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tological diseases.

In various cell types, including cancer cells, decorin is involved in regulation of cell attachment, migration
and proliferation. In skin, decorin is seen in dermis, but not in keratinocytes. We show that decorin gene
(DCN) is expressed in the cultured keratinocytes, and the protein is found in the cytoplasm of differenti-
ating keratinocytes and in suprabasal layers of human epidermis. RT-PCR experiments showed that DCN
expression is regulated by pro-inflammatory and proliferative cytokines. Our data suggest that decorin
should play a significant role in keratinocyte terminal differentiation, cutaneous homeostasis and derma-

© 2011 Elsevier Inc. All rights reserved.

1. Introduction

The small leucine-rich proteoglycan (SLRP) decorin, is part of
mammalian extracellular matrices, and it is comprised of a protein
core of 45 kDa covalently bound to one or more glycosaminoglycan
side chains [1]. It has a dominant structural central domain con-
taining 6-10 leucine-rich repeats (LRR), flanked by N-terminal
and C-terminal regions with conserved cysteine residues [2]. Deco-
rin interacts with a variety of proteins involved in regulation of cell
attachment [3], cell migration [4], and it inhibits proliferation in
several cell types [5-7], including, neoplastic cells [6,8]. DCN
expression in endothelial cells, hepatocytes, fibroblasts or macro-
phages is related to terminal differentiation [7,9,10].

Decorin interacts with the epidermal growth factor (EGF)
receptor ErbB2 [11] and TGFB [5,12,13], cytokines with an
important function on proliferation, migration, and differentia-
tion of human keratinocytes. Decorin is found in extracellular
dermal components of skin, but not in contact with the
epidermal keratinocytes. We previously described that fibromod-
ulin is found in cultured human epidermal keratinocytes (cHEK),
and in human epidermis in vivo [14]. Here, we determined the
presence and localization of decorin in human keratinocytes
and human skin. We explored its mRNA expression, protein lev-
els and regulation by various proliferative and pro-inflammatory
cytokines.
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2. Materials and methods
2.1. Materials

Recombinant human EGF was from Mallinckrodt (Chesterfield,
MO), other cytokines and FITC-streptavidin were from Upstate
(Lakeplacid, NY). Recombinant human decorin was from R&D
(Minneapolis, MN). Rabbit polyclonal antibody against decorin
was from Santa Cruz (Santa Cruz, CA). ZyMAX™ HRP anti-rabbit
antibody was from Zymed (Invitrogen, CA), and biotinylated anti-
body against rabbit IgG was from PIERCE (USA). All other reagents
were analytical grade.

2.2. Culture of human epidermal keratinocytes

HEK, strain HE-123, were isolated from newborn foreskin. For
experiments, 3rd to 5th passage keratinocytes were cultured with
3T3 feeder cells in DMEM-F12 (3:1) [23-26]. Human dermal fibro-
blasts (strain hFIB-132), isolated by us from a human skin biopsy,
were plated in DMEM-F12, as above. All cultures were incubated at
37°C in a humidified incubator equilibrated with 10% CO,, and
medium was changed every other day.

2.3. RNA Extraction, RT-PCR and sequencing

Total RNA was extracted with Trizol™ reagent (Invitrogen, CA),
its integrity was verified by denaturing agarose electrophoresis
and used for cDNA synthesis with oligo (dT)-primers. Reverse tran-
scription was carried out with Super Script II (Invitrogen, CA). Con-
ventional PCR amplification was done with Taq DNA Polimerase
(Invitrogen, CA). The amplified products were cloned with the
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TOPO TA Cloning kit into pCR2.1 (Invitrogen, CA). The insert was
sequenced in ABI PRISMTM 310 DNA Sequencer (Perkin-Elmer)
with the Big Dye Terminator kit v3.1 (Perkin-Elmer) using M13
and T7 sequencing primers and specific primers. Sequencing data
were compared with the published sequences using BLASTN 2.2
[27] of The National Cancer Biotechnology Information Center. Real
time PCR was carried out in triplicate experiments with samples
treated with DNAse I amplification grade (Invitrogen,CA). cDNA
was synthesized as described above and the PCR step was carried
out using the LightCycler FastStart DNA Master PLUS SYBR Green
I (Roche) in the ABI 7500. To determine the absolute number of
DNA copies, we produced a standard curve that related DNA copy
number with the amount of fluorescence. We used the previously
cloned and sequenced decorin plasmid, and 5TCCTGAAGAGTT
TTGGGCATTTT3' as a reverse primer which anneals to base 494
of exon 2, and generates a 471bp product internal to the
1200 bp sequence inserted into the plasmid. The authenticity of
the PCR product was verified by melting curve analysis, and aga-
rose gel electrophoresis. The equivalence of the cDNA input was as-
sessed by determination of GAPDH levels from the same samples.

