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The endometrium, a highly regenerative tissue, undergoes remarkable cyclical changes and repair. 

Understanding the specific cell populations driving this regenerative capacity has remained a persistent 

challenge for clinicians and researchers alike. A new study published in Elife identifies a distinct population of 

adult stem cells, characterized by high aldehyde dehydrogenase 1 (ALDH1) activity, as key players in uterine 

development and regeneration.1

These ALDHHI cells exhibit features consistent with long-lived progenitors, including enhanced organoid 

formation and robust stemness gene signatures, offering a clearer picture of endometrial biology and potential 

implications for conditions like endometriosis.1

K E Y  TA K E AWAY S

º The Pivot: ALDHHI cells are identified as hormone-sensitive adult stem cells critical for endometrial 

development and function.

º The Data: Selective ablation of ALDH1A1+ cells in mice decreased endometrial gland number and FOXA2 

expression.1

º The Action: Clinicians should recognize the emerging understanding of ALDHHI cells as a foundation for 

future diagnostic and therapeutic strategies in endometrial disorders.

The human endometrium is one of the most dynamic tissues in the body, undergoing monthly cycles of proliferation, 

differentiation, and shedding. This remarkable regenerative capacity, essential for fertility and reproductive health, has 

long been attributed to adult stem cells. But the precise identity and defining characteristics of these elusive stem cells 

have remained largely uncharacterized, hindering targeted interventions for conditions such as endometriosis, a disease 

affecting millions of women globally.1

Researchers at the University of California, San Francisco, led by Dr. S. Tang, Dr. A.C. Unser, and Dr. P. Jiang, set out to 

pinpoint these progenitor cells. They employed a combination of in vivo mouse models and in vitro human endometrial 

organoid cultures to investigate cells with high aldehyde dehydrogenase 1 (ALDH1) activity, termed ALDHHI cells. 

The team hypothesized that these cells would demonstrate key stem cell properties, including long-term proliferative 

potential and a distinct gene expression profile indicative of stemness.1

Characterizing the ALDHHI Progenitors
The investigators first established that ALDHHI cells were indeed long-lived progenitors within the endometrium. 

In vitro assays using human endometrial epithelial organoids revealed that ALDHHI cells possessed a significantly 
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higher organoid formation capacity compared to ALDHLO cells. These ALDHHI organoids also demonstrated long-term 

passaging potential, indicating a robust self-renewal capability. Transcriptomic analysis further supported their stem-like 

nature, showing unique gene signatures distinct from ALDHLO cells, with fewer luminal-like ciliated cells.1

To investigate these cells in a living system, the team utilized a sophisticated lineage tracing approach in mice. They 

employed an Aldh1a1creERT2/+; Rosa26LSL-tdTomato reporter mouse model, allowing for inducible labeling and 

tracking of Aldh1a1+ cells and their progeny. This model enabled precise observation of cell fate during various 

physiological processes.1

The lineage tracing experiments revealed dynamic roles for Aldh1a1+ cells in uterine development and regeneration. 

Aldh1a1+ epithelial cells expanded significantly during postnatal development, suggesting their involvement in the 

initial formation and maturation of the endometrial lining. Aldh1a1+ stromal cells, on the other hand, showed expansion 

during the estrous cycling, indicating a role in the cyclical regeneration of the stromal compartment. Both populations 

of Aldh1a1+ cells were notably present and active during postpartum repair, a period of extensive tissue remodeling and 

healing after childbirth.1

Hormone Sensitivity and Functional Importance
A critical aspect of endometrial function is its sensitivity to hormonal fluctuations. The researchers investigated how 

ALDH1A1+ cells responded to changes in hormone levels. They found that the spatial localization of ALDH1A1+ cells 

was indeed hormone-sensitive. In response to ovariectomy, which mimics a state of estrogen deficiency, ALDH1A1+ 

cells localized predominantly to the glandular crypts of the endometrium. Conversely, exogenous estradiol administration 

caused these cells to spread throughout the luminal epithelium. This hormone-dependent redistribution underscores their 

dynamic role in maintaining endometrial architecture under varying physiological conditions.1

To directly assess the functional importance of ALDH1A1+ cells, the team performed selective ablation experiments 

using an Aldh1a1creERT2/+; Rosa26LSL-DTR mouse model. This model allowed for diphtheria toxin receptor 

