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Abstract
The present paper is in the same time an overview of 
the literature concerning the alterations of lipids in the 
stratum corneum (SC) of atopic dogs and a review of 
data based on our publications. Knowing the importance 
of the SC barrier function for against pathogens in 
atopic dermatitis, we show for the first time a detailed 
biochemical analysis of lipids corresponding to the same 
amount of proteins in the successive layers of canine 
SC taken using tape stripping and their specificity 
as compared to humans. Also we show new results 
concerning the changes in the composition for protein-

bound ceramides, and for the other lipids in involved 
and non-involved skin areas in atopic dogs. We show 
how a topical or oral treatment can restore the SC lipid 
composition and reconstruct the barrier integrity by up-
regulating the biosynthesis of protein-bound ceramides. 
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Core tip: The review concerns the literature on modifi-
cations of sphingolipids in the stratum corneum (SC) 
of atopic dogs. We gave for the first time a detailed 
biochemical analysis of dog lipids in the successive layers 
of the SC take by tape stripping, and discussed their 
specificity by comparison to humans. We showed also 
the specific composition in protein-bound ceramides and 
the importance of CerOS in dog skin for barrier integrity. 
The lipid composition of involved and non-involved skin 
areas in atopic dogs was described and we showed how a 
topical or oral treatment can restore the lipid composition 
of SC and reconstruct the barrier integrity. 
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SPECIFICITY OF THE STRATUM 
CORNEUM ORGANISATION IN DOGS 
Stratum corneum (SC) is the outmost layer of  the 
epidermis. It comprises a unique structure made of  protein-
enriched corneocytes embedded in a lipid-enriched 
extracellular matrix.
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SC lipids are composed of  polar lipids such as 
cholesterol-sulphate, neutral lipids such as sterols, fatty 
acids, triglycerides, wax esters, squalene and extremely 
hydrophobic species such as ceramides (Table 1). The 
lipid extracellular matrix containing in few amount the 
omega-hydroxyceramides (CerOS, CerOP and CerOH), is 
replacing the plasma membrane of  the living cells and it 
constitutes a scaffold for the intercellular lipid lamellae[1]. 

Between the terrestrial mammals, the SC thickness 
and the organisation are variable. 

Regarding the canine skin samples, the intercellular 
lipid content was less than in other terrestrial species[2] 
and humans[3]. The lipid content also varies among the 
breeds. The Labrador retriever and Siberian husky are 
presenting a higher skin lipid content than the poodle[3].

As shown in a previous paper the results performed 
on the SC of  five healthy dogs showed similar molecular 
species of  ceramides as in Figure 1, but in different 
quantity concerning free and protein-bound lipids[4]. For 
example, in the Labrador breed, 6-hydroxysphingosine was 
the major long-chain base of  ceramides, The other dogs 
presented mostly sphingosine- based ceramides and low 
amounts of  phytosphingosine and 6-hydroxysphingosine 
ceramides. 

Within the depth in the SC, we observed a variation 
in free ceramides but not for protein-bound ceramides as 
well as it was describes in other studies where it was used 
the cyanoacrylate method[5,6]. 

As can be seen from Figure 1, we identified ceramides 
with omega-hydroxylated long chain fatty acids such as 
CerOS, CerOP and CerOH, and we showed that CerOS 
contains omega hydroxy fatty acids species in decreasing 
order from omega -OH C30:0, omega -OH C29:0, 
omega -OH C28:0, to omega -OH C32:0.

In conclusion, due to its structure, the Stratum 
Corneum of  healthy dogs show an important role in the 
skin barrier protection towards environmental factors 

and trans-epidermal water loss. 

