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ABSTRACT

Osteoporosis (OP) is a metabolic bone disease that leads to decrease of bone strength and increase bone brittle
and fracture. Dexamethasone (DXMS) usage is a common risk factor of OP. In present study, we found that the
Epimedin C protect the DXMS-induced OP, Ras Homolog Family Member A transforming protein (RhoA) was
increased in osteoblasts (OBs) and OP models. We further revealed that Nrfl is a transcription factor that
responds to Epimedin C and DXMS in modulating RhoA promoter. The results collectively demonstrate that
Epimedin C functions as a positive modifier of RhoA via alteration of Nrfl transcriptional activity on RhoA
promoter, thereby, protecting OBs against OP. Our work is the first study identifying the Epimedin C function in
balancing the OBs in OP model via Nrf1-RhoA.

INTRODUCTION strategy is to provide adequate vitamin D and calcium
and combined with osteogenic drugs to promote the
Osteoporosis (OP) is a metabolic bone disease that formation of bone structure, or anti-osteoclast drugs to
occurs when bone resorption outpaces formation prevent bone density loss [11].
during bone remodeling. OP is defined by a
progressive decline in bone mass and quality that Ras Homolog Family Member A transforming protein
leads to the decrease of bone strength, and increase of (RhoA), a small GTPase that cycles between an active
bone brittle and fracture [1-3]. Aging, dexamethasone GTP-bound and an inactive GDP-bound state, is mainly
(DXMS) usage and anticancer treatment are major associated with cytoskeleton organization [12-14].
risk factors for OP [4-6]. DXMS is usually used as an RhoA encodes fundamental cellular processes such
artificial synthetic glucocorticoid for the treatment of as cell differentiation, migration, assembly, and
psoriasis, allergies, and chronic  obstructive organization of the actin cytoskeleton [15, 16], and
pulmonary diseases [7, 8]. This treatment induces cell is vital for bone resorption. RhoA inhibits hypoxia-
apoptosis, reactive oxygen species production and induced apoptosis and mitochondrial dysfunction
endoplasmic reticulum stress, leading to side effects in chondrocytes by positively regulating CREB
and inducing disease [9, 10]. The pharmacological phosphorylation in the osteoblasts (OBs) [17-20].
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Nrfl, known as nuclear factor erythroid derived 2-related
factor 1 (NFE2L1/TCF11/LCR-F1), encoded by the
nfe2ll gene, is a cap ‘n’ collar (CNC) bzIP family
transcription factor that translocates to the nucleus and
regulates target gene expression in response to various
stresses [21, 22]. Nrfl plays a vital role in bone develop-
ment. Nrfl is produced by OBs and regulates osterix
expression, OB differentiation, and bone formation [23,
24], and also activates the expression of SP7/Osterix in
OBs in response to ascorbic acid [25]. Disrupted
NFE2L1, specifically in OBs, leads to decreased osterix
expression by 57% in the bones of NFE2L1 KO mice
[26] showing that Nrfl is a key regulator of healthy OB
function. However, the function of Nrfl still remains
unclear in OP and needs to be explored.

Epimedin C is a major flavonoid in Epimedium species
and is the only known chemical marker for the quality
control of E. wushanense Folium and in some other
Herba Epimedii. In previous studies, Epimedin C levels
in herbal medicines have been reported to range from
1.22-40.63 mg/g [27], revealing that the Epimedin C
extracted from Herba Epimedii can attenuate bone loss
associated with estrogen deficiency in mice and humans
[28]. It was determined that Epimedin C promotes
vascularization during BMP2-induced osteogenesis
[29]. Those trials suggested the potential therapeutic
applications of Epimedin C and its use as an alternative
treatment for OP. However, the specific molecular
mechanisms and pathways have rarely Dbeen
investigated. Thus, further study is needed.

In our study, we used DXMS-induced OBs and a rodent
model to evaluate the role of Epimedin C in DXMS-
induced OP and identified the related target genes and
proteins. Our results showed that the RhoA level was
significantly affected by DXMS, but Epimedin C
effectively neutralizes the effects of DXMS on RhoA
expression and protects OBs from cell death. We further
explored the significant role that Epimedin C played in
upstream of RhoA by stabilizing healthy OB functions
at the RhoA transcriptional level by recovering the
transcription activity of Nrfl on the promoter region of
RhoA. The function of Nrfl in balancing OBs in the OP
model was identified and the relationship between
Epimedin C and the Nrfl-RhoA pathway in OB was
defined for the first time.

RESULTS

Epimedin C enhances the migration/proliferation of
OB after DXMS-treatment

The function of Epimedin C in stabilizing OB growth
following DXMS treatment was revealed at present
study. DXMS-treated cells exhibited a slow growth

pattern compared to non-treated cells, whereas the cells
treated with Epimedin C exhibited growth at an average
speed (Figure 1A). After DXMS treatment, compared
with cells treated with DXMS alone, cells cultured with
Epimedin C showed better growth and proliferation rate
(Figure 1B, Column 4, Figure 1C) indicating that
Epimedin C enhances the migration and growth after
DXMS treatment.

DXMS suppresses RhoA expression by inhibiting its
transcription in OBs

We then explored the potential molecular target in
DXMS-induced OB. DXMS was added to the culture
medium and the OBs were harvested to evaluate RhoA
expression. The results revealed that DXMS treatment
had a negative modulation effect on RhoA expression
(Figure 2A). DXMS remarkably suppressed the mRNA
level after treatment for 24 h (Figure 2A column 4).
6-24 h after DXMS treatment, the protein level also
confirmed the low RhoA level, revealing the negative
impact of DSMS on RhoA protein level (Figure 2B;
columns 2, 3 and 4). The synchronous pattern of mRNA
and protein levels is important evidence that DXMS
inhibits RhoA expression at the beginning of transcription.

DXMS suppresses RhoA expression though Nrfl
modulation in OBs

To investigate upstream molecules that regulate the
transcription of RhoA, Nrfl was identified by the DNA
pull-down assay and the coding region of Nrfl was
cloned and constructed in the pET28a (+) vector and then
expressed in BL21 (DE3) for Nrfl protein. Apparently,
the protein exhibits a strengthen signal with a decreased
concentration of the cold probe (Figure 3A).

The transcription factor activity of Nrfl was examined
using a dual-luciferase reporter (DLR) assay system in
cultured cells. The coding sequence of Nrfl was fused
to the DNA sequence encoding the GAL4 DNA-binding
domain under the control of the cytomegalovirus
(CMV) promoter in pcDNA3.1. As shown in Figure 3B,
Nrfl was able to activate the reporter expression in vivo
compared with the negative control (CMV-BD). Results
with the transient expression assay also showed that
overexpression of Nrfl in rodent long bone shaft
presents a higher Luc activity (Figure 4A, column 2) in
comparison with the non-transgenic ones, revealing that
Nrfl promotes the RhoA promoter drive-Luc signal.

