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Abstract Osteoarthritis (OA) is a degenerative disease
characterized by the destruction of cartilage. The greatest
risk factors for the development of OA include age and
obesity. Recent studies suggest the role of inflammation in
the pathogenesis of OA. The two most common locations
for OA to occur are in the knee and hip joints. The knee
joint experiences more mechanical stress, cartilage
degeneration, and inflammation than the hip joint. This
could contribute to the increased incidence of OA in the
knee joint. Damage-associated molecular patterns
(DAMPs), including high-mobility group box-1, receptor
for advanced glycation end products, and alarmins
(S100A8 and S100A9), are released in the joint in response
to stress-mediated chondrocyte and cartilage damage. This
facilitates increased cartilage degradation and inflamma-
tion in the joint. Studies have documented the role of
DAMPs in the pathogenesis of OA; however, the com-
parison of DAMPs and its influence on OA has not been
discussed. In this study, we compared the DAMPs between
OA knee and hip joints and found a significant difference
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in the levels of DAMPs expressed in the knee joint com-
pared to the hip joint. The increased levels of DAMPs
suggest a difference in the underlying pathogenesis of OA
in the knee and the hip and highlights DAMPs as potential
therapeutic targets for OA in the future.
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Introduction

Osteoarthritis (OA) is a degenerative joint disease of the
articular cartilage characterized by a limited range of
motion, joint pain, tenderness, stiffness, crepitus, effusion,
and inflammation without systemic effects [1]. The ulti-
mate course of OA is an imbalance between degradative
and repair process that result in loss of cartilage, joint space
narrowing, and subchondral bone thickening [2]. The knee
and hip joints are the most commonly affected joints by
OA [2]. The most common risk factors for OA include age,
obesity, biomechanics, trauma, and inflammation [3]. The
progression of OA depends upon continued cartilage
destruction due to increased mechanical loads and inflam-
mation [4]. The damage to chondrocytes within the carti-
lage allows the release of damage-associated molecular
patterns (DAMPs), including high-mobility group box-1
(HMGB-1), advanced glycation end products (AGEs), and
alarmins (S100AS8, and S100A9). The overexpression of
DAMPs in joints has been linked to the pathogenesis of OA
[3]. The DAMPs secreted as result of chondrocyte and
cartilage damage induce cellular expression of inflamma-
tory genes through receptor for advanced glycation end
products (RAGE), toll-like receptors (TLRs), nuclear fac-
tor-kappa B (NF-xB), and MAPK signaling cascades.
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Thus, increased DAMPs in the joint space could act in an
autocrine or paracrine manner to release pro-inflammatory
cytokines [e.g., interleukin (IL)-1B, tumor necrosis factor
(TNF)-a, IL-6], matrix metalloproteinases (MMPs), and
more DAMPs. This leads to increased MMPs and activated
macrophages in the joint, resulting in extracellular and
cartilage matrix damage and chondrocyte apoptosis
[3, 5-15]. Apoptosis of chondrocytes results in the secre-
tion of HMGB-1, while chondrocyte senescence leads to
the accumulation of advanced glycation end products
(AGEs) [16-18].

HMGB-1 is ubiquitous in eukaryotic cells as a nuclear
protein, and its release from the nucleus is associated with
apoptosis or necrosis of the cells or inflammatory stimuli
[9, 19]. HMGB-1 has been documented as a significant
contributor to the pathogenesis of chronic inflammatory
diseases, including OA and rheumatoid arthritis [9, 20].
Terada et al. [21] have shown increased levels of HMGB-1
in knee cartilage of patients with progressively higher
grades of OA, relative to non-arthritic knee joints. Further,
overexpressed extracellular HMGB-1 in OA synovium and
amplification of inflammation in synovium in cooperation
with IL-1f leading to the increased production of cytoki-
nes, chemokines, and MMPs suggest the crucial role of
HMGB-1 in OA pathogenesis [9]. HMGB-1 activates the
cell through RAGE and TLRs and increases the secretion
of pro-inflammatory cytokines, MMPs leading to cartilage
degeneration [5-15, 22]. RAGE is a member of the
immunoglobulin family and is expressed in a variety of
cells to include chondrocytes and macrophages. An
increase in RAGE is noted in OA and can result in the
production of MMPs suggesting that RAGE and its ligands
play a direct role in the degradation of a joint [16]. Further,
increased AGEs with aging and its association with RAGE
play a role in OA pathogenesis [23]. Decreased RAGE
activity in healthy joints and increased RAGE activity in
arthritic joints suggests the potential role of RAGE in the
pathogenesis of OA [6, 15]. In addition to HMGB-1,
RAGE binds to S100 proteins and significant upregulation
of RAGE, HMGB-1, and S100 has been associated with
OA [16, 21]. Increased levels of the calcium binding pro-
teins called alarmins, S100A8 and S100A9 found in
granulocytes, macrophages, and chondrocytes, have been
associated with inflammatory arthritis, cartilage destruc-
tion, macrophage recruitment, and induction of MMPs
[24, 25]. SI00A8 and S100A9 potentiate signals through
TLR-4 and RAGE in a manner similar to HMGB-1
[24, 25].

