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TRAF6 and IL-6 disturb the balance between
bone formation and bone resorption in
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Abstract: Objective: To study the expression of tumor necrosis factor receptor associated factor 6 (TRAF6) and in-
terleukin-6 (IL-6) in osteoporotic mice and the effects of these proteins on bone mineral density. Methods: Twenty
healthy specific-pathogen-free female BALB/C mice were randomly divided into a model group (n=10) and a sham-
operation group (n=10). The total bone mineral density changes and peripheral blood Traf6 mRNA, TRAFG6, 1I6
MRNA, I.-6, Ca?*, and P level changes in the mice were determined before modeling and at 1, 3, 6, and 12 weeks af-
ter modeling. Results: The total bone density in the model group was lower than those in the sham-operation group
at 3, 6, and 12 weeks after modeling (all P<0.05). The levels of Traf6 mRNA, 1/6 mRNA, and IL-6 in the model group
were higher than those in the sham-operation group at 1, 3, 6, and 12 weeks after modeling (all P<0.05). Blood Ca?*
and P levels in the model group were higher than those in the sham-operation group at 6 and 12 weeks after model-
ing (all P<0.05). Total bone mineral density was negatively correlated with Traf6 mRNA, /6 mRNA, and IL-6 levels in
the model group. There was a positive correlation between the blood Ca?* level and Traf6 mRNA, //6 mRNA, and IL-6
levels in the model group. There was a positive correlation between the blood P level and Traf6 mRNA, 116 mRNA,
and IL-6 levels in the model group. Conclusion: TRAF6 and IL-6 may participate in the development of osteoporosis
in ovariectomized osteoporotic mice by inhibiting bone formation, promoting bone resorption, and reducing bone
density and thus disturbing the balance between bone formation and bone resorption.
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Introduction role in the metabolism of bone tissue [5, 6].

Many studies have found that postmenopausal

Osteoporosis is a systemic metabolic bone dis-
ease characterized by a significant decrease in
bone mass, often resulting in the degeneration
of the bone tissue microstructure and causing
an increase in bone fragility and fracture risk
[1, 2]. In recent years, with the increasing age
of the global population, the incidence of osteo-
porosis has increased substantially. It is esti-
mated that a fracture caused by osteoporosis
occurs every 3 seconds worldwide. Thus, osteo-
porosis has become a public health burden
that greatly affects people’s quality of life and
is an important cause of disability and even
death [3, 4].

Menopause is an important contributor to os-
teoporosis in women. The combination of estro-
gen and estrogen receptors plays an important

women are prone to osteoporosis which can be
relieved by estrogen therapy [7, 8]. However,
the exact mechanism of osteoporosis develop-
ment in postmenopausal women is unclear.
Tumor necrosis factor receptor-associated fac-
tor 6 (TRAF6) can increase osteoclast levels
and enhance bone resorption, and thereby
plays an important role in osteoporosis and
bone loss [9]. Additionally, the expression of
interleukin-6 (IL-6) is increased in patients with
osteoporosis. Increased IL-6 levels promote
osteogenic disorders of bone marrow mesen-
chymal stem cells in the vertebral body of dia-
betic osteoporotic mice [10]. However, there
have been few reports on the role of TRAF6 and
IL-6 in postmenopausal osteoporosis, which
still needs to be explored.
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Table 1. Primer sequences for gqRT-PCR

Forward primer

Reverse primer

TRAF6 5’-CGTCCAGAGGACCCAAATTATG-3’
IL-6 5’-TCAATGAGGAGACTTGCCTG-3’
GAPDH 5’-CGGAGTCAACGGATTTGGTCGTAT-3’

5’-CCCAAAGTTGCCAATCTTCC-3’
5’-GATGAGTTGTCATGTCCTGC-3’
5’-AGCCTTCTCCATGGTGGTGAAGAC-3’

Table 2. Total bone mineral density of mice (g/cm3)

