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Interferon-inducible transmembrane (IFITM) are a family of small proteins localized to plasma and 
endolysosomal membranes. Their functions beyond restricting viral entry and replication have been 
revealed in recent years. IFITM5 is involved in bone mineralization and is an osteogenic cell surface 
marker. IFITM1 and 3 interact with desmin and myosin, and are involved in myogenic differentiation. 
This study found upregulation of Ifitm2 during osteogenic differentiation of C3H10T1/2 cells. This 
positively correlated to the expression of osteogenic differentiation markers Col1a1, Alp, Runx2, 
and Ocn. Knockdown of Ifitm2 by siRNAs inhibited osteogenic differentiation, calcium deposition, 
and osteogenic marker expression of C3H10T1/2 cells. The osteoblast transcriptome revealed that 
knocking down Ifitm2 affected the expression Wnt signaling pathway-related genes, including 
Wnt family members, their receptors Lrp, Frizzled, and Lgr, and transmembrane molecule Rnf43 
that suppresses the Wnt signaling pathway. Luciferase assays indicated enhancement of canonical 
Wnt signaling pathways by Ifitm2 overexpression. Furthermore, IFITM2 was colocalized in the 
metaphyseal bone and growth plate of the mouse tibial bone with SP7, a transcription factor essential 
for osteoblast differentiation and bone formation. These findings reveal a possible novel function and 
potential mechanisms of Ifitm2 in osteogenic differentiation.

1. Introduction

Mesenchymal stem cells can differentiate into mature 
osteoblasts lining the bone surface and osteocytes 
embedded in bone (1). Osteogenesis is a three-step 
process consisting of the proliferative phase, matrix 
maturation, and mineralization (2). The process is 
characterized by distinctive sequentially expressed 
osteoblast markers, including alkaline phosphatase 
(ALP), type I collagen (Col1), osteopontin (OPN), 
bone sialoprotein (BSP), and osteocalcin (OCN) (3-
7). The effects of interferon (IFN) on differentiation of 
osteoblastic cells have recently drawn attention (8,9). 
Even without exogenous IFN and virus infection, in 
a cell model of osteogenic differentiation, the cells 
spontaneously produce endogenous IFN that increases 

expression of interferon-stimulated genes, including 
interferon-inducible transmembrane (IFITM) proteins 
(10).
 IFITM proteins belong to the small interferon-
stimulated family with molecular masses ranging from 
10 to 20 kDa (11). The family members include IFITM1, 
IFITM2, IFITM3, IFITM5, and IFITM10 in humans, and 
IFITM1, IFITM2, IFITM3, IFITM5, IFITM6, IFITM7 
and IFITM10 in mice (12,13). Except for IFITM3, 
IFITMs are highly expressed in rat bone marrow (14). 
IFITM1–3 play a vital role in blocking viral infection 
(15,16). IFITMs are increasingly thought to have a role 
in cancer and innate immunity (17). We previously 
found upregulation of IFITM1–3 during myogenic 
differentiation, and IFITM1 and 3 interact with desmin 
and myosin (18). Hence, the functions of IFITMs 
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extend to multiple lineages of differentiation. The 
study investigated Ifitm2 expression during osteogenic 
differentiation and the related signaling pathways.

2. Materials and Methods

2.1. Cell culture and osteogenic differentiation of 
C3H10T1/2 cells

C3H10T1/2 cells were cultured in high-glucose 
Dulbecco's modified Eagle's medium supplemented with 
10% (v/v) fetal bovine serum, 2 mM glutamine, 100 U/
mL penicillin, and 100 μg/mL streptomycin at 37°C 
with 5% CO2. Osteogenic differentiation of C3H10T1/2 
cells was performed in 6- or 24-well plates. At 24 h post-
seeding, cells were cultured in osteogenic differentiation 
medium containing 10 mM β-glycerophosphate, 100 nM 
dexamethasone, and 0.2 mM ascorbic acid. C3H10T1/2 
cells were osteogenically stimulated for 14 days with 
medium exchanges every 3 days. The osteogenic 
differentiation capacity was determined by alizarin red S 
staining.

