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Abstract

Here, we explore the evolution and development of skin-associated adipose tissue with the goal of 

establishing nomenclature for this tissue. Underlying the reticular dermis, a thick layer of 

adipocytes exists that encases mature hair follicles in rodents and humans. The association of 

lipid-filled cells with the skin is found in many invertebrate and vertebrate species. Historically, 

this layer of adipocytes has been termed subcutaneous adipose, hypodermis, and subcutis. Recent 

data has revealed a common precursor for dermal fibroblasts and intradermal adipocytes during 

development. Furthermore, the development of adipocytes in the skin is independent from that of 

subcutaneous adipose tissue development. Finally, the role of adipocytes has been shown to be 

relevant for epidermal homeostasis during hair follicle regeneration and wound healing. Thus, we 

propose a refined nomenclature for the cells and adipose tissue underlying the reticular dermis as 

intradermal adipocytes and dermal white adipose tissue, respectively.
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Scope

White adipose tissue (WAT) develops in distinct regions of the body called depots, which 

are thought to influence disease when enlarged during obesity. The largest adipose tissue 

depots are abdominal subcutaneous white adipose tissue (SWAT) under the skin and 

visceral white adipose tissue (VWAT) that surrounds internal organs. Much attention has 

focused on the role of SWAT and VWAT adipocytes due to the link between visceral 
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adiposity and insulin resistance (1, 2). However, adipose tissue exists within other locations 

including non-abdominal subcutaneous depots and adipocytes associated with the skin’s 

dermis. In this comment, we discuss the organization of dermal white adipose tissue 

(DWAT) in different species and its developmental origins with the goal of redefining 

nomenclature for DWAT as a distinct adipocyte depot.

Skin and adipocytes: Together from the beginning

White adipose tissue (WAT) develops in distinct locations in many vertebrate species and is 

composed of unilocular adipocytes that store energy in the form of fatty acids that can be 

released and broken down into ATP. WAT also performs endocrine functions that are 

involved in food intake, glucose homeostasis, lipid metabolism, inflammation and 

angiogenesis and is thought to provide thermal insulation and mechanical cushioning of the 

body.

Multicellular organisms evolved the ability to store energy in a specific tissue with the 

development of specialized tissues. While prokaryotes and single cell eukaryotes only store 

lipids within intracellular organelles, multicellular organisms developed specialized lipid-

storing cells (3). Interestingly, lipid-containing cells exist in most organisms within or 

adjacent to the outer surface or epidermis. Invertebrates such as C. elegans accumulate lipids 

in skin-like epidermal cells (4, 5). Primitive vertebrates such as lampreys, jawless 

vertebrates, have lipid-storing cells in specialized depots underneath the skin (6).

Within many vertebrate species including pigs, dolphins, rats, humans and mice, distinct 

adipocyte depots exist with several layers of adipocytes being adjacent to the epidermis. 

Traditionally, all skin-associated WAT has been considered one depot termed the 

hypodermis or subcutis. However, each adipose layer has distinct morphologies and 

physiological characteristics (7). In rodents, the WAT depot that exists directly below the 

reticular dermis in the skin is clearly separated from the subcutaneous WAT depot by a 

striated muscle, the panniculus carnosus (Figure 1). While many other mammals including 

humans lack the panniculus carnosus, histologically and anatomically distinct layers of 

adipose tissue exist under the reticular dermis in several species including pigs and humans 

(Figure 1).

In pigs, three layers of subcutaneous adipose tissue exist each separated by a distinct layer of 

fascia (8). The outer and middle layers of subcutaneous porcine adipose tissue are 

characterized by distinct fatty acid composition (9, 10), cellularity, and enzymatic activity 

(8). In humans, several studies suggest that two layers of adipose tissue under the reticular 

dermis exist that are histologically and anatomically distinct (11-14). MRI studies have 

shown that women with cellulite have a thicker deep layer of subcutaneous adipose tissue 

compared to those without cellulite (15). Furthermore, the most superficial adipocyte layer 

in human skin is morphologically and metabolically distinct compared to the deeper 

adipocyte layer (13, 16). Thus, the organization of skin associated adipose tissue of pigs and 

humans suggests that, like rodents, distinct subcutaneous and dermal adipose tissue depots 

exist.
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Developmental origin of skin-associated adipocytes

The distinction between subcutaneous and skin associated adipocytes in rodents is 

established during development. Each adipose depot has distinct developmental timing and 

gene expression patterns (17). Indeed, in rats and pigs, mature adipocytes in the skin’s 

dermis form postnatally after hair follicle morphogenesis (18). It has been shown, in mice 

that resident immature adipocytes are present by embryonic day 14 and form independently 

from the subcutaneous adipocyte depot ex vivo and in vivo (19). These studies provide 

evidence that resident skin adipocytes are established during development.

