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SUMMARY

Objectives: Osteoarthritis (OA) is a debilitating and heterogeneous condition, characterized by various levels
of articular cartilage degradation, osteophytes formation, and synovial inflammation. Multiple evidences
suggest that synovitis may appear early in the disease development and correlates with disease severity and
pain, therefore representing a relevant therapeutic target. In a typical synovitis-driven joint disease, namely
rheumatoid arthritis (RA), several pathotypes have been described by our group and associated with clinical
phenotypes, disease progression, and response to therapy. However, whether these pathotypes can be also
observed in the OA synovium is currently unknown.
Methods: Here, using histological approaches combined with semi-quantitative scoring and quantitative
digital image analyses, we comparatively characterize the immune cell infiltration in a large cohort of OA
and RA synovial tissue samples collected at the time of total joint replacement.
Results: We demonstrate that OA synovium can be categorized also into three pathotypes and characterized
by disease- and stage-specific features. Moreover, we revealed that pathotypes specifically reflect distinct
levels of peripheral inflammation.
Conclusions: In this study, we provide a novel and relevant pathological classification of OA synovial in-
flammation. Further studies investigating synovial molecular pathology in OA may contribute to the de-
velopment of disease-modifying therapies.
© 2023 The Author(s). Published by Elsevier Ltd on behalf of Osteoarthritis Research Society International.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Introduction

related to the individual aging process, increasing evidence de-
monstrates that complex and heterogeneous pathophysiological

Osteoarthritis (OA) affects over 500 million people worldwide
with a huge socio-economic burden'? and is mainly characterized by
the degradation of articular cartilage, the formation of osteophytes,
and various degrees of synovial inflammation collectively leading to
loss of joint function. Although OA has long been
considered a degenerative “wear and tear” disease predominantly
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mechanisms underline the development of this disease. Indeed,
various OA phenotypes, based on clinical, laboratory, imaging, or
etiologic features, with distinct possible underlying aetiologies and
pathogenic pathways have been defined over the years.”™. Re-
cognized clinical phenotypes of knee OA include, for instance, pa-
tients with chronic pain, metabolic syndrome, or inflammatory
features. Overall, the implementation of standardized definitions,
statements, and reporting recommendations provides a useful fra-
mework for the design of phenotype-specific interventions.®
Among the various tissues affected by OA, clinical, imaging, his-
tological, and molecular analyses have now identified the synovial
tissue and its inflammation as major players in both pain and
structural progression of the disease.” Importantly, strong evidence
suggests that synovitis is observed prior to the development of
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radiographic OA® and correlates with radiographic severity, cartilage
damage, and pain throughout disease progression.”'° A recent study
from the Osteoarthritis Initiative analyzing 4-year magnetic re-
sonance imaging (MRI) data from 249 patients further confirmed
that sustained synovitis is associated with progressive OA."’

The OA synovium is characterized by a variable infiltration of innate
and adaptive immune cell types. Particularly macrophages and CD4" T-
cells have been shown to be predominant in this tissue and to correlate
with either disease activity and progression or pain.'”"* In addition to
producing a variety of pro-inflammatory and pro-catabolic mediators
that sustain local cell activation and drive cartilage degradation, OA sy-
novial immune cells establish a complex crosstalk with stromal cells,
such as chondrocytes or fibroblasts like-synoviocytes.'* The Krenn'’s sy-
novitis score is the best-known histological assessment of synovial in-
flammation in arthropathies, including OA and rheumatoid arthritis
(RA).”> However, although it is based on three reproducible histo-
pathological criteria, including the thickness of the lining layer, the cel-
lular density of the synovial stroma, and the presence of a leukocytic
infiltrate, it does not take into consideration the individual features and
distributions of the synovial immune cells. In RA, a prototypical syno-
vitis-driven disease, our group previously described three synovial his-
tological pathotypes: (1) lympho-myeloid, characterized by the presence
of B/T cells forming highly organized ectopic lymphoid structures (ELS),
plasma cells, and macrophages in the sublining; (2) diffuse-myeloid,
marked by a predominant infiltration of CD68" synovial cells (mono-
cytes, macrophages) without distinctly organized follicular structures;
and (3) pauci-immune, defined by a scant immune cell infiltrate and a
fibroblast-rich stroma. Importantly, these pathotypes are associated with
clinical phenotypes and can stratify clinical response to therapy and
predict the radiographic progression in RA.'°'® Whether these patho-
types can be also observed in the OA synovium is currently unknown.

