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Curcumin nanoparticles combined with narlumosbart regulate
wingless-type MMTYV integration site (wnt)/p-catenin signaling
pathway in osteoblast-like cells
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Abstract: Background: Narlumosbart is a key agent for modulating bone cell function. Given the potential of curcumin
nanoparticles to inhibit cell growth when applied alone. Objectives: This study aims to investigate the role of their
combination with narlumosbart in bone trauma repair and cell cycle regulation. Methods: Curcumin nanoparticles were
fabricated and applied in combination with narlumosbart to treat MC3T3-E1 cells. The effects of this combination on
osteoblast differentiation and proliferation were then assessed through immunofluorescence, protein expression analysis
and ALP activity assays. Results: The combined use of curcumin nanoparticles and narlumosbart at 4 uM significantly
enhanced inhibitory activity, indicating a synergistic therapeutic effect. Furthermore, immunohistochemistry revealed a
marked increase in B-catenin expression and activation of the Wnt/B-catenin signaling pathway in the combination group.
In contrast, while ALP staining confirmed elevated ALP activity, immunofluorescence detection showed no significant
change in cell proliferation. Conclusion: Loaded within narlumosbart, curcumin nanoparticles can precisely modulate the
Wnt/B-catenin pathway. This process specifically induces osteogenic differentiation without impacting proliferation,
thereby directing cellular processes towards bone formation.
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INTRODUCTION

Bone trauma is the most common skeletal system disease
(Collaborators, 2021, Seitz et al., 2008). Traditional drugs
have poor efficacy. This year, new drugs developed have
better efficacy. narlumosbart was developed by Shanghai
Jinmante Biotechnology Co., Ltd. and is a novel fully
human monoclonal antibody with a hinge region
containing two disulfide bonds and a mutation to S228P
that prevents Fab arm exchange, making the conformation
uniform and the structure stable (Coupaud et al., 2015,
Mitchell et al., 2018). In addition, narlumosbart has a
stronger affinity for RANKL, but its clinical application is
limited due to its fast metabolic rate, low osteosarcoma
affinity, high cardiotoxicity, bone marrow suppression and
other side effects (Wan et al., 2021, Wang et al., 2020).
How to improve the in-vivo enrichment of narlumosbart
and improve patient prognosis is still an urgent problem in
the current clinical treatment of bone trauma.

In recent years, researchers have developed a variety of
nano-drug delivery systems to improve the clinical efficacy
of drugs in bone trauma, including bisphosphonates,
hyaluronic acid, folic acid, polydopamine, peptides, etc.
However, such synthetic drugs often cannot specifically
bind to bone cells (Niu et al., 2023, Tomlinson et al., 2017).
A single administration of polydopamine has little effect
on cell growth because the penetration of polydopamine
into cells is limited and the cells are hypoxic, so the amount
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of polydopamine produced is limited. Therefore, many
studies focus on creating a penetrable hypoxic intracellular
microenvironment to enhance the toxicity of hypoxia-
sensitive prodrugs. The polymer has a small particle size
(33nm) and high stability. Strong and controllable drug
release (Azeem et al., 2012). In a non-redox environment,
the amount of drug released from the polymer is less than
10%, but under glutathione stimulation, about 86% of the
total drug can be released in 12 hours (Chen et al., 2018).

Curcumin-based nanoparticles (NPs) are non-toxic and
non-immunogenic, making them a promising drug carrier.
Curcumin-based NPs can be loaded with other
chemotherapy drugs and inhibitors for targeted delivery to
reduce side effects and have been used in various fields
such as electroacoustic devices, lubrication, carbon
nanotubes and antibacterial and deodorizing plastics (Liu
et al., 2020, Zhu et al, 2023). Using curcumin
nanoparticles as carriers, the stability and water solubility
of narlumosbart were significantly improved.

In mesenchymal stem cells, low pH is critical in cell
progression (Chao et al., 2020, Zhuang et al., 2023) and
behaviors (Dai et al., 2019, Richbourg et al., 2020).
Specifically, low pH activates the wnt/B-catenin pathway
in MSCs, thereby activating the transcription of B-catenin
(Richbourg et al., 2020, Zhuang et al., 2023). Curcumin is
a natural compound extracted from the rhizome of
Curcuma longa L., and widely applied in several aspects
(Wei et al, 2019). Curcumin inhibits [-catenin
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translocation into the nucleus (Antoon et al, 2013).
Therefore, it can prevent the transcription of downstream
pro-inflammatory proteins to exert anti-inflammatory
(Rishabh et al., 2021) and anti-cancer (Zhu et al., 2018)
activities.