Epimedin C antagonizes the effects of DXMS induced
OBs

Epimedin C was added to the culture medium externally
and cell growth was determined in this study. A straight
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gap was made manually by scratching the surface of A similar phenomenon was also visualized at the molecular

the cells, and the gap area was calculated. In the level using DLR assays. The results revealed that Nrfl
Epimedin C-treated groups, the migration rate was activation was also enhanced by Epimedin C (Figure 4B,
normalized and antagonized the influence of DXMS column 4) co-cultured with DXMS, which obviously
(Figure 1A and 1B). functioned as an antagonist in the cellular model.
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Figure 1. Epimedin C enhances migration of osteoblasts in dexamethasone treatment. (A) A Following scratch wound,
application of Epimedin C accelerated migration of osteoblasts. (B) Change in area over time for osteoblasts at 48 h after treatment was
quantified. n = 6 independent experiments. *p < 0.01. (C) Cell proliferation was measured by BrdU assay. OB cells were seeded in a 96-well
plate with serum at basal concentrations. Finally, 10 uM BrdU was added to the plate and cells were incubated for 4 hr. Data are shown as

mean * sd.
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Figure 2. DXMS suppress the expression of RhoA. (A) Total RNAs were extracted from OB at 6, 12, 24 h post treatment DXMS. The
relative transcripts level verified by gPCR. (B) Protein level of RhoA confirmed by immunoblot.
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Figure 3. DNA-binding and transcription activation activity of NRF1. (A) EMSA analysis of the binding of NRF1 to RhoA promoter.
Proteins were incubated with biotin-labeled probe in the absence or presence of 8- to 2-fold of unlabeled probes for 30 min. (B) DLR assay
of NRF1 transcription factor activity in OB. Asterisks indicate statistically significant differences as determined by Student's t-test (*P < 0.05,
**P<0.01).
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Figure 4. Epimedin C antagonizes the effects of DXMS. (A) Transient expression assay. Reporter Luc drive by RhoA promoter. (B) DLR
assay with treatment of DXMS and/or Epimedin C. (C) IF staining for the endogenous RhoA in rodent long bone slice.
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A transient expression assay was used to determine the
Epimedin C function and the long bone shafts of
rodents were sampled as the target region to calculate
Luc reporter activity. The bones from mice
administered Epimedin C were found to exhibit more
intense Luc activity compared to those obtained from
DXMS-treated mice (Figure 4A). Effect of Epimedin C
on endogenous RhoA was evaluated by IF staining. The
protein level of RhoA was remarkably decreased by
external DXMS treatment, whereas Epimedin C
restored the expression of RhoA (Figure 4C). Thus, our
results confirmed that Epimedin C antagonized the
effect of DXMS both in vitro and in vivo.
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RhoA expression level was down regulated in CRISPR
nrfl cells

Internal Nrfl expression was verified in CRISPR-nrfl
and the Osteoblast cells were also selected as samples to
detect RhoA promoter activation. The RhoA reading
frame was replaced by reporter Luc in RhoA promoter
assay experiment. The origin signal RhoA in living
Osteoblast was examined by fluorescence microscope,
the protein RhoA was probed by antibody (Abcam,
ab271951), as shown in Figure 5A. The RhoA signal in
WT cells was as same as described in DXMS and
Epimedin C treatment, while the signal in CRISPR
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Figure 5. Epimedin C lost its function without Nrfl expression. (A) OB cells probed by RhoA antibody, WT and CRISPR-Nrf1 treated
with Epimedin C and DXMS in different dosage. (B) The Luc signal captured in OB cells. WT and CRISPRE-Nrfl group treated with Epimedin C
and DXMS, the Luc ORF drive by RhoA promoter exhibits the positive signal in different level. (C) Compared with WT group, the CRISPR-Nrf1
OB cells got a lower expression level of RhoA protein, even in the Epimedin C treatment condition.
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group was lower than group DXMS/Epimedin C and
Epimedin C treatment. These two groups can also be
read but the Epimedin C exhibited lost its salvage
function that the RhoA expression level was still lower
in front of DXMS treatment in CRISPR-nrfl cells.

RhoA promoter activation was also assayed in these
Osteoblast cells, the reporter Luc activity was read and
shown that the CRISPR-nrfl Osteoblast was not
responding to the Epimedin C, and did not salvage the
RhoA promoter activation in DXMS treatment
(Figure 5B).

The native RhoA expression level was also examined in
WT and CRISPRE-nrfl OB cells, with and without the
expression of Nrfl, the native RhoA level is different.
The results can be verified as shown in Figure 5C, that
with the comparison of WT cells, CRISPR-nrfl cells
got lower density of RhoA signal, although treated with
Epimedin C only.

DISCUSSION

OP results in the weakening of bones and causes severe
fractures, particularly at age over 50 years. In this study,
we found that RhoA was increased in OBs and OP
models, and revealed that Nrfl is a transcription factor
responding for modulating RhoA promoter, but most
importantly the Epimedin C could protect the DXMS-
induced OP.

Skeletal health relies on structural integrity and
sufficient bone mass. The balance between bone
formation and bone resorption is maintained through a
tightly regulated equilibrium by OBs and osteoclasts
(OC). OBs play a role in bone development via
differentiation into osteocytes and prohibiting OC
formation by producing enough osteoclastogenesis
inhibitory factor (OPG) to inhibit OC growth [30-32].
Key endogenous factors or pathways in OBs contribute
to the protection against OP. In the present study, we
found that the RhoA was decreased in the DXMS-
induced OP. That is probably a potential reason why
DXMS could induce OP in other models [33, 34]. RhoA
contributes significantly to OB stability, differentiation,
proliferation, and survival [35].