Here, for the first time, we aimed to characterize the immune cell
infiltration in end-stage OA synovium in comparison with RA and its
relationship with clinical features. We suggest a new classification of
OA synovial inflammation based on histological pathotypes and
provide hypotheses for future target identification and novel ther-
apeutic development.

Method
Patients’ recruitment and tissue processing

Patients with a diagnosis of OA (n = 185) or RA (n = 29),"” un-
dergoing knee, hip (OA and RA), or wrist (RA only) arthroplasty at
Newham University Hospital (Barts Health NHS Trust) were enrolled
in the EMR Biobank study (referred as “end-stage” OA and RA) [REC
Ref. No. 07/Q0605/29]. Synovial tissue was detached from the whole
joint and removed during arthroplasty. Clinical data, including age,
sex, site of the procedure, and complete blood counts were collected
for each patient. Ultrasound-guided synovial biopsies collected from
large joints (knees) from RA patients at different disease stages were
also analyzed: i) Early (< 12 months) Disease Modifying Anti-Rheu-
matic Drugs (DMARDs)-naive patients (referred as “treatment-naive
RA”) were enrolled as part of the “Pathobiology of Early Arthritis
Cohort” (PEAC, http://www.peac-mrc.mds.qmul.ac.uk, REC 05/
Q0703/198)'%; ii) Conventional synthetic (cs) DMARDs-inadequate
responder (IR) RA patients (referred as “csDMARDs IR RA”) were
enrolled as part of the “Stratification of Biologic Therapies for RA by
Pathobiology” (STRAP, https://matura-mrc.whri.gmul.ac.uk/) [REC
14/WA/1209]; iii) patients who received csDMARDs and at least one
anti-tumour necrosis factor (TNF) (referred as “anti-TNF IR RA”)
were enrolled as part of the “rituximab vs tocilizumab in anti-TNF
inadequate responder patients with rheumatoid arthritis” R4RA trial
(https://r4ra-nihr.whri.qmul.ac.uk/) [REC 12/WA/0307].*° To avoid
the potential bias related to different joint sizes, the analysis

involving disease stage comparison in OA and RA was performed on
a subselection of OA (n = 117) and RA (n = 19) end-stage patients
whose synovial tissue was retrieved from the knee joint only. All
patients gave written informed consent. Following fixation, all sy-
novial samples spanning different locations within the joint were
embedded in paraffin for histological characterization. Two to three
blocks per patient were prepared.

Histology and immunohistochemistry

Sequential 3-pum-thick sections of synovial tissue underwent
hematoxylin and eosin (H&E) and immunohistochemical staining to
check the quality of the tissue, determine the level of inflammation,
and the degree of cellular infiltration by B cells (CD20", Agilent
Technologies, Santa Clara, CA, USA), T cells (CD3*, Agilent
Technologies), plasma cells (CD138*, Agilent Technologies), and
lining (L) or sublining (SL) monocytes/macrophages (CD68", Agilent
Technologies). Sections were digitally scanned using Nanozoomer
S$210 (Hamamatsu Photonics, Hamamatsu City, Japan). Synovitis
scores were attributed according to the Krenn's classification as
follows: no synovitis (scores 0 or 1), low-grade synovitis (scores
2-4), or high-grade synovitis (scores 5-9).'°> Synovial samples were
also categorized into three pathotypes (pauci-immune, diffuse-
myeloid, and lympho-myeloid) following semi-quantitative scoring
of CD20, CD138, CD3, CD68-L, and CD68-SL staining according to the
previously published reports'®?! and to the following criteria: i)
lympho-myeloid: CD20 > 2) and/or CD138 2 2; ii) diffuse-myeloid:
CD68-SL > 2, CD20 < 1 and/or CD3 2 1, CD138 < 2, and iii) pauci-
immune: CD68-SL < 2 and CD3, CD20, CD138 < 1. Krenn’s scoring
and CD markers semi-quantitative scoring were performed by two
independent observers. The percentage of concordance between the
observers was very high and if the pathotype attributed by each
observer was different, a consensus was reached. In addition, but if
two distinct histopathological categorizations were attributed for
two distinct blocks of the same patient, we always followed the
same rule and the worst score/pathotype was considered for further
analysis.

