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Skin structure and skin care requirements – 
From past to future 
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For a long time in human cultural development, cosmetics and medicine had been 
considered as one discipline. About 150 years ago, with the onset of industrialisation, 
the influence of natural science and the identification, isolation and big scale produc-
tion of chemicals and ingredients, the separation into individual disciplines became 
apparent.   
 

nitially it was a matter of skin protection and 
the treatment of dry skin conditions. Subse-
quently the focus was on skin moisturisation 

until the importance of the barrier lipids of the 
skin was recognized. In trying to treat diseased 
skin conditions like atopic dermatitis (AD) and 
psoriasis, also the knowledge on biochemical 
processes, the role of genetics and the coloni-
zation of the skin with microorganisms grew. 
Since the last decade, there is culminating 
evidence, that not only the skin microbiome but 
also the human microbiome in total plays a key 
role in skin health.  
 
From petrolatum to the NMF 
 
In my opinion, modern cosmetics began in 
1872 when Robert Cheseborough started to 
market a mineral oil derivative called petrola-
tum under the brand name Vaseline (1). Vase-
line actually can be considered as a prototype 
of skin protectant as it’s mode of action is 
based on forming a film on the skin, which is 
impermeable to water (and water based irri-
tants) thus increasing the barrier function of 
skin. As Vaseline was stable to rancidity in 
contrast to the then used animal fats and mar-
keted to cure (almost) everything. At that time 
also pharmaceutical formulas were developed, 
which contained the then popular ingredients 
like lanolin, Vaseline and paraffin oil. They are 
still listed in today’s pharmacopoeias i.e. Eu-
cerinum anhydricum (Unguentum adeps lanae; 
a synonym for wool fat and alcohol based 
ointment, extemporaneous preparation). 
 
Whereas the lipid components for skin mois-
turizing purposes have been controversially 
discussed for a long time, things were different 
for water and other humectants. In 1952 Blank 
published first studies on skin moisturisation 
and identified water as a main factor for skin 
elasticity. Jacobi described the composition of 
the natural moisturizing factor (NMF) in 1959 
(3). Main feature of the NMF is its hygros-
copicity, which was postulated to be a relevant 

in vivo factor in protecting the skin against 
desiccation.  
 
In 1984, Takahashi developed a process to 
assess the mechanical properties of isolated 
stratum corneum (SC) (4). The research group 
studied the effects of water, glycerine and NMF 
components. They could correlate the impro-
ved plasticizing effect of the treated skin with 
the water holding capacity of skin. Years later it 
was found that the NMF components are 
breakdown products of filaggrin (5) and that 
the absence of certain NMF components was 
not the trigger but a result of certain pathologic 
skin conditions. Based on today’s genetic ana-
lysis, the NMF components can be considered 
as biomarkers of certain filaggrin genotypes 
(7). At this time also glycerine was examined, 
which actually has proven in vivo skin 
moisturisation effects, but performed poorly in 
the in vitro experiments. Glycerine’s mode of 
action consists of stimulating the aquaporine-3 
expression. In 1990, Agre identified aquapori-
nes as ubiquitous membrane structures. 
 
In general, humectants serve to maintain the 
elasticity of skin (protection against mechanical 
stress), to create ideal conditions for hydrolytic 
enzymes (proper function of the desquamation 
process i.e. shedding of the loose cells) and for 
the stimulation of the aquaporine expression in 
keratinocytes (supports the barrier function). 
While the first efficacy measurements were 
conducted on isolated SC, today’s gold stand-
ard is the in vivo measurement. Measurements 
of skin moisturisation, (electrical capacity), skin 
dryness and barrier function (TEWL) and skin 
roughness are well established methods to 
diagnose the skin condition in vivo. 
 
Lipid barrier and skin: ceramides and fatty 
acids 
 
Main emphasis in the 1950ies was laid on the 
study of the skin structure (10) and the analy-
sis of its lipid composition (11, 12). Turning 
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point in understanding the skin barrier was the 
study of Elias and Friend published in 1975 
(13). They used electron microscopy and com-
prehensively described preparation and ana-
lysing methods for skin biopsy (freeze fracture 
and RuO4, OsO4 fixation). They identified “la-
mellar granules” in the stratum 
granulosum and suggested li-
pid-rich regions within the SC. 
Subsequent to their discove-
ries, hundreds of additional 
studies followed which con-
firmed the lipid rich regions. 
Three major lipid groups of the 
SC were identified and their 
molar ratio confirmed to be 
1:1:1: ceramides, cholesterol 
and free fatty acids. 
 