Sham-operation
group

Model group  Statistic P-value

WO  0.0712+0.0034 0.0711+0.0033 0.0667 0.948
W1 0.0723+0.0048 0.0714+0.0028 0.512 0.615
W3  0.0984+0.0053" 0.0882+0.0043" 4.726 <0.001
W6 0.1146+0.0058* 0.0797+0.0036* 11.535 <0.001
W12 0.1203+0.0061 0.0736+0.0058% 13.788 <0.001

Note: *: compared with W1 P<0.05; #: compared with W3 P<0.05;

angzhou Cavens Laboratory Animal Co.,
Ltd. China, production license number:
SCXK (SU) 2011-0003. Mice aged be-
tween 65 and 75 days, with a body weight
of 18-22 g, were fed irradiated Shuke and
Beita SPF grade food (Jiangsu Xietong
Pharmaceutical Bioengineering Co., Ltd.
China). Drinking water was acidified to a
pH value between 2.5-3 after autoclav-
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Figure 1. Analysis of total bone mineral density in the
two groups of mice. *: comparison at wl, P<0.05;
#: comparison at w3, P<0.05; &: comparison at w6,
P<0.05. At w3, w6, and w12, the total bone density
in the model group was significantly lower than that
in the sham-operation group (all P<0.05).

Therefore, the aim of the present study was to
study the role of TRAF6 and IL-6 in the patho-
genesis of osteoporosis. A mouse model of
osteoporosis was established and used to ana-
lyze the expression and effects of TRAF6 and
IL-6 on bone mineral density. The results of this
study will increase our understanding of the
clinical mechanism of postmenopausal osteo-
porosis and provide guidance for more effec-
tive treatments.

Materials and methods
Research subjects
Twenty healthy specific-pathogen-free (SPF) fe-

male BALB/C mice were purchased from Ch-
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ing. The housing temperature was main-

tained 26-27°C and the relative humidity

at 45-55%. The mice were housed indi-
vidually in a terrarium, with a change in bedding
1-2 times a week, which included cleaning and
disinfection. Noise was maintained below 60
dB, the ammonia concentration in the cage was
monitored so that it did not exceed 14 ppm.
Ventilation was performed no less than 15
times per hour, and fluorescent lights were
used to achieve a 12:12 light-dark cycle. A ran-
dom number table method was used to divide
the mice into a model group and a sham-opera-
tion group (both n=10). All animal experiments
were approved by the Ethics Committee of
Shaoyang Central Hospital.

Establishment of the mouse model

Mice were disinfected on their abdomen and
given an intraperitoneal injection of 10% chlo-
ral hydrate (300 ug/g body weight) to achieve
anesthesia. After anesthesia was satisfactorily
accomplished, surgery was performed using a
ventral approach. An abdominal incision was
made to open the thoracic cavity. For mice in
the model group (n=10), the bilateral ovaries
were excised. For mice in the sham-operation
group (n=10), a small sample of adipose tissue,
roughly the same size as the ovaries, was
excised. For both groups, the muscles of the
lower extremities were injected with lincomycin
hydrochloride (0.2 mL, 10 mg/mL) to reduce
inflammation. After the mice recovered from
anesthesia, they were allowed ad libitum
access to water and food. Dual-energy X-ray
absorptiometry (DXA, formerly DEXA) was used
to confirm the establishment of the osteoporo-
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Table 3. TRAF6 mRNA levels in mice

1000 (Tommogen Biotech Co., Ltd.)

Sham operation group Model group  Statistic

P-value

was used to analyze the concentra-

WO 0.643+0.024 0.639+0.025 0.365
w1 0.638+0.021 0.71240.029* 2.532
W3 0.652+0.023 1.003+0.039" 24.515
W6 0.644+0.025 1.324+0.041% 44.780

W12 0.647+0.022

0.719
0.030
<0.001
<0.001

1.522+0.047% 53.320 <0.001 (1%;

tion and purity of the extracted to-
tal RNA, and an A260/A280 value
between 1.45 and 1.60 was consid-
ered to meet the experimental require-
ments. Agarose gel electrophoresis
Shanghai Lianmai Biological

