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To elucidate pathogenic molecules in keloids, mi-
croarray analysis was performed using RNAs ex-
tracted from keloid-derived fibroblasts and normal
skin-derived fibroblasts from the same patient with a
typical keloid. Among 11 up-regulated extracellular
matrix genes, cartilage oligomeric matrix protein
(COMP) was most prominently increased. Up-regula-
tion of COMP mRNA and protein was confirmed in the
keloid tissue by quantitative RT-PCR and Western blot.
Using immunohistochemistry, we compared 15 ke-
loids and 6 control normal tissues using a COMP-
specific antibody and found that COMP stained posi-
tively in 10 keloids (66.7%), whereas no staining was
observed in normal tissues, demonstrating the ecto-
pic expression of COMP in keloids. Comparing ke-
loids smaller or larger than 10 cm2, the larger keloids
were significantly more intensely stained with the
COMP-specific antibody. Because COMP reportedly ac-
celerates collagen type I fibril assembly, we examined
whether extracellular type I collagen deposition is al-
tered by silencing COMP mRNA by small interfering
RNA (siRNA). Immunocytochemistry showed at 96
hours after transfection with COMP siRNA that the ex-
tracellular deposition of type I collagen was decreased
compared to that observed with control siRNA. Further,
COMP knockdown decreased amount collagens type I to
V in the medium and on the cell surfaces. Our data
suggest that COMP facilitates keloid formation by accel-
erating collagen deposition, thus providing a new ther-
apeutic target. (Am J Pathol 2011, 179:1951–1960; DOI:

10.1016/j.ajpath.2011.06.034)

Keloids are raised skin lesions with redness, pain, and

itching, often caused by trauma, burns, or surgical inva-
sion. They grow larger beyond the size of the original
wounds, causing not only esthetic but also mental dis-
tress.1 Keloid pathogenesis basically involves excessive
wound healing with prolonged inflammation. Histopatho-
logically, the infiltration of inflammatory cells, as well as
irregular and excess accumulations of extracellular ma-
trix components (eg, collagen, fibronectin, elastin, and
proteoglycans) are observed. The molecular aberrant
mechanisms in keloids can be categorized into three
groups: i) extracellular matrix proteins and their deposi-
tion and degradation, ii) cytokines and growth factors,
and iii) apoptotic pathways.2 To explore keloid pathogen-
esis, differences between keloid-derived fibroblasts
(KDFs) and normal skin-derived fibroblasts (NDFs) have
been investigated. KDFs, showing reduced growth-factor
requirement,3 proliferate and migrate at a faster rate than
NDFs.4 Moreover, KDFs are resistant to corticosteroid in
terms of growth response 5 and further down-regulation
of types I, III, and V collagen6,7, elastin,8 connective
tissue growth factor, and insulin-like growth factor-bind-
ing protein 39 gene expression. In addition, KDFs are
reportedly refractory to phorbol esters and prostaglandin
E2.10 These basic findings recapitulate well clinical resis-
tance of keloids to various treatments.11,12 Therefore, we
consider that research using KDFs and NDFs is a pow-
erful strategy to characterize the pathological mechanism
of keloids as a clue to provide new targets for treatment.

To explore novel target molecules, microarray analy-
ses of keloids have been performed and reported the
up-regulated expression of many genes related to the
cell cycle,13 intercellular signaling14 and the extracellular
matrix,9,15,16 and the down-regulated expression apop-
tosis-related genes.14 In this study, using microarray
analysis of KDFs and NDFs from the same patient, we
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identify and characterize a new potentially pathogenic
gene, which encodes cartilage oligomeric matrix protein
(COMP), because most previous studies used keloid and
normal fibroblasts or tissues from different persons, our
methodology may avoid individual difference and bias.

COMP, also referred to as thrombospondin 5, is a
524-kDa homopentameric, noncollagenous, extracellular
matrix glycoprotein, which is found in cartilage, tendons,
and ligaments and the growth plate.17 Its carboxytermi-
nal globular domain binds to type I, II, and IX collagens,
fibronectin,18–20 and aggrecan,21 and thereby acceler-
ates fibrillogenesis through the promotion of matrix com-
ponent assembly.22 In addition, the coiled-coil domain
stores and delivers hydrophobic ligands, such as retinoid
and vitamin D.23,24 These studies suggest that COMP
potentially exerts a wide range of biological functions.
Furthermore, recent evidences are accumulating that
COMP is both a pathogenic factor and biomarker in
scleroderma,25–30 indicating that this molecule can be
involved in pathogenesis of other fibrosing diseases. Ad-
ditionally, existence of COMP in horse scar was previ-
ously reported,31 but the role of COMP in scar or keloid is
still unknown. These results prompted us to study the
potential pathogenic role of COMP in keloid formation.

