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Comparative histology and
immunohistochemistry of porcine versus
human skin

Background. Porcine skin is increasingly being employed as a model
of human skin in various research fields, including pharmacology,
toxicology and immunology, with particular interest in percutaneous
permeation and organ transplantation. Porcine skin shows several
anatomical and physiological similarities, but also some differences,
with human skin, but few in depth comparative studies are so far avail-
able. Ojectives. To study the immunohistochemical properties of normal
porcine skin in comparison with human skin. Materials and methods. We
performed a histological and immunohistochemical study on frozen and
formalin-fixed, paraffin-embedded skin biopsies from domestic swine
and normal human skin, using a panel of 93 monoclonal or polyclonal
antibodies recognizing various human and porcine skin cell types or

T
c
P
h
b
i
d
d
p
W
b
i
p
t
c
f
p
t
p
t
a
c
o
c
t

eprints: J. Kanitakis
jean.kanitakis@univ-lyon1.fr>

structures. Results. We found that several antibodies used to detect nor-
mal human skin cells showed equivalent immunoreactivity on normal
porcine skin. However, some antibodies commonly used to detect human

skin antigens remained unreactive on porcine skin. Conclusions. Our
findings highlight the main immunohistochemical properties of porcine
skin in comparison with those of human skin and provide a morpholo-
gical and immunohistochemical basis useful to researchers using porcine
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skin.
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he skin is the largest organ of the body and plays
several vital functions such as protection against
environmental aggressions (biologic, physical or

hemical), thermoregulation, metabolism and sensation.
orcine skin has been widely employed as a substitute for
uman skin in various fields of dermatological research
ecause of several anatomical and physiological similar-
ties with human skin [1-7]. As in humans, porcine skin is
ivided into three layers, i.e. (from top to bottom) the epi-
ermis, the dermis and the hypodermis (or subcutis), each
laying a distinct role in the overall function of the skin.
hereas several anatomical and physiological studies have

een devoted to human skin, few data are available regard-
ng the histology and the immunohistochemical profile of
orcine skin [6, 8-16]. This is due in part to the fact that
here are few antibodies which have been raised specifi-
ally to porcine skin cells. Because it is expected that in the
uture an increasing number of experimental studies will use
orcine skin, there is a current need for better knowledge of
he histological, histochemical and immunohistochemical
56
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roperties of normal porcine skin. The aim of this work was
o study the reactivity of a large panel (n:93) of monoclonal
nd polyclonal antibodies, mostly specific to human skin
ells, on normal porcine skin, in order to investigate which
f them show a similar labelling pattern on porcine skin and
an therefore be used for the pathological investigation of
his tissue.
ne skin, human skin, immunohistochemistry, cuta-
, histology

Materials and Methods

Animals
Domestic swine of the Seghers Hybrid (Landrace x Large
White) strain were obtained from a commercial farm
(GAEC du Perrat, France) and were used when weigh-
ing 20-30 kg. Animals were housed and acclimatized over
5 days at the NASMA Biomatech investigation center
(Chasse-sur-Rhône, France), registered with the French
Department of Agriculture for animal housing, care and
investigations. The animals were cared for according to
procedures conforming to the European requirements of
farm animals (EC directive 86/609). The present study
was approved by the Lyon Institutional Animal Care
and Use Committee (“Comité Régional d’Ethique pour
l’Expérimentation Animale”).

Skin biopsies
doi:10.1684/ejd.2013.2060
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ois B, Kanitakis J. Comparative histology and immunohistochemistry of porcine

For biopsy sampling, the animals were fasted overnight
and were anesthetised by intramuscular injection of 10
mg/kg tiletamine-zolazepram mixture (Zoletil®, Virbac,
Switzerland) and an intravenous injection of 7 mg/kg
thiopental-pentabarbital mixture (Nesdonal® - Merial,
France) and atropine (Atropinum sulfuricum®, 1 mg/pig),

dx.doi.org/10.1684/ejd.2013.2060
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ollowed by inhalation of 1-4% O2-N2O isoflurane mix-
ure (Aerrane®, Baxter, USA). The skin was clipped free
f fur on both flanks and cleaned with alcohol. Two skin
iopsies were obtained on both flanks of seven differ-
nt animals using a 8-mm punch scalpel. For histological
xamination, the specimens were immediately immersed
n Baker’s fixative medium and kept for a minimum of 24h
t room temperature until processing. For immunohisto-
hemical examination, part of the specimens were rinsed
n PBS, snap-frozen by immersion in Cryomount embed-
ing solution and stored at -80◦C until sectioning. Vertical
ections were prepared from frozen and paraffin-embedded
kin specimens.
uman skin included specimens obtained from nine healthy

dults undergoing plastic surgery (usually abdomino-
lasty). The study using human skin was approved by the
ocal ethics committee (“Comité de Protection des Person-
es”, CPP Lyon-Est IV). All subjects gave written informed
onsent to participate in this study. Biopsies were similarly
rocessed for the histological and immunohistochemical
tudy as the specimens of porcine skin.

