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Role of surface APRIL (A Proliferation Inducing Ligand, CD256)

expression in patients with rheumatoid arthritis

Abstract

Background: A Proliferation Inducing Ligand (APRIL) is a member of the tumor necrosis
factor (TNF) superfamily and is secreted by monocytes, dendritic cells, macrophages,
neutrophils, myelocytes, astrocytes adipocytes and activated T and B cells.The study aimed
to assess surface APRIL; CD256expression on circulating monocytes in rheumatoid arthritis
patients and to determine its relationship to disease activity.

Methods: This case control study was carried out on 60 subjects They were divided into two
groups:groupl: 20 apparently healthy subjects as a reference group.,group2: 40 patients with
rheumatoid arthritis according to DAS28, they were subdivided into two equal subgroups:
active rheumatoid arthritis. and inactive rheumatoid arthritis

Results: There was astatistical-stastically significantincrease in surface APRIL expression in

active group and inactive group when compared to normal controls and there was also

statistical-statistically significantincrease in surface APRIL expression level in active group

when compared to inactive group. There was no significant correlation between surface
APRIL expression with RF(p=0.745) Anti CCP (p=0.375), Hb (p= 0.056), PLT (p=

0.980),WBCs (p= 0.252), Absolute Monocyte Count (AMC) (p= 0.890).

Conclusions: Surface APRIL expression is elevated on circulating monocyte subsets in
rheumatoid arthritis patients where it is highly correlated with disease activity. Monocytes in

patients with RA is shifted toward intermediate and non-classical monocytes, populations of



monocytes known to produce the inflammatory cytokines TNF-o important in the

pathogenesis of RA.
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Introduction:

Rheumatoid arthritis (RA) is a systemic B cell-mediated autoimmune disease
dominated by autoantibodies that recognize intracellular and extra-cellular antigens
[ production of tFhese autoantibodies result in chronic systemic immune responses that
target the synovium, cartilage, and bone resulting in joint damage 2.

A Proliferation Inducing Ligand (APRIL) is a member of the tumor necrosis factor
(TNF) superfamily and is secreted by monocytes, dendritic cells, macrophages, neutrophils,
myelocytes, astrocytes adipocytes and activated T and B cells B 41,

The effects of APRIL are dependent on the receptor that it binds. APRIL has 2
receptors: (1) TACI (the transmembrane activator, calcium modulator and cyclophilin ligand
interactor receptor) (2) BCMA (the B cell maturation antigen receptor). TACI is expressed in
B cells (Chang et al., 2006) while BCMA expression has been reported in plasma cells and on
fibroblast-like synoviocytes (FLS) from patients with RA . Binding of APRIL to the TACI
or BCMA receptor leads to increased B cell or plasma cell survival, respectively .

The binding of APRIL to these receptors activates specific TNF receptor-associated
factors (TRAFs), which regulate signal transduction in B cells. The interaction with TRAFs
induces the nuclear factor (NF)-xB signaling pathway, which plays a vital role in regulating
diverse aspects of immune function, including mediating inflammatory responses and
facilitating adaptive immunity &,

The binding of APRIL to TACI, BCMA, and BAFF-R receptors also triggers the up
regulation or down regulation of members of the Bcl-2 family of proteins, which are involved
in cell death, proliferation, survival, and cell-cell interactions!®).

Increases in serum levels of soluble APRIL, and in specific myeloid cell populations,
have been associated with RA. A novel surface form of APRIL and its expression inte

myeloid cells inand RA have been identified. In addition, surface APRIL has been observed



by microscopy in synovial macrophages from patients with RA (19 Surface APRIL is
expressed at high levels in transformed cell lines, cancers of colon, thyroid, lymphoid tissues,
and specifically expressed in monocytes and macrophages ™.

The study aimed to assess surface APRIL; CD256 expression on circulating
monocytes in rheumatoid arthritis patients and to determine its relationship to disease
activity.

