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What are Stem Cells?

• Stem cells are the body's raw materials

- can divide & renew through cell division for 

long periods of time

• Stem cells are an unspecialized population

• Stem cells can give rise to specialized cells 

after division in a process called 

differentiation



Stem Cells for Female Reproductive Disorders

Nair, Journal of Ovarian Research 2025



Potency of Stem Cells

전능성

만능성

다능성



Pluripotent Stem Cells

Hoang. Signal Transduct Target Ther. 2022



Embryonic Stem Cells Based Therapy

• Mouse ESCs are converted into primordial germ cells 

and epiblast like cells, by various growth factors



Embryonic Stem Cells Based Therapy
• No approved stem cell-based therapies for preserving ovarian function 

during aging

• Human CHA-hES15 ESCs (Korea Stem Cell Registry No. hES12010028)

→ human ESC-MPCs

• Natural perimenopausal mouse model, 10 months of age



Embryonic Stem Cells Based Therapy

• Increased primordial follicles

• Normalized estradiol levels

• Restored estrous cycles

• Higher embryonic development & 

live birth rates



Embryonic Stem Cells Based Therapy

• Reduced ovarian fibrosis by downregulating 

inflammation & fibrosis-related genes

via the suppression of myeloid-derived suppressor 

cells (MDSCs) produced in the bone marrow

pro-inflammatory cytokines / pro-fibrotic macrophage / pro-fibrotic genes



Induced Pluripotent Stem Cells Based Therapy

Reprogramming transcription factors

• Induced Human pluripotent stem cells (hPSCs)
→ primordial germ cell–like cells (hPGCLCs)
→ oogonia-like cells during a long-term in vitro culture (4 months) in 
xenogeneic reconstituted ovaries with mouse embryonic ovarian somatic 
cells



Induced Pluripotent Stem Cells Based Therapy

Reprogramming transcription factors

• Genomic instability

• Potential residual epigenetic memory

• Teratoma formation

• Low germ cell differentiation

• Incomplete meiotic progression

• Induced Human pluripotent stem cells (hPSCs)
→ primordial germ cell–like cells (hPGCLCs)
→ oogonia-like cells during a long-term in vitro culture (4 months) in 
xenogeneic reconstituted ovaries with mouse embryonic ovarian somatic 
cells



Mesenchymal Stem Cells

Hoang. Signal Transduct Target Ther. 2022; Uccelli. Nature Reviews. 2008

• MSCs can be derived from different adult tissues

- originating from the mesodermal layer of adult tissues

• Proliferative
• Self-renewal
• Differentiation to different lineages



Mesenchymal Stem Cells Based Therapy

Juárez-Navarro. Stem CellsInternational. 2020



MSC = (Multipotent) Mesenchymal Stromal Cells ?

• Investigators report studies of multipotent mesenchymal stromal cells using different methods of isolation and 

expansion, and different approaches to characterizing the cells

- First, MSC must be plastic-adherent when maintained in standard culture conditions

- Second, MSC must express CD105, CD73 and CD90, and lack expression of CD45, CD34, CD14 or CD11b, 

CD79α or CD19 and HLA-DR surface molecules

- Third, MSC must differentiate to osteoblasts, adipocytes and chondroblasts in vitro



Mesenchymal Stem Cells on Ovary
H



Mesenchymal Stem Cells on Ovary – Homing to Ovary
• Tissue inflammation, hypoxia or injury

→ chemokines including stromal cell derived factor 1 (SDF1), hepatocyte growth 

factor (HGF), monocyte chemotactic protein-3 (MCP3)

→ express BM-MSC specific receptors such as CXC chemokine receptor 4 

(CXCR4), cMET, CC chemokine receptor 1(CCR1)



Effects of Stem Cell Ovarian Transplant – Animal Study
• 1 × 106 hASCs were transplanted systemically 

through the tail vein



Effects of Stem Cell Ovarian Transplant – Animal Study

• hASC transplantation preserve

ovarian weight, vascularization & reserve

Control        CTx CTx-IV infusion
Follicle number
per ovary



• IV-hASC transplantation improves

early post-fertilization development

& slows POI

Effects of Stem Cell Ovarian Transplant – Animal Study



Mesenchymal Stem Cells Based Therapy - Exosome

Stahl. Pediatr Nephrol. 2019

Intraluminal vesicles 
(ILVs) released
are termed exosomes

carry membrane markers
of the parent cell

direct fusion to the plasma membrane,
receptor-dependent endocytosis,

phagocytosis

• Exosome
- class of membranous vesicles with diameters of 30–200 nm
- mediate local cell-to-cell communication by transferring microRNAs & proteins