Materials and Methods

Keloid and Normal Control Tissues

Keloid tissues were obtained from 8 males and 7 females
with a mean age of 50 years (range, 15 to 80 years)
(Table 1). Normal skin as control samples was obtained
from four males and two females, with a mean age of 59.2
years (range, 2 to 80 years). Among them, three were the
uninvolved normal skin specimens around keloids from
patients 1, 2, and 3 in Table 1. The three other normal
samples were obtained from nonkeloid patients who un-
derwent benign skin tumor excisions (two, inguinal; one

Table 1. Clinical Characteristics of the Patients from Whom the
Samples Were Obtained

Patient no. Age/Sex Site of lesion

�10 cm2

1 68 M Chest
2 60 M Chest
3 80 F Neck
4 71 M Inguinal
5 80 F Retroauricular

�10 cm2

6 52 M Shoulder
7 47 M Face
8 55 F Earlobe
9 65 M Earlobe

10 26 F Earlobe
11 15 F Earlobe
12 32 M Retroauricular
13 22 M Retroauricular
14 33 F Earlobe
15 44 F Abdomen

F, female; M, male.
abdomen).
Isolation and Culture of Human Dermal
Fibroblasts

Using the explant technique, we isolated KDFs from pa-
tient 1, 2, and 6 and NDFs from patients 1 and 2 in Table
1. The cells were cultured in Dulbecco’s modified Eagle’s
medium (DMEM) (Nissui Pharmaceutical, Tokyo, Japan)
supplemented with 10% fetal calf serum (FCS) (JRH Bio-
sciences, Lenexa, KS), L-glutamine (4 mmol/L), penicillin
(50 units/mL), and streptomycin (50 mg/mL) at 37°C un-
der a humidified atmosphere of 95% air and 5% CO2. The
cells were subcultured using 0.025% trypsin (usually 4
weeks after the beginning of primary cell cultures). KDFs
in the third to sixth passage were used for these experi-
ments. For the microarray, third passage KDFs were
used. These studies were approved by the Medical Eth-
ical Committee of Osaka University and conducted ac-
cording to the Declaration of Helsinki Principles.

Microarray Analysis

For comprehensive comparison of gene expression dif-
ferences between the keloid and the control tissues, mi-
croarray analysis used RNAs extracted from KDFs and
from NDFs derived from a clinically typical keloid on the
chest and the surrounding uninvolved skin from the same
patient, respectively. Total RNA was extracted from KDFs
and NDFs using a Qiagen RNeasy kit (Qiagen, San Di-
ego, CA). Briefly, 2 �g total RNA was then reverse tran-
scribed to cDNA with T7 oligo d(T) primer (Affymetrix,
Inc., Santa Clara, CA). The cDNA synthesis products
were used for in vitro transcription reactions containing T7
RNA polymerase and biotinylated nucleotide analog
(pseudouridine base) cRNAs. The labeled cRNA prod-
ucts were then fragmented and loaded on GeneChip
Human Genome U133 Plus 2.0 arrays (Affymetrix, Inc.),
and hybridized according to the manufacturer’s protocol.
Streptavidin-Phycoerythrin (Molecular Probes, Eugene,
OR) was used as the fluorescent conjugate to detect
hybridized target sequences. Raw intensity data from the
GeneChip arrays were analyzed using GeneChip Oper-
ating Software (Affymetrix, Inc.).

Immunohistochemistry

Skin specimens were taken from the surgical specimen,
fixed in 10% formaldehyde and paraffin embedded. Tis-
sue sections on the slides were deparaffinized and then
heated in an autoclave in 10% citrate buffer for 15 min-
utes at 121°C to activate epitope structures in the tissue.
They were then incubated with a 1:20 dilution of mono-
clonal rat anti-human COMP IgG (MCA1455, AbD Sero-
tec, Oxford, UK) overnight at 4°C. The slides were then
washed 3 times in Tris-buffered saline with Tween 20
(TBST) for 5 minutes each and incubated for 10 minutes
with a biotinylated rabbit anti-rat immunoglobulin (E0468,
Dako, Glostrup, Denmark). The slides were then washed
3 times in Tris-buffered saline with Tween 20 (TBST) for 5
minutes each, followed by treatment with peroxidase-
conjugated streptavidin. Before staining the keloid sam-

ples, we confirmed negative staining of control normal
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dermis to avoid nonspecific staining because of the high
concentration of the antibody. Reaction products were
visualized by diaminobenzidine, and tissue sections were
counterstained with Mayer’s hematoxylin. The score of
staining intensity was estimated using the percentage of
positive constituents as follows: 0%, �; 1 to 5%, �; 6 to
50%, �; �50%, ��.

Immunocytochemistry

Cultured human fibroblasts were grown on Lab-Tek
chamber slides (Electron Microscopy Sciences, Hatfield,
PA) and at subconfluency the cells were transiently trans-
fected with control and COMP siRNA as mentioned as
follows. Twenty-four hours later, the cells were re-fed with
fresh 10% FCS DMEM containing 50 mg/mL ascorbic
acid. After incubation for 72 hours, the cells were fixed in
4% paraformaldehyde for 10 minutes at room tempera-
ture and permeabilized with 0.1% Triton X-100. COMP
was detected by incubation with rat anti-human COMP
IgG (1:50) (sc-59941, Santa Cruz Biotechnology, Santa
Cruz, CA) overnight at 4°C, followed by Alexa fluor 488
conjugated goat anti-rat IgG. Extracellular type I collagen
was detected with rabbit anti-human collagen type 1
alpha 1 (1:50) (sc-28657, Santa Cruz Biotechnology)
overnight at 4°C, followed by Alexa fluor 594 conjugated
donkey anti-rabbit IgG. Nuclei were stained with
Hoechst33342. The cells were observed by confocal la-
ser scanning microscope FluoView 1000-D (Olympus,
Tokyo, Japan).

