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Abstract

Background Keloid is a fibrotic skin disease for which
immune cell infiltration is a primary pathological hallmark.
Meanwhile, in autoimmune diseases, triggering of the
inflammation response can lead to tissue injury and sub-
sequent organ fibrosis. When the skin is involved in
autoimmune disease, skin fibrosis such as that seen in
scleroderma can occur. In this study, we propose that
keloid possesses features of autoimmune disease.
Methods To verify whether keloid possesses features of
autoimmune disease, immune cell infiltration and immune
complex deposits were detected with immunohistochemi-
cal staining and immunofluorescence, respectively, in
keloid and normal skin tissues. A routine antinuclear
antibody profile was tested in sera from 28 keloid patients
and 28 healthy controls. Lastly, the anti-hnRNPA2BI
autoantibody in sera was evaluated by enzyme-linked
immunosorbent assay.

Results The numbers of CD1o™ Langerhans cells, CD3™"
T lymphocytes, CD68" macrophages, and CD20" B lym-
phocytes increased in keloid tissues compared to normal
skin. IgA, IgM, C3, and Clq deposits were found in keloid
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tissues but not in normal skin, while anti-hnRNPA2B1
levels in sera from keloid patients were elevated.

Conclusion The above findings suggest that keloids have
some characteristics that are similar to autoimmune disease
and might be mediated by autoimmune responses.

Level of Evidence IV This journal requires that authors
assign a level of evidence to each article. For a full
description of these Evidence-Based Medicine ratings,
please refer to the Table of Contents or the online
Instructions to Authors www.springer.com/00266.
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Introduction

The skin fibrotic disease keloid is characterized by exces-
sive extracellular matrix accumulation. Unlike normal or
hypertrophic scars, keloids do not regress with time but
instead persist indefinitely and extend beyond the original
wound margin boundaries to invade the surrounding nor-
mal tissue [1]. Keloids are not only aesthetically dis-
pleasing, but can also be both painful and functionally
disabling, as well as cause physical and psychological
distress for patients [2, 3]. Although a lot about the
pathophysiology of keloids has been reported, the exact
pathogenesis has not been completely elucidated, and its
high recurrence makes keloid one of the major unsolved
clinical challenges in wound healing [4]. In addition, there
is no screening biomarker for keloid susceptible individu-
als, which increases the morbidity in surgery.

During its pathological process, inflammatory cell infil-
tration is commonly seen in keloid tissues [5]. In fibrosing
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organs, macrophages are a major source of TGF-31, one of
the most important fibrogenic cytokines, while T and B
lymphocytes can facilitate secretion of other fibrogenic
cytokines [6, 7]. Several studies demonstrated that in
autoimmune diseases the inflammation response can cause
tissue injury that leads to organ fibrosis seen in diseases such
as systemic lupus erythematosus (SLE), rheumatoid arthritis
(RA), autoimmune pancreatitis, and scleroderma (SD) [8].
SD is a systemic autoimmune disease that affects various
organs, including skin, where it can lead to skin fibrosis [9],
which shares similar pathology and microenvironments with
keloid [5, 10, 11]. Therefore, keloid may have some char-
acteristics that are similar to autoimmune disease.
Autoimmune diseases are characterized by the presence
of autoantibodies that cause organ and tissue injury through
various pathways, and can serve as predictive, diagnostic,
and prognostic tools for some autoimmune diseases in
clinical practice [12]. While many substances in the body
can act as autoantigens that induce autoantibody production,
the most common are components of the nucleus and
cytoplasm. Antinuclear antibodies (ANAs) are defined as
autoantibodies that recognize a broad spectrum of not only
nuclear, but also cytoplasmic components, such as centriole
and nucleosomes [13, 14]. Measurement of ANAs is one of
the most well-known tests for autoimmune diseases, and is
an antecedent of screening biomarkers that can potentially
be very informative [15]. Moreover, in autoimmune disease
lesional sites, immune complexes (ICs) are frequently
formed following binding of antigens with antibodies. ICs
that lodge in the capillaries, as well as the surrounding
basement membrane and tissues, can trigger inflammatory
responses, activate the complement system, promote accu-
mulation of immune cells and lead to tissue injury [16].
To determine whether keloid possesses features of
autoimmune diseases, immune cell infiltration in keloid
tissue and normal skin was detected by immunohisto-
chemical staining and IC deposits were evaluated using
direct immunofluorescence. In addition, a routine ANA
profile was screened in sera from 28 keloid patients and 28
healthy controls. Lastly, another autoantibody, anti-
hnRNPA2BI, was also measured in sera by ELISA.

