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The cave of Altamira, Spain…

First discovery from prehistory that palaeolitic people were capable of creating art works 
such as painting (Marcelino Sanz de Sautuola)





Take home message 1

The musculoskeletal system in male differs 
evolutionary from females

Scientific American



Could sex hormones be a major driver in 
musculoskeletal system?



.
scRNAseq image provided by Zuzanna Lukasik

The universe of single cell RNA 
sequencing
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ESR1 (oestrogeen receptor alpha) PGRMC1 (progesterone signaling) AR (androgeen receptor)

Expression of sex hormone receptors in 
human muscle

0

https://www.sciencedirect.com/science/article/pii/S1550413124004935?via%3Dihub)Thibaux Van der stede

https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS1550413124004935%3Fvia%253Dihub&data=05%7C02%7CDirk.Elewaut%40UGent.be%7Cc48775cee5ca4fcd247108de27759da3%7Cd7811cdeecef496c8f91a1786241b99c%7C1%7C0%7C638991583402527856%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=al5v6yIHUJXbSctbggXw97MECxZjFdyD%2F9SoI3zFYF0%3D&reserved=0


Expression of sex hormone receptors in 
human synovium (AMP consortium)

ESR1 (oestrogeen receptor alpha) AR (androgeen receptor)PGRMC1 (progesterone signaling)
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https://www.cell.com/iscience/fulltext/S2589-0042(24)00929-5)

https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.cell.com%2Fiscience%2Ffulltext%2FS2589-0042(24)00929-5&data=05%7C02%7CDirk.Elewaut%40UGent.be%7Cc48775cee5ca4fcd247108de27759da3%7Cd7811cdeecef496c8f91a1786241b99c%7C1%7C0%7C638991583402556510%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=vB3hHS%2BdJnA5Zw5PpGPuVcWVXhmVetAeyKkxzhsaxQo%3D&reserved=0
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.cell.com%2Fiscience%2Ffulltext%2FS2589-0042(24)00929-5&data=05%7C02%7CDirk.Elewaut%40UGent.be%7Cc48775cee5ca4fcd247108de27759da3%7Cd7811cdeecef496c8f91a1786241b99c%7C1%7C0%7C638991583402556510%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=vB3hHS%2BdJnA5Zw5PpGPuVcWVXhmVetAeyKkxzhsaxQo%3D&reserved=0
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.cell.com%2Fiscience%2Ffulltext%2FS2589-0042(24)00929-5&data=05%7C02%7CDirk.Elewaut%40UGent.be%7Cc48775cee5ca4fcd247108de27759da3%7Cd7811cdeecef496c8f91a1786241b99c%7C1%7C0%7C638991583402556510%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=vB3hHS%2BdJnA5Zw5PpGPuVcWVXhmVetAeyKkxzhsaxQo%3D&reserved=0
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.cell.com%2Fiscience%2Ffulltext%2FS2589-0042(24)00929-5&data=05%7C02%7CDirk.Elewaut%40UGent.be%7Cc48775cee5ca4fcd247108de27759da3%7Cd7811cdeecef496c8f91a1786241b99c%7C1%7C0%7C638991583402556510%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=vB3hHS%2BdJnA5Zw5PpGPuVcWVXhmVetAeyKkxzhsaxQo%3D&reserved=0
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.cell.com%2Fiscience%2Ffulltext%2FS2589-0042(24)00929-5&data=05%7C02%7CDirk.Elewaut%40UGent.be%7Cc48775cee5ca4fcd247108de27759da3%7Cd7811cdeecef496c8f91a1786241b99c%7C1%7C0%7C638991583402556510%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=vB3hHS%2BdJnA5Zw5PpGPuVcWVXhmVetAeyKkxzhsaxQo%3D&reserved=0


Take home message 2

Broad expression within muscle

Tissue resident cells (fibroblasts & mural cells)
express sex hormone receptors

Endothelial cells selectively express progesterone receptors

Myeloid cells express estrogen and progesteron receptor 
but not androgen receptor

Overall surprisingly cellular selectivity of 
sex hormone receptors within synovium 



A positive control tissue



Manolagas SC, et al. Nature Reviews Endocrinology volume 9, pages 699–712 (2013)

Normal bone remodeling process and its 
regulations

https://www.nature.com/nrendo


Physiological and molecular sex 
differences in human skeletal muscle in 

response to exercise training



Phenotypic sex differences at baseline

Landen S et al. J Physiol 601.3 (2023) pp 419–434

endurance- & strength/power-related factors



Sex-specific molecular
mechanisms at rest

Landen S et al. J Physiol 601.3 (2023) pp 419–434



What happens in menopause?



