. KLF8 is overexpressed in CD133* OSCs and primary OS tissues. A) CD133" fractions in MG-63 and U-2 cell line cells by FACS. B) Phase-
contrast images of CD133* sphere cells and CD133" cells. Scale bar, 50 um. C) Comparison of the progression-free intervals in OS patients with high
or low expression of KLF8. The standard is according to the medium relative expression of KLF8 in these 10 OS patients. Note: Columns, mean of
three individual experiments; SD **p<0.01. D) Relative expression of KLF8 in CD133* OSCs and CD133- cells. Primary OS is from case 7 tissues. Note:
Columns, mean of three individual experiments; SD, **p<0.01. E) Inmunoblotting KLF8 expression on monolayer or 3-dimensional cultures. GAPDH

was used as a loading control.

was completely abrogated in the mutant construct. Moreover,
by investigating the correlation of miR-429 and SOX2 in OS
patient cohorts, miR-429 levels were observed declined in
CD133* OSCs compared with those in CD133" counterparts,
while the trend of SOX2 expression was opposite (Figure 4C),
confirming that SOX2 is negatively correlated with miR-429
level.

Discussion

A better understanding of how the tumors originate and
progress is needed for the development of targeted therapies
for both primary and metastatic OS. Considering the poten-

tial role of OSCs for OS diagnosis and treatment, clarifying
the regulatory mechanism of OSCs is crucial for the develop-
ment of novel treatment options. Our study provides insight
for the role of KLF8 involving the promotion of OSCs stem
cell-like phenotypes through the miR-429-SOX2 signaling
pathway.

KLF8 was recently emerged as crucial cancer-promoting
gene [26]. It was found highly overexpressed in some
invasive human cancers, including breast cancer, ovarian
cancer, etc. [14-16], and associated with a poor prognosis
or an early recurrence. However, the expression and the
role of KLF8 had been unclear in OS, until we showed that
KLF8 was upregulated in OS and knockdown of KLF8 in
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Figure 2. KLF8 promotes cancer stem cell-like features of CD133* OSCs in vitro and in vivo. A) Phase-contrast images of CD133* OSCs treated with
si-KLF8 or si-NC. Scale bar, 50 pm. B) With increasing concentrations of doxorubicin (ADM) from 0.5 to 10 ug/ ml, the percentage of viable cells of
CD133* OSCs infected with si-KLF8 or si-NC were measured by MTT. Note: Columns, mean of three individual experiments; SD **p<0.01. C) Western-
blotting was used with antibodies specific for OCT4 and SOX2 in CD133* OSCs with or without infection of si-KLF8 or si-NC. GAPDH was used as the
control. D) Bioluminescence imaging and luciferase activity of mice with subcutaneous injection of CD133* OSCs with or without infection of si-KLF8
or si-NC. E) The luciferase activity normalized with that of control at day 21. Note: Columns, mean of three individual experiments; SD **p<0.01. The
number of mice for each cohort is 3. F) In vivo serial transplantation assay. A total of 1x10° CD133* OSCs with or without infection of si-KLF8 or si-
NC were injected s.c. into nude mice. Derived tumor xenografts were dissociated to single-cell suspension and then serially re-injected in mice (1x10°
cells), generating secondary and then tertiary tumors. Tumor growth curves of primary and tertiary tumors are shown. Note: Columns, mean of three
individual experiments; SD **p<0.01.
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Saos-2 OS cells resulted in significant inhibition of prolif-
eration and invasion [17]. KLF8 was demonstrated as the
downstream effector of a focal adhesion kinase (FAK) [27].
FAK mediates human carcinoma progression, including
cell proliferation, survival, migration, invasion, and EMT
in many types of invasive human cancer [28, 29]. Consid-
ering that a large body of evidence suggests a role of
activated EMT in CSC properties regulation, we speculate
that KLF8 would be a potential target for OSCs wiping out.
Here, we observed an increased level of KLF8 in primary
tumor tissues compared with adjacent counterparts and
the overexpression of KLF8 was remarkably associated
with the reduced progression-free interval. Significantly,
the expression of KLF8 in CD133* OSCs was higher than
that in CD133 counterpart. These data suggest that KLF8
may contribute to the maintaining of stem cell-like features
in OSCs. Further biological function study showed that
si-KLF8-OSCs could hardly form compact spheres, which
is the hallmark of CSCs. si-KLF8 infection also resulted
in increased cisplatin sensitivity, decreased the expression

levels of OCT4 and SOX2, and reduced the tumorigenic
potential in vivo. These results indicate that targeting KLF8
may provide an effective therapeutic approach to suppress
the tumorigenicity of OSCs.

miR-429 was reported to suppress the progression and
metastasis of OS by targeting ZEB1, one of the most crucial
EMT factors [23, 24], which suggests that miR-429 may
regulate the EMT-associated CSC properties. Both miR-429
and KLF8 are the crucial EMT factors in OS, however,
whether they have any underlying links is unknown. In the
mechanism studies, we showed that KLF8 directly bond to
the miR-429 promoter region and regulated its expression
transcriptionally. In addition, we found that the expression
of miR-429 was declined in CD133* OSCs and associated
with poor overall survival. These findings are in line with
the reports which showed that miR-429 served as a tumor
suppressor [23, 24].

