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Letter to the Editor 

The dermis is divided into the papillary and reticular dermis. The upper layer, the 

papillary dermis, is about 200 µm-thick, located just below the epidermis, and 

characterized by relatively thin and sparse fibers. The underlying layer, the reticular 

dermis, is composed of solid tissue made up of thicker highly dense fibers. The 

extracellular matrix components of the two layers differ [1]. The matrix is synthesized by 

fibroblasts, and the fibroblasts in the two layers have different properties. Fibroblasts 

from the papillary and reticular dermis exhibit different proliferative capacities, 

morphologies and cell surface markers [2, 3]. Thus, the dermis has a layered structure in 

which each layer has its own matrix and cells and is considered to play distinct roles. 

However, the process responsible for this layered structure remains unknown. Studying 

the properties of the cells and matrix in each layer is important for understanding the 

function of the dermis.  

 Dermal fibroblasts are generated from dermal stem cells. Toma et al. cloned cells 

from the dermis and identified skin-derived precursor cells that were multipotent [4]. In 

mouse and human studies, we found that the CD271 (the p75 neurotrophin receptor)-

positive cells in the dermis are multipotent stem cells [5, 6]. Our studies suggest that 

CD271+ cells supply new fibroblasts, and hence, play an important role in the 
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maintenance of skin homeostasis.  

In this study, we compared the gene expression levels of the papillary and reticular 

layers, focusing on the matrix components of the papillary dermis. Moreover, we 

examined the relationships between these components and CD271+ cells, which are also 

localized in the papillary dermis.  

We conducted a comprehensive gene expression analysis of the cells in the papillary 

and reticular dermis. The papillary and reticular dermis were separated by laser 

microdissection, and their gene expression was analyzed using a microarray (Table S1). 

Our data confirmed that papillary dermis markers, such as podoplanin, lymphoid 

enhancer-binding factor 1, and corin [2, 3], were highly expressed in the papillary dermis. 

Some collagen genes, COL5A1, COL9A2, and COL23A1, and NANOG, an 

undifferentiated stem cell marker, exhibited significantly stronger expression in the 

papillary dermis. Among these genes, we particularly focused on collagen type 5. It 

interacts with collagen type 1 to form hybrid fibrils [7] and is involved in wound healing 

[8]. These findings suggest that collagen type 5 is a dermal matrix component with a 

specific function.  

Next, the localization of collagen types 1, 3, and 5 and CD271+ cells in normal skin 

from 15 subjects was examined by immunostaining (Fig. 1A and S1). Collagen type 5 



5 
 

displayed significantly stronger expression in the papillary dermis, which was consistent 

with the results of the microarray analysis. In addition, most CD271+ cells were located 

in the papillary dermis (Fig. 1B). The intensity of the fluorescence produced by collagen 

staining and the numbers of CD271+ cells per unit area in the papillary and reticular 

dermis were scored and compared using MetamorphTM. Our analysis showed that 

collagen type 5 was localized in an area located up to 184 µm below the epidermal basal 

layer (Fig. 1C). Conversely, collagen types 1 and 3 were uniformly expressed in the 

dermis. Most CD271+ cells were dispersed in an area located within 200 µm of the 

epidermal basal layer, which coincided with the localization of collagen type 5. 

To elucidate the relationship between CD271+ cells and collagen type 5, the 

expression of collagen in the CD271+ cells was examined using the quantitative 

polymerase chain reaction (qPCR). Normal human fibroblasts were sorted into CD271+ 

and CD271- cells using a FACS ARIATM (BD, NJ, USA; Fig. S2), and the gene expression 

levels of these cells were examined using qPCR. Several markers of undifferentiated cells 

(nerve growth factor receptor [NGFR], sex determining region Y-box 2 [SOX2], POU 

class 5 homeobox 1 [POU5F1], and NANOG) and collagen type 5 were expressed 

significantly more strongly in the CD271+ cells than in the CD271- cells (Fig. 2A).  

We also examined whether collagen type 5 can maintain an undifferentiated state. 
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qPCR analysis showed that when normal human fibroblasts were cultured with collagen 

type 5, but not other types of collagen, they expressed markers of an undifferentiated state 

(Fig. 2B). It has been reported that specific matrix components affect the self-renewal and 

differentiation of cells, and hence, form a stem cell niche [9].  

There are a number of studies elucidating the presence of mechanisms controling 

overgrowth or differentiation of stem cells which can prevent stem cell exhaustion [10]. 

Here, we showed that collagen type 5 decreased the cell growth of fibroblasts (Fig. S3). 

Collagen type 5 may prevent overgrowth, which contributes to the maintenance of stem 

cells. Taken together with the localization of collagen type 5 and its effects on gene 

expression observed in this study, it is suggested that collagen type 5 functions to maintain 

dermal stem cells in an undifferentiated state. 

Our findings indicate that CD271+ cells are localized in the papillary dermis and 

synthesize collagen type 5 to develop a unique niche and that collagen type 5 plays an 

important role in maintaining the undifferentiated state of CD271+ cells (dermal stem 

cells). Although CD271 encodes a neurotrophin receptor, CD271+ cells were negative for 

a neuronal marker, and we showed they are stem cells with multipotency (Figs. S4 and 

S5). Our study also raises the possibility that stem cells localized in the papillary dermis 

are involved in developing the layered structure of the dermis. Driskell et al. reported that 
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differentiation affects fibroblasts’ matrix component expression patterns [3]. Our findings 

indicate that the stem cells in the papillary dermis differentiate and migrate towards the 

lower layer while changing the type of collagen they synthesize, leading to the 

development of a layered structure in the dermal matrix. During this process, collagen 

type 5 is considered to play an important role in maintaining dermal stem cells.   
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FIGURE LEGENDS 

Figure 1 

(A) Images of human skin tissue that has been stained with hematoxylin-eosin or 

immunostained for collagen types 1, 3, and 5, and CD271 are shown. The dotted lines in 

the images indicate the border between the papillary and reticular dermis. Arrows indicate 

CD271+ cells (scale bar: 100 µm). (B) The fluorescence intensity generated per unit area 

in the papillary and reticular dermis by the collagen type 1, 3, and 5 immunostaining are 

shown. The number of CD271+ cells per unit area was counted (mean±SD, n=5, 

**P<0.01, *P<0.05 compared with the papillary layer). (C) The expression levels of 

collagen type 1, 3, and 5 and the numbers of CD271+ cells were scored relative to the 

distance from the epidermal basal layer. Fluorescence intensity was used as an index of 

the expression level of each molecule in the region from the epidermal basal layer to a 

depth of 500 µm from the epidermal basal layer, and the resultant data are depicted in 

graphs. The distance from the epidermal basal layer at which a significant difference in 

the amount of collagen was seen is indicated by a red line. No significant difference in 

the localization of collagen type 1 or 3 was observed. The numbers of CD271+ cells 

within each 100-µm layer from the epidermal basal layer downwards were counted 

(mean±SD, n=15, *P<0.05 compared with the 0–100 µm layer). 
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Figure 2 

(A) The gene expression levels of CD271+ cells and CD271- cells were analyzed by 

qPCR (mean±SD, n=3, **P<0.01, *P<0.05 compared with the CD271- cells). (B) Normal 

human fibroblasts were cultured with various types of collagen for three days, collected, 

and then their gene expression levels of CD271 and markers of an undifferentiated state 

were assessed using qPCR (mean±SD, n=5, *P<0.05 compared with the control).  
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