Materials and Methods
Patients and Samples

Twenty-eight patients (10 men and 18 women; mean age
30.0 years; range 19-59 years) were recruited for this study.
They fulfilled the currently accepted criteria for keloid,
defined as the presence of typical skin lesions confirmed by
two plastic surgeons. Duration of disease ranged from 1.5 to
17 years. Lesions were located on the anterior chest wall

(11), shoulder (3), chin (3), ear (3), abdomen (2), neck (1),
arm (1), and two or more sites (4). Lesions caused pain or
itching in 21 patients and displayed redness in 15 patients.
Patients did not have laser, radiation, cryotherapy or
intralesional treatment within the previous 6 months. In
addition, 28 age- and gender-matched healthy subjects (8
men and 20 women; mean age 32.6 years; range
18-57 years) who displayed no keloid, hypertrophic scars or
current infections were enrolled as controls. No subject had
received hormone, immunosuppressant, or antitumor drugs
in the last 1 year. Blood samples were collected into evac-
uated specimen collection tubes by clean puncture of an
antecubital vein. Sera obtained after centrifuging the blood
samples at 2500x g for 15 min were frozen in small aliquots
and stored at —80 °C prior to use. Keloid specimens were
harvested from patients at the time of surgical excision,
while normal skin specimens were obtained from patients
who underwent surgical procedures for cosmetic reasons.

The study protocol was approved by the Ethical Com-
mittee of the Institution, and in accordance with the Dec-
laration of Helsinki Principles. Written informed consent
was obtained from all subjects.

Immunohistochemistry

Skin samples were fixed in 10 % formalin solution and
then processed for paraffin sectioning. Mouse monoclonal
antibodies directed against Langerhans cells, T and B
lymphocytes and macrophage CDla, CD3, CD20, and
CD68 (Zhongshan, Beijing, China) were used as primary
antibodies. Horseradish peroxidase-conjugated rabbit anti-
mouse IgG acted as the secondary antibody and was pur-
chased from Abcam (Hong Kong, China). Staining was
achieved using a DAB Stain kit (Zhongshan, Beijing,
China). Sections were counterstained with hematoxylin.
The numbers of Langerhans cells, T lymphocytes, B lym-
phocytes, and macrophages were counted in one random
high power field (400x total magnification) five times.

Immunofluorescence Studies

Direct immunofluorescence for IgA, IgM, IgG, Clq, and C3
was performed as described previously [8]. Briefly, the skin
specimens to be examined were snap frozen in liquid nitro-
gen, cut with a cryostat at about —20 °C, air-dried and fixed
in cold acetone. The sections were incubated with a fluo-
rescein isothiocyanate (FITC)-conjugated polyclonal rabbit
antibody directed against Clq (Dako, Glostrup, Denmark,
working dilution 1:40), C3c (Dako, Glostrup, Denmark,
working dilution 1:30), IgA (Dako, Glostrup, Denmark,
working dilution 1:20), IgG (Dako, Glostrup, Denmark,
working dilution 1:80) or IgM (Dako, Glostrup, Denmark,
working dilution 1:40). After the unbound antibodies were
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removed by washing, the slides were examined by two
independent experienced pathologists with a fluorescence
microscope. Pathologists determined the slides were positive
or negative through comparing with blank control.

