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Abstract

BACKGROUND: Previous studies have indicated that cathepsin K can intervene with the occurrence and development of osteoporosis by regulating bone
mineral density in middle-aged and older adults. However, whether there is a causal relationship between the cathepsin family and bone mineral density in

other populations remains unknown.

OBIJECTIVE: To investigate the causal relationship between cathepsin and bone mineral density.
METHODS: Genetic loci associated with eight cathepins were extracted from the IEU Open GWAS database as instrumental variables, and bone mineral density
values in five age groups acted as an outcome. The causal relationship between cathepin and bone mineral density was assessed by two-way Mendelian
randomization analysis. Heterogeneity of the genetic instrumental variables was assessed using Cochran’s Q test, pleiotropy was assessed using the MR-Egger
intercept test, and the sensitivity of single nucleotide polymorphisms used as instrumental variables to the causal effect of exposure and outcome was assessed

using the leave-one-out method.

RESULTS AND CONCLUSION: The results of the inverse variance weighting method with positive Mendelian randomization showed that cathepin H was
negatively associated with bone mineral density in people aged 45-60 years [odds ratio (95% confidence interval)=0.965(0.94-0.99), P=0.04]; cathepin Z was
negatively associated with bone mineral density in people aged 30-45 year [odds ratio (95% confidence interval)=1.06 (1.00-1.11), P=0.03]. The results of
sensitivity analysis showed a stable causal relationship, and MR-Egger intercept analysis did not detect potential horizontal pleiotropy. The inverse Mendelian
randomization results showed that bone mineral density had no significant inverse effect on cathepin. The above results confirm that cathepin can affect bone
mineral density in some age groups, which may increase the risk of osteoporosis and should be given more attention.
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f, RERAMLFAOMH LS >45 %

MR-Egger [F])5 P {5 MR-Egger Q f546 P {H 7 ZE bl Q K46 P {H

>45 B H< 60 SARFHEE HLUEARH 0.219
>30 HH< 45 SAMHEE HLEAR Z 0.617

0.361
0.505

0.300
0.571

H<60 % ABEEEAREERX
%, tAREGBEH 2 >45 % H<60 %
ABRREORYRE, AREa8%
Z 5 30-45 5 AREE FEEA EE B R
*%, HBEOEI SR >30 % A<
45 FABRFEENARRE., L&

2626 | PEHRTIEWR | 5529% | 5128 | 2025F48

RN BT, SRR E
Fi 5 B0 iR R G B R R R TR,
BEEZE| . MR MEA
B 5 REHw P B
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By RAE, RAEATH, FRSRBTAMIE.



KEEDI PEAA TS

Chinese Journal of Tissue Engineering Research

@72

www.CJTER.com

A MR Test B oo

0.2-
Inverse variance weighted
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\

SNP effect on outcome
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.
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SNP effect on PROT-a-725
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2 | HABRBSEEEERKKNZE RN 23R E
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SNP effect on PROT-a-729
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exposure outcome nsnp method

BMD(age 0-15) CTSB 132 VW
BMD(age 15-30) 99 VW
BMD(age 30-45) 137 VW
BMD(age 45-60) 151 VW
BMD(age over 60) 175 VW

BMD(age 0-15) CTSE 132 VW
BMD(age 15-30) 99 VW
BMD(age 30-45) 137 VW
BMD(age 45-60) 151 VW
BMD(age over 60) 175 VW

BMD(age 0-15) CTSz 132 VW
BMD(age 15-30) 99 VW
BMD(age 30-45) 137 VW
BMD(age 45-60) 151 VW
BMD(age over 60) 175 VW

BMD(age 0-15) CTSL2 132 VW
BMD(age 15-30) 99 VW
BMD(age 30-45) 137 VW
BMD(age 45-60) 151 VW
BMD(age over 60) 175 VW

BMD(age 0-15) CTSH 132 VW
BMD(age 15-30) 99 VW
BMD(age 30-45) 137 VW
BMD(age 45-60) 151 VW
BMD(age over 60) 175 VW

BMD(age 0-15) CTSS 132 VW
BMD(age 15-30) 99 vw
BMD(age 30-45) 137 VW
BMD(age 45-60) 151 VW
BMD(age over 60) 175 VW