SIMILARITIES OF SC OF HUMAN AND 
CANINE ATOPIC DERMATITIS 
Halliwell[7] describes for the first time that from the 
clinical point of  view that the canine atopic dermatitis 
(AD) show many similarities with the human skin[8]. 
After 1999, when the American College of  Veterinary 
Dermatology established that any review of  AD should 
be supported by the medically based evidence of  atopy, 
the term “allergic inhalant dermatitis” was replaced by 
“AD” because of  the lack of  asthma sign developing 
in dogs. In this respect, AD is defined as a genetically 
determined or allergic or inflammatory pathology resulting 
into a pruritic skin disorder. Environmental allergens[9] or 
cutaneous Malassezia and Staphylococcus infections[10] 
are well known to trigger inflammatory changes that are 
commonly associated with IgE antibodies. 

Recently, in a skin model Leiden epidermal model 
(LEM)[11], it was used IL-4, IL-13, IL-31, and TNF-a to 
induce AD-like cytokines disorder in skin (spongiosis and 
alterations of  early stage and terminal stage of  expression 
in differentiation-protein in reconstructed skin). Another 
effect of  TNF-a alone or together with Th2 cytokines 
consisted in a decrease of  the level of  long chain free 
fatty acids (FFAs) and ester linked omega-hydroxy (EO) 
ceramides, leading to an abnormal lipid organization 
and a defect in skin barrier integrity. Another cause of  
exacerbating the pathological changes and the impairment 
of  the synthesis of  ultra long-chain ceramides in AD 
results into a higher amount of  the interferon gamma 
which decreases the very long chain fatty acids and 
ceramide synthase 3 enzymes necessary for the synthesis 
of  the very long-chain ceramides[12]. 

AD in dog species affects up to 10% of  dogs and it has 
an important breed prevalence[13]. If  in humans, mutations 
in the filaggrin gene accounted for the predisposition to 
develop AD, in dogs there is no known direct link[14] and 
a total absence of  correlation has been reported in West 
Highland White Terriers[15].

Previously, it was shown that in AD, the genetic 
defects in proteins structure or enzymes could impair the 
synthesis of  SC lipids by incomplete extrusion of  lipid 
bodies (LBs)[16,17]. The LBs composition in lipid catabolic 
enzymes is also changed[18], resulting in an impairment 
of  lateral packing of  the inter-corneocytes lamellar lipids 
(LL) as observed in humans with AD[19]. Compared to 
normal skin, it was observed in the non-lesional skin 
of  atopic dogs, by transmission electron microscopy 
(TEM), some ultrastructural changes in SC morphology 
such as larger intercorneocyte spaces,as well as severely 
disorganised, sporadic and incomplete lamellar lipids (20). 

After topical treatment with SLC[20], or a ceramide-
like moisturizer[21], or other extrinsic lipids[22] that would 
be integrated into the nascent lamellar bilayers, it was 
observed by TEM a new formation of  the SC compactum, 
an increase in the LLs and an improvement of  the SC 
integrity. 
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  Sphingoid base 
  fatty acid

Sphingosine
(S)

Phytosphingosine
(P)

6-Hydroxy-
sphingosine

(H)

  Normal FA (N) NS
Cer 2

NP
Cer 3

NH
Cer 8

  Alpha-Hydroxy FA (A) AS
Cer 5

AP
Cer 6

AH
Cer 7

  Omega-Hydroxy FA (O) OS
Cer A

OP OH
Cer B

  Omega Esterified FA (E) EOS
Cer 1

EOP
Cer 9

EOH
Cer 4

Table 1  Ceramide types of the stratum corneum

FA: Fatty acid; NS: Normal fatty acid linked to Sphingosine; NP: Normal 
fatty acid linked to Phytosphingosine; NH: Normal fatty acid linked 
to 6-Hydroxysphingosine; AS: Alpha-hydroxy fatty acid linked to 
Sphingosine; AP: Alpha-hydroxyl fatty acid linked to Phytosphingosine; 
AH: Alpha-hydroxyl fatty acid linked to 6-Hydroxysphingosine; OS: 
Omega hydroxyl fatty acid linked to Sphingosine; OP: Omega hydroxyl 
fatty acid linked to Phytosphingosine; OH: Omega hydroxyl fatty acid 
linked to 6-Hydroxysphingosine; EOS: Omega esterified fatty acid linked to 
Sphingosine; EOP: Omega esterified fatty acid linked to Phytosphingosine; 
EOH: Omega esterified fatty acid linked to 6-Hydroxysphingosine.