Quantitative digital image analyses were also performed on a
subset of OA patients spanning various synovial histological features
based on prior semi-quantitative scoring (n = 37, including 7 pauci-
immune, 15 diffuse-myeloid, and 15 lympho-myeloid) to determine
the percentage of CD20, CD3, CD138, or CD68-positive cells within
the tissue using QuPath software v0.3.0.”

Statistical analyses

Differences in continuous variables were evaluated by the non-
parametric Mann Whitney U test (two groups) or the parametric
Student’s t test (two groups) or Kruskal Wallis with Dunn’s post-test
(multiple groups). Chi-square/Fisher’s exact test was used to eval-
uate associations of categorical variables. Correlations were eval-
uated by Spearman’s bivariate analysis. Statistical analyses were
performed using GraphPad Prism-v9 software (Graphpad, San Diego,
CA, USA). Data are shown as median and interquartile range and
p-values <0.05 were considered significant.

Results

Synovial tissue from end-stage OA can be categorized into three
pathotypes

First, we compared end-stage OA and RA synovial tissues collected
during joint replacement. Clinical and demographic features of the 185
OA and 29 RA patients included in this study are summarized in
Supplementary Table 1. Following H&E staining of OA and RA synovium
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A novel histopathological pathotypes classification of synovial tissues from osteoarthritis (OA) knees and hips. (A) Sections of OA synovium were
stained with hematoxylin and eosin and classified as per Krenn’s score as “none” (0-1), “low” (5-4), and “high” (5-9) inflammatory tissues.
Representative images are shown for each category. Scale bar=50 pm. (B) Bar chart (upper panel) and table (lower panel) representing the
distribution of each Krenn’s score category (“None” in black, “Low” in pink, and “High” in red) in end-stage OA (n=185) in comparison with
rheumatoid arthritis (RA, n =29). ns, non-significant, as assessed by the Fisher’s exact test. (C) Sections of OA synovium were stained with CD3
(T cells), CD20 (B cells), CD138 (plasma cells), and CD68 (monocytes/macrophages) antibodies. Representative images are shown for each
pathotype (pauci-immune, diffuse-myeloid, and lympho-myeloid). Scale bar=50 um. (D) Bar chart (upper panel) and table (lower panel) re-
presenting the distribution of each pathotype (“pauci-immune” in gray, “diffuse-myeloid” in orange, and “lympho-myeloid” in blue) in end-stage
OA (n=185) and RA (n=29). ns, non-significant, as assessed by the Fisher’s exact test. (E) Bar chart representing the distribution of Krenn’s
categories (“none” 0-1, “low” 5-4, and “high” 5-9) in each pathotype group (“P-I” pauci-immune, “D-M” diffuse-myeloid, “L-M”, lympho-
myeloid) in synovium from patients with end-stage OA (n = 185). p-value was calculated using the Fisher’s exact test.

represented in Fig. 1A, in keeping with previously published data,”” we
observed that the proportion of RA synovial tissue exhibiting a high
Krenn's score was increased, although not significantly (p = 0.05, in end-
stage RA compared to OA tissues), with a higher proportion of tissues
presenting no synovitis or a low-grade synovitis in the OA group (re-
spectively 48.10% and 27.59% of synovium belonging to the “None” or
“Low” group in OA and RA) (Fig. 1B).