BMD(age 0-15) CTSG 132 VW
BMD(age 15-30) 99 vw
BMD(age 30-45) 137 VW
BMD(age 45-60) 151 VW
BMD(age over 60) 175 VW

BMD(age 0-15) CTSF 132 VW
BMD(age 15-30) 99 VW
BMD(age 30-45) 137 VW
BMD(age 45-60) 151 VW
BMD(age over 60) 175 VW

pval OR(95% Cl)

0.696 o 0.987 (0.927 to 1.052)
0.580 @ 0.989 (0.949 to 1.029)
0.093 - 0.951 (0.896 to 1.008)
0.852 P 1.007 (0.933 to 1.087)
0.242 voh 0.960 (0.896 to 1.028)
0.737 m 1.011 (0.949 to 1.077)
0.083 . 0.965 (0.927 to 1.005)
0.531 . 0.982 (0.928 to 1.040)
0.112 o} 0.944 (0.880 to 1.013)
0.272 w 1.037 (0.972 to 1.107)
0.633 Hia 0.984 (0.921 to 1.052)
0.448 @ 0.984 (0.944 to 1.026)
0.709 e 0.989 (0.933 to 1.048)
0.695 o 1.014 (0.945 to 1.088)
0.592 »04 1.018 (0.955 to 1.084)
0.445 o 0.974 (0.911 to 1.042)
0.447 o 0.982 (0.936 to 1.029)
0.226 - 0.965 (0.912 to 1.022)
0.490 o 1.025 (0.955 to 1.100)
0.436 m 0.973 (0.908 to 1.043)
0.085 o 0.944 (0.884 to 1.008)
0.122 - 0.965 (0.922 to 1.010)
0.311 - 0.971 (0.917 to 1.028)
0.650 e 0.983 (0.914 to 1.058)
0.107 - 0.944 (0.880 to 1.013)
0.245 o 0.962 (0.901 to 1.027)
0.861 @ 1.004 (0.963 to 1.046)
0.202 - 0.962 (0.907 to 1.021)
0.259 m 0.955 (0.882 to 1.034)
0.404 o 1.028 (0.963 to 1.098)
0.857 v 0.994 (0.931 to 1.062)
0.550 i 1.012 (0.972 to 1.054)
0.460 o 1.022 (0.965 to 1.082)
0.082 m 0.939 (0.874 to 1.008)
0.797 Y 0.991 (0.929 to 1.058)
0.358 o 0.971 (0.911 to 1.034)
0.103 - 0.964 (0.923 to 1.007)
0.197 . 0.963 (0.910 to 1.020)
0.716 m 0.987 (0.920 to 1.059)
0.575 Ho 1.018 (0.956 to 1.085)

o
J

PV CTS JyZH43 5 ARG, BMD N E 35, IVW g 7 ZE A o e I o /R BEATLAL 7 46 SR 2 9
8 FhZH 43 A B AN R R BO NI 3 L 2 IRV S AR AE B 35 R S e R SR SR &R
5 | BERREEEMNEBAREBBHNLERBEIL ST ERKE

B FeE &, FHRFE R E-F
BiAk BB 5 Ao A B FEAE, AR,
FEEPH, GHFFE, LB
W, B REEEKERFHE, 7
FEAH, ERTEEY. FRK
E 2 03T AR 6 BLAS AT A AL
JREGTERR, 3 L2 E a8 —— ¥t
RERE QB EIRARE G Bt 4
BmpiEnEaiEA L L4, HPF
LR E G BAL £ 51 R M. 2 90%
A AR B R 1 B IR R A A
R BEKEMEGBEEGELT, F
FRRER & & B YT VA SR 3 BT A e fif R
e | Rk, SR EE

46 ¥ Mg, STRALBERG & ¥ #f
REI, —Hr 4 HdrE CoF A
B8 B &) BaA 45 7 RS AT 23 | B 5 R 5t
BT ey kik, FlaF4EaulE 2455549
BE A R, TA X BKIRE, FR
R G B Kook F 4R % & B K.
MR EAR 2. AL EAOBGE L
WEmRERA £ W, L AR L
RYRTF AR E G B /2B AR5
FACE| XA, HARATEEE
IRB AR TR RANEY T W37 B A AT &
.