Note: A: compared with WO P<0.05; *: compared with W1 P<0.05; #:

compared with W3 P<0.05; &: compared with W6 P<0.05.
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Figure 2. Detection of Traf6 mRNA in the two groups
of mice. r: comparison at w0, P<0.05; *: compari-
son at w1, P<0.05; #: comparison at w3, P<0.05;
&: comparison at w6, P<0.05. The expression level
of Traf6 mRNA in the model group was higher than
that in the sham-operation group at all time points
(all P<0.05). Traf6, tumor necrosis factor receptor
associated factor 6.

sis model. If the mean total bone mineral den-
sity in the model group was less than twice the
standard deviation of the mean total bone min-
eral density of the sham-operation group
(sham-operation group standard deviation),
then the model was assessed as being suc-
cessfully established.

Determining the expression of Traf6 and 116
mMRNA by quantitative real-time reverse tran-
scription polymerase chain reaction (QRT-PCR)

Before modeling (w0), 1 week after modeling
(wl), 3 weeks after modeling (w3), 6 weeks
after modeling (w6), and 12 weeks after model-
ing (w12), peripheral blood was sampled from
the tail vein of the mice in both groups. RNA
was extracted from the peripheral blood using
TRIzol reagent (Invitrogen), according to the
manufacturer’s instructions, using a volume
ratio of TRIzol reagent to serum of 3:1. A
microultraviolet spectrophotometer DanoProp
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Engineering Co., Ltd.) was performed
to assess RNA integrity. The SYBR
Green staining method was used to
quantitatively analyze mRNA expression levels
on the 7300 Sequence Detection System
(Applied Biosystems). The reverse transcription
reaction was performed using an Omniscript
Reverse Transcription Kit (QIAGEN); the reac-
tion conditions were 37°C for 60 minutes and
85°C for 5 minutes. The reaction system com-
prised 5.0 yL of 5 x Reaction Buffer, 1 uyL RTase
Mix, 2 ug total RNA, 2 uL of 2.5 U/uL poly-
merase, and RNA-free distilled water were
added to bring the final volume to 25 pL. The
first strand cDNA was synthesized and subject-
ed to an amplification reaction. The PCR ampli-
fication conditions included initial denaturation
at 95°C for 10 minutes; 40 cycles of denatur-
ation at 95°C for 15 seconds, annealing at
60°C, and extension for 1 minute; and a final
melting curve analysis cycle at 95°C for 15 sec-
onds, 60°C for 15 seconds, and 95°C for 15
seconds. Brilliant SYBR Green QPCR Master
Mix (Applied Biosystems) was used in a 20 yL
reaction system comprised of 2 pyL of cDNA
template, 12 uL of SYBR Green Mix, 2 pL each
of upstream and downstream primers, and up
to 20 L of double distilled water. Mouse Gapdh
(encoding glyceraldehyde-3-phosphate dehy-
drogenase) was used as the internal reference.
Each sample was tested in triplicate, and the
results were analyzed using the 2t method
[11]. The primer sequences are shown in Table
1.

Detection of IL-6 level using enzyme-linked im-
munosorbent assay (ELISA)

Mouse peripheral blood was centrifuged to col-
lect the serum. Then, 50 yL of the sample anal-
ysis buffer and 50 pL of serum were added to
each well of a 96-well plate and incubated for 2
h at room temperature. After incubation, the
wells were washed five times, followed by the
addition of 100 pL of a biotinylated antibody.
The plate was sealed and incubated at room
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Table 4. IL.-6 mRNA levels in mice

Sham operation group Model group  Statistic

WO 0.245+0.019 0.242+0.020 0.344
w1 0.239+0.020 0.412+0.033* 16.570
W3 0.241+0.018 0.525+0.036" 22.313
W6 0.244+0.021 0.638+0.037% 29.286
w12 0.242+0.019 0.762+0.044% 34.310

after modeling were assessed. Ca?*
and P levels were measured using a

P-value .
Beckman Olympus 5800 automatic

0.735 . .
biochemical analyzer.