Increased expression of DAMPs has been correlated with
increased catabolism of articular cartilage and pathogenesis
and progression of OA of knee and hip joints [3, 16, 26-29].
However, a comparative study of the levels of DAMPs to
analyze the possible differential biomechanics involved in
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OA pathogenesis has not been reported. In this study, we
hypothesized that due to the differences in stress levels and
biomechanics of the knee and hip joints, there should be
different DAMPs levels in the knee and hip joints. The
findings of this study would provide an insight into the
potential role of DAMPs in the pathogenesis of OA by
comparing the levels of DAMPs in knee and hip joints via
histological and molecular evidence.

Materials and methods
Patient selection

The Institutional Review Board of Creighton University
approved the research protocol of this study as exempted
since all knee and hip tissues were collected anonymously
without any potential identification of the patient. Tissues
from a total of ten patients undergoing total knee or hip
replacement for severe osteoarthritis at Creighton Univer-
sity Medical Center (CUMC) and Immanuel Medical
Center were collected and placed in a jar containing the
University of Wisconsin (UW) solution. The age, gender,
and the BMI of individual patient were anonymously
provided by a nurse who collected the knee and hip and not
involved with the study (Table 1).

Tissue acquisition and processing

Post knee and hip joint replacement tissues were obtained
and transported to the lab in the University of Wisconsin
(UW) solution and maintained at 4 °C. Articular cartilage
tissues from the medial and lateral tibial condyles and
femoral head near the area of cartilage loss, and fat tissue
present around the joint was collected with the scalpel and
fixed in 4% formalin (Fig. 1). Cartilage tissues were also
used to prepare the RNA and cDNA.

Table 1 Demographics of the patients in the study

Patient # Joint Age (years) Gender (M/F) BMI
1 Hip 94 M 23.7
2 Hip 60 F 41.5
3 Hip 78 F 274
4 Hip 60 F 38.0
5 Hip 62 F 38.8
6 Knee 65 M 32.3
7 Knee 64 F 432
8 Knee 53 F 44.6
9 Knee 73 F 24.3
10 Knee 71 F 38.3

BMI body mass index, M male, F female
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Preparation and staining of specimen

Tissue specimens fixed in 4% formalin for 24 h were
transversely sectioned at 2 mm, processed in Sakura Tissue
Tek VIP Tissue Processor, and embedded in paraffin. Thin
sections (5 pm) were cut using a microtome (Leica, Ger-
many) and placed on glass slides for staining. Hematoxylin
and eosin (H&E) following manufacturer’s standard pro-
tocol (Newcomer/supply), immunohistochemistry, and
immunofluorescence studies were performed on the tissue
sections to analyze the tissue structure and expression of
various proteins of interest (HMGB-1, RAGE, S100AS8,
and S100A9). All the images to examine the cartilage tis-
sue were scanned at 20x using an Olympus inverted
microscope (Olympus BX51) with the scale bar of 200 um
(Fig. 1). All slides were reviewed by two different
observers.

