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Abstract 

Using immunohistochemistry, the study
demonstrates the distribution of keratins (pan-
keratin with CK1-8, 10, 14-16, 19; keratins CK1,
5, 6, 9, 10; hair keratins AE13, AE14) in the epi-
dermis of the Malayan pangolin (Manis javani-
ca). A varying reaction spectrum was observed
for pan-keratin, with body region-dependent
negative to very strong reaction intensities. The
dorsolateral epidermis exhibited positive reac-
tions only in its vital layers, whereas the abdom-
inal epidermis showed strong positive reactions
in the soft two outer strata. The single acidic
and basic-to-neutral (cyto)keratins produced
clear variations compared to the pan-keratin
tinging. For example, CK1 appeared in all epi-
dermal layers of both body regions, except for
the ventral stratum corneum, whereas CK5, 6, 9,
10 were restricted to the soft ventral epidermis.
Here, distinctly positive reactions were con-
fined to the stratum granulosum, except for CK6
that appeared in the soft stratum corneum. A
different staining pattern was obvious for the
hair keratins, i.e., positive reactions of AE13
concentrated only in the granular layer of the
dorsal epidermis. In the abdominal epidermis,
remarkable tinging for AE14 was visible in the
stratum basale, decreasing toward the corneal
layer, but was also found in the outer root
sheath cells of the hair follicles in the ventral
body part. Our findings are discussed related to
the evolution of the horny dorsal scales of the
pangolin, which may have started from the tail
root, projecting forward to the head.

Introduction

New genetic evidence indicates that pango-
lins are the closest living relatives of the
Carnivora with which they form the clade
Ferae.1,2 Especially rather small groups like the
order Pholidota with the only family Manidae
are concerned, that consists of one genus
(Manis) with eight species and has a special
biology.3,4 The physical appearance of pango-
lins is based on large, hardened, plate-like sca-
les found dorsolaterally at the body and the tail,
whereas the abdominal body part shows a thick
soft stratum corneum and a dense cover of fine
hairs.5 These scales, which are soft on
newborn pangolins but harden as the animal
matures, are formed by α-keratins and β-kera-
tins,6,7 guaranteeing a high abrasive wear
resistance.8 If curling up of the animal when
threatened, the overlapping scales can act as
armour because they are sharp and thus provi-
de extra defense.6 In this context it is quite
interesting that the water-to-land transition in
the stem lineage of tetrapods was associated
with a major radiation and functional diversifi-
cation of keratin genes. These duplications
acquired functions that serve rigidity in inte-
gumental hard structures and were the prime
for subsequent independent keratin diversifi-
cation in tetrapod lineages.9

Realizing this background, our study was
aimed to give more detailed information on the
construction and development of the epider-
mis and their products, particularly with
regard to the keratin-dependent integumental
scale system. Keratins are epithelial-specific
intermediate filament proteins that comprise
the largest numbers of subtypes classified as
acidic or basic (cyto)keratins (acidic type I a-
keratins: CK 9–20; basic-to-neutral type II a-
keratins: CK 1–8), and acidic hard hair kera-
tins which are arranged in heterotypic pairs
and integrated into multimeric filaments, whe-
reby the precursor cells of hair cortex and nail
plate share a major pathway of development, so
that the latter group represents a co-expressed
keratin pair which can serve as a marker for
hair/nail-type epithelial differentiation.10-12

Furthermore, intermediate filaments are one
of three types of cytoskeletal elements that are
essential for cell shape, motility and structural
integrity, belonging to a large and diverse gene
family, and they are expressed selectively in
different specific cell types.12,13 Keratinisation,
i.e., the mechanical stabilization and integrity
of epidermal cells by a multifunctional
cytoskeleton is above all based on the interme-
diate filament keratins with a direct binding to
desmosomal proteins. Thus a very solid epider-
mis is ensured, particularly when the outer
layer, the stratum corneum is concerned.12,14,15

Based on this fundamental information and an

immunohistochemical approach, our study for
the first time shows the distribution of impor-
tant keratins in the epidermis of the Malayan
pangolin (Manis javanica), featuring the pecu-
liarity of its integumental scale system. Finally,
our observations are used to discuss the evolu-
tion of the unique scale armour of the
Manidae.