In 1988, Elias introduced the 
“brick and mortar” model of the 
SC (14). Crucial material of the 
model is the “mortar” which 
consists of structured lipid 
bilayers. They were considered 
to be relevant for the intact 
barrier of the skin. By cor-
relating different analytical 
techniques i.e. skin biopsies, 
assessment of epidermal lipid 
composition, electron microscopy, x-ray dif-
fraction, visual scoring, in vivo TEWL meas-
urements, and structure-effect relations could 
be established. In the course of these studies, 
nine different ceramides have been isolated in 
human skin. They play a crucial role in the 
formation of the lipid bilayers of the SC. Their 
absence can be correlated with diseased skin 
conditions (15-18). 
 

Figure: Nomenclature of Ceramides 
 
With stratification of the epidermis several 
molecular and enzymatic changes take place 

(19-21). Precursors of barrier lipids are formed 
in the Golgi apparatus of living cells and then 
differentiated in the lamellar granules. There 
the lipids either are excreted together with a lot 
of different enzymes or already hydrolysed in 
situ.  

 
Figure: Differentiation of the epidermis and 

excretion of lipids 
 
Taking together all the results, ceramides 
should be the top candidates to cure diseased 
skin: the topical supplementation of ceramides 
is assumed to be an effective therapy for pso-
riasis and atopic dermatitis (AD) and should be 
preferred to the administration of cortisone. 

However, a therapy with cer-
amides alone does not prove to 
be superior to a steroid treat-
ment (22). Nevertheless, cer-
amides are used in cosmetics 
as effective skin care sub-
stances. There are other com-
pounds in the lipid barrier 
meriting a closer look, e.g. fatty 
acids. The epidermis is a very 
active site of lipid synthesis and 
most of the fatty acids can be 
synthesized by keratinocytes 
de novo. Here the stratum 
granulosum seems to be the 
most active area (23). 
 
Fatty acids play a key role in 

(skin) health and particularly essential fatty 
acids (EFA), which cannot be synthesized by 
the body itself, but have to be supplemented 
by nutrition. They regulate membrane 
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functions, are relevant for the cholesterol 
metabolism, act as ß-blockers, diuretics, and 
have anti-hypertensive and anti-arteriosclerotic 
effects (24). Furthermore, linoleic acid is the 
acyl-component of ceramide 1, and the 
administration of evening primrose oil (high 
content of γ-linolenic acid) proved to be 
particularly beneficial for the treatment of AD in 
children. 
 
Inflammatory skin conditions in atopic 
dermatitis (AD) and psoriasis 
 
Inflammatory skin diseases such as AD and 
psoriasis are of high social relevance. They 
mainly affect people in the western world with 
an adult prevalence rate of 3% and 2% re-
spectively. Furthermore, over the last century 
the number of AD cases has doubled or even 
tripled. To find an effective treatment would 
significantly enhance the quality of life for 
many people. Up to now, just the pruritus that 
frequently accompanies AD can be treated by 
administration of cortisone. Recent studies 
report on the development of antibodies that 
possibly reduce pruritus (26). Insufficient 
treatment efficacy can be explained with the 
fact that the triggering mechanisms have not 
yet been identified. Moreover, barrier disorders 
seem to be only one symptom out of many 
which in turn influence the disease. Today it is 
a fact that besides barrier lipids other key play-
ers are involved in AD. Prostaglandin E2 and 
leukotriene B4 levels for instance are increased 
and interleukin-1α level is decreased in ec-
zematous skin (27). Besides inflammatory 
mediators, also immune modulating sub-
stances are involved. They are internally as 
well as externally triggered.  
 
Psoriasis and AD are similar in so far, that they 
are complex inherited diseases involving 
genes that encode immune components and 
structural proteins that regulate differentiation 
of epidermal cells (28, 29). Recent studies 
show, that these inflammatory skin conditions 
also correlate with a higher incidence of other 
diseases: AD with asthma, allergies and psori-
asis with metabolic diseases (diabetes), arte-
riosclerosis, rheumatoid arthritis as well as 
psychologic disorders. It is discussed that 
these (metabolic) disorders are the actual un-
derlying disease and the skin lesions are some 
kind of early symptom preceding the onset 
(28). Whereas there is an effective therapeutic 
agent for psoriasis such as cyclosporine A, 
there is none for AD. Staphylococcus aureus 
colonization of atopic skin leads to further 
complications. 
 