The inhibition of RhoA expression indicated the
disturbed balance between bone formation and bone
resorption, thus the excessive activity of OC could lead
to the damage of bone formation. RhoA is crucial in the
survival of OBs in normal as well as in individuals with
OP. The crucial role of RhoA has been reported in the
RhoA/ROCK signaling pathway to regulate cytoskeletal
dynamics and is essential for the proliferation,
differentiation, and survival of OBs [36-39]. Treatment

with DXMS caused the OBs to become disordered and
grow abnormally, resulting in cell death, this
phenomenon has been verified in our cell model, also
reported in other articles [40, 41]. In our study, DXMS
treated cells exhibit decreased expression of RhoA, that
made the OP cell model establish in vitro. This model
provides a cellular platform for verifying the drug
properties of Epimedin C. Finally, the pathway that
Epimedin C influenced in OB cells were found and
confirmed, phenotype effects also have been verified.
Our results have shown that, Epimedin C inhibited this
toxicity and salvage the cells from DXMS, verifying the
role of Epimedin C in the treatment of DXMS-induced
OBs. To investigate the molecular mechanisms of
Epimedin C in OBs, the promoter region of RhoA was
cloned and labeled with biotin to screen the candidate
upstream molecule. The RNA pulldown screening assay
in this paper was performed to find out the binding
protein that acted as transcription factor or co-factors in
DNA-protein interaction level. A potential target and a
putative transcription factor, Nrfl, was identified using
MS and verified by EMSA and the DLR. The Nrfl has
been reported as an essential factor produced by OBs
[26] and the participation of Nrfl in the regulation of
osterix expression, OB targeting, and bone formation, as
a crucial regulator of normal function was also reported
[25]. In the present study, we found that Nrfl could
directly bind to the promoter region of RhoA and
regulate its transcription. This result provides an idea of
the therapeutic targeting of Nrfl and suggests a novel
treatment for OP by balancing the Nrfl-DNA
relationship. The binding site probably got a specific
motif that is responsible for DNA-protein recognition
and binding. While the screening and related data of
motif is not shown in this paper, the motif will be better
investigated in future research. Our findings further
support the potential therapeutic approach of Epimedin
C in DXMS-induced OBs. The finding that Nrfl
responded to Epimedin C but not affected by DXMS is
of importance, because this response stabilizes mRNA
levels by the recovery of RhoA transcription and
ensures the maintenance of protein levels. Our finding
suggests that once the antagonism exists between
DXMS and Epimedin C in OB cells, Nrf1-RhoA could
be considered a core node between the two external
stimulators. After treatment with Epimedin C, when
Luc transcription was determined, the signal from the
middle long bone shaft was found to be stronger than
that from the DXMS-treated cells. The signal from the
rodent long bone shaft slices provides evidence for
such transient expression. The specificity of Nrfl in
transcriptional regulation of RhoA probably also relies
on post-translational modifications and its interaction
with other co-factors. Although Epimedin C antagonizes
DXMS induced OP in rodents, clinical trials are needed
for further confirmation of its safety and efficacy.
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Nrfl was verified an essential element for Epimedin C
impacting the RhoA expression process, the CRISPR
approach revealed that the internal RhoA level was first
detected in CRISPR cells compared with WT
Osteoblast cells, showing that the RhoA level was
downregulated and cannot salvage by Epimedin C with
the DXMS treatment, suggesting that DXMS treatment
will have a persistent effect on OB cells.

One speculation is that the RhoA promoter activation
was fragile due to the lack of Nrfl. In our study, the
reading frame of RhoA ORF was replaced by reporter
gene Luc, with the original RhoA promoter. The result
shows that the promoter activity is no longer as strong
as it in normal condition, when the Nrfl content was
leveled down. At this status the Epimedin C lost its
salvage ability in maintaining the RhoA expression. The
native RhoA was not salvaged by Epimedin C in the
DXMS treatment confirming that the Nrfl is highly
required in this process. The present study provides
detailed confirmation that Epimedin C could function as
a reagent antagonistic to the DXMS in OB cells and its
possible mechanism is to enhance the binding of Nrfl
and RhoA promoter region that salvage the negative
effect of DXMS.

In conclusion, our study confirms the positive function
of Epimedin C in OBs that antagonizes the DXMS via
stabilizing the Nrfl-RhoA promoter complex that
protects OBs from the damage of DXMS induced cell
death. The results from this study provide possibilities
the Epimedin C could be an adjuvant chemical in
osteoporosis therapy. The potential clinical values of
Epimedin C were verified in rodent and OB cell model,
it provides a theoretical clue and reliable reference for
basic research and its application.

MATERIALS AND METHODS
Cell isolation and culture

Mus musculus OBs were isolated from the long bones
of 6-week-old mice, according to the protocol described
by Bakker and Klein [42]. Cells were washed with PBS
(Gibco, 10010-023, China) and centrifuged at 300 x g
for 5 min, then inoculated into 25 cm? flasks and
cultured at 37°C. Dulbecco’s modified eagle medium
(DMEM, Gibco, 11885-092, China) supplemented with
L-glutamine, and pyruvate was used for culture OBs.

An in vitro scratch assay was designed based on the
method reported by Mouritzen [43]. OBs were isolated
from rodents for 4 weeks, inoculated in flasks, and
cultured with or without Epimedin C and DXMS. A
manual scratch was made by the pipette tip in the
middle of the culture flask when the cell was grown up.

Animals

Wildtype C57BL/6N (Jackson Laboratory, Bar Harbor,
USA) male mice aged 4 weeks with body weights
ranging from 20-25 g were used for all experiments.
The mice were housed in a temperature-controlled room
(20-24°C) and subjected to a 12 h light/dark cycle and
provided free access to standard rodent chow and
drinking water.

DNA delivery

JetPEI reagent (VWR, 89129-920, USA) was used to
transiently express the Luc reporter gene driven by the
Rhol promoter in a rodent model. Primers used in
promoter cloning were shown in Table 1. The modified
pcDNA3.1-RhoA pro-Luc (50 pg) vector was mixed
with in vivo-jetPEI reagent in 400 pL of 5% glucose
solution and injected into the tail vein of mice for
invivo experiments. Bioluminescence imaging of
luciferase expression in bone tissue was performed
using the NightOWL Il LB 983 imaging system
(Berthold Technologies, Bad Wildbad, Germany).

DXMS and Epimedin C treatment

DMEM medium was mixed with DXMS at a
concentration of 10 uM, pre-warmed at 37°C, and loaded
into the culture flask. Cells were sampled at
0, 1, 6, 12, and 24 h. Epimedin C was dissolved in H20,
and the final concentration was 10 uM. The liquid was
orally administered by dropping it directly into the mouth
at a specified dosage. DXMS was dissolved in drinking
water at a concentration of 10 pM and administered at a
final dose of 1 x 10* umol/mouse/day. Oral administra-
tion was performed for 4 weeks. A similar procedure was
used for the administration of Epimedin C at a final dose
of 1 x 10" umol/mouse/day.

BrdU (Bromodeoxyuridine) cell proliferation assay

Detection of BrdU incorporation was performed by
ELISA (Cat. No. #6813, Cell Signaling Technology,
Danvers, MA, USA) to investigate the proliferation of
OBs cell lines according to the manufacturer’s
instructions. 5000 cells were seeded in 100 pl starvation
medium (DMEM, 0.1% FBS, 100 U/ml penicillin and
100 mg/ml streptomycin) and incubated at 37°C for
24 h hours to synchronize the cell cycle. Medium was
then changed to 1x BrdU solution prepared in regular
growth medium (DMEM, 5% FBS, 100 U/ml penicillin
and 100 mg/ml streptomycin) cultured for 6 h at 37°C
to induce proliferation. 10 uM DXMS and 10 puM
Epimedin C were used in cell treatment for 0-48 h.
Subsequent procedure was performed according to the
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Table 1. Primers used in this paper.

