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Involvement of MicroRNA-Mediated Gene Expression in the Inhibitory Elect
of Isoflavone on Bone Destruction
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Faculty of Agriculture, Kyushu University, Fukuoka 819-0395
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Organization (NARO), Kagoshima 898-0087

ABSTRACT

MicroRNAs (miRNAs), the small noncoding RNA molecules, regulate gene
expressions controlling diverse cell signaling pathways by binding to target mRNAs
in order to suppress their translation or promote their degradation. Although
miRNAs play a crucial role in many biological processes, including homeostasis and
diseases, the relationship between physiological elects of food factors and miRNAs
has been mostly unclear. In the present study, we investigated miRNAs taking
part in the inhibitory ellects of equol, a soy isoflavone metabolite, on rheumatoid
arthritis (RA). The collagen-induced arthritis (CIA) mice, a mouse model for RA,
were orally administered equol or vehicle, and clinical arthritis scores and bone
mineral density were evaluated. The severity of arthritis and the ClA-induced bone
destruction were milder in the equol-administered CIA mice than in the control
CIA mice. In the inflamed area of CIA mice, equol administration suppressed the
gene expressions of interleukin-6 (IL-6) and its receptor IL-6R. Equol also reduced
the expression of genes associated with bone destruction, suggesting that equol
blocks the IL-6 signaling to suppress the severity of arthritis and inflammatory
bone destruction in mice. Equol treatment reduced the gene and protein expression
of IL-6R in RAW264.7 cells. We found that the protein level of IL-6R was decreased
in miR-320-transfected RAW264.7 cells, indicating that IL-6R is a target of miR-
320. Furthermore, miR-320 expression was up-regulated in equol-treated RAW264.7
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cells. These results suggest that equol suppresses the IL-6R expression via the
increased expression of miR-320. Soy Protein Research, Japan 21, 104-109, 2018.

Key words : isoflavone, rheumatoid arthritis, bone destruction, microRNA
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Fig. 1. Oral equol administration suppressed the
pathogenesis of CIA in mice. The DBA/1J]
mice of CIA group were injected type Il
collagen, and the equol-administered CIA
mice were orally administered equol after the
immunization of type Il collagen. After the
immunization of type Il collagen, the onset of
arthritis induced by LPS, then the severity
of arthritis was assessed daily in the paws of
mice following the arthritis scoring system.
** p < 0.001 using Student's ¢ test (7 = 5 mice).
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Table 1. Oral equol administration protected bones from ClA-induced degradation (mg/cm?

Tissue BMD and group Control

CIA + Vehicle CIA + Equol

Femur 633.00+ 6418
Forepaw 662.94+ 3439
Hind paw 755.06+ 7.909

620.04+ 9.416™
677.54+ 1.489%*
74140+ 8566"

602.72+ 9.433***
619.09+ 16.934*+*
725.12+ 11.669***

Data are presented as means + SD (7 = 5). ** p < 0.001 vs control, and * p < 0.05, ** p < 0.001
vs CIA+Vehicle using Tukey's test. BMD: bone mineral density.
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Fig. 2. Oral equol administration suppressed the gene expressions of IL-6 and IL-6R in the inflamed area
of CIA mice. Real-time quantitative PCR analysis of IL-6 and IL-6R gene expressions in the inflamed
forepaws of CIA mice. Data are presented as means £ SD (n = 5). * p < 0.05 using Student's f test.
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Fig. 3. Oral equol administration suppressed the expressions of genes associated with bone erosion in the
inflamed area of CIA mice. Real-time quantitative PCR analysis of mRNA expression of (a) bone
destruction- and (b) bone formation inhibition-related factors in the inflamed forepaws of CIA mice. Data
are presented as means + SD (7 = 5). * p < 0.05, * p < 0.01, ** p < 0.001 using Student's t test.
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Fig. 4. Equol decreased IL-6R expression in RAW264.7 cells. (a) RAW264.7 cells were treated with equol, and
IL-6R gene expressions were assessed by real-time quantitative PCR analysis. (b) IL-6R protein levels
were assessed by western blotting analysis. Data are presented as means + SD, n = 3. *p <005, * p <
0.01 using Dunnett's test.
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Fig. 5. IL-6R is a target of miR-320. RAW264.7 cells Fig. 6. Equol increased miR-320 expression in
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were transfected with miR-320 or negative
control miRNA (NC-miR) mimics, and IL-
6R protein levels were assessed by western
blotting analysis. Data are presented as means
+ SD, n = 3. * p < 0001 using Student's t
test.

RAW?264.7 cells. RAW264.7 cells were treated
with equol, and miR-320 expressions were
assessed by real-time quantitative PCR
analysis. Data are presented as means + SD,
n = 3. * p < 001 using Dunnett's test.
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