Transfection of KDFs with an siRNA
against COMP

COMP siRNA and a negative control siRNA were pre-
pared and provided by Ambion 32. The nucleotide se-
quences of sense and antisense COMP siRNAs used
were: 5=-GGAGGACUCAGACCACGAUdTdT-3= and 5=-
AUCGUGGUCUGAGUCCUCCdTdG-3=. KDFs were tran-
siently transfected with 100 nmol/L siRNA against COMP
using Amaxa nucleofection kits (Lonza Cologne AG, Co-
logne, Germany) for adult human dermal fibroblasts ac-
cording to the manufacturer’s protocol. After the trans-
fection, cells were cultured in medium. In the preliminary
experiments, we confirmed that successful transfection
of siRNA is constantly obtained by co-transfection of ex-
pression vector of GFP.

Real-Time Quantitative RT-PCR

Total RNAs were isolated from keloid and uninvolved
normal tissue from patient 1 in Table 1 using the acid
guanidium thiocyanate-phenol-chloroform method and
the purity of the extracted RNA was calculated with the
optical densities at 260 and 280 nm. The cDNA was
reverse-transcribed from 1 mg total RNA from each sam-
ple using M-MLV Reverse Transcriptase (Invitrogen,
Carlsbad, CA) according to the manufacturer’s protocol.
The oligonucleotide primers used were as follows: COMP

designed by primer 3 software-sense primer 5=-TGGGC-
CCGCAGATGCTTC-3= and antisense primer 5=-CCG-
TCTTCCGTCTGGATG-3=, glyceraldehyde-3-phosphate
dehydrogenase (G3PDH) as an internal control-sense
primer 5=-CCCATCACCATCTTCCAG-3= and antisense

Figure 1. Clinical appearance of the keloid of patient 1 and cartilage oligomeric
matrix protein (COMP) mRNA and protein expression in the keloid tissues.
Microarray analysis was performed using RNAs extracted from keloid-derived
fibroblasts (KDFs) derived from the 23 � 7.5-cm keloid and from NDFs derived
from the surrounding uninvolved skin on the chest of a 68-year-old Japanese
male (patient 1 in Table 1) (A). (B) COMP mRNA amount was examined by
quantitative real-time RT-PCR, as mentioned in Materials and Methods. Statistical
difference was determined by the Student’s t-test. **P � 0.01 (C) Skin tissue from
the keloid and uninvolved (normal) skin from the five patients (patients 1 to 5 in
Table 1) were homogenized in 20 mmol/L HEPES, pH 7.2, containing 1%
Nonidet P-40, 0.4 M NaCl, and aprotinin and were analyzed for COMP and
�-actin levels by Western blot. The lower graph shows mean � SD of COMP/

�-actin protein ratios of patients 1 to 5 (n � 5). Statistical difference was
determined by the Student’s t-test. *P � 0.05.
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primer 5=- CCTGCTTCACCACCTTCT-3=. Real-time PCR
was conducted using Power SYBR Green PCR Master
Mix (Applied Biosystems, Carlsbad, CA), according to
the manufacturer’s instructions. The final PCR mixture
contained 0.5 �L each of forward and reverse primers
(final concentration of each, 500 nmol/L), 25 �L of Power
SYBR Green PCR Master Mix (Applied Biosystems), and
1 �L of sample (equivalent to 50 ng RNA). Real-time PCR
was performed with an ABI Prism 7900 HT machine (Ap-
plied Biosystems) and universal cycling conditions (2
minutes at 50°C, 10 minutes at 95°C, 40 cycles of 15
seconds at 95°C, and 1 minute at 60°C). Cycle threshold
values were determined by automated threshold analysis
with ABI Prism version 1.0 software (Applied Biosys-
tems). The amplification efficiencies were determined by
serial dilution and calculated as E � exp-�1/m, where E
is the amplification efficiency and m is the slope of the
dilution curve. Dissociation curves were recorded after
each run.