Primer sequence

Names and purpose

AGCCAGCGGACCCAGCGATATCTCTGGAGA
CCGAATCACTCATCCTTTAAGCAAGCAGGG
ATGGAGGAGCACGGAGTGACCCAAACTGAAC
CTGTTCCAAGGTCACCACCTCCACAGCCTGGCCA
CTGGGCCACGTTACAGGGCG
AGCTGCCACTGCGGCTTCTG
ACGAGCACACGAGACGGGAGT
AGCAGCTCTCGTGGCCATCTCA

ATGGCTGCCATCAGGAAGAAACTGGTGATTGTTGG
CAAGATGAGGCACCCAGACTTTTTCTTCCCACGTCT

Mus RhoA promoter, cloning
Mus RhoA promoter, cloning
Mus Nrfl ORF, Cloning

Mus Nrfl ORF, Cloning

Mus Nrf, gPCR

Mus Nrf, gPCR

Mus RhoA, gPCR

Mus RhoA, gPCR

Mus RhoA ORF, Cloning
Mus RhoA ORF, Cloning

manufacturer’s instructions. The BrdU incorporation
was measured at 450 nm with the TECAN GENios
V4.62-07/01 microplate reader (Tecan, Reading, UK)
and XFLUOR4 Version V 4.51 software (Tecan).

Real time-PCR

Total RNA was extracted using the PureLink™ Total
RNA Kit (Invitrogen, 1S10006) according to the
manufacturer’s instructions, and cDNA was synthesized
using SuperScript™ Il First-Strand Synthesis SuperMix
(Invitrogen, 11752050). The marker gene primers
synthesized by Integrated DNA Technologies, Inc.
(IDT) and the sequences are shown in Table 1. The
results were quantified using the 2722C method by
Ish-Shalom and Lichter [44]. Primers used in gPCR
were shown in Table 1.

Immunoblotting

Whole protein lysates were separated using SDS-PAGE
and transferred to PVDF membranes. The blots were
incubated with antibodies (Cell Signaling Technology,
Inc) directed against RhoA (26C4), GAPDH (D16H11),
NRF1 (D9K6P), followed by incubation with the
corresponding HRP-conjugated secondary antibody and
detected using the Pierce™ Fast Western Blot Kit
(35050). The band intensities were quantified using
ImageJ software (National Institutes of Health, USA).

DNA pull-down

The promoter region was amplified according to the
NCBI Reference Sequence: NG_051308.1 and a 2,100
bp target DNA was acquired with a 5’ biotin label. The
procedure for DNA pull-down screening was
optimized using the procedure reported by Iwasaki
[45] and Larsen [46]. The mixture of the DNA probe
and total protein extracted from rodent OBs were
incubated overnight at 4°C. The DNA-protein
complexes were washed with Binding/Wash Buffer

(Tris-buffered saline containing 0.1% Tween-20
detergent) and harvested using Pierce™ streptavidin
magnetic beads (88816).

The RhoA promoter was cloned and labeled with biotin
adhered to streptavidin magnetic beads used as bait.
Total protein extracted from cultured OBs was mixed
with the bait and incubated. Candidate proteins in the
elution of the DNA pull-down were identified using
MS. Nrfl was identified among the candidate binding
proteins. Next, the binding ability was confirmed using
EMSA.

MS sample processing and analytical methods

The samples prepared in this study were modified based
on the method reported by Hou [47]. The sample was
precipitated by adding five volumes of cold acetone and
incubating overnight at —20°C. The precipitated protein
was washed twice with 80% cold acetone. Then, 10 pL
each of 6 M urea, 2 M thiourea, and 100 mM
ammonium bicarbonate were added to the pellet. The
solubilized protein was reduced by DTT and alkylated
by IAA. Next, trypsin was added for digestion and
allowed to react overnight. The digested peptide was
C18 zip-tip desalted, lyophilized, and suspended in
10 uL of 5/0.1% acetonitrile/formic acid.

LC-MS+MSMS (TimsTOF pro)

Suspended peptide (1 microliter) was loaded onto a C18
column and eluted using a stepwise gradient with
acetonitrile at a flow rate 400 nL/min. A Bruker
nanoElute system linked to a time TOF Pro mass
spectrometer was used. The LC gradient conditions were
as follows: the initial conditions were 2% B (A:0.1%
formic acid in water, B: 99.9% acetonitrile, 0.1% formic
acid), followed by a 4.5 min ramp to 17% B. 17-25% B
over 8.5 min, 25-37% B over 4.5 min, a gradient of
37-80% B over 2 min, hold at 80% B for 5.5 min. The
total run time was 25 min. MS data were collected over
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an m/z range of 100 to 1700. During MS/MS data
collection, each TIMS cycle included 1 MS + an average
of 10 PASEF MS/MS scans. The raw data were searched
using PEAKS with the Uniport Mus/Homo protein
database. Data were searched with trypsin as an enzyme;
two missed cleavages were allowed, carbamidomethyl
cysteine was a fixed modification, oxidized methionine,
acetylation on protein N terminus variable mod, 15 ppm
mass tolerance on precursor ions, and 0.1 Da on-fragment
ions.

Electrophoretic mobility shift assay (EMSA)

EMSA was carried out using biotin-labeled probes and
the Pierce Light Shift Chemiluminescent EMSA kit
(Thermo Scientific, 89880, Rockford, IL, USA). His-
tagged Nrfl proteins were expressed and purified.
Promoter sequences and synthesized DNA fragments
were used as probes. Unlabeled DNA fragments were
used as cold probes. The binding reaction was carried
out in a 20 pl reaction mixture at room temperature for
30 min and then separated by 6% native polyacrylamide
gel in 0.53 Tris-borate/EDTA buffer. The bands were
detected according to the instructions provided with the
EMSA Kkit.

Dual-luciferase reporter (DLR) assay

To verify transcription factor activity in OBs, the
coding region of the nfe2ll gene was cloned into
the expression vector pcDNA3.1-BD to generate the
BD-nfe2l1 effector plasmid. Gal4-Luc was used as a
reporter in the same backbone. The Renilla Luc gene
served as an internal control. The DLR assay was
conducted according to the method described by Ohta
[48]. OBs were transfected using a Lipofectamine
3000 (Thermofisher, L3000015, Carlsbad, CA, USA)
-mediated transient expression system. The co-
transformed cultures were kept in the dark for 16 h at
37°C. Luciferase assay was performed using the
Promega DLR assay system and values were
measured using a GloMax 20-20 Iluminometer
(Bio-Rad, Hercules, CA, USA).

