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Nestin Expression is Increased in the Suprabasal Epidermal Layer

in Psoriasis Vulgaris
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Department of Dermatology, Kitasato University School of Medicine, Kanagawa, Japan

We investigated the expression of both epidermal fatty
acid-binding protein (FABPS), a marker of transit ampli-
fying cells, and nestin, a putative marker of epidermal
stem cells, in psoriatic epidermis and in normal human
cultured keratinocytes. In lesional psoriatic epidermis,
immunostaining showed that the suprabasal layer was
positive for nestin, with some cells co-expressing FABPS.
Flow cytometric analysis revealed that the expression of
both nestin and FABPS were increased in keratinocytes
cultured in a low concentration of calcium relative to
those cultured in a high concentration of calcium. These
results suggest that nestin and FABPS are expressed in
actively proliferating keratinocytes in vitro and in the su-
prabasal layer in lesional psoriatic epidermis, and that
double-positive cells may identify transit amplifying cells
in the epidermis. Key words: calcium concentration; epi-
dermal fatty acid-binding protein (FABPS5); nestin; psoria-
sis; stem cell; transit amplifying cell.
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Stem cells and transit amplifying (TA) cells are involved
in cell division in the epidermis (1-3). In psoriasis, epi-
dermal hyperproliferation occurs and is associated with
an increase in TA cells. Epidermal fatty acid-binding
protein (FABPS), first cloned from the epidermis, is a
novel marker of epidermal TA cells (4), but is also expres-
sed in tissues throughout the body, including the brain
and liver (5-7). Ogawa et al. (8) reported that FABPS
regulates keratinocyte differentiation; but the underlying
mechanism is not entirely clear.

Several markers for epidermal stem cells have been
proposed (9), including the neural stem cell marker,
nestin. Nestin is expressed in the bulge area of the mouse
hair follicle. Nestin-expressing cells can differentiate in
vitro into neurones, glia, keratinocytes, smooth muscle
cells, and melanocytes. Nestin-expressing cells are posi-
tive for the stem cell marker CD34 and negative for K15,
suggesting that they are in a relatively undifferentiated,
pluripotent state (10—15). In the present study, we exami-
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ned the expression of nestin and FABPS in normal human
keratinocytes cultured in different calcium concentrations
and in skin samples of psoriasis vulgaris.

MATERIALS AND METHODS

Subjects and skin specimens

This study was performed in accordance with the Declaration of
Helsinki and complied with Japaneese regulations for the experi-
mental use of human material. A total of 28 patients with psoriasis
vulgaris were recruited and informed consent was obtained from
all patients. Sex, age and disease duration were recorded, as well
as an assessment of disease severity using the Psoriasis Area and
Severity Index (PASI) (16). The group consisted of 19 males
and 9 females, with a mean age of 51.5 years and an age range
of 16-83 years. Patients had not been treated with any systemic
drugs and did not apply any topical drugs to the biopsy area for
several weeks. Skin specimens comprised lesional skin together
with non-lesional skin surgically excised from the extremities,
which were fixed in 10% formalin and embedded in paraffin.
Both immunohistochemical and immunofiuorescent staining were
performed on serial sections of the skin samples.

Immunohistochemical and immunofluorescent staining

Immunohistochemical staining of paraffin-embedded, 4-yum
thick tissue sections was performed. As a control, normal hu-
man skin was obtained during surgery for an epidermal cyst.
For immunohistochemical staining, paraffin sections were
treated with 0.3% hydrogen peroxidase and then heated for
5 min in 10 mM citrate buffer (pH 6.0) in a microwave oven
for antigen retrieval. Sections were incubated with anti-nestin
rabbit polyclonal IgG antibody (1:40; IBL, Gunma, Japan)
for 60 min, and then sections were incubated with ChemMate
Envision (Dako) according to the manufacturer’s instructions.
Counterstaining was performed using Mayer’s haematoxylin
(Wako Pure Chemical, Osaka, Japan).