istological preparation

issue Preparation
ormalin-fixed skin samples were dehydrated and embed-
ed in paraffin using an automatic tissue processor (ASP
00, Leica) and embedded in paraffin blocks stored at room
emperature. 5-�m thick sections were placed on treated
lass slides, heated overnight in an oven at 50◦C and then
tored at room temperature until use. 5-�m thick frozen
kin sections were cut using a cryostat (Leica) at -22◦C and
laced on treated clean glass slides (Superfrost-plus). They
ere allowed to dry 15 min before fixation in cold acetone

10 min), dried for 4 hours and then frozen at -20◦C. They
ere used within ten days after sectioning.

istological study
ections were dewaxed and rehydrated in graded alco-
ols, stained, dehydrated and cleared with an autostainer
hms70, Microm, Francheville, France). They were stained
ith hematoxylin-eosin-saffron (HES), Periodic acid Schiff

PAS), toluidine blue, orcein, Masson’s trichrome and
ontana-Masson.

mmunohistochemical labelling
rozen sections were immunolabeled with an automated

mmunostainer (Discovery; Ventana Medical Systems, Tuc-
on, AZ) according to the manufacturer’s instructions
except for primary antibody incubation for 1hr), using
iaminobenzidine as chromogen. Nuclear counterstaining
as performed with haematoxylin (kit DAB-Mab, Ven-

ana, Illkirch, France). Negative controls were obtained by
mitting the first-layer antibody. Paraffin-embedded sec-
ions were immunolabelled using the Discovery automated
JD, vol. 23, n◦ 4, July-August 2013

mmunostainer as above, after dewaxing and incubation
n the Tris-EDTA-based Ventana buffer CC1 (pH 8.0) for
ither 20 min (short pre-treatment) or 40 min (standard
re-treatment) at 100◦C. Primary antibodies were incu-
ated for 30 min. Revelation and counterstaining were
erformed as for the frozen sections. The sections were
ehydrated, cleared and mounted using Pertex medium
Microm, Francheville, France).
13 Time: 3:18 pm

A panel of 93 different primary antibodies was used
(Tables 1-2 ), recognizing various structural, differentia-
tion and proliferation-associated antigens of human and
porcine skin. Primary antibodies to human antigens were
used on porcine skin at the same dilution as that used for
human skin. The optimal concentration of primary anti-
bodies directed against porcine antigens was determined
so as to obtain a clear signal with no background stain-
ing. Secondary antibodies used for porcine skin specimens
included biotinylated rat anti-mouse (BD Pharmingen, Le-
Pont-de-Claix, France) or anti-rabbit (Vector laboratories)
antibodies. For human skin specimens, a universal Ventana
secondary antibody for human skin was used.

Results and discussion

The epidermis

Architecture
Similarly to human, the porcine epidermis appeared as
a stratified, multi-layered, keratinizing epithelium, using
HES staining (figures 1A-B). Keratinocytes were organised
in four layers separated from the dermis by an undu-
lating basement membrane, easily identified by collagen
IV staining (figure 2A) and faintly highlighted by PAS
staining. The basal cell layer was made of basophilic
cylindrical cells with large nuclei, lying perpendicular to
the dermal-epidermal junction. In the malpighian layer,
keratinocytes became polygonal, more eosinophilic, with
a round nucleus. The granular layer was inconspicu-
ous, consisting of 1-2 layers of flattened keratinocytes
lying parallel to the skin surface. The horny layer was
made of flattened anucleated cells (corneocytes). Overall,
the architectural and cytological features of porcine epi-
dermis were very similar to those of human epidermis
[17].

Keratinocytes (KC)
KC, which represent the most abundant cell type (ca.
90%) of the epidermis, were similarly organized in lay-
ers in human and porcine epidermis. They were immuno-
labelled by two antibodies to human pan-keratin (AE1/AE3
& CK903) (figure 2B) in both human and porcine skin.
Basal KC were labelled by antibodies to keratins (K) 5/6
(figure 2C) and K5/8, most likely reflecting the expression
of K5. The antibody to K1/10 labelled the cytoplasm of
all suprabasal KC (figure 2D). The MIB-1 antibody, recog-
nizing the Ki67 proliferation-associated antigen of cycling
cells, labelled several nuclei of the basal layer of the epi-
dermis (and of epidermal appendages, hair follicles and
sweat glands) (figure 2E). The antibody to the epithelial
stem-cell protein p63 labelled the nucleus of basal and sev-
eral suprabasal KC (figure 2F). The antibody to E-cadherin
457

labelled the surface of all KC (figure 2G), highlighting the
adherens junctions connecting adjacent cells. The lectin
Ulex Europaeus Agglutinin 1, recognizing alpha-L-fucose
residues, stained the upper layer KC of porcine epidermis
and the inner hair follicle sheath, as it did on human skin, but
did not stain the porcine (apocrine) sweat glands. The anti-
body MI15 to CD138/syndecan-1, an adhesion molecule
expressed on the cell membrane of human epidermal KC,
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Table 1. Antibodies useful for the immunohistochemical investigation of normal porcine skin.