Patients and Methods:

This case control study was carried out on 60 subjects selected from the out-patient’s
clinic of Physical Medicine, Rheumatology and Rehabilitation Department; Tanta University
Hospitals.

The criteria of patients included in this study was patients with rheumatoid
arthritis,; Tthe patients who are pregnant, with evidence of malignant diseases, with systemic
inflammatory conditions including advanced liver diseases and unwilling to participate in the
study were excluded.

They were divided into the following groups:

Group (1): Twenty apparently healthy subjects as a reference group.

subdivided into two subgroups:A) Twenty patients with active rheumatoid arthritis.B)
Twenty patients with inactive rheumatoid arthritis.

Studied groups were subjected to the following:

Detailed clinical evaluation: including history taking and clinical
examination.History taking from the affected person makes a subjective assessment (SA) of
disease activity during the preceding 7 days on a scale between 0 and 100, where 0 is "no

activity" and 100 is "highest activity possible" according to DAS28 score.
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The clinical parameters that were assessed are age, sex and 28 Joints examination.
Joints included were (bilaterally): proximal inter phalangeal joints (10 joints), metacarpo
phalangeal joints (10), wrists (2), elbows (2), shoulders (2) and knees (2). When looking at
these joints, both the number of joints with tenderness upon touching (TEN28) and swelling
(SW28) were counted.

Laboratory investigation: Routine laboratory investigation including: Complete
blood count (CBC), C reactive protein (CRP), Erythrocyte sedimentation rate (ESR),

Rheumatoid factor (RF), Anti citrullinated protein antibodies ACPAs (anti-CCP antibodies)

With these parameters, DAS28 is calculated as: DAS28 = 0.56xV((TEN 28)) + 0.28x\((SW

28)) + 0.70xIn (ESR) + 0.014xSA
Specific laboratory test

Flow Cytometric analysis for peripheral blood monocytes subsets using mono clonal
antibodies against CD14 (FITC labeled) (Steensma et al., 2013), CD16 (PE labeled) ™ and
surface APRIL detection were done by Flow Cytometer 3],

Blood samples were taken under complete aseptic conditions: two ml of peripheral
blood were delivered in to EDTA vacutainer tube for CBC measurement and flow Cytometric
analysis. 1.6 ml of peripheral blood were delivered into tube containing 0.4 ml of 3.8%
sodium citrate for ESR test. 3ml of blood were collected into sterile tube allowed to be

clotted and serum was separated for measurement of RF, CRP& anti-CCP.

Statistical analysis

Statistical analysis was done by SPSS v27 (IBM®, Chicago, IL, USA). Shapiro-Wilks test
and histograms were used to evaluate the normality of the distribution of data. Quantitative
parametric data were presented as mean and standard deviation (SD) and were analysed by
ANOVA (F) test with post hoc test (Tukey). Quantitative non-parametric data were presented

as median and interquartile range (IQR) and were analysed by Kruskal-Wallis test with Mann



Whitney-test to compare each group. ]Qualitative variables jwere presented as frequency and

percentage (%) and were analysed utilizing the Chi-square test. Spearman coefficient was
useddene to evaluate the degree of correlation between variables. A two tailed P value < 0.05
was considered statistically significant.
Results

There was no statistically significant difference between the two groups acecerding-as
regarding age and sex. ]There was statistically significant increase in the disease activity score

in active patients when compared to inactive patients.There was no statistically significant

difference between the two groups according to duration of the disease[Table 1Fable-1]

Table 1: Comparison between the studied groups as regard age and sex

Control Active Inactive
P
(n = 20) (n = 20) (n = 20)
No. % No. % No. %
Sex
Male 8 40.0% 4 20.0% 4 20.0% 0.256
Female 12 60.0% 16 80.0% 16 80.0
Age (years)
Range 50.0-28.0 56.0-32.0 56.0-28.0 0.110
Mean * SD. 7.06+£39.0 7.33+46.0 7.23+£44,0
DAS
Range 6.95 3.34 2.90 0.77 <0.001
Mean * SD. 0.99+466 0.78+1.86
Duration(years)
Range 2.0-12.0 3.0-16.0 0.547
Median (IQR) 8.0 (6.0-10.0) 8.0(6.0-12.0)