Western Blotting

Tissues from keloid and normal skin were thoroughly
homogenized in 20 mmol/L HEPES, pH 7.2, containing
1% Nonidet P-40, 0.4 M NaCl and aprotinin and were
centrifuged to extract the proteins into supernatants. The
protein samples were mixed with 2 � SDS-PAGE buffer,

Table 2. Genes Showing the Greatest Increase in Expression in

Gene name

MRNA; cDNA DKFZp686A0837 (from clone DKFZp686A0837
Cartilage oligomeric matrix protein
Secreted frizzled-related protein 2
v-kit Hardy-Zuckerman 4 feline sarcoma viral oncogene hom
C-type lectin domain family 12, member A
Fibroblast growth factor receptor 2
Testis expressed 9
Retinoic acid receptor responder (tazarotene induced) 2
Transmembrane protein 16A
Transcribed locus
Armadillo repeat containing, X-linked 4
Death-associated protein kinase 1
cDNA FLJ38181 fis, clone FCBBF1000125
cDNA clone IMAGE:4830514
Colony stimulating factor 2 receptor, beta, low-affinity

(granulocyte-macrophage)
Chondrolectin
Dermatopontin
Insulin-like growth factor 2 (somatomedin A) /// insulin- insulin

growth factor 2
Gap junction protein, alpha 5, 40kDa
Inter-alpha (globulin) inhibitor H5
cDNA FLJ30757 fis, clone FEBRA2000468
G protein–coupled receptor 37 (endothelin receptor type B-li
Unc-5 homolog B (C. elegans)
Nuclear factor of kappa light polypeptide gene enhancer in B

cells inhibitor-like 1
Hypothetical gene supported by BC008048
Dopamine receptor D1
Signal-induced proliferation-associated 1 like 2
Deleted in bladder cancer 1
Calcium/calmodulin-dependent protein kinase ID /// Hypothe

protein LOC283070
Carboxypeptidase Z
NDFs, normal skin-derived fibroblasts.
heat denatured with a reducing agent and then loaded
onto 4 to 12% Tris-glycine gels. Cultured cells were lysed
in 100 �L 2 � SDS-PAGE buffer in reducing conditions.
All samples (5 mg/lane) were heated and loaded on 7.5%
Tris-glycine gels. After electrophoresis, proteins on the
gels were transferred to nitrocellulose membranes. The
membranes were briefly stained with Ponceau S, photo-
graphed, and blocked in 5% milk in TBST buffer for 1
hour and then incubated for 1 hour with antibodies
against COMP (1:100) (sc-59941, Santa Cruz Biotechnol-
ogy) or �-actin, and then washed 3 times for 5 minutes
each with TBST, followed by a 1 hour incubation with
horseradish peroxidase conjugated secondary antibody.
All membranes were developed using the ECL Plus West-
ern Blotting Detection System (GE Healthcare, Bucking-
hamshire, England). Quantification and densitometric
analysis was performed using Image J software (National
Institutes of Health, Bethesda, MD).

Assay for Measuring Amount of Collagen

At 24 hours after transfection of the control and CONP
siRNA into the subconfluent KDFs at 6-well plates, we
put 1 mL fresh DMEM supplemented with 10% FCS
containing 50 mg/mL ascorbic acid. For measuring
amount of collagen, at 72 hours after the medium
change, the conditioned media were harvested. We

ompared to NDFs in Microarray Analysis

Gene symbol Fold change UniGene ID

— 78.793242 Hs.638566
COMP 48.50293 Hs.1584
SFRP2 42.224253 Hs.481022
KIT 39.396621 Hs.479754
CLEC12A 36.758347 Hs.190519
FGFR2 34.296751 Hs.533683
TEX9 25.992077 Hs.511476
RARRES2 25.992077 Hs.647064
TMEM16A 22.627417 Hs.503074

— 19.698311 Hs.662908
ARMCX4 18.379174 Hs.399873
DAPK1 17.148375 Hs.380277

— 16 Hs.143134
— 16 Hs.570820

CSF2RB 16 Hs.592192

CHODL 14.928528 Hs.283725
DPT 14.928528 Hs.80552
IGF2 /// INS-IGF2 13.928809 Hs.523414

GJA5 12.996038 Hs.447968
ITIH5 12.996038 Hs.498586

— 12.996038 Hs.662237
GPR37 12.125733 Hs.406094
UNC5B 12.125733 Hs.585457
NFKBIL1 11.313708 Hs.2764

LOC440934 10.556063 Hs.238964
DRD1 10.556063 Hs.2624
SIPA1L2 10.556063 Hs.268774
DBC1 10.556063 Hs.532316
CAMK1D /// LOC283070 10.556063 Hs.600547

CPZ 10.556063 Hs.78068
KDFs C

)

olog

-like

ke)

-

tical
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used the Sircol Collagen Assay Kit (Biocolor Ltd.,
Carrickfergus, UK) to measure type I to V collagens
according to the manufacturer’s instructions. The 1 mL
of conditioned media were mixed with 200 mL isolation
and concentration reagent in the kit and incubated at
4°C overnight. After centrifugation, pellets were re-
dissolved in 1 mL of Sircol dye reagent (Biocolor Ltd.)
which specifically binds to collagens. After centrifuga-
tion, pellets were suspended in 1 mL of the alkali
compound included in the kit and collagen concentra-
tion was then determined by spectrophotometric ab-
sorbance at 540 nm as compared with a standard
curve. After aspiration of the culture supernatant, ex-
tracellular matrix formed on the cells was treated with 1
mL 0.5 M cold acetic acid for 24 hours and the amount
of collagens in the extract was determined with the
Sircol Collagen Assay Kit (Biocolor Ltd) as previously
mentioned. The amounts of collagens were determined
and expressed as relatives of each control transfected
with the negative control siRNA.