Recent lineage tracing studies using several mouse models expressing Cre-recombinase in 

distinct fibroblast populations revealed that during development, the dermal mesenchyme is 

established by a common precursor that generates fibroblasts and adipocytes. However, 

postnatally, fibroblast lineages maintained cells of the upper dermis and did not contribute to 

adipocyte regeneration (21). It has also been shown that skin-resident adipocyte precursor 

cells exist in the dermis in mice and can regenerate adipocytes in the skin during the hair 

cycle and following wounding (22, 23). Thus, skin-associated adipocytes are established in 

the dermal mesenchyme alongside fibroblast lineages in a manner that is distinct from the 

development of subcutaneous adipocytes. While inhibition of adipogenesis can influence 

fibroblast biology (23, 25), whether dermal fibroblasts or intradermal adipocytes share a 

common precursor postnatally as in muscle (26, 27) will be an interesting area of future 

investigation.

Redefining the nomenclature for skin-associated adipocytes

In the literature, the terminology used to describe fat/adipose tissue in rodent skin has been 

inconsistent, and often ultimately misleading. It is most commonly referred to as 

hypodermis, subcutaneous fat, or skin fat, although adipose tissue or adipose layer is also 

used as an alternative to fat. A few authors with knowledge of the detailed anatomy of 

adipose tissue depots have pointed to existence of a separate dermal adipose layer in rodents 

(24, 28), while other groups have recognized this distinction in an experimental context (22, 

29). Nevertheless for many skin-related studies, including those investigating relationships 

between hair follicles and adipose tissues (20, 30, 31), the term “subcutaneous” has been 

used excusably but nevertheless erroneously to refer to adipose tissue that we now know 

derives from the dermis. We propose that that the term intradermal adipocytes (22, 24)

(Figure 1) is the best way to describe these cells, as it accurately reflects their immediate 

developmental origin and anatomical location. Similarly, we suggest that dermal white 

adipose tissue (DWAT) is the best description for the adipose compartment in the dermis 

underlying the reticular dermis (19). In keeping with the terminology of visceral (VWAT) 

and subcutaneous (SWAT), DWAT defines a unique adipocyte population in the skin that 

contains many cell types but is primarily composed of adipocytes.

The importance of this nomenclature is not only pertinent to skin biology, but is also 

important for identifying novel aspects of adipocyte biology more globally. Genetically 

modified or abnormal mice have been used to model virtually all aspects of adipocyte 

biology and adipose related pathologies. Knowledge that adipocytes derived from the dermis 

represent a separate population could retrospectively change the perspective on many 
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existing studies. Where investigators refer to the subcutaneous fat/adipocyte layer without 

providing a precise description or visual evidence of what this describes anatomically, it is 

impossible to tell whether they mean the true subcutaneous adipose tissue (ie below the 

panniculus carnosus in mice), the dermal adipose tissue above, or both. This renders 

interpretation of some work extremely problematic. This being said, there now appears to be 

broader recognition of the key distinction between dermal and subcutaneous adipose tissue 

(32).
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Figure 1. 
Defining the development and anatomical location of Dermal White Adipose Tissue 

(DWAT) and Subcutaneous White Adipose Tissue (SWAT) in mammalian skin. The 

embryonic dermis (yellow) gives rise to DWAT that consists of the intradermal pre-

adipocyte and intradermal adipocytes populations in adult mouse skin. DWAT is 

morphologically and developmentally distinct from SWAT, which is located beneath the 

panniculus carnosus (white adipocytes). Human skin does not have a detectable panniculus 

carnosus, however, there are functional and morphological distinctions between DWAT 

(grey) and SWAT (white).
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