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importance of subcutaneous adipose tissue contrasts dramatically with how
poorly we have understood the biology of this massive, enigmatic, often
ignored and much-abused skin compartment. Therefore, it is timely to recall
the exciting, steadily growing, yet underappreciated body of evidence that sub-
cutaneous adipocytes are so much more than just ‘fat guys’, hanging around
passively to conspire, at most, against your desperate attempts to maintain
ideal weight. Although the subcutis, quantitatively, tends to represent the
dominant architectural component of human skin, conventional wisdom con-
fines its biological key functions to those of energy storage, physical buffer,
thermoregulation and thermoinsulation. However, already the distribution of
human superficial adipose tissue, by itself, questions how justified the popular
belief is that ‘skin fat’ (which actually may be more diverse than often
assumed) serves primarily thermoinsulatory purposes. And although the meta-
bolic complications of obesity are well appreciated, our understanding of how
exactly subcutaneous adipocytes contribute to extracutaneous disease — and
even influence important immune and brain functions! — is far from complete.
The increasing insights recently won into subcutaneous adipose tissue as a cy-
tokine depot that regulates innate immunity and cell growth exemplarily serve
to illustrate the vast open research expanses that remain to be fully explored in
the subcutis. The following public debate carries you from the evolutionary ori-
gins and the key functional purposes of adipose tissue, via adipose-derived
stem cells and adipokines straight to the neuroendocrine, immunomodulatory
and central nervous effects of signals that originate in the subcutis — perhaps,
the most underestimated tissue of the human body. The editors are confident
that, at the end, you shall agree: No basic scientist and no doctor with a seri-
ous interest in skin, and hardly anyone else in the life sciences, can afford to
ignore the subcutaneous adipocyte — beyond its ample impact on beauty, ben-
essence and body mass.
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Prelude 1

Adipose tissue has been neglected and misunderstood, at
least in man (for it has long been known to be an energy
resource for rats). What would women’s journals write
about if they had not heard of ‘cellulite’? Even though they
have got it wrong, ‘Cellulite’ is an ‘invented disease’ that
only reflects a weak and aging dermis which allows fat to
protrude and make the surface lumpy bumpy.

The long known functions of fat are listed in Table 1, and
their relevance to the skin is reviewed elsewhere (1). More
recently known are endocrine and cytokine production and
the role of adipose tissue as a resource for stem cells.

But none of that explains the presence of all that fat, e.g.
in the omentum or around lymph glands in the groin. Nei-
ther does it explain why antiviral therapy in HIV/AIDS cau-
ses havoc with body shape, with some sites atrophying and
others showing disfiguring hypertrophy. Why is bone mar-
row replaced by fat cells as it ages, or why do lipomata arise
sometimes from haematomata? Why do 100 000 000 persons
accumulate fat in their lymphoedematous limbs (2)?

The questions continue: Why is so much tropical disease
affecting the skin, focused on fat (3)? How come that the
causative organism of leprosy lost most of that part of its
genome that deals with lipid-metabolizing lipases and
favours a dendritic cell that hugs the fatty myelin of nerves
(4)? Why does the causative organism of the Buruli ulcer
localize in adipose tissue (5)?

I have raised a question about the fat cells that are locali-
zed around adnexa and could favour bacteria inoculated by
biting insects (3). Is the answer that stored in fat are a range
of fatty acids any one of which is specifically and essentially
required by at least one tropical organism? One no longer
hypothetical example is the trypanosome of Chagas’ disease
which finds its specific fatty acid needs in the heart (6). I
have asked whether the filaria of lymphatic filariasis choose
the collecting lymphatics of the groin to grow microfilaria
(is it because only there are the essential fatty acids they
need, which are continually produced to feed the specific
needs of inguinal lymphoid tissue?) (3).

It is Caroline Pond and her colleagues who have raised
some of the most controversial issues in the adipose tissue
fraternity (7-9). They say that dendritic cells and much of
our immune system require very specific fatty acids and must
induce a supply in their immediate neighbourhood. They do
this by having control of the generation of fat and determin-
ing its fatty acid content and type.

Certain diseases are examples of an associated excessive
induction of too great an amount of adipose tissue. They
include exophthalmus, and Crohn’s disease (10), the latter
a clear example of lymphoid tissue associated with excess
fat cells.

All of this exciting controversy is made more convincing
by the realization that our ancestors made better use of fat to
feed an immunosurveillance system (11). The earthworm’s
skin fights off earthen threats by using its skin and, thus, can
do without a lymphatic system with lymph nodes to help
recognize what is foreign and undesirable. Even earlier uni-
cellular organisms evolved the cell membrane composed of
cholesterol and phospholipids to incorporate proteins, fats
and carbohydrate swinging between the cytosol and the
external environment to help identify its needs and dislikes -
a capacity that contemporary human biology has preserved
in its own basic cellular structure and behaviour.