Antigens Clone Isotype Host Target Supplier Tissue Working dilution Pre-treatment

�-Smooth Muscle Actin 1A4 IgG2a M H Sigma P 1/7000 Sh

Actin HHF-35 IgG1 M H Dako P 1/1000 Std

Caldesmon h-CD IgG1 M H Dako P 1/50 Std

CD1 76-7-4 IgG2a M Pi Southern biotechnology F 1/200 _

CD3 PPT3 IgG1 M Pi Southern biotechnology F 1/100-1/1000 _

CD3 - - R H Dako P 1/100 Sh

CD4a 74-12-4 IgG2b M Pi Southern biotechnology F 1/10-1/500 _

CD8b 295/33-25 IgG2a M Pi Pharmingen F 1/200-1/1000 _

CD11R3 2F4/11 IgG1 M Pi Serotec F 1/50-1/200 _

CD14 MIL-2 IgG2b M Pi Serotec F 1/1000 _

CD16 FcG7 IgG1 M Pi Pharmingen F 1/200-1/500 _

CD21 B-Ly4 IgG2 M H Pharmingen F 1/50 _

CD25 231.3B2 IgG1 M Pi Serotec F 1/100 _

CD31 LCI-9 IgM M Pi Pharmingen F 1/200 _

CD56/NCAM ERIC-1 IgG1 M H Serotec F 1/50 _

CD152 (CTLA4)-Ig
fusion protein

- IgG1 M H Coger F 1/50 _

CD163 2A100/11 IgG1 M Pi Serotec F 1/100 _

CD207/Langerin 929F3 IgG2a Rat H Dendritics F 1/100-1/1000 _

CD207/Langerin 306G9 IgG1 M H Dendritics F 1/100-1/1000 _

CD208/DC-LAMP 104G4 IgG1 M H Dendritics F 1/500 _

Collagen type IV CIV22 IgG1 M H Dako F 1/50 Trypsin/citrate

Desmin D33 IgG1 M H Dako P 1/50 Std

E-Cadherin 4A2C7 IgG1 M H Zymed P 1/100 Sh

Endothelial cells MIL-11 IgE M H Serotec F 1/50 _

Factor XIIIa - - S H Biogenesis P 1/150 Std

P 1/200 ShKeratin 1/10 LH1 IgG1 M H Serotec
F 1/200 _

Keratin 5/6 D5/16B4 IgG1 M H Dako P 1/500 Std

P 1/500 ShKeratin 5/8 RCK-102 IgG1 M H Pharmingen
F 1/500 _

Keratin 7 OV-TL 12/30 IgG1 M H Dako P 1/50 Std

Keratin (high MW) AE3 IgG1 M H Biogenex P 1/100 Std

Keratin (low MW) AE1 IgG1 M H Biogenex P 1/50 Std

Keratin (total) AE1/AE3 IgG1 M H Dako P 1/500 Std

P 1/100 ShKeratin (total) AE1/AE3 IgG1 M H Serotec
F 1/100 _

Keratin (total) CK903 34�E12 IgG1 M H Dako P 1/50 Std

Ki-67 Ag MIB-1 IgG1 M H Dako P 1/50 Std

MHC class II-DQ/SLA II K274.3G8 IgG1 M Pi Serotec F 1/250-1/1000 _

Neurofilaments 2F11 IgG1 M H Dako P 1/50 Std

Neuron-Specific Enolase BBS/NC/ VI-H14 IgG1 M H Dako P 1/50 Std

p63 4A4 IgG2a M H Dako P 1/25 Std

PGP 9.5 - - R H Dako P 1/80 Std

S100 protein - - R H Dako P 1/100 Sh

Swc3a- CD172a 74-22-15A IgG1 M Pi Serotec F 1/250-1/1000 _

Tyrosinase T3 11 IgG2a M H Thermo scientific P 1/50 Std

Ulex Europaeus
Agglutinin-1

- - R H Vector P 1/50 Std

Vimentin V9 IgG1 M H Dako P 1/2000 Std

F: Frozen tissues, P: Paraffin embedded tissues, M: Mouse, R: Rabbit, Pi: Pig, H: Human, G: Goat, S: Sheep. Sh: Short, Std: Standard, -: no pretreatment.
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Table 2. Antibodies with no (or unconfirmed) reactivity on porcine skin.