2.4. Immunostaining

HEK were cultured on glass coverslips and fixed with 3.5% (w/v)
para-formaldehyde in phosphate-buffered saline (PBS) or by meth-
anol immersion. They were incubated with antibody against deco-
rin, and then stained with a biotinylated secondary antibody and
streptavidin-FITC or streptavidin-TxRd. Actin was detected with
rhodamine-phalloidin (Molecular Probes). Slides were mounted
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in Vectashield fluorescent mounting medium. Immunodetection
in cultured epithelia or skin biopsies was carried out in 8 pm cryo-
sections embedded with tissue freezing medium (Jung). Epithelia
were detached from the culture dish using Dispase II (2.5 mg/
ml). Tissue sections of normal and psoriatic skin in silanized glass
slides were air-dried and hydrated in PBS for 5 min prior to anti-
body recognition. Figures were prepared using Adobe Photoshop®
without changing the original number of pixels.

2.5. Western blot analysis

Total proteins from HEK or human fibroblasts cultures were
electrophoresed in 12.5% SDS-PAGE, transferred to nitrocellulose
paper, and detected with anti-decorin as primary antibody, and re-
vealed with horseradish peroxidase (HRP) anti-rabbit IgG. The
inmunostained proteins were visualized using luminol™reagent
(Santa Cruz, CA). Recombinat human decorin (R&D) was used as
a positive control. Actin detection was carried out with an anti-
actin antibody that was a generous gift of Dr. Manuel Hernandez
Hernandez.

3. Results

3.1. Decorin in cultured human epidermal keratinocytes and in human
epidermis in vivo

We studied the distribution of decorin in cHEK with an antibody
against the human protein. Decorin was inmunodetected in basal
and stratified keratinocytes, but staining was much less intense

DCN

DCN/Col IV

Fig. 1. Immunolocalization of decorin in cHEK and human skin. (A, upper panel) Seven day HEK growing colonies were immunostained with antibodies against human
decorin; arrowheads show the basal cells of the proliferative rim are not stained for decorin. (A, lower panel) In 8 um cryosections of confluent cultured epidermal sheets;
decorin is seen in the cytoplasm of keratinocytes. (B) Cryosections of normal human skin showing staining for decorin at suprabasal cell layers but not in the basal cells
adjacent to the basal lamina, which was immunostained with an anti-collagen IV antibody. Scale bar = 50 pm.
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in the cells of the proliferative rim (Fig. 1A). Remarkably, the stain-
ing pattern showed that the protein seemed to be localized
intracytoplasmically and undetected in the intercellular space, as
it is seen by the dark boundary between immunostained keratino-
cytes of the growing colonies (Fig. 1A, arrowheads). In cryosections
of confluent epithelium it is seen in the cytoplasm (Fig. 1A). In fro-
zen sections from adult human skin, we localized decorin at supra-
basal keratinocytes and in stratum corneum, but not in basal cells
(Fig. 1B). We also localized decorin in the cytoplasm of the kerati-
nocytes as it was seen in cultures.