Next, we investigated the presence of synovial pathotypes in OA,
namely pauci-immune, diffuse-myeloid, and lympho-myeloid, de-
fined based on CD3" T cells, CD20" B cells, CD138" plasma cells, and
CD68* monocytes/macrophages synovial infiltration (Fig. 1C), as
described in Methods section. The pathotype distribution showed no
statistically significant difference between end-stage OA and RA
synovium (p=0.11) (Fig. 1D), with a significant enrichment of the
lympho-myeloid pathotype, characterised by infiltration of B and T
cells, in RA synovia (79.31%) compared to OA (58.92%) (p-value L-M
compared to non-LM 0.04). Importantly, we confirmed the non-re-
dundancy between both classification systems, as each pathotype
group was composed of patients from different Krenn's categories
(Fig. 1E).

Notably, when evaluating the prevalence of each pathotype in
both OA and RA according to the site of procedure (knee, hip, wrist),
there was no difference in the location-specific distribution of the
pathotypes at this end-stage disease (Supplementary Table 2).

Comparison of Krenn’s and pathotypes synovial classifications in knees
of OA and RA patients reveals disease and stage-specific features

Following the definition of a new application of synovial patho-
type classification to OA synovium, we next compared both Krenn'’s
score and pathotypes distribution in OA with various stages of RA.
The histological features of RA tissues harvested from the knees of
early treatment-naive patients (PEACohort), csDMARDs IR (STRAP
trial), and anti-TNF IR (R4RA trial) patients were compared with end-
stage OA and RA. To avoid the potential bias related to different joint
sizes, we only selected biopsies from large joints (knees) for this
comparison. Although the groups were homogeneous according to
sex distribution, the age was significantly different across disease
stages, as one would expect (Supplementary Table 3).

When looking at the degrees of synovial inflammation in OA vs
RA, Krenn'’s scores were variable in the distinct RA-stages groups and
relatively different compared to the distribution observed in OA,
especially for csDMARDs IR (p=0.05), anti-TNF IR (p=0.02) and,
end-stage RA (p=0.06) (Fig. 2A). As for the pathotype distribution,
we observed a relative increase of the lympho-myeloid pathotype
prevalence in RA synovial tissue from early to late-stage disease in
the knee joints (Fig. 2B, not significant between naive and end-stage
RA). Except for the csDMARDs IR group (p=0.01), the pathotype
distribution did not show significant difference between OA and RA

(Fig. 2B), but our analysis may be underpowered due to the design of
the study and the differences in group size.

Interestingly, the histopathological categorization of end-stage
OA synovial tissues revealed that the frequency of each synovitis
score group and pathotype category was close to the one observed in
early treatment-naive RA, although our analysis may be under-
powered to draw a definitive conclusion (Fig. 2A, B).

Semi-quantitative scoring of OA synovial immune cell infiltration is
confirmed by digital image analysis and distinguishes synovium from
different diseases

To approve the semi-quantitative scoring system of immune cells
infiltrate established by our group on RA synovial sections,'® and
also applied to other inflammatory diseases such as psoriatic ar-
thritis,”® in the context of OA, we next selected OA synovial tissues
spanning various histological features (including 7 pauci-immune,
15 diffuse-myeloid, and 15 lympho-myeloid) to perform digital
image analysis. Following cell segmentation, we defined the per-
centage of positive and negative cells for each selected marker of
immune cells, namely CD3 for T cells, CD20 for B cells, CD138 for
plasma cells, and CD68 for monocytes/macrophages (Fig. 3A). Im-
portantly, we showed a significant positive correlation between each
CD semi-quantitative score and the respective percentage of positive
cells assessed by digital image analysis (Fig. 3B), therefore approving
our semi-quantitative scoring methodology also for OA tissues. Both
the percentages of CD3", CD20", CD138", and CD68" cells, as well as
semi-quantitative scores were compared between the three patho-
types (Fig. 3C). Both methods allowed an accurate distinction of the
immune cell infiltrate between either pauci-immune and lympho-
myeloid, or diffuse-myeloid and lympho-myeloid pathotypes. How-
ever, on this selection of patients, the semi-quantitative scoring
system was more powerful than the digital image analysis to dis-
tinguish the pauci-immune and diffuse-myeloid infiltrate.

