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quiescent state and transit to a proliferating early progeny 
before committing to �nal differentiation.

ETA Cells Display Unique Proliferative and 
Regenerative Features
�1-integrin stimulates keratinocyte proliferation in healthy 
and diseased skin.28-30 �1-integrin is also associated with long-
term growth potential in human epidermis.31,32We analyzed 
cell proliferation in keratinocyte subpopulations separated 
using the integrin-based adhesion capacity, as described. The 
number of viable cells re�ecting proliferation by MTT assay 
is lower in ETA cells than in KSC. On the other hand, ETA 
cells display a higher proliferation rate than LTA cells (Fig. 

3A). Consistently, long-term growth is the highest in KSC 
and statistically declines in ETA cells that, in turn, grow to a 
greater rate as compared to LTA cells (Fig. 3B). The estima-
tion of population doubling (PD) levels shows similar ranges 
for ETA and LTA cells, except for passage 3 (P3), where ETA 
cells display a signi�cantly higher PD rate than LTA cells (Fig 
3C). This demonstrates that an early KSC daughter exists 
with intermediate growth potential.

We have previously shown that TA cells are capable of 
generating three-dimensional (3D) skin equivalents (SE).18 
To better characterize the function of ETA cells, we created 
3D skin reconstructs from KSC, ETA, and LTA cells. Six 
days after seeding, epidermal thickness in SE derived from 
ETA cells tends to be reduced, as compared to SE generated 

Figure 2. Molecular characterization of keratinocyte subpopulations. (A) Keratinocytes were isolated based on their ability to adhere to type IV collagen. 
Subpopulations were obtained: KSC20�, KSC5�, ETA, LTA, and PM. Cells were lysed immediately after the subpopulation isolation and the expression 
of FOXM1, deltaNp63 (�Np63), Survivin, p16INK4 were analyzed by WB. Actin was used as an internal control. Representative pictures of at least 3 
different population isolations are shown. Densitometric analysis per each protein was shown (mean – SEM, n = 3), evaluated by Fiji-ImageJ software. 
(B) Freshly isolated KSC 20�, KSC 5�, ETA, LTA, and PM cells were stained with propidium iodide (PI) solution and analyzed by �ow cytometry. (C) 
Freshly isolated KSC 20�, KSC 5�, ETA, and LTA were lysed and Ki67 was analyzed by WB. Representative pictures of at least 3 different population 
isolations are shown. Densitometric analysis is shown (mean – SEM, n = 3). (D) Freshly isolated subpopulations were double stained with DAPI and 
anti-K15, -K10, -Involucrin antibodies, and analyzed by confocal microscopy. Bar = 100 �m. (E) The number of positive cells was evaluated in at least 3 
different �elds. Data are represented as mean – SEM. Ordinary one-way ANOVA followed by Tukey�s multiple comparisons are represented. ns: P > .05; 
* .01 < P < .05; ** P < .01; *** P < .001; **** P < .001.
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