<0.001

<0.001 Statistical analysis

<0.001

<0.001 SPSS 19.0 (Asia Analytics, formerly

Note: A: compared with WO P<0.05; *: compared with W1 P<0.05; #:

compared with W3 P<0.05; &: compared with W6 P<0.05.
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Figure 3. Detection of //6 mRNA in the two groups of
mice. r: comparison at w0, P<0.05; *: comparison at
wil, P<0.05; #: comparison at w3, P<0.05; &: com-
parison at w6, P<0.05. The expression level of 116
mRNA in the model group was higher than that in the
sham-operation group at all time points (all P<0.05).
116, interleukin 6.

temperature for 1 h. The wells were then
washed, 100 pL of horseradish peroxidase was
added to each well, and the plate was incubat-
ed for 20 min in the dark. Thereafter, 100 uL of
chromogenic substrate 3, 3’, 5, 5-Tetrameth-
ylbenzidine (TMB) was added to each well and
the plate was incubated at room temperature
in the dark for 20 min. Finally, 50 uL of stop
buffer was added and the absorbance of each
well was read using a microplate reader at 450
nm within 15 min. Three sets of duplicate wells
were read, and the experiment was repeated
three times. The IL-6 ELISA kit was purchased
from BioSource.

Observation indicators

Changes in total bone mineral density and lev-
els of Trafé mRNA, TRAFG, I/6 mRNA, IL-6, Ca?*,
and P in the peripheral blood of mice were
determined at wO, w1, w3, w6, and w12. The
correlations of Traf6 mRNA, 116 mRNA, and IL-6
with total bone mineral density and Ca?* and P
levels in the mouse model group at 12 weeks
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SPSS, China) was used to perform the
statistical analyses. The numerical
data were expressed as the rate, and
rates were compared using the x?
test. The measured data were expressed as X
+ SD (standard deviation) and analyzed using
Student’s t-test. Comparisons within the groups
at different time points were analyzed using
repeated measures analysis of variance
(ANOVA) with post hoc LSD test. Correlations
between Traf6 mRNA, /16 mRNA, IL-6, and total
bone mineral density and Ca?" and P levels
were detected using the Pearson correlation
analysis in the model group. P<0.05 indicated a
statistically significant difference.

Results

Ovariectomized mice had lower total bone min-
eral density at w3, w6, and w12

Before modeling (w0), there was no significant
difference between the total bone mineral den-
sity of the sham-operation and model groups (P
> 0.05). After modeling, the total bone mineral
density of the sham-operation group showed
an upward trend. Comparing two adjacent time
points, the total bone density at w3 was higher
than that at w1l (P<0.05). The total bone densi-
ty at w3 was higher than that at w6 (P<0.05).
Thereafter, there was no significant difference
between the total bone densities at two adja-
cent time points (P > 0.05). The total bone min-
eral density also increased in the first three
weeks in the model group. The total bone den-
sity at w3 was higher than that at wl (P<0.05).
There was no significant difference in bone
mineral density between wO and w1 (P > 0.05).
However, after three weeks, the total bone den-
sity of the mice in both groups began to
decrease. The total bone density at w6 was
less than that at w3 (P<0.05), and the total
bone density at w12 was less than that at w6
(P<0.05). Comparing the two groups, there was
a statistically significant difference in total
bone mineral density at w3, w6, and w12, such
that the model group had significantly lower
bone mineral density than the sham-operation

Int J Clin Exp Med 2020;13(3):1389-1397
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Table 5. IL-6 levels in mice (pg/ml)

Sham group Model group  Statistic P-value
WO  169.42+12.69 168.62+12.57 0.142 0.889
W1  172.44+12.38 245.56+13.47* 12.639 <0.001
W3  168.72+12.49 267.43+13.56" 16.932 <0.001
W6  171.33+12.56 301.55+14.02*% 21.877 <0.001
W12 167.53+12.62 323.86+14.65% 25.567 <0.001

Note: A: compared with WO P<0.05; *: compared with W1 P<0.05;
#: compared with W3 P<0.05; &: compared with W6 P<0.05.
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Figure 4. IL-6 protein abundance in the two groups of
mice. r: comparison at w0, P<0.05; *: comparison at
wl, P<0.05 vs.; #: comparison at w3, P<0.05; com-
parison at w6, P<0.05. The expression of IL-6 in the
model group was significantly higher than that in the
sham-operation group at all time points (all P<0.05).
IL-6, interleukin 6.

group (all P<0.05). There were no significant
differences in total bone mineral density at wl
(P > 0.05) (Table 2; Figure 1).