Treatment of KDFs with Transforming Growth
Factor-�1

KDFs were grown in 10% FCS DMEM until subconflu-
ency. Then the media were changed to DMEM without

Table 3. Comparison of Gene Expression Patterns between
KDFs and NDFs from the Same Patient in the
Microarray Analysis

Up-
regulated

Down-
regulated

Extracellular matrix constituents 11 8
Growth factors and their receptors 18 17
Transcription factors and proteins

binding with DNA
25 72

Apoptosis 15 0
Matrix metallopeptidase 3 12
Cellular skeleton and movement 3 9
Cytokines and their binding proteins 5 24
Cell metabolism 1 0
Unknown function 106 202
Others 187 414
TOTAL 374 758

KDFs, keloid-derived fibroblasts; NDFs, normal skin-derived fibroblasts.

Table 4. Increased Expression of Extracellular Matrix Genes in K

No. Gene name

1 Cartilage oligomeric matrix protein
2 Elastin
3 Collagen, type XVIII, alpha 1
4 Collagen, type XV, alpha 1
5 Collagen, type VIII, alpha 2
6 Fibrillin 2
7 Collagen, type XI, alpha 1
8 Fibulin 2
9 Collagen, type V, alpha 1

10 Collagen, type V, alpha 3
11 Aggrecan
KDFs, keloid-derived fibroblasts.
FCS for serum depletion. At 24 hours later, the cells were
re-fed with fresh DMEM without FCS containing 1 ng/mL
human recombinant transforming growth factor (TGF)-�1
(240B, R&D Systems, Minneapolis, MN) or a mock solu-
tion. After incubation for 24 hours, the cells were har-
vested and subjected to Western blot as previously men-
tioned.

Statistics

Statistical differences of immunohistochemical staining
intensity were determined by the Mann-Whitney U-test;
differences with P � 0.05 are considered significant. For
other experiments, statistical differences were deter-
mined by Student’s t-test; differences with P � 0.05 are
considered significant.

Results

Microarray Analysis of Genes Differentially
Expressed between KDFs and NDFs from the
Same Patient

Initially we tried to use RNA from keloid and normal tis-
sues for microarray analyses but we had difficulty pro-
ducing high quality samples. Moreover, as previously
mentioned, the prior reports demonstrated that the differ-
ences of KDFs and NDFs recapitulate well in vivo keloid
pathogenesis 3 to 10. Therefore, to elucidate potentially
pathogenic genes or molecules in keloids, microarray
analyses were performed using RNAs extracted from
KDFs and NDFs from the same patient (patient 1 in Table
1) with a clinically typical keloid on the chest (Figure 1A).
The normal tissue was obtained from the surrounding
normal skin. Among the 38,500 genes on the array, 374
were up-regulated (fold value, �2) and 758 were down-
regulated (fold value, �0.5) in KDFs compared with
NDFs. The most significantly up-regulated 31 genes are
listed in Table 2. The differentially expressed genes were
classified by molecular functions, possibly related to
wound healing and keloid growth (Table 3). More than 10
genes were up-regulated in the molecular functions in the
following gene ontology categories: extracellular matrix
constituents, growth factors and their receptors, tran-

the Microarray Analysis

e symbol Fold change UniGene ID

OMP 48.5 Hs.1584
LN 6.5 Hs.647061
OL18A1 6.5 Hs.517356
OL15A1 5.66 Hs.409034
OL8A2 4.92 Hs.353001
BN2 3.73 Hs.519294
OL11A1 3.48 Hs.523446
BLN2 3.03 Hs.198862
OL5A1 2.46 Hs.210283
OL5A3 2.14 Hs.235368
CAN 2 Hs.2159
DFs in

Gen

C
E
C
C
C
F
C
F
C
C
A
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scription factors and proteins binding with DNA, and
apoptosis. In contrast, genes down-regulated in molec-
ular functions overlapped in two categories: growth fac-
tors and their receptors and transcription factors and
proteins binding with DNA. Shih et al 33 summarized
previous studies and their results of microarray analyses
for keloid tissues and KDFs compared with normal tis-
sues and NDFs. As a result, they bioinformatically se-
lected 19 valid candidate genes. Our microarray data
were in agreement on the increase of aggrecan, asporin,
pleiotrophin, serpin F1, and LIM and senescent cell an-
tigen-like domains 2, and the decrease of epidermal
growth factor receptor. Eleven extracellular matrix genes
were up-regulated, and of those, COMP was most prom-
inently up-regulated (Table 4).

The increase of COMP mRNA was confirmed by real-
time RT-PCR (Figure 1B). Likewise, up-regulation of
COMP protein was shown in the keloid compared with
normal tissue from our patients (patients 1 to 5) by West-
ern blot (Figure 1C) (n � 5; P � 0.05). Then, we decided
to further examine the potentially pathogenic role of this
molecule in keloid formation.