Immunofluorescence double-staining of paraffin-embedded
tissue sections was performed using the indirect method. Antigen
retrieval was performed in the same way as immunohistochemical
staining, except for nestin/involucrin double staining. Nestin/in-
volucrin double staining was treated with proteinase K (Dako) for
5 min. After antigen retrieval, the following primary antibodies
were used: anti-nestin rabbit polyclonal IgG antibody (1:40; IBL,
Gunma, Japan), anti-involucrin mouse monoclonal (CY5) anti-
body (1:100; Thermo Fisher Scientific, CA, USA), anti-FABP5
goat polyclonal IgG antibody (1:20; R&D Systems, Minneapolis,
MN, USA) and anti-Ki-67 mouse monoclonal (MIB-1) antibody
(1:100; Dako, Tokyo, Japan). The respective secondary antibodies
for nestin, involucrin, FABPS and Ki-67 (all from Invitrogen,
Carlsbad, CA, USA) were as follows: Alexa Fluor 488-label-
led anti-rabbit IgG antibody (1:100), Alexa Fluor 568-labelled
anti-mouse IgG antibody (1:500), Alexa Fluor 568-labelled anti-
goat IgG antibody (1:500), Alexa Fluor 568-labelled anti-mouse
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Fig. 1. Immunofluorescence double staining for nestin and involucrin showed that the first few suprabasal layers were positive for nestin in the psoriatic
epidermis. Involucrin-positive cells were located above the nestin-positive keratinocytes.

IgG antibody (1:500, nestin/Ki-67 double staining) and Alexa
Fluor 488-labelled anti-mouse IgG antibody (1:100, FABPS5/
Ki-67 double staining). Cell nuclei were counterstained with
4’-6-Diamidino-2-phenylindole (Invitrogen).

The strength of nestin expression in the epidermis was com-
pared with the staining of the cutaneous vessels and graded:
—, no staining; +, weaker staining than vessels; ++, staining
equal to that of vessels; +++, stronger staining than vessels.
Three dermatologists reviewed all immunohistochemical slides
under a light microscope (Olympus BX51, Tokyo, Japan) at
%200 magnification.

Keratinocyte culture and flow cytometric analysis

Normal human epidermal keratinocytes from neonatal foreskin
(Kurabo, Osaka, Japan) were grown in EpiLife Calcium-Free
MEPICF cell culture medium (Cascade Biologics, Carlsbad,
CA, USA) supplemented with calcium chloride at 0.06 mM.
Keratinocytes were cultured in 0.03 mM or 2.8 mM calcium to
induce terminal differentiation for 48 or 72 h and flow cytometry
was subsequently performed.

Cells were fixed in 4% paraformaldehyde, permeabilized
using phosphate-buffered saline (PBS) with 0.1% saponin,
and incubated with the following antibodies in sequence: anti-
human FABPS, Alexa Fluor 568 anti-goat IgG, and anti-human
nestin fluorescein-conjugated monoclonal antibody (R&D Sys-
tems). Flow cytometric analysis was performed with FACScan
(Becton Dickinson).

RESULTS

Expression of nestin, FABPS5 and Ki-67 in non-lesional
and lesional skin of psoriasis vulgaris and normal skin

Nestin was positive in the epidermis of all samples
of psoriatic skin (Fig. 1). No significant differences

Table L. Patient characteristics and nestin positivity

in the strength of nestin expression according to sex,
age, disease duration and PASI were noted (Table I).
Immunofluorescence double staining for nestin and
involucrin in the lesional psoriatic epidermis revealed
that the first few suprabasal layers were positive for
nestin, while involucrin was positive above the nestin-
positive layers (see Fig. 1). Immunofluorescence double
staining for nestin and FABPS5 revealed that most of the
FABPS5-positive cells express nestin in the lesional pso-
riatic epidermis (Fig. 2). On the other hand, non-lesional
psoriatic epidermis showed little staining for nestin and
FABPS5 (Fig. 3). Immunofluorescence double staining
for nestin and Ki-67 in the lesional psoriatic epidermis
revealed that Ki-67-positive keratinocytes were located
in the basal and the first suprabasal layers, and some
cells were positive for both nestin and Ki-67 (Fig.
4). The staining behaviour of immunohistochemical
staining for nestin was similar to immunofluorescence
staining for nestin (data not shown). The results of
immunofluorescence double staining for FABP5 and
Ki-67 in lesional psoriatic epidermis were similar to
those of nestin and Ki-67 staining (data not shown).
Immunofluorescence staining of normal skin was similar
to that of non-lesional psoriatic skin (data not shown).