Although people are increasingly interested in the anti-
cancer effects of curcumin, curcumin currently has poor
stability, solubility and oral bioavailability, which limits its
application. Encapsulation of curcumin is expected to
enhance its antioxidant activity. In this study, the
therapeutic value of curcumin nanoparticles in osteoblast-
like cells was assessed as a foundation for future in-vivo
studies.

MATERIALS AND METHODS

Synthesis and preparation of curcumin nanoparticles
Curcumin nanoparticles were synthesized using the
nanoprecipitation method. Curcumin (10 mg) and PLGA
(50 mg) were dissolved in acetone (5 mL), then slowly
dripped into an aqueous phase containing 1% PVA. The
mixture was stirred overnight and nanoparticles were
collected by centrifugation and washed three times with
deionized water. The resulting nanoparticles can be used
for in-vivo injection or can be used in the next step to
prepare TDPA-coated nanoparticles in-vitro. The mean
size and electrokinetic potential were measured using
dynamic laser scattering (DLS) and a Zetasizer 3000 HS
particle analyzer (Malvern Instruments Ltd, Worcester,
UK). Size and zeta potential values are expressed as the
average of three measurements. The molecular formula of
curcumin nanoparticles is shown in fig. 1A.

In vitro drug release study

The in vitro release profile of curcumin from nanoparticles
was evaluated using the dialysis bag method. Briefly, 2 mg
of freeze-dried curcumin nanoparticles were suspended in
2 mL of phosphate-buffered saline (PBS) at pH 5, 6.8, and
7.4, respectively, and placed into a dialysis bag (molecular
weight cutoff: 3.5 kDa). The bag was immersed in 30 mL
of the corresponding release medium and incubated at 37
°C with gentle shaking (100 rpm). At predetermined time
intervals (0, 2, 4, 6, 8, 24, 48, and 72 h), 1 mL of the
external medium was withdrawn and replaced with an
equal volume of fresh medium. The concentration of
curcumin released was measured using a UV-Vis
spectrophotometer at 425 nm. All experiments were
performed in triplicate, and the cumulative release
percentage was calculated and plotted against time.

Cell culture

Mouse embryonic osteoblast precursor cells MC3T3-El
(Biomax); Primary antibody (P65, 1:1000; GAPDH,
1:1000) (Abcam Company); secondary antibody (Santa
Cruz Company); fetal calf Serum, Penicillin and
Streptomycin (Costar Company); LipofectamineTM2000
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kit, Flow cytometer, Electrophoresis tank (Merck
Company); Transmission electron microscope, Particle
analyzer (Zhuhai O&M). The in-vitro experiments
conducted in this study adhered to the institutional ethical
guidelines governing the overall research project. This
paper reports the preclinical cytological findings from this
research series, providing a theoretical basis and dosage
references for future in-vivo experiments.

ELISA

The cell supernatant was collected and the absorbance
value at 450nm wavelength was measured by
Enzymoscope according to the operation method of IL-6
and IL-8 kit (Shanghai Gudou Biotechnology,1:100) and
the concentration of IL-6 and IL-8 was calculated after the
standard curve was drawn.

Immunofluorescence

The cells were washed after fixation, blocked after
permeabilization and then blocked for 60 min (Im et al.,
2019). The cells were then diluted 1:200 with primary
antibodies overnight and with secondary antibodies for 1
hour. After washing with PBS, added DAPI for 5 min and
took images.

Western blot

Protein was lysed using RIPA buffer (Shanghai Sangon
Biotechnology Co., Ltd.) and incubated overnight at 4 °C
with a 1:1000 primary antibody prepared by buffer
(Shanghai Sangon Biotechnology Co., Ltd.). GAPDH
antibody (CST Biological Co., Ltd., USA) was used as the
internal reference. After washing, incubate the membrane
with the secondary antibody for 1 hour at room temperature
and perform imaging after 24 hours.

Cell proliferation

Cell Counting Kit-8 (CCK-8; Shanghai Sangon
Biotechnology Co., Ltd.) was used (Fan et al, 2024).
Osteoblast precursor cell lines were distributed into 96-
well plates (1 x 10° cells/200 pl). The cells were treated
with recombinant B-catenin protein at concentrations of 0,
0.1 and 0.5 pg/mL, respectively. Subsequently, cell
proliferation activity was measured at designated time
points using the CCK-8 assay.

