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MG I E. granulosus 5B 4LEUAR 0 THC RSB 44NN Nef2 (RiA ol I8 A8 B
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Abstract

Object: Osseous echinococcosis, a zoonotic disease prevalent in animal husbandry areas, can cause
"osteolytic" changes in infected bone tissue. However, the bone destruction and osteolysis mechanism
caused by osseous echinococcosis is still unclear. Nuclear factor erythroid 2-related factor 2 (Nrf2), a key
antioxidant factor in the body, plays an important regulatory role in various diseases. This study aimed to
investigate the effect of Echinococcus granulosus (E. granulosus) infection on the osteoclast-led bone
resorption process and the regulatory relationship of Nrf2 in infected bone tissues.

Methods:

Part I: In vitro, the co-culture system of protoscolex (PSC) and bone marrow-derived macrophages
(BMMCs) was established. CCK-8 assay was used to detect the changes in the activity of BMMCs in a
certain period after stimulation with different numbers of PSC. TRAP staining was used to verify the effect
of PSC on the differentiation and formation of osteoclasts. Fluorescence staining of the F-actin ring was
used to investigate the effect on bone resorption function of osteoclasts. Changes in the expression of
osteoclast marker genes and proteins were detected using RT-qPCR and Western Blot. In the in vivo
experiment, the disease models of spinal and femoral cystic echinococcosis were constructed and grouped.
In the experimental group, the medium suspension containing PSC were injected next to the spinous
process and the femoral subperiosteum of gerbils, respectively. In the control group, saline was injected at
the same site in the same way. After 6 months of feeding under normal conditions, MRI examinations were
performed on the spinal echinococcosis group and X-ray examinations on the femoral echinococcosis
group. After the models were euthanized, the corresponding bone tissue of the model was removed for
Micro-CT scanning, and the osseous parameters of the osseous microstructure at the infection site were
obtained and analyzed. TRAP staining was used to detect the effect of parasite infection on the number of
osteoclasts in the lesion area. Immunohistochemical (IHC) staining was used to detect the expressions of
osteoclast-related proteins TRAP and c-Fos in the lesion area after parasite infection.

Part II: Nuclear factor erythroid 2-related factor 2 (Nrf2) was identified as the key factor. In vitro study,
RT-qPCR was used to detect the expression of Nrf2 in cells after PSC intervention and the changes of
osteoclast-related genes under different Nrf2 expression levels. Western Blot was used to detect the
expression of Nrf2 protein in the cells after PSC intervention, the changes of osteoclast-related proteins
under different Nrf2 expression levels, and the phosphorylation levels of mitogen-activated protein kinase

(MAPK) pathway-related proteins (p38, ERK, and JNK). The intracellular ROS content and F-actin



formation were detected by cell fluorescence staining. The disease models of CE in the femur of wild-type
(WT) and Nrf2 knockout (Nrf27-) C57BL/6 mice were established in vivo. Micro-CT three-dimensional
imaging showed the erosion of bone tissue by E. granulosus. The expression of Nrf2 in infected bone tissue
was detected by IHC. The histomorphologic changes and the number of osteoclasts in the femoral bone
after E. granulosus infection were detected by Hematoxylin and Eosin staining (H&E) and TRAP staining.

Results:

Part I: CCK-8 assay showed that PSC could promote the activity of BMMCs after co-culture. TRAP
staining verified that PSC promoted the formation of osteoclasts, and fluorescent staining of the F-actin
ring showed that PSC also promoted the bone resorption process. The RT-qPCR results show that PSC can
activate the expression of osteoclast-related genes, and the Western Blot results show that the expression of
the signature protein of osteoclasts is also upregulated after PSC stimulation. After the in vivo disease
models were successfully established, the MRI and X-ray results showed that parasite infection led to bone
destruction. Micro-CT results showed that the cysts changed the microstructure of bone tissue. Cysts also
recruit osteoclasts at the site of infection; The results of immunohistochemical staining showed that the
protein expressions of TRAP and c-Fos were significantly increased after E. granulosus infection.

