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Background: Keloids are fibroproliferative lesions caused by abnormal dermal 
wound healing. Keloidal collagen (KC) is a pathognomic feature of keloids, but 
the mechanism by which it forms is unknown. This study aimed to evaluate the 
histopathology of KC and thereby gain clues into how it forms.
Methods: The cross-sectional study cohort consisted of a convenience series of 
patients with keloids who underwent surgical excision. Skin pieces (3 mm2) were 
collected from the keloid center and nearby control skin. Histopathology was con-
ducted with light and electron microscopy and immunohistochemistry. KC compo-
sition was analyzed with protein shotgun analysis.
Results: Microscopic analyses revealed the ubiquitous close association between 
KC and αSMA-positive spindle-shaped cells that closely resembled myofibroblasts. 
Neither KC nor the spindle-shaped cells were observed in the control tissues. 
Compared with control skin, the collagen fibers in the KC were overall thinner, 
their diameter varied more, and their spacing was irregular. These features were 
particularly pronounced in the collagens in the vicinity of the spindle-shaped cells. 
Protein shotgun analysis did not reveal a specific collagen in KC but showed abnor-
mally high abundance of collagens I, III, VI, XII, and XIV.
Conclusions: These findings suggest that KC may be produced directly by myofi-
broblasts rather than simply being denatured collagen fibers. Because collagens 
VI and XII associate with myofibroblast differentiation, and collagen XIV associ-
ates with local mechanical stress, these collagens may reflect, and perhaps con-
tribute to, the keloid-specific local conditions that lead to the formation of KC. 
(Plast Reconstr Surg Glob Open 2023; 11:e4897; doi: 10.1097/GOX.0000000000004897; 
Published online 10 April 2023.)

Chiemi Kaku, MD
Shizuko Ichinose, PhD

Teruyuki Dohi, MD, PhD
Mamiko Tosa, MD, PhD

Rei Ogawa, MD, PhD, FACS

INTRODUCTION
Keloid is a fibroproliferative disorder of the skin that 

is caused by abnormal wound healing in the dermis after 
cutaneous inflammation and injury.1,2 The pathognomic 
histopathological features of keloids are keloidal colla-
gen (KC), which is haphazardly arranged, and abundant 
whorls of thickened hyalinized collagen bundles that 
interconnect and thereby generate a thick layer in the 
reticular dermis.3 At present, it is not clear how KC devel-
ops.3–5 Our previous histological study6 showed that very 

young keloids (ie, lesions 3 months after onset) already 
bear some KC. Moreover, the keloid area that is occupied 
by KC increases significantly over time (P < 0.05). Thus, 
KC production in keloids seems to begin soon after onset 
and increases over time, and the KC does not spontane-
ously disappear. This led us to speculate that KC may be 
actively produced by specific cell types rather than by pas-
sive collagen fiber degeneration.

In the present study, we considered this KC-producing 
cell as a potential target for keloid therapy and compre-
hensively analyzed KC histopathology in multiple keloids 
by light microscopy, transmission electron microscopy 
(TEM), and immunohistochemistry. We also used protein 
shotgun analysis to identify the molecular components of 
KCs.
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MATERIALS AND METHODS

Study Design and Ethics
This prospective cross-sectional study was conducted 

according to the tenets of the Helsinki Declaration and 
was approved by the ethics committee of Nippon Medical 
School Hospital, Tokyo, Japan (Ethics Approval No.: 
29-05-760). All patients provided written consent to par-
ticipate in the study.

Patient Recruitment
The study cohort was a convenience series of Japanese 

patients who underwent resection of a keloid (n = 16). 
The age, sex, keloid site, cause, and time since the onset of 
disease for the 16 patients who met study eligibility criteria 
are listed in Table 1; cases 1–13 underwent morphological 
and immunohistochemical analysis using light and elec-
tron microscopy, and cases 14–16 underwent protein shot-
gun analysis. The inclusion and exclusion criteria used to 
select patients are detailed in Table 2. The morphological 
and protein shotgun patients were recruited in separate 
studies.

