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Objectives: This study aims to investigate if addition of fioroblast-stromal cell markers to
a classification of synovial pathotypes improves their predictive value on clinical outcomes
in rheumatoid arthritis (RA).

Methods: Active RA patients with a knee needle synovial biopsy at baseline and finished
1-year follow-up were recruited from a real-world prospective cohort. Positive staining for
CD20, CD38, CD3, CD68, CD31, and CD90 were scored semiquantitatively (0-4). The
primary outcome was radiographic progression defined as a minimum increase of 0.5
units of the modified total Sharp score from baseline to 1 year.

Results: Among 150 recruited RA patients, 123 (82%) had qualified synovial tissue.
Higher scores of CD20+ B cells, sublining CD68+ macrophages, CD31+ endothelial cells,
and CD9O0+ fibroblasts were associated with less decrease in disease activity and greater
increase in radiographic progression. A new fibroblast-based classification of synovial
pathotypes giving more priority to myeloid and stromal cells classified samples as
myeloid-stromal (57.7%, 71/123), lymphoid (31.7%, 39/123), and paucicellular
pathotypes (10.6%, 13/123). RA patients with myeloid-stromal pathotype showed the
highest rate of radiographic progression (43.7% vs. 23.1% vs. 7.7%, p = 0.011), together
with the lowest rate of Boolean remission at 3, 6, and 12 months. Baseline synovial
myeloid-stromal pathotype independently predicted radiographic progression at 1 year
(adjusted OR: 3.199, 95% confidence interval (95% Cl): 1.278, 8.010). Similar results were
obtained in a subgroup analysis of treatment-naive RA.
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Synovial Pathotype Predicts Radiographic Progression

Conclusions: This novel fibroblast-based myeloid-stromal pathotype could predict
radiographic progression at 1 year in active RA patients which may contribute to the
shift of therapeutic decision in RA.

Keywords: rheumatoid arthritis, synovial tissue, myeloid-stromal pathotype, stromal cells, radiographic progression

INTRODUCTION

Rheumatoid arthritis (RA) is a highly heterogeneous disease with
variable functional prognosis, level of joint destruction, and
response to therapy (1). Treat-to-target strategy (T2T) targeting
remission or low disease activity (LDA) is widely applied to RA
treatment, resulting in better disease management and quality of
life (2, 3). However, there remains a huge unmet need in RA
management under the real-life situation (1). Around 20% of RA
patients with sustained remission still show radiographic
progression (4). Studies have been done to explore predictive
biomarkers for poor prognosis, including genetic background,
serologic biomarkers, and early imaging findings (5-7). Despite
the theoretical advantages, simple measures such as erythrocyte
sedimentation rate (ESR) and C-reactive protein (CRP) are not
specific to joint disease and the predictive value seems
unreliable (8).

Access to lesion is the gold standard in many diseases ranging
from cancer to lupus nephritis, but this has not been applied to
the synovial tissue in RA (9-11). Analysis of the synovial tissue
may represent the golden criterion for the evaluation of
arthropathies and could be a promising approach for better
understanding of pathogenesis and prognostic prediction in RA
(11-13). Histological synovitis scores, such as the Krenn
synovitis score, have been used to identify inflammatory joint
diseases by semiquantitative evaluation of low-grade or high-
grade synovitis, and this could be helpful for the diagnosis of RA
(14, 15). As the cellular composition and function in synovial
tissue are the driving force of synovitis and joint destruction in
RA, immunologic synovitis assessment introduced and updated
synovial cellular and molecular signatures have broadened the
value of synovial biopsy as a potential tool for disease
classification and therapeutic outcome prediction (16, 17).
Current synovial immunohistological assessments proposed by
Pitzalis et al. mainly focus on the infiltrated immune cells in the
synovium, to classify RA synovium into different synovial
pathotypes. These have been identified to contribute to
distinguish treatment response, especially in early and
treatment-naive RA (17-19).

In addition to classical immunocytes, other cell types
contribute to the synovitis amplification and persistence in RA
(20). Neovascularization recognized by CD31 immunostaining
of endothelial cells is the basis of synovial pannus formation (21).
Stromal cells defined as fibroblasts or synoviocytes contribute
through cell interactions with immunocytes to increase local
cytokine production, increased invasion, and acquired molecular
changes involved in chronicity (22, 23). Recent work has shown
the great diversity of synovial fibroblasts. The CD90+ subset, also
known as THY1+ subset, which is mainly expressed in the

perivascular zone of the sublining area has been well
investigated at the single-cell level (24, 25). Whether addition
of the marker of CD90+ fibroblasts improves the value of
immunohistological assessments remains unknown. In this
prospective cohort study, giving priority to myeloid and
stromal cells, we proposed a new classification of synovial
pathotypes in RA and explored the predictive value of baseline
synovial pathotypes on clinical outcomes, especially 1-year
radiographic progression.

MATERIALS AND METHODS

Study Design and Patients

Patients with RA according to the 2010 American College of
Rheumatology (ACR)/European League Against Rheumatism
(EULAR) classification criteria (26) were recruited between
May 2010 and August 2020 from a real-world prospective
cohort carried in the Department of Rheumatology, Sun Yat-
Sen Memorial Hospital as we previously reported (7, 27, 28).
Inclusion criteria included RA patients who had a synovial
biopsy at baseline and had finished regular visits at 1 year. RA
patients overlapping other autoimmune diseases were excluded
(7, 27). All patients were treated according to the EULAR
recommendations of the “treat-to-target” strategy. Adjustment
of treatment based on shared decision-making and the
therapeutic target was defined as Disease Activity Score in 28
joints with four variables including C-reactive protein (DAS28-
CRP) <2.6 in all patients or <3.2 in patients with long disease
duration (>24 months) as previously described (28). Ethical
approval was provided by the Medical Ethics Committee of
Sun Yat-Sen Memorial Hospital (SYSEC-2009-06 and SYSEC-
KY-KS-012). All patient consents were obtained before biopsy
and collection of clinical data.

Data Collection

Available demographic and clinical data were collected at
baseline and at 1-, 3-, 6-, and 12-month visits, as previously
described (7, 27, 28). Disease activity was categorized into four
states according to the Clinical Disease Activity Index (CDAI):
high (>22), moderate (10~22), low (2.8~10), and remission
(=2.8). Active disease activity was defined as CDAI >2.8. X-ray
examination of bilateral hands and wrists was assessed by the
Sharp/van der Heijde modified score at enrollment and 12
months (7, 27, 28). The modified total Sharp score (mTSS)
included subscores of joint erosion (JE) and joint space
narrowing (JSN). Radiographic interruption of cortical bone
was defined as bone erosion (29).
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Outcome Assessments

The primary outcome was radiographic progression defined as a
minimum increase of 0.5 units in the mTSS (AmTSS >0.5) from
baseline to 1 year (28). The secondary outcomes were therapeutic
responses including the percentages of patients achieving ACR/
EULAR Boolean remission (28TJC, 28SJC, PtGA, CRP
(in mg/dl) <1) (30, 31), CDAI remission (CDAI <2.8), or LDA
target (CDAI <10) at each visit.

Synovial Immunohistochemistry and
Synovitis Assessment
All recruited RA patients had a Parker-Pearson needle biopsy of
synovium from swollen knee at baseline (27, 32). The qualified
synovium was defined as at least six pieces and at least 5 fields
containing intact lining layer at magnification of x400 (27, 32).
Hematoxylin and eosin (H&E) and immunohistochemical
staining was performed on serial sections. Mouse monoclonal
antibodies: anti-CD20 (clone 126, B cells), anti-CD38 (clone
SPC32, plasma cells), anti-CD3 (clone PS1, T cells), anti-CD68
(clone KP1, macrophages), and anti-CD31 (clone OTI2F10,
endothelial cells), all antibodies were purchased from
Zhongshan Biotechnology Co., Ltd., Guangdong, China, except
anti-CD90; fibroblast was from Abcam, Cambridge, MA, USA.
Histopathological assessments of synovitis performed on the
H&E staining were graded according to the Krenn synovitis score
system (15) that contains three subscores for lining hyperplasia,
inflammatory infiltration, and synovial stromal activation, each of
which was scored from 0 to 3. The densities of positive-staining cells
for CD20, CD38, CD3, sublining CD68+ macrophages (SL-CD68),
CD31, and CD90 were assessed by two independent trained
investigators using a preproposed semiquantitative (0~4) scale
score: 0 = no staining, 1 = <25%, 2 = 25%~50%, 3 = 50%~75%,
and 4 = >75% positive staining (33). The interexaminer agreement
was evaluated by intraclass correlation coefficient with mean values
of 0.935~0.962.