The skin biotope and potential future re-
search areas 
 
Recent studies published under the heading 
‘human microbiome’ show, that human bodies 
serve as a huge habitat for microorganisms of 
all kinds (31). Epidemiological studies on the 
human gut microbiome indicate that the ge-
netic and metabolic diversity there is at 
highest. Comparison of faecal samples ob-
tained from people from third world rural areas 
with those from US metropolitan areas showed 
significant differences in the phylogenetic 
composition of the faecal microbiota. The fae-
cal microbiota obtained from US adults was the 
least diverse (34). There is culminating evi-
dence that our life-style, especially the nutrition 
habits, has significant impact on the gut micro-
biome, and consequently is relevant to our 
health. Recent findings suggest that the higher 
incidence of allergies, asthma and some auto-
immune diseases in western population are 
related to the gut microbiome (35, 36). 
 
Even though the skin microbiome is not as 
diverse as the gut microbiome, an abundance 
of microorganisms (viruses, bacteria and fungi) 
and mites cover the surface of the skin and 
reside deep in the hair and glands. Exogenous 
and endogenous factors contribute to the colo-
nization of the skin such as: 
 

• Host physiology: Sex, age, site 

• Host genotype: Susceptibility genes 
such as filaggrin 

• Environment: Climate, geographical lo-
cation 

• Lifestyle: Occupation, hygiene 

• Immune system: Previous exposures, 
inflammation 

• Pathobiology: Underlying conditions 
such as diabetes 

 
Our skin is populated by more than 1 billion 
bacteria / cm

2
, which are fundamental for skin 

physiology. Staph. epidermidis is one of the 
dominant bacteria found on the skin. It pro-
duces several antimicrobial proteins (AMP) 
and proteases that can limit biofilm formation 
of pathogenic species (37). Especially the ratio 
of Staph. aureus / Staph. epidermidis corre-
lates with the severity of AD (22, 32, 38). 
These findings taken together pinpoint AD as 
an acquired disease. 
 
Therefore it is anticipated that future studies 
concentrate on the individual microbiome com-
position of diseased individuals. With the skin 
microbiome serving as the first barrier of our 
skin, also our skin cleaning and caring routines 
will be questioned in future. Especially the use 
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of preservatives in skin care preparations. As 
the gut microbiome also plays a fundamental 
role in our immune system, we will pay more 
attention to the kind and quality of food we eat. 
Actually that is not new: we already know that 
healthy beautiful skin comes from within. 
 
References 
 

(1) David S Morrison, Petrolatum: a useful 
classic, Cosmet Toil (1996) 111:59-69 

(2) http://www.gpo.gov/fdsys/pkg/CFR-
2012-title21-vol5/pdf/CFR-2012-title21-
vol5-part347.pdf 

(3) Irvin H Blank, Factors which influence 
the water content of the stratum 
corneum, J Invest Dermatol (1952) 18: 
433-440 

(4) Motoji Takahashi, Masami Yamada, 
Yashuhiko Machida, Yukiko Tsuda, A 
new method to evaluate the softening 
effect of cosmetic ingredients on skin, 
J Soc Cosmet Chem (1984) 35: 171-
181 

(5) Anthony V Rawlings, Ian R Scott, Clive 
R Harding, Paul  Bowser, Stratum 
corneum moisturization at the Molec-
ular Level, J Invest Dermatol (1994) 
103: 731-740 

(6) Joseph Fowler, Understanding the role 
of natural moisturizing factor in skin 
hydration, Practical Dermatol 
(6/2012):36-40 

(7) S Kezic, A Kammeyer, F Calkoen, JW 
Ruhr, JD Bos, Natural moistruzing 
factor components in the stratum 
corneum as biomarkers of filaggrin 
genotype: evaluation of minimal inva-
sive methods, BJD (2009) 161: 1098-
1104 

(8) Clive R Harding, John Bartolone, An-
thony V Rawlings, Effects of natural 
moisturizing factor and lactic acid iso-
mers on skin, Dry Skin and Moisturiz-
ers: Chemistry and Function, Marie 
Loden, Howard I. Maibach, Eds (CRC 
Press) (2000): 229-241 