Surgery, Tissue Collection, Processing, and Study Plan
In each surgery, the keloid was excised with minimal 

margins. Moreover, to control for age, sex, body site, and 
other differences between the morphological-analysis 
patients, healthy skin samples were obtained during sur-
gery. These samples were the skin tags that were gener-
ated during suturing. All were located 5–15 mm from the 
keloid margin. A scalpel was used to cut 3-mm2 pieces of 

skin from both the keloid center and the control skin sam-
ples. An example is shown in Figure 1.

Light Microscopy
The tissue specimens were fixed for 2 hours with 2.5% 

glutaraldehyde in 0.1 M phosphate-buffer (PB), post-fixed 
with 1% osmium tetroxide buffered with 0.1 M PB for 2 
hours, dehydrated with a graded series of ethanol, embed-
ded in Epon 812, and sliced into semi-thin (thickness: 1 
μm) sections. The sections were laid on glass slides and 
stained for 30 seconds with toluidine blue. Alternatively, to 
identify the eosin-staining hyalinized area, the Epon was 
removed with a mixed solution of NaOH and xylene, and 
the slides were washed with water and stained, first with 
toluidine blue and then with eosin. Light microscopy (BZ-
9000, KEYENCE, Osaka, Japan) was then conducted.

Transmission Electron Microscopy
Some of the sections obtained for light microscopy 

were thinned further into ultrathin sections (thickness: 
80–90 nm), placed on copper grids, double-stained with 

Takeaways
Question: This study aimed to evaluate the histopathol-
ogy of keloidal collagen (KC) and thereby gain clues into 
how it forms.

Findings: Skin pieces were collected from the keloid cen-
ter and nearby control skin. Histopathology conducted 
with light and electron microscopy and immunohis-
tochemistry revealed the ubiquitous close association 
between KC and αSMA-positive spindle-shaped cells that 
closely resembled myofibroblasts. Compared with con-
trol skin, the collagen fibers in the KC were overall thin-
ner, their diameter varied more, and their spacing was 
irregular.

Meaning: These findings suggest that KC may be pro-
duced directly by αSMA-positive spindle-shaped cells 
rather than simply being denatured collagen fibers.

Table 1. Demographic and Clinical Characteristics of the 
Patients

Case 
Age/

Gender Sites Cause 
The Duration 

of Illness 
Diag-
nosis 

1 46/M Chest Acne 30 y Keloid
2 64/M Chest Acne 17 y Keloid
3 25/M Chest Insect bite 12 y Keloid
4 26/M Shoulder/

upper arm
Surgery/ 

vaccination
unknown Keloid

5 11/M Chest/thigh Surgery/peel 
off-wound

1 y Keloid

6 5/F Buttock Peel off-
wound

1 y Keloid

7 68/M Chest Epidermal 
cyst

10 y Keloid

8 58/M Chest/navel Surgery 2 y Keloid
9 36/F Abdomen Surgery 5 y Keloid
10 73/M Chest Acne over 30 y Keloid
11 50/M Neck Surgery 17 y Keloid
12 36/M Chest/lower 

jaw
Acne 8 y Keloid

13 49/M Chest Acne 29 y Keloid
14 20/F Earlobe Piercing 10 mo Keloid
15 13/M Earlobe Trauma 6 mo Keloid
16 20/F Earlobe Piercing 2 y Keloid
M, masculine; F, feminine.

Table 2. Inclusion and Exclusion Criteria Used to Recruit 
Patients for the Study
The Inclusion Criteria The Exclusion Criteria* 

(i) � Clinical diagnosis of keloid 
by an experienced clinician 
on the basis of the typical 
keloid shape, growth beyond 
the wound margin, elevation, 
induration, and redness.

(ii) � The diagnosis led to the 
decision between the patient 
and the clinician that the 
lesion(s) would be resected 
surgically.

(iii) � The patient underwent the 
surgery as planned.

(iv) � The extirpated lesion was 
subjected to pathology by an 
experienced pathologist.

(i) � Postoperative histo-
logical diagnoses other 
than keloids.

