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miR-125a Promotes the Progression of Giant
Cell Tumors of Bone by Stimulating IL-17A
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Giant cell tumors of bone (GCTBs) exhibit high recurrence
and aggressive bone lytic behavior; but, the mechanism of
GCTB progression is largely unknown. In GCTB, we de-
tected abundant levels of miR-125a, which were associated
with tumor extension, grade, and recurrence. miR-125a
stimulates stromal cell tumorigenicity and growth in vivo
by promoting the expression of interleukin-17A (IL-17A)
and b-catenin. In contrast, inhibition of miR-125a sup-
pressed stromal cell tumorigenicity and growth. Then, we
found that miR-125a stimulates IL-17A by targeting TET2
and Foxp3, and it stimulates b-catenin expression by target-
ing APC and GSK3b in stromal cells. Furthermore, we iden-
tified that IL-17A stimulates miR-125a by activating nuclear
factor kB (NF-kB) signaling in stromal cells. Finally, our
data show that simultaneous inhibition of IL-17A signaling
and miR-125a more significantly inhibits stromal cell
growth than miR-125a inhibition alone. miR-125a stimu-
lates the progression of GCTB, and it might represent a use-
ful candidate marker for progression. Simultaneously block-
ing miR-125a and IL-17A might represent a new therapeutic
strategy for GCTB.
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INTRODUCTION
Giant cell tumor of bone (GCTB) is a benign, locally aggressive, osteo-
lytic tumor that causes significant bone destruction in the epiphysis of
long bones. The major challenge in the clinical treatment of GCTB is
recurrence. The primary method for GCTB treatment in the clinic is
surgery. However, according to one report, 20%–50% of patients with
GCTB exhibit local recurrence following primary surgical treatments,
up to 5% of patients develop pulmonary metastases, and 2% develop
spontaneous malignant transformation.1 Unfortunately, there are no
specific methods or drugs that can effectively inhibit the recurrence of
GCTB, and no known biomarker can predict its progression. Addi-
tionally, the cellular mechanism that leads to GCTB development
and progression remains unclear.
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GCTB consists of three major cell types: osteoclast-like multinucle-
ated giant cells (MNGCs), monocytic round-shaped macrophage-
like cells, and spindle-shaped fibroblast-like stromal cells.2 The
bone resorption activity of GCTB is primarily attributed to the
MNGCs, the development and activity of which are significantly
regulated by stromal cells via a complex network of cytokines and
chemokines.1,2 These findings suggest that both MNGCs and stromal
cells play important roles in GCTB development and progression.
Thus, both MNGCs and stromal cells are important therapeutic tar-
gets in GCTB treatment.

Recent studies showed that aberrantly increased expression of inter-
leukin-17A (IL-17A) and b-catenin are closely associated with GCTB
progression, including tumor growth, bone destruction, and recur-
rence.3,4 However, the regulatory mechanism of IL-17A and b-cate-
nin in GCTB is not fully understood. MicroRNAs (miRNAs)
comprise a class of small non-coding RNAs that negatively regulate
the expression of target genes at the post-transcriptional level through
interaction with the 30 UTRs of the target genes.5 Dysregulated
expression of miRNAs has been detected in most cancers, and certain
aberrantly expressed miRNAs play key roles in cancer initiation and
progression. Dysregulated miRNAs are also detected in GCTB,6 and
several miRNAs have been implicated in the progression of GCTB.7

However, unlike other tumors, the role of miRNAs in GCTB is largely
unknown. Interestingly, although not previously demonstrated in
GCTBs, certain dysregulated miRNAs are involved in the regulation
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Figure 1. Increased Expression Level of miR-125a Is Significantly Correlated with GCTB Recurrence

(A) miRNA expression heatmap. An miRNA array was performed using recurrent GCTB specimens and corresponding normal bone tissues (n = 3). (B) Using qRT-PCR to

measure miR-125a expression in recurrent GCTB specimens and corresponding primary GCTB specimens (n = 10). (C) The correlation between miR-125a level and the

recurrence rate in 107 patients with GCTB was analyzed using the Kaplan-Meier method.
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of IL-17A and b-catenin expression and functions.8–10 Based on these
findings, we speculated that dysregulated miRNAsmay be involved in
the regulation of IL-17A and b-catenin expression and function in
GCTBs, thereby stimulating GCTB progression. Thus, in this study,
we demonstrated that miRNAs play a key role in the progression of
GCTB and are involved in the regulation of IL-17A and b-catenin
expression.