Antigens Clone Isotype Host Target Supplier Tissue Working Dilution Pre-treatment

ASGPR CD301 125A10 IgG1 M H Dendritics F 1/20-1/1000 -

ASGPR CD301 121A5 IgG1 M H Dendritics F 1/20-1/1000 -

Calretinin - - R H Zymed P 1/25 Std

CD1a O10 IgG1 M H DBS P 1/50 Std

F 1/50-1/100 -CD20 L26 IgG2a M H Dako
P 1/100 Std

CD21 1F8 IgG1 M H Dako P 1/20 Std

CD31 JC/70A IgG1 M H Dako P 1/20 Std

CD34 Qbend 10 IgG1 M H Dako F /P 1/50 - / Sh

CD45RO UCHL1 IgG1 M H Dako P 1/100 Sh

CD68 PGM1 IgG3 M H Dako P 1/50 Std

CD68 KP1 IgG1 M H Dako P 1/400 Std

F 1/50-1/100 -CD79a JCB117 IgG1 M H Dako
P 1/200 Sh

CD106 – VCAM 1.G11B1 IgG1 M H Chemicon F 1/20-1/100 -

CD117 – C-Kit - - R H Dako P 1/200 Std

CD123 – IL3Ra 9F5 IgG1 M H Pharmingen F 1/50-1/100 -

CD138 MI15 IgG1 M H Dako P 1/20 Std

CD163 10D6 IgG1 M H Neomarkers P 1/80 Std

CD207/Langerin 1010E1.01 IgG2a Rat H Dendritics F 1/20-1/1000 -

CD207/Langerin 808E10 IgG1 M H Dendritics F 1/20-1/1000 -

CD207/Langerin 310F7.02 IgG1 M H Dendritics F 1/20-1/1000 -

CD207/Langerin 122D5 IgG1 M H Dendritics F 1/20-1/1000 -

CD209/DC-SIGN 102E11. IgG1 M H Dendritics F 1/20-1/1000 -

CD209/DC-SIGN 109H12 IgG1 M H Dendritics F 1/20-1/1000 -

CD209/DC-SIGN 102H3 IgG1 M H Dendritics F 1/20-1/1000 -

CD209/DC-SIGN 108C7 IgG1 M H Dendritics F 1/20-1/1000 -

Collagen type VII LH7.2 IgG1 M H Novocastra F 1/30 Trypsin/citrate

DC-SIGN Like 118A8 IgG1 M H Dendritics F 1/20-1/1000 -

DC-SIGN Like 128G8 IgM M H Dendritics F 1/20-1/1000 -

Factor XIIIa AC-1A1 IgG1 M H DBS F / P 1/200 - / Std

Filaggrin AKH1 IgG1 M H Behring P 1/50 Std

FoxP3 PCH101 IgG2a Rat H eBiosciences P 1/50 Sh

GCDFP-15 23A3 IgG2a M H Novocastra P 1/20 Std

HLA-DR LN3 IgG2b M H Biosciences P 1/200 Sh
Keratin 1/10 KL-1 IgG1 M H Immunotech P 1/50 Std

Keratin 8 35�H11 IgG1 M H Dako P 1/100 Std

Keratin 13 A3.3 IgG1 M H Immunotech P prediluted Std

Keratin 18 DC10 IgG1 M H Dako P 1/10 Std

Keratin 20 KS20.8 IgG2a M H Dako P 1/100 Std

LAL/Küpfer cells 103B8 IgG1 M H Dendritics F 1/20-1/1000 -

Lymphatic endothelium (podoplanin) D2-40 IgG1 M H Invitrogen F prediluted -

Melan-A A103 IgG1 M H Dako P 1/50 Std

Melanocytes PNL2 IgG1 M H Dako P 1/50 Std

gp100 (immature melanosomes) HMB45 IgG1 M H Dako P 1/50 Std

MIP3 -CCL20 206D9 IgG1 M H Dendritics F 1/20-1/1000 -

Synaptophysin 27G12 IgG1 M H Novocastra P 1/100 Std

Tryptase (mast cells) AA1 IgG1 M H Dako P 1/200 Std

Von Willebrand factor F8/86 IgG1 M H Dako P 1/200 Sh

F: Frozen tissues, P: Paraffin-embedded tissues, M: Mouse, R: Rabbit, Pi: Pig, H: Human, Sh: Short, Std: Standard, -: no pretreatment.
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igure 1. A-B) Comparative histological aspect of porcine (A
air follicle, Mu and arrowhead: arrector pili muscle, SwG: S
-F) Porcine skin. PAS stain: glycogen, mucin and basement

n blue/green, epidermis in red/purple (D); Orcein: elastic fibe
F).

nd the anti-filaggrin antibody AKH1, indentifying kerato-
yalin granules of the granular cell layer, were unreactive
n porcine skin.