(ii) � Preoperative presence 
of other skin diseases, 
underlying diseases 
such as hypertension or 
diabetes mellitus, and 
patients taking antico-
agulants or immuno-
suppressive drugs.

*These conditions can cause morphological abnormalities in the skin.
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uranyl acetate and lead citrate, and then examined with a 
transmission electron microscope (JEM-1400plus, JEOL, 
Tokyo, Japan). The short diameters of the collagen fibers 
in the KC center and the control tissue (300 locations/
sample) were measured by photographing horizontal 
cross-sectional TEM images of the collagen fibrils and 
then using Image J (Vienna, Austria).

Immunohistochemistry
The tissue specimens were fixed for 1 hour with 4% 

paraformaldehyde in 0.1 M PB, mounted in OCT com-
pound (Sakura Finetek Japan Co., Ltd., Tokyo, Japan), 
and quickly frozen in liquid nitrogen. Frozen sections 
were cut on a Tissue-Tek (Sakura Finetek Japan Co., Ltd., 
Tokyo, Japan) at a temperature of -15°C, placed on silane-
coated glass slides. The slides were immunostained with 
horse anti-mouse α-smooth muscle actin antibody (Sigma-
Aldrich, Ca.) by using the Vectastain ABC kit (Vector 
Laboratories, Burlingame, Ca.). Briefly, the sections were 
blocked with 0.3% H2O2 for 5 minutes and diluted with 
normal blocking serum for 20 minutes and then incu-
bated with anti-α-smooth muscle actin antibodies (diluted 
to 1:200 in 0.1 M PB) in 5% bovine serum albumin for 30 
minutes. After washing with PB saline, the sections were 
incubated for 30 minutes with biotinylated secondary anti-
body. After washing, TaKaRa DAB Substrate (TAKARA 
BIO INC., Shiga, Japan) was added. Nuclear counter-
staining was performed with Mayer’s hematoxylin. Light 
microscopy was then conducted (BZ-9000, KEYENCE, 
Osaka, Japan).

Protein Shotgun Analysis
The central keloid pieces were fixed with formalin and 

embedded in paraffin. The KC therein was then excised 
using the microdissection method and incubated at 95°C 
for 1 h and then at 60°C for 2 hours in lysis buffer that 
included 100 mM ammonium bicarbonate and 20% ace-
tonitrile. After sonication for 10 minutes using Bioruptor 
UCD-250 (Sonicbio Co., Ltd., Kanagawa, Japan), the 
samples were reduced by adding dithiothreitol to a final 

concentration of 134 mM and then incubating the mix-
ture for 5 minutes at 95°C. The free thiol groups were 
alkylated with 230 mM iodoacetamide at room tempera-
ture for 30 minutes in the dark. Finally, the samples were 
digested with Trypsin (APRO Science Co., Ltd., Tokyo, 
Japan) overnight at 37°C.

LC-MS/MS protein analysis was then conducted.7 
Thus, the peptides in the digested samples were prepared 
for mass spectrometry analysis by using GL-Tip strong 
cation exchange chromatography (GL Science Inc., 
Tokyo, Japan). Thus, the samples were reconstituted in 
the starting buffer [10 mM KH2PO4 (pH 3)/25% aceto-
nitril/10 mM KCl], after which the peptides were eluted 
off with the elution buffer [10 mM KH2PO4 (pH 3)/25% 
acetonitril/350 mM KCl]. Each elution was concentrated 
by vacuum centrifugation and resuspended in 50 µL 0.1% 
(v/v) formic acid. The samples were desalted with SPE 
C-Tip (Nikkyo Technos, Co., Ltd., Tokyo, Japan), concen-
trated again by vacuum centrifugation, and resuspended 
in 40 µL 0.1% (v/v) formic acid. All samples were stored 
at -20°C until LC-MS analysis.