Ovariectomized osteoporotic mice had higher
Traf6é mRNA expression

There was no significant difference in the rela-
tive expression level of Traf6 mRNA between
the model group and the sham-operation group
before modeling (wO; P > 0.05). After model-
ling, the expression level of Traf6 mMRNA in the
model group was significantly higher than that
in the sham-operation group at all time points
(wi, w3, wb, and wl2; all P<0.05) (Table 3;
Figure 2).

Ovariectomized osteoporotic mice had higher
116 mRNA expression

There was no significant difference in the rela-

tive expression level of 116 mRNA between the
two groups of mice before modeling (wO; P >
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0.05). After modeling, 116 mMRNA expres-
sion increased gradually in the model
group, and there were significant differ-
ences between the two groups at all time
points (w1, w3, w6, and wi12; all P<0.05)
(Table 4; Figure 3).

Ovariectomized osteoporotic mice had
higher IL-6 levels

There was no significant difference in the

level of IL-6 between the two groups of
mice before modeling (wO; P > 0.05). After
modeling, the levels of IL-6 in the two groups of
mice at wl, w3, w6, and w12 were significantly
different, such that the levels of IL-6 in the
model group were significantly increased com-
pared to those in the sham-operation group (all
P<0.05) (Table 5; Figure 4).

Ovariectomized osteoporotic mice had higher
blood Ca?* levels at w6 and w12

There was no significant difference in blood
Ca?* level between the two groups before mod-
eling (w0; P > 0.05). After modeling, the blood
Ca?* levels in the model group were significantly
lower than those in the sham-operation group
at wé and w12 (P<0.05) (Table 6; Figure 5).
There were no changes at the other time points
(w1l and w3).

Ovariectomized osteoporotic mice had higher
blood P levels at w6 and w12

There was no significant difference in blood P
levels between the two groups of mice before
modeling (w0; P > 0.05). After modeling, the
levels of blood P in the model group were sig-
nificantly higher than those in the sham-opera-
tion group at wé and w12 (P<0.05) (Table 7;
Figure 6). There were no changes at the other
time points (w1 and w3).

Correlation analysis

Pearson correlation analysis showed that total
bone mineral density in the model group was
negatively correlated with the levels of Trafé
mRNA (r=-0.615, P=0.039), lI6 mRNA (r=-
0.740, P=0.015), and IL-6 (r=-0.696, P=0.025).
The level of blood Ca?* in the model group was
positively correlated with the levels of Trafé
MRNA (r=0.738, P=0.015), Il6 mRNA (r=0.811,
P=0.004), and IL-6 (P=0.004). The level of
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Table 6. Serum Ca?* levels in mice (mmol/L)

Sham group  Model group  Statistic P-value
WO 2.483+0.204 2.479+0.203 0.044 0.965
W1 2.492+0.203 2.483+0.212 0.312 0.758
W3 2.515+0.206 2.502+0.211 0.397 0.696
W6 2.544+0.211 2.671+0.213* 3.829 0.001
W12 2.585+0.217 2.858+0.209% 6.791 <0.001

Note: #: compared with W3 P<0.05; &: compared with W6
P<0.05. Ca?*: Calcium.
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Figure 5. Blood Ca?* levels in the two groups of mice.
#: comparison at w3 P<0.05; &: comparison at w6,
P<0.05. The blood Ca levels in the model group were
significantly higher than those in the sham-operation
group at wé and w12 (P<0.05). Ca, Calcium.