(DTR)-mediated cell death specifically in Aldh1a1+ cells upon diphtheria toxin administration. The results were stark: 

selective ablation of ALDH1A1+ cells led to a significant decrease in endometrial gland number. The expression 

of FOXA2, a transcription factor essential for glandular development and function, was also reduced. This direct 

evidence confirms that ALDH1A1+ cells are not merely present but are functionally indispensable for proper endometrial 

development and glandular integrity.1

The implications of these findings extend beyond basic biology. The identification of ALDHHI cells as key progenitors 

with hormone-sensitive localization provides a clearer understanding of how the endometrium regenerates and responds 

to hormonal cues. This knowledge could be particularly relevant for understanding conditions where endometrial 

regeneration is dysregulated, such as Asherman's syndrome or recurrent implantation failure. The ability to modulate 

or target these cells could offer novel therapeutic avenues.1

The study's use of both mouse models and human organoids strengthens the translatability of the findings. The 

recapitulation of key observations in human endometrial epithelial organoids, specifically the higher organoid formation 

capacity of ALDHHI cells and their unique transcriptomes, suggests that the mechanisms identified in mice are likely 

conserved in humans. This cross-species validation is essential for advancing research towards clinical applications.1

Still, the study primarily focuses on the identification and characterization of these cells. While it establishes their 

functional importance through ablation, the precise molecular pathways downstream of ALDH1 activity that drive 
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their stemness and regenerative potential warrant further investigation. Understanding these pathways could unlock 

more targeted therapeutic strategies. The Oxford Handbook of Obstetrics and Gynaecology provides a comprehensive 

overview of the clinical context for these types of basic science discoveries.

The study also highlights the complexity of adult stem cell populations within the endometrium. While ALDH1A1+ 

cells are clearly important, it is plausible that other stem or progenitor cell populations also contribute to endometrial 

regeneration, perhaps in a synergistic or context-dependent manner. Future research might explore the relationship 

between ALDH1A1+ cells and other known or putative endometrial stem cell markers.1

The hormone-sensitive localization of ALDH1A1+ cells is a compelling observation. Further studies could examine 

the specific hormonal receptors expressed by these cells and the signaling cascades that dictate their migratory and 

proliferative responses to estrogen and progesterone. This could provide insights into why certain hormonal imbalances 

lead to endometrial pathologies.1

The research did not explore the direct involvement of ALDHHI cells in the pathogenesis of endometriosis, although 

the abstract mentions this as a potential area of relevance. Given that adult stem cells are thought to contribute to 

endometriosis, investigating whether ALDHHI cells exhibit altered behavior or contribute to ectopic lesion formation 

in endometriosis models would be a logical next step. This could involve examining ALDHHI cell populations in 

endometriotic lesions compared to healthy endometrium.1

The use of diphtheria toxin receptor (DTR) for cell ablation, while effective for demonstrating functional importance, 

is a research tool and not directly translatable to human therapeutics. Future translational efforts would need to identify 

pharmacological or genetic methods to modulate ALDHHI cell activity in a clinically relevant manner. The long-term 

effects of ALDH1A1+ cell ablation on fertility and reproductive outcomes in mice were not detailed, which would be 

important for a complete understanding of their physiological role.1

Overall, the study provides a robust characterization of ALDH1A1+ cells as hormone-sensitive adult stem cells in the 

endometrium. Their critical role in uterine development and function, demonstrated through both lineage tracing and 

ablation experiments, establishes them as a key population for future research into endometrial health and disease.1

CLINICAL IMPLICATIONS

The identification of ALDHHI cells as bona fide endometrial stem cells provides a much-needed anchor in the 

complex biology of uterine regeneration. For general practitioners and specialists, this clarifies a long-standing 

question about the cellular drivers of endometrial repair and development. Understanding these cells' hormone 

sensitivity could refine our approach to managing conditions influenced by hormonal fluctuations, such as 

abnormal uterine bleeding or infertility.

The direct evidence that ablating these cells impairs glandular development is not merely academic; it 

underscores their fundamental role. This suggests that any future therapies aimed at modulating endometrial 

function, whether for contraception, fertility enhancement, or treating proliferative disorders, might need to 

consider the impact on ALDHHI cell populations. Ignoring these cells could lead to unintended consequences 

or suboptimal outcomes.

While the study lays a strong foundation, the immediate clinical translation remains distant. We now know 

these cells are important, but we lack the tools to specifically target them in patients. The next phase of 

research must focus on identifying specific surface markers or signaling pathways that allow for their selective 
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manipulation without broad systemic effects. This could open doors for novel diagnostics or targeted therapies 

for conditions like endometriosis, where current treatments often fall short.
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