BRAZAT R R, R E OB ZE
H—Fr F AR A B AL e &
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B R eisanidAe, FT REHRE R
BANE A B IT O K R . LR & B
LERFE R Gmiey HELL, L
R Tk e mfiefa Az mpef 7, #
AL e AR e e RTAR Y, T A
MBEOMK MR EAOEEK LK
iE B R E R BT 6 F 6 0L A AR
FARE AR B fa oL ib 8 %
Bz, Ak, HAALEABEZ
B bm e A R 4 AP ¥ 5T A
LIU 5 B2 a4 % 25 A AL BRI7 4 7 06
TR EA 2R RAXKART D
T, 205 FERLEOAEEEY
B 7 LA 3NKR R HFELZE
BR% AN, Z55RERMEITNE
A Ky EAFR I — LR RE
B RAEAE T T M E AR m i
AR R G B 7 KR R GA B ARHME,
R IFR LR G B 7 R ¥ IR AL
R BB T SAN R B AT 0 K A
% DERA % % 3t 88 1) 4 AAF 50 4 N,
BB A R AN e 40 & A T R
A ¥ A7 4m R, F 2 4% & @ B Z mRNA 7K
FHESHTFEFLHE, FHEZLEERT
. B BRANIE S T e b e R
TG FR;, HE—FIRRALNAREE
B Z MRNA K-F5F % E 2R ZE 548
*x, H5HRBAETIFEEMX; %
KA AR AT BT, ARE
€ B Z mRNA % B i B S F= i B
AR AW 6 AR . SRk
RERGRERR, MREOHZTH
ARBIRGEAE (4550 ¥l £
WE RFEANEEH ) 691750 A AT E
Y., XA RTTUREOMR LT
EVE R A e, (2B AT RATA
Fo I FAFRANATIR Y, FEEIRAN
A9 B 50 R B A o 64 B AU

ML & 8 A T 8g bk 38 K,
A AT ATA I Ao B R ANE T BB )
Bk B 2% 5 KRS, mEF
A IS AR B R AN E - 16 RS
BB MEBEAR, E&FIOBELEMITE
W R TN T TRRRNA R A SRR,
18 i e FAE RN T 8 Fh 4l
LERAHE 5 NEHET EEZA L
XIK, HMRMHRANL, FiERME
HACHE T %, T Re) B R & & A e
RE&, DA THEfLR, b, it
KRR R IR BEAT AL 6 KT % 3K
M, #H—PIEE T LT EM, 4
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LEABR IO GHEETHRAE > 30
% H< 45 5 ABEF RAEANEFE
ey e, L AUBEO 7 R
A TR A= 0 BB IR AN IR 49 AL A A
FIATIRAE TIRIE, ALZRAA XS
I B R BRANSE G FT IR AR

ZRARAGETRRZAL: B,
HAABEABMAT, —ZAE
R T L5 T LAY BF 693 7 M4
HKR, HBEL R FE REIACHF
RABR), BPARIT 25 F2 0 X7
T F o6, 1R EHRE R
%R T F M RO, R,
LR FRR P AAE > 30 & H< 45 H A
BEP AR B AR E G B 7 AR KT
Loy RBE, T A5 F A LB AEEF
A EINKIL, EXEHRE LR
BRMAR AN RRADE AT KA
A P8y F i R Ao AT
BB XIAVAIRIELE B, VAAH T RGN E
B8 RALFT AL A .

it Rl WP B K F R R T HIE
TRTE.

& Tmk: SoRBFR WAL, &
—. —MH Rk, FTAKEERTRAEIIRE.

FlEsR: LFaaik 2o, AR
R AL ERE AT REEANZF R,

FRUGREAERR: X & —FFHRRLE,

AT (FoifEFHTHIY “F L - FH LA
1R - AR 7 XEF 407 F, E4HEFA

BT, RFMAIER Lt BT R
N G, By &, BB AFIERA P
. TR BN A TR k. B4
FL IR, FAZEZ R, ARG
SRR LI TR AR,

FRAREEIL: S R AT AR b S 43
BET FRASE L,

S : ZXFREEFTTERES N
FHBERE AFRAHAZREREFEZH
FlhiE S LR FNRY . LF R
WE LRI G LR A GHITIREE. L
FHANRATINF F ZREFINF, FATIFBGAS
XEFLSWFILABEE.