Immunofluorescence (IF) study

Prior to immunostaining, the sectioned tissue (cartilage and
fat) slides underwent deparaffinization, rehydration, and
antigen retrieval as per the standard protocol in our labo-
ratory. Rabbit anti-HMGB-1 (ab191583), rabbit anti-

Fig. 1 Post-surgical tissue, |
hematoxylin and eosin staining,

and immunohistochemistry of

knee and hip joint cartilage and

fat. Hematoxylin and eosin

staining showed greater number

of chondrocytes in the hip

cartilage compared to the knee

cartilage suggesting more

RAGE (ab3611), rabbit anti-SI00A8 (ab196680), rabbit
anti-S100A9 (ab63818), mouse anti-CD14 (ab182032), and
rabbit anti-Heparan sulfate (ab23418) at 1:200 dilution
primary antibodies, and Alexa Fluor 594 (red) conjugated
secondary antibodies (Invitrogen, Grand Island, NY, USA)
at 1:500 dilution were used for immunostaining. The slides
were counterstained with DAPI (4,6-diamidino-2-
phenylindole) to stain nuclei. Isotypes for each fluo-
rochrome were run as negative controls. All slides were
scanned at 20x with an Olympus inverted fluorescent
microscope (Olympus BX51). Fluorescence intensity for
HMGB-1, RAGE, S100A8, and S100A9 was measured in
the stained slides using Image-J software and mean fluo-
rescence intensity (MFI) was calculated. Three separate
images of each tissue were used to measure the MFI.

RNA isolation, cDNA synthesis, and real-time PCR

The articular cartilage tissue obtained from the surgical
specimens was used to isolate the total RNA using TRI
reagent (Trizol reagent, Sigma, St Louis, MO, USA) as per
the manufacturer’s instructions. The RNA was quantified
using NanoDrop (Thermo Scientific, Rockford, IL, USA).
The c¢cDNA was synthesized using ImProm II reverse

cartilage degeneration in the I
knee joint. Immunohisto-
chemistry of the tissues showed
greater staining for HMGB-1,
RAGE, and S100 proteins in the
knee compared to the hip joint.
Post-surgical cartilage tissues
(I-a—I-c source of cartilage and
fat tissues), hematoxylin and
eosin staining in cartilage m
(IT-a, II-b) and fat (II-c), and
immunohistochemistry for
HMGB-1 (IlI-a, III-e), RAGE
(III-b, III-f), SI00AS8

(III-c, III-g), and S100A9
(III-d, III-h) in knee and hip
joint cartilage. The images are
representative of all the study
subjects. Stained slides were
scanned at 40x with a scale bar
of 200 pm with an inverted
Olympus microscope

Knee cartilage

Hip cartilage
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transcription kit (Promega, Madison, WI, USA). Subse-
quently, the real-time PCR (RT-PCR) was performed in
triplicate using SYBR Green Master Mix and a Real-time
PCR system (CFX96, BioRad Laboratories, and Hercules,
CA, USA). The primers for different genes (Table 2) were
obtained from Integrated DNA Technologies (Coralville,
IA, USA). The PCR cycling conditions were 5 min at
95 °C for initial denaturation, 40 cycles of 30 s at 95 °C,
30 s at 55-60 °C (per the primer annealing temperatures),
and 30 s at 72 °C followed by melting curve analysis. Fold
expression of mRNA transcripts relative to controls was
determined after normalizing to GAPDH.

Cell culture and immunofluorescence

Normal Human Articular Chondrocyte (NHAC) cells
(HC1824, Lonza, Walkersville, MD) and Osteoarthritic
Human Chondrocytes (HCOA, 4020A-05a, Cell Applica-
tions Inc. San Diego, CA) were cultured in the complete
chondrocyte basal media (CC-3217, 10% FBS + 1%
penicillin—streptomycin) and chondrocyte growth medium
(411-500, Cell Application), respectively, in the T25 flask.
After 80% confluence, about 30,000 cells were plated in
each chamber of the chamber slides and immunofluores-
cence staining was performed for HMGB-1 (ab191583),
RAGE (ab3611), S100A8 (ab196680), and S100A9
(ab63818) as per the standard protocol in our laboratory
using Alexa Fluor 594 secondary antibody and DAPI to
counterstain the nuclei. All slides were scanned at 20x
with an Olympus inverted fluorescent microscope (Olym-
pus BX51). Fluorescence intensity in ten randomly selected
cells was quantified with Image-J software for each gene
and mean fluorescence intensity (MFI) was calculated.

Statistical analysis

Data are presented as mean & SD (N = 5 in each experi-
mental group). Data were analyzed by Mann—Whitney test
(SPSS) and Student’s ¢ test for significance. A value of
p <0.05 (¥p <0.05, **p <0.01, ***p <0.001, and
**¥%p < 0.0001) was considered statistically significant.

