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Objectives: Krenn synovitis Score has been developed by Krenn et al. in order to assess synovitis severity
and is used in synovial research. Cell signature of synovial tissue can be studied using immunohisto-
chemistry and is of interest as a biomarker for both prognosis and prediction of response to treatment.
However, no synovitis score including immunohistochemistry exists yet. In order to answer this unmet
need, we propose a new Immunologic Synovitis score (IMSYC) adding 5 components to the Krenn score:
CD68, CD3, CD20, CD31 and Ki67 immunostaining. In this study, we aimed to validate this new IMSYC by
studying its diagnostic performances in a well-defined collection of synovial samples.
Methods: Synovial samples from patients were obtained during surgical procedures. CD68, CD3, CD20,
CD31 and KI67 immunohistochemistry were performed.
Results: In total, 77 patients were included. In total, 45 were females, mean age was 63.1 years. Forty had
inflammatory arthritis, mainly rheumatoid arthritis (31/40). Non inflammatory arthritis group included
35 patients with mainly osteoarthritis. Mean Krenn score and IMSYC were significantly higher in the
inflammatory group (P < 0.001). ROC analysis of diagnostic performances determined the score of 13.5
out of 24 as the cut-off that gave the best ratio for discrimination between inflammatory and non-

inflammatory arthritis with a sensitivity of 71.8% and specificity of 98%.
Conclusion: We propose a new synovitis score including immunohistochemistry. This score has a better
sensitivity and specificity than the Krenn score and represents a more functional synovitis evaluation.
IMSYC could be further used in better categorizing synovial tissue phenotype and give a basis for tissue
driven therapy.

© 2018 Société française de rhumatologie. Published by Elsevier Masson SAS. All rights reserved.
. Introduction

Interest among synovial biopsies has expanded over the past

ew years, with development of minimally invasive techniques
1]. Synovial biopsies are more and more widely used in clinical
etting for diagnostic purposes [2] and translational research set-
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ting. Moreover, the use of synovial membrane as a biomarker in
rheumatic diseases (RMDs), especially in rheumatoid arthritis (RA)
is a current area of intense research [3]. Immunohistochemistry
(IHC) is frequently used for a better and more functional charac-
terization of synovitis, and study of synovial membrane at a CD
level can give valuable information. Pitzalis and colleagues have
described different synovial pathotypes among RA patients based

on cell signatures, studied with immunohistochemistry (IHC) [4].
Those pathotypes are associated with molecular signatures [5] and
are highly suspected to have a close relationship with the clinical
course of the disease, prognosis and also with therapeutic response
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r resistance to treatment. Indeed, it is highly probable that syn-
vial tissue analysis at a cellular and molecular level will be a key
lement for personalized therapy in RA in the next few years.

Cellular analysis of synovitis can be performed by histologi-
al analysis. Krenn synovitis score (KS) has been developed by
renn et al. in 2006 in order to quantify inflammation by scoring 3
ajor components of synovitis: lining layer hyperplasia, activation

f resident cells (stroma) and inflammatory infiltrate. All compo-
ents are graded semi-quantitatively from 0 to 3 with a maximum
core of 9 [6,7]. In the original publication, KS allowed to discrim-
nate low-grade and high-grade synovitis with a cut-off score of

out of 9 with a sensitivity of 61.7% and a specificity of 96.1%.
ollowing this first validation, this score has been internationally
ccepted and used over the past years in translational research for
ynovitis scoring. This is reflected by a high number of citations
8]. However, to perform a more accurate evaluation of synovi-
is at the cellular level, adding immunohistochemistry would be
valuable approach. Indeed, a synovitis score including immuno-
istochemistry is an unmet in the rheumatology field, especially

or translational research.

In this work, we propose to create a new Immunologic Synovitis

core (IMSYC) adding 5 CD components to the Krenn score: CD68
macrophages), CD3 (T lymphocytes), CD20 (B lymphocytes), CD31
endothelial cells) and Ki67 (proliferating cell) immunostaining. In
, CD68, CD20. Each immunostaining: 0–3 score. Krenn Synovitis Score: 0–9 score.

order to validate this score, we first aimed to assess its diagnos-
tic performances in a well-defined clinical collection of synovial
samples.

The objectives of this work were to evaluate the diagnostic per-
formance of this new score including IHC, to define the best cut off
for inflammatory arthritis recognition, and to compare its diagnos-
tic performance with the KS, considered as the gold standard.

2. Methods

2.1. Patient’s samples collection

Synovial samples from patients were obtained during surgery
of arthroplasty or synovectomy with a Ethical Research Agree-
ment (number DC-2011-1399) obtained from the French Ministry
of Social Affairs and Health. All patients gave written consent prior
surgery.