Influence of extracellular calcium concentration on
nestin and FABPS5 expression in cultured epidermal

keratinocytes

Normal human keratinocytes were cultured in a specific
medium that promotes keratinocyte growth containing

Nestin positivity

All patients 3+ 2+ 1+ Negative
Mean age, years (range) 51.5 (16-83) 50.6 (16-83) 57.4 (49-63) 47.1 (28-76) -
Sex (male: female) 19:9 7:5 6:2 6:2 -
Patients, n (%) 28 12 (43%) 8 (29%) 8 (29%) 0
Duration of psoriasis, years (range) 6.7 (0.13-20) 7.0 (0.25-20) 4.5(0.12-15) 8.5 (0.13-20.00)
PASI 9.9 (1-29.4) 10.5 (1-29) 8.9 (2-29.4) 10.2 (3.3-28) -

Nestin positivity of keratinocytes compared with that of cutaneous vessels: negative; 1+, weaker staining; 2+, staining equal to that of vessels; 3+, stronger

staining.
PASI: Psoriasis Area and Severity Index.
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Fig. 2. Immunofluorescence double staining for nestin and epidermal fatty acid-binding protein (FABPS5) revealed that most of the FABP5-positive cells
express nestin in the lesional psoriatic epidermis (arrows indicate nestin and FABPS double-positive cells).

calcium at a low concentration (0.03 mM). Keratino-
cytes were subsequently cultured in media containing
either 0.03 mM or 2.8 mM calcium. Flow cytometry
showed that nestin (Fig. 5a) and FABPS5 (Fig. 5b) were
increased in keratinocytes cultured at a low concentra-
tion of calcium relative to those in a high concentration
of calcium. After 72 h in a low calcium environment,
67.9% of keratinocytes were double positive for nestin
and FABPS (Fig. 5¢).

DISCUSSION

Psoriasis is a chronic, inflammatory skin disorder. In
psoriasis, the turnover time of the epidermis is mar-
kedly shortened, with incomplete keratinization, as
evidenced by parakeratosis and the lack of a granular
layer. The shortened cell cycle time is 36 h, compared
with 311 h in normal skin, and the turnover time of the
psoriatic epidermis is 4 days, compared with 27 days
in normal skin.

Cell division occurs in the stem cells and TA cells in
the epidermis (1-3). Stem cells are characterized by a
slow growth rate, a long cell cycle and the ability to dif-
ferentiate into cells of different lineages. TA cells divide
rapidly after their exit from the stem cell compartment,
and are associated with a faster cell cycle compared with
stem cells. Epidermal stem cells are located in the basal

Nestin FABP5
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Fig. 3. Immunofluorescence of non-lesional psoriatic epidermis showed little
staining for nestin and epidermal fatty acid-binding protein (FABP5). DAPI:
4’-6-Diamidino-2-phenylindole.

cell layer at the base of the rete ridges, while TA cells are
located in both the basal and suprabasal layers (1). The
proliferation of stem cells and TA cells are tightly regu-
lated to maintain homeostasis in the epidermis; thus, it is
important to understand the conditions and mechanisms
that control their proliferation and differentiation. /n
vitro, the keratinocyte growth and differentiation switch
is generally associated with decreased proliferation, cell
cycle arrest in GO/G1 phase and expression of epidermal
differentiation markers, such as keratin 1, keratin 10,
involucrin and transglutaminase (17-19).

Although several markers for epidermal stem cells
have been proposed (9), the marker profile of the kera-
tinocyte stem cell remains to be fully defined. Nestin, a
marker of neural stem cells, is expressed by hair follicle
stem cells. We reported that nestin-expressing murine
hair follicle stem cells are relatively undifferentiated
and pluripotent (10—15). In normal human skin, the cells
in the epidermal basal layer were positive for K15 and
negative for nestin and CD34.

In the present study, we showed that nestin- and
FABPS5-expressing cells are located in the first few
suprabasal layers in lesional psoriatic epidermis, while
involucrin-expressing cells are located above the nestin-
positive keratinocytes. Although co-expression of nestin
and FABPS5 has been reported in the hippocampal neu-
rogenic niche of post-ischaemic monkeys (20), the co-
expression of nestin and FABPS in the human epidermis,
as well as the presence of nestin-positive cells in the
psoriatic epidermis, have not been reported.