RESULTS
Aberrantly Increased Expression of miR-125a in GCTB Was

Correlated with Disease Progression

To identify GCTB progression-associated miRNAs, we performed
miRNAs array analysis using recurrent GCTB tissues and their
matched normal bone tissues from 3 patients. As shown in Figure 1A,
miR-125a was significantly increased in GCTB tissues compared to
their adjacent normal tissues. In addition, our data show that the
miR-125a expression level was significantly higher in recurrent
GCTB tissues compared to the primary tumor tissues (Figure 1B).
Consistent with these results, we identified a higher recurrence rate
in the miR-125a high-expressing GCTB patient group compared to
the miR-125a low-expressing patient group (Figure 1C). Additionally,
we found that miR-125a was more frequently overexpressed in aggres-
sive and extracompartmental extension lesions (Table S1). Further-
more, the univariate and multivariate analyses showed that miR-125a
level was significantly associated with GCTB recurrence (Table S2).
These findings suggested that increased miR-125a might be involved
in the stimulation of GCTB progression, including recurrence.

miR-125a Significantly Stimulates GCTB Progression

The stromal cells are the only proliferating population in GCTBs, and
the expression of miR-125a was significantly increased in stromal
cells compared to normal bone (Figure 2A). Thus, to investigate
whether miR-125a was directly involved in GCTB progression, we
overexpressed or inhibited miR-125a in primary cultured stromal
cells (Figure S1A), and then we performed a cell viability assay. Our
data showed that overexpression of miR-125a significantly promoted
stromal cell growth, while inhibition of miR-125a had the opposite ef-
fect (Figure 2B). Consistent with this finding, a soft agar assay also
showed that overexpression or inhibition of miR-125a increased or
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inhibited stromal cell colony formation ability, respectively (Fig-
ure 2C). Furthermore, we confirmed these results observed in vitro
using animal experiments. To investigate the effects of miR-125a
on tumor growth and tumorigenicity in vivo, two doses of miR-
125a-overexpressing stromal cells (Figure S1B), miR-125a sponge-
transfected stromal cells (Figure S1C), and their corresponding vector
control cells were subcutaneously inoculated into nude mice. As
shown in Figures 2D and 2E, miR-125a-overexpressing stromal cells
displayed higher tumorigenicity and formed larger tumors than the
vector control stromal cells. In contrast, miR-125a-inhibited stromal
cells showed weakened tumorigenicity and formed smaller tumors
than the vector control stromal cells (Figures 2F and 2G). These re-
sults strongly supported the notion that miR-125a is a tumor promo-
tion miRNA that significantly contributes to GCTB progression.

miR-125a Stimulates GCTB Progression by Increasing the

Expression of b-Catenin and IL-17A in Stromal Cells

Previous studies have shown that b-catenin and IL-17A are risk fac-
tors for GCTB progression.3,4 Thus, we investigated whether the
expression level of miR-125a correlated with the expression of b-cat-
enin and IL-17A in GCTB. As shown in Figure 3A, overexpression of
miR-125a increased while inhibition of miR-125a suppressed b-cate-
nin expression in stromal cells. Similar to b-catenin, we detected a
high or low concentration of IL-17A in the conditioned media from
the miR-125a-overexpressing or miR-125a-inhibited stromal cells
compared to control stromal cells, respectively (Figure 3B). Addition-
ally, we identified a positive correlation between the expression level
of b-catenin (Figure 3C) and IL-17A (Figure 3D) with miR-125a in
human GCTB specimens. These data suggest that miR-125a posi-
tively regulates b-catenin and IL-17A expression in GCTB.

Next, to investigate whether b-catenin and IL-17A directly contribute
to miR-125a function in GCTB, we silenced b-catenin and IL-17 re-
ceptor A (IL-17RA) in miR-125a-overexpressing stromal cells (Fig-
ure S1D), and then we performed a cell viability assay. As shown in
Figure 3E, miR-125a-stimulated stromal cell growth was significantly
inhibited by silencing of b-catenin and/or IL-17RA, indicating that
miR-125a-induced stromal cell growth stimulation is dependent on
b-catenin and IL-17A. Furthermore, we confirmed these in vitro