angerhans cells (LC)
C are specialized antigen-presenting cells residing within
ammalian multilayered epithelia at the steady state,

nd play a central role in regulating cutaneous immune
esponses. Porcine LC could be identified on both paraffin-
mbedded and frozen sections with the 76-7-4 antibody
60

pecific for the porcine CD1 antigen (figure 2I), but not
ith the anti-human CD1a counterpart (O10), as well as by

ntibodies to the human C type lectin CD207/langerin, a
omponent of Birbeck granules (figure 2J). The antibody
o S100 protein, that recognizes human LC and melanocytes
17], did not reveal appreciable reactivity on porcine epi-
ermis, even though it recognized dermal Schwann cells
nd adipocytes, as in human skin.
d human (B) skin (haematoxylin-eosin-saffron staining). HF:
t gland, SG: sebaceous gland, Ad: Adipocytes (hypodermis).
branes in red/purple (C); Masson’s trichrome stain: collagen
dark brown (E). Toluidine blue: mast cells in purple (arrows)

LC in both porcine and human epidermis had a rounded cell
body with delicate dendritic processes, and were mostly
present in the lowermost epidermal layers. In porcine skin,
they were regularly distributed at a density evaluated at
600-800 cells/mm2 on epidermal sheets (data not shown).
Occasional CD207+ cells were found in the papillary der-
mis around capillaries. Porcine LC also expressed vimentin
(figure 2H), the SWC3a antigen (figure 4B) (equivalent of
the human CD172), and Swine Leucocyte class II Anti-
gens (SLA-II) (figure 4A). The LN3 antibody to human
HLA-class II antigens was unreactive on porcine LC. The
EJD, vol. 23, n◦ 4, July-August 2013

porcine homologue of the receptor Fc-gamma R IIIa/CD16
was inconsistently found on epidermal dendritic cells; it
was expressed more weakly than on dermal dendritic cells.
Overall, the distribution, density and phenotype of LC
in porcine epidermis were found comparable to those of
human LC. As in humans, porcine LC contain Birbeck
granules [15] and express CD1, MHC class II and langerin,
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Figure 2. Immunohistochemical features of porcine vs human epidermis.
A) Type IV collagen expression in the basement membrane of epidermis and dermal vessels (A1: porcine, A2: human). B:
Pan-keratin (clone CK903) expression in porcine (B1) and human (B2) epidermis. C: Keratin 5/6 expression in basal epidermal
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eratinocytes (C1: porcine, C2: human). D: Keratin 1/10 e
xpression in nuclei of porcine (E1) and human (E2) cycling
nd human (F2) epidermis. G: E-cadherin expression in por
elanocytes and mesenchymal cells in porcine (H1) and hum

orcine (I1) and human (I2) skin. J) Epidermal Langerhans ce
J2) skin. Scale bars: 20�m, except A, E, I, J - 40 �m.

owever, they are not recognized by the antibody to human
100 protein, as also reported in two previous studies per-
ormed on the Bama minipig [15], and the Yorkshire and
ucatan (mini)pigs [16].
JD, vol. 23, n◦ 4, July-August 2013

elanocytes (MC)
elanin, the main natural pigment of the skin, is produced

y MC, specialized cells of neural-crest origin residing
ithin the basal layer of the epidermis and the hair follicle
ulb. Melanin can be visualized with specific silver histo-
ssion in porcine (D1) and human (D2) epidermis. E) Ki67
tinocytes. F: p63 expression by keratinocytes of porcine (F1)
(G1) and human (G2) epidermis. H) Vimentin expession in
(H2) skin. I) Epidermal Langerhans cells expressing CD1 in
xpressing Langerin (929F3 clone) in porcine (J1) and human

chemical stains (Fontana-Masson). MC can be identified in
human skin with histochemical stains for melanin, and more
reliably with antibodies recognizing MC-specific antigens,
such as MART1/Melan-A, the premelanosome-associated
461

glycoprotein 100 (gp100/HMB-45) and tyrosinase (T311),
the enzyme involved in melanin biosynthesis. In our
study, Fontana-Masson staining did not reveal any melanin
within porcine skin and all anti-(human) MC antibod-
ies (MART1/Melan-A, HMB-45, T311), that readily stain
melanocytes in human epidermis and hair follicles, proved
unreactive on porcine skin. Previous studies have revealed
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he presence of “pigment cells” in black (but not white)
reas of the Bama minipig skin [15]. On the other hand,
inipig strains exist (Sinclair, MeLiM) that develop sponta-

eous melanomas [18] and a MC cell-line has been obtained
rom the skin of Meishan minipigs [19]. It seems therefore
hat porcine epidermis contains MC but at a density that
iffers significantly according to the anatomical area exam-
ned, and possibly also with the animal strain. Of note, we
ound some vimentin+ cells in the basal layer of porcine epi-
ermis (figure 2H); it can be speculated that (at least some of
hese cells) could be resting, non-functional melanocytes,
ot expressing more differentiated antigens recognized by
he other anti-human MC antigens we tested.