MS/MS spectra were acquired from the recovered pep-
tides by using Q Exactive Plus (Thermo Fisher Scientific 
Inc., Tokyo, Japan) coupled online with a capillary high-
performance liquid chromatography system (EASY-nLC 
1200; Thermo Fisher Scientific Inc., Tokyo, Japan). A 
0.075 × 150 mm-EASY-Spray column (3-μm particle diam-
eter, 100 Å pore size, Thermo Fisher Scientific) with 0.1% 
formic acid and 0.1% formic acid/80% acetonitrile mobile 
phases was used. The data derived from the MS/MS spec-
tra were used to search the SWISS-Prot protein database 
by using the MASCOT Server (http://www.matrixscience.
com) and identify proteins by using the program Scaffold 
viewer (http://www.proteomesoftware.com/products/
scaffold).

Statistics
The demographic and clinical variables were expressed 

as mean (range) or n (%). Collagen fiber diameters were 
assessed for normality by the Shapiro-Wilk test, and the 
data were expressed as median and interquartile range. 
KC and control samples were compared in terms of col-
lagen fiber diameter by using the Mann-Whitney U test. 
Power analyses were not conducted due to the descriptive 
nature of this study. Differences were considered statisti-
cally significant at P less than 0.05. All statistical analyses 
were performed with EZR (Saitama Medical Center, Jichi 
Medical University; Http://www.jichi.ac.jp/saitama-sct/
SaitamaHP.files/statmedEN.html; Kanda, 2012), which is 
a graphical user interface for R (The R Foundation for 
Statistical Computing, Vienna, Austria).

RESULTS

Patients Participating in the Morphological Analyses
The 13 keloids were subjected to light microscopic, 

TEM, and immunostaining analyses. The characteristics 
of these 13 patients are shown in Table 1 (cases 1–13).

Fig. 1. Collection of keloid tissues. A representative keloid that 
was excised by surgery is shown. The 3-mm2 pieces of skin that 
were collected from the center of the keloid (a) and the control 
skin near the keloid (b) are shown.

http://www.matrixscience.com
http://www.matrixscience.com
http://www.proteomesoftware.com/products/scaffold
http://www.proteomesoftware.com/products/scaffold
Http://www.jichi.ac.jp/saitama-sct/SaitamaHP.files/statmedEN.html
Http://www.jichi.ac.jp/saitama-sct/SaitamaHP.files/statmedEN.html
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Light Microscopy Observation of KC
Cross-sectional light microscopy of the toluidine blue- 

and eosin-stained central part of the keloids showed the 
presence of both a fibrous component that stained red 
with eosin and a cellular component that stained blue. 
In the reticular layer of the dermis, the fibrous material 
formed very thick fibers that were strongly dyed with eosin 
and ran in a complicated manner (Fig. 2). This material 
was considered to be KC. Semi-subjective quantification 
showed that KC was never found in the control adjacent 
skin samples (Table  3). Toluidine blue staining alone 
showed that the KC was interspersed with new blood ves-
sels and infiltrating cells, including mast cells (Fig. 3). The 
papillary layer of the dermis contained many more cellu-
lar components and new blood vessels but no KC (Fig. 2).

TEM and Immunohistochemistry Observations of KC
Low-magnification TEM images showed that the col-

lagen aggregates were surrounded by cells (endothelial 
cells, erythrocytes, platelets, blood cells, and mast cells) 
and many new blood vessels with two to three layers of 

vascular structure. In many cases, the lumen seemed to be 
obstructed or narrowed. Sometimes the vascular structure 
was disrupted and there were findings suggesting leakage 
of cellular components such as red blood cells and plate-
lets. Cell fragments were found around the new blood 
vessels. The blood vessels were surrounded by intricate 
collagen fibers (Fig. 4A).

Higher-magnification TEM images showed that the KC 
was inevitably accompanied by spindle-shaped cells. These 
cells showed prominent rough endoplasmic reticulum, 
peripheral myofilaments, fibronectin filaments, reticu-
lar collagen fibers, dense bodies near the cell wall, and 
fibronexus junctions.8,9 These cells seemed to be produc-
ing collagen (Fig. 4B–D). Immunostaining of these cells 
for αSMA showed that all were positive for this marker 
(Fig. 5).