Results

Increased immunoreactivity of HMGB-1, RAGE,
and alarmins in the knee joint

Immunofluorescence staining showed increased immunore-
activity for HMGB-1 (Fig. 2a, d), RAGE (Fig. 2g, j),
S100AS8 (Fig. 3a, d), and S100A9 (Fig. 3g, j) in the knee
joint cartilage compared to the hip joint cartilage. The
immunoreactivity of RAGE was higher compared to
HMGB-1 (Fig. 2m) and the immunoreactivity for ST00A8
was found higher compared to S100A9 (Fig. 3m) in both
knee and hip joints. Heparan sulfate did not show any
immunoreactivity either in the knee or in the hip joint
cartilage (data not shown). There was minimal or no
immunoreactivity for HMGB-1, RAGE, (Supplementary
Fig. 1), S100A8, and S100A9 (Supplementary Fig. 2) in
the fat tissues of the knee and hip joints.

Increased expression and mean fluorescence
intensity of DAMPs in osteoarthritic chondrocytes
cells

Immunostaining of the normal (NHAC) and osteoarthritic
chondrocytes (HCOA) showed increased immunoreactivity
for HMGB-1 (Fig. 4a, d), RAGE (Fig. 4g, j), S100A8
(Fig. 5a, d), and S100A9 (Fig. 5g, j) in the osteoarthritic
chondrocytes (HCOA) compared to normal human chon-
drocytes (NHAC). The immunoreactivity for HMGB-1 was
significantly higher than that for SI00A8, S100A9, and
RAGE (HMGB-1 > RAGE > S100A8 > S100A9) (Figs. 4,
5). Immunofluorescence revealed the nuclear expression of
HMGB-1, and nuclear as well as the cytoplasmic expression
of RAGE, S100A8, and S100A9 in NHAC and HCOA
chondrocytes.

Increased mRNA expression and of HMGB-1,
RAGE, S100A8, and S100A9 in knee joint

Mean fluorescence intensity (MFI) evaluation with Image-J
software showed significantly increased MFI in knee joint

Table 2 Primer sequence of the genes of interest used for RT-PCR analysis

Gene of interest Forward primer

Reverse primer

HMGB-1 5'-AAG CAC CCA GAT GCT TCA GT-3'

RAGE 5’-CCT GCA GGG ACT CTT AGC TG-3

S100A8 5'-CTG GAG AAA GCC TTG AAC TCT AT-3'

S100A9 5'-TCA AAG AGC TGG TGC GAA A -3’

GAPDH 5'-GGT GAA GGT CGG AGT CAA CGG ATT TGG TCG-3'

5'-TCC GCT TTT GCC ATA TCT TC-3'

5'-CTC CGA CTG CAG TGT GAA GA-3'

5’-GAC ACT CGG TCT CTA GCA ATT T-3'

5'-CAG CTG CTT GTC TGC ATT TG-3'

5'-GGA TCT CGC TCC TGG AAG ATG GTG ATG GG-3
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Fig. 2 Immunofluorescence and mRNA analysis (RT-PCR) for
HMGB-1 and RAGE in knee and hip joint osteoarthritic cartilage.
HMGB-1 (a, d), RAGE (g, j), DAPI (b, e, h, k), merged images (c, f,
i, 1), MFI for HMGB-1 and RAGE (m), and fold change in mRNA
expression of HMGB-1 and RAGE (n). These are the representative
figures from five knee and five hip joints in the study. All data have
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Fig. 3 Immunofluorescence and mRNA analysis (RT-PCR) for
S100A8 and S100A9 in knee and hip joint osteoarthritic cartilage.
S100A8 (a, d), SI00A9 (g, j), DAPI (b, e, h, k), merged images (c, f,
i, 1), MFI for S100A8 and S100A9 (m), and fold change in mRNA
expression of SI00A8 and S100A9 (m). These are the representative
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figures from five knee and five hip joints in the study. All data have
been represented as mean £ SD (N = 5). A p < 0.05 was considered
as significant (**p < 0.01 and ***p < 0.001). DAPI 4,6-diamidino-2-
phenylindole, MFI mean fluorescence intensity