DAS; Disease activity score
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There was no statistically significant difference in Hb level between active group

when compared to inactive group. But normal control group has higher Hb value compared to

the patients with RA. There was no statistically significant difference in Platelets count

between the three groups. There was no statistically significant difference in

WBCscountbetween ina

groups. There was no statistically significant difference in AMCbetween patients with
inactive patients—and active RA but it was lower in when—cempared—te-normal controls

compared to RA patients and this finding is anrd-re-statistically significant-difference-between

active-group-when-compared-to-tnactive-group. There was statistically significant increase in

CRP level in active group and in inactive group when compared to normal controls. There

was also statistically significant increase in CRP level in active group when compared to
inactive group.There was also statistically significant increase in ESR level in active group

when compared to inactive group.There was no statistically significant difference in RF level

between active group and inactive group. There was statistically significant increase in Anti

CCP level in active group and inactive group-when-compared-to-nermal-controls-while There

Table 2: Comparison between the different studied groups as regard to CBC, CRPB,
ESR, RF and anti CCP.

Control Active Inactive
CBC (n = 20) (n = 20) (n = 20) P
Hb (gm/dI)
Range 15.30-13.5 12.50-8.50 12.80-8.90
| <0.001"
Mean £ SD. 0.95+13.84 1.06+10.64 115&1067 ircsedehtetirweR :[9CML|Comment
Sig. bet. Grps p;<0.001" p,<0.001" ps=0.996 DS dnanaemfonoity
PLT(x10°/L) .evobadetsegguss:
Rarge 368.0-210.0 483.0-142.0 490.0-162.0 0.263




Mean + SD. 69.72+242.15 | 89.43+260.90 |  90.46:285.80 csedehtetirweR :[10CML|Comment
Sig. bet. Grps p,=0.760, p,=0.234 p;=0.617 DS dnanaemfonoitpi
WBCS(XlOQ/L) L evobadetsegguss:
Range 9.80-5.20 11.60-6.20 11.20-4.80 0.040"
|Mean + SD. 1.49+7.30 }.81:|:8.64 1.89&7.53 ' csedehtetirweR :[11CML]Comment
Sig. bet. Grps p,=0.046 p,=0.908 p;=0.117 DS dnanaemfonoitpi
AMC (cells/rmm3) evobadetsegguss:
0.015
Range 484.0-223.0 816.0-268.0 672.0-144.0
Mean # SD. 75.0+£315.80 135.80 +£430.60 149.41/+399.55 [ csedehtetirweR :[12CML]Comment
Sig. bet. grps p;=0.014" p,=0.093 p,=0.711 DS dnanaemfonoitpi
CRP(mg/L) evobadetsegguss:
Range 1.0-50 14.0 - 100 7.0-26.0 <0.001"
Median (IQR) 3.0(2.0-4.75) 48.0(15.0 - 48.0) 12.0(6.0 - 24.0)
Sig. bet. Grps p1<0.001" p,<0.001" p3=0.009"
ESR (mm/1h)
Range 40-70 28.0-70.0 150 25.0 <0.001
Median (IQR) 5.50 (5.0 — 6.0) 41.0 (30.0-46.0) | 17.50 (15.0 — 20.0)
Sig. bet. grps p:<0.001" p,<0.001" p3<0.001"
RF(1U/mI)
Range 1.0-6.0 8.0 -512.0 8.0 — 256 <0.001"
Median (IQR) 3.0(2.0-5.0) 32.0(10.0—-64.0) | 64.0(20.0 —120.0)
Sig. bet. Grps p;<0.001" p,<0.001" ps=0.363
Anti CCP(U/ml)
Range 5.0-39.0 13.0-280.0 10.0 - 250.0 <0.001"
. 143.50 (98.75 — 128.0 (18.0 — '
Median (IQR) 20.0 (10.0 — 32.25) 244,25) 2115)
Sig. bet. Grps p;<0.001" p,=0.001" ps=0.294

