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ABSTRACT

YKL-40 is implicated in inflammation and tissue repair, but no reports have investigated its
involvement in myositis in polymyositis (PM) and dermatomyositis (DM). Therefore, we
aimed to investigate the relationship between YKL-40 and PM/DM. We retrospectively
enrolled 35 patients diagnosed with PM/DM along with 26 healthy controls (HCs). Both PM
and DM were diagnosed according to Bohan and Peter’s criteria. Serum YKL-40 levels were
measured, age-corrected to YKL-40 percentile values, and compared to HCs. Patients with
myositis without interstitial lung disease were also enrolled and compared to HCs.
Immunofluorescence staining was performed to identify YKL-40-positive inflammatory cells
in muscle biopsy samples from two patients each with PM and DM. Age-corrected serum
YKL-40 levels were significantly higher in patients with PM/DM compared to HCs with and
without lung disease; however, these levels decreased significantly after treatment.
Immunohistochemical analysis showed infiltration of YKL-40-positive inflammatory cells into
the intramuscular sheath and perimuscular membrane. Immunofluorescence staining showed
CD68 expression in YKL-40-positive inflammatory cells, suggesting that these cells were mac-
rophages. To the best of our knowledge, this is the first study to demonstrate that YKL-40-
positive macrophages are present in PM and DM, indicating that YKL-40 may be involved in
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PM/DM.

1. Introduction

YKL-40 is a chitinase-like protein; it has a structure
similar to that of chitinase and can bind to chitin
but is unable to hydrolyse it. The name YKL-40 is
derived from the fact that the N-terminal amino
acids begin with Y, K and L with a molecular weight
of 40kDa [1,2]. The involvement of YKL-40 in air-
way inflammation as in conditions such as asthma
has been previously reported [2-4]. It is also
believed that YKL-40 is involved in inflammation
and tissue repair [5]; however, the detailed mecha-
nisms of its involvement have not yet been made
clear. Recently, YKL-40 levels have been reported to
increase in patients with glioblastoma [6-8],
rheumatoid arthritis [9,10], inflammatory bowel dis-
ease [11], psoriatic arthritis [12,13], hepatitis [14],
idiopathic pulmonary arterial hypertension [15,16],
Alzheimer’s disease [17] and malignant disease [18].
It has been reported that YKL-40 is secreted by

various cells such as neutrophils [19], macrophages,
chondrocytes, synoviocytes [9,10] and tumour cells
[18] during inflammation, angiogenesis and tissue
fibrosis, and may be involved in the assessment of
disease activity and the mechanisms of angiogenesis
and tissue remodelling.

Polymyositis (PM) and dermatomyositis (DM)
are inflammatory muscle diseases of unknown aeti-
ology characterised primarily by muscle weakness
[20,21]. PM is characterised by muscle weakness pri-
marily in the proximal limb, neck and pharyngeal
muscles, and elevated levels of myogenic enzymes
such as creatine kinase (CK) [21]. In addition, the
main histological features of PM include myofibre
size irregularities, scattered necrotic and regenerat-
ing fibres, and cellular infiltration into the perivas-
cular and fascial areas [22]. The infiltrating cell
population is composed of macrophages and acti-
vated CD8+ cytotoxic T cells; the invasion of these
cells into non-necrotic myofibres has been reported
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[23]. Like PM, DM is characterised by muscle weak-
ness and is additionally often accompanied by skin
rashes such as heliotropes and Gottron’s papules
[24]. The main histological features of DM include
deposition of the membrane invasion complex
around small blood vessels, muscle atrophy around
muscle bundles, and capillary loss [25,26]. DM
inflammatory cells are found perimuscularly and
perivascularly with macrophages, B cells, CD4+ T
cells and plasmacytoid dendritic cells [27], which
release cytokines and cytotoxic molecules and are
thought to cause muscle destruction [28,29]. Thus,
although PM and DM are muscle diseases with
similar symptoms, different cells are thought to be
involved in their pathogenesis. However, there are
many unknown factors regarding myositis, such as
the fact that some patients have myositis but lack
muscle symptoms, and various cells are likely
involved in the pathogenesis of the disease.

