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Lipocalin 2 induces self-limited inhibition of osteoblast differentiation of mesenchymal

stem cells
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Abstract: Objective To explore the role of lipocalin 2 (Lcn2) in bone development and senile osteoporosis. Methods Chromatin
immunoprecipitation with H3K27AC and H3K9Me3 antibodies coupled with massively parallel sequencing (ChIP-Seq) was
performed to analyze the changes in binding of modified histones at the Lcn2 gene locus in C3H10T1/2 mesenchymal stem
cells (MSCs) induced with osteogenic induction medium for 3 days. ITRAQ-MS/MS and ELISA were used to compare Lcn2
protein expressions in the cancellous bone and the serum between 16- and 3-month-old male mice. The effect of treatment with
recombinant Len2 protein on osteogenic differentiation of C3H10T1/2 cells was evaluated by detecting changes in ALP
expression, and Western blotting was performed to examine the changes in OSX and OCN expression. Results The expression
of Len2 protein in the cancellous bone and its serum levels were significantly higher in 16-month-old than in 3-month-old male
mice (P<0.01). In CBH10T1/2 cells, ALP expression level decreased significantly after treatment with recombinant Len2 protein
(P<0.05) accompanied by lowered protein expressions of OSX and OCN (P<0.05). Analysis with ROSE software revealed a
super enhancer in the Len2 gene region of C3H10T1/2 cells after osteogenesis induction. RNA-seq results confirmed that Lcn2
was among the top 4 up-regulated genes in C3H10T1/2 cells following osteogenic induction, and a super enhancer was also
detected in Zbtb16 gene, which showed the highest up-regulation after osteogenic induction. Real- time quantitative PCR
further confirmed that the mRNA level of Lcn2 increased sharply in C3H10T1/2 cells after osteogenic induction (P<0.001).
Conclusion Len2 is essential for normal osteogenic differentiation of MSCs, but its overexpression and excessive secretion in
aging induce self-limited inhibition of osteogenic differentiation of MSCs.
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Fig.1 Increased expression of lipocalin 2 (Lcn2) in the distal femoral cancellous bone of aged mice causes an increased serum level
of Len2. A: Up-regulated proteins in 16-month-old male mice analyzed with GO_BP functional annotation with Clusterprofiler,

which identified 4 oxidative stress-related proteins, including Lcn2. B: Specific fold upregulation of Len2. C: Serum level of Len2

in aged mice detected by ELISA (Mean+SD). **P<0.01.
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Fig.2 ALP staining of C3H/10T1/2 cells treated with recombinant lipocalin 2 protein (Lcn2 RP) at 7 days of osteogenic induction and

quantitative analysis of the results (Mean+SD). *P<0.05, **P<0.01.
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C3H10T1/2 [a] 58540 Len2 B R a7 A gl 5
AL, IR : R et B, Len2 6 PR X3
(L AR B E a5 (2 o D AR IR i s . Bk
AMFFE R , H3K27AC & 43 T45 i Ak B sl Fns
5 IX, 1M H3K9Me3 M) & 4 A S i iy 6 DR X3
SR , Len2 X1 MSC [ B o A B AR 201 , 74
PUAEAN R LA T - MSC R E M R st in Ak
Fri-2H A 1 H3K27ACLE Len2 JEPR i 3 1 X R A A
X B 25 A BH 35, B PR T R4l H3K27AC %
DL ROSE #1580 8 35854 Lon2 JE RN T H %S
FHHAGAAOT- 208 LT $27R Len2 J&: B 5e 4 iE
WL A BT . AR, e s il b -
H3K9me3 FEREE X I 145 B M EAE TR . X
BEZH B UM S 3 Len2 AY mRNA 655K -2 8

Len2 iXFiE & & B BARSE R E 734k, T2 AR
GY U ZZAM T B MU ARG HR Len2 AT REEA J )
ZRER BV R B IS R s VIO (R
ik B FEA A IB LL A BREEIHI MSC B4k

L5 LT R AR R, Len2 SER YR 37
DXL PATE BB P 58 02 i Lon2 3R3K 5 MiAE &4
/NEH Len2 Zeikatt—EHa 5 I S RAm il g B 4 43



© 1344 -

J South Med Univ, 2023, 43(8): 1339-1344

http://www.j-smu.com

e, 3878 Len2 7 A B M E 2 PRI RA a2
Rtk AL Len2 i) 747 B Bigiafe it 12
TEFERN , (ELIA T HE— P WA L TR 9 Len2 FIREAE/N
SRV Rsis 2 [ 4 PR RO R AR AL

B2k

[1] AnJ, Yang H, Zhang Q, et al. Natural products for treatment of
osteoporosis: the effects and mechanisms on promoting osteoblast-
mediated bone formation[J]. Life Sci, 2016, 147: 46-58.

[2] PD Amelio, C Tamone, F Sassi, et al. Teriparatide increases the
maturation of circulating osteoblast precursors [J]. Osteoporos Int,
2012, 23(4): 1245-53.

[3] McClung MR. Using osteoporosis therapies in combination[J]. Curr
Osteoporos Rep, 2017, 15(4): 343-52.

[4] Atsuchi W, Shigeki Y, Mikio N, et al. Osteosarcoma in Sprague-
Dawley mice after long-term treatment with teriparatide (human
parathyroid hormone (1-34))[J]. J Toxicol Sci, 2012, 37(3): 617-29.

[5] Whyte W, Orlando D, Hnisz D, et al. Master transcription factors and
mediator establish super-enhancers at key cell identity genes [J].
Cell, 2013, 153(2): 307-19.