Materials and Methods

Skin samples from the dorsolateral and the
abdominal regions of five adult (two males,
three females) and two subadult (sex not
determined) animals, which had to be eutha-
nized because of their bad general condition by
the colleagues of the Faculty of Veterinary
Medicine of the Kasetsart University in
Bangkok, could be used for this study conduct-
ed with permission of the Thai government.
The animals had been confiscated as smuggled
goods by officers at the Khao Pratubchang
Wildlife Breeding Center, Rachaburi province,
Thailand. The material was fixed in 10% neu-
tral buffered formalin for at least 48 h at room
temperature. After fixation, the samples were
carefully dehydrated in a graded series of
ethanol, and embedded via xylene in paraffin
wax (Paraplast plus, Sigma-Aldrich, Pathuwan,
Bangkok, Thailand). 
For our purpose, 8 μm paraffin sections

were deparaffinized in Histoclear (Biozym
Scientific GmbH, Hessisch Oldendorf,
Germany) and hydrated through descending
concentrations of ethanol. Before immunohis-
tochemical staining, several sections from all
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the animals studied were stained with hema-
toxylin-eosin16 for light microscopical structu-
re control. Afterwards, sections of good quality
were stained immunohistochemically for the
determination of the different keratins stu-
died: pan-keratin (with the following spectrum
of acidic and basic-to-neutral (cyto)keratins -
C1 - 8, 10, 14 - 16, 19), the (cyto)keratins 1, 5,
6, 9, 10, and the hair keratins AE13 (CK 1013;
hair cortex), AE 14 (CK 1014; hair shaft) (dilu-
tions 1:50, 1:10, monoclonal, anti-mouse; all
Bioprime products, BioLogo, Kronshagen,
Germany). Following incubation over night at
4°C, the reaction was detected by the
EnVision® system (DakoCytomation,
Hamburg, Germany), using peroxidase-based
very sensitive dextran-polymer visualization.
One part of the sections was incubated for 30
min in TEC buffer at 90°C prior to the reaction. 
To conduct the negative controls, the first

antibody was omitted and instead the tissue
was incubated with PBS / 1% BSA. In order to
exclude the possibility of non-specific binding
of the Fc-part of the primary antibody, isotype
controls were conducted (see also Hornickel et
al.17). For this purpose, the primary antibody
was omitted and replaced by an IgG mouse
(Sigma-Aldrich, Munich, Germany) antibody.
The respective protein concentration of the
antibody was considered, i.e., the IgG mouse
antibody was applied in the same protein con-
centration as the primary antibody. To evalua-
te non-specific binding potentially caused by
sources other than the primary antibody, tis-
sue sections were also stained with just the
secondary antibody followed by application of
the visualization system. 
The microscopic results were documented

with a Zeiss Axioskop equipped with a digital
camera (Olympus DP70; Olympus
Deutschland, Hamburg, Germany); the soft-
ware Olympus DP-SOFT (version 3.1 and 3.2)
was applied for picture analysis.

Results

As already shown earlier,5 the integument of
the pangolin is characterized by distinct
regional differences comparing the dorsolater-
al body region, marked by a very hard scaly
armour, with the abdominal body region with-
out scales, but with a thick soft stratum
corneum. This difference includes a polished
surface of the hard scales (Figure 1a), in con-
trast to the surface of the epidermis of the
abdomen, which is only protected by a dense
and fine hair coat (Figure 1b). Such typical
structural features are also clearly emphasized
by our immunohistochemical findings, accord-
ingly demonstrating variations of the keratins
or cytokeratins present, as shown in Figures 2,

3 and 4, and summarized in Table 1.
The antibodies against the keratins used

exhibited a broad and somewhat varying reac-
tion spectrum related to pan-keratin, with body
region dependent negative to very strong reac-
tion intensities (Figure 2). In this context, the
dorsolateral epidermis exhibited positive reac-
tions only in its vital layer part combined with
a completely negative staining of the corneal
layer (Figure 2a), whereas the abdominal epi-
dermis was clearly discernable by its generally
positive reactions, including very strong inten-
sities particularly in the stratum spinosum and
the soft stratum corneum (Figure 2b).