erkel cells (MKC)
KC are of neural crest origin; they are scattered between

asal KC of the epidermis and hair follicles, are most often
ssociated with sensory nerve endings and are believed to
ct as mechanoreceptors. In human skin, they are read-
ly detected with antibodies to Neuron-Specific Enolase,
20 and synaptophysin. MKC have been recognized with

ntibodies to K20 in porcine snout skin [20] and within
air-follicles [16]. In our study, we found no reactivity of
hese antibodies on porcine skin, either in the epidermis
r in the hair follicles. This result suggests that MKC in
ank porcine skin are rarer than in human skin, where an
ccasional MKC can be found either in the interfollicular
pidermis or (more readily) in the hair-follicle epithelial
heath [17].

he dermal-epidermal junction (DEJ)
he DEJ is a basement membrane zone forming the inter-

ace between the epidermis and the dermis. It constitutes
support to epidermal cells, plays a role in the polarity of
rowth and cytoskeleton organization of basal epidermal
C, provides them with developmental and growth signals,

nd enables various cells to traverse it during inflammatory
nd immunological processes. On HES-stained sections,
he porcine DEJ appeared as a fine undulating zone, slightly
ighlighted by PAS staining. The anti-human type IV col-
agen antibody CIV22 stained the lamina densa of the DEJ
n formalin-fixed specimens of porcine skin, similarly to
uman skin (figure 2A). Although a previous study showed
eactivity of the antibody LH7.2 to (human) type VII col-
agen of the DEJ in specimens of decellularized porcine
ermis [21], we were unable to detect such reactivity in our
pecimens of porcine skin. Technical reasons (use of flu-
rescence vs peroxidase labelling) could account for this
iscrepancy.

he dermis

rchitecture
he dermis is a connective tissue subdivided in two zones,

he papillary dermis, which is in contact with the epidermis
62

hrough the basement membrane, and the reticular der-
is, which is in contact with the underlying hypodermis

figure 1A). It consists of numerous cell types, fibrous pro-
eins and an extracellular matrix. The main resident dermal
ell is the fibroblast, responsible for the secretion of all
xtracellular dermal proteins (collagen, elastin and ground
ubstance). Additional resident dermal cells include mast
ells and dermal dendritic cells, involved in immunologi-
13 Time: 3:18 pm

cal and inflammatory reactions. The dermis also contains
numerous blood and lymphatic vessels, nerves, sensitive
nerve endings, as well as epidermal appendages derived
embryologically from the epidermis. Collagen fibres are
arranged in bundles and appear yellow-orange or blue-
green, after staining with HES (figure 1A) and Masson’s
trichrome (figure 1D), respectively. Compared with the pap-
illary dermis, collagen bundles in the reticular dermis are
thicker and tend to be arranged parallel to the skin surface.
Elastic fibres can be identified as black fibres after orcein
staining, both in the dermis and the wall of large blood ves-
sels (figure 1E). This staining revealed that elastic fibres
were thinner and more sparse in porcine than in human
dermis.

Cutaneous vasculature
The porcine skin possessed a rich vascular network. Der-
mal arteries and arterioles are distinguished by their round
lumen and are composed of three layers: the intima, com-
posed of endothelial cells seating on an internal orcein+
elastic lamina (figure 1E); the media, consisting of two
concentric layers of smooth muscle cells; and the adven-
titia, made of connective tissue. Veins and venules show
a similar structure but have a larger, more irregular lumen
and a thinner wall. In human skin, dermal papillae contain
one capillary vessel whereas in porcine skin dermal papillae
contained several capillaries often forming small clusters.
Lymphatic vessels in the superficial dermis were easily
visible in porcine dermis, being often dilated (figure 3A).
They had optically empty, variously-shaped cavities, lined
by a single layer of flat endothelial cells with a prominent
nucleus.
Both blood and lymphatic endothelial cells in porcine skin
were labelled with antibodies to vimentin (figure 2H), CD31
(figure 3A) and very weakly by the anti-endothelial cell
antibody MIL-11, but not by the anti-human CD106/V-
CAM antibody 1.G11B1. Blood endothelial cells also
expressed SLA-II (figure 4A). Several anti-human endothe-
lial antibodies did not react with porcine endothelium;
these included Ulex Europaeus Agglutinin 1 and anti-
dodies to CD34 (QBEND10) and podoplanin (D2-40), the
latter being specific for (human) lymphatic endothelium.
Pericytes and smooth-muscle cells of the blood vessel
wall were stained with antibodies to caldesmon, actin
and alpha-smooth muscle actin (figures 5B-D). The base-
ment membrane of porcine vessels was labelled by the
anti-human type IV collagen antibody, as in human skin
(figure 2A).