EVIDENCE FOR ABNORMAL PRESENCE 
AND HETEROGENEOUS DISTRIBUTION 
OF GLUCOSYLCERAMIDE IN THE SC OF 
ATOPIC DOGS IN NON-LESIONAL AS 
WELL IN LESIONAL AREAS 
An inherent abnormal lamellar structure will cause disorders 
in cornification as in many ichtyosis, due to a reduced level 
in protein-bound omega-hydroxyceramides[4], or alteration 
in the content of  other sphingolipids as in psoriasis[23] and 
AD[5,24-26]. These covalently bound ceramides were first 
described by Wertz et al[27] in 1989. 

Recently, a reduction in the free fatty acid chain length 
was reported in non-lesional and lesional SC of  atopic 
eczema patients[28], associated with a reduced ceramide 
chain length, suggesting a common synthetic pathway. 

This finding could be sustained by the results of  Haller 
et al[29] who found that the loss of  Abca12 function results 
in a failure of  interaction between glucocerebrosidase 
and its GlcCer substrate and an accumulation of  GlcCer 
species in SC. 

Regarding glucosylceramide, our results[30] show in atopic 
dogs a near absence of  CerOP, a protein-bound ceramide, 
with the concomitant presence of  glucosyceramide in large 
amount in the SC. 

Moreover, Reiter et al[5] showed that the ratio cholesterol 
to ceramide in atopic dog SC is higher than in normal 
SC dogs, in uninvolved as well as in lesional areas. Also, 
some results from Sugiura et al[31] support the notion that 

AD in non-lesional skin is associated with an impaired 
homeostasis in a ceramide-generating process. 

Concerning our work, we reported in 2011 the lipid 
patterns in non-involved SC of  atopic dogs vs normal 
dogs SC that suggested an impaired biosynthesis of  the 
long chain bases of  ceramides[30,32]. Here we give the 
complete analysis of  free and protein-bound lipids of  
lesional and non-lesional SC of  5 atopic dogs.

As shown in Table 2, the amount of  proteins taken 
by tape stripping in non-lesional areas of  atopic dogs SC 
was not significantly different from that of  normal dogs, 
but the protein content was reduced by half  compared 
to the non-lesional areas. The lower protein content of  
lesional areas was likely to be due to the limited sticking 
of  the tapes on inflammatory areas.

The free lipid content of  normal and non-lesional and 
lesional atopic dog SC is given in Table 3. As compared 
to their respective contents in normal dog SC, cholesterol 
and fatty acids showed a moderate (10% to 15%) decrease 
in both non-lesional and lesional SC of  atopic dogs. 
Free ceramides were reduced by 30% to 40%. However, 
for glucosylceramides which were absent in normal 
dog SC, large amounts were detected in non-lesional 
SC of  atopic dogs, with a significant concentration also 
present in lesional ares, showing a deficient activity of  the 
glucocerebrosidase in the atopic dogs skin.

Table 4 shows the protein-bound lipids of  the SC. The 
amount of  Cholesterol, fatty acids and omega hydroxy 
ceramides of  the protein-bound lipids show an important 
decreasing in atopic dog SC, even higher than that of  
free lipids. The cholesterol amount was reduced by 30%, 
the fatty acids by 50% and the omega hydroxyceramides, 
only 20% compare to the amount found in healthy dog 
SC. Compare to the normal dog SC which does not 
contain covalently-bound glucosylceramides, we found an 
important amount in both non-lesional and lesional atopic 
dog SC.

