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Abstract

Background: Apoptosis disruptions play substantial roles in pathogenesis of arthritis and its symptoms. Cytokines and their
intracellular signaling have pivotal roles in arthritis pathophysiology. This study aimed to investigate the relationship between synovial
Interleukin-6 (IL-6), nuclear factor kappa-B (NF-kB), and fractalkine (FKN) in the changes of edema and apoptosis during adjuvant-
induced knee arthritis.

Methods: A total of 240 male Wistar rats were divided into different groups. Arthritis was evoked and the knee edema changes were
evaluated by Vernier caliper. Synovial IL-6 was assayed by rat standard ELISA kit. Levels of NF-kB, fractalkine, and apoptotic
indicators in the synovium were evaluated by Western blot method. Results were expressed as Mean+ SEM. To analyze within-group
variations, repeated measures ANOVA, followed by post hoc Tukey’s test was used (SPSS, 16). Independent samples t test was used
to designate significant differences in knee diameter, synovial level of IL-6, apoptotic markers, NF-kB, and FKN between groups.
Significance level was set at P< 0.05.

Results: The injection of Complete Freund's Adjuvant (CFA) caused intense knee edema (P< 0.001), which was reduced by
implementing anti-IL-6 (P< 0.001), anti-FKN (P< 0.001), Inh-NF-xkB (P< 0.001), and anti-FKN+ Inh NF-kB (P< 0.001). The results
indicated elevated levels of apoptotic markers during the acute phase (P = 0.010), along with an increase in IL-6 (P< 0.001), NF-xB
(P<0.001), and FKN (P= 0.030). Although IL-6 (P< 0.001), NF-kB (P=0.001), and FKN (P= 0.007) levels elevation continued during
the chronic phase, the apoptosis markers decreased in this phase (P= 0.050). The findings revealed that Anti-IL-6 treatment during
different phases of the study could change the synovial NF-kB and FKN.

Conclusion: It seems that time-dependent variations in apoptotic markers level may be involved in pathogenesis of adjuvant-induced
knee arthritis. In conclusion, synovial IL-6 through NF-kB- FKN pathway can play an important role in this process.
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Introduction

The process of programmed cell death, or apoptosis is
recognized as a mechanism by which unwanted or useless
cells are eliminated (1). Mitochondrial membrane disrup-
tion and leakage is the triggering step in apoptosis (2).
Also, hypoxia can induce apoptosis (2), and antioxidant
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enzymes inhibit apoptosis (2). Deregulation of apoptosis
is the major pathophysiological mechanism of many auto-
immune diseases (3). In addition, it was reported that
apoptotic cells are much more prevalent in a variety of
chronic inflammatory diseases such as rheumatoid arthri-

1What is “already known” in this topic:

Cytokines and chemokines are major contributors to
inflammation and apoptosis. Apoptosis disruptions play
substantial roles in pathogenesis of arthritis and its symptoms.

— What this article adds:
Time-dependent variations in apoptotic markers level may be

involved in pathogenesis of inflammation (Adjuvant-induced
knee arthritis). Synovial IL-6 through NF-xB- FKN pathway
can play an important role in this process.
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tis (RA), a chronic inflammatory disease characterized by
synovial membrane hypertrophy with symptoms such as
joint destruction, pain, and edema (4, 5). Furthermore, the
hyperplasia of synovial cells in the joints of RA patients is
a typical example of chronic inflammatory proliferation,
which emphasizes the dysregulation of apoptosis in the
pathophysiology of chronic inflammatory diseases (6).
Cytokines are considered as important mediators of in-
flammatory situations. Some studies revealed that system-
ic and active inflammatory cytokines are produced abun-
dantly within the patients’ joints with RA (7, 8). In addi-
tion, they are considered as important participants in the
pathophysiology of chronic inflammatory diseases such as
RA (9). IL-6 is a multifunctional, pro/anti-inflammatory
cytokine, which plays some important roles in the patho-
physiology of arthritis (10, 11). Some studies demonstrat-
ed that there is an extremely high IL-6 concentration with-
in the serum and synovial fluid of RA patients (12). Fur-
thermore, some reported that cytokines are involved in
many cell processes such as differentiation, proliferation,
and cell death (11). It is evident that cytokines can affect
the extracellular pathway of apoptosis (1). IL-6, as an im-
portant inflammatory cytokine, has different antiapoptotic
and proapoptotic roles. Some studies indicated that IL-6
can delay or prevent apoptotic cell death in some biologi-
cal systems, while some suggested that IL-6 acts as an
important tumor-promoting factor in a wide variety of
human cancers, such as breast, glioma, and lymphoma
cancers. These IL-6 effects are mediated through inhibit-
ing apoptosis and promoting cell proliferation (13, 14). On
the other hand, some researches emphasized the stimulato-
ry effects of IL-6 on apoptosis. It was revealed that IL-6
stimulates neutrophil apoptosis during chronic inflamma-
tion. In this regard, IL-6 can play an important role in the
resolution of inflammation (15). In addition, different cell
signaling pathways may be considered as an important
part of various effects of cytokines during inflammation
process. The results of some previous studies indicated
anti/pro hyperalgesia effects of IL-6 during different stag-
es of inflammation (11, 16). Cytokines exert some of their
intracellular effects via chemokines (17). Like cytokines,
chemokines are involved in the immune pathogenesis of
inflammatory diseases, such as RA, and can affect apopto-
sis pathway (7, 18, 19). FKN is described as the solitary
member of a unique CX3C class of chemokines (7), as
well as a crucial mediator of apoptosis, which is upregu-
lated in RA synovial fluid (SF) (7). In some studies, the
effect of FKN on inducing or inhibiting apoptosis was
confirmed, which is different due to kind and time of
stimulation (20, 21). In addition, a part of intracellular
effects of cytokines and chemokines are mediated via ac-
tivating the NF-kB, which plays an important role in most
immune and inflammatory responses, as well as the pro-
tection of cells from apoptosis (22, 23). An inappropriate
regulation of NF-kB activation has been involved in the
pathogenesis of several immune related diseases such as
RA (23). Some studies reported that chemokines are re-
garded as one of the NF-kB dependent gene products. For
example, the stimulation of FKN by NF-xB dependent
signals was shown during inflammatory situations (24,
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25). Considering the significant effects of apoptosis on
pathogenesis of inflammation and the key role of IL-6,
NF-xB, and FKN pathway in inflammation and apoptosis,
the present study was aimed to examine the role of syno-
vial IL-6 in inducing apoptosis during different phases of
adjuvant-induced arthritis and its relationship with syno-
vial NF-kB- FKN signaling pathway.