Part II: In vitro and in vivo experiments confirmed that Nrf2 expression was inhibited when E.
granulosus was infected. Fluorescence staining showed changes in the F-actin ring and ROS content under
different Nrf2 levels, indicating that PSC intervention can inhibit the expression of Nrf2, resulting in
increased ROS content and promoting osteoclast differentiation. The results of RT-qPCR and Western Blot
were consistent with the above trends. Western Blot results also showed that the MAPK pathway was
significantly activated after PSC intervention. In vivo modeling showed that Nrf2”~ mice had a significantly
greater number of osteoclasts in the bone tissue at the infected site after infection compared with wild-type
mice.

Conclusion: This study demonstrates that PSC can promote osteoclast differentiation and improve
bone resorption ability. In the infection site, PSC can recruit osteoclasts and increase their expression of
osteoclast-related proteins, which plays an important role in osteolysis. Further results showed that Nrf2
plays an important role as a key regulator after E. granulosus infection. When E. granulosus is infected, the
expression of Nrf2 in cells is significantly inhibited, and the ROS content is increased, which promotes the
phosphorylation of the MAPK pathway, and ultimately leads to increased osteoclast differentiation and
bone erosion in the infected site.

Key words:Osseous Echinococcosis; Nrf2; Protoscolex; Osteoclast differentiation; Bone destruction
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RERE CEHYR) R —REEAE BB B AT N &L B, &N LR
72 AR IR BRI 95 A1 22 55 TRIR W5 o ERL IR BR 4 Jo5 Fh R0 BRSR ) (E.granulosus) 5|72,
NFRFER AL I (cystic echinococcosis, CE) 5 2 5 BREK M5 B 22 5 BREK ) (Echinococcus
multilocularis, E.multilocularis) 51#2, NFREAEHUHE (alveolar echinococcosis, AE)
Horp B R B B A Fa i T A A HU . N AR F R RARE T &
H E.granulosus HYP ) EY)aE KR, BN HAGE 28N, TR E 7N
1 (oncosphere) J& % & IgEe it N AR R SGe, w1 RS e tlE e 5 2 Ao
B, ERENKENN E.granulosus %) H (metacestode) , KB R E BN IR
Sk (protoscolex, PSC) K],

E.granulosus E4 UL (70%) Ffil (20%) sHoNHE W, HIRZMERE WiFar i3
fhER . HEE G E.granulosus Ja FIHAN S VRS = BREAR, B LA CE A DL R I
FIaIT . HIRRRIG G A A IS, U AL RN USSR e AR v i 3=
FLHTAEREAREY ;852 B8 F D)t A v 52 PR . R o % LS5 PR R SERE IR T
T AR AE B U IR S WA PR R GREAR s A AR T B I AT 5] R A £ e 1 Bl B AT

\
=t

B U ) A e S A R B A SCEE AT TR CE W A T B we A 2 A1 I 1 554,
Rl g i, AR BRIE. T E PR A D U ARMBY, R CE 1 A
Zikt—AEX, HhREa fRER R E a2 E . W RIS 2 BRY 100 JTHA
M, BELEITATIAK 30 /250 in R, g IX A AT R ERZ 5 7AH N [F]I ,
R N Fete) o™ b . HAT, P O U E O B LE 2050 AR KT 20
Pl BRI Z 17

1.2 BERmNEKRFERHIZTT
B U AL HU AR T R A 0.5%~4%18), B e o i LI B o R

(45%-50%) , HUGEKE (KRS BEMEESE, 25%) « BH (20%) « K&
FR A AE0 100, 1 CE AR CE Bl CE AR FR A, (HRHIIMEE, &5 ix12 54
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IR A MR R mEGRRENESL T Z, Hs 5% E MR mae. ke, &
CE fEAER LR 5 A, JRAEEIEIL 50%0 11,