Finally, we compared the semi-quantitative scores for each CD
marker in the full cohort (n =185 OA and 29 RA) and noted that the level
of synovial immune cell infiltration in pauci-immune and diffuse-mye-
loid appeared similar in OA and RA (Fig. 3D). Moreover, not only the
lympho-myeloid pathothype was relatively enriched in RA synovia
compared to OA, although not significantly, (Fig. 1D), but we also re-
vealed that within this pathotype, among the different immune cells
analyzed, the T cells and the sublining macrophages were significantly
more represented in the RA tissues compared to OA (Fig. 3D).

OA synovial pathotypes, but not Krenn'’s scores, reflect different degrees
of peripheral inflammation

To assess the clinical relevance of this pathotype classification in
OA, we next investigated the relationship between pathotypes and
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Comparison of Krenn’s and pathotypes synovial classification in knees of osteoarthritis (OA) and rheumatoid arthritis (RA) patients across

disease stages. (A-B) Bar charts representing the distribution of each Krenn’s score category (panel A, “None” in black, “Low” in pink, and
“High” in red) and pathotype (panel B, “pauci-immune” in gray, “diffuse-myeloid” in orange, and “lympho-myeloid” in blue) in synovium from
patients with end-stage OA knees (n=117) and RA patients who were, at the time of the tissue collection, either treatment-naive (n=35),
conventional synthetic (cs) Disease-Modifying Anti-Rheumatic Drugs (DMARDs, n = 52) inadequate responders (IR), anti-Tumor Necrosis Factor
(TNF) IR (n = 36), or at the end-stage of their disease (n=19). *p < 0.05, ns non-significant, p-values were calculated using Fisher’s exact test by

comparing the end-stage OA group and each RA stage.

clinical variables, such as age, sex, and complete blood count.
Neither the Krenn's nor the pathotype classification associated with
the age (Fig. 4A, B) or the sex (Fig. 4C) of the patients. While the
Krenn’s synovitis classification did not associate with blood cell
counts (Fig. 4D, upper panels), the patients with distinct synovial
pathotypes exhibited significant changes in their blood cell com-
position (Fig. 4D, lower panels). The presence of a lympho-myeloid
synovial pathotype was indeed associated with a lower hemoglobin
values and lymphocytes count compared to the pauci-immune pa-
thotype. Accordingly, both the circulating monocytes-to-lympho-
cytes ratio (MLR) and the neutrophils-to lymphocytes ratio (NLR)
were increased for these patients. Of note, patients with a diffuse-
myeloid pathotype presented an intermediate profile with a reduced
count of lymphocytes and reduced MLR compared to pauci-immune
patients (Fig. 4D, lower panels). Moreover, OA patients with a
lympho-myeloid pathotype had similar or higher hemoglobin levels,

lymphocytes count, and MLR/NLR compared to RA patients ex-
hibiting the same synovial pathotype (Supplementary Figure 1).

Considering the known link between sex and OA development,>* we
performed the same analysis on females and males separately. As ex-
pected, females had lower hemoglobin level, red blood cells, and
monocytes counts compared to men (data not shown). The percentage of
females in each pathotype group was similar (Supplementary Table 4),
and interestingly, the significantly decreased hemoglobin level pre-
viously highlighted in OA patients with a lympho-myeloid pathotype
was only observed in females (Figure 4E). However, lymphocytes count,
MLR, and NLR results were not affected by the sex (Fig. 4E).