2.2. Alizarin red S staining

C3H10T1/2 cells were washed with PBS and fixed with 
4% paraformaldehyde at room temperature for 15 min. 
After rinsing with PBS twice, the cells were stained with 
a 0.2% alizarin red S solution at room temperature for 
20 min and then washed with deionized water until the 
supernatant was colorless. Stained C3H10T1/2 cells were 
imaged using a digital camera (Canon, Japan). After 
imaging, 10% cetylpyridinium chloride (Sangon Biotech, 
China) was applied in the dark for 30 min, and then 100 
μL was transferred to a 96-well plate to measure the OD 
value at 560 nm. Analyses were performed in at least 
three independent experiments. Absorbance at day 0 was 
used to normalize the alizarin red S staining results.

2.3. RNA extraction and RT-qPCR

Total RNA was isolated from C3H10T1/2 cells cultured 
in differentiation or normal media using a FastGene 
RNA Basic Kit (Takara, Japan) in accordance with 
the manufacturer's instructions. RNA purity and 
integrity were evaluated using a NanoDrop 2000 
spectrophotometer. After digestion with DNase I 
(Takara, Japan), 1 μg total RNA was reverse transcribed 
to cDNA using a ReverTra Ace qPCR RT Kit (Takara, 
Japan). Quantitative PCR was performed using 2× 
SYBR Green qPCR Mix (SparkJade, Bio, China) and a 
LightCycler 480. PCR conditions were as follows: initial 
5 min denaturation at 95 ℃, followed by 45 cycles of 
amplification at 95 ℃ for 10 sec, 60 ℃ for 10 sec and 
72 ℃ for 15 sec. To quantify the expression of each gene 
of interest, mRNA expression levels were normalized 
to the mRNA level of glyceraldehyde 3-phosphate 

dehydrogenase (GAPDH). Relative gene expression 
was calculated with the 2-ΔΔCt method. Each sample 
was analyzed in triplicate. Primer sequences were as 
follows: Gapdh: 5′-CATCCCAGAGCTGAACG-3′ 
(forward), 5′-CTGGTCCTCAGTGTAGCC-3′ (reverse); 
Col1a1: 5′-GCTCCTCTTAGGGGCCACT-3′ (forward), 
5′-ATTGGGGACCCTTAGGCCAT-3′ (reverse); 
Alp :  5′-  GCCCGGCCGAGTACA-3′ (forward), 
5′-CTGGCCAGAAACTTCACCTT-3′ (reverse); Runx2: 
5′-ACAGAGCTATTAAAGTGACAGTGGAC-3′ 
(forward), 5′- GGCGATCAGAGAACAAACTAGG 3′ 
(reverse); Ocn: 5′-GCGCTCTGTCTCTCTGACCT-3′ 
(forward), 5′-TTCAGGAGGGTAGTTACCCAAA-3′ 
(reverse).

2.4. Western blotting

C3H10T1/2 cells in a 6-well plate were washed with 
cold PBS. Then, the cells were lysed in 200  μL RIPA 
lysis buffer with 1% PMSF (Cwbio, China) at 4°C. The 
extracted proteins were quantified using a BCA protein 
concentration assay kit (Biosharp, China). Protein 
samples (20 μg/lane) were resolved by 12% SDS-PAGE. 
Proteins were then transferred to a polyvinylidene 
fluoride membrane (0.45 μm, Biosharp). The membrane 
was blocked with 5% dry skim milk in Tris-buffered 
saline containing 0.1% Tween 20 (TBST) for 2 h at room 
temperature.
 The membrane was incubated with a primary 
ant ibody against  COL1A1 (1:2000,  67288-1-
Ig, Proteintech, USA), ALP (1:2500, PA5-63148, 
Thermo Fisher, USA), RUNX2 (1:1000, 82636-2-RR, 
Proteintech), OCN (1:500, 3418-1-AP, Proteintech), 
IFITM2 (1:1000, bs-15517R, Bioss, China), or GAPDH 
(1:3000, ab8245, Abcam, USA) overnight at 4°C. After 
washing with 0.1% Tween in PBS, the membrane was 
incubated with an anti-rabbit-horseradish peroxidase-
conjugated secondary antibody (1:2000, SA00001, 
Proteintech) for 1 h at 37°C. A Super-sensitive ECL 
chemiluminescent substrate kit (Biosharp, China) was 
used to develop protein bands. ImageJ-win64 (Rawak 
Software Inc., Stuttgart, Germany) was used for 
densitometry.