p: p value for comparing between the three studied groups,pl: p value for comparing between Control group and Active group, p2:

p value for comparing between Control group and Inactive group, p3: p value for comparing between Active group and Inactive group,.:

Statistically significant at p < 0.05

In active group there was strong positive correlation between surface APRIL
expression with CRP (r=0.556&p=0.011),
(r=0.943&p=0.001) but there was no significant correlation between surface APRIL
expression with RF (p=0.745) Anti
0.980),WBCscount(p= 0.252), Monocytes(p= 0.890). In inactive group there was strong
positive correlation between surface APRIL expression with ESR(r=0.564&p=0.010) and
DAS score (r=0.910&p=0.001) but there was no significant correlation between surface

APRIL expression with RF (p= 0.671), Anti CCP (p=0.073), HB (p=0.094) PLT (p= 0.462),

CCP (p=0.375),

WBCs (p=0.636), AMC (p=0.767) and CRP (p= 0.243)[,
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Table 3: Correlation between APRIL expression and different findings in active and
inactive groups

Active Inactive
(n=20) (n=20)
APRILexpression (%) APRILexpression (%)
re p re p

RF(IU/ml) -0.078 0.745 -0.101 0.671
Anti CCP(U/ml) 0.210 0.375 0.410 0.073
Hb(gm/dI) 0.434 0.056 -0.385 0.094
PLT(x103/L) 0.006 0.980 0.174 0.462
WBCs(x10°/L) 0.269 0.252 -0.113 0.636
Monocytes(cells/mm?) 0.033 0.890 0.071 0.767
CRP (mg/L) 0.556 0.011° 0.273 0.243
ESR (mm/1h) 0.504 0.023° 0.564 0.010°
DAS 0.943 0.001* 0.910 0.001*

ri: Spearman coefficient*: Statistically significant at p < 0.05

Regarding surface APRIL expression in circulating monocytes, -in comparison
amongthe studied groups, t—Fhere was statistically significant increase in surface APRIL
expression in active group and inactive group when compared to normal controls and there
was also statistically significantinerease-trhigher level of surface APRIL expression-level in
active group when compared to inactive group. [Table 4Fable-4]

Table 4: Comparison between the studied groups as regard surface APRIL expression
in circulating monocytes.

APRIL (%) Control Active Inactive p
(n=20) (n=20) (n=20)
Range 27.70-77.20 90.80 —99.80 76.20 — 90.10 <0.001"
Median(IQR) | 57.0 (36.30 — 72.85) | 96.45 (92.40 — 97.58) 85.05 (80.20 —
86.28)
Sig. bet. grps p;<0.001" p,<0.001" p;<0.001"

p: p value for comparing between the three studied groups, pl: p value for comparing between control group and active
group, p2: p value for comparing between control group and inactive group, p3: p value for comparing between active group

and inactive group, *: Statistically significant at p < 0.05

-10-
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There was statistically significant decrease in classical monocyte in active group and
inactive group when compared to normal control and there was also statistically significant
decrease in classical monocyte in active group when compared to inactive group. There was
statistically significant increase in intermediate monocytes in active group and inactive group
when compared to normal control. There was also statistically significant increase in
Intermediate monocytes in active group when compared to inactive group. There was
statistically significant increase in non-classical monocytes in active group and in inactive
group when compared to normal control. There was also statistically significant increase in
non-classical monocytes in active group when compared to inactive group.]ln active group
there was no significant correlation between surface APRIL expression with RF (p=0.745)
Anti CCP (p=0.375), HB (p= 0.252), PLT (p= 0.980),WBCs (p= 0.252), AMC (p= 0.890). In
inactive group. There was no significant correlation between surface APRIL expression with
RF (p= 0.671), Anti CCP (p= 0.073), HB (p= 0.094) PLT (p= 0.462), WBCs (p= 0.636),