(9) Ghita Lanzendörfer, Lipidic ingredients 
in skin care formulations, Cosmetic Li-
pids and the Skin Barrier, Thomas 
Förster Ed (Marcel Dekker) (2002): 
255-297 

(10) Albert M Kligman, A brief history of 
how the dead stratum corneum be-
came alive, Skin Barrier, Elias, 
Feingold Eds. (CRC Press) (2006): 15-
24  

(11) Apostolos Pappas, Epidermal surface 
lipids, Dermato-Endocrin (2009) 1:2: 
72-76 

(12) ME Stewart, DT Downing, PE Pochi, 
JS Strauss; The fatty acids of human 

sebaceous gland phosphatidylcholin, 
Biochim Biophys Acta (1978), 529: 
380-386 

(13) Peter M Elias and Daniel S Friend: 
The permeability barrier in mammalian 
epidermis, J Cell Biol (1975) 65: 180-
191  

(14) Peter M Elias, Structure and function 
of the stratum corneum permeability 
barrier, Drug Dev Res (1988) 13: 97–
105 

(15) Volker Schreiner, Gert S Gooris, 
Stephan Pfeiffer, Ghita Lanzendörfer, 
Horst Wenck, Walter Diembeck, 
Ehrhardt Proksch, Joke Bouwstra, Bar-
rier characteristics of different human 
skin types Investigated with X-ray dif-
fraction, lipid analysis, and electron 
microscopy imaging, J Invest Dermatol 
(2000) 114: 654–660 

(16) PM Elias, GK Menon, Structural and li-
pid biochemical correlates of the epi-
dermal lipid barrier, Adv Lipid Res 
(1991) 24: 1-26 

(17) M Fartasch, Epidermal barrier disor-
ders in skin, Microsc Res Tech (1997) 
38: 361-372 

(18) G Imokawa, A Abe, K Jin, M Ka-
washima, A Hidano, Decreased level 
of ceramides in stratum corneum of 
atopic dermatitis: an etiologic factor in 
atopic dry skin? J Invest Dermatol 
(1991) 90: 523-526 

(19) Marilyn A Lampe, Mary L Williams, Pe-
ter M Elias, Human epidermal lipids: 
characterization and modulations dur-
ing differentiation, J Lipid Res (1983) 
24:131-140 

(20) Philip W Wertz, Lipids and barrier 
function of the skin, Acta Derm 
Venerol (2000) 208: 7-11 

(21) Kathi C Madison, Barrier function of 
the skin: “la raison d’ètre” of the epi-
dermis, J Invest Dermatol (2003) 121: 
231-241 

(22) Peter M Elias, Skin barrier function, 
Curr Allergy Asthma Rep (2008) 8: 
299-305 

(23) Denis Khnykin, Jeffrey H Miner, Frode 
Jahnsen, Role of fatty acid transport-
ers in epidermis – implications for 
health and disease, Dermato-Endocrin 
(2011) 3:2: 53-61 

(24) Undurti N Das, Essential fatty acids: 
biochemistry, physiology, pathology, 
Biotechnol J  (2006) 1: 420-439 

(25) M-T Huang, G Ghai, C-T Ho, Inflam-
matory process and molecular targets 
for antiinflammatory nutraceuticals, 
Comp Rev Food Sci Food Safety 
(2004) 3: 127-139 



Skin structure and skin care requirements page 5 of 5 

 

Kosmetik Konzept KOKO GmbH & Co.KG • D-42799 Leichlingen • Moltkestr. 25 • www.dermaviduals.com • page 5 of 5 

(26) Nemoto, M Furure, H Nakagawa, M 
Shiramoto, R Hanada, S Matsuki, S 
Imayama, M Kato, I Hasebe, K Taira, 
M Yamamoto, R Mihara, K Kaba-
shima, T Rusicka, J Hanifin Y Kuma-
gai, The first trial of CIM331, a hu-
manized antihuman interleukin-31 
receptor A antibody, in healthy volun-
teers and patients with  atopic derma-
titis to evaluate safety, tolerability and 
pharmacokinetics of a single dose in a 
randomized, double-blind, placebo-
controlled study, BJD (2015) 14: 76-82 