Previous studies on YKL-40 in PM/DM have
examined interstitial lung disease (ILD) as a compli-
cation of these conditions [30-33]; however, no
reports have examined whether YKL-40 is involved
in myositis itself in PM/DM. Therefore, this study
aimed to investigate the relationship between
PM/DM and serum YKL-40 and YKL-40 expression
using immunohistochemistry (IHC) and immuno-
fluorescence staining of serum and muscle biopsy
specimens from patients with ILD-naive PM
and DM.

2. Materials and methods
2.1. Patients

In this retrospective study, we enrolled 35 patients
diagnosed with PM/DM and 26 healthy controls
(HCs) at Hyogo Medical University Hospital
(Nishinomiya, Japan) between 2006 and 2020 to
investigate the relationship of PM/DM with YKL-40.
This study was conducted in accordance with the
principles of the Declaration of Helsinki and was
approved by the Ethics Committee of our institu-
tion. Written informed consent was obtained from
all patients in accordance with our institutional
guidelines (Hyogo Medical University, Nishinomiya,
Japan, no. 2434). Patients with definite or probable
PM/DM and HCs were included. Both PM and DM
were diagnosed according to Bohan and Peter’s cri-
teria [20]. At the time of PM/DM diagnosis, almost
all patients underwent systemic examination for
malignancy. ILD was diagnosed based on clinical
and chest computed tomography findings. Clinical
data at the time of diagnosis, including patient char-
acteristics and laboratory data, were obtained from
patients’ medical records.

2.2. Data collection

Clinical data were obtained retrospectively from
patients’ medical records, including clinical symp-
toms at diagnosis, presence of ILD, and laboratory
findings. Data on age, sex, type of disease, duration
of disease, and use of therapeutic agents were also
extracted and used for analysis.

2.3. Measurement of serum YKL-40 levels

Baseline serum samples collected at the time of
diagnosis were available from the 35 patients with
PM/DM. Follow-up serum samples were obtained
on the day of discharge after the initiation of
PM/DM treatment. Serum samples were also col-
lected from 26 HCs. The samples were stored at
—20°C until further analysis. Serum YKL-40 levels
were measured using a YKL-40 enzyme-linked
immunosorbent assay (Quantikine ELISA kit, R&D
Systems, Inc., Minneapolis, MN) according to the
manufacturer’s instructions [12,13,16]. Since serum
YKL-40 levels have been reported to increase with
age, the YKL-40 age percentile was calculated as fol-
lows: YKL-40 age percentile = 100/(1 + (serum
YKL-40 levels ™) x (1.062%°) x 5000) [12,16,34].

2.4. Haematoxylin—eosin staining

To diagnose PM/DM, several centimetres of the
patients’ biceps brachii were surgically removed. A
1-cm block was prepared frozen. The frozen blocks
were stored at —80°C until the time of testing.
Samples cut 12-pm thick from the block were
placed on glass slides. Frozen sections of surgically
resected muscle biopsy specimens, prepared as
described above (12-um thick, four samples), were
used for haematoxylin-eosin (H&E) staining. The
nuclei were stained with haematoxylin solution
(Wako, Osaka, Japan) for approximately 10min.
Samples were then rinsed under running water for
another 10min. The cytoplasm was then stained
with an eosin solution for 10 min. Samples were
dehydrated in a 70-100% ethanol gradient, air-dried,
covered with a glass cover, and sealed.

2.5. IHC for YKL-40 antibody

To diagnose PM/DM, immunostaining was per-
formed in accordance with the method described by
Furukawa et al. [16]. Muscle biopsy specimens were
prepared using the same technique described for
H&E staining. The primary antibody against human
chitinase 3-like 1 (AF2599, R&D Systems, Inc.,
Minneapolis, MN) was used, diluted 1/130 in phos-
phate-buffered saline (PBS). The secondary antibody
was anti-goat IgG antibody (sc-2028, Santa Cruz



Biotechnology, Inc., Dallas, TX) diluted 1/200

in PBS.