AMC (p= 0.767) and CRP(p= 0.243). [ Table 4Table 5]
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Table 5: Comparison between the studied groupsas regard distribution of monocyte

subsets
Control Active Inactive = D
(n=20) (n=20) (n=20)
Classical (%)
(CD14++CD16 -)
Range 92.20-83.30 72.90-20.20 75.20-36.80 | 131.12 | <0.001
Mean + SD. 2.64+88.31 10.36+44.11 11.461£54.15
Sig. bet. Grps p:<0.001" p,<0.001" p;=0.003"
Intermediate (%)
(CD14++CD16 +)
Range 10.50-4.40 55.80-20.20 51.40-19.20 | 113.49 | <0.001
Mean * SD. 1.76+7.56 8.79+43.28 10.4536.30
Sig. bet. Grps p:<0.001" p,<0.001" ps=0.020"
Non-classical (%)
(CD14+ CD16++)
Range 6.50-2.20 18.0-5.20 15.0-4.30 44,744 | <0.001
Mean = SD. 1.21+4.13 3.65+12.01 2.65+9.58
Sig. bet. Grps p:<0.001" p,<0.001" ps=0.016"

F: F for ANOVA test, Pairwise comparison between each 2 groups was done using post Hoc

Test

p: p value for comparing between the three studied groups
p1: p value for comparing between control group and active group
p2: p value for comparing between control group and inactive group
ps: p value for comparing between active group and inactive group
*: Statistically significant at p <0.05
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Discussion

Since APRIL was discovered, a great amount of evidence has been reported about the
involvement of APRIL in autoimmune diseases including RA 4. APRIL have been shown to
play roles in the process of inflammation associated lymphoproliferation and germinal center
formation in the rheumatoid synovium ™%,

APRIL causes the accumulation of plasma cells in the joint, further increasing, the
production of inflammatory cytokines such as TNF, IL1, and IL6; the auto production of
APRIL ultimately causes the proliferation of FLSs™®.

fThe etiology of RA is unknown, but genetic factors are associated with the condition
and its severity. Multiple environmental and lifestyle factors have been shown to be

associated with its development il

The result of this work showed that there was statistical increase in RF in active and
in inactive group. These results were in accordance with Solbritt et al., (2003)™and Yang

et al., (2015)™. However, there was no statistically significant difference in rheumatoid

factor between the active and in active group.

RF is the most common laboratory serologic marker for the diagnosis of RA however
the specificity of RF is relatively low because there is a 50% positive rate of RF in patients
with other connective tissue diseases, such as systemic lupus erythematosus, primary
Sjogren’s syndrome and dermatomyositis, with some infections and in elderly healthy

persons, which limits its diagnostic value )

This study showed that there was statistical increase in Anti CCP level in active group
and inactive group when compared to normal controls while there was no statistically
significant difference in Anti CCP level between active group and inactive group. This result
is in agreement with the study of Shen et al., (2015)[201 that showed significant differences in

concentration of anti CCP antibodies between RA patients and control group.

-13-
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This study showed that there was statistically significant decrease in classical
monocyte (CD14++CD16—) in RA patients when compared to normal control. Both non-
classical (CD14+ CD16++) and intermediate (CD14++CD16+) monocyte subsets were
significantlytatistically increased in patients with RA when compared to normal control.
Although these subsets make up less than 20% of the circulating monocyte population in
healthy donors, in patients with RA, they represent the majority of circulating monocytes.