Cutaneous innervation
The perception of variations or aggressions from the envi-
ronment is mediated by a network of sensory myelinated
and non-myelinated fibres, terminal nerve endings and tac-
tile corpuscles (afferent limb). The vasomotricity, sweat
gland secretion and pilo-erection are supported by non-
EJD, vol. 23, n◦ 4, July-August 2013

myelinated fibres of the sympathetic system (efferent limb).
As in human skin, porcine nerves, nerve endings and
axons could be detected by antibodies to neurofilaments
(figure 3D), Neuron-Specific Enolase and Protein Gene
Product 9.5 (PGP9.5) (figure 5E), but were not recog-
nized by the anti-human synaptophysin antibody 27G12.
Schwann cells were labelled by the anti-S100 protein anti-
body, as in human skin (figure 5G). The anti-CD56/NCAM



Journal Identification = EJD Article Identification = 2060 Date: September 12, 2013 Time: 3:18 pm

EJD, vol. 23, n◦ 4, July-August 2013 463

Porcine skin

K
er

at
in

 7
C

al
de

sm
on

N
eu

ro
fil

am
en

ts
C

D
31

A1 A2

B1 B2

C1 C2

D1 D2

Human skin

Figure 3. Immunohistochemical features of porcine vs human dermis.
A) CD31 expression in blood and lymphatic vessels in porcine (A1) and human (A2) skin. B) Keratin 7 expression in cells of
porcine apocrine (B1) and human eccrine (B2) sweat glands. C) Caldesmon expressed by myoepithelial cells in porcine apocrine
(C1) and human eccrine (C2) sweat glands. D) Neurofilaments within axons of dermal nerves in porcine (D1) and human (D2)
skin. Scale bars: 20 �m.
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igure 4. Immunohistochemical features of normal porcine s
) SLA II expression in epidermal Langerhans cells, endoth
endritic (Langerhans) cells and monocytes/dendritic cells exp
) CD14 expression on dermal monocytes/macrophages. E) C
n dermal monocytes-dendritic cells. G-I) Sparse T-lymphocy

except C: 20 m.

ntibody ERIC-1 highlighted small nerve fibres present
ithin arrector pili muscles. Furthermore, the rabbit poly-

lonal antibody to PGP9.5 revealed delicate terminal
erve fibers in porcine epidermis. Unexpectedly, perineu-
al fibroblasts in porcine skin were labelled by the high

W keratin antibody AE3 (figure 5F), probably because
f cross-reactivity with an irrelevant antigen. Of note, a
revious study reported expression of K20 by perineural
broblasts [16]; in our study we found no such reactivity
ith the anti-K20 antibody.

kin appendages
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weat glands
orcine skin contains eccrine sweat glands on the carpus
nd the nasolabial regions; these show a similar struc-
ure with their human counterparts [22]. However, the vast

ajority of porcine sweat glands are apocrine, consisting of
secretory coil lying in the deep dermis or the hypodermis,
nd an excretory duct. The secretory part is made of a sin-
le type of cuboidal glandular cells lined peripherally by a
frozen tissues except panel B).
and perivascular cells in the papillary dermis. B) Epidermal
ng SWC3a. C) Factor XIIIa+ perivascular dermal dendrocytes.
3 expression in dermal dendritic cells. F) CD11R3 expression
n porcine dermis (G: CD3, H: CD8b, I: CD4a). Scale bars: 40

discontinuous layer of myoepithelial cells lying on the base-
ment membrane. Excretory duct cells expressed K5/6, K5/8
and K7 (figure 3B). Myoepithelial cells of the secretory
coils expressed caldesmon (figure 3C), alpha-smooth mus-
cle actin (figure 5H), actin, pan-keratin (CK903) and K5/6.
The antibodies to K18, K19 and to the Gross Cystic Dis-
ease Fluid Protein 15 (GCDFP-15), commonly used to stain
human (mostly apocrine) sweat glands, did not recognize
porcine apocrine glands.

Pilosebaceous follicles
In HES-stained sections, porcine hair follicles showed an
aspect similar to human ones (figures 1A-B), containing
EJD, vol. 23, n◦ 4, July-August 2013

an inner and an outer root sheath (trichilemma) consist-
ing of PAS+ clear cells (figure 1C). Sebaceous glands,
holocrine glands associated with hair follicles, were rarely
found in the porcine skin specimens we studied, and
when present, were less conspicuous than their human
counterparts (figure 1A-B). The arrector pili muscle is a
smooth muscle arising in the papillary dermis and extend-
ing obliquely to the hair follicle, into which it inserts at the
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Figure 5. Immunohistochemical features of normal porcine skin.
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) Desmin expression in an arrector pili muscle. B) Caldesm
alls. C) Weak expression of actin in an arrector pili musc

ells of the arrector pili muscle and vascular pericytes. E) PGP
abelled with a pan-cytokeratin Ab (clone AE3). G) S100 prote

) Alpha-Smooth Muscle Actin expressed in myoepithelial ce
0 �m except A: 40 �m.