Figure 2. miR-125a Stimulates Stromal Cell Tumorigenicity and Tumor Growth

(A) miR-125a expression was measured by qRT-PCR in normal bone tissues and stromal cells obtained from ten GCTB patient specimens. (B) A cell viability assay was

performed using stromal cells after overexpression or inhibition of miR-125a. (C) A soft agar assay was performed using stromal cells after overexpression or inhibition of miR-

125a. (D) Tumor incidence in nude mice injected with stromal cells that were transfected with an miR-125a expression lentiviral vector. Mice were sacrificed 2 months after

cell injection. (E) Representative images of tumors are shown. (F) Tumor incidence in nude mice injected with stromal cells that were transfected with an miR-125a sponge

expression lentiviral vector. Mice were sacrificed 2 months after cell injection. (G) Representative images of tumors are shown.
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experimental results in vivo using an miR-125a-overexpressing
stromal cell xenograft model. Consistent with the in vitro results,
b-catenin- or IL-17RA-silenced (Figures S1E and S1F) miR-125a-
overexpressing stromal cells showed weakened tumorigenicity and
formed smaller tumors than control cells (Figure 3F). Notably, simul-
taneous silencing of b-catenin and IL-17RA more strongly inhibited
tumorigenicity and tumor growth compared to single-gene silencing
in miR-125a-overexpressing stromal cell xenografts (Figure 3F).
These data clearly indicate that miR-125a-stimulated tumor growth
and tumorigenicity are mediated through increasing b-catenin and
IL-17A expression in GCTB.

miR-125a Targeting Negative Regulators of b-Catenin and

IL-17A in Stromal Cells

To investigate howmiR-125a enhances IL-17A and b-catenin expres-
sion, we screened miR-125a target genes using computational algo-
rithm analysis, and we identified Foxp3, TET2, APC, and GSK3b as
potential target genes of miR-125a (Figure 4A). APC and GSK3b
are well studied negative regulators of b-catenin, and recent studies
showed that Foxp3 inhibits IL-17A expression11 and TET2 stimulates
Foxp3 expression.12 In addition, previous studies showed that TET213

and Foxp314 are targets of miR-125a, although not in GCTB. How-
ever, no studies have shown whether TET2 and Foxp3 are expressed
in GCTB. Thus, we first investigated whether TET2 and Foxp3 are
expressed in GCTB specimens. Our immunohistochemistry (IHC)
results clearly showed that TET2 was expressed in both MNGCs
and stromal cells, while Foxp3 was only expressed in stromal cells
(Figure 4B), suggesting that TET2 and Foxp3 may be involved in
the regulation of IL-17A expression in stromal cells.

To confirm the negative regulation of miR-125a on these candidate
target genes, we measured the expression level of the candidate target
Molecular Therapy: Nucleic Acids Vol. 13 December 2018 495
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Figure 3. The Expression Level of miR-125a Is Correlated with IL-17A and b-Catenin Levels in GCTB

(A) The expression of b-catenin wasmeasured using western blotting in stromal cells 72 hr after transfection with the indicated oligonucleotides. (B) The IL-17A concentration

in the stromal cell cultured media was measured. The stromal cells were transfected with miR-125a mimic or antisense miR-125a, and the media were changed 48 hr later.

After an additional 48 hr, the IL-17A concentration was measured. (C) The expression level of b-catenin was measured in miR-125a high-expression specimens (n = 60) and

low-expression specimens (n = 47) by IHC. (D) The expression level of IL-17Awasmeasured inmiR-125a high-expression specimens (n = 60) and low-expression specimens

(n = 47) by IHC. (E) The stromal cells were infected with the indicated lentiviral vectors, and then we performed cell viability assays at the indicated times. ###p < 0.001

(compared to vector control), ***p < 0.001 (compared to miR-125a group). (F) Tumor incidence in nude mice injected with miR-125a high-expressing stromal cells that were