However, analysing the immunohistochemical
staining results of the several acidic and basic-
to-neutral (cyto)keratins studied, clear varia-
tions appeared compared to the pan-keratin
tinging. This means that CK 1 could be found
in all the epidermal layers of both body
regions, except for the ventral stratum
corneum (Figure 2 c,d), whereas CK 5, 6, 9, 10
were missing in the dorsolateral epidermis but
demonstrable in the soft ventral epidermis
(Figure 3 a–d). Moreover, distinctly positive
reactions found in the ventral epidermal layers
were more or less restricted to the stratum
granulosum, except for CK 6 showing a rather
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Figure 1. View of the dorsolateral body region (a) with its hard horny scales showing a pol-
ished surface, and of the abdominal body region (b) with a dense coat of fine hairs, shown
near the anogenital region of the Malayan pangolin (Manis javanica).
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homogeneous tinge also throughout the typi-
cal thick and soft stratum corneum (Figure 3b).

A different staining pattern became obvi-
ous after applying the antibodies against the
hard hair keratins AE13 (CK1013) and AE14
(CK1014). Positive reactions for AE13 were
generally restricted to the dorsal epidermis.
Here a medium to very strong staining could
only be recognized in the stratum granulosum,
and became rather inconspicuous in the
corneal layer (Figure 4a). In contrast, remark-
able tinging for AE14 could be detected with
medium to strong intensities exclusively in
the stratum basale of the abdominal epider-
mis, decreasing to weaker reactions in the
stratum spinosum or stratum granulosum, and
negative results in the stratum corneum
(Figure 4b). However, a positive staining for
this keratin type was additionally visible in the
cells of the outer root sheath of the numerous
hair follicles present in the ventral body part
(Figure 4c).

Discussion

Generally, the mammalian epidermis seems
to be a paradigm for the understanding of the
cytoskeleton from several combinations of type
I (a) and II (b) keratins, particularly concer-
ning terminal differentiation related to a mas-
sive increase of suprabasal keratins.12,18,19 Such
development is completed by the stratum gra-
nulosum where the viable granular cell is
transformed into a nonviable cornified cell as
accomplished by the modification and transfer
of some components between these cell layers
(keratins, profilaggrin, enzymes, lipids, pro-
teins of the CCE) as well as a degradation and
loss of others (nucleus, cell organelles, ground
substance).20-22 This is most important in view
of the fact that keratins have major functions
to guarantee stability to the epithelial cells
under conditions of mechanical stress.
Different studies controlling cell fragility after
the knockout of important epithelial
(cyto)keratins (e.g., CK5, 8, 14, 18, 19) have
confirmed that an intact cytoskeleton is also
essential to maintain tissue integrity even in
the stratum basale.19,23,24 Thus, keratins are
specific mechanical integrators of space for
the epidermis and its appendages,12,18 as
shown for all vertebrate groups, in particular
the terrestrial ones such as reptiles, birds and
mammals. In this context, the proctecting dor-
solateral integumental scale system (armour)
of pangolins is a very good example,6 although
only rarely studied such as concentrating on
the abrasive wear behaviour of the surfaces of
pangolin scales.7,28