In the TEM images, the collagen fibrils at the cen-
ter of the KC region were thinner, had a more complex 
fibril orientation, and seemed to be partially fused com-
pared with the collagen fibrils in the control skin near the 
keloid (Fig. 6). Therefore, we measured and analyzed the 

Fig. 2. Light microscopy image of toluidine blue– and eosin-stained keloid tissue in cross-section. A 
representative image of the 13 keloid pieces is shown in cross-section. The KC is the red streak–like 
hyalinized areas in the reticular layer of the dermis.

Table 3. Amount of KC in the Toluidine Blue– and Eosin-stained Keloid and Control Skin Tissues
Case 1 2 3 4 5 6 7 8 9 10 11 12 13 

Control skin − − − − − − − − − − − − −
Keloid center* + + ++ ++ + ++ ++ +++ +++ ++ +++ + ++
*The amount of KC was quantified semi-subjectively as none (−), little but present (+), moderate (++), and abundant (+++).
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diameter of 300 collagen fibers in KC and control skin 
from TEM images of three samples, which were randomly 
selected from the 13 morphologically analyzed samples. 
Only three keloids were subjected to these analyses due 
to the obvious differences between KCs and controls that 
were observed. The results showed that the collagen fibers 
at the KC center were significantly thinner than the col-
lagen fibers in control skin (all P < 0.0001) (Fig. 7). (See 
table, Supplemental Digital Content 1, which displays col-
lagen fibril diameters in the central KC area and control 
skin of three patients, as determined by measuring 300 
fibers/sample in TEM images. http://links.lww.com/
PRSGO/C469.)

Protein Shotgun Analysis
For protein shotgun analysis, three keloid samples 

were collected from patients who did not participate in 
the morphological analyses. The characteristics of these 
three patients are shown in Table 1 (cases 14–16). Protein 
shotgun analysis of the KC in each sample identified 500, 
621, and 552 proteins, respectively. Of the 371 proteins 
that these samples shared, 306 were extracellular matrix 

Fig. 3. Light microscopy image of toluidine blue–stained keloid 
tissue in cross-section. A representative image of the keloid 
pieces is shown in cross-section at 100-µm magnification. The KC 
in the reticular dermis is interspersed with new blood vessels (★) 
and infiltrating cells (↑), including mast cells (▲).

Fig. 4. TEM images of keloid tissue. A representative image of the keloid pieces is shown in cross-sec-
tion at 20-µm (A), 5-µm (B), and 1-µm (C and D) magnification. In A, the KC is marked by KC, the blood 
vessels by ★, and the infiltrating cells by ↑. The mast cells are indicated by ▲. The image in B is a 
magnification of the area near the cells in A. The areas in B that are magnified in C and D are indicated 
by the inset borders. Spindle-shaped cells can be seen. In C and D, KC is indicated by KC, fibronexus by 
FNX, fibronectin filaments by ff, myofilaments by mf, and dense body by db.

http://links.lww.com/PRSGO/C469
http://links.lww.com/PRSGO/C469
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components. The iBAQ values of these proteins were cal-
culated. Only the 10 most abundant collagen components 
were reported in this study. Collagen type I (COL1A2 and 
COL1A1) was the most common component in KC. The 
KCs also expressed abundant amounts of collagen type 
III (COL3A1), XIV (COL14A1), VI (COL6A1–3), and 
XII (COL12A1). Unique collagen components were not 
found in the KC (Fig. 8).

DISCUSSION
The present study comprehensively analyzed KC in 

terms of its location, relationship to blood vessels and 
nearby cells, and molecular composition in multiple 
patients. We focused on KC because, in our experience, 
the only histological characteristic that truly defines 
keloids is KC in the reticular dermis. Others have suggested 
that keloids are also characterized by other histological 

Fig. 5. Immunohistochemistry image of αSMA expression in the KC area. A representative of the keloid 
pieces that underwent immunohistochemistry for αSMA expression is shown in cross-section at 50-µm 
magnification. A, Immunostaining for αSMA. B, The negative control lacking the anti-αSMA antibody.

