How We Can Kiss Weak Bones Goodbye
By Fatima Miranda Chavez

Picture a bridge over a river that connects two sides of a city. When the bridge was
first built, the bridge was strong and sturdy, able to support heavy loads and different
weather conditions. However, as years and years pass by, that bridge is constantly
run by traffic, exposed to different weather and other factors that day by day take its
toll on the bridge and its structure.

The bridge will eventually show its scars of wear and signs of deterioration. There will
be cracks in the concrete road, the rusting of its metal foundations, and the weakening
of the deck; all of these characteristics compromise the bridge’s overall integrity and
further the bridge’s risk of collapsing.

Just like the weakening of the bridge, in a bone loss disorder called osteoporosis, our
bones begin to lose their structural integrity and strength as we age'. Different factors
affect our bones and their susceptibility to fractures, such as gender, hormones, age,
diet, and a variety of other environmental factors?.

Osteoporosis increases fracture susceptibility, especially in the hip, spine, and wrist,
and is responsible for hospitalization costs of $22 billion per year in the United
States®*. In addition to the economic burden, osteoporosis fractures lead to
disabilities, physical limitations, and lower quality of life for those afflicted®.

Women over 50 have a significantly higher risk of experiencing osteoporotic fractures
compared to men over 50 worldwide®. This gender disparity is attributed to the
hormonal changes brought on by menopause, specifically the decrease in estrogen
levels’.

Estrogen is a hormone that helps balance where energy is distributed in our body and
where it will be used, as well as regulating our bone’s stability®. Different types of
estrogen are made in our bodies. The most common form is E2 (estradiol), which helps
increase energy delivery and bone maintenance®.

Bones are maintained by two types of cells—osteoclasts and osteoblasts (side note:
the prefix “osteo” refers to bone). Osteoclasts are cells that tear down bone; think of
them as osteo-cleaners. Osteoblasts are cells that build bone'®; think of them as osteo-
builders. Estrogen helps bone directly by managing osteoclasts in lowering their
activity levels; in other words, estrogen helps limit the tearing down of bone.

When older women go through menopause, their estrogen levels go down. This means
that osteoclasts will be a lot more active due to the low levels of estrogen’'. We end up
with too much bone being broken down while too little bone is being remade. Well, that
sounds like a bone loss disorder to me! This is exactly what is happening in
osteoporosis.



Does bone loss always occur because of low estrogen levels? Well, that is not always
the case!

After women give birth, their E2 levels decline similar to women going through
menopause. However, we see a huge amount of activity in osteoblasts in these new
mothers, which is not seen in postmenopausal women.

So, the irregularity in new mothers is that, while they should be losing bone mass due
to low levels of E2, they are not. Instead, they lose bone mass because of the requisite
calcium loss that occurs when making milk for their newborn.

However, most women who breastfeed will eventually gain their bone mass back once
they stop producing milk™. This is not true for postmenopausal women, even though
they both share low levels of E2. Weird, right!?

Researchers are currently trying to understand the mechanism behind why new
mothers experience high levels of activity from osteoblasts despite having low levels of
E2. Understanding this mechanism could further increase therapeutic potential for
combating bone loss disorders, such as osteoporosis, in women!

Aside from the effect of E2’s direct work on bones, studies are showing that the
relationship between the brain’s central nervous system with estrogen plays a role in
bone regulation. In 2019, Dr. Candice B. Herber and fellow researchers helped shed
light on the brain-estrogen relationship when they found that some estrogen levels in
the brain can prevent bone from being formed in women'®.

When the research team removed a specific protein (estrogen receptor alpha) in the
brain of mice, through
the magic of science,
they saw these mice
develop stronger
bones compared to
regular mice'® (fig.1).
The specific neurons
targeted in the brain
were Kiss1 neurons
that had these
estrogen proteins. Well, | guess you can kiss them goodbye because we need these
stronger bones!