Table 7. Serum P levels in mice (mmol/L)

Sham group  Model group Statistic P-value
WO 1.669+0.204 1.672+0.201 0.033 0.974
W1 1.615+0.213 1.689+0.207 0.277 0.785
W3 1.626+0.217 1.718+0.206 1.776 0.093
W6 1.635+0.221 1.932+0.198* 5.361 <0.001
W12 1.653+0.219 2.186+0.194% 8.831 <0.001

Note: #: compared with W3 P<0.05; &: compared with W6
P<0.05. P: Phosphorus.

blood P in the model group was positively cor-
related with the levels of Traf6é mRNA (r=0.733,
P=0.016), II6 mRNA (r=0.851, P=0.002), and
IL-6 (r=0.765, P=0.010) in the model group
(Table 8; Figure 7).

Discussion

The risk of osteoporosis increases with increas-
ing age, especially in postmenopausal women.
Specifically, menopause, age, and abnormal
glucocorticoid secretion are the major risk fac-
tors for osteoporosis [12, 13]. Currently, it is
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Figure 6. Blood P levels in the two groups of mice.
#: comparison at w3 P<0.05; &: comparison at w6,
P<0.05. The levels of blood P in the model group were
significantly higher than those in the sham-operation
group at wé and w12 (P<0.05). P: Phosphorus.

not possible to completely prevent the occur-
rence of osteoporosis or cure it. Therefore,
studying the mechanism of postmenopausal
osteoporosis is important to develop methods
to better prevent and treat osteoporosis and
avoid serious complications [14, 15]. TRAF6 is
closely related to bone metabolism. Traf6-
deficient mice exhibit osteoclastogenesis
defects and severe bone sclerosis [16]. IL-6 is
involved in several age-related diseases and
plays an important role in the occurrence and
development of osteoporosis [17]. The osteo-
porosis model of ovariectomized female mice
used in this study is a classic model of post-
menopausal osteoporosis [18]. Therefore, in
the present study, we investigated the expres-
sion of TRAF6 and IL-6 in osteoporotic mice and
examined the effects of these proteins on bone
mineral density.

In this study, BALB/C mice were used to estab-
lish an ovariectomized osteoporotic model.
BALB/C mice generally have no invasive habits,
are relatively easy to colonize, and have been
bred at global research institutions for more
than two hundred generations; thus, they are a
credible choice for research [19]. Bone mineral
density is the gold standard for the diagnosis of
osteoporosis [20]. After modeling, the total
bone mineral density of the mice was mea-
sured, and the average bone mineral density of
the model group was found to be less than
twice the standard deviation of the average
bone density of the mice in the sham-operation
group at 6 weeks after modeling. This indicated

Int J Clin Exp Med 2020;13(3):1389-1397
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Table 8. Correlation analysis

Total BMD Ca? P
TRAF6 mRNA r=-0.615, P=0.039 r=0.738, P=0.015 r=0.733, P=0.016
IL-6 mMRNA r=-0.740, P=0.015 r=0.811, P=0.004 r=0.851, P=0.002
IL-6 =-0.696, P=0.025 r=0.732, P=0.016 r=0.765, P=0.010
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Figure 7. Analysis of correlations among measured factors. A: Correlation analysis of total bone density and Trafé
mMRNA, r=-0.615, P=0.039. B: Correlation analysis of total bone density and /6 mRNA, r=-0.740, P=0.015. C: Corre-
lation analysis of total bone density and IL-6 protein abundance, r=-0.696, P=0.025. D: Correlation analysis of Ca?*
and Trafé mRNA, r=0.738, P=0.015. E: Correlation analysis of Ca?* and /6 mRNA, r=0.811, P=0.004. F: Correla-
tion analysis of Ca?* and IL-6 protein abundance, r=0.732, P=0.016. G: Correlation analysis of P and Trafé mRNA,
r=0.733, P=0.016. H: Correlation analysis of P and /l6 mRNA, r=0.851, P=0.002. I: Correlation analysis of P and
IL-6 protein abundance, r=0.765, P=0.010. Ca?*, Calcium; P, Phosphorus; IL-6, interleukin-6; TRAF6, tumor necrosis

factor receptor associated factor 6.

