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Chenopodium quinoa Willd Triterpenoid Alleviated Rheumatoid Arthritis
through Inhibiting the Proliferation of Tumor-Like Synovial Fibroblast
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Abstract This work was to investigate the potential therapeutic effects of the CQWT (Chenopodium
quinoa Willd triterpenoid) on RA (rheumatoid arthritis). Here, the cell proliferation of RA-FLS (rheumatoid ar-

thritis fibroblast-like synoviocytes) was evaluated using CCKS8 and EdU assays, and clonogenic capacity was as-
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sessed by colony formation assays. Apoptosis was analyzed by flow cytometry, and the expression of apoptosis-
related proteins was determined through Western blot. The effects of CQWT on RA-FLS migration and invasion
were examined using wound healing and Transwell assays, while the expression of EMT (epithelial-mesenchymal
transition)-related markers was analyzed by qPCR and Western blot. Inflammatory cytokine secretion was mea-
sured through ELISA. In addition, a CIA (collagen-induced arthritis) mouse model was established to evaluate the
effects of CQWT on arthritis severity, serum inflammatory cytokine levels, and synovial pathological alterations. /n
vitro results demonstrated that CQWT significantly inhibited RA-FLS proliferation and colony formation and in-
duced apoptosis through upregulation the Caspase-3 expression. Meanwhile, RA-FLS migration and invasion were
markedly suppressed by CQWT, accompanied by increased E-cadherin expression and decreased expression of N-
cadherin and Vimentin. Furthermore, the secretion of TNF-a, IL-6, and IL-1P in RA-FLS was significantly reduced
following CQWT treatment. /n vivo, CQWT administration significantly decreased arthritis scores in CIA mice,
suppressed serum inflammatory cytokine levels, and alleviated synovial hyperplasia and joint pathological damage,
thereby ameliorating RA progression. In conclusion, triterpenoid compounds derived from quinoa bran were shown
to ameliorate RA-associated pathological progression through inhibiting abnormal RA-FLS proliferation, migra-

tion, and invasion, inducing apoptosis, and attenuating inflammatory responses. These findings provide a theoretical

basis for the potential application of quinoa-derived triterpenoids in RA prevention and intervention.
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Fig.1 Effects of each elution component of CQWT on the viability of RA-FLS
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Table 1 The main components of CQWT95

Ey i PIES Hif [)/min B /% CAS®
Name Class Time /min Percentage /% CAS_number
Fusidic acid Steroids and steroid derivatives 9.601 4.714 6990-06-3
Oleanonic acid Prenol lipids 9.601 4.101 17990-42-0
Nootkatone Prenol lipids 9.601 4.095 4674-50-4
Oleanolic acid Prenol lipids 9.974 2.379 508-02-1
Poricoic acid A Prenol lipids 8.754 0.666 137551-38-3
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A: the effect of CQWT on the survival of RA-FLS. B: the effect of CQWT on the colony formation ability of RA-FLS. C: quantitative analysis of col-
ony formation. D: the effect of CQWT on the number of EdU-positive cells in RA-FLS. E: quantitative statistical analysis of EdU detection. *P<0.05,

#5%P<(,001, ***P<0.001, *¥+£P<0.000 1 compared with the 0 pg/uL group.
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Fig.2 CQWT inhibited the proliferation of RA-FLS
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A: flow cytometry was used to determine the effect of CQWT on cell apoptosis. B: quantitative statistical analysis of apoptotic cells. C,D: the effect of
CQWT on Caspase-3 expression was evaluated by qPCR and Western blot, respectively. E: quantitative analysis of Caspase-3 was performed using Im-
agel software. *P<0.05, ***P<0.001, ***P<0.001 compared with the 0 pg/uL. group.
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Fig.3 CQWT induced apoptosis in RA-FLS

QLFERA-FLS 24 )&, TNF-a. IL-6 F1IL-1BHImRNA %
IR AR . S IRZEARLE , 0.250 pg/ul
ICQWT.Z Z 1 ¥ TNF-a. IL-6FIIL-1PB1K) A (K
SAFIE 5B). IEAh, CQWTHE 3 F#{K RANKLIF) /K
7, LHOPGHIZRIE (KISCHIESD). XLk I,
CQWTidH i #1 il RA-FLSH S B 28 P 41 g A 7+ 1)
PSR IREERA
2.6 CQWTHEEMECIA/N R AIRATEIR