Line Immunoassays

Routine-specific ANAs were examined by a line
immunoassay purchased from Euroimmun® Liibeck, Ger-
many. The assay contains the following antigens: centriole,
PCNA, nucleosomes, Ro 52, PM-Scl, CENP-B, histones,
cytoplasm, AMA M2, nRNP/Sm, Sm, SS-A, SS-B, Scl-70,
Jo-1, and ribosomal P protein on nylon strips coated with
recombinant and purified antigens in discrete lines on a
plastic backing. The nylon strip was incubated with serum at
a 1:101 dilution in a test trough. Next, goat anti-human IgG
labeled with alkaline phosphatase was overlaid on the strip
to bind the autoantigen-autoantibody complex. 5-bromo-4-
chloro-3-indolyl phosphatase added into the test trough
reacted with enzyme substrate to produce a dark brown color
in proportion to the amount of specific autoantibody in the
test sample. Last, each line of the test strip was scanned and
analyzed using image analysis software (EUROLineScan).

Enzyme-Linked Immunosorbent Assay (ELISA)

An ELISA kit (CUSABIO, Wuhan, China) was used to
analyze the titer of autoantibodies to hnRNPA2B1. Human
sera were diluted 1:200 in sample buffer and incubated.
The liquid from each well was then removed and the bound
antibodies were detected by incubation with a Biotin-con-
jugate working solution. Horseradish peroxidase-avidin
solution was added to react with the Biotin-conjugate
antibody. Incubation of a tetramethylbenzidine substrate
resulted in an enzyme-substrate reaction indicated by a
change in color. The optical density was read at 450 nm.

Statistics Analysis

Statistical analyses were performed using the SPSS version
16.0 (SPSS, Chicago, IL, USA). Data are expressed as
mean + SD. Student’s 7 test and the 7> test were used to
compare group continuous and categorical variables, respec-
tively. The level of statistical significance was set at p < 0.05.

Results

Infiltrated Immune Cells Increased in Keloid
Tissues Compared to Normal Skin

To examine the infiltration of immune cells in tissues,
CDlot Langerhans cells, CD3" T lymphocytes, CD68™
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macrophages, and CD20" B lymphocytes were evaluated
using immunohistochemical staining; the results showed
that there were more infiltrated immune cells in keloid
lesions compared to normal skin. The keloid tissues also
showed a significantly higher presence of Langerhans cells
than normal skin (Fig. la—c). In keloid lesions, CD3" T
lymphocytes were mainly found in close association with
vessels, and in the upper dermis as aggregates with scat-
tered single cells also present (Fig. le). Meanwhile, in
normal skin only a few T lymphocytes were occasionally
observed in the perivascular region of blood vessels
(Fig. 1d). CD68" macrophages varied greatly in shape and
were scattered throughout the dermis of both keloid and
normal skin samples, although the number of macrophages
was significantly increased in keloid skin compared to
normal skin (Fig. 1g—i).

Interestingly, in keloid skin CD20" B lymphocytes
formed large and compact aggregates located in the upper
dermis, with a few B lymphocytes found in the deep dermis
(Fig. 1k). However, in normal skin, only occasional scat-
tered single B lymphocytes were observed, and aggregates
formed by B Ilymphocytes were completely absent

(Fig. 1j).

Immunoglobulin and Complement Deposits were
Found in Keloid Tissues but Not in Normal Skin

To detect immunoglobulin and complement deposition in
tissues from keloid patients and healthy controls, direct
immunofluorescence for IgA, IgM, IgG, Clq, and C3 was
performed. IgA deposits were detected in keloid tissues (3
in 8 specimens), which were lumpy and located in the
papillary dermis, but similar IgA deposits were absent in
normal skin (Fig. 2a, b). Neither tissues showed IgG-pos-
itive deposits (Fig. 2c, d). IgM (4 in 8 specimens), Clq (6
in 8 specimens), and C3 (6 in 8 specimens) deposits were
found in keloid tissues, with dense C3-positive deposits
being present in particular at large diameter vessels
(Fig. 2f, h, j). In contrast, no IgM-, Clq- or C3-positive
deposits were present in normal skin (Fig. 2e, g, i).