Discussion

Synovial tissue presents significant changes over the course of OA
and synovitis correlates with OA severity and pain,’ therefore
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Quantitative and semi-quantitative scoring of immune cells infiltration distinguish osteoarthritis (OA) synovial pathotypes. (A) Digital image

analysis was performed on OA synovial tissue sections using QuPath software.”” A representative picture of both the immunohistochemistry
original (upper panel; 3,3’-Diaminobenzidine (DAB)-positive cells in brown, nuclei in blue) and segmented (lower panel; DAB-positive cells are
circled in light blue, DAB-negative cells in pink) images is shown. Scale bar =50 um. (B) Correlation between the percentage of CD3*, CD20*,
CD138", and CD68" positive cells and the semi-quantitative scores for inflammatory cells markers CD3, CD20, CD138, and CD68 (total score of
both lining and sublining monocytes/macrophages), respectively. p-values were calculated using Spearman correlation test. The analyses were
performed on a selection of 37 OA synovial sections, including n=7 pauci-immune, n=15 diffuse-myeloid, and n=15 lympho-myeloid. (C)
Percentage of CD3*, CD20*, CD138*, and CD68" positive cells (upper panels) and CD3, CD20, CD138, and CD68 (total score of both lining and
sublining monocytes/macrophages) semi-quantitative scores (lower panels) in pauci-immune (P-l, n =7, gray dots), diffuse-myeloid (D-M, n=15,
orange dots), and lympho-myeloid (L-M, n = 15, blue dots) OA synovial sections. **p < 0.001, ***p < 0.0001, as assessed by the Kruskal-Wallis
test with Dunn’s post-test. Individual dots represent each patient, and median and interquartile range are represented for each condition. (D)
CD3, CD20, CD138, lining CD68 (CD68-L), and sublining CD68 (CD68-SL) semi-quantitative scores in synovial tissues from OA (circle dots) and
rheumatoid arthritis (RA, square dots) patients presenting a pauci-immune (P-I, n=12 OA, n=1 RA, gray dots), diffuse-myeloid (D-M, n =64 OA,
n=>5 RA, orange dots), or lympho-myeloid (L-M, n=109 OA, n=23 RA, blue dots). **p < 0.01, ***p < 0.001, as assessed by the Mann-Whitney
test comparing OA and RA conditions exclusively in the D-M and L-M groups for each marker. Individual values, median and interquartile range

are shown.

representing a relevant target for therapeutic intervention. OA is a
phenotypically heterogeneous disease driven by a variety of etiolo-
gical and pathological factors® and little is known about the re-
lationship between synovial histopathological features and clinical
features. Moreover, the best-known histological assessment of sy-
novial inflammation, represented by the Krenn’s score categoriza-
tion, cannot distinguish specific patterns associated with clinical
presentation. Here, we proposed a categorization of OA synovial
inflammation based on histological pathotypes described and vali-
dated in RA, and provided novel insights for future consideration of
the relationship between synovitis and OA clinical features.

First, we observed recurrent patterns of synovial inflammation, or
pathotypes (pauci-immune, diffuse-myeloid and lympho-myeloid) in a
large cohort of OA patients, as previously highlighted by our group in the
context of RA, a chronic synovitis-driven joint disease '°'¢, We described
a robust categorization of OA synovial tissues, based on semi-quantita-
tive scores of immune cells infiltration corroborated by digital image
analysis. In line with previous publications, we found that a high Krenn’s
score was more common in RA compared to OA," with, respectively,
72.41% of RA and 51.89% of OA synovium belonging to this category.
Although the lympho-myeloid pathotype was significantly more re-
presented in the RA synovia, over half of the OA patients presented this
pathotype characterized by the presence of ELS. ELS are highly organized
structures able to sustain autoimmunity in RA and are associated with a
more aggressive and erosive disease.””>” However, the role of ELS in OA
has not been investigated and several hypotheses, such as the presence
of debris resulting from joint failure and cartilage degradation in the
joint environment, or the chronic joint inflammation may explain the
development of the lymphocytic aggregates. Whether ELS could parti-
cipate in the formation of recently described autoantibodies found in
0A*%%? also deserves further investigation. In studies focusing on various
chronic inflammatory joint diseases including RA, OA is often considered
as a negative control (seronegative and non/low inflamed synovium),
however, the full spectrum of OA synovial inflammatory features must
now be considered.