Statistical Analysis

According to distributions, qualitative variables were reported as
frequencies and percentages, and quantitative variables were
reported as mean and standard deviation (SD) or median and
interquartile range (IQR). SPSS version 25.0 (IBM, Armonk, NY,
USA) was used for statistical analyses.

Principal component analysis of six synovial cellular scores
including CD20, CD38, CD3, SL-CD68, CD31, and CD90 was
performed to investigate the intercellular connections between
these six cell types. Kaiser-Meyer-Olkin test was used to evaluate
sampling adequacy, while Bartlett’s test was used to determine if the
correlation matrix is an identity matrix. A more easily interpretable
pathological pattern was achieved by using orthogonal rotation (34).

The relationships between synovial cellular scores with
clinical characteristics were evaluated by Spearman’s rank-
order correlation test. The differences among two or three
subgroups were compared by the Chi-square test or Fisher’s
exact test for qualitative variables. t-test or Mann-Whitney U-
test was used for quantitative variables between two subgroups,
and analysis of variance (ANOVA) or Kruskal-Wallis test for

quantitative variables among three subgroups, with Bonferroni
correction for multiple comparisons. Logistic regression analyses
were performed to identify the relationship between synovial
pathotypes and 1-year radiographic progression with the
adjustment of potential confounders at baseline. The statistical
significance was set at p-value <0.05 in two-tailed tests.

RESULTS

Baseline Characteristics of RA Patients
Among 150 RA patients who had a synovial biopsy at baseline and
finished the follow-up at 1 year, 123 (82%) had qualified synovial
tissue (Figure 1). Their demographic and clinical features at
baseline are summarized in Table 1. The mean age was 50 + 14
years with 77.2% female. The mean disease duration was 58 + 73
months, and 13.0%, 30.1%, and 47.2% of patients had disease
duration of <6, <12, and >24 months, respectively. All included
patients had active RA, and 64.2%, 29.3%, and 6.5% of patients
had high, moderate, and low disease activity, respectively. There
were 95 (77.2%) patients with bone erosions. There were 49
(39.8%) treatment-naive patients, who had not received
corticosteroids or disease-modifying antirheumatic drug
(DMARD) treatment for at least 6 months before recruitment.

Therapeutic Response and Radiographic
Outcome After 1-Year Follow-Up

After a 1-year follow-up, significant improvement was observed
in most disease activity indicators (Supplementary Figure S1).
There were 29.3%, 31.7%, and 34.1% of RA patients who
achieved an ACR/EULAR Boolean remission at 3, 6 and 12
months, 30.1%, 35.0%, and 32.5% of RA patients achieved
Clinical Disease Activity Index (CDAI) remission, and 65.9%,
71.5%, and 68.3% of RA patients achieved CDAI LDA target,
respectively. A total of 41 (33.3%) RA patients showed
radiographic progression and eight (6.5%) patients showed
rapid radiographic progression (RRP, AmTSS >5) at 12 months.

Relationship of Baseline Synovitis
Assessments With Clinical Characteristics
The total Krenn synovitis score and its subscores of inflammatory
infiltration and stromal activation were positively associated with
baseline mTSS and JE subscore (r = 0.198~0.230, all p <0.05,
Figure 2). The Krenn synovitis score and the three subscores
showed no correlation with changes of clinical indicators, except
that the subscore of lining hyperplasia was positively associated with
a higher decrease in Disease Activity Score in 28 joints including
CRP (DAS28-CRP) and Simplified Disease Activity Index (SDAI) at
6 months (r = -0.183, p = 0.042 and r = -0.182, p = 0.044).

For the synovitis assessment of immune cell subsets, the score
of CD20+ B cells was positively associated with baseline JE
subscore (r = 0.190, p = 0.035, Figure 2). The score of SL-
CD68+ macrophages was positively associated with baseline
DAS28-CRP, SDAI, CDAI, mTSS, JSN subscore, and JE
subscore (r = 0.219~0.273, all p < 0.05). During 1-year follow-
up, the higher score of synovial CD20+ B cells at baseline was
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FIGURE 1 | Flow diagram of study design.

correlated with a lower decrease in SDAI, CDAI at 6 months, and
in SDAI at 12 months, as well as a greater increase in JE subscore
at 12 months (r = 0.184~0.207, all p < 0.05). The higher score of
SL-CD68+ macrophages at baseline was associated with a greater
increase in JE subscore (r = 0.188, p = 0.038).

The scores of CD38+ plasma cells and CD3+ T cells showed
no correlation with baseline characteristics, therapeutic response,
or radiographic outcome except for positive association of the
CD38+ plasma cell score with baseline ESR, CRP, and anticyclic
citrullinated peptide antibody (ACPA) titer (r = 0.229~0.305, all
p <0.05), and positive association of the CD3+ T-cell score with a
less decrease in SDAI and CDAI at 1 month (r = 0.207, p =0.022
and r = 0.219, p = 0.015).

Relationship of Baseline Synovial Stromal
Cells With Clinical Characteristics

Considering the critical role of synovial stromal cells in RA
pathogenesis, the assessment of CD31+ endothelial cells and
CD90+ fibroblasts was performed. The scores of CD31+
endothelial cells and CD90+ fibroblasts were positively

}

SL-CD68,CD31,CD90<2
and CD20<2

!

Pauci-cellular
Pathotype (n=13)

associated with baseline JSN subscore (r = 0.209, p = 0.020 and
r = 0.190, p = 0.035, Figure 2). During 1-year follow-up, the
higher score of CD90+ fibroblasts was correlated with a lower
reduction in DAS28-CRP, SDAI, CDAI at 1, 3, 6, and 12 months
(r = 0.190~0.268, all p < 0.05). The higher score of CD31+
endothelial cells was associated with a greater increase in JE
subscore (r = 0.199, p = 0.028). These results implied that
evaluation of synovial pathotypes adding stromal cell markers
to the synovial immunohistological classification may provide
additional valuable information.

Establishment of a Fibroblast-Based

Classification of Synovial Pathotypes

To establish a new synovial pathotype classification in a real-
world cohort, the principal component analysis of baseline
synovial cellular scores was performed to identify intercellular
connections. Two factors were extracted by orthogonal
transformations; one factor was positively related to the scores
of synovial CD20+ B cells, CD38+ plasma cells, and CD3+ T
cells, which were then named as lymphoid cell factor. The other
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TABLE 1 | Baseline characteristics of included RA patients.

Characteristics

Age (year, mean + SD)

Female [n (%)]

Disease duration (months, mean + SD)

Smoking [n (%)]

Core disease activity indicators
TJC28 [median (IQR)]
SJC28 [median (IQR)]

PtGA [median (IQR)]

PrGA [median (IQR)]

Pain VAS [median (IQR)]
ESR (mm/h) [median (IQR)]
CRP (mg/L) [median (IQR)]
Positive RF 9n (%)

Positive ACPA [n (%)]
DAS28-CRP [median (IQR)]
SDAI [median (IQR)]

CDAI [median (IQRY)]

Functional indicator
HAQ-DI 9median (IQR)

Radiographic assessments
mTSS [median (IQR)]

JSN subscore [median (IQR)]
JE subscore [median (IQR)]
Bony erosion [n (%)]

Previous medications
Treatment naive® [n (%))
Corticosteroids [n (%))
¢csDMARDs [n (%)]

Biologic agents [n (%))

All patients (n = 123)

Treatment-naive patients (n = 49)

50 = 14 5112
95 (77.2) 39 (79.6)
58 + 73 55 + 65
21 (17.1) 9(18.4)
9 (4, 14) 95, 16)
62, 11 63, 11)
6 (5, 8) 65,9
6 (4, 8) 64,8
5(4,7) 5(,7)

69 (44, 95) 65 (44, 90)
30.7 (1.9, 55.1) 23.0 (9.4, 51.1)
99 (80.5) 39 (79.6)
102 (82.9) 42 (85.7)
4.7 (4.0,5.3) 4.6 (4.0, 5.1)
315 (21.2, 42.5) 30.6 (22.0, 42.7)
27 (18, 39) 28 (19, 40)
1.15 (0.50, 2.00) 1.13 (0.63, 1.13)
10 (3, 37) 8 (2, 29)
4(0,17) 20, 11)
6(1,19) 5(1,18)
95 (77.2) 38 (77.6)
49 (39.8) -
59 (48.0) -
51 (41.5) -
13 (10.6) -

ACPA, anticyclic citrullinated peptide antibody; CRP, C-reactive protein; CDAI, Clinical Disease Activity Index; DAS28-CRP, Disease Activity Score in 28 joints including CRP; ESR,
erythrocyte sedimentation rate; HAQ-DI, Stanford Health Assessment Questionnaire Disability Index; JSN, Joint space narrowing; JE, joint erosion; mTSS, modified total Sharp score;
PtGA, patient global assessment of disease activity; PrGA, provider global assessment of disease activity; Pain VAS, pain visual analog scale; RF, rheumatoid factor; SDAI, Simplified
Disease Activity Index; SJC28, 28-joint swollen joint count; TJC28, 28-joint tender joint count. Treatment naive® are those without previous corticosteroid or DMARD therapy for at least 6

months before enroliment.

factor was positively related to the scores of sublining CD68+
macrophages, CD31+ endothelial cells, and CD90+ fibroblasts,
which was named as myeloid-stromal factor (Table 2).