@ Springer



64

Mol Cell Biochem (2017) 436:59-69

NHAC

HCOA

NHAC

HCOA

Fig. 4 Immunofluorescence and mRNA analysis (RT-PCR) for
HMGB-1 and RAGE in normal and osteoarthritic chondrocytes.
HMGB-1 (a, d), RAGE (g, j), DAPI (b, e, h, k), merged images (c, f,
i, 1), MFI for HMGB-1 and RAGE (m), and fold change in mRNA
expression of HMGB-1 and RAGE (n). All data have been
represented as mean + SD (N = 3). A p < 0.05 was considered as

cartilage compared to hip joint cartilage (Figs. 2m, 3m),
and in HCOA compared to NHAC (Figs. 4m, 5m). The
RT-PCR analysis revealed significantly increased mRNA
expression of the HMGB-1, RAGE, and S100AS8 in knee
joint cartilage compared to hip joint cartilage (Figs. 2n, 3n)
and in HCOA compared to NHAC (Figs. 4n, 5n).

Increased expression of macrophages (CD14+ cells)
in knee joint cartilage

Immunofluorescence staining of the knee and hip joint
cartilage showed increased expression for CD144 macro-
phages in knee joint cartilage (Fig. 6a) compared to the hip
joint cartilage (Fig. 6d).

Discussion

In this study, we found significantly increased protein and
gene expression of HMGB-1, RAGE, S100AS8, and
S100A9 in the articular cartilage of the osteoarthritic
human knee joint compared to the hip joint. Further, sig-
nificantly higher protein and gene expression of HMGB-1,
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significant (***p < 0.001 and ****p < 0.0001). DAPI 4,6-di-
amidino-2-phenylindole, HCOA human chondrocyte osteoarthritic,
HMGB-1 High-mobility group box-1, MFI mean fluorescence inten-
sity, NHAC normal human articular chondrocytes, RAGE receptor for
advanced glycation end products

RAGE, S100A8, and S100A9 was found in human
osteoarthritic chondrocytes compared to normal human
chondrocytes. There was minimal to no immunoreactivity
for HMGB-1, RAGE, S100A8, and S100A9 in the fat tis-
sue of the knee joint. The higher prevalence of OA in the
knee compared to the hip suggests the role of different or
amplified factors contributing to the progression of the
disease. The increased expression of HMGB-1, RAGE,
S100A8, and S100A9 observed in the knee joint compared
to the hip joint suggests that these DAMPs may be a sig-
nificant factor facilitating the increased cartilage loss and
rapid progression of OA in the knee joint compared to hip
joint [2]. Further, the significant differential expression of
DAMPs in the knee and hip joints may suggest that the
underlying molecular pathogenesis of OA in the knee and
hip could involve different molecules and downstream
signals and, thus, may differentially affect the development
and progression of arthritis [11, 12, 16, 20, 24, 25, 30-34].

HMGB-1, RAGE, S100A8, and S100A9 are released in
response to chondrocyte damage or inflammatory processes
and have the greatest catabolic effect on cartilage in the
joint mediating the cartilage degeneration and osteoarthritis
[20, 24, 25, 34]. Increased cytoplasmic expression of



Mol Cell Biochem (2017) 436:59-69

65

S100A8

NHAC

HCOA

S100A9 DAPI

NHAC

HCOA

Fig. 5 Immunofluorescence and mRNA analysis (RT-PCR) for
S100A8 and S100A9 in normal and osteoarthritic chondrocytes.
S100A8 (a, d), SI00A9 (g, j), DAPI (b, e, h, k), merged images (c, f,
i, 1), MFI for S1I00A8 and S100A9 (m), and fold change in mRNA
expression of S100A8 and SI100A9 (m). All data have been
represented as mean + SD (N = 3). A p < 0.05 was considered as

CD14

Knee joint Cartilage

Hip joint Cartilage

Fig. 6 Immunofluorescence for macrophages (CD14+ cells) in knee
and hip joint cartilage. CD14 (a, d), DAPI (b, e), and merged images
(c, g). These are the representative images from five osteoarthritic
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significant (**p < 0.01, ***p < 0.001 and ****p < 0.0001). DAPI
4,6-diamidino-2-phenylindole, HCOA human chondrocyte osteoar-
thritic, HMGB-1 High-mobility group box-1, MFI mean fluorescence
intensity, NHAC normal human articular chondrocytes, RAGE
receptor for advanced glycation end products