T HAUE CQWTIEAR N 2 B A RAFIEA,
FATHE DBA /IR D 57 1 CIARE Y (K] 6A)

X RRAAR LG, CIA/N R DG TT 28 7™ HE 2 P W 2 Y
e CQWTT 1l ik 3 FEAIK CTA/IN SRS i ik B 2 %
TR IVPor (Bl 6BATEI6C), i 4ot = ) J6 B 2 A8 4k (1A
6D). ELISASLEGZE R IR, H5CIAZIAHLIL, CQWTT
T HE 2 25 B /N BRI A TNF-a. TL-6F1TL-1BH) 3%
KK (B 6E). JHid H&EG it — bk A 1 o
I ZURFEAFIE . 75 CIAZNRL R, AT LU 31 7R
RAFHICRERRHIE , E055 SOREAHMOIR I T G A= A
T I FE T i (P OF), T S #L AR AL /E CQWT T Fil
JERE T BEEM. BATERI, CQWT T ilfE &

[F[ANDA

=]
HE sz



SRS A FE S YR = WA ) S M BT A 0 B A S A O R KA AL 995

CQWT

0 pg/pL 0.125 pg/pL 0.250 pg/pL

(A)

80

(=)
(=]
1

Wound closure rate /%
) I
S (=}
1 1

(=]
1

0 0.125 0.250

Concentrations /pug-uL™!
D)

¢ "800+

600

©

400

Cell number

200+

0 0.125 0.250
Concentrations /pg-uL™"

®) g 251 (F) £ 127 G) & 127
‘2 'z 2
. 201 L
E £ 0.8- Z 0.8+
- 2 : i
g i
= 1.0 g 0.4 4 % 0.4
S 05 B S
LE 0- g’ 0. N
0 0.125 0.250 0 0.125 0.250 0 0.125 0.250
Concentrations /pg-pL™ Concentrations /pg-uL! Concentrations /ug-uL"!
CQWT /pg-uL™!
(H) Q Hew ) m 0 mE (.125 ug/ul = 0.250 pug/ul
E-cadheri 0 0.125  0.250
-cadhnerin
- —-— -,
N-cadherin ‘ L 2 = 7
L -
i i )
Vimentin ‘ i ——— 5 "
R %
GAPDH ’ - .
o ok
0
E-cadherin N-cadherin Vimentin

Ar SR A A i PP CQWT A B S RA-FLSHIE B B 1. B: ML AR HOE B AL 0 Hr. C: Transwell SR 1FACQWTHXIRA-FLS {2 2% fE
HISZM . D: AR ER e B0 HT. E~H: CQWTALHE S, 43 AiEid qPCR A Western blothMIIRA-FLSHE-#5 % 25 (1. N-#5%h & (A AL & AR
AEDL. T A% A Tmage T XTE-S5 R 8 1 NS EEE AR R A E T g A0 HT. *P<0.05, **##P<0.001, ***P<0.001, 55X HE A LLEL.
A: the migration ability of RA-FLS after CQWT treatment was evaluated by the wound healing assay. B: quantitative statistical analysis of cell migra-
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Fig.4 Effects of CQWT on the migration and invasion of RA-FLS
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A,B: the release amounts and mRNA expression levels of TNF-a, IL-6, and IL-1B in RA-FLS after 24 h of CQWT treatment were detected by ELISA
and qPCR, respectively. C,D: the release amounts and mRNA expression levels of RANKL and OPG after 24 h of CQWT treatment were detected by
ELISA and qPCR, respectively. *P<0.05, ***P<0.001, ***P<0.001 compared with control group.
El5 CQWTRIRA-FLSH ZHERE FRIAHIZM
Fig.5 The effects of CQWT on the expression of inflammatory factors in RA-FLS
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A: schematic diagram of the animal experiment. B: swelling condition. C: arthritis score. D: body mass. E: expression of inflammatory cytokines in
serum. F: H&E staining results of the ankle joint, heart, liver, spleen, lung and kidney of CIA mice, as well as the expression of Ki-67 in synovial tissue
analyzed by immunohistochemistry. *P<0.05, ***P<0.001, ***P<0.001 compared with control group.

El6 CQWTHEEMCIA/NRAIRATEIR
Fig.6 CQWT improved the RA symptoms in CIA mice
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