2.6. Immunofluorescence analysis of muscle
biopsy specimens from patients with PM/DM

Immunofluorescent staining was performed on sam-
ples prepared using the same method utilized for
IHC. The staining method was performed based on
the report by Jensen et al. [35]. Primary antibodies
against human chitinase-3 like 1 (1/150 diluted with
1% Tween-BSA in PBS, AF2599, R&D Systems, Inc.,
Minneapolis, MN) and rabbit anti-CD68 monoclo-
nal antibody (1/200 diluted with 1% Tween-BSA in
PBS, ab213363, Abcam, Cambridge, UK) were used.
The specimens were then incubated with a mixed
solution of Alexa Fluor Plus 488 donkey anti-goat
IgG (1/200 diluted with 1% BSA in PBS, A11055,
Invitrogen, Waltham, MA) and Alexa Fluor Plus
405 donkey anti-rabbit IgG (1/200 diluted 1% BSA
in PBS, A48258, Invitrogen, Waltham, MA). The
nuclei were counterstained with propidium iodide,
mounted, and observed under a confocal micro-
scope (LSM780, Carl ZEISS, Oberkochen, Germany)
at x630 magnification and analysed using ZEN
(ZEISS Efficient Navigation, Oberkochen, Germany)
software. The images show overlays of YKL-40
(green), CD68 (blue) and nuclei (red).

2.7. Statistical analyses

Statistical analysis was performed using the Steel-
Dwass test, the Mann-Whitney U-test and Fisher’s
exact test (]MP® 14, SAS Institute Inc., Cary, NC).
Statistical significance was set at p < .05 for all tests.
All data are expressed as mean * standard error.

3. Results
3.1. Patient background

This study included 26 HCs. At baseline, the mean
age was 49.5 £ 2.9 years for HCs. The sex ratio was
10 male (38%) and 16 female (62%) individuals for
HCs. Serological data showed a CK level of
80.7 + 10.1IU/L in HCs; the C-reactive protein
(CRP) level was 0.07 = 0.02mg/dL in HCs. The lac-
tate dehydrogenase (LDH) level was
167.3 + 8.6 IU/L for HCs.

This study also included 35 patients with myo-
sitis. Of the 35 patients with myositis, 20 had ILD
complications. The mean age of patients was
55.1 £ 2.7 years for those with ILD complications
and 52.5 £ 5.9 years for those without ILD compli-
cations (p = .89). The male/female ratio was 4 male
and 16 female individuals for patients with ILD
complications and 4 male and 11 female individuals
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for patients without ILD complications (p = .43).
The 20 patients with ILD complications included 17
with DM and three with PM, and the 15 patients
without ILD complications included 12 with DM
and three with PM (p = .69). Serological data
showed that the CK level was 839 + 232IU/L in
patients with ILD and 1781 + 405IU/L in those
without ILD (p < .05); the CRP level was
0.88 + 0.25mg/dL in patients with ILD and
0.45 £ 0.22mg/dL in those without ILD (p = .08).
The LDH level was 414 + 30IU/L in patients with
ILD and 508 + 50IU/L in those without ILD
(p = .16). Glucocorticoids (GCs) were administered
to 35 (100%) patients with myositis at an initial
dose of 36.7 + 13.9mg/day. Immunosuppressive
drugs were also administered: cyclosporine in five
patients with ILD, in three without ILD, tacrolimus
in eight with ILD, in eight without ILD, cyclophos-
phamide in six with ILD, and methotrexate in two
without ILD (Table 1).

3.2. Serum YKL-40

Serum YKL-40 age percentile values were compared
before treatment in HCs, in all patients with myositis
(including ILD), and in patients with myositis com-
plicated with and without ILD. Patients with myositis
were assigned into groups 1-3, while HCs were
assigned to group 0. Group 1 included all patients
with myositis. Group 2 included patients with myo-
sitis with ILD, and group 3 included myositis patients
without ILD. Serum YKL-40 age percentile was calcu-
lated by percentile = 100/(1 + (YKL-40)"> x 1.062%°
X 5000). YKL-40 age percentile was significantly
higher in group 1 (81.3 + 4.5), group 2 (80.0 + 6.7)
and group 3 (83.2 £ 5.8) than in group 0 (34.6+ 4.5).
The YKL-40 age percentile had no significant differ-
ence between groups 1 and 2 (p = .98), groups 2 and
3 (p = .89) and groups 1 and 3 (p = .97) (Figure 1).
Compared with HCs, serum YKL-40 age percentile

Table 1. Patient background in the presence or absence of
interstitial lung disease.

Myositis (ILD+) Myositis (ILD-) p Value
Number 20 15 -
Age (years) 55.1+27 525 +59 .89
Male:female ratio 4:16 411 A43b
DM:PM ratio 173 123 .69b
CK (IU/L) 739 + 232 1781 £ 405 <.05%a
CRP (mg/dL) 0.88 + 0.25 0.45 + 0.22 17a
LDH (IU/L) 414 + 30 508 = 50 .16a
Treatment
Glucocorticoid 20 15
Cyclosporine 5 3
Tacrolimus 8 8
Cyclophosphamide 6 0
Methotrexate 0 2

DM: dermatomyositis; PM: polymyositis; CK: creatine kinase; CRP: C-
reactive protein; LDH: lactic dehydrogenase; ILD: interstitial lung
disease.