CRISPR vector construction and cell verification

Original vector containing Cas91.1 expression frame
and gRNA editing region purchased from Addgene
(#71814), gRNA designed online and cloned into
vector Cas91.1, verified by sequencing. The final
sequence of Nrfl (XM_027775873.1) gRNA is 5'-
GGATTAGACTCAAACACGTG-3' according to its
score calculated on https://www.genscript.com/gRNA-
design-tool. Purified plasmid of the final version was
transfected into cells by JetPEI reagent as described in
above chapter.

The positive signal, e.g., EGFP was verified by
fluorescence microscope. Also, the signal in living cells
e.g., Luc activity can be examined in the 96-well culture
plate by adding additional Luciferin substrate, and the
signal was read by NightOWL Il LB 983 system
(Berthold Technologies).

Promoter isolation and transient expression assay

An in vivo experiment was also designed to verify the
Nrfl function in the RhoA promoter. A transient
expression assay was performed using the luciferase
coding region as a reporter. Luc fluorescence signals
were captured using a low-light cooled CCD camera.
The promoter sequence of the RhoA gene was cloned
by PCR-based genome walking. The infusion system
was used following the instruction manual (Clontech,
San Jose, CA, USA) for the construction of vectors. The
1,193 bp promoter sequence was cloned into the
pcDNA3.1 vector containing a Luc reporter gene to
generate RhoA Pro: Luc as reporters. The coding
sequence of nfe2ll gene was cloned into normal
pcDNA3.1 to generate the constructs as effectors. For
the expression assay in bone tissue, a JetPEI-mediated
transfection system was used for rodent transfection and
the bone tissue was isolated as samples to verify the
expression of the Luc reporter. The detached bone
shafts were sprayed with 1 mM D-luciferin (Promega,
P1042), the Luc signal was captured using a low-light
cooled CCD camera and the relative Luc activity was
measured. Quantitative analysis was performed using
IndiGo software (Berthold Technologies, Oak Ridge,
TN, USA).

Rodent long bone shaft immunofluorescence staining

Rodent long bone shafts were dissected and sliced
according to the process described by Amend [49]. The
middle of the tissue with the highest density was sliced
as samples for observation. The primary antibody
(Cell Signaling Technology, 2117) and the secondary
antibody conjugated with Alexa Fluor 488 conjugated
(Cell Signaling Technology, 4412) for IF staining
observation.

The figures shown in this study, error bars represent the
SD of three biological replicates with three technical
repeats each. Asterisks indicate statistically significant
differences as determined by Student’s t-test ("P < 0.05,
P <0.01).

Abbreviations
RhoA: Ras Homolog Family Member A transforming

protein; NFE2L1: Nuclear factor erythroid derived
2-related factor 1; CNC: cap ‘n’ collar; DMEM:

wWww.aging-us.com

2041

AGING


https://www.genscript.com/gRNA-design-tool
https://www.genscript.com/gRNA-design-tool

medium; EMSA:
DLR: Dual-

Dulbecco’s modified eagle
Electrophoretic mobility shift assay;

luciferase reporter; CRISPR: Clustered Regularly
Interspaced  Short Palindromic  Repeats; OPG:
osteoclastogenesis  inhibitory  factor;  GTPases:

Guanosine-5'-triphosphate-ase; CREB: cAMP response
element-binding  protein; GDP-bound: guanosine
diphosphate-bound; WT: wild type; LC-MS: liquid
chromatography—mass spectrometry; MS/MS: tandem
mass spectrometry; TOF-MS: Time-of-flight mass

spectrometry; TIMS: Thermal lonization Mass
Spectrometer.
AUTHOR CONTRIBUTIONS

M.H and CL.Y designed the research. Y.W supervised
the report. CL.Y and L.Y performed the research and
analyzed the data. M.H and L.Y wrote the manuscript.
All authors contributed to the article and approved the
submitted version.

CONFLICTS OF INTEREST

The authors declare no conflicts of interest related to
this study.

ETHICAL STATEMENT

All animal experiments were performed in strict
accordance with guidelines from the Animal Welfare
and Research Ethics Committee under protocols that
were approved by the Hubei Provincial Center for
Medical Experimental Animals (202210209).

FUNDING

The Project is supported by Key Laboratory of South
China Agricultural Plant Molecular Analysis and
Genetic Improvement, South China Botanical Garden,
Chinese Academy of Sciences [KF202002] and the
Science and Technology Department of Hubei
Province, Natural Science Foundation of Hubei
province [2018CFB695].

REFERENCES

1. Wells GA, Hsieh SC, Zheng C, Peterson J, Tugwell P,
Liu W. Risedronate for the primary and secondary
prevention of osteoporotic fractures in
postmenopausal women. Cochrane Database Syst
Rev. 2022; 5:CD004523.
https://doi.org/10.1002/14651858.CD004523.pub4
PMID:35502787

2. Lorentzon M, Johansson H, Harvey NC, Liu E,
Vandenput L, McCloskey EV, Kanis JA. Osteoporosis
and fractures in women: the burden of disease.

10.

11.

. Lewiecki

Climacteric. 2022; 25:4-10.
https://doi.org/10.1080/13697137.2021.1951206
PMID:34319208

. Baker R, Narla R, Baker JF, Wysham KD. Risk factors
for osteoporosis and fractures in rheumatoid
arthritis. Best Pract Res Clin Rheumatol. 2022;
36:101773.
https://doi.org/10.1016/j.berh.2022.101773
PMID:36208961
Zhou W, Chen B, Shang J, Li R. Ferulic acid attenuates

osteoporosis induced by glucocorticoid through
regulating the GSK-3B/Lrp-5/ERK signalling pathways.
Physiol Int. 2021; 108:317-41.
https://doi.org/10.1556/2060.2021.00180
PMID:34529586

EM, Binkley N, Bilezikian JP. Treated
Osteoporosis Is Still Osteoporosis. J Bone Miner Res.
2019; 34:605-6.

https://doi.org/10.1002/jbmr.3671

PMID:30779859

Bose S, Sarkar N, Banerjee D. Natural medicine
delivery from biomedical devices to treat bone
disorders: A review. Acta Biomater. 2021; 126:63-91.
https://doi.org/10.1016/j.actbio.2021.02.034
PMID:33657451

Armstrong J, Sargent C, Singh D. Glucocorticoid
sensitivity of lipopolysaccharide-stimulated chronic
obstructive pulmonary disease alveolar macrophages.
Clin Exp Immunol. 2009; 158:74-83.
https://doi.org/10.1111/j.1365-2249.2009.03986.x
PMID:19737233

. Ma J, Yang A, Qin W, Shi Y, Zhao B, Jin Y, Xie Y.