Synovial immune cells infiltrating a relatively high proportion of
OA synovium, through their secretion of a plethora of inflammatory
and catabolic factors, can undeniably participate in local and low-
grade peripheral inflammation characterizing OA patients ° and
may lead to the later development of other chronic conditions, such
as metabolic syndrome.>' Here, for the first time, we highlighted a
potential link between synovial pathotypes in OA, in particular the
presence of a lympho-myeloid pathotype, with markers of low-grade
inflammation, such as relative anemia and lymphopenia. These re-
sults emphasize that OA may be considered as a whole-body disease

instead of joint- or even cartilage-restricted condition.>” Other stu-
dies indeed highlighted a compromised immune cell composition in
the blood of OA patients, which may also be accentuated with
aging.”® Additional peripheral parameters linked to synovial histo-
pathology in RA,'® such as the erythrocyte sedimentation rate or C-
reactive protein levels, may be included in future studies to better
assess the relationship between OA pathotypes and peripheral
changes. Our results also highlighted that both MLR and NLR, two
parameters associated with OA and with the Kellgren-Lawrence
score of x-ray OA intensity,>*>° were significantly different in dis-
tinct synovial pathotypes, calling for further investigations of the
relationship between histopathology and both OA joint inflamma-
tion and degradation. As such, the relationship between synovial
pathotype and the level of joint cartilage damage, assessed by the
radiographic Kellgren-Lawrence score, or the Osteoarthritis Research
Society International (OARSI) scoring of Safranin-O Fast green car-
tilage staining should be considered in future studies. In addition,
metabolic changes and obesity have been shown to influence sy-
novitis features in RA,*’ and, considering the importance of meta-
bolic changes in OA and the impact of obesity on the transcriptomic
profile and distribution of synovial cells, it appears important to
further dissect the relationship between synovial histopathology and
the body mass index. Finally, as pain is a major driver of OA and
specific features of synovitis have been associated with distinct le-
vels of pain for the patients,®>° collecting indications on pain,
stiffness, and physical function (e.g., Western Ontario and McMaster
Universities Arthritis Index) will be of particular importance in the
future. Follow-up studies should therefore be carefully designed to
validate our findings and to further investigate the above-mentioned
aspects. Importantly, in line with the established link between sex
and OA development,** we highlighted that OA female patients were
more prone to exhibiting a low hemoglobin level associated with the
presence of the lympho-myeloid pathotype, emphasizing that sex-
specific parameters should be monitored in OA studies.

We further analyzed the distribution of Krenn’s and pathotype
categories in synovial tissues harvested from the knees of patients
with OA and various stages of RA. Importantly, as our work was
based on sample availability and not on power calculations a priori,
the number of patients included in each group (185 OA, 29 RA) was
very different, and our analysis may be underpowered to draw de-
finitive conclusions about disease comparison. In line with what
we previously published,'” we confirmed that the lympho-myeloid
pathotype is increasingly represented as the RA stage progresses
toward long-standing disease. Here, we showed similar synovial
pathotypes distribution between OA and early treatment-naive RA
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Osteoarthritis (OA) synovial pathotypes, but not Krenn’s scores, are associated with distinct blood cell counts and reflect different grades of