2.5. siRNA transfection

Small interfering RNA based on our previous study 
(18) and directed against mouse Ifitm2 was synthesized 
by GenePharma (Shanghai, China). Before siRNA 
transfection, C3H10T1/2 cells were seeded at 2 × 105 
cells/well in 6-well plates in serum and antibiotic-free 
DMEM. Transfections were performed with siRNA-
Ifitm2 or negative control siRNA (si-NC) using ExFect 
transfection regent (Vazyme, China) in accordance with 
the manufacturer's instructions. After 6 h of transfection, 
the medium was replaced with osteogenic differentiation 
medium. After 5 days, proteins were extracted for 
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serum, and 50 mM NH4Cl in phosphate-buffered saline) 
for 1 h. Then, the cells were incubated with primary 
antibodies for 12 h at 4℃ and then with corresponding 
secondary antibodies conjugated to various fluorescent 
dyes. For nuclear staining, the cells were incubated 
with 1 μg/mL DAPI (Sigma, USA) for 10 min at room 
temperature. After washing with PBS, the cells were 
subjected to microscopy.

2.9. Double immunofluorescence staining of paraffin-
embedded sections

The animal study was approved by ethics committee 
of Shandong First Medical University & Shandong 
Academy of Medical Sciences, and was performed in 
accordance with ethical standards stated in the 1964 
Declaration of Helsinki and its later amendments. 
The tibia was harvested from 15-week-old male mice. 
Specimens were immersed in paraffin and then sectioned. 
Double immunofluorescence staining was performed on 
5-μm-thick paraffin-embedded sections of formalin-fixed 
mouse tibial samples. Samples were deparaffinized and 
rehydrated. After blocking with normal goat serum for 30 
min at room temperature, a rabbit anti-IFITM2 antibody 
(1:500, bs-15517R, Bioss) was applied at 4°C overnight, 
followed by an Alexa 488-conjugated goat anti-rabbit IgG 
secondary antibody (1:500, A-11001, Thermo Fisher) for 
1 h at room temperature. Additional immunofluorescence 
staining was then performed by incubation with an anti-
SP7 primary antibody (1:500, Ag29889, Proteintech), 
for 1 h at room temperature, followed by incubation with 
an Alexa Fluor 594-conjugated fluorescent goat anti-
mouse IgG secondary antibody (1:100, A-11005, Thermo 
Fisher) for 1 h at room temperature. After washing with 
PBS, 10 μg/mL DAPI was applied in the dark for 10 
min. Samples were sealed with an anti-fluorescence 
attenuation sealing sheet. Images were obtained under a 
fluorescence microscope.

2.10. Statistical analysis

Results are presented as the mean ± standard error of 
the mean. To identify significant differences, statistical 
comparisons were made by one-way ANOVA and the 
Tukey multiple comparisons test using GraphPad Prism 
software (v.8.0) (GraphPad Software Inc, USA). P < 0.05 
was considered statistically significant. All experiments 
were repeated at least three times.

3. Results

3.1. Ifitm2 is upregulated during osteogenic differentiation 
of C3H10T1/2 cells

Calcium deposition of C3H10T1/2 cells during 
osteogenic differentiation was detected by alizarin red 
S staining. After 5, 7, 10, and 14 days, the area of red 

western blotting, and total RNA was extracted for RNA-
sequencing analysis.