4 ZEEk References

[1] BUCK DW 2ND, DUMANIAN GA. Bone
biology and physiology: Part |. The
fundamentals. Plast Reconstr Surg. 2012;
129(6):1314-1320.

[2] CHILIBECK PD, SALE DG, WEBBER CE.
Exercise and bone mineral density. Sports
Med. 1995;19(2):103-122.

(3]

(10]

(11]

(12]

(13]

(14]

CHEN M, GERGES M, RAYNOR WY, et al.
State of the Art Imaging of Osteoporosis.
Semin Nucl Med. 2024;54(3):415-426.

LIU K, LIU P, LIU R, et al. Relationship
between serum leptin levels and bone
mineral density: a systematic review and
meta-analysis. Clin Chim Acta. 2015;444:
260-263.

LEE S, KIM JH, JEON YK, et al. Effect of
adipokine and ghrelin levels on BMD

and fracture risk: an updated systematic
review and meta-analysis. Front Endocrinol
(Lausanne). 2023;14:1044039.

HARTLEY A, SANDERSON E, GRANELL

R, et al. Using multivariable Mendelian
randomization to estimate the causal effect
of bone mineral density on osteoarthritis
risk, independently of body mass index. Int J
Epidemiol. 2022;51(4):1254-1267.

GIELEN E, DUPONT J, DEJAEGER M, et al.
Sarcopenia, osteoporosis and frailty.
Metabolism. 2023;145:155638.

LASKOU F, FUGGLE NR, PATEL HP, et al.
Associations of osteoporosis and sarcopenia
with frailty and multimorbidity among
participants of the Hertfordshire Cohort
Study. J Cachexia Sarcopenia Muscle. 2022;
13(1):220-229.

TR, BEY, BeZ  HARANEE
R VI B B ' 9 A P LA e (R 5
BERE D] HEERIRSE 254 ,2023,44(3):
413-419.

YADATI T, HOUBEN T, BITORINA A, et al. The
Ins and Outs of Cathepsins: Physiological
Function and Role in Disease Management.
Cells. 2020;9(7):1679.

# K, TR AR R I E RS
YK 5 2 FERAR SRS T D). A e
% 5k PR ,2021,18(9):1323-1325.

LEE GH, HOANG TH, LEE HY, et al. Ramie
leaf Extract Alleviates Bone Loss in
Ovariectomized Rats-The Involvement of
ROS and Its Associated Signalings. Nutrients.
2023;15(3):745.

LU J, WANG M, WANG Z, et al. Advances in
the discovery of cathepsin K inhibitors on
bone resorption. J Enzyme Inhib Med Chem.
2018;33(1):890-904.

GAO LH, LI SS, YUE H, et al. Associations

of Serum Cathepsin K and Polymorphisms
in CTSK Gene With Bone Mineral Density
and Bone Metabolism Markers in
Postmenopausal Chinese Women. Front
Endocrinol (Lausanne). 2020;11:48.

(15]

(16]

(17]

(18]

(19]

[20]

(21]

(22]

(23]

(24]

[25]

CLAYTON GL, GONCALVES A, SOARES, et al.
A framework for assessing selection

and misclassification bias in mendelian
randomisation studies: an illustrative
example between body mass index and
covid-19. BMJ. 2023;381:e072148.
NAZARZADEH M, PINHO-GOMES AC, BIDEL
Z, et al. Plasma lipids and risk of aortic valve
stenosis: a Mendelian randomization study.
Eur Heart J. 2020;41(40):3913-3920.
BURGESS S, SCOTT RA, TIMPSON NJ,

et al. EPIC- InterAct Consortium. Using
published data in Mendelian randomization:
a blueprint for efficient identification of
causal risk factors. Eur J Epidemiol. 2015;
30(7):543-552.

BURGESS S, DAVEY SMITH G, DAVIES NM,
et al. Guidelines for performing Mendelian
randomization investigations: update

for summer 2023. Wellcome Open Res.
2023;4:186.