Merged

knee and five osteoarthritic hip joints included in this study. CD14-
cluster differentiation 14 (macrophage marker), DAPI 4,6-diamidino-
2-phenylindole
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HMGB-1 along with nuclear expression in HCOA cells
compared to only nuclear expression of HMGB-1 in
NHAC cell on immunofluorescence in our study suggests
the subcellular location change in the expression of
HMGB-1 in osteoarthritic chondrocytes due to the disease
pathology [9, 19]. AGEs and free HMGB-1 bind to RAGE
and enhance the secretion of pro-inflammatory cytokines.
This continuous and chronic inflammatory environment in
the joint may act as a trigger for arthritis [6]. The binding
of the free HMGB-1 to RAGE on the cellular surface
activates RAGE and the downstream signaling. Increased
cytoplasmic expression of RAGE protein in HCOA com-
pared to NHAC on immunofluorescence in our study
indicates the role of HMGB-1 released from degenerating
cartilage and chondrocytes in activating the RAGE and its
increased expression [16, 23]. The significant differential
expression of HMGB-1 and RAGE in the knee and hip
joints in our study suggests that the increased amount of
inflammation in the knee joint could be a facilitating factor
for rapid progression and higher prevalence of knee OA
[35]. Increased expression of HMGB-1 and RAGE in
osteoarthritis knee and hip joints and the relevance of
increased HMGB-1 and RAGE with inflammation collab-
orate with the previous studies suggesting the role of
HMGB-1 and RAGE in chronic inflammation mediating
the development of OA [4, 6, 15, 35, 36]. Furthermore,
significantly increased protein and gene expression of
HMGB-1 and RAGE in HCOA compared to NHAC in our
study also support the role of HMGB-1 and RAGE in the
pathogenesis of OA. Increased expression of RAGE in the
OA cartilage tissues in this study may also be due to the old
age (average age for patients with hip replace-
ment = 70 years and knee replacement = 65 years) of the
study subjects [37]. The prevalence of OA increases with
age and increasing age is the most important risk factor for
the development of OA [38]. It is noteworthy that the three
patients who were not obese were the oldest, suggesting the
crucial role of aging in the development of OA in those
joints. The normal aging process increases AGEs, and their
accumulation may have an implication in the pathogenesis
of OA. Accumulation of AGEs and their association with
their receptor RAGE increase the inflammation through
increased secretion of pro-inflammatory cytokines that may
contribute to cartilage degeneration [39].

RAGE is a receptor not only for AGEs and HMGB-1 but
also for S100 proteins, and RAGE-S100 binding con-
tributes to chronic inflammation [22, 40, 41]. S100 cal-
granulins (calcium binding proteins) have a known role in
inflammation and inflammatory arthritis [42, 43]. The
expression of S100 proteins in osteoarthritic knee and hip
joints in our study suggests the role of alarmins in the
pathogenesis of OA and the presence of inflammation in
the cartilage tissue. Higher expression of S100A8 and

@ Springer

S100A9 in the knee joint compared to hip joint could also
suggest greater inflammation in the knee joint. The role of
S100A8 and S100A9 in OA is further supported by the
significantly increased protein and gene expression of
S100A8 and S100A9 in HCOA compared to NHAC.
Interestingly, increased cytoplasmic expression of S100
proteins in HCOA compared to NHAC in our study sug-
gests the change in the subcellular location of S100A8 and
S100A9, and this may be due to the binding of activated
RAGE to S100 proteins and activating their translocation.
The released S100 proteins will further promote inflam-
mation [16, 21, 22, 40-43]. Further, increased levels of
extracellular alarmins are associated with the release of
pro-inflammatory cytokines including IL-6, IL-8, and IL-
1B, which recruit macrophages to the local area, thereby
increasing the inflammation [25]. Attenuation of artificially
induced OA in mice after removing the activated macro-
phages suggests the therapeutic potential of removal of
inflammatory stimuli in attenuating the progression of OA
and indicative of the role of inflammation in OA patho-
genesis [25].