In a recent study it was shown that a neutral ceramidase 
isolated from Pseudomonas aeruginosa (PaCDase) isolated 
from a patient with AD could degrade the ceramides in 
the presence of  Staphylococcus aureus-derived lipids or 
neutral detergents in a keratinocyte model[33].

To illustrate the data shown previously[34] and the 
values from Tables 3 and 4, we analysed comparatively in 
depth by chromatographic plates the free ceramides of  
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  Strip number Healthy dogs1 Atopic dogs

Non-lesional areas1 Lesional areas
  1 + 2   96 ± 11 92 ± 12 56 ± 8
  3 + 4 105 ± 12 93 ± 12 58 ± 9
  5 + 6   96 ± 10 95 ± 10 57 ± 8
  7 + 8   97 ± 13  94 ± 11 59 ± 9
  9 + 10 103 ± 15 96 ± 12 52 ± 8
  11 + 12 105 ± 14 96 ± 13 54 ± 7

Table 2  Protein content of strips taken from normal and 
atopic stratum corneum dogs 

1Reproduced from ref.[30]. Values expressed as µg proteins ± SE (n = 5) 
per 2 strips (P < 0.05).

CerEOS

CerNS

CerEOP

CerAS

CerNH

CerAP

CerNP

CerOS

CerOP

CerOH

Standards Free 

Ceramides

Protein-bound

Figure 1  Chromatographic plate with high performance thin-layer of free 
and protein-bound ceramides from the Stratum corneum of healthy dog 
skin, Labrador breed. Standards: Left lane; CerNS (ceramide with normal fatty 
acid and sphingosine): Upper spot; CerAS (ceramide with alpha hydroxy fatty 
acid and sphingosine): Lower spot; Center lane CerNP (ceramide with normal 
fatty acid and phytosphingosine); CerEOS: Ceramide with omega esterified 
fatty acid and sphingosine; CerNS: Ceramide with normal fatty acid and 
sphingosine; CerAS: Ceramide with alpha-hydroxyl fatty acid and sphingosine; 
CerNH: Ceramide with normal fatty acid and 6-hydroxysphingosine; CerAP: 
Ceramide with alpha-hydroxyl fatty acid and phytosphingosine; CerNP: 
Ceramide with normal fatty acid and phytosphingosine.
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atopic dogs compared to the normal SC dogs is due to 
the deficient activity of  beta-glucocerebrosidase. This 
enzyme is known to be essential in acquiring a good SC 
barrier[18].

Concerning the free glucosylceramide type of  lipids, 
they are completely absent in the normal dog SC. In a 
similar way, the free glucosylceramides were present in all 
layers of  non-lesional dog SC in an important quantity. 
In lesional areas, the concentration of  glucosylceramides 
was much lower and there were some variations in 
the molecular species visualized in these samples, as 
glucosylceramides with long-chain fatty acids were 
prominent in pooled strips 5 + 6. 

We found in our studies on dog SC, the cholesterol in 
the protein-bound fraction, as it was reported in human 
skin[35], Its presence was observed in the successive layers 
in a striking heterogeneity. In the case of  the atopic dogs 
in non-lesional layers, some layers were more enriched 
and in lesional layers the content was lowered. 

WAYS OF RECOVERY AND TREATMENTS 
FOR AN EFFICIENT CUTANEOUS BARRIER
One key fact is to restore the barrier function and this 
requires a decrease to allergen exposure. 

Several treatments based on topical application of  
lipids were designed for patients with allergic contact 
dermatitis, irritant dermatitis and atopic dermatitits[22]. 
For exemple, the improvement of  the skin barrier in 
children with AD was accelerated after treatment with a 
pseudoceramides-based moisturizer[21].

Another study suggested that the application of  an 
emulsion based on an physiological lipid granules would 
restore the barrier of  atopic patients and reduce the 
clinical symptoms and any side effects[36].