Levels of Anti-hnRNPA2BI1 in Sera from Keloid
Patients Increased Compared to Normal Control
with a Similar Antinuclear Antibody Profile

A line immunoassay was used to measure ANAs in sera
from keloid patients and healthy controls (Table 1). The
results showed that one was anti-Ro 52 positive, one was
anti-histone positive and one was positive for anti- SS-A
in 28 keloid patients. One of 28 healthy controls was
positive for anti-AMA M2, one for anti-nRNP/Sm and two
for anti-SS-B. The differences did not achieve statistical
significance.
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Fig. 1 Immunostaining of immune cells in keloid tissues and normal
skin. Representative immunostaining from normal skin (a, d, g, j) and
keloid (b, e, h, k). Sections were stained with specific antibodies to
CDla (a, b), CD3 (d, e), CD68 (g, h), and CD20 (j, k) using the

To detect anti-hnRNPA2B1 in sera samples, ELISA was
performed. Interestingly, sera from patients with keloid had
mean anti-hnRNPA2B1 levels (149.32 £+ 83.22 mU/ml)
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streptavidin  biotin complex/horseradish peroxidase method and
counterstained with hematoxylin. Bars 10 pm. The rate of CDlo™
(c), CD3" (f) and CD68* (i) cells were calculated. Mean £ SD
values are indicated (*p < 0.05, **p < 0.01, ***p < 0.001)

that were significantly higher than that in normal controls
(70.47 £ 37.98 mU/ml) (p < 0.05) (Fig. 3). A titer higher
than the cut-off value (146.43 mU/ml), which was
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Fig. 2 Immunofluorescence
staining of immunoglobulin and
complement deposits in keloid
tissues and normal skin. IgA (a,
b), IgG (c, d), IgM (e, f), Clq
(g, h), and C3 (i, j) were
detected by direct
immunofluorescence with DAPI
nuclear staining. White dotted
lines indicate basal membrane.
Arrows indicate immune
complexes. Bars 10 pm
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Table 1 Routine ANA profile in sera from keloid patients and
healthy controls

Autoantibody Case (28) Controls (28)

Centriol
PCNA
Nucleosome
Ro 52
PM-Scl
CENP-B
Histone
Cytoplasm
AMA M2
nRNP/Sm
Sm

SS-A
SS-B
Scl-70
Jo-1

Ribosomal P protein

S O O = O O O O = O O = o O O
O O OO O = = O OO0 o o o o o

(=)

16 ANAs were detected in sera from keloid cases and healthy con-
trols, and the number of the positive samples was listed

ANAs antinuclear antibodies

calculated as the mean & 2SD of the normal control
samples, was considered a positive high antibody index.
Thirteen patients were found positive for anti-hnRNPA2BI,
and only one normal control was positive.

Discussion

Many studies have focused on the immune response of
keloid formation [17, 18]. Although some serum comple-
ments and immunoglobulins were found higher in keloid
patients than that in nonkeloid patients [19, 20], these
complements and immunoglobulins also can change in
different inflammatory and tumor diseases, and are not
specific for autoimmune diseases. Besides, there were also
other studies that reported the levels of serum
immunoglobulin and complement were normal in keloid
patients [21, 22]. Thus, keloid has been considered to be
associated with immune reactivity, not with autoimmune
reactivity. Few studies have regarded keloid as an
autoimmune disease. In 1979, Yagi et al. [23] proposed that
keloids might be related to an immune reaction to some
antigenic components of sebum secreted from cut or
damaged sebaceous glands and ducts. In 1982, Janssen de
Limpens et al. [24] reported the presence of autoantibodies
in lymphocyte eluates, but not in sera, from patients with
keloid. However, there is no report showing that autoan-
tibodies against specific autoantigens in sera from keloid
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Fig. 3 Levels of anti-hnRNPA2B1 elevated in sera from keloid
patients and healthy controls. The anti-hnRNPA2BI levels in sera
from patients with keloid were significantly higher than that found in
normal controls tested by ELISA. Each symbol represents one subject.
KS, sera from patients with keloid; NS, sera from normal controls

patients were detected. Our study demonstrated that the
anti-hnRNPA2B] titer was elevated in sera from keloid
patients and IC deposits were detected in keloid tissues,
suggesting that keloid was mediated by autoimmune
responses and has similar characteristics with autoimmune
diseases.