peripheral inflammation. (A) Age (in years) of the OA patients presenting a synovial tissue classified as “none” (score 0-1, n=7), “low” (score 24,
n =82), or “high” (score 5-9, n=96) according to the Krenn scoring system (left panel) or as pauci-immune (P-l, n=12), diffuse-myeloid (D-M,
n=64), or a lympho-myeloid (L-M, n=109) synovial pathotype (right panel). p-value was calculated using the Kruskal-Wallis test with Dunn’s
post-test and was not significant. (B) Bar chart representing the distribution of female and male patients in each Krenn’s score category (left
panel, “none” 0-1, “low” 5-4, and “high” 5-9) and pathotype group (right panel, “P-1” pauci-immune, “D-M” diffuse-myeloid, and “L-M” lympho-
myeloid) in synovium from patients with end-stage OA (n = 184). p-values were calculated using the Fisher’s exact test and were not significant.
(C) Peripheral hemoglobin level (g/L), lymphocyte count (10%L), monocyte-to-lymphocyte ratio (MLR), and neutrophil-to-lymphocyte ratio (NLR)
in patients with end-stage OA (n=185) presenting each Krenn’s score category (upper panels; “None” in black, n=7; “Low” in pink, n=82;
“High” in red, n=96) or pathotype group (lower panels; pauci-immune “P-I" in gray, n = 12; diffuse-myeloid “D-M” in orange, n = 64; lympho-
myeloid “L-M” in blue, n=109). *p < 0.05, **p < 0.01, **p < 0.001, as assessed by the Kruskal-Wallis test with Dunn’s post-test. (D) Peripheral
hemoglobin level (g/L), lymphocyte count (10%L), MLR, and NLR in female (n = 124, black circle dots) and male (n = 60, white diamond-shaped
dots) patients with end-stage OA presenting a pauci-immune (“P-I" in gray, n=12), a diffuse-myeloid (“D-M” in orange, n =64), or a lympho-
myeloid (“L-M” in blue, n=108) pathotype. *p < 0.05, ***p < 0.001, as assessed by the Kruskal-Wallis test with Dunn’s post-test. (A, C, D)

Individual dots represent each patient, median, and interquartile range are represented for each condition.

synovial tissue, calling for further analysis to confirm this result with
two groups of balanced size. Of note, we demonstrated here that
knee and hip joints exhibited similar pathotypes repartition at late
stage of OA. Unfortunately, our retrospective study only included OA
synovial samples harvested at the time of total joint replacement,
when pain and mechanical restrictions caused by OA are established
and therefore considered as late/end-stage. Various synovial cell
composition comparatively in early and late OA have been recently
uncovered®® and the encouraging results presented herein should
now prompt further clinical studies to investigate the influence of
disease stage on synovial histopathology and establish a potential
relationship with early clinical manifestations. In addition, con-
sidering the possible histopathological variation overtime, influ-
enced for example by treatment exposure, as previously described
by our group in the context of RA,"” should also prompt the devel-
opment of longitudinal histopathological analysis in the context
of OA.

The new application of synovial pathotype classification to OA
synovium described herein allows to take into consideration the
major synovial immune cells proportion and to compare disease-
specific features. The main disease-specific changes regarding im-
mune cell infiltrate were observed in the lympho-myeloid group. We
found that CD3* T cells and CD68* monocytes/macrophages located
in the sublining part of the synovium were present in higher pro-
portions in RA compared to OA. According to previous studies re-
porting a key role for macrophages in OA pathophysiology and the
benefit of targeting these cells in OA mouse models,*’ the large
spectrum of macrophage population described in the context of
chronic joint disease should be considered for future preclinical in-
vestigations.”! Moreover, a distinct distribution of macrophages
within the sublining layer of OA and RA synovium described by
Mucke and colleagues*” may also have pathophysiological implica-
tions. We did not show significant differences in the total CD20" B
cells or CD138" plasma cells infiltrate between OA and RA. While
these results confirmed recent findings on 5 OA and 5 RA syno-
vium,*® the authors also highlighted that specific immunoglobulin
G4 (IgG4)-secreting CD138" plasma cells were more represented in
RA,** in line with the close link between IgG4 and autoimmunity.**

Although promising therapeutic strategies have been proposed
over the years and encouraging results obtained in pre-clinical stu-
dies to avert or slow down the progression of OA, the inability to
adequately treat OA with disease-modifying drugs and prevent the
joint damage remains still a major unmet need.*> The failure to
identify subgroups of patients who may better respond to either
chondroprotective, or anti-inflammatory drugs may be the reason

why trials have failed so far. Here, we proposed a novel and relevant
classification of OA synovial inflammation based on histopatholo-
gical pathotypes, which may facilitate OA patients’ stratification and
the development of more personalized therapeutic strategies in the
future.
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