evel of the bulge (figure 1A-arrow). In porcine skin, arrec-
or pili muscle cells expressed desmin, caldesmon, actin
nd alpha smooth-muscle actin, as in human skin (figures
A-D). Nerve fibres within the arrector pili muscles were
tained by the antibody to neurofilaments. The rabbit poly-
lonal antibody to calretinin, recognizing the human inner
air-follicle cells (along with dermal mast cells), did not
eact on porcine skin.

esident and immune cells of the dermis
ibroblasts are the commonest cell type found in con-
ective tissues. They appear as spindle-shaped or stellate
ells expressing vimentin (figure 2H). Porcine dermis con-
ained cells of the myeloid lineage that can be detected with
he anti-SWC3a antibody 74-22-15A (figure 4B). Amongst
hem, spindle-shaped dendritic cells, mostly localized in the
ericapillary space of the papillary dermis could be visual-
zed with antibodies to (human) factor XIIIa (figure 4C),
orcine CD14 (figure 4D) and porcine (but not human)
D163 (figure 4E), a member of the group B scavenger

eceptor cysteine-rich superfamily. Some mature granulo-
ytes were also identified with the anti-SWC8 antibody
IL3. Some monocyte/macrophage/granulocyte reactiv-

ty was shown with antibodies to porcine CD16, CD11R3
equivalent to the human CD11b integrin) (figure 4F)
nd human CD56/NCAM (ERIC-1). Some perivascular
ells in the papillary dermis expressed CD1, but not
D207/langerin, therefore these cells may be different from

ypical LC (figures 2I-J). Scarce cells in the dermis were
JD, vol. 23, n◦ 4, July-August 2013

abelled with the anti-human CD-208/DC-LAMP antibody
04G4 and the CTLA4 fusion protein. Several SLA class
I+ cells were present in the reticular dermis (figure 4A).
ery sparse lymphocytes expressing either CD3 (rabbit
olyclonal), CD8b, CD4 (figures 4G-I), CD21 or CD25
ere found in porcine dermis (but not in the epidermis).
he 2B2 anti-porcine granulocyte antibody proved unreac-

ive on skin sections, even though it was successfully used in
pression in arrector pili muscle and muscle cells of vascular
) alpha-Smooth Muscle Actin expression in myoepithelial

+ axons within arrector pili muscles. F) Perineural fibroblasts
pression in Schwann cells and weak expression in adipocytes.
f sweat glands and muscle cells of vascular walls. Scale bars:

flow-cytometric experiments. None of the four anti-human
CD209/DC-SIGN antibodies tested reacted in porcine skin.
Mast cells, round cells involved in inflammatory-allergic
reactions present in the perivascular space of the dermis,
were highlighted by the toluidine blue metachromatic stain
in porcine skin (figure 1F), as in human one; however,
contrasting with human skin, porcine mast cells were not
recognized by antibodies to human tryptase, c-kit/CD117
and calretinin.

The hypodermis (subcutaneous fat)
The hypodermis appeared as a loose fatty, well-vascularized
connective tissue located in the interface between the skin
and underlying structures (figure 1). The main cells of
hypodermis are the adipocytes, round cells with a cyto-
plasm filled with lipids and fatty acids, compressing the
nucleus against the cell membrane. Adipocytes appear opti-
cally empty in routinely-stained (HES) sections and can be
labelled with specific histochemical stains (oil red O) on
frozen tissue. Porcine adipocytes showed a faint pericellu-
lar expression of vimentin and S100 protein (figure 5G), as
in human skin.

Conclusion

Our study confirms that several histological and immuno-
465

histochemical similarities exist between porcine and human
skin. The main histological differences between porcine
and human skin are: a smaller thickness of the granular cell
layer; reduced amounts of melanin and melanocytes in the
basal cell layer; wider distribution of apocrine (vs eccrine)
sweat glands; and more sparse and smaller sebaceous
glands. These differences can be more or less pronounced
depending on the anatomic sites considered, as such
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ifferences exist in all species. The majority of porcine
kin cells express antigens that can be detected immuno-
istochemically with antibodies recognizing their human
ounterparts. We found that a subset of antibodies that rec-
gnize specific cells/structures in human did not react in the
orcine skin specimens we studied. Whereas this absence
f reactivity is due in part to absence of the corresponding
ells and structures (e.g. melanocytes, Merkel cells, eccrine
weat glands) from the specific porcine site we studied
flank), it seems also likely that some porcine antigens are
hylogenetically too different to be recognized by the anti-
uman antibodies. Comparative biochemical studies (that
re beyond the aim of this work) are needed to settle this
ssue. In any event, our study provides a basis for the use of
mmunolabelling for the detection of the various cell types
resent in porcine skin that can be used in various fields
f dermatological research, such as epidermal and adnexal
ifferentiation, toxicology, transplantation, immunology,
nflammation and vaccination or veterinary medicine. �
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