that the modeling was successful. Further, the
difference in bone mineral density was more
clear at 12 weeks after modeling. We also
tracked bone mineral levels in the two groups
of mice. In the sham-operation group, blood
Ca?" and P levels did not fluctuate significantly
within 12 weeks after modeling, indicating that
bone formation and bone resorption were in a
dynamic equilibrium. By contrast, the levels of
blood Ca?" and P in mice of the model group
gradually increased. At 3 weeks after modeling,
the blood Ca?* and P levels of model group mice
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did not show a significant change. This may be
because the bones of the mice were still in the
growth phase, so the bone mass had not yet
reached peak level and the osteogenesis func-
tion was relatively strong, allowing a balance
between bone formation and bone resorption
with no clear effect of estrogen level fluctua-
tions caused by ovariectomy [21].

The age of the mice used in this study was
65-75 days. In mice, 60-90 days from birth is
the maturation period, and 120 days from birth
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is the middle-age period [22]. Approximately 6
weeks after modeling, the mice began to enter
the middle-age period and the levels of blood
Ca?" and P in the model group mice began to
significantly increase. During this period, the
mice in the model group could not compensate
for the bone loss caused by ovariectomy, caus-
ing the blood Ca?* and P levels to increase, and
eventually resulted in osteoporosis. The basic
mechanism of osteoporosis is an imbalance
between bone resorption (osteoclast activity)
and bone formation (osteoblast activity) [23]. At
the same time, we detected the levels of Trafé
MRNA, /16 mRNA, and IL-6 protein in the periph-
eral blood of mice, and found that in the model
group, Traf6é mRNA, /6 mRNA, and IL-6 protein
were significantly higher compared to the
sham-operation group.

TRAF6 is a member of the tumor necrosis fac-
tor receptor superfamily and is associated with
the inhibition of the differentiation of bone mar-
row mesenchymal stem cells into osteoblasts.
However, recent studies have stated that
TRAFG is closely related to the level of osteo-
clasts and that the downregulation of TRAF6
can inhibit osteoclastogenesis, thereby inhibit-
ing bone loss [24]. IL-6 is a pleiotropic factor
with multiple functions. Bone marrow mesen-
chymal stem cells can secrete IL-6, which
increases the formation of osteoclasts via the
interaction between osteoclasts and osteo-
blasts and increases bone resorption, leading
to osteoporosis. Excessive secretion of IL-6
impairs the osteogenesis of osteoporotic bone
marrow mesenchymal stem cells [25, 26].
Therefore, we used Spearman’s correlation
analysis to analyze the relationship between
TRAFG6, IL-6, bone mineral density, and bone
minerals in model group mice at 12 weeks after
surgery. Traf6 mRNA, IL6 mRNA, and IL-6 pro-
tein levels were all strongly and negatively cor-
related with bone mineral density; the higher
the levels of Traf6 and Il6 mRNAs and IL-6 pro-
tein, the lower the bone density. In addition,
Trafé and 1l6 mRNA and IL-6 protein levels
showed strong positive correlations with blood
Ca?* and P levels, indicating that TRAF6 and
IL-6 might disrupt the balance between bone
formation and bone resorption in ovariecto-
mized mice. This study also has certain limita-
tions. Previous studies detected TRAF6 using
western blot [27, 28]; however, owing to the
limitations caused by the experimental condi-
tions, here, we determined TRAFG levels indi-
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rectly by detecting Traf6é mRNA levels.
Therefore, the changes in the levels of TRAFG in
osteoblasts and osteoclasts have not been
analyzed in the present study, nor has the spe-
cies difference between mice and humans
been considered. Thus, results obtained in this
study require further clinical verification.

In summary, TRAF6 and IL-6 may participate in
the development of osteoporosis in ovariecto-
mized osteoporotic mice by inhibiting bone for-
mation, promoting bone resorption, and reduc-
ing bone density and thus disturbing the bal-
ance between bone formation and bone
resorption.
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