2.6. RNA-seq and bioinformatics analysis

Total RNA was extracted using an RNeasy Mini Kit 
(QIAGEN, China), following the manufacturer's 
instructions. Two micrograms of RNA were used as 
the input material for the RNA sample preparation. 
Sequencing libraries were generated using a NEBNext 
Ultra RNA Library Prep Kit for Illumina (#E7530L, NEB, 
USA), following the manufacturer's recommendations. 
Index codes were added to attribute sequences to each 
sample. The libraries were sequenced using a NovaSeq 
6000 (pair-end 150 bp). All reads were mapped to the 
mouse reference genome using HISAT2 (v.2.2.1) as 
reported previously (19). RNA counts were generated 
by featureCounts (v.2.0.0) (20). Differential expression 
analysis was implemented using the edgeR package 
(v.3.34.1) as reported previously (21). Genes with an 
expression fold change of ≥ 1.5 or ≤ 1.5 and adjusted 
P-value of < 0.05 were identified as significantly 
differentially expressed genes. For further analysis, a 
volcano plot was generated by the ggplot2 R package. 
Heat maps were generated by the pheatmap R package.
 Cluster and pathway analyses were performed using 
the KEGG pathway database (http://www.kegg.jp/kegg/) 
and DAVID bioinformatics resources 6.8 (https://david.
ncifcrf.gov/). Enriched pathways were ranked using the 
combined score calculated by the software. To perform 
gene ontology (GO) analysis, data of the function 
annotation diagram were obtained using the DAVID 
website, and data with P < 0.05 were selected. Data 
processing and mapping were performed using R-project 
(v4.0.5) and Rstudio software (v1.3.1093).

2.7. TOP/FOP flash luciferase reporter assay

HEK293T cells were seeded into a 96-well plate at 1 × 
104 cells per well. Then, 250 ng TOP/FOP, 50 ng pTK-
RL plasmid, and 100 ng pMCV6-Ifitm2 overexpression 
vector or control were transiently cotransfected into 
the cells using ExFect Transfection Reagent (Vazyme). 
The activities of firefly and Renilla luciferase reporters 
were measured in triplicate at 48 h post-transfection 
using the Duo-Lite Luciferase Assay System (Vazyme) 
in accordance with the manufacturer's instructions. 
Firefly luciferase activity was normalized to the Renilla 
luciferase activity. The TOP/FOP ratio was used to 
indicate β-catenin-driven transcription.

2.8. Immunofluorescence staining

C3H10T1/2 cells were fixed with 4% paraformaldehyde 
in phosphate-buffered saline, permeabilized with 0.25% 
Triton X-100, and blocked in a blocking solution (2% 
glycine, 2% bovine serum albumin, 5% fetal bovine 
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staining in the surrounding material was increased 
gradually, indicating enhanced precipitation of 
calcium salts as induction time increased (Figure 1A). 
Quantitative analysis of osteogenic mineral deposition 
indicated a significant difference between the osteogenic 
differentiation group at day 5 and later days compared 
with day 0, which was uninduced (Figure 1B). Analysis 
of osteogenic differentiation markers was performed at 
0–14 days of incubation in osteogenic differentiation 
medium. mRNA and protein expression levels of Col1a1, 
Alp, Runx2, and Ocn at days 10 and 14 after osteogenic 
differentiation induction was consistent and significantly 
increased (P < 0.01) (Figure 1C, D).
 RT-qPCR analysis indicated that C3H10T1/2 cells 
in osteogenic induction medium at day 7 showed the 
highest expression of Ifitm2, but no significant increase 
was found at days 3 and 5 (Figure 2A). Overall trends 
showed an increase in IFITM2 protein expression during 
osteogenic differentiation of C3H10T1/2 cells with 
higher expression on days 3 and 5 compared with day 
0 before induction and slightly decreased expression at 
day 7 (P < 0.01) (Figure 2B). Immunofluorescence also 
showed an increase in IFITM2 expression after 5 days 
of osteogenic induction compared with day 0 (P < 0.01) 
(Figure 2C).