SKRIVANKOVA VW, RICHMOND RC, WOOLF
BAR, et al. Strengthening the Reporting of
Observational Studies in Epidemiology Using
Mendelian Randomization: The STROBE-MR
Statement. JAMA. 2021;326(16):1614-1621.
BURGESS S, THOMPSON SG. Bias in causal
estimates from Mendelian randomization
studies with weak instruments. Stat Med.
2011;30(11):1312-1323.

HE , BRI, Fm . RERBENLL
TRBAT B 5 RO O AR I DR 2R
RIK ). EF B RA A & ,2023,29(4):
512-517.

CODD V, NELSON CP, ALBRECHTE, et al.
Identification of seven loci affecting mean
telomere length and their association
with disease. Nat Genet. 2013;45(4):
422-427.

LI'W, LU Q, QIAN J, et al. Assessing the
causal relationship between genetically
determined inflammatory biomarkers and
low back pain risk: a bidirectional two-
sample Mendelian randomization study.
Front Immunol. 2023;14:1174656.

LEVIN MG, JUDY R, GILL D, et al. Genetics
of height and risk of atrial fibrillation: A
Mendelian randomization study. PLoS Med.
2020;17(10):e1003288.

CODD V, NELSON CP, ALBRECHTE, et al.
Identification of seven loci affecting mean
telomere length and their association

with disease. Nat Genet. 2013;45(4):
422-427e4272.

Chinese Journal of Tissue Engineering Research | Vol 29 | No.12 | April 2025 | 2629



(O

PEERTIZHR

www.CITER.com Chinese Journal of Tissue Engineering Research

KT

[26]

(27]

(28]

[29]

(30]

(31]

(32]

(33]

(34]

(35]

ZHAO J, WANG J, XU H, et al. Intervertebral
Disk Degeneration and Bone Mineral
Density: A Bidirectional Mendelian
Randomization Study. Calcif Tissue Int.
2024;114(3):228-236.

YUAN S, MIAO Y, RUAN X, et al. Therapeutic
role of interleukin-1 receptor antagonist

in pancreatic diseases: mendelian
randomization study. Front Immunol.
2023;14:1240754.

HAN'Y, ZHANG Y, ZENG X. Assessment

of causal associations between uric acid
and 25-hydroxyvitamin D levels. Front
Endocrinol (Lausanne). 2022;13:1024675.
BURGESS S, DUDBRIDGE F, THOMPSON
SG. Combining information on multiple
instrumental variables in Mendelian
randomization: comparison of allele score
and summarized data methods. Stat Med.
2016;35(11):1880-906.

BURGESS S, BUTTERWORTH A, THOMPSON
SG. Mendelian randomization analysis with

multiple genetic variants using summarized

data. Genet Epidemiol. 2013;37(7):658-665.

LI'W, LU Q, QIAN J, et al. Assessing the
causal relationship between genetically
determined inflammatory biomarkers and
low back pain risk: a bidirectional two-
sample Mendelian randomization study.
Front Immunol. 2023;14:1174656.

YUAN S, MIAO Y, RUAN X, et al. Therapeutic
role of interleukin-1 receptor antagonist
in pancreatic diseases: mendelian
randomization study. Front Immunol.
2023;14:1240754.

LU Y, WANG Z, ZHENG L. Association of
smoking with coronary artery disease

and myocardial infarction: A Mendelian
randomization study. Eur J Prev Cardiol.
2021;28(12):e11-e12.

BOWDEN J, DAVEY SMITH G, HAYCOCK
PC, et al. Consistent Estimation in
Mendelian Randomization with Some
Invalid Instruments Using a Weighted
Median Estimator. Genet Epidemiol. 2016;
40(4):304-314.

BOWDEN J, DEL GRECO MF, MINELLI C,

et al. Assessing the suitability of
summary data for two-sample Mendelian
randomization analyses using MR-Egger
regression: the role of the 12 statistic. Int J
Epidemiol. 2016;45(6):1961-1974.

(36]

[37]

(38]

(39]

[40]

[41]

[42]

[43]

[44]

[45]

BOWNDEN J, DEL GRECO MF, MINELLI C,

et al. Improving the accuracy of two-sample
summary-data Mendelian randomization:
moving beyond the NOME assumption. Int J
Epidemiol. 2019;48(3):728-742.
MATSUZAKI M, PANT R, KULKARNI B, et al.
Comparison of Bone Mineral Density
between Urban and Rural Areas: Systematic
Review and Meta-Analysis. PLoS One. 2015;
10(7):e0132239.