2.2. Synovial tissue immunohistological staining
Synovial tissue was fixed in formalin 4% for 48 hours, embed-
ded in paraffin and 3 �m sectioned (Microtome) as described
previously [9]. Sections were deparaffinised in xylene and dehy-
drated in alcohol and distilled water. Slides were baked for
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Table 1
Demographic and clinical data.

n

Total 77
Demographics

Gender
Female 45 58,4%

Mean age (years) (SD) 63.1 (12.3)
Biopsied joint

Hip 25 32.5%
Wrist 23 29.9%
Knee 16 20.8%
MTP joint 6 7.8%
MCP joint 4 5.2%
Elbow 3 3.8%

Diagnosis
Inflammatory arthritis 41 53.2%

RA 31 75.6%
Rheumatoid factor positive 20 64.5%
Anti-CCP positive 21 67.7%
Das 28 CRP (mean) [SD] 3.5 [1.23]

PsA 4 9.6%
SPA 3 7.3%
UA 2 5%
LES 1 2.5%

Treatment
csDMARDs 31 75.6%

Methotrexate 27 87.1%
Other 4 12.9%

bioDMARDs 10 25%
TNF inhibitors 9 90%
Other 1 10%

31 75.6%
Non inflammatory arthritis 36 46.6%

OA 34 94.4%
PtA 2 5.6%

RA: rheumatoid arthritis; PsA: psoriatic arthritis; SPA: spondyloarthritis; UA: undif-
ferentiated arthritis; CRP: C-reactive protein; mg/L: milligrams per liter; csDMARDs:
conventional synthetic disease modifying anti-rheumatic drugs; bioDMARDs: bio-
A. Najm et al. / Joint B

0 minutes at 97 ◦C in Citrate (Ki67 slides) or EDTA solution (CD3,
D20, CD68 and CD31) for epitope retrieval. Sections were then

ncubated with primary mouse antibodies against human CD68,
D3, CD20, Ki67 (Dako, Denmark) and primary rabbit antibod-

es against human CD31 (Abcam, UK) overnight at 4 ◦C. Slides
ere then incubated with biotinylated secondary anti-mouse or

nti-rabbit antibodies for 1 hour at room temperature. Immunode-
ection was performed using streptavidin HRP-complex, revealed
ith 3,3′-diaminobenyidine (Dako, Denmark). Negative control
as analyzed using a similar procedure without primary antibody.

lides were counterstained with Haematoxylin and mounted.
All slides were stained and scored under blinded conditions.

lides were scored by two reviewers independently for Krenn
core as previously described [7] and for each immunostaining
sing a semi-quantitative 4 scale score (0-3) with [0 = no infiltrate],
1 = mild infiltrate], [2 = moderate infiltrate], [3 = severe infiltrate],
sing a pre-defined atlas (Fig. 1) [10]. The features were added for a
otal score out of 24 (Krenn score 0-9 points, and 0-3 score for each
f the 5 immunostainings).

.3. Statistical analyses

Continuous normally distributed data are presented as the mean
ith standard deviation (SD) and ordinal non-normally distributed
ata are presented as the median with interquartile range (IQR).
rofessional statistician was consulted for statistical design. Dif-
erences between groups were analysed using unpaired (2 tailed)
on-parametric Mann-Whitney tests. Correlations were assessed
sing Spearman correlation test. Univariate analysis was performed
sing logistic regression. Results are presented with Odd Ratio with
5% confidence intervals. Receptor operating curves (ROC) were
erformed and area under the curve were calculated and compared
sing unpaired (2 tailed) non parametric Mann-Whitney test. Sta-
istical analysis was performed using SPSS software

®
. P-values less

han 0.05 were considered significant.

.4. Role of the funding source

The funding sources contributed to the payment of immunohis-
ochemistry material.

. Results

In total, 77 patients were included. 45 were females (58,4%),
ean age was 64.9 years (standard deviation [SD] 12.3 years).
Forty had IA reparsed as follows: 31 Rheumatoid arthritis (RA)

ccording to ACR/EULAR criteria [11], 3 had Psoriatic Arthritis (PsA)
ccording to CASPAR criteria [12], 3 had Undifferentiated arthritis
UA), 2 had Spondylarthritis and 1 had Systemic Lupus according to
CR criteria [13]. In total, 77.5% were treated with csDMARDs (Con-
entional synthetic Disease Modifying Anti-Rheumatic Drugs) and
5% with bioDMARDs (Biologic Disease Modifying Anti-Rheumatic
rugs). For RA patients, mean DAS 28 was 3.5 [Standard deviation

SD) 1.22]. “Non inflammatory” arthritis group included 35 patients
ith Osteoarthritis (OA) and 2 with ligaments or meniscus injuries

Post traumatic Arthritis [PtA]) (Table 1).
Agreement was high between the 2 operators (AN and VK) with

Kappa correlation coefficient of 0.86 [95% Confidence Interval (95
I) 0.71–0.99].