Considering the importance of the scores of CD20, SL-CD68,
CD31, and CD90, but not of CD3 and CD38, a new synovial
pathotype classification was established. According to the 0~4
scoring system, as there were roughly half of the samples rated as
<2 for CD20, SL-CD68, CD31, and CD90 (50.4%~63.4%,
Figures 3A, B), the cutoff value was then set at a score of 2.
The new classification included three options: (1) Myeloid-
stromal: SL-CD68 >2 and/or CD31 >2 and/or CD90 >2;
(2) Lymphoid: CD20 =2; and (3) Paucicellular: SL-CD68,
CD31, CD90 <2, and CD20 <2 (Figure 1). If synovial tissue
fragments from the same patient exhibited different pathotypes,
both the myeloid and stromal cells were given priority (the SL-
CD68+, CD31+, and/or CD90+ cells were preferentially assessed,
then CD20+ cells).

Therapeutic Responses in RA Patients

With New Synovial Pathotypes
According to the new classification, 57.7% (71/123) of RA
samples were classified as synovial myeloid-stromal pathotype,

31.7% (39/123) as lymphoid pathotype, and 10.6% (13/123) as
paucicellular pathotype (Figure 3A). Comparing their baseline
characteristics, RA patients with myeloid-stromal pathotype
showed higher levels of DAS28-CRP, mTSS, JSN subscore, and
JE subscore (all p < 0.05, Supplementary Table S1).

During 1-year follow-up, RA patients with baseline myeloid-
stromal pathotype showed the poorest therapeutic response with
the lowest rate of Boolean remission (21.1% vs. 35.9% vs. 53.8%,
p =0.032, Figure 3C), and the highest DAS28-CRP (2.6 (2.0, 3.6)
vs. 2.1 (1.5, 3.1) vs. 2.6 (1.6, 3.1), p = 0.039, Supplementary
Figure S2) at 3 months. They showed the lowest rate of Boolean
remission (18.3% vs. 46.2% vs. 61.5%, p =0.001) and CDAI
remission (22.5% vs. 46.2% vs. 69.2%, p = 0.001), and the highest
DAS28-CRP, SDAI, CDAI, and HAQ-DI (all p < 0.05) at 6
months. They showed the lowest rate of Boolean remission
(23.9% vs. 46.2% vs. 53.8%, p = 0.018), CDAI remission (22.5%
vs. 43.6% vs. 53.8%, p = 0.017), and CDAI LDA target (56.3% vs.
82.1% vs. 92.3%, p = 0.003), as well as the highest DAS28-CRP,
SDAI CDAI and HAQ-DI (all p < 0.05) at 12 months. There
were no significant differences in initial treatment and
cumulative doses of corticosteroids or DMARDs at 6 and 12
months among the three subgroups (all p > 0.05, Table 3).

Frontiers in Immunology | www.frontiersin.org

November 2021 | Volume 12 | Article 778480


https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

Zhang et al.

Synovial Pathotype Predicts Radiographic Progression

Baseline TJc28 [EOKIE8] 0.060 [-0.006 [DIRESE

SJc28 -0.085 0.063 -0.043 | 0.127

o
@ RS
.;»“o 2 & oo
04\\\ ° (\\'\0 . @\\"
& R o Q&Qe ‘(\6@‘0 N’O\\
o o o S o N S S & N
S & @ o & @ &

0.062 [EOI2EI| 0.082 [0:143"| 0.015 |-0.003

PtGA -0.165 0.007 -0.085 JOMHON

[0:481%] 0.014 | 0.012 | 0.046 |-0.060 | 0.054 loa

|-0.018 [-0.050 [-0.092 |-0.012 F0:199¥| 0.012 .

PrGA [20011761 0.013 -0.049 [JONAZN

[0.089 | 0.003 -0.091 |-0.024 FORAH| 0.044 |

Pain VAS -0.052 0.100 -0.045  0.080

0.068 |-0.015 [-0.037 | 0.081 FOMS2H| 0.044

ESR 0.039 [0I2288 0.082 |-0.068

-0.043 -0.034 | 0.086 | 0.094 | 0.036 | 0.047 -0.1

CRP 0.007 [BI240E 0.003 -0.003

0.001 |-0.003 | 0.090 | 0.105 |-0.015 | 0.114 l_o_2

RF titer  0.059 [0MB6Y 0.041 | 0.034

-0.039 |-0.043 | 0.003 | 0.022 |-0.020 |-0.011

ACPA titer -0.032 [BIS08E -0.064 -0.083

-0.134 -0.065 0.028 | 0.017 -0.006 | 0.004

DAs28-CRP [F0M5] 0.145 -0.057 [012228

0.153 -0.072 | 0.063 | 0.112 |-0.036 | 0.069

SDAI [501144) 0.104 -0.058 |OIHSH

‘0.116 -0.095  0.034 | 0.086 -0.064 | 0.057

CDAI [20:145. 0.057 -0.043 |OI2SHN

[0.124 -0.081 | 0.002 | 0.057 -0.083 | 0.035

HAQ-DI -0.042 0.075 -0.040 0.171

‘0.021 0.079 | 0.113 | 0.125 | 0.056 | 0.045

mTSS 0.147 ' 0.036 0.079 0.269™

‘0‘174 0.143 0.250**| 0.138 |0.198* |0.214*

JSN subscore |-0.004' -0.020' 0.093 [0:278%

‘0.209* 0.190* | 0.169 | 0.080 | 0.120 | 0.174

JE subscore  0.190* 0.061 0.081 0.263**

0.154 | 0.111 0.267**| 0.148 |0.230* |0.218*

1 month ADAS28-CRP  0.073 -0.036 0.169 @ 0.049

0.084 | 0.043 | 0.067 |0.089

ASDAI  0.147 -0.041 [0.207* | -0.052

|0.054 -0.022 | 0.104 | 0.046

ACDAI 0173 0.016 [0:219* [S01085)

3 months ADAS28-CRP  0.065 0.080  0.048 3
ASDAI  0.138  0.023 | 0.097 [S0M41]

0.083 |0.221* | 0.082 |-0.003 | 0.120 | 0.073
1 0.020 | 0.001 |-0.074 | 0.063 |-0.001 |
| 0.009 | 0.039 |-0.062 | 0.082 | 0.067

ACDAI 0151 0.050 | 0.109 [E0KI28)

| 0.008 [0.190% 0.052 |-0.059 | 0.100 |0.078

6 months ADAS28-CRP [10162]] 0.003 | 0.026 -0.062

AspAI JOKI85H -0.015 | 0.066 [-0:115
AcDAI JOHSS8 0.012 | 0.057 [20:415

12months  ADAS28-CRP [J0M42] -0.045 -0.054 |-0.012
aspAl [BNIEE -0.078 | 0.013 -0.072

acoAl [JORIZ8Y -0.021 | 0.021 -0.080

AmTSS 0172 -0.035 0.052 | 0.149

AJSN subscore  0.105 -0.063 0.044 | 0.010

| 0.036 |-0.067 0.060 |-0.020 |
| 0.009 -0.057 FONIB2E| 0.054 |0.013

-0.001 [BIBSH -0.023 FOMSH| 0.071 | 0.047 |

0.041 -0.108 [20:4741| 0.003 |-0.073 |
-0.020 ! 046 |-0.097 |
-0.026 |08 -0.066 -0.069

0.177 | 0.141 | 0.050 | 0.030 | 0.025 | 0.070 |
0.074 | 0.080 | 0.010 |-0.085 | 0.065 | 0.048 |

AJE subscore 0.207* -0.019 0.030 ‘0.188"

subscore from baseline to 12 months. *p < 0.05; **p < 0.01.