This result is in agreement with the study of Weldon et al., (2015)"*" which provide
that the pool of monocytes in patients with RA is shifted toward intermediate and non-
classical monocytes, populations of monocytes known to produce the inflammatory cytokines
TNF-a and/or IL-1, cytokines important in the pathogenesis of RA.

Kawanaka et al., (2002)[22] reported higher frequency of CD16+ monocytes in the
peripheral blood of RA patients but without distinguishing between subpopulations of CD16+

monocytes. The CD14 [low (non-classical) monocyte subset has previously been the major

focus of attention in RA due to reports of increased numbers in inflammatory diseases.
Rossol et al., (2012)*!showed that the frequency of non-classical monocytes was higher in
patients with RA.

Yoon et al, (2014) demonstrate that proinflammatory intermediate
(CD14+CD16+), but not non-classical, monocytes are moderately expanded in peripheral
blood and prominently in synovial fluid of RA patients compared to healthy controls.
Intermediate monocytes are believed to represent a subset of monocytes that are able to
rapidly mature and differentiate into tissue macrophages because of their expression of
CD1s.

Ruiz-Limon et al., (2019)[25] provide, in a large cohort of RA patients, that monocyte

subset distribution is skewed to a more “pro-inflammatory” profile, with elevated frequency

-14 -
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of intermediate monocytes (CD14++CD16+), which were related to the autoimmune and
inflammatory profile.

As regard surface APRIL expression on monocytes the result of the present work
showed that there was statistically significant increase in surface APRIL expression in RA
patients when compared to normal controls and there was also statistically significant
increase in surface APRIL expression level in active group when compared to inactive group.
This study showed strong positive correlation between surface APRIL expression with CRP,
ESR and DAS score.

In agreement of these results Gaugler et al., (2013)*found that high serum APRIL
levels have been described in patients with RA or very early RA. Weldon et al,
(2015)*showed that in patients with RA, all myeloid cells indicate the surface expression of
the APRIL, which is associated with the plasma level of-andthe-APRIL and the activity of the
disease as indicated by DAS28 score.

Boghdadi et al., (2015)%"also found that serum APRIL showed elevated levels that
correlated significantly with RA disease activity indicated by DAS28. They found significant
correlation considering APRIL/CRP and APRIL/ESR levels. They also found that serum
APRIL had a good prediction performance to evaluate the joint injury status and therapeutic
effect in patients with RA.

Rodriguez-Carrio et al., (2019)*®found that SAPRILand-serum levels identify a

subset of patients with a more severe disease and increased prevalence of autoantibodies,
probably linked to a B-cell over-activation and immune-stimulatory status.

APRIL is strong regulators of B cell that play animportant role in the development
and survival of these cells. Thiscytokine maintains the activation of B cells and enhance

autoimmunediseases 7.

-15-
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APRIL causes the accumulation of plasma cells in the joint, further increasing; the
production of inflammatory cytokines such as TNF, IL1, and IL6; the autoproduction of
APRIL ultimately causes the proliferation of FLSs ¢!,

In the study of Weldon et al., (2015)?*) APRIL have been shown to be particularly
elevated in very early RA, suggesting that atacicept may prove beneficial in patients with
newly diagnosed RA.

Targeting APRIL employing monoclonal antibodies can neutralize the effects of this
cytokine in some patients. APRIL inhibition has clear therapeutic effects in autoimmunity
such as RA. Also, APRIL inhibition improved the symptoms of RA and delayed the

progression of the disease in a certain number of clinical trials %,

Conclusions:

Surface APRIL expression is elevated on circulating monocyte subsets in rheumatoid arthritis
patients where it is highly correlated with disease activity. Monocytes in patients with RA is
shifted toward intermediate and non-classical monocytes, populations of monocytes known to

produce the inflammatory cytokines TNF-o important in the pathogenesis of RA.