Alleviating allergic airway diseases by means of short-
term administration of IL-2 and dexamethasone. J
Allergy Clin Immunol. 2011; 127:1447-56.€6.
https://doi.org/10.1016/j.jaci.2011.01.032
PMID:21377197

Plotkin LI, Manolagas SC, Bellido T. Glucocorticoids
induce osteocyte apoptosis by blocking focal
adhesion kinase-mediated survival. Evidence for
inside-out signaling leading to anoikis. J Biol Chem.
2007; 282:24120-30.
https://doi.org/10.1074/jbc.M611435200
PMID:17581824

Kumarathas |, Harslgf T, Andersen CU, Langdahl B,
Hilberg O, Bjermer L, Lgkke A. The risk of
osteoporosis in patients with asthma. Eur Clin Respir
J. 2020; 7:1763612.
https://doi.org/10.1080/20018525.2020.1763612
PMID:32595917

Ebeling PR, Nguyen HH, Aleksova J, Vincent AJ, Wong
P, Milat F. Secondary Osteoporosis. Endocr Rev. 2022;

wWww.aging-us.com

2042

AGING


https://doi.org/10.1002/14651858.CD004523.pub4
https://pubmed.ncbi.nlm.nih.gov/35502787
https://doi.org/10.1080/13697137.2021.1951206
https://pubmed.ncbi.nlm.nih.gov/34319208
https://doi.org/10.1016/j.berh.2022.101773
https://pubmed.ncbi.nlm.nih.gov/36208961
https://doi.org/10.1556/2060.2021.00180
https://pubmed.ncbi.nlm.nih.gov/34529586
https://doi.org/10.1002/jbmr.3671
https://pubmed.ncbi.nlm.nih.gov/30779859
https://doi.org/10.1016/j.actbio.2021.02.034
https://pubmed.ncbi.nlm.nih.gov/33657451
https://doi.org/10.1111/j.1365-2249.2009.03986.x
https://pubmed.ncbi.nlm.nih.gov/19737233
https://doi.org/10.1016/j.jaci.2011.01.032
https://pubmed.ncbi.nlm.nih.gov/21377197
https://doi.org/10.1074/jbc.M611435200
https://pubmed.ncbi.nlm.nih.gov/17581824
https://doi.org/10.1080/20018525.2020.1763612
https://pubmed.ncbi.nlm.nih.gov/32595917

12.

13.

14.

15.

16.

17.

18.

19.

43:240-313.
https://doi.org/10.1210/endrev/bnab028
PMID:34476488

Joo E, Olson MF. Regulation and functions of the
RhoA regulatory guanine nucleotide exchange factor
GEF-H1. Small GTPases. 2021; 12:358-71.
https://doi.org/10.1080/21541248.2020.1840889
PMID:33126816

Kamijo K, Ohara N, Abe M, Uchimura T, Hosoya H, Lee
JS, Miki T. Dissecting the role of Rho-mediated
signaling in contractile ring formation. Mol Biol Cell.
2006; 17:43-55.
https://doi.org/10.1091/mbc.e05-06-0569
PMID:16236794

Ghanem NZ, Matter ML, Ramos JW. Regulation of
Leukaemia Associated Rho GEF (LARG/ARHGEF12).
Small GTPases. 2022; 13:196-204.
https://doi.org/10.1080/21541248.2021.1951590
PMID:34304710

Qi Y, Liang X, Dai F, Guan H, Sun J, Yao W. RhoA/ROCK
Pathway Activation is Regulated by AT1 Receptor and
Participates in Smooth Muscle Migration and
Dedifferentiation via Promoting Actin Cytoskeleton
Polymerization. Int J Mol Sci. 2020; 21:5398.
https://doi.org/10.3390/ijms21155398
PMID:32751352

Pardo-Pastor C, Rubio-Moscardo F, Vogel-Gonzalez
M, Serra SA, Afthinos A, Mrkonjic S, Destaing O,
Abenza JF, Ferndndez-Fernandez JM, Trepat X,
Albiges-Rizo C, Konstantopoulos K, Valverde MA.
Piezo2 channel regulates RhoA and actin cytoskeleton
to promote cell mechanobiological responses. Proc
Natl Acad Sci U S A. 2018; 115:1925-30.
https://doi.org/10.1073/pnas.1718177115
PMID:29432180

Pourbagher-Shahri AM, Farkhondeh T, Talebi M,
Kopustinskiene DM, Samarghandian S, Bernatoniene
J. An Overview of NO Signaling Pathways in Aging.
Molecules. 2021; 26:4533.
https://doi.org/10.3390/molecules26154533
PMID:34361685

Chellaiah MA, Soga N, Swanson S, McAllister S, Alvarez
U, Wang D, Dowdy SF, Hruska KA. Rho-A is critical for
osteoclast podosome organization, motility, and bone
resorption. J Biol Chem. 2000; 275:11993-2002.
https://doi.org/10.1074/jbc.275.16.11993
PMID:10766830

Zhang K, Jiang D. RhoA inhibits the hypoxia-induced
apoptosis and mitochondrial dysfunction in
chondrocytes via positively regulating the CREB
phosphorylation. Biosci Rep. 2017; 37:BSR20160622.
https://doi.org/10.1042/BSR20160622

20.

21.

22.

23.

24,

25.

26.

27.

PMID:28254846

Sawma T, Shaito A, Najm N, Sidani M, Orekhov A, El-
Yazbi AF, Iratni R, Eid AH. Role of RhoA and Rho-
associated kinase in phenotypic switching of vascular
smooth muscle cells: Implications for vascular
function. Atherosclerosis. 2022; 358:12-28.
https://doi.org/10.1016/j.atherosclerosis.2022.08.012
PMID:36049290

Johnsen O, Murphy P, Prydz H, Kolsto AB. Interaction
of the CNC-bZIP factor TCF11/LCR-F1/Nrfl with MafG:
binding-site selection and regulation of transcription.
Nucleic Acids Res. 1998; 26:512-20.
https://doi.org/10.1093/nar/26.2.512

PMID:9421508

Wang M, Qiu L, Ru X, Song Y, Zhang Y. Distinct
isoforms of Nrfl diversely regulate different subsets
of its cognate target genes. Sci Rep. 2019; 9:2960.
https://doi.org/10.1038/s41598-019-39536-0
PMID:30814566

Aghajanian P, Hall S, Wongworawat MD, Mohan S.
The Roles and Mechanisms of Actions of Vitamin C in
Bone: New Developments. J Bone Miner Res. 2015;
30:1945-55.