Statistical analysis

SPSS® 20.0 and GraphPad Prism16.0 were used for
statistical analysis. The calculated data were expressed as
(mean £SD). All data sets were confirmed to follow a
normal distribution by the Shapiro-Wilk test. Comparisons
between two groups were performed using an independent
samples t-test. For comparisons across multiple groups,
one-way analysis of variance (ANOVA) was employed.
Considering the exploratory nature of the research design
and equal sample sizes, Fisher's LSD test was selected for
post-hoc multiple comparisons. Statistical significance was
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defined as P < 0.05. All experiments were independently
repeated three times with three replicate wells per group.

RESULTS

Synthesis and characterization of curcumin
nanoparticles

Curcumin nanoparticles are generated through electrostatic
interactions between positively charged cationic NPs and
negatively charged surface polymers. Electron microscopy
showed the presence of nanoparticles in the cytoplasm with
an average size of (179+0.5) nm (Fig. 1B). In addition,
under different PH environments, the 70 h in-vitro release
of curcumin nanoparticles was lower than 85% (Fig. 1C),
indicating that the synthesized curcumin nanoparticles in
this study possess a desirable sustained-release property.
Curcumin nanoparticles were prepared and displayed by
scanning electron microscopy (Fig. 1D).

Anti-inflammatory activity of curcumin nanoparticles
combined with narlumosbart

Cells were exposed to a culture medium containing 4 uM
curcumin nanoparticles and a corresponding molar
equivalent of narlumosbart. PBS was used as a control to
ensure that the vehicle itself was not producing an effect.
Curcumin nanoparticles loaded into narlumosbart showed
a higher anti-inflammatory effect than free curcumin and
narlumosbart alone, as the inhibitory activity was already
significant at 4 uM (Fig. 2, against IL-6 and p = 0.0090 for
IL8), indicating that loading of curcumin nanoparticles into
narlumosbart improved its efficacy. PBS had no obvious
effect on IL-6 secretion (Fig. 2A, 2B). This suggests that,
compared with free curcumin or narlumosbart alone, the
combined application of curcumin nanoparticles and
narlumosbart significantly promoted the secretion of the
inflammatory cytokines IL-6 and IL-8. This indicates that
the combination may modulate the bone trauma
microenvironment by activating specific immune or stress
signaling pathways.

Wnt/f-catenin signaling is the direct target gene of
curcumin nanoparticles combined with narlumosbart
B-catenin expression was higher in the curcumin
nanoparticles combined with narlumosbart treatment
group, as shown in Fig. 3A. The immunofluorescence
results showed that the wnt/B-catenin signal was obvious
in curcumin nanoparticles combined with narlumosbart
treatment group (Fig. 3B). Higher than that in the
narlumosbart treatment group. To further validate the
changes in the Wnt/B-catenin pathway, the expression
levels of the key signaling protein B-catenin and its
downstream target c-Myc were assessed by Western blot.
As shown in Fig. 3C, the protein expression of both B-
catenin and c-Myc was significantly upregulated in the
combination treatment group compared with either free
curcumin nanoparticles or narlumosbart alone. Statistical
analysis of the band grayscale values (Fig. 3D) confirmed

that this upregulation was statistically significant (P <
0.01), indicating that the combination treatment
synergistically activates the Wnt/B-catenin signaling
pathway.

Effect of Wnt/[f-catenin on osteogenesis and
maintenance of bone homeostasis

As seen in fig. 4A, the addition of the signaling pathway
enhanced the staining of ALP. ALP staining results were
similar, indicating that p-catenin significantly promoted
the osteogenic activity of bone cells. Cell proliferation
showed no differences between groups after exposure to
0.1, 0.5, or 1 pg/mL B-catenin for 24 or 48 hours (Fig. 4B).
Ki67 immunofluorescence staining detected the
proliferation ability of B-catenin-stimulated osteocytes and
the results showed no difference in proliferation (Fig. 4C,
4D). Therefore, PB-catenin cannot promote bone cell
proliferation.

DISCUSSION

During bone development, Wnt/B-catenin signaling plays a
key role in cell differentiation and bone matrix formation
(Wu et al., 2019). The imbalance between bone formation
and resorption is critical for osteopenia and changes in
bone structure (Mai et al., 2024). Several studies indicate
the role of Wnt/B-catenin signaling in osteoblastogenesis
(Shi et al., 2024). Wnt signaling pathway function in
osteocytes, which are often used as bone models (Li et al.,
2021).

Nalusumab is the world's first fully human anti-RANKL
monoclonal antibody of the IgG4 subtype approved for
marketing. The currently marketed drug denosumab with
the same target is of the IgG2 subtype. Compared with
denosumab, its uniformity and quality controllability have
been significantly improved (Li ef al., 2021).