3.2. siRNA downregulates Ifitm2 expression during 
osteogenic differentiation of C3H10T1/2 cells

We hypothesized that Ifitm2 plays a role in calcium 

homeostasis during osteogenic differentiation of 
C3H10T1/2 cells. Therefore, we silenced Ifitm2 gene 
expression to examine its effect on mineralization of 
C3H10T1/2 cells during osteogenic differentiation 
(Supplement Figure S1, http://www.irdrjournal.com/
action/getSupplementalData.php?ID=176). Alizarin 
red S staining showed reduced calcium deposition of 
osteogenically induced cells transfected with specific 
Ifitm2 siRNAs (P < 0.01) (Figure 3A). Quantitative 
analysis showed that C3H10T1/2 cells with Ifitm2 
knockdown exhibited low calcium deposition at day 
5 after osteogenic induction, whereas calcification 
was observed in si-NC and mock groups (Figure 3B). 
Regarding osteogenic marker genes, the expression levels 
of COL1A1, ALP, RUNX2, and OCN were significantly 
low in Ifitm2 knockdown groups, which further indicated 
the involvement of Ifitm2 in osteoblastic differentiation (P 
< 0.01) (Figure 3C, D).

3.3. RNA-seq and bioinformatics analysis

We used RNA-seq and bioinformatics analysis to assess 
gene expression changes triggered by si-Ifitm2 transfection. 
A volcano plot of RNA-seq data revealed that 2,064 genes 
were upregulated (red) and 1,848 were downregulated 
(blue) after Ifitm2 knockdown [fold change ≥ 1.5, false 
discovery rate (FDR) < 0.01] (Figure 4A). Heat map 
analysis revealed distinct genes after Ifitm2 knockdown 
(Figure 4B, C; details on the genes are displayed in 
Supplementary Table S1, http://www.irdrjournal.com/

Figure 1. Alizarin red S staining and osteogenic biomarker expression of C3H10T1/2 cells at various days of osteogenic induction. (A) 
Representative alizarin red S staining of cells in 24-well plates. (B) Quantification of alizarin red S staining showed an increase in calcium deposition 
after osteogenic induction (**P < 0.01 vs. day 0 group). (C) Expression levels of Col1a1, Alp, Runx2, and Ocn measured by RT-qPCR. (D) 
Representative bands of COL1A1, ALP, RUNX2, OCN, and GAPDH in western blots. Semi-quantification of the band intensity in western blots is 
shown. Protein levels were normalized to GAPDH. *P < 0.05, **P < 0.01, and ***P < 0.001 vs. day 0 group.

https://www.irdrjournal.com/supplementaldata/176
https://www.irdrjournal.com/supplementaldata/177


www.irdrjournal.com

Intractable & Rare Diseases Research. 2024; 13(1):42-50.46

action/getSupplementalData.php?ID=177). Clearly, 
Ifitm2 knockdown by siRNAs changed the expression of 
genes involved in the Wnt signaling pathway, including 
Wnt receptors Lgr4, Fzd1, Fzd3-7, Lrp8, and Lrp11, Wnt 
family members Wnt4, Wnt6, Wnt10a, and Wnt10b, and 
Znrf1 and Rnf43 (Figure 4C).
 GO analysis was performed to evaluate related 
biological processe (BP), cell components (CC) and 
molecular functions (MF) of the identified genes on the 
basis of their variability ranking. GO enrichment analyses 

revealed 1174 BP entries involving the ncRNA metabolic 
process, ncRNA processing, ribonucleoprotein complex 
biogenesis, muscle tissue development, tRNA metabolic 
process, ribosome biogenesis, negative regulation of 
cell cycle, 150 CC entries involving the transcription 
regulator complex, nuclear speck, preribosome, spindle, 
spliceosomal complex, nuclear envelope, and 149 MF 
entries involving the inositol phosphate phosphatase 
activity, histone deacetylase binding, protein kinase 
regulator activity, RNA methyltransferase activity, 