From a comparative point of view, the
results concerning the (cyto)keratins (acidic

type I a-keratins: CK 9 – 20; basic-to-neutral
type II a-keratins: CK 1 – 8) emphasized a
broad and varying reaction spectrum, with
body region-dependent negative to very strong
reaction intensities. This means that the dor-
solateral epidermis showed positive reactions
only in its vital layer part and a completely neg-
ative staining confined to the stratum
corneum, whereas the abdominal epidermis
was marked by generally positive reactions,
including very strong intensities particularly
in the soft stratum corneum and the stratum

spinosum. These findings confirmed the
results for the epithelial keratin types I and II
obtained for all the mammalian groups studied
until now.12,18,19,25

The staining results acquired using antibod-
ies against the hard hair keratins AE13 and
AE14 elucidate, indirectly and directly, the
close relationship of such keratins to the hair
follicle. This means that AE13 stained only the
granular cells but not the stratum corneum and
the scales of the dorsolateral epidermis,
whereas AE14 tinged with strong to weak reac-
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Figure 2. Demonstration of a standard spectrum of epithelial (cyto)keratins in the epider-
mis of the Malayan pangolin; reactions of pan-keratin (a) in the dorsolateral scale region
and (b) in the scale-free ventral body region; reactions of CK 1 are obvious (c) in the scale
hinge part of the dorsal body region, and (d) in the ventral body region; strong staining
is best visible in the vital epidermis; DAB visualization. SB, stratum basale; SS, stratum
spinosum; SG, stratum granulosum; oSC, outer stratum corneum.).
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tion intensities exclusively the vital epithelial
layers of the abdominal epidermis, and, addi-
tionally, the outer root sheath of the hair folli-
cles found in the dermis of the ventral body
region. Together with positive reactions for
several acidic or basic-to-neutral (cyto)ker-
atins, these findings support the view that
scale development in the pangolin integument
is in common with or of equal origin as the
ventral nail matrix of the nail plate typical for
other mammalian groups such as humans or
laboratory mice.10,11 The nail plate here also
contains a mixture of soft and hard keratins
suggesting that the precursor cells of hair cor-
tex and nail plate share a major pathway of
epithelial differentiation. This is indicated, for
example, by the fact that during scale produc-
tion in the dorsal pangolin integument, and
nail development in the ventral nail matrix of
humans, AE13 antibodies stained only the
suprabasal epithelial cells.10,11,26,27

In total, the pangolin scales are well
equipped to withstand even very strong
mechanical loads as closely connected to the
excellent soil-burrowing capacities of the
species,6,8,28 including that the abrasive wear is
compensated by a continuous production of
hard hair keratins in the stratum granulosum
of the dorsal epidermis (Figure 4a).
The evolutionary origin of the pangolin

scales is still unknown, particularly regarding
that the pluristratified epidermis of the verte-
brate integument represents an external body
cover, which creates the boundary between the
organism and its environment. In all living ver-
tebrates this specific epithelium is character-
ized by an outer layer with a more or less
strong keratinisation based on a-keratins
showing a homology in the different lineages,
except for birds and reptiles which possess an
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Table 1. Distribution of keratins in the epidermis of the pangolin.

Epidermal Stratum basale Stratum spinosum Stratum Stratum corneum Stratum corneum
layers/keratins granulosum (lower) (upper)

Pan-keratin D 1 – 2 D 2 – 4 D 0 – 2 D 0 D (scale) 0
(CK 1-8, 10, 14-16, 19) V 1 - 2 V 3 - 4 V 2 - 3 V 2 V 2 - 4