This study mainly explores the effect and mechanism of
curcumin nanoparticles + narlumosbart on the proliferation
and cell cycle of rat bone trauma cells. In this study,
curcumin nanoparticles were successfully prepared to
interfere with bone cells. Previous studies have shown that
curcumin nanoparticles activate the Wnt/B-catenin
complex (Lv et al., 2017). It was then verified whether
curcumin nanoparticles + narlumosbart effectively
damaged acid-induced bone cells. The secretion of
inflammatory  cytokines mediated by curcumin
nanoparticles + narlumosbart was also assessed. It was
observed that the combination treatment modulated
inflammatory cytokine secretion, leading to increased
levels of IL-6 and IL-8 compared with the control group.
This alteration may be associated with the activation of
early signaling events required for bone healing.
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Fig. 1: Synthesis and characterization of curcumin nanoparticles.
(A) Chemical structure of curcumin; (B) The size of curcumin nanoparticles; (C) Release curves of curcumin nanoparticles at different
PH; (D) The surface morphology under a scanning electron microscope (The scale in the picture is 1:400).
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Fig. 2: Anti-inflammatory activity of curcumin nanoparticles combined with narlumosbart.
(A) IL-6 activity detection; (B) IL-8 activity detection. (* means P<0.05, ** means P<0.01). Y-axis indicates the inhibition of IL-6 or
IL-8.
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Fig. 3: The Wnt/B-catenin signaling pathway is the direct target gene of curcumin nanoparticles combined with
narlumosbart.

(A) Protein expression levels of B -catenin in each group of cells were detected by immunohistochemistry (scale bar: 100 1 m); (B)
Correlation between immunofluorescence cytobiological detection and protein expression analysis (scale bar: 50 1 m); (C) Key

pathway protein expression was analyzed by Western blot; (D) Semi-quantitative densitometric analysis of protein bands compared to
the Control group; **p < 0.05, ##p < 0.01.
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Fig. 4: Effect of Wnt/B-catenin on osteogenesis and maintenance of bone homeostasis.

(A) Alkaline phosphatase (ALP) activity staining results are shown (scale bar: 200 1 m); (B) Effects of B -catenin on osteocyte
proliferation assessed by CCK-8 assay; (C) Representative immunofluorescence images of Ki-67 staining (scale bar: 50 1 m); (D)
Statistical analysis of Ki-67-positive cell rate (NS: not significant, p > 0.05).
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Although previous studies have suggested that curcumin
inhibits the nuclear translocation of B-catenin, the co-
administration  of  curcumin  nanoparticles  with
narlumosbart in this study may influence upstream
signaling by regulating other components of the Wnt/B-
catenin pathway, such as GSK-3f or LRP5/6, thereby
indirectly enhancing B-catenin expression and signaling
activity. This phenomenon suggests that the combination
therapy may counteract the inhibitory effect observed with
curcumin monotherapy through multi-target mechanisms.

Most hormonal or drug treatments for bone degeneration
also reduce bone formation. This study did not include
animal experiments. Future studies will aim to validate the
in vitro findings using animal models of bone defects, such
as injecting curcumin nanoparticles + narlumosbart into
wild-type mice. The in-vitro findings in this study
demonstrated that this co-treatment effectively activates
the Wnt/B-catenin pathway in osteoblasts and promotes
their differentiation, suggesting its therapeutic promise for
enhancing bone regeneration. However, the actual efficacy
and safety under in-vivo conditions require further
validation through future studies using animal models of
bone defects. This study provides the first evidence of the
dual regulatory role of the curcumin nanoparticle-
narlumosbart combination on the Wnt/B-catenin pathway:
while curcumin monotherapy inhibits B-catenin nuclear
translocation, the combination paradoxically enhances
both its expression and signaling activity. It is
hypothesized that narlumosbart, via its high-affinity
binding to RANKL, may recalibrate the signaling
equilibrium in the bone microenvironment, thereby
modulating the feedback mechanisms of the Wnt pathway.
Future investigations should focus on how this
combination regulates key pathway components such as
GSK-3p and Axin.

In summary, curcumin nanoparticles + narlumosbart have
great potential as a drug for treating bone trauma diseases.
Similarly, this study also has some limitations. First, the
sample size was small. Second, this study was not tested on
clinical samples, so in the future, the conclusion can be
verified from a clinical perspective by further expanding
the sample size.

CONCLUSION

In conclusion, the combination of curcumin nanoparticles
and narlumosbart enhances p-catenin expression and
promotes osteogenic differentiation through modulation of
the Wnt/B-catenin signaling pathway, thereby contributing
to bone homeostasis maintenance without affecting cell
proliferation.
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