%200
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Fig. 4. Ki-67-positive cells were located in the basal and first suprabasal
layers in the lesional psoriatic epidermis. Some cells were positive for both
nestin and Ki-67.
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Fig. 5. Nestinand epidermal fatty acid-binding protein (FABP5) were increased
in cultured epidermal keratinocytes in a low calcium concentration compared
with those in a high concentration of calcium (a, b). After culture in a low
calcium environment for 72 h, 67.9% of cells co-expressed nestin and FABP5
(c). FITC: fluorescein isothiocyanate; NHK: normal human keratinocyte.

In addition, we investigated the effect of the calcium-
induced switch from proliferation to differentiation
in normal human keratinocytes on nestin and FABP5
expression. Using flow cytometry, we found that both
nestin and FABPS5 expression were relatively increased
in cultured keratinocytes in a low calcium concentration,
while involucrin expression was decreased. Cytokines,
such as epidermal growth factor and transforming
growth factor (21), and inorganic ions, such as calcium,
influence the differentiation of epidermal keratinocytes.
In a low-calcium medium, cultured murine epidermal
keratinocytes remain undifferentiated and proliferate
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(22), whereas keratinocytes differentiate relatively ra-
pidly in a high-calcium medium (23). Moreover, an
increased calcium concentration induces the differen-
tiation of FABP5-positive keratinocytes to a greater
extent than FABP5-negative keratinocytes (8). Our
study showed that low calcium concentration led to the
expression of nestin and FABPS5 in cultured epidermal
keratinocytes.

Using mathematical models, typical psoriasis histo-
logy, such as acanthosis with elongated rete ridges, thin
suprapapillary epidermal plates and parakeratosis, was
explained as a result of a markedly increased prolife-
rative compartment (2, 24). It is interesting to note that
nestin expression was seen in proliferating epidermal
keratinocytes in a low calcium concentration with a si-
milar phenomenon observed in the psoriatic epidermis.
Our findings suggest that nestin- and FABP5-expressing
keratinocytes may have an important role in the patho-
genesis of psoriasis vulgaris.

ACKNOWLEDGEMENTS

This study was supported by a grant from the Ministry of Edu-
cation, Culture, Sports, Science and Technology of the Japan
Government (Assistance for Strategic Creation of Research Basis,
2009-2013), SRL Inc. and the Uehara Memorial Foundation.

REFERENCES

1. lizuka H, Takahashi H. Psoriasis, involucrin and protein
kinase C. Int J Dermatol 1993; 32: 333-338.

2. lizuka H, Ishida-Yamamoto A, Honda H. Epidermal remo-
delling in psoriasis. Br J Dermatol 1996; 135: 433-438.

3. Valdimarsson H, Baker BS, Jonsdottir I, Powles A, Fry L.
Psoriasis: a T-cell-mediated autoimmune disease induced
by streptococcal superantigens? Immunol Today 1995; 16:
145-149.

4. O’Shaughnessy RF, Seery JP, Celis JE, Frischauf A, Watt
FM. PA-FABP, a novel marker of human epidermal transit
amplifying cells revealed by 2D protein gel electrophore-
sis and cDNA array hybridisation. FEBS Lett 2000; 486:
149-154.

5. Hotamisligil GS, Johnson RS, Distel RJ, Ellis R,
Papaioannou VE, Spiegelman BM. Uncoupling of obesity
from insulin resistance through a targeted mutation in aP2,
the adipocyte fatty acid binding protein. Science 1996;
274: 1377-1379.

6. Owada Y, Yoshimoto T, Kondo H. Spatio-temporally dif-
ferential expression of genes for three members of fatty
acid binding proteins in developing and mature rat brains.
J Chem Neuroanat 1996; 12: 113-122.

7. Masouy¢ I, Hagens G, Van Kuppevelt TH, Madsen P, Saurat
JH, Veerkamp JH, et al. Endothelial cells of the human mi-
crovasculature express epidermal fatty acid-binding protein.
Circ Res 1997; 81: 297-303.