Figure 2. Increased expression of IFITM2 during osteoblastic differentiation of C3H10T1/2 cells. (A) Relative expression of Ifitm2 mRNA 
measured by RT-qPCR after osteogenic induction for 3, 5, and 7 days. (B) Representative bands of IFITM2 in western blots and densitometry 
after osteogenic induction for 3, 5, and 7 days. Protein levels were normalized to GAPDH. (C) Immunofluorescence staining of IFITM2 (green) in 
C3H10T1/2 cells without or with osteogenic induction (day 5). Scale bars, 50 μm. Nuclei were visualized by DAPI staining. Quantitative analysis of 
the relative fluorescence intensity by one-way ANOVA is shown (n = 3). **P < 0.01, and ***P < 0.001.

Figure 3. Alizarin red S staining and osteogenic biomarker expression of C3H10T1/2 cells transfected with si-Ifitm2 after 5 days of osteogenic 
induction. (A) Alizarin red S staining indicated a decrease in calcium deposition in the si- Ifitm2 group compared with siRNA negative control (si-
NC) and transection reagent only (mock) groups. (B) Quantification of alizarin red S staining indicated that si-Ifitm2 reduced the mineralization 
capacity from 49.19% to 41.89% compared with si-NC. (C) Representative bands of COL1A1, ALP, RUNX2, OCN, and GAPDH in western blots. (D) 
Quantification of the band intensities. Protein levels were normalized to GAPDH. Magnification: ×10. *P < 0.05, ***P < 0.001.

https://www.irdrjournal.com/supplementaldata/177
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GTPase activator activity, transcription coactivator 
activity (Figure 4D-F).
 KEGG pathway analysis showed that the genes 
were mainly enriched in pathways in cancer, the PI3K-
Akt signaling pathway, MAPK signaling pathway, Wnt 
signaling pathway, and signaling pathways regulating 
pluripotency of stem cells (Figure 4G). Among the 
dysregulated genes, we focused on the Wnt/β-catenin 

pathway and confirmed the results using a dual luciferase 
reporter assay. TOP/FOP luciferase reporter assays 
indicated that Ifitm2 overexpression promoted luciferase 
activity to 2.2 fold (Figure 4H).

3.4. IFITM2 expression in mouse tibial tissue

To investigate the distribution of IFITM2 in bone-forming 

Figure 4. Volcano plot, heat map, GO, and KEGG analyses of RNA-sequencing data.  (A) Volcano plots of significantly differentially 
expressed genes (FDR < 0.05 and |FC| ≥ 1.5; red, upregulated; blue, downregulated). (B) Heat map showing 3912 significantly (FDR < 0.05) 
differentially expressed genes between si1-Ifitm2 and si-NC groups. Each row of the heat map represents the z-score transformed log2(1+FPKM) 
values of one differentially expressed gene across all samples (blue, low expression; red, high expression). (C) Significantly differentially 
expressed genes related to the Wnt signaling pathway. (D–F) Biological process (top 30), cellular components (top 30), molecular functions 
(top 30), and (G) KEGG enrichment analysis (top 20) of differentially expressed genes, respectively. (H) TOP/FOP luciferase reporter assays in 
HEK293T cells. TOP/FOP luciferase reporter activity was enhanced by Ifitm2 overexpression.
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tissue, we performed double immunofluorescence 
staining of mouse hind limb tissue sections to observe 
cells undergoing osteogenic differentiation. DAPI stains 
nuclei specifically (Figure 5A, E and I), IFITM2 were 
mainly detected in in growth plate cartilage and the 
trabecular bone area on the growth plate that has a high 
bone remodeling activity (Figure 5B, F and J). SP7 
is a key transcriptional determinant of bone-secreting 
osteoblasts. It was expressed also in osteoblast on the 
surface of trabecular bone and cartilage (Figure 5C, E 
and K). Co-staining revealed that the entire tibia bone 
was positive for IFITM2 and SP7, which co-localized in 
the articular cartilage and metaphyseal bone (Figure 5D, 
H and L).