By confocal microscopy, we confirmed the intracellular localiza-
tion of decorin. Double inmunostaining for decorin and actin
showed that both proteins were at the same focal plane in each
0.2 pm optical section, but decorin had a punctuate cytoplasmic
distribution, not apparently structured as filaments (Fig. 2A). We
did not see any association of decorin with actin (Fig. 2A), or with
keratins or tubulin (not shown). By double hybridization tech-
niques, it was suggested that filamin, an intracellular protein that
cross-links actin, would interact in vitro with the LRR motif of deco-
rin [15]. Our immunolocalization and confocal microscopy experi-
ments showed that decorin and filamin, were intracytoplasmic,
although they did not co-localize (Fig. 2B), suggesting that the
LRR motif of decorin does not interact with filamin in vivo.

Western blot of proteins from 2 days post-confluent cHEK that
had dislodged the 3T3 feeders cells, showed that decorin was
found in total cell extracts but not in extracellular matrix extracts,

A ACTIN

Maximal
projection
0.2 um
single
optical
section

B FILAMIN

0.2 um
single
optical
section

Maximal
Projection

suggesting that decorin is secreted at undetectable amounts, or not
secreted, into the culture medium (Fig. 3A). We treated cHEK for
48 h with Brefeldin-A, which inhibits protein transport in Golgi
apparatus, leading to accumulation of proteins inside endoplasmic
reticulum [16]. Immunostaining of cHEK treated with Brefeldin-A,
showed that the distribution pattern of decorin was not modified
(data not shown). Together these results support the observation
that decorin is mainly an intracellular protein in human
keratinocytes.

3.2. DCN is expressed in cultured human epidermal keratinocytes

We carried out PCR amplification with total RNA from growing
(7 day), or 2 days post-confluent (12 day) cHEK. We used specific
primers to exons 1 and 10 of the human DCN, and obtained a
1200 bp fragment for the open reading frame (Fig. 3B, lanes 5
and 6). As positive control, we identified the same amplification
product from total RNA from hFIB-132 (Fig. 3B, lane 4), but it
was absent from the RNA of murine 3T3-feeder cells (Fig. 3B, lane
3). The amplification fragment for decorin from cHEK was cloned
and sequenced, showing a complete match with the published
mRNA sequence for the corresponding human gene (Gene Bank
reference NM_133503), indicating that decorin is expressed in
cHEK. Quantitative real time PCR amplification showed that DCN
mRNA levels were similar in both growing and confluent keratino-
cytes (Fig. 3C), but in any case lower than in human fibroblasts.

MERGE

Fig. 2. Intracellular distribution of decorin analyzed with confocal microscopy. (A) Decorin was immunostained in 7 day HEK growing colonies; actin microfilaments were
detected using rhodamine-phalloidin. (B) Cells were double stained for decorin and with an anti filamin antibody. (A) Scale bar = 20 um, (B) scale bar = 50 um.
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Fig. 3. Detection of decorin protein and mRNA, and effect of cytokines on decorin mRNA expression. (A) Immunoblot analysis of decorin. (Lane 1) human-recombinant
decorin; (lane 2) total cell extracts from HEK or (Lane 3) human fibroblast (hFib) cell cultures. (Lane 4) extracellular matrix extracts from cHEK or (Lane 5) cultured hFib,
showing almost no signal from HEK cells. (B) End point PCR for decorin encoding mRNA. The 1150 bp product corresponds to the ORF of human decorin. (B, lower panel)
GAPDH mRNA was used as an amplification control. (C) Real time PCR amplification of decorin mRNA expression in total RNA from HEK at different times in culture, and in
confluent hFib. (D, E, and F) Confluent cultures of HEK were exhaustively rinsed, and changed to basal culture medium alone or containing the specified concentrations of (D)
inflammatory cytokines, (E) proliferative cytokines or (F) TGFB. Treatment with cytokines was maintained 48 h, and cultures were harvested. Results are average + SD of

triplicate cultures from two independent experiments. “P < 0.05.