Mann-Whitney's U-test.

BFisher’s exact test.
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Figure 1. YKL-40 age percentile in patients with myositis (groups 1-3) and healthy controls (group 0). Serum YKL-40 age per-
centile was calculated by percentile = 100/(1 + (YKL-40)~> x 1.062°%¢ x 5000). Values are expressed as means (horizontal
lines) and standard errors (top and bottom of each bar). YKL-40 age percentile was significantly higher in group 1
(81.3 + 4.5), group 2 (80.0 = 6.7) and group 3 (83.2 + 5.8) than in group 0 (34.6 £ 4.5) (p < .05, the Steel-Dwass test). The
YKL-40 age percentile has no significant difference between groups 1 and 2 (p = .98, the Mann-Whitney U-test), groups 2
and 3 (p = .89, the Mann-Whitney U-test) and groups 1 and 3 (p = .97, the Mann-Whitney U-test). HC: healthy controls; ILD:

interstitial lung disease.

levels were significantly elevated in patients with
myositis with and without ILD.

In addition, serum YKL-40 age percentile values
measured before the start of treatment were com-
pared with serum YKL-40 age percentile values
assessed approximately 2 months after the start of
treatment in patients with myositis without ILD
complications. The serum YKL-40 age percentile
value before the start of treatment was 83.2 + 5.8.
The treatment consisted of GCs and immunosup-
pressive agents. The serum YKL-40 age percentile
value approximately 2 months after the start of
treatment was 60.0 = 7.0, indicating a significant
decrease after treatment (p < .05) (Figure 2).

3.3. Immunohistochemical staining

Immunohistochemical staining of muscle biopsy sam-
ples from patients with PM/DM (two cases each of
PM and DM, total n = 4) was performed. Figure
3(A) shows H&E staining of the samples from
patients with DM, showing small and large myofibres
and inflammatory cell infiltration around myofibres.
Figure 3(C) shows YKL-40-positive inflammatory cell
infiltrate in the myofibre interstittum (red circles),
which was not stained in the control (Figure 3(B)).

3.4. Immunofluorescence staining

Immunofluorescence staining was performed on
muscle biopsy specimens from two patients each of

PM and DM (four patients in total); Figure 4 shows
the results of fluorescence staining of biopsy samples
from patients with PM/DM; Figure 4(A-D) shows
stained biopsy samples from patients with PM and
Figure 4(E-H) shows stained biopsy samples from
those with DM. In Figure 4(A,E), the nuclei are
indicated in red. Nuclei derived from inflammatory
cells and myocytes are uniformly shown in red;
Figure 4(B,F) shows cells positive for YKL-40 in
green. Several cells were observed in the cytoplasm,
as shown in green in the figure. Figure 4(C,G)
shows cells positive for CD68 in blue. Figure 4(D,H)
shows merged images, where cells positive for both
YKL-40 and CD68 in one cell are shown in light
blue as indicated by the yellow arrows.

4. Discussion

We measured serum YKL-40 levels in HCs and
patients with myositis without ILD and found that
the levels in patients with myositis without ILD
were significantly higher than those in HCs (Figure
1). Reports on serum YKL-40 levels in patients with
myositis have used serum YKL-40 levels to evaluate
ILD complicated by myositis [30-33,36]. In a report
of elevated serum YKL-40 levels in patients with
antisynthetase syndrome [36], ILD was a complica-
tion in approximately 89% of eligible patients. As
the present study was limited to patients without
ILD complications, eliminating the influence of ILD
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Figure 2. Serum YKL-40 age percentile values before and after treatment in myositis (uncomplicated ILD). Serum YKL-40 age
percentile values were measured in patients with myositis without ILD complications (n = 15) before and 2 months after
treatment (p < .05, Fisher's exact test). Vertical axis: serum YKL-40 age percentile value. Horizontal axis: test points. Table:
(mean = standard error) serum YKL-40 age percentile values before and 2 months after treatment. ILD: interstitial lung