YUAN J, JIA P, ZHOU JB. Comparison of Bone
Mineral Density in US Adults With Diabetes,
Prediabetes and Normoglycemia From
2005 to 2018. Front Endocrinol (Lausanne).
2022;13:890053.

PLUSKIEWICZ W, ADAMCZYK P, DROZDZOWSKA
B. Glucocorticoids Increase Fracture Risk
and Fracture Prevalence Independently
from Bone Mineral Density and Clinical

Risk Factors: Results from the Gliwice
Osteoporosis (GO) Study. Horm Metab Res.
2022;54(1):20-24.

BLAIR HC, KAHN AJ, CROUCH EC, et al.
Isolated osteoclasts resorb the organic and
inorganic components of bone. J Cell Biol.
1986;102(4):1164-1172.

BILLINGTON EO, MAHAJAN A, BENHAM

JL, et al. Effects of probiotics on bone
mineral density and bone turnover: A
systematic review. Crit Rev Food Sci Nutr.
2023;63(19):4141-4152.

SHOREY S, HEERSCHE JN, MANOLSON

MF. The relative contribution of cysteine
proteinases and matrix metalloproteinases
to the resorption process in osteoclasts
derived from long bone and scapula. Bone.
2004;35(4):909-917.

STRALBERG F, KASSEM A, KASPRZYKOWSKI
F, et al. Inhibition of lipopolysaccharide-
induced osteoclast formation and bone
resorption in vitro and in vivo by cysteine
proteinase inhibitors. J Leukoc Biol. 2017;
101(5):1233-1243.

HOLZER G, NOSKE H, LANG T, et al. Soluble
cathepsin K: a novel marker for the
prediction of nontraumatic fractures? J Lab
Clin Med. 2005;146(1):13-17.

LANG TH, WILLINGER U, HOLZER G. Soluble
cathepsin-L: a marker of bone resorption
and bone density? J Lab Clin Med.
2004;144(3):163-166.

2630 | PEHERTIEWR | 5529% | 5128 | 2025F48

[46]

(47]

(48]

(49]

(50]

(51]

(52]

(53]

WILSON TJ, NANNURU KC, SINGH RK.
Cathepsin G-mediated activation of pro-
matrix metalloproteinase 9 at the tumor-
bone interface promotes transforming
growth factor-beta signaling and bone
destruction. Mol Cancer Res. 2009;7(8):
1224-1233.

JEVNIKAR Z, OBERMAJER N, BOGYO M,

et al. The role of cathepsin X in the migration
and invasiveness of T lymphocytes. J Cell
Sci. 2008;121(Pt 16):2652-2661.

CAI X, GAO C, SONG H, et al.
Characterization, expression profiling and
functional characterization of cathepsin Z
(CTSZ) in turbot (Scophthalmus maximus L.).
Fish Shellfish Immunol. 2019;84:599-608.
UDAGAWA N, TAKAHASHI N, AKATSU

T, et al. Origin of osteoclasts: mature
monocytes and macrophages are capable
of differentiating into osteoclasts under a
suitable microenvironment prepared by
bone marrow-derived stromal cells. Proc
Natl Acad Sci U S A. 1990;87(18):7260-7264.
TROEN BR. The role of cathepsin Kin normal
bone resorption. Drug News Perspect.
2004;17(1):19-28.

STAUDT ND, AICHER WK, KALBACHER

H, et al. Cathepsin X is secreted by

human osteoblasts, digests CXCL-12

and impairs adhesion of hematopoietic
stem and progenitor cells to osteoblasts.
Haematologica. 2010;95(9):1452-1460.

LIU M, GOSS PE, INGLE JN, et al. Aromatase
inhibitor-associated bone fractures: a case-
cohort GWAS and functional genomics.

Mol Endocrinol. 2014;28(10):1740-1751.
DERA AA, RANGANATH L, BARRACLOUGH

R, et al. Cathepsin Z as a novel potential
biomarker for osteoporosis. Sci Rep. 2019;
9(1):9752.

( FATg%E: GW, ZN, WL, ZL)