[6] Miyamoto T, Kashima H, Yamada Y, et al. Lipocalin 2 enhances
migration and resistance against cisplatin in endometrial carcinoma
cells[J]. PLoS One, 2016, 11(5): e0155220.

[7] Mosialou I, Shikhel S, Liu JM, et al. MC4R-dependent suppression
of appetite by bone-derived lipocalin 2[J]. Nature, 2017, 543(7645):
385-90.

[8] Schmidt-Ott KM, Mori K, Li JY, et al. Dual action of neutrophil
gelatinase-associated lipocalin[J]. J Am Soc Nephrol, 2007, 18(2):
407-13.

[9] LiDH, Sun WY, Fu BW, etal. Lipocalin-2-The myth of its expression
and function[J]. Basic Clin Pharmacol Toxicol, 2020, 127(2): 142-51.

[10] Costa D, Lazzarini E, Canciani B, et al. Altered bone development
and turnover in transgenic mice over-expressing lipocalin-2 in bone
[T]. T Cell Physiol, 2013, 228(11): 2210-21.

[11] Capulli M, Rufo A, Teti A, et al. Global transcriptome analysis in
mouse calvarial osteoblasts highlights sets of genes regulated by
modeled microgravity and identifies a "mechanoresponsive
osteoblast gene signature"[J]. J Cell Biochem, 2009, 107(2): 240-52.

[12] Rucci N, Capulli M, Piperni SG, et al. Lipocalin 2: a new
mechanoresponding gene regulating bone homeostasis [J]. J Bone
Miner Res, 2015, 30(2): 357-68.

[13] Gong Y, Li Z, Zou S, et al. Vangl2 limits chaperone-mediated
autophagy to balance osteogenic differentiation in mesenchymal
stem cells[J]. Dev Cell, 2021, 56(14): 2103-20.¢9.

[14] Whyte W, Orlando D, Hnisz D, et al. Master transcription factors and
mediator establish super-enhancers at key cell identity genes [J].
Cell, 2013, 153(2): 307-19.

[15] Yang TL, Shen H, Liu A, et al. A road map for understanding

molecular and genetic determinants of osteoporosis [J]. Nat Rev
Endocrinol, 2020, 16(2): 91-103.

[16] Qadir A, Liang S, Wu Z, et al. Senile osteoporosis: the involvement
of differentiation and senescence of bone marrow stromal cells [J].
Int J Mol Sci, 2020, 21(1): E349.

[17] Chen Q, Shou P, Zheng C, et al. Fate decision of mesenchymal stem
cells: adipocytes or osteoblasts?[J]. Cell Death Differ, 2016, 23(7):
1128-39.

[18] Devlin MJ, Rosen CJ. The bone-fat interface: basic and clinical
implications of marrow adiposity [J]. Lancet Diabetes Endocrinol,
2015,3(2): 141-7.

[19] Compston JE, McClung MR, Leslie WD. Osteoporosis [J]. Lancet,
2019,393(10169): 364-76.

[20] Chan WCW, Tan Z, To MKT, et al. Regulation and role of
transcription factors in osteogenesis[J]. Int J Mol Sci, 2021, 22(11):
5445.

[21] Amarasekara DS, Yun H, Kim S, et al. Regulation of osteoclast
differentiation by cytokine networks[J]. Immune Netw, 2018, 18(1):
e8.

[22] Farr Joshua N, Fraser Daniel G, Wang HT, et al. Identification of
senescent cells in the bone microenvironment[J]. ] Bone Miner Res
OffJ Am Soc Bone Miner Res, 2016, 31(11): 1920-9.

[23] Birch J, Gil J. Senescence and the SASP: many therapeutic avenues
[J]. Genes Dev, 2020, 34(23-24): 1565-76.

[24] Tang QQ, Otto TC, Lane MD. Commitment of C3H10T1/2 pluripo-
tent stem cells to the adipocyte lineage[J]. Proc Natl Acad Sci USA,
2004, 101(26): 9607-11.

[25] Lim WH, Wong G, Lim EM, et al. Circulating lipocalin 2 levels
predict fracture-related hospitalizations in elderly women: a pro-
spective cohort study[J |. ] Bone Miner Res, 2015, 30(11): 2078-85.

[26] #{IF4x. SMAIM Len2 25-(OH)2D3 ik S48 5 Bsibvie
HEEEMICRLT]. P2y, 2021, 42(06): 70-2.

(27 e, F0SOR, BT, AIRBUS R 1 2 LR ) sE 20
LR AR BTBAR N SR EE T ). e Signd MR, 2018, 35
(5):4.

[28] Ferreira AC, D4 Mesquita S, Sousa JC, et al. From the periphery to
the brain: Lipocalin-2, a friend or foe? [7]. Prog Neurobiol, 2015,
131: 120-36.

[29] Al Nimer F, Elliott C, Bergman J, et al. Lipocalin-2 is increased in
progressive multiple sclerosis and inhibits remyelination[J]. Neurol
Neuroimmunol Neuroinflamm, 2016, 3(1): e191.

[30] Suk K. Lipocalin-2 as a therapeutic target for brain injury: an astro-
centric perspective[ J]. Prog Neurobiol, 2016, 144: 158-72.

[31] Srivastava A, Barth E, Ermolaeva MA, et al. Tissue-specific gene
expression changes are associated with aging in mice[J]. Genomics
Proteomics Bioinformatics, 2020, 18(4): 430-42.

[32] Schmeisser K, Parker JA. Pleiotropic effects of mTOR and autophagy
during development and aging[J]. Front Cell Dev Biol, 2019, 7: 192.

(it 22 15%)