disease.
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Figure 3. H&E and immunochemical tissue staining of muscle biopsies from patients with PM/DM H&E and immunohisto-
chemical staining of muscle biopsies from patients with myositis (PM, n = 2; DM, n = 2). The muscle biopsies from patients
with DM. (A) H&E staining. (B, C) Immunohistochemical staining of inflammatory cell infiltration sites. (B) Normal goat IgG was
used as the control. Inflammatory cell infiltration was observed in the interstitium but was not stained in slice (B). (C)
Immunohistochemical staining of the inflammatory cell infiltration sites. Slices at the same level as (B) were stained with goat
anti-human YKL-40 antibody. YKL-40-positive inflammatory cell infiltrates were observed in the stroma (red circles).
Magnification: (A) %200, (B) x400 and (C) x400. Bar, 100 um. DM: dermatomyositis; H&E: haematoxylin—eosin; PM:

polymyositis.

in myositis, we believe that serum YKL-40 levels
were elevated in myositis itself.

This study used age-corrected percentile values
for serum YKL-40 levels. Serum YKL-40 values have
been reported to be affected by age, and the older
the patient, the higher the value [34]. Previous stud-
ies on myositis and YKL-40 have used actual serum
YKL-40 values, and it is possible that the results
could change depending on the age of the individual
from whom samples were collected. This study also
showed a significant increase in age-corrected serum

YKL-40 percentile values, and we believe that myo-
sitis itself increased serum YKL-40.

The serum YKL-40 age percentile values taken
after 2 months of treatment in this study were sig-
nificantly lower than those taken before treatment
(Figure 2). This suggests that YKL-40 responds to
steroid and immunosuppressive treatments and may
be altered by the severity of myositis. We performed
IHC and immunofluorescence staining of muscle
biopsies of patients with PM/DM (Figures 3 and 4)
and found that YKL-40-expressing macrophages are
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(A) Nuclear
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Figure 4. Fluorescence staining of muscle biopsy from patients with PM/DM. Fluorescence staining of PM/DM muscle biopsies
(PM, n = 2; DM, n = 2). (A-D) PM; (E)—(H) DM. (A, E) nuclei in red; (B, F) YKL-40 in green; (C, G) CD-68 in blue; (D, H) merged
cells in light blue. The yellow arrows indicate the macrophages. The cells containing CD-68 and YKL-40 and the merged cells
are all the same cells. Magnification is x630. Bar, 20 um. DM: dermatomyositis; PM: polymyositis.

common in both diseases (Figure 4). Although
YKL-40-positive macrophages have been reported in
alveolar epithelium in ILD by Hozumi et al. [30],
this was the first time they were reported in muscle
tissue in PM/DM patients. It appears that a YKL-
40-positive, CD68-negative cell was observed in our
results, but this is unlikely to be just one different
cell, since the surrounding cells are YKL-40-positive,
CD68-positive, and it is possible that the CD68 blue
was weak and difficult to see, or that the CD68 anti-
gen did not enter due to the way the cells were cut.

It was previously thought that in PM, CD8+ cyto-
toxic T cells directly injure myocytes [23], and in
DM, cytokines and cytotoxic molecules involving
CD4+4 T cells cause muscle injury [27,29]. Recently,
however, the involvement of macrophages in
PM/DM has also been studied [37-42], and macro-
phage infiltration may be related to myositis [40]. In
this study, we found that YKL-40-positive macro-
phages were common in patients with both PM and
DM. Using H&E and THC staining, we hypothesised
that YKL-40-positive macrophages may be involved
in myositis because these cells infiltrate the intramus-
cular sheaths and interstitial spaces of patients with
myositis, consistent with the site of the disease. The
mechanism by which YKL-40-positive macrophages
contribute to myositis will be our next topic of study.

The present study has several limitations. Because
its purpose was to examine the relationship between
myositis itself and YKL-40, the number of cases was
small and limited to patients without ILD complica-
tions to exclude YKL-40 modified by ILD.
Therefore, we did not examine whether there were

differences in autoantibodies. Furthermore, the
number of muscle biopsies was small. This was due
to the small sample size, as the muscle biopsy is a
highly invasive test; therefore, this is an issue for
future research, and further study is needed to
increase the number of patients.

In conclusion, YKL-40 positive macrophages
were found to be present in both PM/DM and may
be involved in the pathogenesis of PM/DM. The
manner in which these cells function in both dis-

eases is a subject for future research.
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