Regular mouse bone Experimental mouse bone

Figure 1. Three-dimensional (3D) images taken by Dr. Candice B. Herber and research group. Images
come from scanning a regular mouse bone and their experimental mouse bone. The experimental
mouse bone came from mice that had the estrogen protein removed (estrogen receptor alpha). The
image represents the difference in bone density between the two mice’.



But what is it about these Kiss7 neurons that cause stronger bones to form when you
remove these estrogen proteins?

Well, in 2023, Dr. Muriel E. Babey and their team discovered that Kiss7 neurons release
a specific hormone called Cellular Communication Network factor 3 (CCN3) when a
mother is breastfeeding and experiencing naturally low estrogen levels. This hormone
acted like a bone-building hormone that promoted the same strong bones in the mice
Candice B. Herber used. Researchers noted that the hormone steps in when estrogen
lowers in new mothers'’!

In the UC Dauvis lab | will be working for this upcoming summer of 2024, we plan to
further investigate the next piece of the puzzle that this hormone connects to.
Understanding the communication path that is occurring could further our fight against
osteoporosis and other bone loss disorders! Stay tuned for our next step!

References

1. Foger-Samwald, Ursula, Peter Dovjak, Ursula Azizi-Semrad, Katharina Kerschan-
Schindl, and Peter Pietschmann. “Osteoporosis: Pathophysiology and Therapeutic
Options.” EXCLI Journal 19 (July 20, 2020): 1017-37.
https://doi.org/10.17179/excli2020-2591.

2. “Osteoporosis Risk Factors.” Accessed April 7, 2024.
https://dhhr.wv.gov/hpcd/FocusAreas/osteoporosis/Pages/Osteo-Risk-Factors.aspx.

3. Singer, A., M. R. McClung, O. Tran, C. D. Morrow, S. Goldstein, R. Kagan, M.
McDermott, and A. Yehoshua. “Treatment Rates and Healthcare Costs of Patients with
Fragility Fracture by Site of Care: A Real-World Data Analysis.” Archives of
Osteoporosis 18, no. 1 (2023): 42. https://doi.org/10.1007/s11657-023-01229-7.

4. General (US), Office of the Surgeon. “The Frequency of Bone Disease.” In Bone
Health and Osteoporosis: A Report of the Surgeon General. Office of the Surgeon
General (US), 2004. https://www.ncbi.nim.nih.gov/books/NBK45515/.

5. Blume, Steven W, and JR Curtis. “MEDICAL COSTS OF OSTEOPOROSIS IN THE
ELDERLY MEDICARE POPULATION.” Osteoporosis International : A Journal
Established as Result of Cooperation between the European Foundation for
Osteoporosis and the National Osteoporosis Foundation of the USA 22, no. 6 (June
2011): 1835-44. https://doi.org/10.1007/s00198-010-1419-7.

6. “Epidemiology of Osteoporosis and Fragility Fractures | International Osteoporosis
Foundation.” Accessed February 24, 2024. https://www.osteoporosis.foundation/facts-
statistics/epidemiology-of-osteoporosis-and-fragility-fractures#ref bottom 1.



https://doi.org/10.17179/excli2020-2591
https://dhhr.wv.gov/hpcd/FocusAreas/osteoporosis/Pages/Osteo-Risk-Factors.aspx
https://doi.org/10.1007/s11657-023-01229-7
https://www.ncbi.nlm.nih.gov/books/NBK45515/
https://doi.org/10.1007/s00198-010-1419-7
https://www.osteoporosis.foundation/facts-statistics/epidemiology-of-osteoporosis-and-fragility-fractures#ref_bottom_1
https://www.osteoporosis.foundation/facts-statistics/epidemiology-of-osteoporosis-and-fragility-fractures#ref_bottom_1

7. Cheng, Chu-Han, Li-Ru Chen, and Kuo-Hu Chen. “Osteoporosis Due to Hormone
Imbalance: An Overview of the Effects of Estrogen Deficiency and Glucocorticoid
Overuse on Bone Turnover.” International Journal of Molecular Sciences 23, no. 3
(January 25, 2022): 1376. https://doi.org/10.3390/ijms23031376.