4. Discussion

Mesenchymal cells are ideal for stem cell-based 
therapy and have the capacity to differentiate into 
osteoblasts, chondrocytes, adipocytes, and myoblasts 
(1,22). Osteoblastogenesis is tightly regulated by 
complex cytokine networks under physiological and 
pathophysiological conditions (2). The IFITM family 
is well known for their functions in viral infection and 
innate immunity (17,23-25). IFITM5 is an osteoblast-
specific membrane protein and functions as a positive 
regulatory factor for bone mineralization (26,27). 
IFITM5 affects Wnt signaling during tooth root 
development, although their interactions remain unclear 
(28). Wnt/β-catenin signaling is a major signaling 
pathway regulating skeletal mineralization (29). 

Downregulation of Wnt/β-catenin signaling by knockout 
of β-catenin in odontoblasts and cementoblasts inhibits 
tooth root development in vivo and in vitro (30). In 
our study, the expression of Wnt family members and 
their receptors, including Lrp, fizzled, and Lgr, was 
changed by downregulating Ifitm2 expression. Moreover, 
expression of Rnf43, a transmembrane molecule that 
downregulates Wnt signaling, was decreased (31).
 In the IFITM family, IFITM2 is a relatively newly 
evolved gene, and it is only present in Homo sapiens, 
Gorilla gorilla, and Pan paniscus of 26 primate 
species (32). Structurally, unlike IFITM1, which has 
an extended C-terminal, IFITM2 and IFITM3 have 
extended N-termini with an extra 20 or 21 amino acids 
(33). IFITM2 restricts entry of the CXCR4-tropic virus 
(17) and is positively associated with malignant gliomas. 
Enhanced IFITM2 expression in glioblastomas predicts 
a malignant phenotype (34). In colon cancer, IFITM2 is 
a novel p53-independent proapoptotic gene and highly 
expressed (35). Therefore, it is a potential therapeutic 
target for gastric and other cancers (36).
 In this study, we found that Ifitm2 was involved 
in osteogenic differentiation of C3H10T1/2 cells. It 
was upregulated during osteogenic differentiation, 
and knocking down Ifitm2 led to downregulation of 
osteogenesis markers. Transcriptome profiling and 
TOP/FOP assays revealed the involvement of Wnt/
β-catenin signaling induction in Ifitm2 overexpression, 
which indicated a potential interaction of Ifitm2 with 
the canonical Wnt signaling pathway contributing to 
osteogenic differentiation. However, how IFITM2 

Figure 5. Expression of IFITM2 examined by histology in mice. (A–D) Representative immunofluorescence staining of IFITM2 (green) and SP7 
(red) in the hind limb bone of 15-week-old mice. Scale bars, 200 μm. (E–H) Articular cartilage and (I–L) metaphyseal bone regions magnified to 
display positive cells. White arrow indicates IFITM2 and SP7 co-localization in endochondral ossification centers and articular cartilage. Scale bar: 
50 μm. DAPI (blue) was used to counterstain nuclei.
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interacts with the Wnt signaling pathway and whether 
it has similar mechanisms to IFITM5 in osteogenic 
differentiation remain unclear.
 IFITM protein overexpression promotes interferon-β 
production (37). In early osteoblastic differentiation, 
IFN inhibits ECM synthesis, leading to delayed bone 
formation (38). Hence, we hypothesized that upregulated 
expression of IFITM2 during osteogenic differentiation 
may be independent of interferon and involve the 
canonical Wnt signaling pathway. A shortcoming of this 
study is that further experiments are needed to support 
an association between the canonical Wnt signaling 
pathway and overexpression or knockdown of Ifitm2, 
and we did not reveal the relationship between Ifitm2 and 
Wnt the signaling pathway in detail.
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