Since S100 proteins recruit macrophage and increase
inflammation, the presence of macrophage in degenerating
cartilage in our previous study [4] and in osteoarthritic
cartilage in this study correlates with the higher levels of
S100A8 and S100A9 in the knee joint compared to the hip
joint. Higher expression of macrophages and S100 proteins
in the knee joint cartilage is indicative of higher inflam-
mation in knee compared to hip joint. Further, obesity is a
risk factor for OA, the association of mechanical stress
with the increased release of alarmins rather than systemic
environment or factors, and high BMI of patients in our
study (average BMI = 35.2, average BMI in patients with
hip replacement = 33.9, and average BMI in patients with
total knee replacement = 36.5) links the release of alar-
mins, inflammation, and OA [25, 44]. The significantly
increased immunoreactivity of SI00A8 and S100A9, gene
expression of S100A8, and increased gene expression of
S100A9 in OA knee cartilage compared to OA hip joint
cartilage suggest that mechanical stress could have the
differential effect on the release of these alarmins and the
pathogenesis of OA. Higher immunopositivity and gene
expression of S100A8 and S100A9 in the knee and hip
joints compared to the fat tissue observed in this study
suggest the role of mechanical stress and cellular damage
in the secretion of these alarmins [45].

Minimal or no expression of DAMPs in the fat tissue
from the OA knee and hip joints in our study and increased
levels of macrophage and other mediators of inflammation
documented in previous studies suggest that fat tissue
around the knee and hip joints may play a systemic role in
increasing the inflammation [4]. Since macrophages play a
significant role in the pathogenesis of OA, activated
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macrophages signify inflammation, and fat is not load-
bearing, these findings support the theory that DAMP
expression increases more from mechanical stress than
systemic inflammation [4, 25, 46, 47]. The association
between the increased mechanical stress, increased level of
DAMPs, and cartilage loss has been documented [48, 49].
Obesity, a risk factor for OA, increases compression forces
due to increased body mass and increases shear forces by
affecting gait. The hip joint, when affected by an increase
in body weight, is more resistant to cartilage degradation
than the knee joint [28]. Thus, obesity may affect the
pathogenesis of OA through increasing the inflammation
and shear stress. The different weight-bearing capacity of
the knee and hip joints could also affect the pathogenesis of
OA by regulating the secretion of mediators due to carti-
lage damage and inflammation (HMGB-1, RAGE,
S100A8, and S100A9). The hip is more effective at bearing
weight than the knee, so compression forces are less of a
contributing factor to cartilage degradation and release of
DAMPs. The greater relationship between obese patients
with OA of the knee than the OA of the hip and increased
stress on the knee joint than hip joint may lead to more
mechanical damage in knee joint compared the hip joint
[28]. The significantly increased expression of HMGB-1,
RAGE, S100A8, and SI00A9 in OA knee joint compared
to OA hip joint observed in this study supports the asso-
ciation between differential weight-bearing capacity and
release of DAMPs.

Although inflammation as a direct causative factor in the
pathogenesis of OA has not been proved, increased local
inflammation acts in accordance with increased DAMPs to
contribute to the disease process [18, 21, 27]. The significantly
increased expression of DAMPs in OA knee and hip joints in
this study appears to be due to an increased mechanical load on
the knee and hip joints. Interestingly, the patient with the
greatest BMI had osteoarthritis of the knee and was the
youngest. Further, higher BMI of the patients and increased
expression of DAMPs signify the presence of local and sys-
temic inflammation and its role in the pathogenesis of OA. The
majority of joints examined in this study were knee and hip
joints from females and only one hip and one knee joint were
from the male patient. This suggests that the sex of the patient
may be a factor affecting the development of the OA, with a
higher prevalence for female sex [50].

Conclusion

The findings of our study signify that DAMPs play a sig-
nificant role and make the difference in the pathogenesis of
knee and hip joint OA. Further, inflammation, obesity,
mechanical and shear stress, and aging collectively affect
the joint homeostasis. Since DAMPs (HMGB-1, RAGE,

S100 proteins) play a crucial role in OA pathogenesis, they
may act as potential novel targets for decreasing the
inflammation in the joint, attenuating the progression, and
treatment of OA [51, 52]. HMGB-1 has been suggested as a
target to modulate the immunity in chronic inflammation
[20, 53]. Similarly, the reduction of the severity of AGE-
induced arthritis with pioglitazone by decreasing the
AGEs, and antioxidant action of polyphenols via anti-
glycation and MMP inhibition to decrease inflammation
has been discussed [39].

Limitations of the study

The limited number of patients is a major limitation of this
study. The confounding factors such as the distribution of
body fat, current medications, current medical status, and
history of trauma were unknown for all patients and could
have impacted the results of the study. Despite these lim-
itations, our study strongly highlights the potential role of
DAMPs in OA pathogenesis and the differential patho-
genesis in knee and hip joints.
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