0.199* | 0.057 | 0.061 | 0.110 |0.038 |0.000 |

FIGURE 2 | Relationship of baseline synovitis assessments with clinical characteristics of RA patients during 1-year follow up. ADAS28-CRP(1/3/6/12)/ASDAI(1/3/6/
12)/ACDAI(1/3/6/12), changes in DAS28-CRP/SDAI/CDAI from baseline to 1/3/6/12 months; AmTSS(12)/AJSN(12)/AJE(12), changes in mTSS/JSN subscore/JE

Predictive Value of New Synovial
Pathotypes on Radiographic

Progression at 1 Year

RA patients with baseline myeloid-stromal pathotype showed the
highest rate of 1-year radiographic progression versus the
lymphoid or paucicellular pathotypes (43.7% vs. 23.1% vs. 7.7%,
p = 0.011, Figure 3D). Univariate logistic regression analysis
indicated that myeloid-stromal pathotype at baseline was a
significant predictive factor of radiographic progression at 1 year
(OR =3.255,95% CI: 1.414~7.495, p = 0.006, Figure 4). Adjusted
for confounding factors with p < 0.1 in univariate analysis

TABLE 2 | Matrix of rotating factor loadings for two synovial cellular patterns.

Cell types in synovium Lymphoid factor Myeloid-stromal factor
CD20+ B cells 0.703 -0.232
CD38+ plasma cells 0.463 —-0.100
CD3+ T cells 0.773 0.289
Sublining CD68+ macrophages -0.026 0.765
CD31+ endothelial cells -0.255 0.748
CD90+ fibroblasts 0.051 0.684

Two factors were derived by principal component analysis after entering the six cell types in
synovium into the factor procedure. The factors were rotated by orthogonal transformations.

including sex, disease duration, RF status, and mTSS at baseline,
the synovial myeloid-stromal pathotype at baseline independently
predicted 1-year radiographic progression (AOR = 3.199, 95% CI:
1.278~8.010, p = 0.013). Furthermore, five of eight RA patients
with RRP showed myeloid-stromal pathotype.

Subgroup Analysis of New

Synovial Pathotypes in Treatment-

Naive RA Patients

There were 49 patients who had not received corticosteroid or
DMARD treatment for at least 6 months before recruitment.
According to our new synovial pathotype classification, 51.0%
(25/49) of RA samples were classified as synovial myeloid-
stromal pathotype, 36.7% (18/49) as lymphoid pathotype, and
12.2% (6/49) as paucicellular pathotype, which showed similar
distribution to the total RA cohort. There were no significant
difference in baseline characteristics among RA patients with
three synovial pathotypes (all p > 0.05, Supplementary Table
$2). During 1-year follow-up, RA patients with baseline myeloid-
stromal pathotype showed the poorest therapeutic response with
the lowest rate of Boolean remission (16.0% vs. 50.0% vs. 66.7%,
p = 0.008, Table 4) and CDAI remission (12.0% vs. 50.0% vs.
66.7%, p = 0.003), as well as the highest rate of 1-year
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FIGURE 3 | Relationship of synovial pathotypes in the new synovial pathotype classification and clinical characteristics in RA patients. (A) Representative H&E
staining, immunohistochemistry, and distribution of synovial pathotypes. (B) Distribution of each synovial cellular score. (C) Comparisons of therapeutic responses
(rates of ACR/EULAR Boolean remission, CDAI remission, CDAI LDA) among different synovial pathotypes at 1, 3, 6, and 12 months. (D) Comparisons of
radiographic progression in mTSS, JSN subscore, and JE subscore at 1 year among different synovial pathotypes. Progression in JSN or JE, defined as a minimum
increase of O unit in the JSN or JE subscore from baseline to 1 year. *p < 0.05; *p < 0.01 (Chi-square test or Fisher’s exact test).

radiographic progression versus the lymphoid or paucicellular
pathotypes (40.0% vs. 5.6% vs. 0%, p = 0.011) at 12 months.

DISCUSSION

In this real-world study of a prospective RA cohort, we
established a new fibroblast-based classification of synovial

pathotypes and found that RA patients with baseline myeloid-
stromal pathotype had almost 3.2-fold risk on 1-year
radiographic progression than those with lymphoid and
paucicellular pathotypes. Similar results were obtained for
treatment response. Thus, baseline evaluation of synovial
pathotypes including stromal cells can provide additional
valuable information on prognosis and therapeutic
response prediction.
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TABLE 3 | Medications in RA patients with three new synovial pathotypes.

Medications Myeloid-stromal pathotype Lymphoid pathotype (n =39) Paucicellular pathotype p?
(n=T71) (n=13)

Initial medications
Treatment-naive® [n (%)] 25 (35.2 18 (46.2) 6 (46.2) 0.472
Glucocorticoids [n (%)] 35 (49.3 19 (48.7) 5 (38.5) 0.767
Methotrexate [n (%)] 16 (22.5 9 (23.1) 3(23.1) 0.997
Leflunomide [n (%)] 16 (22.5 6 (15.4) 2 (15.4) 0.613
Hydroxychloroquine [n (%)) 3(4.2) 3(7.7) 0(0) 0.701
Sulfasalazine [n (%)) 2(2.8 3(7.7) 0(0) 0.384
Cyclosporin A [n (%)] 0(0) 1(2.6) 0(0) 0.423
Biologic agents [(n (%)] 7 (9.9 6 (15.4) 0(0) 0.282
Tocilizumab [n (%)] 6 (8.5) 5(12.8) 0(0) 0.414
TNF-a inhibitors [n (%)) 1(1.4) 1(2.6) 0(0) 1.000

6-month cumulative doses of medications
Corticosteroids [mg, median (IQR)] 1,350 (825-1,725) 1,275 (900-1,800) 1,275 (863-1,763) 0.947
Methotrexate [mg, median (IQR)) 260 (260-348) 260 (260-315) 325 (260-353) 0.138
Leflunomide [mg, median (IQR)] 1,800 (900-2,700) 1,800 (600-2,700) 1,800 (450-2,775) 0.971
Hydroxychloroquine [mg, median (5th-95th percentile range)] 0 (0-61,200) 0 (0-72,000) 0 (0-NA) 0.654
Sulfasalazine (mg, median [5th-95th percentile range)] 0 (0-270,000) 0 (0-270,000) 0 (0-NA) 0.883
Cyclosporin A (mg, median [5th-95th percentile range)] 0 (0-12,600) 0 (0-3,000) 0 (0-0) 0.557
Tocilizumab (mg, median [5th-95th percentile range)] 0 (0-1,600) 0 (0-1,600) 0 (0-NA) 0.743
TNF-a. inhibitors [n (%)) 1(1.4) 1(2.6) 0(0) 1.000
Tofacitinib [n (%)) 3(4.2) 1(2.6) 0(0) 1.000

1-year cumulative doses of medications
Corticosteroids [mg, median (IQR)] 2,175 (1,175-2,869) 1,763 (1,275-2,775) 2,025 (1,312-3,225) 0.747
Methotrexate [mg, median (IQR)] 565 (520-715) 595 (520-650) 650 (548-743) 0.209
Leflunomide [mg, median (IQR)] 3,600 (1,800-4,950) 3,600 (1,800-5,550) 3,600 (1,800-5,625) 0.675
Hydroxychloroquine [mg, median (5th-95th percentile range)] 0 (0-108,000) 0 (0-144,000) 0 (0-NA) 0.815
Sulfasalazine [mg, median (5th-95th percentile range)] 0 (0-450,000) 0 (0-540,000) 0 (0-NA) 0.594
Cyclosporin A [mg, median (5th-95th percentile range)] 0 (0-22,140) 0 (0-18,000) 0 (0-0) 0.351
Tocilizumab [(mg, median (5th-95th percentile range)] 0 (0-2,560) 0 (0-2,400) 0 (0-NA) 0.633
TNF-a. inhibitors [n (%)) 1(1.4) 1(2.6) 0(0) 1.000
Tofacitinib [n (%))] 3(4.2) 1(2.6) 0(0) 1.000

NA, data not applicable. *Comparisons of medicines among three new synovial pathotypes during 1-year follow-up by the Chi-square test or Fisher’s exact test for qualitative variables,
ANOVA, or Kruskal-Wallis test for quantitative variables. TNF, tumor necrosis factor. Treatment naive® are those without previous corticosteroid or DMARD therapy for at least 6 months

before enrollment.