-16 -



References

1. Dorner T, Giesecke C, Lipsky PE. Mechanisms of B cell autoimmunity in SLE. Arthritis
Res Ther. 2011;13:1-12.

2. Diamond B, Bloom O, Al Abed Y, Kowal C, Huerta P, Volpe B. Moving towards a cure:
blocking pathogenic antibodies in systemic lupus erythematosus. J Intern Med. 2011;269:36-
44,

3. Alexaki V-I, Notas G, Pelekanou V, Kampa M, Valkanou M, Theodoropoulos P, et al.
Adipocytes as immune cells: differential expression of TWEAK, BAFF, and APRIL and their
receptors (Fn14, BAFF-R, TACI, and BCMA) at different stages of normal and pathological
adipose tissue development. J Immunol Res. 2009;183:5948-56.

4. Matthes T, Dunand-Sauthier I, Santiago-Raber M-L, Krause K-H, Donze O, Passweg J, et
al. Production of the plasma-cell survival factor a proliferation-inducing ligand (APRIL)
peaks in myeloid precursor cells from human bone marrow. Am J Hematol. 2011;118:1838-
44,

5. Nagatani K, Itoh K, Nakajima K, Kuroki H, Katsuragawa Y, Mochizuki M, et al.
Rheumatoid arthritis fibroblast-like synoviocytes express BCMA and are stimulated by
APRIL. Arthritis Rheum. 2007;56:3554-63.

6. Kimberley FC, van der Sloot AM, Guadagnoli M, Cameron K, Schneider P, Marquart JA,
et al. The design and characterization of receptor-selective APRIL variants. J Biol Chem.
2012;287:37434-46.

7. Morrison MD, Reiley W, Zhang M, Sun SC. An atypical tumor necrosis factor (TNF)
receptor-associated factor-binding motif of B cell-activating factor belonging to the TNF
family (BAFF) receptor mediates induction of the noncanonical NF-kappaB signaling

pathway. J Biol Chem. 2005;280:10018-24.

-17 -



8. Miller JP, Stadanlick JE, Cancro MP. Space, selection, and surveillance: setting boundaries
with BLyS. J Immunol. 2006;176:6405-10.

9. Do RK, Hatada E, Lee H, Tourigny MR, Hilbert D, Chen-Kiang S. Attenuation of
apoptosis underlies B lymphocyte stimulator enhancement of humoral immune response. J
Exp Med. 2000;192:953-64.

10. Lee SM, Kim WJ, Suk K, Lee WH. Cell to Cell Interaction Can Activate Membrane-
bound APRIL Which Are Expressed on Inflammatory Macrophages. Immune Netw.
2010;10:173-80.

11. Vincent FB, Saulep-Easton D, Figgett WA, Fairfax KA, Mackay F. The BAFF/APRIL
system: emerging functions beyond B cell biology and autoimmunity. Cytokine Growth
Factor Rev. 2013;24:203-15.

12. Congy-Jolivet N, Bolzec A, Ternant D, Ohresser M, Watier H, Thibault G. Fc gamma
RIlla expression is not increased on natural killer cells expressing the Fc gamma Rllla-158V
allotype. Cancer Res. 2008;68:976-80.

13. Planelles L, Medema JP, Hahne M, Hardenberg G. The expanding role of APRIL in
cancer and immunity. Curr Mol Med. 2008;8:829-44.

14. Bosello S, Pers J-O, Rochas C, Devauchelle V, De Santis M, Daridon C, et al. BAFF and
rheumatic autoimmune disorders: implications for disease management and therapy. Int J
Immunopathol Pharmacol 2007;20:1-8.

15. Seyler TM, Park YW, Takemura S, Bram RJ, Kurtin PJ, Goronzy JJ, et al. BLyS and
APRIL in rheumatoid arthritis. J Clin Invest. 2005;115:3083-92.

16. Zhao J, Guo J, Wang L, Zhou W, Zhang Z. The role of a proliferation-inducing ligand
(APRIL) in the pathogenesis of rheumatoid arthritis. Scand J Rheumatol. 2014;43:462-9.