infected with the indicated gene shRNA expression lentiviral vector. Mice were sacrificed 2 months after cell injection.
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genes after overexpression of miR-125a in stromal cells. Our data
showed that all candidate genes of miR-125a were significantly
decreased in miR-125a-overexpressing stromal cells compared to
control at both the mRNA and protein levels (Figures 4C and 4D).
Then, we confirmed the direct binding between miR-125a and the
30 UTR of candidate target genes by luciferase assay. Each 30 UTR
of the candidate target genes, harboring the complementary sequence
to the miR-125a seed sequence, was cloned into a reporter plasmid.
Transient cotransfection of each candidate target gene-30 UTR
construct with miR-125a into stromal cells led to a significant
decrease in firefly luciferase activity compared to control. However,
mutation of the putative target site in the 30 UTR abolished this
repression by miR-125a (Figure 4E), indicating that miR-125a nega-
tively regulates the expression of APC, GSK3b, TET2, and Foxp3 by
directly targeting the 30 UTR of target genes in stromal cells.
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Next, we investigated whether these target genes directly contribute
to miR-125a-induced expression and function of IL-17A and b-cat-
enin. Our data showed that overexpression of TET2 or Foxp3 signif-
icantly abolished the miR-125a-induced IL-17A expression in stro-
mal cells (Figure 4F). Notably, co-overexpression of TET2 and
Foxp3 more significantly inhibited the miR-125a-induced IL-17A
expression level compared to single-gene overexpression (Figure 4F).
Additionally, TET2 and/or Foxp3 overexpression abolished IL-17A-
induced receptor activator of nuclear factor kB ligand (RANKL)
expression while inhibiting IL-17A-induced inhibition of osteopro-
tegerin (OPG) expression in stromal cells (Figure 4F). Additionally,
overexpression of the miR-125a target gene APC and/or GSK3b
significantly abolished miR-125a overexpression-induced b-catenin
expression (Figure 4G). These findings suggest that miR-125a stim-
ulates IL-17A expression by targeting TET2 and Foxp3 and



Figure 4. miR-125a Directly Targets Multiple Negative Regulators of IL-17A and b-Catenin

(A) Predicted binding sites of miR-125a in the wild-type 30 UTRs of Foxp3, TET2, GSK3b, and APC. Mutations in these 30 UTRs are highlighted in red. (B) TET2 and Foxp3

expression was detected in GCTB specimens by IHC. (C) After 72 hr of transfection with miR125amimics, the stromal cells were subjected to qRT-PCR analysis for detecting

the indicated gene’s mRNA level. (D) After 72 hr of transfection with miR125a mimics, the stromal cells were subjected to western blot analysis to detect the indicated

protein’s level. (E) Luciferase activity of reporter with wild-type or mutant 30 UTRs of Foxp3, TET2, APC, and GSK3b in the stromal cells cotransfected with the indicated

oligonucleotides. (F) Stromal cells were infected with the indicated gene expression lentiviral vectors. After 72 hr of infection, cell culture medium and cells were subjected to

measurement of IL-17A concentration and western blot analysis, respectively. (G) After 72 hr of infection with the indicated gene expression lentiviral vectors, the stromal cells

were subjected to western blot analysis for detecting the indicated protein’s expression.
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stimulates b-catenin expression by targeting APC and GSK3b in
stromal cells.

IL-17A Stimulates miR-125a Expression by the Activation of

NF-kB Signaling

Although not conducted in GCTB, previous studies showed that miR-
17A activates nuclear factor kB (NF-kB) signaling, and activated
NF-kB signaling is involved in the regulation of miRNAs, including
miR-125a.15,16 Thus, here we investigated whether IL-17A is involved
in the regulation of miR-125a expression in GCTB. As shown in Fig-
ure 5A, IL-17A treatment dose-dependently increased miR-125a
expression in stromal cells. In addition, silencing of IL-17RA (Fig-
ure S1G) significantly abolished IL-17A-induced miR-125a expres-
sion in stromal cells (Figure 5B), indicating that miR-125a expression
was partly regulated by IL-17A in stromal cells. Then, we investigated
whether IL-17A stimulates miR-125a expression through NF-kB
signaling. Consistent with findings in other tumors, our data showed
that miR-17A significantly decreased cytoplasmic p65 while
increasing nuclear p65 in stromal cells (Figure 5C). In addition,
activation of NF-kB signaling by tumor necrosis factor alpha
(TNF-a) stimulated the expression of miR-125a, and the TNF-
a-stimulated miR-125a expression was abolished by NF-kB inhibitor
Molecular Therapy: Nucleic Acids Vol. 13 December 2018 497
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Figure 5. IL-17A Stimulates miR-125a Expression in Stromal Cells by Activating NF-kB Signaling

(A) Stromal cells were treated with the indicated concentration of IL-17A for 24 hr, and then the cells were subjected to qRT-PCR analysis to detect the miR-125a expression

level. (B) Stromal cells were transfected with the scramble vector or IL-17RA shRNA expressing lentiviral vector, treated with 5 ng/mL IL-17A for 24 hr, and subjected to qRT-

PCR to detect the miR-125a expression level. (C) Stromal cells were treated with the indicated concentration of IL-17A for 24 hr, and then we isolated cytoplasmic and

nuclear proteins to detect the p65 protein level by western blot analysis. (D) The stromal cells were treated with 5 ng/mL TNF-a with or without 5 mM BAY-117082 for 6 hr.