Musculoskeletal syndrome of 
menopause: processes and signs

Wright VJ et al., Climacteric, 27:5, 466-472, DOI: 10.1080/13697137.2024.2380363



Bone



Impact of oestrogen deficiency & menopause on 
bone mineral density & bone turnover

Stokes G, et al. Clinical Endocrinology, 2025; 102:389–402



Annual lumbar spine BMD change with 
adjuvant endocrine breast cancer therapy

Stokes G, et al. Clinical Endocrinology, 2025; 102:389–402



Overview of bone health across the 
lifespan in women

Stokes G, et al. Clinical Endocrinology, 2025; 102:389–402



Muscle homeostasis and function



Pellegrino A, et al. Sports Medicine (2022) 52:2853–2869

Impact of oestrogen deficiency & menopause on 
muscle homeostasis 



The description of postmenopausal 
sarcopenia

Zhang C et al., Frontiers in Endrocinology 21 November 2024 DOI 10.3389/fendo.2024.1494972



Effect of Sex Hormones on Joint 
Ligament Properties?



Effect of the menstrual cycle on 
knee laxity

Gilmer G, et al. The American Journal of Sports Medicine 2025;53(11):2738–2748



Fibroblasts are gatekeepers of 
tendon & ligament homeostasis

Gracey et al., Nature Reviews Rheumatology 2020

Eric Gracey

Electron microscopy:
Mouse Achilles tendon, 1000x

Tenocyte
(Tendon 

fibroblast)

Collagen 
fibre

5000x

Collagen fibrils Proteoglycan-
water matrix

Guillaume Planckaert



The impact of the 17-estradiol type I 
procollagen production in ACL fibroblasts

Gilmer G, et al. The American Journal of Sports Medicine 2025;53(11):2738–2748



The impact of the 17-estradiol type III 
procollagen production in ACL fibroblasts

Gilmer G, et al. The American Journal of Sports Medicine 2025;53(11):2738–2748



Arthritis and menopause?



Rheumatoid arthritis incidence in post-
menopausal versus premenopausal women

Namavari N, Jokar M, Ghodsian A, Jahromi HK, Rahmanian V. Menopausal state and rheumatoid 
arthritis: a systematic review and meta-analysis. BMC Rheumatol. 2024 Sep 30;8(1):48. doi: 
10.1186/s41927-024-00418-2. PMID: 39350181; PMCID: PMC11441135.



Erosive hand osteoarthritis (OA):
a prevalent and distinct disease

a severe form of hand OA

Occurs mostly in postmenopausal women

radiological hallmark of EHOA is central 
erosion of the joint

characterized by the presence of signs of 
inflammation, which correlates with 
symptoms & appearance of bone erosions.

High clinical burden & unmet need

Ruth Wittoek & Gust Verbruggen Wittoek R, Verbruggen G, Vanhaverbeke T, Colman R, Elewaut D. Nat Med. 2024 Feb 15

Aim: To study the effect and tolerability of denosumab,

 a RANKL-inhibitor in erosive hand OA
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Denosumab 60mg (q 12 weeks)*, S.C. 

Placebo (q 12 weeks)*, S.C. 

Denosumab 60mg (q 12 weeks)*, S.C. 

Denosumab 60mg (q 12 weeks)*, S.C. 

Screen BL              Wk12      Wk24          Wk 36         Wk48            Wk 72                     Wk96 

Primary 
endpoint: 

GUSS

Methods: study design

Placebo-controlled phase Open-Label extension

* Supplemented with daily intake of calcium (1000mg) and vitamin D3 (880IU)



Results: primary endpoint

Mean change GUSS  at week 24

* Change compared to week 48

Placebo-controlled phase Open label extension



Results: secondary endpoint

New erosive joints at week 48
Placebo-controlled phase Open label extension



Results: exploratory endpoints

Placebo-controlled phase Open label extension





Conclusion

First proof of concept of succesfull structure modification in 
erosive hand OA by denosumab, a RANKL inhibitor

Osteoclast inhibition is a suitable strategy to target erosive 
progression in hand OA

Wittoek R, Verbruggen G, Vanhaverbeke T, Colman R, Elewaut D. Nat Med. 2024 Feb 15



Menopause may act as 
a second hit in roadmap to hand OA

Adapted from:
Scher JU, et al. Nat Rev Rheumatol. 2019;15:153-66;;Scher JU, et al. Nat Rev Rheumatol. 2020;16:282-92
Dheodar A and Elewaut D, Harrisson’s Principle of Internal Medicine 2025
. 
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Take home messages part 3

Sex hormones have a profound and pleiotropic 
effect on the musculoskeletal system

Estrogen loss linked to a myriad of symptoms in 
joints, muscle and ligaments

Menopause may act as “second hit” in at risk 
individuals to trigger some rheumatic diseases
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