https://doi.org/10.1002/jbmr.2709

PMID:26358868

Colaianni G, Storlino G, Sanesi L, Colucci S, Grano M.
Myokines and Osteokines in the Pathogenesis of
Muscle and Bone Diseases. Curr Osteoporos Rep.
2020; 18:401-7.
https://doi.org/10.1007/s11914-020-00600-8
PMID:32514668

Narayanan K, Ramachandran A, Peterson MC, Hao J,
Kolstg AB, Friedman AD, George A. The CCAAT
enhancer-binding protein (C/EBP)beta and Nrfl
interact to regulate dentin sialophosphoprotein
(DSPP) gene expression during odontoblast
differentiation. J Biol Chem. 2004; 279:45423-32.
https://doi.org/10.1074/jbc.M405031200
PMID:15308669

Kim J, Xing W, Wergedal J, Chan JY, Mohan S.
Targeted disruption of nuclear factor erythroid-
derived 2-like 1 in osteoblasts reduces bone size and
bone formation in mice. Physiol Genomics. 2010;
40:100-10.
https://doi.org/10.1152/physiolgenomics.00105.2009
PMID:19887580

Chen XJ, Guo BL, Li SP, Zhang QW, Tu PF, Wang YT.
Simultaneous determination of 15 flavonoids in
Epimedium using pressurized liquid extraction and
high-performance liquid chromatography. J
Chromatogr A. 2007; 1163:96-104.
https://doi.org/10.1016/j.chroma.2007.06.020

wWww.aging-us.com

AGING


https://doi.org/10.1210/endrev/bnab028
https://pubmed.ncbi.nlm.nih.gov/34476488
https://doi.org/10.1080/21541248.2020.1840889
https://pubmed.ncbi.nlm.nih.gov/33126816
https://doi.org/10.1091/mbc.e05-06-0569
https://pubmed.ncbi.nlm.nih.gov/16236794
https://doi.org/10.1080/21541248.2021.1951590
https://pubmed.ncbi.nlm.nih.gov/34304710
https://doi.org/10.3390/ijms21155398
https://pubmed.ncbi.nlm.nih.gov/32751352
https://doi.org/10.1073/pnas.1718177115
https://pubmed.ncbi.nlm.nih.gov/29432180
https://doi.org/10.3390/molecules26154533
https://pubmed.ncbi.nlm.nih.gov/34361685
https://doi.org/10.1074/jbc.275.16.11993
https://pubmed.ncbi.nlm.nih.gov/10766830
https://doi.org/10.1042/BSR20160622
https://pubmed.ncbi.nlm.nih.gov/28254846
https://doi.org/10.1016/j.atherosclerosis.2022.08.012
https://pubmed.ncbi.nlm.nih.gov/36049290
https://doi.org/10.1093/nar/26.2.512
https://pubmed.ncbi.nlm.nih.gov/9421508
https://doi.org/10.1038/s41598-019-39536-0
https://pubmed.ncbi.nlm.nih.gov/30814566
https://doi.org/10.1002/jbmr.2709
https://pubmed.ncbi.nlm.nih.gov/26358868
https://doi.org/10.1007/s11914-020-00600-8
https://pubmed.ncbi.nlm.nih.gov/32514668
https://doi.org/10.1074/jbc.M405031200
https://pubmed.ncbi.nlm.nih.gov/15308669
https://doi.org/10.1152/physiolgenomics.00105.2009
https://pubmed.ncbi.nlm.nih.gov/19887580
https://doi.org/10.1016/j.chroma.2007.06.020

28.

29.

30.

31

32.

33.

34,

35.

36.

PMID:17606269

Chen XJ, Tang ZH, Li XW, Xie CX, Lu JJ, Wang YT.
Chemical Constituents, Quality Control, and
Bioactivity of Epimedii Folium (Yinyanghuo). Am J
Chin Med. 2015; 43:783-34.
https://doi.org/10.1142/50192415X15500494
PMID:26243581

Shui YM, Lv GY, Shan LT, Fan CL, Tian N, Zhang L, He
TC, Gao JL. Epimedin C Promotes Vascularization
during BMP2-Induced Osteogenesis and Tumor-
Associated Angiogenesis. Am J Chin Med. 2017;
45:1093-111.
https://doi.org/10.1142/50192415X17500598
PMID:28659032

Veis DJ, O'Brien CA. Osteoclasts, Master Sculptors of
Bone. Annu Rev Pathol. 2023; 18:257-81.
https://doi.org/10.1146/annurev-pathmechdis-
031521-040919

PMID:36207010

Amarasekara DS, Yun H, Kim S, Lee N, Kim H, Rho J.
Regulation of Osteoclast Differentiation by Cytokine
Networks. Immune Netw. 2018; 18:e8.
https://doi.org/10.4110/in.2018.18.e8
PMID:29503739

Guder C, Gravius S, Burger C, Wirtz DC, Schildberg FA.
Osteoimmunology: A Current Update of the Interplay
Between Bone and the Immune System. Front
Immunol. 2020; 11:58.
https://doi.org/10.3389/fimmu.2020.00058
PMID:32082321

Fujimoto T, Inoue T, Kameda T, Kasaoka N, Inoue-
Mochita M, Tsuboi N, Tanihara H. Involvement of
RhoA/Rho-associated kinase signal transduction
pathway in dexamethasone-induced alterations in
aqueous outflow. Invest Ophthalmol Vis Sci. 2012;
53:7097-108.

https://doi.org/10.1167/iovs.12-9989
PMID:22969074

Kim HJ, Zhao H, Kitaura H, Bhattacharyya S, Brewer
JA, Muglia LU, Patrick Ross F, Teitelbaum SL.
Glucocorticoids and the osteoclast. Ann N Y Acad Sci.
2007; 1116:335-9.
https://doi.org/10.1196/annals.1402.057
PMID:18083935

Hamamura K, Swarnkar G, Tanjung N, Cho E, Li J, Na
S, Yokota H. RhoA-mediated signaling in
mechanotransduction of osteoblasts. Connect Tissue
Res. 2012; 53:398-406.
https://doi.org/10.3109/03008207.2012.671398
PMID:22420753

Chen Z, Wang X, Shao Y, Shi D, Chen T, Cui D, Jiang X.
Synthetic osteogenic growth peptide promotes

37.

38.

39.

40.

41.

42.

43.