Total RNA was harvested, and miR-125a expression was measured by real-time RT-PCR. (E) Stromal cells were treated with 5 ng/mL IL-17A with or without 5 mM BAY-

117082 for 6 hr. Total RNA was harvested, and miR-125a expression was measured by real-time RT-PCR.

Molecular Therapy: Nucleic Acids
BAY-117082 treatment of stromal cells (Figure 5D). Furthermore,
our data showed that IL-17A-induced expression of miR-125a was
also abolished by BAY-117082 treatment in stromal cells (Figure 5E).
These results clearly indicate that IL-17A stimulates miR-125a
expression by activating NF-kB signaling in stromal cells.

Simultaneously Blocking IL-17A and miR-125a Significantly

Inhibits GCTB Progression

Our previous study showed that IL-17A is expressed in both stromal
cells and MNGCs and IL-17A can stimulate its self-expression in
MNGCs.3 In addition, although not previously studied in GCTB,
IL-17A can stimulate b-catenin expression.17,18 Thus, here we inves-
tigated whether IL-17A affects IL-17A and b-catenin expression in
stromal cells. Our data showed that IL-17A significantly stimulated
the expression of IL-17A (Figure 6A) and b-catenin in stromal cells
(Figure 6B). These data suggest that simultaneously blocking miR-
125a and IL-17A may inhibit GCTB progression better than blocking
miR-125a alone. As expected, simultaneously blocking miR-125a and
498 Molecular Therapy: Nucleic Acids Vol. 13 December 2018
IL-17RA most effectively inhibited miR-125a high-expressing stro-
mal cell viability compared to single-gene inhibition in the presence
of IL-17A (Figure 6C).

DISCUSSION
In this study,we found that the expression level ofmiR-125awas signif-
icantly increased inGCTBspecimens compared tonormal bone tissues.
In addition, we showed that an increased expression level of miR-125a
was closely correlated with GCTB grade, extension, and recurrence in
patients. These findings suggest miR-125a is a tumor-promoting
miRNA and can be a prognostic marker for GCTB progression.

BothMNGCs and stromal cells play important roles inGCTBprogres-
sion. Notably, recent studies have suggested that stromal cells may be
involved in GCTB development and recurrence. According to these
reports, stromal cells are the only proliferating population in GCTB,
and they express osteoblast factors,19,20 contain subpopulations with
stem cell-like properties,21,22 and can form tumors in nude mice.3 In



Figure 6. Simultaneously Blocking IL-17A and miR-125a More Strongly Inhibited Stromal Cell Growth

(A) IL-17A stimulates IL-17A expression in stromal cells. Stromal cells were treated with 1 ng/mL IL-17A for 24 hr, and the IL-17A expression in stromal cells was measured

using qRT-PCR and western blot. (B) IL-17A stimulates b-catenin expression in stromal cells. Stromal cells were treated with the indicated concentration of IL-17A for 24 hr

and then subjected to western blot analysis. (C) Stromal cells were transfected with the indicated nucleotides and/or lentiviral vectors and treated with 1 ng/mL IL-17A, and

then cell viability was measured at the indicated times. Ctrl. Oligo, control oligonucleotides; ###p < 0.001 (compared to IL-17A/ASO miR-125a/shIL-17RA group); ***p <

0.001 (compared to IL-17A/Ctrl. Oligo group). (D) A schematic model of the regulation of GCTB progression by miR-125a and IL-17A.
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recent years, new treatment options have been developed, such as the
monoclonal antibody denosumab directed against RANKL; denosu-
mab does not affect theGCTB recurrence rate because itmainly affects
the bone destructive osteoclast-like giant cells within the tumor, rather
than the stromal cells.7,23,24 Here we used a series of in vitro and in vivo
experiments to demonstrate that aberrantly increased expression of
miR-125a stimulates stromal cell growth and tumorigenicity. Impor-
tantly, the inhibition of miR-125a significantly inhibited stromal cell
tumorigenicity and tumor growth in a xenograft model. Taken
together, our findings indicate that miR-125a is a novel therapeutic
target of stromal cells and inhibition of miR-125a is a novel strategy
to suppress GCTB progression.