CK1 D 2 – 3 D 4 D 2 – 3 D 1 – 2 D (scale) 0
V 1 - 2 V 2 - 3 V 3 - 4 V 0 V 0 - 4

CK5 D 0 D 0 D 0 D 0 D (scale)  0
V 1 - 2 V 1 - 2 V 2 - 3 V 1 - 2 V 0 - 4

CK6 D 0 D 0 D 0 D 0 D (scale) 0
V 0 - 1 V 2 V 3 V 2 - 3 V 2 - 3

CK9 D 0 D 0 D 0 D 0 D (scale) 0
V 1 - 2 V 1 - 2 V 2 - 3 V 0 V 0

CK10 D 0 D 0 D 0 D 0 D (scale) 0
V 1 - 2 V 2 - 3 V 3 V 1 V 1

AE13 D 0 D 0 D 2 – 4 D 0 – 1 D (scale) 0
V 0 V 0 V 0 V 0 V 0

AE14 D 0 D 0 D 0 D 0 D (scale) 0
V 2 - 3 V 1 - 2 V 1 - 2 V 0 V 0

D, dorsal body region; V, ventral body region (in italics). Reaction intensities: 0, no reaction; 1, weak; 2, medium; 3, strong; 4, very strong. 

Figure 3. Demonstration of four specific epithelial (cyto)keratins in the soft abdominal
epidermis of the Malayan pangolin; CK5 in (a), CK6 in (b), CK9 in (c), and CK10 in (d);
it is shown that in the epidermis layers of this body part the reactions are rather weak to
medium; DAB visualization. SB, stratum basale; SS, stratum spinosum; SG, stratum 
granulosum; SC, stratum corneum).
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additional capacity for hard b-keratins.29

Independent of the information given by the
latter author, relevant ideas about the evolu-
tion of the dorsal scale wear of the small Order
Pholidota are still missing, although it has
been speculated about the pangolin scales to
be homologous with primate nails but not with
reptilian scales, and to have not derived from
compressed hairs.6,30 Our findings demonstrat-
ed that the keratinisation of the pangolin
scales is closely related to this event in nails

and hairs, assuming that the evolution of the
latter structures may have involved the co-
option of pre-existing structural proteins.9,31,32

However, although the nail bed epithelium
resembles the outer root sheath of the lower
hair follicle, the epithelium of which serving
as a slipping plane for the upward movement
of the inner root sheath unit,33 these aspects
are not generally applicable concerning the
evolution of pangolin scales, particularly real-
izing the density and area of the dorsolateral

scale cover. Moreover, only in the Asiatic pan-
golin species hairs grow out from behind each
scale (see Grassé,34 page 1269, Figure 1204B),
a feature that was also observed at the skin
scales of the tail of several adult rodent
species, such as Rattus spec., Mus musculus or
Myocastor coypus, and one Scandentia species,
Ptilocercus lowii (for literature and figures see
Ihle et al.,35 pp 42-43, Figures 43-45; Meyer and
Roehrs,36 page 249, Figure 5B1-2). With regard
to this parallel cases, which may be a specific
remnant of the early development of the Order
Rodentia and the small Order Scandentia, it is
very interesting to know that the soft horny
scales arise from a narrow epidermal germinal
base.37 However, it should not be forgotten that
during embryological development such close
relations of horny scales and hairs could like-
wise be detected in two old (Cretaceous and
Paleocene) Orders, the Insectivora (example:
back of Centetes spec.) and the Cingulata
(example: lower leg of Dasypus novemcinctus),
as shown by Schimkewitsch38 (page 73,
Figures 88-89).
In conclusion, the tail scales of the Rodentia

and the Scandentia, a sister to the Glires (lago-
morphs and rodents),39,40 and the unique hard
horny scales of the Pholidota may have been
evolved at the same time as a homologous
structural integumental peculiarity during the
transition between Paleocene and Eocene
(53–54 Mya), and possibly from the same ori-
gin, i.e., an epidermal germinal base, probably
starting at the tail root and projecting forward
to the head. In the Pholidota, this acquisition
may have been promoted specifically by the
strong monophyly of the crown clade of pan-
golins, the Manidae,4 whereas the equally
monophyletic rodents concentrated on the
development of a tremendous species diversity
based on extensive genome reshuffling, to
become the most abundant and diversified
Order comprising almost the half of all species
of living mammals. Diversification in the
monophyletic Scandentia started later during
the Miocene (6 Mya), and was less effective
regarding species production but successful in
the colonization of new habitats, including
island hopping and landbridge conquest.4,39,41-43
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