Now we have an epidemic of obesity that some believe is
an inflammatory state and witness an era of detection and
understanding of ancient cytokines. Apparently, it is tumor
necrosis factor-o that helps to understand cachexia and
weight loss in HIV/AIDS(12,13).

It is the contemporary generation of knowledge of genet-
ics, growth factors and cytokines that almost daily turns
our attention to the shamefully neglected role of stored fat.

Why should an inactivating mutation of VEGFR-3,
which was first studied because it is linked to lymphatic
function, produce obesity in a mouse (14)? Why should
Prox1, a key transcription factor in lymphatic development,
do the same (15)?

Energy production by lipase breakdown of fat storage is
a ‘common strategy’ in a world of ‘infrequent nutrient sup-
ply’ (16). Dermatologists should ask why mutations in the
catabolism of neutral lipid by lipases cause one genetic
variant of ichthyosis (17). Unravelling this exposes complex
interactions: for example, such interactions may also
explain the acanthosis nigricans of some insulin-resistant
conditions or the bizarre acanthosis of elephantiasis, which
may perhaps have to do more with membrane remodelling
rather than with energy production, and may be subject to
the influence of catecholamines on adenyl cyclase and pro-
tein kinase A and cyclic AMP.

The epidermis needs fat (18) and dermatologists have
long ignored that local availability of fat determines fast
keratinization and several skin functions depend on it (1).
Hence, specialised adnexa, the hair follicle, whisker and
antler when attached to the sub-cutaneous tissue grow ker-
atin, and its bloodsupply, under the influence of sex hor-
mones, at a great rate.

Adipose cells are a gross example of lipid droplets, and
their containment is everything but simple (17). There are
several genes whose sole function is to regulate the surface
proteins (appropriately named perilipins) on such droplets,
which determine how droplet content is made available for
metabolism.

I have long held that dermatologists give little credit and
prefer not to own adipose tissue, just as when I began my
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Table 1. Functions of adipose tissue

Energy provision

Thermoregulation

Insulation

Body contour

Endocrine

Cytokine and growth factor generation

Stem cells

Fatty acids for cell membranes and other specific functions of host
and infective organisms

career they foolishly ignored blood vessels and later the
lymphatics. The skin is peculiar in that, in health, it is
mostly living without consuming oxygen. The epidermis is
almost anaerobic. When it is in repair mode, however,
switched on e.g. by transepidermal water loss and almost
any injury, it becomes a factory for inflammatory media-
tors recruiting oxygen-demanding cells such as the neutro-
phil and oxygen-consuming activities such as mitosis and
migration. It has to ensure adequate blood supply for
repair and even makes a new organ known as granulation
tissue. It does this while creating an improved lymphatic
drainage system linked to macrophages and lymphoid cells
with an immunosurveillance role. This process involving
VEGF and hypoxia-inducing regulation of adipogenesis
(19) results eventually in granulation tissue being turned
into adipose tissue. It is surely possible that the demands
of repair exceed supply in many forms of hyperkeratosis
and parakeratosis. Likewise, chronic hypoxic injury indu-
cing fatty acid release deserves investigation.

One other neglected theme is skin temperature —
which is habitually low and similar to the metabolism of
hibernation. Here, too, fat metabolism has much to tell
us. The tropical diseases mentioned above, leprosy, Buruli
ulcers, lymphatic filariasis or ‘organs’ such as granulation
tissue would be best understood if all studies of the skin
adopted temperatures that were lower than the core tem-
perature of 37°C.

Prelude 2

Setting: Endocrinology and Metabolism Seminar,
Department of Endocrinology, Poznan Medical
University, Poland

Teacher.

Hello, everybody. As previously arranged, we are going to
talk about subcutaneous adipocytes today, with all their
pros and cons. Despite abundant anti-obesity media calls,
obese people do exist, their number is growing, and, as
long as they do not develop severe obesity complications,

Controversies

Now that dermatologists have become cosmetologists
sucking out adipose tissue and placing it elsewhere with
crude technology, enhancing the least of the fat cell
functions to support body contour, they never think dee-
ply about the cells on which they are practising geno-
cide. Let me conclude this overture to a fascinating
controversy in experimental dermatology, therefore, by
reminding us that these abused cells have the potential
to create an entire human being and that more careful
dissection of their metabolism may help us to explain a
majority of skin diseases.

Terence J. Ryan
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they usually represent the happier part of our society. Just
listen to the Master from Stratford-upon-Avon:

Caesar:

Let me have men about me that are fat,
Sleek-headed men, and such as sleep a-nights:
Yond Cassius has a lean and hungry look;

He thinks too much: such men are dangerous.
William Shakespeare, Julius Caesar, Act 1, Scene 2

As Shakespeare noted, people with higher fat amounts
may be trusted and are nice, and this paradox is obviously
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