44,

differentiation of human bone marrow mesenchymal
stem cells to osteoblasts via RhoA/ROCK pathway.
Mol Cell Biochem. 2011; 358:221-7.
https://doi.org/10.1007/s11010-011-0938-7
PMID:21739156

Yoshida T, Clark MF, Stern PH. The small GTPase RhoA
is crucial for MC3T3-E1 osteoblastic cell survival. J Cell
Biochem. 2009; 106:896—902.
https://doi.org/10.1002/jcb.22059

PMID:19184980

Ohnaka K, Shimoda S, Nawata H, Shimokawa H,
Kaibuchi K, Iwamoto Y, Takayanagi R. Pitavastatin
enhanced BMP-2 and osteocalcin expression by
inhibition of Rho-associated kinase in human
osteoblasts. Biochem Biophys Res Commun. 2001;
287:337-42.
https://doi.org/10.1006/bbrc.2001.5597
PMID:11554731

Nakata J, Akiba Y, Nihara J, Thant L, Eguchi K, Kato H,
lzumi K, Ohkura M, Otake M, Kakihara Y, Saito |, Saeki M.
ROCK inhibitors enhance bone healing by promoting
osteoclastic and osteoblastic differentiation. Biochem
Biophys Res Commun. 2020; 526:547-52.
https://doi.org/10.1016/j.bbrc.2020.03.033
PMID:32192772

Zhu CY, Yao C, Zhu LQ, She C, Zhou XZ
Dexamethasone-induced cytotoxicity in human
osteoblasts is associated with circular RNA HIPK3
downregulation. Biochem Biophys Res Commun.
2019; 516:645-52.
https://doi.org/10.1016/].bbrc.2019.06.073
PMID:31242973

Deng S, Dai G, Chen S, Nie Z, Zhou J, Fang H, Peng H.
Dexamethasone induces osteoblast apoptosis
through ROS-PI3K/AKT/GSK3B signaling pathway.
Biomed Pharmacother. 2019; 110:602-8.
https://doi.org/10.1016/].biopha.2018.11.103
PMID:30537677

Bakker AD, Klein-Nulend J. Osteoblast isolation from
murine calvaria and long bones. Methods Mol Biol.
2012; 816:19-29.
https://doi.org/10.1007/978-1-61779-415-5 2
PMID:22130919

Vang Mouritzen M, Jenssen H. Optimized Scratch
Assay for In Vitro Testing of Cell Migration with an
Automated Optical Camera. J Vis Exp. 2018; 57691.
https://doi.org/10.3791/57691

PMID:30148500

Ish-Shalom S, Lichter A. Analysis of fungal gene
expression by Real Time quantitative PCR. Methods
Mol Biol. 2010; 638:103-14.
https://doi.org/10.1007/978-1-60761-611-5 7

wWww.aging-us.com

AGING


https://pubmed.ncbi.nlm.nih.gov/17606269
https://doi.org/10.1142/S0192415X15500494
https://pubmed.ncbi.nlm.nih.gov/26243581
https://doi.org/10.1142/S0192415X17500598
https://pubmed.ncbi.nlm.nih.gov/28659032
https://doi.org/10.1146/annurev-pathmechdis-031521-040919
https://doi.org/10.1146/annurev-pathmechdis-031521-040919
https://pubmed.ncbi.nlm.nih.gov/36207010
https://doi.org/10.4110/in.2018.18.e8
https://pubmed.ncbi.nlm.nih.gov/29503739
https://doi.org/10.3389/fimmu.2020.00058
https://pubmed.ncbi.nlm.nih.gov/32082321
https://doi.org/10.1167/iovs.12-9989
https://pubmed.ncbi.nlm.nih.gov/22969074
https://doi.org/10.1196/annals.1402.057
https://pubmed.ncbi.nlm.nih.gov/18083935
https://doi.org/10.3109/03008207.2012.671398
https://pubmed.ncbi.nlm.nih.gov/22420753
https://doi.org/10.1007/s11010-011-0938-7
https://pubmed.ncbi.nlm.nih.gov/21739156
https://doi.org/10.1002/jcb.22059
https://pubmed.ncbi.nlm.nih.gov/19184980
https://doi.org/10.1006/bbrc.2001.5597
https://pubmed.ncbi.nlm.nih.gov/11554731
https://doi.org/10.1016/j.bbrc.2020.03.033
https://pubmed.ncbi.nlm.nih.gov/32192772
https://doi.org/10.1016/j.bbrc.2019.06.073
https://pubmed.ncbi.nlm.nih.gov/31242973
https://doi.org/10.1016/j.biopha.2018.11.103
https://pubmed.ncbi.nlm.nih.gov/30537677
https://doi.org/10.1007/978-1-61779-415-5_2
https://pubmed.ncbi.nlm.nih.gov/22130919
https://doi.org/10.3791/57691
https://pubmed.ncbi.nlm.nih.gov/30148500
https://doi.org/10.1007/978-1-60761-611-5_7

45.

46.

47.

PMID:20238263

lwasaki T, Miyazaki W, Rokutanda N, Koibuchi N.
Liquid chemiluminescent DNA pull-down assay to
measure nuclear receptor-DNA binding in solution.
Biotechniques. 2008; 45:445-8.
https://doi.org/10.2144/000112915

PMID:18855771

Larsen NB, Gao AO, Sparks JL, Gallina I, Wu RA, Mann
M, Réaschle M, Walter JC, Duxin JP. Replication-
Coupled DNA-Protein Crosslink Repair by SPRTN and
the Proteasome in Xenopus Egg Extracts. Mol Cell.
2019; 73:574-88.e7.
https://doi.org/10.1016/j.molcel.2018.11.024
PMID:30595436

Hou TY, Chiang-Ni C, Teng SH. Current status of MALDI-
TOF mass spectrometry in clinical microbiology. J Food
Drug Anal. 2019; 27:404-14.
https://doi.org/10.1016/].jfda.2019.01.001
PMID:30987712

48.

49.

Ohta M, Matsui K, Hiratsu K, Shinshi H, Ohme-Takagi
M. Repression domains of class Il ERF transcriptional
repressors share an essential motif for active
repression. Plant Cell. 2001; 13:1959-68.
https://doi.org/10.1105/tpc.010127

PMID:11487705

Amend SR, Valkenburg KC, Pienta KJ. Murine Hind
Limb Long Bone Dissection and Bone Marrow
Isolation. J Vis Exp. 2016; 53936.
https://doi.org/10.3791/53936

PMID:27168390

wWww.aging-us.com

2045

AGING


https://pubmed.ncbi.nlm.nih.gov/20238263
https://doi.org/10.2144/000112915
https://pubmed.ncbi.nlm.nih.gov/18855771
https://doi.org/10.1016/j.molcel.2018.11.024
https://pubmed.ncbi.nlm.nih.gov/30595436
https://doi.org/10.1016/j.jfda.2019.01.001
https://pubmed.ncbi.nlm.nih.gov/30987712
https://doi.org/10.1105/tpc.010127
https://pubmed.ncbi.nlm.nih.gov/11487705
https://doi.org/10.3791/53936
https://pubmed.ncbi.nlm.nih.gov/27168390