Concerning the dogs, frequent washing and rinsing of  
the contact zones may help to decrease allergen exposure. 
In this respect it was shown previously[20] that a mixture 
of  lipid complex SLC® based mainly on ceramides 
and cholesterol (Allerderm/Derm-1 Spot-on, Virbac 

SC from lesional (line 4) and non-lesional (line 3) spots 
of  atopic dog compared to the heathy one (line 1 and 2) 
(Figure 2). 

It is noticeable that in non-lesional areas (4) the 
proportion of  Cer NP and Cer AS dropped as well as in 
the lesional side, and moreover, Cer EOS (omega-hydroxy 
ceramide) is totally absent from lesional areas.

We may noticed an heterogenic distribution in SC 
depth of  protein-bound omega hydroxy ceramides, Cer 
OS and CerOP, in non-lesional (Figure 3A) and lesional 
(Figure 3B) SC of  atopic dog. Compare to non-lesional 
SC (Figure 3A), in lesional SC (Figure 3B) an important 
absence of  protein-bound céramides, one reason why the 
SC integrity is markedly altered. 

Figure 4 shows comparatively the presence of  glucosy-
ceramide in SC of  healthy dog, the precursor of  ceramides, 
(Figure 4A) and its presence in non-lesional (Figure 4B) 
and the lesional (Figure 4C) SC of  atopic dog. 

Compare to the healthy dog’s SC (Figure 4A), in the 
successive strips of  lesional areas of  atopic dogs (Figure 
4C), the omega hydroxy ceramides are absent in one 
sample out of  two whereas this does not appear so clearly 
in non-lesional areas (Figure 4B), responding to question 
why the alteration of  the SC integrity occurs. 

Table 4 presents the comparison concerning the whole 
lipids content of  protein-bound lipids of  Sc of  healty dog 
compare to atopic dog. We may notice that in atopic dog 
SC, the whole lipids are strongly reduced as compared to 
normal dogs. The decreasing in CerOS, which accounts 
for about 75% of  the total omega hydroxy ceramides in 
normal dog SC, is the only species present in atopic dog 
SC. Table 4 shows also the amount of  glucosylceramide 
in non-lesional and in lesional areas which confirm the 
heterogenic profile (Figure 4B and C). 

This accumulation of  glucosyceramide in SC of  
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  Lipid class Normal 
dogs1

 Atopic dogs

Non-lesional areas1 Lesional areas
  Cholesterol   96 ± 28   87 ± 31   86 ± 37
  Fatty acids 115 ± 32   91 ± 36   89 ± 43
  Ceramides 141 ± 37 112 ± 43 105 ± 56
  Glucosylceramides 0   31 ± 17   12 ± 10

Table 3  Free lipids of stratum corneum of normal and atopic 
dogs

  Lipid class   Normal 
dogs1

Atopic dogs

Non-lesional areas1 Lesional areas
  Cholesterol 12 ± 8   9 ± 5   8 ± 6
  Fatty acids 23 ± 12 11 ± 9 15 ± 8
  Ceramides 36 ± 10   8 ± 7   8 ± 6
  Glucosylceramides 0   8 ± 8   7 ± 6

Table 4  Protein-bound lipids of stratum corneum of normal 
and atopic dogs

1Reproduced from ref.[30]. Values expressed as µg ± SE (n = 5) per 
milligram protein.

1Reproduced from ref.[30]. Values expressed as µg ± SE (n = 5) per 
milligram protein.

Figure 2  Free ceramides in the stratum corneum of healthy dogs (1, 2) 
and an atopic dog, non-lesional (3) and lesional areas (4). Standard lipids 
on the left lanes of the plates: type Ⅲ and type Ⅳ ceramides, phytoceramides.

CerEOS

CerNS

CerEOP

CerAS
CErNH

CerAP
CerNP

1        2        3       4Cer   Phyto Cer
Ⅲ                     Ⅳ 

Absence of acylated
w-hydroxy ceramide
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Figure 3  High performance thin-layer chromatography of 
protein-bound ceramides from non-lesional (A) and lesional 
(B) stratum corneum of atopic dog (strip tapes taken by two 
before extraction. Standard ceramide Cer Ⅲ (CerAS). Figure 3A 
reproduced from ref.[30] (strips tapes pooled two by two before 
extraction).