It has been a great challenge to determine if synovial analysis
could contribute not only to identify new therapeutic targets but
even more be useful to optimize individual therapy in clinical
practice (35). The well-accepted and widely used Kenn synovitis
score with focus on synovitis severity assessment may be helpful
for the diagnosis of RA but has limited association with clinical
indicators (14). Recently, Pitzalis et al. proposed three synovial
pathotypes using immunohistochemistry results that were
associated with molecular signatures identified by RNA-seq
data. This classification is highly focused on the degree of
infiltration by immunocytes (including lymphocytes, especially
B cells, and macrophages) in the sublining synovium (17). B cells
and plasma cells are critical for the initiation and maintenance of
inflammation, and synovial CD20+ B cells are associated with
structural damage progression in very early RA (36, 37).
Regarding cells from the monocyte lineage, accumulation of
SL-CD68+ macrophages was associated with more severe
disease activity and radiographic progression and to treatment
response (38, 39). In line with these previous studies, this study
showed that the Krenn synovitis score showed no association
with changes of disease activity or radiographic progression.
However, higher amounts of synovial CD20+ B cells and of SL-

CD68+ macrophages at baseline were associated with persistent
disease activity and increased radiographic progression at 1 year.

Apart from immunocytes, activation of stromal cells namely
endothelial cells and fibroblasts, also participates in RA synovitis
(16, 40). The question is thus if adding markers of these cells
would improve the value of synovial pathotypes? Increased
density of endothelial cells perpetuates synovitis and allows
immunocytes to migrate from blood into inflamed synovium.
The recruited immunocytes then produce proinflammatory
cytokines and chemokines leading to joint inflammation and
destruction (20). Synovial fibroblasts show high heterogeneity in
RA and have unique aggressive behaviors by producing various
cytokines, chemokines, and matrix-degrading enzymes that
prompt disease initiation and perpetuation (41). Recently, a
study showed that CD34-CD90+ fibroblasts are associated with
increased gene expression related to osteoclastogenesis by single-
cell analysis of RA synovium (25). High expression of PDPN on
RA synoviocytes was linked with upregulated IL-17 production
in a coculture system of peripheral blood mononuclear cells
(PBMC) and synoviocytes, implying the critical role of PDPN in
the high IL-17 secretion during cell interactions (23). Fibroblast
activation protein-o. (FAPa) colocalized with PDPN in both
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Univariate logistic regression

not applicable.
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FIGURE 4 | Performance of baseline myeloid-stromal pathotype as a predictor for 1-year radiographic progression. OR, odds ratio; 95% Cl, 95% confidence
interval; Ref, reference. AOR* adjusted for variables with p < 0.1 in the univariate analysis (sex, disease duration, RF status, mTSS) at baseline. NA, data

lining and sublining cells, and FAP may be associated with a
pathogenic fibroblast phenotype, contributing to increased
cartilage degradation and synovial inflammation (42). A recent
study showed that injection of PDPN+FAPo+CD90+ cells into
the inflamed ankle joint of mice resulted in more severe and
sustained joint swelling with increased leukocyte infiltration.
Injection of PDPN+FAP0+CD90— cells results in increased
structural joint damage, implying that CD90 may be another
biomarker of sustained tissue inflammation (43). Another recent
study proposed a new role of endothelium-derived Notch3
signaling pathway on the positional identification and
expansion of perivascular CD90+ fibroblasts, leading to an
acceleration of synovitis and articular damage in mice (44).
Considering the important roles of CD90+ fibroblasts and
CD31+ endothelial cells in RA and difficulties in distinguishing
endothelial cells and perivascular fibroblasts by H&E staining, we
added these two cell markers to the immunologic synovitis

assessment. Our results showed that higher amounts of
CD31+ endothelial cells at baseline were associated with
cumulative joint destruction at 1 year. Higher amounts of
CD90+ fibroblasts at baseline were significantly associated with
persistent disease activity during 1-year follow-up, which
indicated the importance of stromal cells in the immunologic
synovitis assessment.

The use of genomics has extended our understanding of RA
synovial tissue heterogeneity. Three distinct synovial subtypes
defined by gene expression cluster analysis of RA synovium have
been identified including a high inflammatory subtype associated
with high gene expression of inflammation markers and
autoantibodies leading to higher disease activity, a low
inflammatory subtype associated with high neuronal and
glycoprotein gene expression and a mixed subtype with
features with both the high and low inflammatory subtypes
(45, 46). Another study divided RA synovium into lymphoid,
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TABLE 4 | Clinical outcomes in treatment-naive RA patients with different synovial pathotypes during a 1-year follow-up.

Clinical outcomes

Myeloid-stromal (n = 25)

1 month
Boolean remission [n (%)) 2 (8.0
CDAI remission [n (%)] 2 (8.0)
CDAI LDA [n (%)] 8(32.0)
3 months
Boolean remission [n (%)] 6 (24.0)
CDAI remission [n (%)] 6 (24.0)
CDAI LDA [n (%)] 16 (64.0)
6 months
Boolean remission [n (%)) 5 (20.0)
CDAI remission [n (%)] 5 (20.0)
CDAI LDA [n (%)) 16 (64.0)
12 months
Boolean remission [n (%)] 4 (16.0)
CDAI remission [n (%)] 3 (12.0)
CDAI LDA [n (%)] 13 (52.0)
Radiographic progression in mTSS (n (%)) 10 (40.0)
Radiographic progression in JSN (n (%)) 7 (28.0)
Radiographic progression in JE (n (%)) 7 (28.0)

New synovial pathotype classification

Lymphoid (n = 18) Paucicellular (n = 6) p?
3(16.7) 1(16.7) 0.576
3(16.7) 1(16.7) 0.576
9 (50.0) 5 (83.3) 0.082
8 (44.4) 2 (33.3) 0.115
8 (44.4) 3 (50.0) 0.300
14 (77.8) 5 (83.3) 0.600
8 (44.4) 2 (33.3) 0.259
8 (44.4) 4 (66.7) 0.051
14 (77.8) 5 (83.3) 0.600
9 (50.0) 4 (66.7) 0.008
9 (50.0) 4 (66.7) 0.003
14 (77.8) 5 (83.3) 0.177

1(5.6) 0(0) 0.011
1(5.6) 0(0) 0.109
1(5.6) 0(0) 0.109

4Comparisons of baseline characteristics among three new synovial pathotypes by the Chi-square test or Fisher’s exact test. Progression in JSN or JE, defined as a minimum increase of O

unit in the JSN or JE subscore from baseline to 1 year.

myeloid, low inflammatory and fibroid phenotypes, and patients
with myeloid phenotype showed good therapeutic response to
the anti-TNFo treatment. This study also identified the value of
high baseline serum soluble intercellular adhesion molecule 1
(SICAM1) and C-X-C motif chemokine 13 (CXCL13), associated
with the myeloid and lymphoid phenotype, respectively. RA
patients with high sSICAM1 and low CXCL13 showed the highest
ACR50 response under anti-TNF-o. treatment after 24 weeks.
This work provides new directions to identify possible serum
biomarkers associated with the different synovial pathotypes
(47). In the studies of Pitzalis et al., RA patients with
lymphomyeloid pathotype showed more severe disease activity
and cumulative joint destruction in early and treatment-naive
RA, but no significant difference was found in the response to
DMARD treatment among different pathotypes (17). RA
patients with lymphomyeloid and diffuse-myeloid pathotype
showed greater DAS28 improvement than patients with pauci-
immune pathotypes only under anti-TNF treatment (48). In our
real-world cohort, according to our synovial pathotype
classification that replaced the CD3 and CD38 markers by
CD31 and CD90, to give more priority to myeloid and stromal
cells, RA patients could be stratified into different subgroups with
different risk ratios of clinical outcomes, especially 1-year
radiographic progression. Considering that synovial
composition could be changed by RA treatment, along with a
shift of synovial pathotypes (48, 49), the subgroup analysis in
treatment-naive RA patients were performed and confirmed the
results that were obtained in the whole cohort. These results
indicated the additional value of the stromal cell markers to the
synovial immunohistological classification.