Moreover, we demonstrated that SOX2 is the direct
target of miR-429. SOX2, belonging to the SOX family, is a
transcription factor that is important in the development and
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Figure 4. miR-429 directly targets SOX2 and SOX2 was negatively correlated with miR-429 level in OS tissues. A) Illustration of SOX2 3°UTR as well as
the seed sequence of miR-429 showed the predicted target region on the 3’UTR of SOX2 mRNA. B) Dual-luciferase reporter assay with co-transfection
SOX2 3’UTR plasmids and miR-429 mimics. The relative luciferase activity was obtained by firefly luciferase activity normalized against Renilla
luciferase activity. Note: Columns, mean of three individual experiments; SD **p<0.01. C) Downregulation of miR-429 was observed in OS tissues
compared with that in adjacent ones by qPCR (left). Upregulation of SOX2 was observed in OS tissues compared with that in adjacent ones by qPCR
(right). Note: Columns, mean of three individual experiments; SD **p<0.01.

maintenance of the stem cell states [30, 31]. Together with
OCT4 and NANOG, SOX2 forms the pluripotency regula-
tory network. SOX2 is associated with cancer progression
by promoting the migration, invasion, and proliferation of
cancer cells [32]. The stem cell transcription factor (Sox2) has
been shown to maintain OSCs. Basu-Roy et al. [33] showed
that SOX2 was required for OS cells self-renewal and that
SOX2 antagonized the pro-differentiation. They imply that
rather than be a canonical OS oncogene, SOX2 is essential
for self-renewal of osteoblast precursors, which confirms our
findings that KLF8 regulates miR-429-SOX2 axis to maintain
the CSC features in CD133* OSCs. On the other hand, Liu
et al. [24] and Deng et al. [23] showed that miR-429 targets
the EMT inducer ZEB1 to suppress the progression and

metastasis of osteosarcoma. Combined with our report, we
further imply that miR-429 mediates both SOX2 and ZEBI
to promote the EMT-associated CSC features, which attaches
importance of the KLF8-targeted therapy for OS.

In conclusion, our findings indicate that KLF8 plays
a crucial role in the maintenance of cancer stem cell-like
features in CD133* OSCs. Thus, targeting the KLF8-miR-
429-SOX2 signaling pathway may provide an effective thera-
peutic approach to suppress the initiation and progression of
OS. Additionally, an elevated KLF8/ miR-429 ratio may have
clinical value as a predictive biomarker in OS.

Supplementary information is available in the online version
of the paper.
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KLF8 promotes cancer stem cell-like phenotypes in osteosarcoma through
miR-429-SOX2 signaling
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Supplementary Information

Supplementary Table S1. Expression of CD133, KLF8 and miR-429 in osteosarcoma samples.

Case Age TNM Clinical Percentage of “Normalized KLF8 “Normalized miR-429 Sphel:e
stage CD133*cells amount 244 amount 244 formation
1 56 TINOMO 1A 0.07% 4.3600 0.3027 Yes
2 61 T2NOMO 1B 0.03% 4.6023 0.2964 Yes
3 44 TINIMO I1A 1.06% 2.1854 0.1392 No
4 57 T2N1MO ITA 1.83% 3.0938 0.4336 Yes
5 49 T2N2MO 1IB 1.20% 2.6927 0.2578 Yes
6 67 T3NOMO IIIA 1.38% 3.2247 0.1937 Yes
7 58 T3N3M1 v 0.95% 5.3219 0.2026 Yes
8 59 T2N2MO0 IITA 0.84% 4.3963 0.1962 Yes
9 51 T2NOMO 1B 0.69% 52014 0.3525 No
10 72 T2N3MO I11B 1.81% 4.0390 0.4669 Yes

*Relative quantification was performed by the 222 method with the adjacent osteosarcoma tissue sample as a calibrator. Data show the means from three
independent analyses. Every independent analysis was carried out after the RNA extraction step. Total RNA was poly-A tailed, reverse transcript, and
then real-time PCR tested. AC; obtained from real-time PCR was subject to paired t-test (ACr = Cr gips — Craprpn). ACr obtained from real-time PCR was
subject to paired t-test (ACr = Cr irazo— Crus)- The expression levels of KLF8 in tumor tissues were significantly higher than normal tissues (p<0.01). The
expression levels of miR-429 in tumor tissues were significantly lower than normal tissues (p<0.01).