hnRNPA2BI1 belongs to heterogeneous nuclear ribonu-
cleoproteins (hnRNPs) with a predominantly nuclear local-
ization and playing important roles in precursor mRNA
processing [25]. A growing number of autoantibodies to
RNA-associated proteins have been indentified in autoim-
mune diseases, representing valuable tools for their diag-
nosis and prognosis. HnRRNP A2, hnRNP B1, and hnRNP B2
are alternatively spliced variants generated from a single
gene and anti-hnRNPA2BI antibody targets these three
variants [26]. In 1988, Dangli et al. [27] documented SLE
sera containing anti-hnRNP autoantibodies that specifically
reacted with cellular hnRNP A2, B1, and B2. Anti-
hnRNPA2BI was also detected in other autoimmune dis-
eases, such as RA, mixed connective tissue disease and
Sjogren’s syndrome [28]. Recently, anti-hnRNPA2BI was
detected in sera from patients with SD [29]. In the current
study, we firstly observed significantly elevated anti-
hnRNPA2BI1 levels in sera from patients with keloid.
Although we also detected other anti-hnRNP in preliminary
experiments, such as anti-hnRNP I, no difference between
sera from keloid patients and healthy controls was found.
Anti-hnRNPA2BI might be a diagnostic and screening tool
for keloid patients, for example, to assess keloid susceptible
individuals before surgery in the future.

ANAs occur frequently in sera from patients with a wide
variety of autoimmune diseases, including SLE, SD, RA,
and mixed connective tissue disease [30, 31]. In addition,
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certain autoantibodies are strictly associated with certain
disease states, such as anti-PCNA and anti-Sm in SLE, Jo-1
in polymyositis, and ACA and Scl-70 in SD [30]. In the
study, we also screened routine ANA profiles in sera from
keloid patients and found that while a few patients were
positive for ANAs, the incidence was negligible.

ICs are formed from the integral binding of immunoglob-
ulins (antibodies) to soluble antigens. IC deposits in tissues
underlie the pathogenesis of a range of autoimmune diseases
from glomerulonephritis, SLE, arthritis, and transplantation
rejection to rheumatic fever [16]. In autoimmune diseases,
immunoglobulin deposition is frequently accompanied by
complement deposition, such as the formation of IgG and C3
deposits at the basement membrane of pancreatic ducts in
autoimmune pancreatitis and IgA, IgM, and C3 deposition in
cutaneous vessels in dermatitis herpetiformis [8, 32]. In the
present study, depositions of immunoglobulins IgA and IgM,
as well as complement proteins C1q and C3 were observed in
keloid tissues, which suggest that keloid might be a skin dis-
ease mediated by ICs that are similar to those that occur in
other autoimmune diseases.

Immune cell infiltration is another hallmark of keloid
pathology [4, 33-35] that can be attributed in part to IC
deposits [16]. Surprisingly, the infiltration of CD20" B
lymphocytes in keloid tissues was more obvious than that
of other immune cells. An increasing body of evidence
suggests that B lymphocytes are critical in the development
of autoimmune disease, even in certain diseases that were
initially thought to be B cell independent [36]. For exam-
ple, in a transgenic mouse model of RA, a disease initially
was thought to be mediated by T cells; the pathogenic role
of IgG arthritogenic antibodies was confirmed even in the
absence of T cells [37]. Recently, B cell depletion with a
CD20 antibody was found to be effective in autoimmune
diseases and rituximab, a chimeric monoclonal antibody
against CD20, was licensed in 2006 for the treatment of RA
[38]. Since then, interest in B-cell targeted therapies has
increased significantly and a number of new B cell-targeting
therapies are now in clinical development [39]. B cell
depletion strategies could thus provide new avenues for the
treatment of keloids.

Conclusion

This study examined immune cell infiltration and IC
deposition in keloid lesions, as well as autoantibodies in
keloid patient sera. The results showed increased numbers
of infiltrating immune cells and IC deposition in lesional
tissue and increased titers of anti-hnRNPA2BI in keloid
patient sera, which together support the possibility that
keloid is a skin fibrosis disease mediated by autoimmune
responses. A future study involving a larger number of

@ Springer

cases is needed to determine whether anti-hnRNPA2BI
could provide new approaches for the prediction, diagnosis,
and prognosis of keloids.
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