Mesenchymal Stem Cells Based Therapy - In Vitro

• Uptake of exosomes of  hUC-MSC by ovarian granulosa cells

A) Control    B) CTx C) Exo Co-culture

Apoptosis marker

Anti-apoptosis marker



Mesenchymal Stem Cells Based Therapy - In Vitro
hMSC conditioned media

Control  hMSC-CM



Mesenchymal Stem Cells Based Therapy - In Vitro

• hMSC-conditioned media stimulates GC
proliferation



Mesenchymal Stem Cells Based Therapy - In Vivo

• Uptake of HucMSC-exos by cultured 
newborn ovaries of mice

• Activation of the oocyte phosphatidylinositol 
3-kinase (PI3K)/mTOR signaling pathway & 
acceleration of follicular development

• Stimulatory effects of HucMSC-exos on 
primordial follicles were through carrying 
functional microRNAs, such as miR-146a-5p 
or miR-21-5p



Mesenchymal Stem Cells Based Therapy



Autologous BM-MSC Ovarian Transplant

• Autologous bone marrow-derived MSC injected

into the POF patient’s right ovary



Autologous BM-MSC Ovarian Transplant



Autologous BM-MSC Ovarian Transplant

Acta Medical International 2016

• Autologous bone marrow-derived MSC, injected directly into the ovaries

• Among 10 patients

- 2 cases resumed menstruation after 3 months

- one of them got pregnancy after 11 months and delivered a healthy full term baby



Autologous BM-MSC Ovarian Transplant

• 17 patients, G-CSF 5 days, then stem cell collection
• Intra-arterial catheterization procedure
• Five pregnancies were achieved: 2 after ET, 3 by natural conception 

Fertil Steril 2018



Autologous Men-MSC Ovarian Transplant

• Autologous Men-MSC treatment: quicker, safer and less invasive 
method of collection and no ethical issues
- improvement in AMH levels & AFC
- higher rate of spontaneous pregnancy
- greater number of mature oocytes & embryos in IVF
- subgroup analysis: only among individuals <40y



Other Source of Stem Cells for Ovarian Transplant



Mesenchymal Stem Cells Based Therapy – Immune Modulation

• hAD-SCs increase the proportion of CD4+ CD25+ Foxp3+ 

Tregs by upregulating the expression level of Foxp3

• 17β-estradiol significantly increases the proportion of CD4+ 

CD25+ Foxp3+ Tregs in the PBMCs population

• hAD-SCs & 17β-estradiol can exert a synergistic effect on 

promoting immunomodulation of Tregs

• The combination treatment with hAD-SCs and estrogen may 

be effective way to improve immune-induced POI



Making New Gametes from PSCs



Mouse Artificial Gametes

• Fully potent mature oocytes were generated 

in culture from embryonic stem cells and 

from induced pluripotent stem cells derived 

from both embryonic fibroblasts and adult tail 

tip fibroblasts

epiblast-like cells = 

primordial germ cell like cells = 



Generation of Ovarian Follicles from Mouse PSCs

• When the embryonic stem cell–generated ovarian 

gonadal tissue was combined with early primordial germ 

cells or in vitro–derived primordial germ cell–like cells, 

germ cells developed into viable oocytes within the 

reconstituted follicles

• They could be fertilized and result in viable offspring

fetal ovarian somatic cell–like cells

Gene expression profiles between gonadal somatic 

cells



Generation of Ovarian Follicles from Human iPSCs
• Generating human primordial germ cell-like cells (hPGCLCs) from 

human induced pluripotent stem cells (hiPSCs)

• Simultaneous overexpression of two transcription factors (TFs) can 

direct the differentiation of hiPSCs to granulosa-like cells

- overexpression of NR5A1 and either RUNX1 or RUNX2



Generation of Ovarian Follicles from Human iPSCs

• Aggregated with hPGCLCs,

granulosa-like cells form ovary-like organoids 

(ovaroids)

and support hPGCLC development

from the premigratory

to the gonadal stage

as measured by induction of DAZL expression



Generation of Ovarian Follicles from Human iPSCs

• Whole-ovaroid foaming follicle-like structures after culture

→ Single layers of FOXL2+AMHR2+ cells

→ Antral follicle consisting of FOXL2+AMHR2+ granulosa-like cells 

arranged in several layers around a central cavity

• Novel tool for understanding the 

molecular mechanism about the 

differentiation of somatic cells

• Enable to address the interaction 

between germ cells and somatic cells

• Apply in vitro gametogenesis in various 

mammalian species



Summary

• Stem cell therapy in FP

- POI

- Ovarian aging

• ESC & iPSC based therapy is ongoing

• Mesenchymal stem cells based therapy is on clinical trial

- various source of stem cell

- various mechanism: immune modulation, exosome

• Use of stem cells to produce new oocytes and stromal cell to create follicles

→ artificial ovary or reconstructed ovary
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