This study has several limitations. First, our study used a
single synovial biopsy in active RA patients without patients in

remission. Studies have shown that the synovial pathotypes
can shift during different disease stages in the same patient,
possibly through different steps of joint inflammation and
chronicity (16, 49). The application of our proposed synovial
pathotypes to RA in remission although more complex to
perform would be of interest. Second, in our study,
radiographic progression was based on hand X-rays whereas
synovial pathotypes were obtained from knee joints. A recent
study showed a higher proportion of pauci-immune pathotype
characterized by fibroblast expansion in small- and medium-
sized joints compared with knees (17). Thus, the cellular and
molecular profiles of synovium may vary from different
inflammatory joints in each individual patient (16). The
application of our proposed synovial pathotypes to hands
and other joints is worth of further investigation. Third,
most patients had a long disease duration and received
different treatments before recruitment in this single-center
study. Although the results obtained in the whole cohort were
confirmed in the subgroup of treatment-naive RA, they need to
be extended to patients with early and treatment-naive disease
in multicenter trials. Single-cell technology has identified
various cell surface molecules to identify different fibroblast
subsets, including cadherin-11, CD55, PDPN, FAP, CD90, and
vimentin (50). The clinical significance of these different
fibroblast subsets identified by markers other than CD90
needs further investigation. Additionally, although the
semiquantitative analysis in our study was valid and
mirrored previous works done by Pitzalis and colleagues (17,
48), further artificial intelligence analysis would be adopted to
test the validity of this method.

In conclusion, our study is the first to introduce stromal cells
into a classification of synovial pathotypes in RA. Addition of
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stromal cell markers to a novel synovial myeloid-stromal
pathotype improved the predictive value of the classification. It
could predict radiographic progression and poor therapeutic
response at 1 year. Addition of the sublining stromal cells may
extend the power of existing immunocyte-based synovial
pathotype. Application of this new synovial pathotype
classification in the kinetic studies during clinical trials may
contribute to a shift of therapeutic decisions for personalized
therapy in RA.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in
the article/Supplementary Material. Further inquiries can be
directed to the corresponding authors.

ETHICS STATEMENTS

The studies involving human participants were reviewed and
approved by the Medical Ethics Committee of Sun Yat-Sen
Memorial Hospital (SYSEC-2009-06 and SYSEC-KY-KS-012).
The patients/participants provided their written informed
consent to participate in this study.

AUTHOR CONTRIBUTIONS

X-PZ, J-DM, and Y-QM contributed equally to this work,
including conceiving and designing the study, reading and
analyzing documents, performing the statistical analysis, and
drafting the manuscript. Corresponding authors PM and LD also
conceived and participated in its design, advised on the search,
read and analyzed documents, and edited the paper. JJ, D-HZ,
and L-FC carried out needle synovial biopsy and critically revised
the manuscript. C-TC and QZ participated in clinical
assessments of RA patients and data analysis. X-PZ and TW
carried out immunohistochemical staining and histopathological
assessments. Y-YZ and J-ZL advised on the search and critically
revised the manuscript. J-DM and Z-HY carried out the

REFERENCES

1. Aletaha D. Precision Medicine and Management of Rheumatoid Arthritis.
J Autoimmun (2020) 110:102405. doi: 10.1016/j.jaut.2020.102405

2. Ramiro S, Landewé RB, van der Heijde D, Sepriano A, FitzGerald O,
Ostergaard M, et al. Is Treat-to-Target Really Working in Rheumatoid
Arthritis? A Longitudinal Analysis of a Cohort of Patients Treated in Daily
Practice (RA BIODAM). Ann Rheum Dis (2020) 79:453-9. doi: 10.1136/
annrheumdis-2019-216819

3. Vermeer M, Kuper HH, Moens HJ, Drossaers-Bakker KW, van der Bijl AE,
van Riel PL, et al. Sustained Beneficial Effects of a Protocolized Treat-to-
Target Strategy in Very Early Rheumatoid Arthritis: Three-Year Results of the
Dutch Rheumatoid Arthritis Monitoring Remission Induction Cohort.
Arthritis Care Res (Hoboken) (2013) 65:1219-26. doi: 10.1002/acr.21984

radiographic assessment. Y-HX and Y-WZ participated in data
collection and critically revised the manuscript. LL advised on
the study design and statistical analysis. All authors contributed
to the article and approved the submitted version.

FUNDING

This work was supported by the National Natural Science
Foundation of China (81801606 to J-DM, 81971527 to LD,
and 82001731 to JJ),Natural Science Foundation of Guangdong
Province (2018A030313541 to J-DM and 2018A030313690 to Y-
YZ), Guangdong Medical research Foundation (A2018062 to Y-
YZ and A2021065 to J-ZL), Guangzhou Municipal Science and
Technology Project (201904010088 to LD and 202102010188 to
J-DM), and Guangdong Basic and Applied Basic research
Foundation (2019A1515011928 to LD, 2019A1515110125 to JJ,
and 2020A1515110061 to J-ZL).

ACKNOWLEDGMENTS

We thank all subjects and medical staff who contributed to
this study.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fimmu.2021.
778480/full#supplementary-material

Supplementary Figure 1 | Dynamic changes in clinical indicators and
therapeutic responses of RA patients during one-year follow-up. (A-J) Dynamic
changes in disease activity indicators including 28TJC, 28SJC, PtGA, PrGA, Pain
VAS, ESR, CRP, DAS28-CRP, SDAI and CDAI. (K) Dynamic changes in HAQ-DI.
(L-N) Dynamic changes in therapeutic responses including rates of Boolean
remission, CDAI remission and CDAI LDA.

Supplementary Figure 2 | Comparisons of dynamic changes in clinical
indicators during one-year follow-up among RA patients with different synovial
pathotypes in the new synovial pathotype classification. (A-J) Comparisons of
dynamic changes in disease activity indicators including 28TJC, 28SJC, PtGA,
PrGA, Pain VAS, ESR, CRP, DAS28-CRP, SDAI and CDAI. (K) Comparisons of
dynamic changes in HAQ-DI. *P<0.05, **P<0.01 (Kruskal-Wallis test).

4. Ten Klooster PM, Versteeg LGA, Oude Voshaar MAH, de la Torre I, De
Leonardis F, Fakhouri W, et al. Radiographic Progression Can Still Occur in
Individual Patients With Low or Moderate Disease Activity in the Current
Treat-to-Target Paradigm: Real-World Data From the Dutch Rheumatoid
Arthritis Monitoring (DREAM) Registry. Arthritis Res Ther (2019) 21:237.
doi: 10.1186/s13075-019-2030-8

5. Krabben A, Huizinga TW, Mil AH. Biomarkers for Radiographic Progression
in Rheumatoid Arthritis. Curr Pharm Des (2015) 21:147-69. doi: 10.2174/
1381612820666140825122525

6. Albrecht K, Zink A. Poor Prognostic Factors Guiding Treatment Decisions in
Rheumatoid Arthritis Patients: A Review of Data From Randomized Clinical Trials
and Cohort Studies. Arthritis Res Ther (2017) 19:68. doi: 10.1186/s13075-017-1266-4

7. Ma JD, Wei XN, Zheng DH, Mo YQ, Chen LF, Zhang X, et al. Continuously
Elevated Serum Matrix Metalloproteinase-3 for 3 ~ 6 Months Predict One-

Frontiers in Immunology | www.frontiersin.org

November 2021 | Volume 12 | Article 778480


https://www.frontiersin.org/articles/10.3389/fimmu.2021.778480/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2021.778480/full#supplementary-material
https://doi.org/10.1016/j.jaut.2020.102405
https://doi.org/10.1136/annrheumdis-2019-216819
https://doi.org/10.1136/annrheumdis-2019-216819
https://doi.org/10.1002/acr.21984
https://doi.org/10.1186/s13075-019-2030-8
https://doi.org/10.2174/1381612820666140825122525
https://doi.org/10.2174/1381612820666140825122525
https://doi.org/10.1186/s13075-017-1266-4
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

Zhang et al.

Synovial Pathotype Predicts Radiographic Progression

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Year Radiographic Progression in Rheumatoid Arthritis: A Prospective
Cohort Study. Arthritis Res Ther (2015) 17:289. doi: 10.1186/s13075-015-
0803-2

. Young-Min S, Cawston T, Marshall N, Coady D, Christgau S, Saxne T, et al.