GCTB is characterized by a high recurrence rate, and studies have
shown that aberrantly highly expressed b-catenin and IL-17A are
closely associated with GCTB progression, including tumor growth
and recurrence.3,4 Thus, understanding the biological basis for the
deregulation of b-catenin and IL-17A is of great value for the future
development of novel therapeutic strategies. Here we demonstrated
that overexpression of miR-125a substantially increased the expres-
sion of b-catenin and IL-17A in stromal cells and promoted stromal
cell growth and tumorigenicity through b-catenin and IL-17A. In
addition, we showed that miR-125a stimulates b-catenin expression,
by targeting the b-catenin negative regulators APC and GSK3b, and
IL-17A expression, by targeting TET2 and Foxp3 in stromal cells.
Taken together, miR-125a stimulates GCTB progression by
increasing b-catenin and IL-17A expression through targeting their
multiple inhibitors, providing a new layer of molecular mechanisms
by which miR-125a promotes GCTB progression.

In a previous study, we demonstrated that IL-17A was secreted by
both stromal cells and MNGCs, thereby significantly promoting
Molecular Therapy: Nucleic Acids Vol. 13 December 2018 499
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GCTB progression.3 In this study, we detected Foxp3 expression in
stromal cells, but not in MNGCs, indicating that IL-17A expression
inMNGCs is not dependent onmiR-125a/Foxp3 signaling. Addition-
ally, these results suggest that miR-125a inhibition cannot suppress
the expression of IL-17A by MNGCs. Notably, our data show that
IL-17A significantly stimulates miR-125a expression through acti-
vating NF-kB signaling. Additionally, IL-17A stimulates IL-17A
and b-catenin expression in stromal cells, suggesting that simulta-
neous targeting of miR-125a and IL-17A is more effective in GCTB
treatment. In fact, our results showed that simultaneously blocking
miR-125a and IL-17RA more strongly inhibited stromal cell growth
in medium containing added IL-17A compared to the miR-125a in-
hibition group.

In summary, our study, to the best of our knowledge, is the first to
have delineated the correlation between miR-125a and the progres-
sion of GCTBs. miR-125a stimulates the progression of GCTBs
through increasing the expression of b-catenin and IL-17A by directly
targeting their negative regulators. Our results suggest that miR-125a
is a useful progression marker of GCTB and simultaneously blocking
miR-125a and IL-17A might represent a new therapeutic strategy for
GCTB.

MATERIALS AND METHODS
Patient Samples and the Evaluation of GCTB Progression in

Patients

Tumor samples were obtained from 107 patients with GCTB, and all
patients received extended curettage, with no adjuvant therapy. The
clinical characteristics of the patients with GCTB are summarized
in Table S3. The progression of the GCTB was evaluated using the
Campanacci grading25 and Enneking staging systems.26 This research
was approved by the Research Ethics Board of the General Hospital of
the People’s Liberation Army, China.

Primary Stromal Cell Isolation and Culture

The stromal cells were isolated from fresh tumor tissues of GCTB
patients as described previously,3 and they were cultured in DMEM
containing 4.5 g/L glucose with 10% fetal calf serum and 100 U/mL
penicillin-streptomycin (Sigma, St. Louis, MO, USA). Each experi-
ment was performed using stromal cells that were from 3 GCTB
patients.

Cell Viability and Soft Agar Assay

Stromal cells were transfected with the indicated nucleotides (Ribo
Bio, Guangzhou, China) or lentiviral vectors. After 24 hr of transfec-
tion, the cells were trypsinized. For the cell viability assay, the cells
were reseeded in 96-well plates at a density of 5,000/well, and then
the cell viability was measured at the indicated times using Cell
Counting Kit-8 (MedChem Express, NJ, USA), according to the man-
ufacturer’s instructions.

For the soft agar assay, cells were re-suspended in 0.5 mL 0.35% agar
(Sigma) in growth medium at a density of 5,000 cells/well (6-well
plates). Then, the agar-cell mixture was plated on the top of a solid
500 Molecular Therapy: Nucleic Acids Vol. 13 December 2018
layer of 0.8% agar in growth medium. Colonies were counted
14 days later.