ERZEEIRIET (83%) , B CE ZRMHINET, I AR K I L A& AR AL Y
E.granulosus [&42, — HiE N B R, E.granulosus 2 W0 [F M8 — Az 0 & 8] 1) 3R 4H 23
BORHT s HEHAKEE ., BE, MELUBARRTRIM, B2 RNy, 2 E s &/ NE
R S AL ik, FRAke A KPR IME S AR AHENR, 7ERE 2B “WEatE” £
B, EL 2] 5] B P MEAR R AR Tt . B AR R TR N R AL R A o . AR
)L R IO R S 20 T AR NS, T 8 BRI AT LB s 3B 22 AE 9
AR A, MORZ B E RSP E S C B Z IR, H B 2 UUREE
i BRIRA B BRI e OSSR AR R 120 1), R SR A . Ik
WRRESE Y . I 0B A R S e 2 VRV, X TCEEAR R B3N 1 i i2ia IHMERE . K
B2 RN, Hom T rT g 2| RE B ) E R e R, BRTHILR
B, HEEVn B & B 2B B R B e s A, s o0 D pete v,
E.granulosus WA E-EREE N ALK, KIZ2REEIR], HEFARGEEERK, RAR
Ww R, SEUREMEEIN R EuRt, BETEAREIER, TERRFRE
OISRV B LS ST DURER R 0CTT . AR O DL A 2 fIk A [l () S L ZA 18- 191

KT8 CE WiZWi M AE — & BIMERE , (S BIRAR # T- BOR L T2 . iR,
PR AEAEAT fe ZAE B B AR PO L (R EABEME. ARWHmeE) « AR,
&R A, SLREATREM R T H 5 R . S5 s At R M o A 2 ) 20
X ZAERZWIE BRI, R RG2S aEEE el b a2, BA—gn R,
TSGR X 28, i 5NN 23945 (computed tomography , CT) AR 3R il 4% (magnetic
resonance imaging, MRD) WIS AEHf. CT ] LU NBREE 1) &2, el bl RE 2
KFFMMEE, QFER/AN. Ul 7 EE, MRI AT DO SR BRI EE . KD,
FERE ) 58 BENE DL 5 JE A SR IERR o8 &R WAEEAE CE A, MRI AT DU I H FE ooy
BRI EIEFEERY, MG/ A—F CE BIitE FB, 7 NE X BIAT PSC BTl
For W AN ok 28 255 I () PUAAR AR I o (HIX AP VEH A — N RIBR 1, R 5 P A R R AR
TLiFaR B BAR S5 I s G024 B 380 H D2 AL S AL IS I AT SR AR v, Bt A Sk g
HoAth 77 A HUJ AT HH B BH 4 &6 SR 1251,

RyaMHETF AR H AT RIE @& CE fME—J77kR0, R fF 2w 2 V)R2 RE#ENER
BRI AL, HXM T AR R R, 3 s R SR AL AT ARV AR
N2 FEEE R LRI RAALE M2 KRS, A ZEE P AR 18 R AR
TEBR IR, o6 88 Aot AN PR A B 500 T A S E e . EImpR S, 58
Jot ARG 4 S A o R S B S B AR AR VR R B I BR AR I PT REIE IE AN Er . BRI,
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707 RN T A R, T IGVAT 52 TR B I T RIS LA 82 R RERHLZS )
NOBHIE T SRk B 72280, BRIk (Albendazole, ABZ) Fl1H ZKBKIE (Mebendazole,

MBZ) J& H i )iz B PR R P 2547, (H DR g T IR WS 55 0 I A FE AR R 8k i, 3K
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ARG, BT AT & B, XL W7E & CE & v BT 8O Qe I E AL i3 CE
RSN, ZE BT, ST & CE BGIT LR FARIBITIE R 4G T B2 &0 T,