Figure 4  High performance thin-layer chromatography of protein-bound glucosylceramides from non-lesional (B) and lesional (C) stratum corneum of atopic 
dog compared to healthy dog (A) (strips tapes by two before extraction. Std- mixture of glucosylceramide (CMH) and lactosylceramide (CDH). Figures 4A and 4B  
reproduced from ref.[30] (strips tapes pooled two by two before extraction).

Figure 5  High performance thin-layer chromatography of 
protein-bounds ceramides from SC of non-lesional skin of 
an atopic dog before (A) and after treatmanet with Megaderm 
R  (B) (tapes pooled two by two before extraction). Standard- 
CerOS.

CerOS

1 + 2        3 + 4     5 + 6     7 + 8     9 + 10    11 + 12      Std

Strip number

CerOS

Std          1 + 2       3 + 4      5 + 6       7 + 8     9 + 10    11 + 12

Strip number

Strip number Strip number

Strip number

1 + 2    3 + 4    5 + 6    7 + 8      9 + 10    11 + 12      Std 1 + 2  3 + 4    5 + 6    7 + 8   9 + 1   11 + 12

CMH

CDH

Std       1 + 2   3 + 4   5 + 6   7 + 8  9 + 10  11 + 12

CER-OS

Std 1 +
 2

3 +
 4

5 +
 6

7 +
 8

9 +
 10

11
 +

 12 Std 1 +
 2

3 +
 4

5 +
 6

7 +
 8

9 +
 10

11
 +

 12

Strip number
Before Megaderm® After Megaderm®

CMH

CDH

CMH

CDH

A

B

A B

C

A B

Strip number
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Laboratory) would restructure the SC lipid lamellae. 
The treatment resulted[32] into an important increase in 
lipid biosynthesis of  keratinocytes (i.e., protein-bound 
ceramides CerOS and CerOP, and normal and omega-
hydroxy fatty acids) and an efficient barrier formation. 
Another treatment, Megaderm®, designed by Virbac for 
atopic dogs was a food supplement based on essential 
fatty acids and vitamin E[33].

Figure 5 shows, as most of  our previous publications[30], 
that the lower lipid content and the marked deficit in 
protein-liked ceramides (Figure 5A) in atopic dogs may be 
reversed with the feed supplementation with Megaderm® 
(Figure 5B). This is the most remarkable feature, accounting 
for the observed accumulation of  the intercorneocyte 
lamellar lipids[37].

Although it was observed that after feeding for about 
two months with Megaderm®, the deepest layers of  the 
SC presented several imperfections compared to the SC 
of  healthy dogs, the overall improvement in the lamellar 
lipid organization and normalization of  the protein-bound 
lipid content did occur, just as with SLC® treatment[20].

It was recently demonstrated with Fourier-transformed 
infrared spectroscopy and Raman imaging spectroscopy 
that the stability of  the crystalline structure of  free fatty 
acid, ceramide and cholesterol mixtures strongly depends 
on the length of  the fatty acids built into ceramides[38]. 
It can be that the optimal molecular proportions can be 
best achieved when living epidermal cells are sufficiently 
supplied with the essential building bricks provided 
through the treatments. 

Of  course, besides the dietary supplementation such 
as Megaderm® or topical treatment such as SLC®, new 
treatments used in humans suffering from AD may be also 
applied in dogs.

These are topical ceramide formulations[39] including 
targeted CerAP microemulsions[40], that may contain 
inhibitors of  calcineurin[41]. They are all aiming at increasing 
the epidermal lipid content, supplying filaggrin degradation 
products[42], regulating the environmental pH[43,44] and the 
glucosylceramidase activity[45,46], and resulting in a decrease 
of  the transepidermal water loss[47] and inflammation.
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