Biomarkers Predict Radiographic Progression in Early Rheumatoid Arthritis
and Perform Well Compared With Traditional Markers. Arthritis Rheum
(2007) 56:3236-47. doi: 10.1002/art.22923

. Restrepo-Escobar M, Granda-Carvajal PA, Jaimes F. Systematic Review of the

Literature on Reproducibility of the Interpretation of Renal Biopsy in Lupus
Nephritis. Lupus (2017) 26:1502-12. doi: 10.1177/0961203317706556
Cykowska A, Marano L, D’Ignazio A, Marrelli D, Swierblewski M, Jaskiewicz
J, et al. New Technologies in Breast Cancer Sentinel Lymph Node Biopsy;
From the Current Gold Standard to Artificial Intelligence. Surg Oncol (2020)
34:324-35. doi: 10.1016/j.suronc.2020.06.005

Triaille C, Lauwerys BR. Synovial Tissue: Turning the Page to Precision
Medicine in Arthritis. Front Med (Lausanne) (2019) 6:46. doi: 10.3389/
fmed.2019.00046

Asif Amin M, Fox DA, Ruth JH. Synovial Cellular and Molecular Markers in
Rheumatoid Arthritis. Semin Immunopathol (2017) 39:385-93. doi: 10.1007/
s00281-017-0631-3

Ouboussad L, Burska AN, Melville A, Buch MH. Synovial Tissue
Heterogeneity in Rheumatoid Arthritis and Changes With Biologic and
Targeted Synthetic Therapies to Inform Stratified Therapy. Front Med
(Lausanne) (2019) 6:45. doi: 10.3389/fmed.2019.00045

Krenn V, Perino G, Riither W, Krenn VT, Huber M, Hiigle T, et al. 15 Years of
the Histopathological Synovitis Score, Further Development and Review: A
Diagnostic Score for Rheumatology and Orthopaedics. Pathol Res Pract
(2017) 213:874-81. doi: 10.1016/j.prp.2017.05.005

Krenn V, Morawietz L, Burmester GR, Kinne RW, Mueller-Ladner U, Muller
B, et al. Synovitis Score: Discrimination Between Chronic Low-Grade and
High-Grade Synovitis. Histopathology (2006) 49:358-64. doi: 10.1111/j.1365-
2559.2006.02508.x

van de Sande MG, Baeten DL. Immunopathology of Synovitis: From
Histology to Molecular Pathways. Rheumatol (Oxford) (2016) 55:599-606.
doi: 10.1093/rheumatology/kev330

Humby F, Lewis M, Ramamoorthi N, Hackney JA, Barnes MR, Bombardieri
M, et al. Synovial Cellular and Molecular Signatures Stratify Clinical Response
to Csdmard Therapy and Predict Radiographic Progression in Early
Rheumatoid Arthritis Patients. Ann Rheum Dis (2019) 78:761-72.
doi: 10.1136/annrheumdis-2018-214539

Pitzalis C, Kelly S, Humby F. New Learnings on the Pathophysiology of RA
From Synovial Biopsies. Curr Opin Rheumatol (2013) 25:334-44.
doi: 10.1097/BOR.0b013e32835fd8eb

Humby F, Durez P, Buch MH, Lewis MJ, Rizvi H, Rivellese F, et al. Rituximab
Versus Tocilizumab in Anti-TNF Inadequate Responder Patients With
Rheumatoid Arthritis (R4RA): 16-Week Outcomes of a Stratified, Biopsy-
Driven, Multicentre, Open-Label, Phase 4 Randomised Controlled Trial.
Lancet (2021) 397:305-17. doi: 10.1016/S0140-6736(20)32341-2

Leblond A, Allanore Y, Avouac J. Targeting Synovial Neoangiogenesis in
Rheumatoid Arthritis. Autoimmun Rev (2017) 16:594-601. doi: 10.1016/
j.autrev.2017.04.005

Lertkiatmongkol P, Liao D, Mei H, Hu Y, Newman PJ. Endothelial Functions
of Platelet/Endothelial Cell Adhesion Molecule-1 (CD31). Curr Opin Hematol
(2016) 23:253-59. doi: 10.1097/MOH.0000000000000239

Lowin T, Straub RH. Synovial Fibroblasts Integrate Inflammatory and
Neuroendocrine Stimuli to Drive Rheumatoid Arthritis. Expert Rev Clin
Immunol (2015) 11:1069-71. doi: 10.1586/1744666X.2015.1066674

Noack M, Ndongo-Thiam N, Miossec P. Interaction Among Activated
Lymphocytes and Mesenchymal Cells Through Podoplanin Is Critical for a
High IL-17 Secretion. Arthritis Res Ther (2016) 23:148. doi: 10.1186/s13075-
016-1046-6

Stephenson W, Donlin LT, Butler A, Rozo C, Bracken B, Rashidfarrokhi A,
et al. Single-Cell RNA-Seq of Rheumatoid Arthritis Synovial Tissue Using
Low-Cost Microfluidic Instrumentation. Nat Commum (2018) 9:791.
doi: 10.1038/541467-017-02659-x

Mizoguchi F, Slowikowski K, Wei K, Marshall JL, Rao DA, Chang SK, et al.
Functionally Distinct Disease-Associated Fibroblast Subsets in Rheumatoid
Arthritis. Nat Commun (2018) 9:789. doi: 10.1038/s41467-018-02892-y

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Aletaha D, Neogi T, Silman AJ, Funovits J, Felson DT, Bingham CO3rd, et al.
2010 Rheumatoid Arthritis Classification Criteria: An American College of
Rheumatology/European League Against Rheumatism Collaborative
Initiative. Ann Rheum Dis (2010) 69:1580-88. doi: 10.1002/art.27584

Chen YL, Jing J, Mo YQ, Ma JD, Yang L], Chen LF, et al. Presence of Hepatitis
B Virus in Synovium and Its Clinical Significance in Rheumatoid Arthritis.
Arthritis Res Ther (2018) 20:130. doi: 10.1186/s13075-018-1623-y

Lin JZ, Liu Y, Ma JD, Mo YQ, Chen CT, Chen LF, et al. Reduced Skeletal
Muscle Independently Predicts 1-Year Aggravated Joint Destruction in
Patients With Rheumatoid Arthritis. Ther Adv Musculoskelet Dis (2020)
12:1759720X20946220. doi: 10.1177/1759720X20946220

van der Heijde D, van der Helm-van Mil AH, Aletaha D, Bingham CO,
Burmester GR, Dougados M, et al. EULAR Definition of Erosive Disease in
Light of the 2010 ACR/EULAR Rheumatoid Arthritis Classification Criteria.
Ann Rheum Dis (2013) 72:479-81. doi: 10.1136/annrheumdis-2012-202779
England BR, Tiong BK, Bergman M]J, Curtis JR, Kazi S, Mikuls TR, et al.
Update of the American College of Rheumatology Recommended
Rheumatoid Arthritis Disease Activity Measures. Arthritis Care Res
(Hoboken) (2019) 71:1540-55. doi: 10.1002/acr.24042

Felson DT, Smolen JS, Wells G, Zhang B, van Tuyl LH, Funovits J, et al.
American College of Rheumatology/European League Against Rheumatism
Provisional Definition of Remission in Rheumatoid Arthritis for Clinical
Trials. Ann Rheum Dis (2011) 63:573-86. doi: 10.1136/ard.2011.149765

Ma JD, Zhou JJ, Zheng DH, Chen LF, Mo YQ, Wei XN, et al. Serum Matrix
Metalloproteinase-3 as a Noninvasive Biomarker of Histological Synovitis for
Diagnosis of Rheumatoid Arthritis. Mediators. Mediators Inflammation
(2014) 2014:179284. doi: 10.1155/2014/179284

Orr CK, Najm A, Young F, McGarry T, Biniecka M, Fearon U, et al. The
Utility and Limitations of CRP, ESR and DAS28-CRP in Appraising Disease
Activity in Rheumatoid Arthritis. Front Med (Lausanne) (2018) 5:185.
doi: 10.3389/fmed.2018.00185

Bayo ], Lopez-Castellanos J. Principal Factor and Hierarchical Cluster
Analyses for the Performance Assessment of an Urban Wastewater
Treatment Plant in the Southeast of Spain. Chemosphere (2016) 155:152-62.
doi: 10.1016/j.chemosphere.2016.04.038

Townsend MJ. Molecular and Cellular Heterogeneity in the Rheumatoid
Arthritis Synovium: Clinical Correlates of Synovitis. Best Pract Res Clin
Rheumatol (2014) 28:539-49. doi: 10.1016/j.berh.2014.10.024

Marston B, Palanichamy A, Anolik JH. B Cells in the Pathogenesis and
Treatment of Rheumatoid Arthritis. Curr Opin Rheumatol (2010) 22(3):307—
15. doi: 10.1097/BOR.0b013e3283369cb8

Lanfant-Weybel K, Michot C, Daveau R, Milliez PY, Auquit-Auckbur I,
Fardellone P, et al. Synovium CD20 Expression Is a Potential New
Predictor of Bone Erosion Progression in Very-Early Arthritis Treated by
Sequential Dmards Monotherapy - a Pilot Study From the Vera Cohort. Joint
Bone Spine (2012) 79:574-80. doi: 10.1016/j.jbspin.2011.11.006

Mulherin D, Fitzgerald O, Bresnihan B. Synovial Tissue Macrophage
Populations and Articular Damage in Rheumatoid Arthritis. Arthritis
Rheum (1996) 39:115-24. doi: 10.1002/art.1780390116

Bresnihan B, Gerlag DM, Rooney T, Smeets T], Wijbrandts CA, Boyle D, et al.
Synovial Macrophages as a Biomarker of Response to Therapeutic
Intervention in Rheumatoid Arthritis: Standardization and Consistency
Across Centers. | Rheumatol (2007) 34:620-2.