8. Ogawa E, Owada Y, Ikawa S, Adachi Y, Egawa T, Nemoto
K, et al. Epidermal FABP (FABPS5) regulates keratinocyte
differentiation by 13(S)-HODE-mediated activation of the
NF-kB signaling pathway. J Invest Dermatol 2011; 131:
604-612.

9. Franssen ME, Zeeuwen PL, Vierwinden G, van de Kerkhof
PC, Schalkwijk J, van Erp PE. Phenotypical and functional



10.

11.

12.

13.

14.

15.

16.

17.

differences in germinative subpopulations derived from
normal and psoriatic epidermis. J Invest Dermatol 2005;
124: 373-383.

Amoh Y, Li L, Yang M, Moossa AR, Katsuoka K, Penman
S, et al. Nascent blood vessels in the skin arise from nestin-
expressing hair-follicle cells. Proc Natl Acad Sci U S A
2004; 101: 13291-13295.

Amoh Y, Li L, Katsuoka K, Penman S, Hoffman RM.
Multipotent nestin-positive, keratin-negative hair-follicle
bulge stem cells can form neurons. Proc Natl Acad Sci U
S A 2005; 102: 5530-5534.

Amoh Y, Li L, Campillo R, Kawahara K, Katsuoka K,
Penman S, Hoffman RM. Implanted hair follicle stem cells
form Schwann cells that support repair of severed peripheral
nerves. Proc Natl Acad Sci USA 2005; 102: 17734-17738.
Amoh Y, Li L, Katsuoka K, Hoffman RM. Chemotherapy
targets the hair-follicle vascular network but not the stem
cells. J Invest Dermatol 2007; 127: 11-15.

Yu H, Fang D, Kumar SM, Li L, Nguyen TK, Acs G, et al.
Isolation of a novel population of multipotent adult stem
cells from human hair follicles. Am J Pathol 2006; 168:
1879-1888.

Amoh Y, Li L, Katsuoka K, Hoffman RM. Multipotent
nestin-expressing hair follicle stem cells. J Dermatol 2009;
36: 1-9.

Fredriksson T, Pettersson U. Severe psoriasis — oral therapy
with a new retinoid. Dermatologica 1978; 157: 238-244.

Galvin S, Loomis C, Manabe M, Dhouailly D, Sun TT. The
major pathways of keratinocyte differentiation as defined

20.

21.

22.

23.

24.

Nestin expression in psoriasis 43

by keratin expression: an overview. Adv Dermatol 1989;
4:277-300.

. Eckert RL, Crish JF, Efimova T, Dashti SR, Deucher A,

Bone F, et al. Regulation of involucrin gene expression. J
Invest Dermatol 2004; 123: 13-22.

. Rice RH, Mehrpouyan M, O’Callahan W, Parenteau NL,

Rubin AL. Keratinocyte transglutaminase: differentiation
marker and member of an extended family. Epithelial Cell
Biol 1992; 1: 128-137.

Boneva NB, Kaplamadzhiev DB, Sahara S, Kikuchi H, Pyko
1V, Kikuchi M, et al. Expression of fatty acid-binding prote-
ins in adult hippocampal neurogenic niche of postischemic
monkeys. Hippocampus 2011; 21: 162-171.

Marchese C, Rubin J, Ron D, Faggioni A, Torrisi MR,
Messina A, et al. Human keratinocyte growth factor activity
on proliferation and differentiation of human keratinocy-
tes: differentiation response distinguishes KGF from EGF
family. J Cell Physiol 1990; 144: 326-332.

Hennings H, Michael D, Cheng C, Steinert P, Holbrook
K, Yuspa SH. Calcium regulation of growth and differen-
tiation of mouse epidermal cells in culture. Cell 1980; 19:
245-254.

Missero C, Di Cunto F, Kiyokawa H, Koff A, Dotto GP. The
absence of p21Cipl/WAF1 alters keratinocyte growth and
differentiation and promotes ras-tumor progression. Genes
Dev 1996; 10: 3065-3075.

lizuka H, Honda H, Ishida-Yamamoto A. Epidermal remo-
deling in psoriasis (II): a quantitative analysis of the epider-
mal architecture. J Invest Dermatol 1997; 109: 806—810.

Acta Derm Venereol 93