3.3. DCN expression in cHEK is modulated by cytokines

During inflammation, decorin is induced in endothelial cells by
cytokines [10,17]. We looked into DCN expression after treatment
of confluent cHEK, for 48 h, with inflammatory cytokines. Inter-
leukin 1B (IL-1B) and TNF-a inhibited the expression of DCN in
about 50%, and Interleukin 6 (IL-6) did not inhibit it significantly,
as compared with non-treated cultures (Fig. 3D). Interferon gam-
ma (IFN-v) significantly increased, by 2-fold, the expression levels
of DCN .

We also assayed the effect of EGF and transforming growth
factor alpha (TGF-a), that promote cHEK proliferation. Both cyto-
kines reduced the expression levels of DCN in about 75% as com-
pared to cHEK maintained with basal medium (Fig. 3E). Retinoic
acid (RA), that promotes cHEK proliferation [18,19], also de-
creased DCN expression (Fig. 3E). Treatment with these agents,

which have a general effect in stimulating proliferation of HEK,
promoted a significant decrease in the expression levels of DCN
(Fig. 3E).

After treatment of cHEK with 5-20 ng/ml TGFB, we found that
it reduced DCN expression levels in 80% (Fig. 3F). By immunoblot-
ting of total protein extracts from parallel cultures, we did not
find any changes in the relative amounts of decorin (Fig. Sup).
This result could be explained by an intracytoplasmic decorin
half-life longer than 48 h, which is not known. Another explana-
tion is that there is a large amount of protein in the upper part
of the western blot for decorin, comprising a broad range of
molecular weights (Fig. Sup). Since this could be due to the pro-
teoglycan forms of decorin, it is difficult to determine any precise
changes in the amount of protein. These possibilities might ex-
plain the apparent contradictory data between mRNA expression
and protein content.
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Fig. 4. Decorin expression in psoriatic skin. 8 um cryosections were obtained from symptomless and plaques of psoriatic human skin, and immunodetected against decorin

and Collagen IV. Scale bar = 50 pm.

3.4. Decorin is altered in psoriatic lesions

IL-10,, IL-6, and TNF-a are increased in plaques of psoriatic skin
[20]. Since we found that TNF-o regulates DCN expression in kerat-
inocytes (see above), we immunostained psoriatic skin lesions to
detect decorin. Results showed the disrupted pattern of epidermal
stratification and basement membrane organization characteristic
of psoriatic skin [21,22] (Fig. 4). Decorin immunostaining of psori-
atic lesions showed a lower intensity and more altered intracyto-
plasmic arrangements, in comparison with non-lesion skin from
the same patient (Fig. 4).

4. Discussion

To our knowledge, this is the first report on the identification
and localization of decorin, and on the regulation of DCN expression
by cytokines in human keratinocytes. Previously, we described the
expression of the fibromodulin gene in cHEK and the presence of
the corresponding protein in both cHEK and normal human epider-
mis [14]. Here, we describe decorin in human keratinocytes, but
with a different localization in the epidermal compartment as com-
pared to fibromodulin. Other reports did not show these proteogly-
cans in cultured epithelial cells. We think that our approach has two
main advantages that can explain the differences with previous re-
ports [28]. First, co-cultivation of human epidermal keratinocytes
with 3T3 feeder cells supports the proliferative potential of kerati-
nocytes, the expression of their differentiation markers, and the
deposition of a more complete extracellular matrix [25]. Second,
we used more sensitive methods such as RT-PCR and real time
RT-PCR for detection of mRNAs, than the use of Northern blot anal-
ysis [29]. When we were carrying out this work, small amounts of
DCN were seemingly detected in human epidermis by combining
laser capture micro-dissection and real time RT-PCR [30], but its
localization, its distribution in the epidermal cell layers, its regula-
tion and function in the keratinocyte were not addressed. By immu-
nostaining and confocal microscopy analysis, we localized decorin
intracellulary in both cHEK and keratinocytes in human skin biop-
sies. Also, we found the presence of decorin in total cell extracts but
not in the extracellular matrix extracts.