(27) DM Reilly, R Parslew, GR Sharpe, B 
Powell, MR Green, Inflammatory me-
diators in normal, sensitive and dis-
eased skin types, Acta Derm Venerol 
(2000) 80: 171-174 

(28) Emma Guttman-Yassky, Kristine E 
Nograles, James G Krueger, Con-
strasting pahtogenesis of atopic der-
matitis and psoriasis – Part I: clinical 
and pathologic concepts, J Allergy Clin 
Immunol (2011) 127: 1110-1118 
K Reich, The concept of psoriasis as a 
systemic inflammation: implications for 
disease management, Journal of the 
European Academy of Dermatology 
and Venereology (2012) 3-11 
M Boguniewicz, DV Leung, Atopic 
dermatitis: a disease of altered skin 
barrier and immune dysregulation, 
Immonol Rev (2011); 242: 233-246 

(29) Emma Guttman-Yassky, Kristine E 
Nograles, James G Krueger, Con-
strasting pahtogenesis of atopic der-
matitis and psoriasis – Part II: Immune 
cell subset and therapeutic concepts, J 
Allergy Clin Immunol (2011) 127: 
1420-1432 

(30) Nikhil Dhingra, Emma Guttman-Yas-
sky, A possible role for IL-17A in es-
tablishing Th2 inflammation in murine 
models of atopic dermatitis, J Invest 
Dermatol (2014) 134:2071-2074 
RL Gallo, T Nakatsuji, Microbial sym-
biosis with the innate immune defense 
system of the skin, J Invest Dermatol 
(2011) 131: 1974-1980 
Jürgen Schauber, Richard L Gallo, An-
timicrobial peptides and the skin im-
mune defense system, J Allergy Clin 
Immunol. (2008) 122: 261-266 
Guangshun Wang, Human Antimicro-
bial Peptides and Proteins, Pharma-
ceuticals (2014) 7: 545-594 

(31) The Human Microbiome Project Con-
sortium, Structure, function and diver-
sity of the healthy human microbiome, 
Nature (2012) 486: 207-214 

(32) Elizabeth A Grice, Julia A Segre, The 
skin microbiome, Nat Rev Microbiol 
(2011) 9: 244-153 

(33) Elizabeth A Grice, Heidi H Kong, Sean 
Conlan, Clayton B Deming, Joie Davis, 
Alice C Young, NISC Comparative Se-
quencing Program, Gerard G Bouffard, 
Robert W Blakesley, Patrick R Murray, 
Eric D Green, Maria L Turner, Julia A 
Segre, Topographical and temporal di-
versity of the human skin microbiome, 
Science (2009) 324: 1190-1192 

(34) Tanya Yatsunenko, Frederico E Rey, 
Mark J Manary, Indi Trehan, Maria 
Gloria Dominguez-Bello, Monica Con-
treras, Magda Magris, Gilda Hidalgo, 
Robert N Baldassano, Andrey P 
Anokhin, Andrew C Heath, Barbara 
Warner, Jens Reeder, Justin Kuczyn-
ski, J Gregory Caporaso, Catherine A 
Lozupone, Christian Lauber, Jose 
Carlos Clemente, Dan Knights, Rob 
Knight, Jeffrey I Gotdon, Human gut 
microbiome viewed actross age and 
geography, Nature (2012) 486: 222-
228 

(35) Alison N Thorburn, Laurence Macia, 
Charles R Mckay, Diet, metabolites 
and “western-lifestyle” inflammatory 
diseases, Immunity (2014) 40: 833-
842 

(36) Pieter C Dorrestein, Sarkis K Maz-
manian, Rob Knight, Finding the 
missing links among metabolites, mi-
crobes and the host, Immunity (2014) 
40: 824-832 

(37) RL Gallo, T Nakatsuji, Microbial 
symbiosis with the innate immune de-
fense system of the skin, J Invest 
Dermatol (2011) 131: 1974-1980 

(38) Yasmin Bekkair, Shruti Naik, compart-
mentalized ad systemic control of tis-
sue immunity by commensals, Nature 
Immunology (2013) 14: 646-653 

 
Dr. Ghita Lanzendörfer-Yu 
 
Extended version:  
Ghita Lanzendörfer-Yu, Skin Structure and 
Requirements on Skin Care – From Past to 
Future, Lecture on 4

th
 International Symposium 

on Corneotherapy, May 6-8, 2016, Cologne, 
Proceedings 12-24 