Naylor AJ, Filer A, Buckley CD. The Role of Stromal Cells in the Persistence of
Chronic Inflammation. Clin Exp Immunol (2013) 171:30-5. doi: 10.1111/
j.1365-2249.2012.04634.x

Pap T, Dankbar B, Wehmeyer C, Korb-Pap A, Sherwood J. Synovial
Fibroblasts and Articular Tissue Remodelling: Role and Mechanisms. Semin
Cell Dev Biol (2020) 101:140-5. doi: 10.1016/j.semcdb.2019.12.006
Fitzgerald AA, Weiner LM. The Role of Fibroblast Activation Protein in
Health and Malignancy. Cancer Metastasis Rev (2020) 39:783-803.
doi: 10.1007/s10555-020-09909-3

Croft AP, Campos J, Jansen K, Turner JD, Marshall ], Attar M, et al. Distinct
Fibroblast Subsets Drive Inflammation and Damage in Arthritis. Nature
(2019) 570:246-51. doi: 10.1038/s41586-019-1263-7

Wei K, Korsunsky I, Marshall JL, Gao A, Watts GFM, Major T, et al. Notch
Signalling Drives Synovial Fibroblast Identity and Arthritis Pathology. Nature
(2020) 582:259-64. doi: 10.1038/s41586-020-2222-2

Frontiers in Immunology | www.frontiersin.org

November 2021 | Volume 12 | Article 778480


https://doi.org/10.1186/s13075-015-0803-2
https://doi.org/10.1186/s13075-015-0803-2
https://doi.org/10.1002/art.22923
https://doi.org/10.1177/0961203317706556
https://doi.org/10.1016/j.suronc.2020.06.005
https://doi.org/10.3389/fmed.2019.00046
https://doi.org/10.3389/fmed.2019.00046
https://doi.org/10.1007/s00281-017-0631-3
https://doi.org/10.1007/s00281-017-0631-3
https://doi.org/10.3389/fmed.2019.00045
https://doi.org/10.1016/j.prp.2017.05.005
https://doi.org/10.1111/j.1365-2559.2006.02508.x
https://doi.org/10.1111/j.1365-2559.2006.02508.x
https://doi.org/10.1093/rheumatology/kev330
https://doi.org/10.1136/annrheumdis-2018-214539
https://doi.org/10.1097/BOR.0b013e32835fd8eb
https://doi.org/10.1016/S0140-6736(20)32341-2
https://doi.org/10.1016/j.autrev.2017.04.005
https://doi.org/10.1016/j.autrev.2017.04.005
https://doi.org/10.1097/MOH.0000000000000239
https://doi.org/10.1586/1744666X.2015.1066674
https://doi.org/10.1186/s13075-016-1046-6
https://doi.org/10.1186/s13075-016-1046-6
https://doi.org/10.1038/s41467-017-02659-x
https://doi.org/10.1038/s41467-018-02892-y
https://doi.org/10.1002/art.27584
https://doi.org/10.1186/s13075-018-1623-y
https://doi.org/10.1177/1759720X20946220
https://doi.org/10.1136/annrheumdis-2012-202779
https://doi.org/10.1002/acr.24042
https://doi.org/10.1136/ard.2011.149765
https://doi.org/10.1155/2014/179284
https://doi.org/10.3389/fmed.2018.00185
https://doi.org/10.1016/j.chemosphere.2016.04.038
https://doi.org/10.1016/j.berh.2014.10.024
https://doi.org/10.1097/BOR.0b013e3283369cb8
https://doi.org/10.1016/j.jbspin.2011.11.006
https://doi.org/10.1002/art.1780390116
https://doi.org/10.1111/j.1365-2249.2012.04634.x
https://doi.org/10.1111/j.1365-2249.2012.04634.x
https://doi.org/10.1016/j.semcdb.2019.12.006
https://doi.org/10.1007/s10555-020-09909-3
https://doi.org/10.1038/s41586-019-1263-7
https://doi.org/10.1038/s41586-020-2222-z
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

Zhang et al.

Synovial Pathotype Predicts Radiographic Progression

45.

46.

47.

48.

49.

Orange DE, Agius P, DiCarlo EF, Robine N, Geiger H, Szymonifka J, et al.
Identification of Three Rheumatoid Arthritis Disease Subtypes by
Machine Learning Integration of Synovial Histologic Features and RNA
Sequencing Data. Arthritis Rheumatol (2018) 70:690-701. doi: 10.1002/
art.40428

van Baarsen LG, Wijbrandts CA, Timmer TC, van der Pouw Kraan TC, Tak
PP, Verweij CL. Synovial Tissue Heterogeneity in Rheumatoid Arthritis in
Relation to Disease Activity and Biomarkers in Peripheral Blood. Arthritis
Rheum (2010) 62:1602-07. doi: 10.1002/art.27415

Dennis GJr, Holweg CT, Kummerfeld SK, Choy DF, Setiadi AF, Hackney JA,
et al. Synovial Phenotypes in Rheumatoid Arthritis Correlate With Response
to Biologic Therapeutics. Arthritis Res Ther (2014) 16:R90. doi: 10.1186/
ar4555

Nerviani A, Di Cicco M, Mahto A, Lliso-Ribera G, Rivellese F, Thorborn G,
et al. A Pauci-Immune Synovial Pathotype Predicts Inadequate Response to
Tnfalpha-Blockade in Rheumatoid Arthritis Patients. Front Immunol (2020)
11:845. doi: 10.3389/fimmu.2020.00845

Lewis MJ, Barnes MR, Blighe K, Goldmann K, Rana S, Hackney JA, et al.
Molecular Portraits of Early Rheumatoid Arthritis Identify Clinical and
Treatment Response Phenotypes. Cell Rep (2019) 28:2455-70. doi: 10.1016/
j.celrep.2019.07.091

50. Wu Z, Ma D, Yang H, Gao J, Zhang G, Xu K, et al. Fibroblast-Like
Synoviocytes in Rheumatoid Arthritis: Surface Markers and Phenotypes. Int
Immunopharmacol (2021) 93:107392. doi: 10.1016/j.intimp.2021.107392

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Zhang, Ma, Mo, Jing, Zheng, Chen, Wu, Chen, Zhang, Zou, Lin,
Xu, Zou, Yang, Ling, Miossec and Dai. This is an open-access article distributed under
the terms of the Creative Commons Attribution License (CC BY). The use, distribution
or reproduction in other forums is permitted, provided the original author(s) and the
copyright owner(s) are credited and that the original publication in this journal is
cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

Frontiers in Immunology | www.frontiersin.org

November 2021 | Volume 12 | Article 778480


https://doi.org/10.1002/art.40428
https://doi.org/10.1002/art.40428
https://doi.org/10.1002/art.27415
https://doi.org/10.1186/ar4555
https://doi.org/10.1186/ar4555
https://doi.org/10.3389/fimmu.2020.00845
https://doi.org/10.1016/j.celrep.2019.07.091
https://doi.org/10.1016/j.celrep.2019.07.091
https://doi.org/10.1016/j.intimp.2021.107392
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

	Addition of Fibroblast-Stromal Cell Markers to Immune Synovium Pathotypes Better Predicts Radiographic Progression at 1 Year in Active Rheumatoid Arthritis
	Introduction
	Materials and Methods
	Study Design and Patients
	Data Collection
	Outcome Assessments
	Synovial Immunohistochemistry and Synovitis Assessment
	Statistical Analysis

	Results
	Baseline Characteristics of RA Patients
	Therapeutic Response and Radiographic Outcome After 1-Year Follow-Up
	Relationship of Baseline Synovitis Assessments With Clinical Characteristics
	Relationship of Baseline Synovial Stromal Cells With Clinical Characteristics
	Establishment of a Fibroblast-Based Classification of Synovial Pathotypes
	Therapeutic Responses in RA Patients With New Synovial Pathotypes
	Predictive Value of New Synovial Pathotypes on Radiographic Progression at 1 Year
	Subgroup Analysis of New Synovial Pathotypes in Treatment-Naive RA Patients

	Discussion
	Data Availability Statement
	Ethics Statements
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