Localization of decorin in the cytoplasm of keratinocytes,
mainly in the suprabasal epidermal layers in cultures and in skin

sections, strongly suggests that this protein is most likely involved
in terminal differentiation of keratinocytes. However, its specific
role remains to be elucidated. Some of its structural characteristics,
one repeat of two glutamines and two repeats of two lysines in its
primary structure, and its suprabasal localization in epidermis,
would suggest that decorin might be a substrate for TGase, which
catalyzes cornified envelope formation during epidermal terminal
differentiation [31,32]. Involucrin, another TGase substrate for
cross-linking in cornified envelop formation [32,33], show a distri-
bution which correlates with the observed distribution of decorin
in cHEK and human epidermis (see Fig. 1B). However, disruption
of TGase activity by cadaverine in the cHEK did not modify the lev-
els of DCN mRNA (Results not shown). But, is clear that decorin is
found in keratinocytes during their terminal differentiation, sug-
gesting a role during this process, which our experiments have
not yet elucidated.

In an attempt to gain an insight in decorin possible role in epi-
thelial cells, we studied the expression of DCN in cHEK treated with
inflammatory, proliferative and pro-fibrotic cytokines. Our results
showed that the inflammatory cytokines IL-1B, and TNF-a de-
creased DCN expression, but in contrast, IFN-y increased its expres-
sion by about 2-fold. These results suggest that inflammatory
cytokines modulate decorin synthesis under various conditions. If
decorin is involved in keratinocyte terminal differentiation, a de-
crease on its gene expression might reduce terminal differentiation
and consequently enhance epidermal proliferation. This could be
part of the mechanism in hyper proliferative diseases of the skin,
such as psoriasis, in which we observed a diminished staining for
decorin. Psoriasis is characterized by an increased synthesis of
inflammatory cytokines, such as TNF-a and IL-18 [20], and epider-
mal hyperproliferation. These observations are in agreement with
the data we obtained with TNF-a and the proliferative cytokines,
EGF and TGF-o. These cytokines are over expressed in psoriasis
[20]. DCN expression in the cHEK is reduced by these three cyto-
kines. It is suggestive that a decrease in the expression of some
of the genes involved in terminal differentiation, whether by
inflammatory conditions or by growth factors, should lead to a
state of hyperproliferation in the epidermis, which correlates with
the relative content of decorin observed in tissue sections of psori-
atic lesions.

TGFpB promotes the basal phenotype of epidermal keratinocytes,
as determined by the transcriptional induction of the basal keratin
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pair K5/K14 [34]. Our data showed a decrease in DCN expression
elicited by TGFp. This correlates with a decrease in terminal differ-
entiation of keratinocytes. It also should be considered that DCN
promoter has a region that might be negatively regulated by TGFj
[35]. This cytokine is also up-regulated in the psoriatic lesion [36].

High levels of TNF-o. have been detected in psoriatic plaques
and they correlate with the severity of the disease [37]. These data
are in agreement with our results showing that TNF-o decreases
the expression of DCN in keratinocytes (Fig. 4B). The only tested
cytokine that induced the expression of DCN, was IFN-y, which
has a stimulatory effect in the expression of involucrin [38] a major
member of the cornified envelope. It is also of relevance that IFN-vy,
the cytokine that increased DCN levels in keratinocytes (Fig. 4A),
inhibits proliferation of psoriatic keratinocytes and it is used in
its therapy [39].

We were unable to precisely identify the function of decorin,
remaining puzzling its role in human epidermis. However, based
on the regulation of DCN expression by cytokines, the abundance
of the protein, and its intracytoplasmic localization, we can suggest
that decorin might have a possible role during terminal differenti-
ation of keratinocytes, and in hyperproliferative diseases of the
skin. Decorin has an anti-oncogenic function, and it is not fre-
quently expressed in transformed epithelial cells [11]. These data
and our results strongly suggest that decorin would have a signif-
icant function in skin homeostasis, terminal differentiation of epi-
thelial cells, both diploid and neoplastic, that should warrant
further investigation in epithelial cells to unravel its function and
mechanism of action.
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