17. Gibofsky A. Epidemiology, pathophysiology, and diagnosis of rheumatoid arthritis: A

Synopsis. Am J Manag Care. 2014;20:5128-35.

18



18. Rantapaa-Dahlgvist S, de Jong BA, Berglin E, Hallmans G, Wadell G, Stenlund H, et al.
Antibodies against cyclic citrullinated peptide and IgA rheumatoid factor predict the
development of rheumatoid arthritis. Arthritis Rheum. 2003;48:2741-9.

19. FuH, Qin B, Hu Z, Ma N, Yang M, Wei T, et al. Neutrophil-and platelet-to-lymphocyte
ratios are correlated with disease activity in rheumatoid arthritis. Clin Lab. 2015;61:269-73.
20. Shen R, Ren X, Jing R, Shen X, Chen J, Ju S, et al. Rheumatoid Factor, Anti-Cyclic
Citrullinated Peptide Antibody, C-Reactive Protein, and Erythrocyte Sedimentation Rate for
the Clinical Diagnosis of Rheumatoid Arthritis. Lab Med. 2015;46:226-9.

21. Weldon AJ, Moldovan I, Cabling MG, Hernandez EA, Hsu S, Gonzalez J, et al. Surface
APRIL Is Elevated on Myeloid Cells and Is Associated with Disease Activity in Patients with
Rheumatoid Arthritis. J Rheumatol. 2015;42:749-59.

22. Kawanaka N, Yamamura M, Aita T, Morita Y, Okamoto A, Kawashima M, et al.
CD14+,CD16+ blood monocytes and joint inflammation in rheumatoid arthritis. Arthritis
Rheum. 2002;46:2578-86.

23. Rossol M, Kraus S, Pierer M, Baerwald C, Wagner U. The CD14(bright) CD16+
monocyte subset is expanded in rheumatoid arthritis and promotes expansion of the Th17 cell
population. Arthritis Rheum. 2012;64:671-7.

24.Yoon BR, Yoo SJ, Choi Y, Chung YH, Kim J, Yoo IS, et al. Functional phenotype of
synovial monocytes modulating inflammatory T-cell responses in rheumatoid arthritis (RA).
PLoS One. 2014;9:e109775.

25. Ruiz-Limon P, Ortega-Castro R, Barbarroja N, Perez-Sanchez C, Jamin C, Patifio-Trives
AM, et al. Molecular Characterization of Monocyte Subsets Reveals Specific and Distinctive
Molecular Signatures Associated With Cardiovascular Disease in Rheumatoid Arthritis. Front

Immunol. 2019;10:1111.

19



26. Gaugler B, Laheurte C, Bertolini E, Pugin A, Wendling D, Saas P, et al. Peripheral Blood
B cell subsets and BAFF/APRIL levels and their receptors are disturbed in rheumatoid
arthritis but not in ankylosing spondylitis. J Clin Cell Immunol. 2013;4:2.

27. Boghdadi G, EI-Sokkary RH, Elewa EA, Abbas SF. APRIL level as a marker of disease
activity in treated rheumatoid arthritis patients: association with disease activity and anti-CCP
antibody. Egypt J Immunol. 2015;22:31-9.

28. Rodriguez-Carrio J, Alperi-Lopez M, Lopez P, Pérez-Alvarez A, Benavente L, Ballina-
Garcia FJ, et al. Monocyte Subsets And Ace Expression Are Associated With Subclinical
Atherosclerosis In Very Early Rheumatoid Arthritis Patients. Atherosclerosis.
2019;287:e238.

29. Shabgah AG, Shariati-Sarabi Z, Tavakkol-Afshari J, Mohammadi M. The role of BAFF

and APRIL in rheumatoid arthritis. J Cell Physiol. 2019;234:17050-63.

20