Table 5. Expression of COMP in Vivo

Staining � � � �� Total

Smaller-sized keloids 0 5 4 1 10
Larger-sized keloids 0 0 0 5 5
Normal dermis 6 0 0 0 6

Fifteen keloid and 6 normal tissues were immunohistochemically
stained with the cartilage oligomeric matrix protein (COMP)-specific an-
tibody. Ten of the keloid lesions were smaller than 10 cm2 and the other
5 were larger. The score of staining intensity was estimated using the
percentage of positive cells as follows: 0%, �; 1 to 5%, �; 6–50%, �;
�50%, ��. Difference of the staining score was statistically evaluated by
the Mann-Whitney U-test, and as a result the score was significantly
different between the keloids (n � 15) and normal dermis (n � 6; P �
0.001) and between the smaller- (n � 10) and larger-sized keloids (n � 5;
P � 0.01).

Figure 2. Immunohistochemical staining for cartilage oligomeric matrix pro

dermis (A) COMP staining; (D) H&E staining, �200 magnification; and in the lower
the wavy keloid-derived fibroblasts (KDFs); (C) COMP staining; (F) H&E staining, �
Immunohistochemistory of COMP in Keloid
Tissues

Next, we immunohistochemically compared expression
level of COMP protein in 15 keloid and 6 control normal
tissues, using an anti-COMP antibody. We defined stain-
ing as positive when more than 5% of the constituents
were stained (0%, �; 1 to 5%, �; 6 to 50%, �; �50%,
��, Table 5). As a result, COMP was positively stained in
10 keloids (66.7%) (Figure 2), whereas no positive stain-
ing was observed in normal tissue, demonstrating the
significantly higher expression of COMP in keloid tissues
(P � 0.001 by Mann-Whitney’s U-test). When comparing
keloids smaller or larger than 10 cm2, the larger keloids
were significantly more intensely stained for COMP (P �
0.01 by the Mann-Whitney U-test) (Table 5).

Suppression of COMP by siRNA Reduces Type
I Collagen Deposited on Keloid Fibroblasts

Because COMP reportedly accelerates collagen type I
fibril assembly 22, we examined whether extracellular
type I collagen deposition is altered by suppression of
COMP function by an siRNA. At 96 hours after transfec-
tion, with the COMP siRNA or a control siRNA, the cells
were immunocytochemically stained and observed by
confocal microscopy. Following reduction of COMP by
the specific siRNA (Figure 3B versus 3F), the extracellular
deposition of type I collagen was diminished (Figure 3A
versus 3E and Figure 3D versus 3H), indicating that COMP
accelerates the accumulation and fibril formation of type I
collagen in the extracellular matrix of keloids. Further, the
colocalization of COMP and type I collagen was seen on the
cell surfaces (Figure 3H). Successful knockdown of COMP
protein by siRNA was confirmed by Western blot (Figure 3I).
Moreover, we measured the amount of type I to V collagens
in the culture medium and deposited on the KDF surfaces

MP) expression. COMP was positively stained in keloid lesions in the upper
tein (CO

dermis (B) COMP staining; (E) H&E staining, �200. COMP was detected on
400.
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by the Sircol Collagen Assay Kit. As a result, knockdown of
COMP by siRNA significantly decreased the collagen in the
culture medium of the surface of KDF lines (patients 1, 2,
and 6) by 44.0 � 5.47% (P � 0.05) (Figure 4, lane 1 versus
2) and likewise decreased the extracellular deposition of
collagens on the cell surface of the KDFs by 34.5 � 9.17%
(P � 0.01) (Figure 4, lane 3 versus 4). KDFs in the third to
sixth passage were used for these experiments, but when
KDFs over the 10th passage were used, the effect of COMP
knockdown on the deposited type I collagen was not de-
tected (data not shown), suggesting that characteristics of

KDFs disappeared during in vitro cultivation. In these exper-
iments, there were no significant difference between the cell
number of KDFs transfected with the control and COMP
siRNA.

Induction of COMP by TGF-�1 in KDFs

Since COMP is up-regulated by TGF-�1 in chondro-
cytes 34 and scleroderma fibroblasts 26, we examined
whether COMP expression is regulated by TGF-�1 in
KDFs. After serum depletion for 24 hours, COMP expres-
sion was remarkably decreased, but TGF-�1 treatment

re 3. Suppression of cartilage oligomeric matrix protein (COMP) by small
rfering RNA (siRNA) reduces levels of extracellular type I collagen. At 96
rs after transient transfection with the COMP siRNA (A–D) or with the
rol siRNA (E–H) into subconfluent keloid-derived fibroblasts (KDFs), the
were fixed with 4% paraformaldehyde and permeabilized with 0.1%

n X-100. Extracellular type I collagen was then detected with an anti-type
llagen antibody and was visualized using a red fluorophore (A and E);
P was detected with a COMP-specific antibody and visualized using a

n fluorophore (B and F), and nuclei were stained with Hoechst (C and G).
erged image (A, B, and C) is shown in (D) and an image (E, F, and G) is
n in (H). Transfection of the COMP siRNA reduces levels of extracellular
I collagen and COMP (A versus E, B versus F). Nuclei of fibroblasts were

specifically stained in each experiment. The distribution of type I collagen
COMP overlapped closely (H). The cells were observed by confocal laser
ning microscope and all photographs are shown at �20 magnification.
DFs transiently transfected with the control or COMP siRNA were lysed
00 �L 2 � SDS-PAGE buffer in reducing conditions and subjected to
tern blot for COMP and �-actin. The COMP/�-actin ratios were deter-
ed and expressed as the relative of COMP/�-actin of the each control
ple transfected with control siRNA. The lower graph shows mean � SD of
P/�-actin protein ratios using the KDFs from three different patients

