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Very Small Putative Stem Cells Detected in Human Endometrium
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Objective: It has been recently reported that very small stem cells with pluripotency are detected in murine and human. The
purposes of this study are to confirm whether very small putative stem cells (VSPSCs), which have the proper characteristics of
stem cells as well as the expression of stem cell markers, are detected in human endometrium.
Methods: The endometrial cells of 5 women, which were obtained by endometrial biopsy, were cultured for 2 weeks and were
confirmed for the expressions of alkaline phosphatase, OCT-4 and CXCR4 by immunochemistry. Subsequently VSPSCs were
separated by percoll density gradient method and were cultured. Also VSPSCs and their derived cells were confirmed for the
expressions of OCT-4 and CXCR4.
Results: The colonies, which is composed with VSPSCs less than 3 um and the 5~15 pm sized hyperchromatic round cells, were
detected in the endometrium of all of women and showed the strong expressions of alkaline phosphatase, OCT-4 and CXCR4. In
culture after the separation of VSPSCs by percoll, these cells showed the morphological and functional characteristics of stem
cells; self-renewal, colony formation, embryoid body-like formation and differential plasticity. VSPSCs formed gradually the
5~15 um sized hyperchromatic round cells and the 10~20 pm sized sphere-shaped cells by cell-to-cell aggregation or cell fusion.
Then these cells differentiated the various cells including fibroblast-like cells, nerve-like cells and endothelium-like cells. VSPSCs
and their derived cells often showed the strong expressions of OCT-4 and CXCR4.
Conclusion: VSPSCs less than 3 pum and their derived cells are detected in human endometrium and these cells have the proper
characteristics of stem cells and the expressions of stem cell markers as alkaline phosphatase, OCT-4 and CXCR4.

[Korean. J. Reprod. Med. 2010; 37(2): 99-113.]
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Figure 1. Very small putative stem cells, hyperchromatic round cells and sphere-shaped cells.

(A) The colonies were often observed in endometrial cell culture (scale bar: 100 pm).

(B) The colonies were composed with very small putative stem cells less than 3 um and the 5~15 um sized
hyperchromatic round cells (scale bar: 25 pm).
(C) Very small putative stem cells had the following characteristics; smaller size than erythrocyte (black arrow),
mobility (red arrow), adhesion to supportive cells (yellow arrow), cell-to-cell aggregation (green arrow), or the
formation of sphere-shaped cells (blue arrow) (scale bar: 25 pum).
(D) Very small putative stem cells (red arrow) frequently were aggregated in fibroblast-like cells and formed sphere-
shaped cells (blue arrow) (scale bar: 50 um).

Jong-Ryeol Choi. Very Small Putative Stem Cells Detected in Human Endometrium. Korean J Reprod Med 2010.
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Figure 2. The morphological changes
of very small putative stem cells, hyper-
chromatic round cells and sphere-
shaped cells in the process of migration
and adhesion. Very small putative stem
cells (VSPSC) were able to form hyper-
chromatic round cells (HRC) or sphere-
shaped cells (SSC). Also sphere-shaped
cells were able to change the variety forms
by cell fusion or transformation in the
process of migration or adhesion, and then
these cells differentiated heterogeneously
according to surrounding environment as
Figure 8 (scale bar: 25 pum).

Jong-Ryeol Choi. Very Small Putative Stem Cells Detected
in Human Endometrium. Korean J Reprod Med 2010.
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Figure 3. The immunochemical staining of alkaline phosphatase, OCT-4 and CXCR4 for colony (scale bar: 100
um). The colony (A) showed the strong expressions of alkaline phosphatase (B), OCT-4 (C), and CXCR4 (D) by
immunochemistry.

Jong-Ryeol Choi. Very Small Putative Stem Cells Detected in Human Endometrium. Korean J Reprod Med 2010.
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Figure 4. The self-renewal of very small putative stem cells (scale bar: 50 pm). Continuously, very small putative
stem cells showed the self-renewal on day 1 (A), 3 (B), 5 (C), and 7 (D) in vitro.

Arrows in A: very small putative stem cells with mobility.

Arrows in B and C: very small putative stem cells with cell-to-cell aggregation.

White arrow in D: the clone of very small putative stem cells adhered on petri dish.

Black arrow in D: the clone of very small putative stem cells suspended in media.

Jong-Ryeol Choi. Very Small Putative Stem Cells Detected in Human Endometrium. Korean J Reprod Med 2010.

Figure 5. Hyperchromatic round cells and the new differentiated cells derived from very small putative stem cells
(scale bar: 50 pm).

(A) The suspended very small putative stem cells were able to form hyperchromatic round cells (arrow).

(B) The adhered very small putative stem cells were able to form hyperchromatic round cells (black arrow) and more
differentiated cells by cell fusion (white arrow).

(C) The suspended very small putative stem cells were able to form the new differentiated cells (arrow).

(D) The adhered very small putative stem cells were able to form the new differentiated cells (arrow).

Jong-Ryeol Choi. Very Small Putative Stem Cells Detected in Human Endometrium. Korean J Reprod Med 2010.
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Figure 6. Sphere-shaped cells derived from very small putative stem cells (scale bar: 50 um).
(A) Very small putative stem cells were able to migrate and aggregate in supportive cells (arrow).
(B) Very small putative stem cells were able to form sphere-shaped cells (arrows).

(C) The hyperchromatic sphere-shaped cells were derived from the aggregation of many very small putative stem
cells (arrows).

(D) Sphere-shaped cell were hatched as embryo before the attachment on other site (arrow).

Jong-Ryeol Choi. Very Small Putative Stem Cells Detected in Human Endometrium. Korean J Reprod Med 2010.

A B)

Figure 7. The embryoid body-like formation of very small putative stem cells.

(A) The suspended very small putative stem cells were able to form embryoid body-like body (arrow) at 14 days of
culture (scale bar: 50 pm).

(B) The suspended very small putative stem cells were able to form hyperchromatic round cells in embryoid body-like
body (arrow) at day 21 of culture (scale bar: 25 um).

(C) Embryoid body-like body (arrow) were able to adhere on petri dish (scale bar: 50 um).

(D) The suspended hyperchromatic round cells also were able to form embryoid body-like body with very small putative
stem cells (scale bar: 50 wm).

Jong-Ryeol Choi. Very Small Putative Stem Cells Detected in Human Endometrium. Korean J Reprod Med 2010.
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Figure 8. The heterogeneously differentiated cells including nerve-like cells and endothelium-like cells derived
from very small putative stem cells.

(A) The heterogeneously differentiated cells (scale bar: 25 pm).

(B) Nerve-like cells (blue arrow) (scale bar: 50 pm).

(C) Endothelium-like cells with tubular structure (red arrow) (scale bar: 50 pm).

Jong-Ryeol Choi. Very Small Putative Stem Cells Detected in Human Endometrium. Korean J Reprod Med 2010.
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Figure 9. The immunochemical staining of OCT-4 and CXCR4. Very small putative stem cells and their derived
cells showed generally the expression of OCT-4 (A, C, E, G) and CXCR4 (B, D, F, H). Very small putative stem cells
(white arrow), hyperchromatic round cells (yellow arrow) and sphere-shaped cells (blue arrow) often showed the
strong expressions of OCT-4 and CXCR4. But more differentiated cells (violet arrow) showed the weak expressions
of OCT-4 and CXCR4 (scale bar: 50 pum).

Jong-Ryeol Choi. Very Small Putative Stem Cells Detected in Human Endometrium. Korean J Reprod Med 2010.
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