8. Boras-Granic, Kata, Joshua VanHouten, Minoti Hiremath, and John Wysolmerski.
“Parathyroid Hormone-Related Protein Is Not Required for Normal Ductal or Alveolar
Development in the Post-Natal Mammary Gland.” PLOS ONE 6, no. 11 (November 8,
2011): e27278. https://doi.org/10.1371/journal.pone.0027278.

9. Foger-Samwald, Ursula, Peter Dovjak, Ursula Azizi-Semrad, Katharina Kerschan-
Schindl, and Peter Pietschmann. “Osteoporosis: Pathophysiology and Therapeutic
Options.” EXCLI Journal 19 (July 20, 2020): 1017-37.
https://doi.org/10.17179/excli2020-2591.

10. Ambrosi, Thomas H., Michael T. Longaker, and Charles K. F. Chan. “A Revised
Perspective of Skeletal Stem Cell Biology.” Frontiers in Cell and Developmental Biology
7 (2019). https://www.frontiersin.org/articles/10.3389/fcell.2019.00189.

11. Keen, Mansoor U., and Anil Kumar Reddy Reddivari. “Osteoporosis in Females.” In
StatPearls. Treasure Island (FL): StatPearls Publishing, 2023.
http://www.ncbi.nim.nih.gov/books/NBK559156/.

12. Babey, Muriel E., William C. Krause, Candice B. Herber, Kun Chen, Joni Nikkanen,
Ruben Rodriquez, Xiao Zhang, et al. “Brain-Derived CCN3 Is An Osteoanabolic
Hormone That Sustains Bone in Lactating Females.” bioRxiv, November 16, 2023.
https://doi.org/10.1101/2023.08.28.554707.

13. Park, Clara Yongjoo. “Breastfeeding for One Month or Longer Is Associated with
Higher Risk of Osteoarthritis in Older Adults: NHANES 1999-2012.” Clinical Nutrition
Research 6, no. 4 (October 2017): 277-84. https://doi.org/10.7762/cnr.2017.6.4.277.

14. Mahadevan, Shriraam, V. Kumaravel, and R. Bharath. “Calcium and Bone
Disorders in Pregnancy.” Indian Journal of Endocrinology and Metabolism 16, no. 3
(2012): 358-63. https://doi.org/10.4103/2230-8210.95665.

15. Salari, Pooneh, and Mohammad Abdollahi. “The Influence of Pregnancy and
Lactation on Maternal Bone Health: A Systematic Review.” Journal of Family &
Reproductive Health 8, no. 4 (December 2014): 135-48.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4266784/.

16. Herber, Candice B., William C. Krause, Liping Wang, James R. Bayrer, Alfred Li,
Matthew Schmitz, Aaron Fields, et al. “Estrogen Signaling in Arcuate Kiss1 Neurons
Suppresses a Sex-Dependent Female Circuit Promoting Dense Strong Bones.” Nature


https://doi.org/10.3390/ijms23031376
https://doi.org/10.1371/journal.pone.0027278
https://doi.org/10.17179/excli2020-2591
https://www.frontiersin.org/articles/10.3389/fcell.2019.00189
http://www.ncbi.nlm.nih.gov/books/NBK559156/
https://doi.org/10.1101/2023.08.28.554707
https://doi.org/10.7762/cnr.2017.6.4.277
https://doi.org/10.4103/2230-8210.95665
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4266784/

Communications 10 (January 11, 2019): 163. https://doi.org/10.1038/s41467-018-
08046-4.

17. Ambrosi, Thomas H., Rahul Sinha, Holly M. Steininger, Malachia Y. Hoover,
Matthew P. Murphy, Lauren S. Koepke, Yuting Wang, et al. “Distinct Skeletal Stem Cell
Types Orchestrate Long Bone Skeletogenesis.” eLife 10 (July 19, 2021): e66063.
https://doi.org/10.7554/elL ife.66063.



https://doi.org/10.1038/s41467-018-08046-4
https://doi.org/10.1038/s41467-018-08046-4
https://doi.org/10.7554/eLife.66063