� 3). Statistical difference was determined by the Student’s t-test.
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4.34-fold, compared with a mock treatment (Figure 5),
indicating that COMP works as a pathogenic factor in
keloid formation at the downstream of TGF-�.

Discussion

Clinically, mutations of the COMP gene cause pseudo-
achondroplasia and multiple epiphyseal dysplasia35,36

and this protein can be a biomarker of rheumatoid arthri-
tis37 and osteoarthritis 38. In scleroderma, serum COMP
has been reported to be significantly higher than normal
controls 30 and correlate to skin involvement as mea-
sured by modified Rodnan total skin thickness score.25,28

Moreover, a pathogenic role of COMP in scleroderma has
been reported.25–28,30 By the gene expression profiling of
cultured skin fibroblasts, COMP mRNA level is elevated
in scleroderma fibroblasts and COMP protein accumu-
lates in scleroderma, but not normal skin by immunohis-
tochemistry.26 Cultured scleroderma fibroblasts express
higher amount of COMP than normal controls and further
TGF-�1 induces a large increase of COMP mRNA and
protein in vitro.26 These findings indicate that COMP
plays a role in matrix deposition in scleroderma. In this
study, we show the pathogenic role of COMP in another
fibrotic skin disease, keloids, where up-regulated COMP
facilitates the deposition of collagen and other matrix

Figure 4. Suppression of cartilage oligomeric matrix protein (COMP) by
small interfering RNA (siRNA) reduces collagens in the culture medium of
keloid fibroblasts and deposited on the cell surfaces. At 24 hours after
transfection of the control (lanes 1 and 3) and COMP siRNA (lanes 2 and 4)
into the subconfluent keloid-derived fibroblasts (KDFs) at 6-well plates, we
put 1 mL fresh Dulbecco’s modified Eagle’s medium (DMEM) (Nissui Phar-
maceutical, Tokyo, Japan) supplemented with 10% fetal calf serum contain-
ing 50 mg/mL ascorbic acid. For assay of collagen amount, at 72 hours after
the medium change, the conditioned media (lanes 1 and 2) were subjected
to the Sircol Collagen Assay Kit (Biocolor Ltd., Carrickfergus, UK) to measure
type I to V collagens. Briefly, 1 mL of conditioned media were mixed with
200 mL isolation and concentration reagent in the kit and incubated at 4°C
overnight. After centrifugation, pellets were re-dissolved in 1 mL of Sircol dye
reagent (Biocolor Ltd.). After centrifugation, pellets were suspended in 1 mL
of the alkali compound and collagen concentration was determined by
spectrophotometric absorbance at 540 nm. After aspiration of the culture
supernatant, extracellular matrix formed on the cells was treated with 1 mL
0.5 M cold acetic acid for 24 hours and the amount of collagens in the extract
was determined with the Sircol Collagen Assay Kit (lanes 3 and 4). The
amounts of collagens were determined using the KDFs from three different
patients (n � 3) and expressed as relatives of each control transfected with
the negative control siRNA (lanes 1 and 3). Statistical difference was deter-
mined by the Student’s t-test. *P � 0.05, **P � 0.01, cont, negative control
siRNA.
proteins, resulting in further growth of the keloid. Taken
together, COMP exerts similar pathogenic roles in sclero-
derma and keloids as a matrix deposition promoter.
Stronger staining of COMP is observed in long-standing
scleroderma26 and COMP mRNA expression in lesional
skin from scleroderma patients correlates with the mod-
ified Rodnan total skin thickness score 27 Similarly, our
data in this study indicate that larger keloids (�10 cm2)
express higher levels of COMP than smaller keloids (Ta-
ble 5), suggesting that expression level of COMP can
change during disease progression and be used as a
biomarker of activity and severity.