Fig. 6. TEM images of the collagen fibers in the KC area. Cross-section images are shown to the left, and 
longitudinal section images are shown to the right. Upper panels: Collagen fibrils around the cells in the 
KC area. Lower panels: Collagen fibrils in the control skin.
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features, namely, a thickened and flattened epidermis, 
keratin proliferation, infiltration of inflammatory cells in 
the papillary dermis, enlargement of the papillary dermis 
that obscures the boundary between the papillary dermis 
and the reticular layer, and a hyalinized complexion.10 
However, we find that the epidermal and papillary der-
mal features are not always observed. Moreover, hyaliniza-
tion (vitrification), which refers to fusion of the collagen 
fibers that causes them to dye homogeneously in positive 
acidity, is reported not only in keloids1,3,11,12 but also in 
scleroderma,13 calcifying fibrous tumor,14–17 carcinoma,18 
and sarcoma.19–22 By contrast, KC has such unique features 
compared with the collagens in other disease histologies 
that dermatopathologists recognize it immediately.

Our study showed that compared with the collagen 
fibrils in nearby control skin, the collagen fibrils in the 
KC region were generally thinner, irregularly shaped, 
and unevenly spaced when viewed in cross-section. 
Furthermore, the orientation of the fibrils was complex, 
and multiple fusions were observed. These collagen fibrils 
are clearly different from the collagen fibrils produced by 
the indigenous fibroblasts of the control dermis. Notably, 

these abnormalities were also present in the collagen 
fibrils in the vicinity of the spindle-shaped cells that were 
always observed to lie adjacent to the KC bundles (Fig. 6). 
These findings suggest that the spindle-shaped cells gen-
erate collagen fibrils with different diameters, which then 
fuse together and accumulate as KC. This suggests that KC 
is produced by cells rather than by collagen denaturation. 
This is supported by our previous observation that KC is 
also present in young keloids and that it accumulates over 
time.6

The spindle-shaped cells that seemed to produce KC 
seemed to be myofibroblasts because they bore prominent 
rough endoplasmic reticulum, peripheral myofilaments, 
fibronectin filaments, reticular collagen fibers, dense bodies 
near the cell wall, abundant pericellular matrix, and fibron-
exus junctions.8,23 The latter are cell-surface specializations 
consisting of intracellular actin filaments and extracellular 
fibronectin filaments that intimately connect the myofibro-
blast to the extracellular matrix; they are very characteristic 
of these cells.9 Myofibroblasts are highly contractile cells 
that produce much more extracellular matrix than normal 
fibroblasts and have been closely linked to multiple fibrotic 

Fig. 7. Box plot showing comparison of collagen fibril diameters in the central KC area and control skin. The box line is the median, and 
the IQR is the difference between the third and first quartile. (***P < 0.001 by Mann-Whitney U test.).

Fig. 8. Shotgun protein analysis of KC. The KCs of three keloids were microdissected and subjected 
to protein shotgun analysis followed by comparative quantification of the identified proteins by iBAQ 
values. The three keloid samples contained 500, 621, and 552 factors. They shared 371 factors. The 10 
most abundant collagen factors are shown in the table. The relative abundances (log iBAQ) of the ten 
collagen factors were plotted.
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diseases, including in the skin, heart, liver, lung, and kidney. 
They are generated by the mesenchymal transformation of 
various cell types, including resident fibroblasts, pericytes, 
vascular endothelial cells, smooth muscle cells, and mac-
rophages. Although it remains unclear how these cells dif-
ferentiate into myofibroblasts,8,23 in vitro experiments have 
shown that healthy skin fibroblasts can differentiate into 
contractile collagen-overproducing myofibroblasts when 
they are exposed to inflammation that generates TGF-β1 or 
IL-6.24,25 The possibility that the culprit KC-producing cells 
in keloids are myofibroblasts is supported by their ubiqui-
tous location next to the KC bundles. This notion is also 
suggested by the hyalinization of KC, as observed by eosin 
staining and light microscopy: it is known that the collagen 
produced by myofibroblasts associates with fiber vitrifica-
tion because myofibroblastoma (ie, benign myofibroblastic 
neoplasm) also produces hyalinized collagen.26–29 In addi-
tion, our immunohistochemical analyses showed that the 
spindle-shaped cells bore αSMA, which is a widely used 
marker of myofibroblasts.30 It should be noted that several 
recent studies have shown that αSMA is not always a con-
sistent marker of the profibrotic contractile and collagen-
producing functions of myofibroblasts in various fibrotic 
diseases,31–33 including keloids.34 Nonetheless, it is a rela-
tively standard feature of myofiblasts.