FRIE A 2 HE AR )7 2K

1.3 BEHEAERXDF

B AR E AL TS RGN, 2 BB R A B A B S AT
JFE AT U 22 72 EL MO B2 o R 40 B v A 2 B SR T2, BB AT RIS SO B 4 i
AT B S P MRS, BIVREC 40 e i M R I A R IR AT IR, SRS T
W X IR TT 48 B R334, NF-xB 2R BUE AR  (receptor activator of nuclear factor-kB
ligand, RANKL) KI5 T Mg R FEIR F-a 5Kk, Ho 5 EWR4H AR & FIEA T (macrophage
colony stimulating factor, MCSF) 3% [[]Z 51 B 40 i 70 A T B35 3¢, C-Fos & fos FKik
—51, 5EEHER v-fos AFRIEYD; H 32 Ea i B R 7 AR R A ) 43 A £ ik
FUEFATER, —J7Hen AL RANK FIERIAL7381, {§i45 5tz 40 f/ B L4 g 1 &
) BB A R AL 5 — 7 T B AT LAE A RANK/RANKL 15 Sl g i — 867, 135 3
B FR c-Fos AT LIS Jun EE A G TR E G AP-1, TERCE 40T H i
WG B 4% 5 s A A B8, HUI A IRIR B IR (tartrate-resistant acid phosphatase,
TRAP) £ — M W T E #F o2 R I & kil ZHZA G (0 R ILAE B A 2 ) B 4 i
HRE R, AR F Al 2 M ARk s AR IA B, FE BRSO 2, TRAP HI
B AV B AR b, AT R IO P AR AN A i A1 e A 01, ZH 238 1 K (cathepsin
K, CathK) J&—FERL & 40 N & B B 1 I 2 B B B, |32 A7 AE T 4 v g
RAZEEET . CathK AT DARRAG LB AE O EE, IS WA e, (RN A
WLEE T, B CathK A0 LA 25 5 W B 1 20 R R 1430, R 5 )8 2R A BB-9 (matrix
metalloproteinases-9, MMP9) & J& T MMPs K%, 1 LLZE SR 05 H 4 A s 3 1 i W Ui
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IIERS, AR B OBCHERS s RO 0 i g it o 4 B LA YT 450,

1.4 Nrf2 3355 ZHRa 7 1L BT

T4 R 2 #H9R K F- 2 (nuclear factor erythroid 2-related factor 2, Nrf2) Y5 T-H4:

SER IR RE R A, %R Nifl. Nrf2. Nrf3 Fl p45 NF-E2 #; Hrp¥im R5A 1
N Nrfl AT Nrf2, Nrf3 SRR EEAAT AR RIE, 1T p45 NF-E2 IZRIE T 2040 i s,
Nrf2 TR I UEATAE T AN i A0 H . B 40 LSS Z PR AR N, 2 2 5 A M N A AR 3
o FE ) R U A8 AR IR EARAS K, Nif2 5 Keleh £ ECH AHGE H 1

(Kelch-like ECH-associated protein 1, Keapl) JE — FHARAF/E T 400l # . Keapl /E N
2T e P A7 SR ORI S B R RS2 A B S A 4 sz B I A A SIS BRI, Keap
ez, Nef2 W5 Keapl R R, S 4% . #as K Nef2 A
A HAZ o B B s 2 B IS Pu U S B 6 A (antioxidant response element, ARE)
S5 T B — A 4 B BT A 14 501,

FER A AT SO R, Nref2 [F#E R 4558 B E o 440 N i 1 4R

(reactive oxygen species, ROS) ZE Il Z i, ROS M) 15 38 2 18 40 M it 1 Nrf2 U\
Nrf2/Keapl SRR PR M. RN Nrf2 5 0 B 4 A% b 5 e b oot 45 &
Nrf2-ARE 5 R4k, Rt HBoE ML & N4 8 1 (heme oxygenase-1, HO-1)FEHi% M
Bl R A B AR 4B B ET O RS TR SE Nrf2 7R & 40 M o o #2 o R 45
HRMEEAER], IR 2 0E 3 24 XS ROS A1 RANKL 52 _EB2 31, Nrf2
[k 2R I 2= R U BE TR G S 34BN ROS & 83w, R 40 TE i 2 .
[l N A BT SR E R Nef2 W] 5 30 RANKL 5 5 ) B 8 U5 12 5 4% 40 . (bone
marrow-derived macrophage cells, BMMCs) W FiEA T 4HAENAZ A F 1 (nuclear factor of
activated T cell cytoplasmic 1, NFATc1) F c-Fos 7K~ 1) _E i LA A B 4 B o AL I F2 1) v
TRE

1.5 Ihgg

AR, CA PN 7B CE il MATHa S 80w 4 UE A AR
n§% mmﬁmﬁ%W“F%&im%§%ﬁ%%W%m RIS, FENCEE 1 IR L
2N CE BEE AR E TR I, A7 A2 B G AL A7 AE 1 SRR A B VA L R
BTN T CE H#E £ 75 s0e 2 R AT RIMILR I R A H A #R sk = BB ik . A3k
BB DT I, E.granulosus & % F AR BLHIE 78 H AL-F25 5, AR L] A
IR AR AR E— T S BRI AL, RS S5 Egranulosus Fit 51K
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