Very recently, it has been reported that there are sig-
nificant associations of keloid with four SNP loci in three
chromosomal regions, such as 1q41, 3q22.3-�23, and
15q21.3 through a multistage genome-wide association
study using 824 individuals with keloid and 3205 unaf-
fected controls in the Japanese population.39 Human
COMP gene is located on chromosome 19p13.1,40 indi-
cating lack of association between keloid and COMP
polymorphisms. Additionally, no candidate genes in Ta-
ble 2 are not located on the chromosomal regions 1q41,
3q22.3-�23, and 15q21.3. Our data showed here that the
expression of COMP is increased in KDFs by TGF-�1, as
previously reported in chondrocytes34 and in sclero-
derma fibroblasts,26 suggesting that COMP plays a role
in the downstream of TGF-� receptor I, a major patho-
genic player in keloids. Moreover, the recent study

Figure 5. Induction of cartilage oligomeric matrix protein (COMP) by trans-
forming growth factor (TGF)-�1 in keloid fibroblasts. Keloid-derived fibro-
blasts (KDFs) were grown in 10% fetal calf serum (FCS) Dulbecco’s modified
Eagle’s medium (DMEM) (Nissui Pharmaceutical, Tokyo, Japan) until con-
fluency. Then, the media were changed to DMEM without FCS for serum
depletion and the cells were incubated for 24 hours. The cells were re-fed
with fresh DMEM (Nissui Pharmacetical) without FCS containing 1 ng/mL
human recombinant TGF-�1 or a mock solution. After incubation for 24
hours, the cells were harvested and subjected to Western blot. The COMP/
�-actin ratios were determined and expressed as the relative of COMP/�-
actin of each control sample (a mock treatment). The lower graph shows
mean � SD of COMP/�-actin protein ratios using the KDFs from three

different patients (n � 3). Statistical difference was determined by the Stu-
dent’s t-test. **P � 0.01
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pointed out the pathogenic involvement of epigenetically
altered program, such as DNA methylation and histone
acetylation in KDFs.41 Therefore, epigenetic modification
of COMP gene may associate with keloids. In this regard,
our data showed the persistent differences between the
KDFs and NDFs from the same patient, implying an au-
tonomous lesion-specific change of gene expression, in-
cluding epigenetic or mutational alteration. These as-
pects may be worthy of further examination.

Previously, Naitoh et al15 detected a 5.4-fold up-regu-
lation of COMP transcripts in keloids compared to normal
skin from the same patient by microarray analysis. How-
ever, because there was no signal for COMP by Northern
blotting, no further investigation was performed. Since
our immunohistochemical study shows that the in vivo
expression of COMP is heterogeneous and is sometimes
only subtly positive, especially in small keloids, we spec-
ulate that their negative Northern blot was due to a low
amount of COMP mRNA in their tissue. Likewise, in
scleroderma, COMP is reportedly expressed in distinct
cells.27 In this study, we used KDFs, not keloid tissues, to
detect COMP mRNA and protein, and therefore suc-
ceeded in its identification. Additionally, Naitoh et al15

found the up-regulation of chondrogenesis-associated
genes, such as collagen type X and VI, SOX9 and
CBFA1, in keloids. In this context, we identified in this
study 2.0-, 1.5-, and 1.4-fold increases of aggrecan (a
major cartilage matrix component), CBFA1 and SOX9,
respectively, suggesting the reprogramming of the gene
expression profile toward the chondrocytic lineage in ke-
loids.

For this microarray study, we isolated KDFs and NDFs
derived from a keloid and uninvolved tissue from the
same patient. Although we confirmed histopathologically
that there was no fibrosis in the normal tissue, they may
inherently contain abnormal characteristics. Indeed, an-
other group14 found differential expression of caspases 6
and 14 through an alternative approach to perform mi-
croarray analyses using normal skin from keloid-prone
and from keloid-resistant individuals, although we did not
detect any alteration in expression of those genes. Fur-
ther, when comparing our results with their microarray
analysis, also we found the up-regulation of mitogen-
activated protein kinase 1.

Our immunohistochemistry showed that the most
COMP staining in tissues is cell associated, not consis-
tent with a role as a matricellular protein. However, re-
cently it has been reported that COMP promotes cell
attachment via CD47 and integrins at the cell surface.
Moreover, cell attachment to COMP stimulates the forma-
tion of lamellipodia and the reorganization of actin into
fascin-stabilized microspikes as its downstream effect,
indicating the importance of COMP as a cell surface
signaling protein.42 Because our data showed that
COMP expression is dominantly cell associated in the
keloid, COMP suggestively accelerates matrix deposition
in the pericellular space. In addition, it will be of interest
to study downstream signal from COMP in the future.

Because our microarray analysis did not detect differ-
ences in collagen type I expression in KDFs versus

NDFs, some concerns may be raised about the pheno-
typic stability of the cells. Indeed, the previous microar-
rays, which compared keloid tissues or fibroblasts with
normal tissues or NDFs from nonkeloid different per-
sons,13,15,16 could show the difference of collagen type I
expression. However, when using KDFs and NDFs from
the same keloid patient43 or KDFs and normal scar de-
rived fibroblasts,9 the microarrays could not detect any
significant difference of collagen type I expression.
These contradictory results suggest that the NDFs from
keloid patients have intrinsic potential to overproduce
collagen type I and, after subcultivation, express it simi-
larly to KDFs as our microarray showed.

Collectively, our microarray and biochemical analyses
using KDFs and NDFs from the same patient suggest that
COMP, which is ectopically expressed in keloids, facili-
tates the formation of keloids by accelerating collagen
deposition. COMP represents a novel pathogenic factor
in keloid formation or growth, and provides a hopeful new
therapeutic target.
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