It should be noted that due to convenience, the con-
trol skin samples were from skin tags and thus were all 
located 5–15 mm from the leading edge of the keloids. 
There is some evidence that such nearby skin differs from 
healthy skin further away from the keloid in terms of blood 
flow, lymphocytic infiltration, gene expression, and colla-
gen fibers: in particular, the collagen fibers in skin near 
keloids tend to be thinner and more loosely organized 
than in skin further away.35 This is likely to reflect vari-
ous factors leaching from the keloid into the surrounding 
skin.35 Nonetheless, the control skin samples in our study 
did not evince any KC and exhibited marked differences 
in collagen fiber morphology and organization, which 
supports their use as control samples. However, further 
studies should seek to use control skin samples that are 
situated further away from the inflamed keloid edge to 
limit bystander inflammatory effects.

Our protein shotgun analysis showed that KC is largely 
composed of collagen I, III, VI, XII, and XIV. Other stud-
ies have also reported that keloid associates with high 
collagen I and lower collagen III and, thus, has a high 
collagen I:III ratio.36–40 The high levels of collagen XIV 
in KC are notable because this collagen is known to be 
upregulated in areas of high mechanical stress.41 Local 
mechanical stress on the wound/scar is thought to be an 
important risk factor for the development and progres-
sion of keloids.42 The abnormal abundance of collagen 
VI in keloids has been observed previously.43 Collagen VI 
has multiple functions that link it to myofibroblast activity: 
specifically, it is a structural protein that binds a fibrosis-
regulating hormone called endotrophin,44 can promote 
myofibroblast differentiation,45 and may prevent fibro-
blast apoptosis.46,47 Significantly, collagen XII, which we 
observed is also present at high levels in KCs, is known 
to be a marker of myofibroblasts.48 Further studies on 

the roles that collagen VI, XII, and XIV (and the other 
upregulated proteins that we detected by shotgun analy-
sis) play in keloid pathogenesis and KC development are 
warranted.

It should be noted that the three samples we used for 
our shotgun analysis came from earlobe keloids, whereas 
the samples used for the microscopy studies were mainly 
from the torso. However, given that keloids share the same 
general histological features regardless of body site, we 
expect that our shotgun study findings will be recapitulated 
in keloids from other body sites. Nonetheless, further stud-
ies with torso keloids and higher sample sizes are warranted.

To date, attempts to produce KC in vitro or in animal mod-
els have failed.49 This has greatly hindered our understanding 
of the mechanisms by which KC is created and whether/how 
KC contributes to the progression and treatment-refractori-
ness of keloids. Our study is useful in this regard because it 
suggests strongly that KC is produced by myofibroblasts and 
is not just denatured collagen fibers. Further in vitro research 
comparing keloid myofibroblasts, myofibroblasts in other 
diseases (which do not produce KC), and normal fibroblasts 
may help elucidate how these myofibroblasts produce KC and 
whether/how KC and its individual components contribute 
to the deranged cellular communications and signaling path-
ways that characterize keloids.50 Such research could poten-
tially elucidate therapeutic targets that could help prevent or 
ameliorate keloidal growth.

CONCLUSIONS
Little is known about the processes that produce KC. 

To our knowledge, this is the first time a study has asked 
whether KC is produced by local cells rather than by 
degeneration. Indeed, we observed that KC is morpholog-
ically distinct from control collagen fibers and appears to 
be produced directly by myofibroblast-like αSMA-positive 
cells. This suggests that KC adopts its unique features 
before and/or soon after it is secreted by local cells rather 
than being a degradation product.
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