Mean KS and IMSYC were significantly higher in the IA group
P < 0.001) (Fig. 2A).

In univariate analysis by logistic regression, KS (odds ratio [OR]

.9; [95 CI: 1.8–4.7]), CD68 (OR 5.2; [95 CI: 2.4–11.2]), CD3 (OR 6.9;
95 CI: 2.9–15.9]), Ki67 (OR 6.4; [95 CI: 2.9–13.9]), CD31 scores (OR
.4; [95 CI: 3.4–26.6]), and CD20 score (OR 2.6; [95 CI: 1.5–4.6])
ere significantly associated with IA.
logic disease modifying anti-rheumatic drugs; TNF: tumor necrosis factor; OA:
osteoarthritis; PtA: posttraumatic arthritis.

In the subgroup of RA patients, significant positive correlation
was found between Ki67 score and disease activity score (DAS 28)
(coefficient correlation, r = 0.6; P = 0.045). Correlations coefficients
between DAS 28 and CD3 staining (r = 0.47; P = 0.13), CD20 staining
(r = 0.56; P = 0.06), CD68 staining (r = 0.10; P = 0.48), CD31 staining
(r = 0.27; P = 0.3) were positive but did not reach statistical signifi-
cance.

Positive but non-significant correlations were also found
between DAS 28 and KS (r = 0.14; P = 0.66) or IMSYC (r = 0.25;
P = 0.44).

ROC curve analysis of diagnostic performances determined the
score of 13.5 out of 24 as the best cut off for discrimination between
IA and non-IA with a sensitivity of 71.8% and specificity of 97.3%
(Fig. 2B). With a cut-off of 5.5, KS showed a sensitivity of and a
specificity of 66.7% and 91,9% for IA discrimination. Area under
the curve of IMSYC (0.9574 [95 CI: 0.921–0.994]) was significantly
superior than area under the curve of Krenn Score (0.879 [95 CI:
0.806–0.952]; P = 0.0095).

4. Discussion

In this work we aimed to update Krenn et al. synovitis score by
adding 5 relevant immunostainings.

CD68 staining has been widely used in synovitis assessment and
is also considered as a biomarker of therapeutic response in RA [14].

Interestingly, the 3 immunomarkers having the highest Odd Ratios
were: CD31, CD3 and Ki67. CD31 immunostaining, by recognizing
endothelial cells highlights neovascularization. Neovascularization
has been shown to play an important pathophysiological role in IA
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specially in RA [15]. CD3 immunostaining, by detecting T lympho-
ytes highlights adaptive immunity cell infiltrate within synovial
embrane. Ki67 is an interesting proliferating cell marker, used

or tumour diagnosis and prognosis on a regular basis. It has been
hown to be overexpressed in inflammatory arthropathies (IA) syn-
vium compared to normal and non-inflammatory arthropathies
NIA) synovium [16]. We also found a good correlation between
AS28 and Ki67 staining in RA patients. The other staining and the
renn score and IMSYC however showed non-significant positive
orrelations. This might be due to the relatively small number of
ynovial membranes in our collection.

KS diagnostic performances were close from the description of
he original publication [7]. The ROC analysis showed good per-
ormances of the IMSYC for discrimination between IA and NIA.
nterestingly, combination of immunostainings or immunostaining
ested separately with ROC curve analysis showed lower sensitivity
nd specificity than the IMSYC (data not shown).

We acknowledge that our work has limitations. The heteroge-
eous nature of synovial samples, with patients being treated by
sDMARDs and bioDMARDs is one of them. We can hypothesize
hat treatment will reduce inflammation and synovitis score in IA
roup of patients. However, in our work, clear differences remained
n the intensity of inflammation in the IA group. Interestingly, a
ew OA patients exhibited a higher IMSYC, suggesting an inflamma-
ory pattern. IMSYC could therefore be used for synovial membrane
haracterization in osteoarthritis with inflammatory features, but

his needs to be confirmed by further studies.

This study validates IMSYC diagnostic value in a well-defined
ollection of synovial sample. This score is relevant as immunophe-
otype of synovial membrane – especially in RA – can be used as
ritis and non Inflammatory arthritis groups. **P < 0.0001. B. ROC curve analysis of

a biomarker for both prognosis and therapeutic decision (tissue-
driven therapy) [17,18].

The validation of IMSYC in a well-defined collection of synovial
sample is the first step towards a wide acceptance and use for
prognosis purposes in translational research.
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