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Short Communication
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DESCRIPTION

The uterine Leiomyosarcoma (LMS) represents 3%-7% of all
uterine cancers. This rare tumor has an annual incidence of 0.8
per 100,00 women. Unfortunately, LMS is well known for its
poor prognosis due to its high recurrence rate and resistance to
the currently available treatment options. These features open
the field for new therapeutic options.

The Hedgehog (HH) pathway is a mechanism and a signaling
cascade that directs the development of embryonic cells in
animals. Since its first discovery in the 1980’s, the HH pathway
has been identified to play a crucial role in many biological
processes,  including  embryonic  development, tissue
differentiation, and tissue maintenance. The activation of the
HH pathway promotes GLI translocation into the nucleus
leading to the overactivation of several target genes, which
regulate cell differentiation, proliferation and apoptosis, cell
cycle, DNA damage, angiogenesis, and adhesion, contributing to

the pathogenesis of diseases including cancer.

The activation of the HH signaling pathway has been
characterized in several types of female cancer, including breast,
ovarian, endometrium, cervical, and uterine leiomyosarcoma [1].
Several compounds have been identified to inhibit the HH
signaling pathway and can be categorized as HH ligand
inhibitors (HH neutralizing antibodies and small molecule
Robotnikinin), SMO antagonists {(cyclopamine and its
derivatives (IP1-926 and CycT)} and synthetic compounds such
as  Vismodegib and Sonidegib), and GLI transcriptional
inhibitors (Gant58 and Gant6l). Clinical applications of HH
pathway inhibitors have shown to significantly benefit preclinical
and clinical studies to treat several types of female cancer.

The role of the HH pathway in uterine LMS was first described
in 2016, where we characterized the protein expression of HH
components in LMS compared to benign uterine fibroids and
myometrium. We detected elevated expression of SMO and
GLI1 in LMS compared to uterine fibroids and normal
myometrium. We also observed that HH and protein levels of

SUFU, the negative regulator of HH pathway, were correlated
with poor prognosis in leiomyosarcoma [2]. However, we did not
observe the differential protein expression of SUFU among
myometrium, uterine fibroids, and leiomyosarcoma cells.

Targeting SMO and the GLIs have been demonstrated to be a
valuable strategy to block the HH signaling pathway activity and
suppress the tumor progression. In addition, SMO and GLI
inhibitors have been shown to exert an anti-cancer activity both
in wvitro and in vivo on different types of cancer. Several SMO
inhibitors are approved by the FDA and have been tested in
clinical trials showing promising results.

To further determine the role of the HH pathway in LMS, we
evaluated the effects of pharmacological inhibition of SMO
(LDE225 and GDC0449) and GLI (Gant58 and Gant61) in
LMS compared to in uterine smooth muscle, uterine fibroid
cells. We also evaluated the synergic effect of SMO or GLI
inhibitors with DNA Methyltransferases (DNMTs) inhibitor. Our
in vitro study demonstrated that SMO and GLIs (1,2 and 3)
expression was upregulated in LMS cells, with increased nuclear
levels of GLI proteins compared to the uterine fibroid and
uterine smooth muscle cells. Treatment with LDE225 (SMO
inhibitor) and Gant61 (GLI inhibitor) resulted in a significant
reduction in Glis protein levels in LMS cells. Additionally, the
expression of DNMTs (1,3a and 3b) and GLI1 nuclear expression
was significantly decreased after treatment with HH inhibitors in
LMS cells. Our results showed that inhibition of SMO, GLI, and
DNMTs is capable of suppressing LMS proliferation, migration,
and invasion. Notably, the combination treatments exhibited a
potentiated effect on LMS features via HH pathway deactivation

(3].

To assess the effect of HH inhibitors on suppression of LMS in
vivo, more recently, we evaluated the efficacy of HH inhibitors in
a leiomyosarcoma xenograft model. Our results showed that
although administration of SMO inhibitor (LDE225) in the
animal model of LMS was inefficient to suppress the tumor
growth, Gant6l as a GLI inhibitor exhibited a remarkable
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regression of the LMS growth with the significant decrease in
the expression of Gli and GLI-target genes BMP4 and ¢MYC.

CONCLUSION

In conclusion, our studies demonstrate that HH signaling and
epigenetic pathway are deregulated in leiomyosarcoma. Targeting
the HH pathway and DNMTs may provide effective options for
treating patients with leiomyosarcoma. Future studies are
encouraged to use the LMS PDX model [4], and test the efficacy
of HH inhibitors in combination with other drugs. The PDX
model possesses several advantages, which allow for effective
chronological tumor size monitoring, preserve tumor
heterogeneity and lineage hierarchy, and potential applications
in personalized medical treatments. In addition, conducting
studies on the role and mechanisms of HH ligands (SHH,
DHH, and IHH) as well as HH interaction with other vital
pathways in LMS cells is needed. Furthermore, deeper
mechanistic insights into LMS etiology and complexity genome

widely will lead to elucidating and targeting resistance
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mechanisms and identifying more effective drugs for the
treatment of patients with this aggressive cancer.

ACKNOWLEDGMENT

This work was supported in part by NIH (grant numbers: RO1
ES028615, RO1 HD094378, and U54 MD007602).

REFERENCES

1. Garcia N, Ulin M, AlHendy A, Yang Q. The role of hedgehog
pathway in female cancers. ] Cancer Sci Clin Ther. 2020; 4(4):487-98.

2. Garcia N, Bozzini N, Baiocchi G, da Cunha IW, Maciel GA, Soares
JM]J, et al. May sonic hedgehog proteins be markers for malignancy in
uterine smooth muscle tumors? Hum Pathol. 2016; 50:43-50.

3. Garcia N, Al-Hendy A, Baracat EC, Carvalho KC, Yang Q. Targeting
Hedgehog Pathway and DNA Methyltransferases in Uterine
Leiomyosarcoma Cells. Cells. 2020; 10(1):53.

4. Nakae R, Matsuzaki S, Serada S, Matsuo K, Shiomi M, Sato K, et al.
CD70 antibody-drug conjugate as a potential therapeutic agent for
uterine leiomyosarcoma. Am ] Obstet Gynecol. 2021; 224(2):e1-e23.


https://doi.org/10.26502/jcsct.5079089
https://doi.org/10.26502/jcsct.5079089
https://doi.org/10.1016/j.humpath.2015.08.026
https://doi.org/10.1016/j.humpath.2015.08.026
https://doi.org/10.1016/j.humpath.2015.08.026
https://doi.org/10.3390/cells10010053
https://doi.org/10.3390/cells10010053
https://doi.org/10.3390/cells10010053
https://doi.org/10.1016/j.ajog.2020.08.028
https://doi.org/10.1016/j.ajog.2020.08.028
https://doi.org/10.1016/j.ajog.2020.08.028

	Contents
	The Role of Hedgehog Pathway in Uterine Leiomyosarcoma
	DESCRIPTION
	CONCLUSION
	ACKNOWLEDGMENT
	REFERENCES