Microarray and Real-Time qPCR Analysis

RNA was isolated from cells and human specimens using the TRIzol
reagent (Invitrogen, Carlsbad, CA, USA) or miRNeasy Mini Kits
(QIAGEN, Hilden, Germany), according to the manufacturer’s pro-
tocol. Microarray analysis was performed using LC MicroRNA mi-
croarray Chip_H11.0_081344, which detects miRNA transcripts
listed in Sanger miRBase Release 11.0. Imaging and quantifying anal-
ysis were performed using an Affymetrix scanner and a fag software.

For miR-125a and RNU6B, reverse transcription and qPCR were per-
formed with The TaqMan MicroRNA Reverse Transcription Kit and
TaqMan Universal PCR Master Mix, respectively, using Ambion
miRNA primers. The relative expression of miR-125a was normalized
against RNU6 expression using the 2�DCt method, and the miR-125a
expression fold change in GCTB samples matched to nontumor con-
trol samples was evaluated using the 2�DDCt method. Based on the
mean fold change of miR-125a expression, patients were divided
into high (fold change > mean) and low (fold change < mean) miR-
125a expression groups.27 For other gene expression, reverse tran-
scription and qPCR were performed with a High Capacity cDNA
Reverse Transcription Kit and QuantiTect SYBR Green PCR kit,
respectively. All materials for qRT-PCR were purchased from Life
Technologies (Carlsbad, CA, USA). The primer sequences for the
genes are provided in Table S4.

Constructs

30 UTR segments of miR-125a target genes that were predicted to
interact with miR-125a were amplified by PCR from human genomic
DNA and inserted into the Hind III and Sac I sites of the miRNA
Expression Reporter Vector (Life Technologies). The primer se-
quences are provided in Table S5.

Pre-miR-125a-encoding sequences were subcloned into the GV838
lentiviral vector (GENECHEM, Shanghai, China) and lentiviral
vectors. For the miR-125a sponge, synthetic oligonucleotides contain-
ing five tandem repeats of bulged miR-125a-binding sites were
ligated into the GV369 lentiviral vector (contain EGFP sequences)
(GENECHEM). The sequence of the control sponge was as follows:
50-ACTAGTTAATGTTAGCTAAGAGAAAACTTCGATTGTTAG
CTAAGAGAAAACTTCGATTGTTAGCTAAGAGAAAACTTCGAT
TGTTAGCTAAGAGAAAACTTCGATTGTTAGCTAAGAGAAA
ACTTCGATTGTTAGCTAAGAGAAAACTTCGCGGATCC-30. APC
and GSK3b expression constructs were purchased fromGeneCopoeia
(Rockville, MD, USA). Small hairpin RNA (shRNA) of b-catenin and
IL-17RA lentiviral vectors were obtained from Santa Cruz Biotech-
nology (Dallas, TX, USA). The TET2 construct was generated as
described by Ito et al.28

Luciferase Reporter Assay

For the luciferase assay, stromal cells were cotransfected with the indi-
cated reporter plasmids and either the miR-125a mimics or control
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oligonucleotides. These cells were also cotransfected with a renilla
luciferase plasmid as an internal control. Luciferase activity was
measured 72 hr post-transfection using a Dual-Luciferase Assay Kit
(Promega, Madison, WI, USA), according to the manufacturer’s
protocol, and the luciferase activity was normalized to the activity
of renillar luciferase.

Western Blot and IHC

Western blot analysis and IHC were conducted as previously
described.29 Total, cytoplasmic, and nuclear proteins were extracted
using protein extraction kits (101Bio, Palo Alto, CA, USA), and all an-
tibodies were purchased from Abcam (Cambridge, MA, USA). West-
ern blot bands were quantified using ImageJ software.

IL-17A Assay

The IL-17A in the media of primary cultured cells was measured us-
ing a human IL-17A ELISA kit (Abcam), according to the manufac-
turer’s instructions.

Animal Models

The stromal cells were infected with the indicated lentiviral vectors.
After 48 hr of infection, cells were injected subcutaneously into
6-week-old female nude mice. At 2 months after the cell injection,
the mice were sacrificed.

Statistical Analysis

Kaplan-Meier survival analysis and x2 tests were used for calculating
the recurrence rate of GCTB and the association of miR-125a expres-
sion with clinical parameters, respectively. All of the other results are
expressed as the mean values ± SD. Statistical significance was
analyzed by unpaired Student’s t tests or one-way ANOVA and Dun-
can’s multiple range tests using SAS statistical software package
version 6.12 (SAS Institute); p % 0.05 was considered to be statisti-
cally significant.
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