Methods

Animals and experimental groups

Adult male Wistar rats, weighing 180-200 g, were used
at the beginning of the experiments. The animals were
housed at a RT of 22.0+1°C, with a 12-h light-dark cycle.
Food and water were available all the times except during
the experiments. The study protocol was approved by the
local ethics committee for using animals in research by
following the guidelines of ethical standards for consider-
ing experimental pain in animals (26). Also, this study
was approved by the ethics committee of Shahid Beheshti
University of Medical Sciences (Thesis number: 13/1769).
The experimental groups were arranged as follow: adju-
vant induced arthritis (AIA), AIA control (mineral oil
only), AIA + anti-IL-6, control + anti-IL-6 (PBS), AIA+
anti- fractalkine, control + anti-fractalkine (PBS), AIA +
NF-xB inhibitor, control+ NF-kB inhibitor (PBS), AIA +
anti-fractalkine + NF-kB inhibitor, and control + anti-
fractalkine + NF-xB inhibitor (PBS). Every group was
classified into 4 subdivisions to appraise diversities during
the study period (0, 7, 14" and 21* days) and each sub-
group included 6 male rats.

Adjuvant-induced inflammation

Adjuvant-induced inflammation was evoked on day 0
by a single intra-articular injection (100 pL) of heat-killed
Mycobacterium tuberculosis suspended in sterile mineral
oil (10 mg/mL, CFA, Sigma, St Louis, MO, USA) into the
right knee joint of the rat. AIA control rats received only
sterile mineral oil (100 pL) injection. This model was se-
lected because it can exhibit a rapid primary inflammation
response to the adjuvant (27).

Evaluation of adjuvant-induced inflammation

Adjuvant-induced inflammation development was eval-
uated by measuring the knee diameter during study period.
Knee diameter changes on different days were indicated
by using a Vernier caliper (28).

Synovium extraction

To study the molecular composition, the synovium of
the knee joint in the rats was removed. To this end, the
right kneecap of the rats was opened and the synovial tis-
sue surrounding the enclosures was removed with precau-
tion (29). Then, the synovium weight was calculated via
scale instrumentation (A & D Company, GR200, Japan).
The obtained samples were first stored in a liquid nitrogen
for 30 minutes and transferred to -80°C freezer for later
use.

Synovial IL-6 measurement
The synovial tissue was homogenized after segregation
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by the lysis buffer (Radio Immuno Precipitation Assay,
RIPA, buffer). Synovial IL-6 level was evaluated by rat
standard ELISA kit (Rat Interleukin-6 (IL-6). For the
quantitative determination of rat IL6 in serum, plasma,
tissue homogenates, cell lysates, cell culture supernates,
and other biological fluids, Cat. No. KT-19418 was used
on day 0 (before arthritis induction) and at different phas-
es of the study according to the manufacturer’s protocol.
The collected solution showed 100% cross reactivity with
the ELISA kit.

Western blot analysis

Western blot method was used to evaluate the synovial
level of apoptotic markers (Bax, Bcl2, and Caspase3), as
well as the synovial level of NF-kB and FKN. To this end,
the rates were killed and the synovial tissue was quickly
removed and homogenized in RIPA buffer. In the next
stage, the synovial tissue was centrifuged, the supernatant
was collected, and protein concentration was determined
(30). The same quantity of protein was diluted with sam-
ple buffer and a fractional of the attenuated sample (24uL)
was loaded onto SDS-PAGE gels and run. Sample from
an individual synovium tissue was loaded on each lane. In
the next stage, the proteins were transferred to Immobilon-
P PVDF membrane (Millipore, Bed ford, MA) using mini-
PROTEAN II (Bio-Rad). After utilization of primary anti-
bodies (Rabbit polyclonal 1Gg for Bax (1/ 1000), cell sig-
naling; rabbit polyclonal IGg for Bcl2 (1/ 1000), cell sig-
naling; rabbit polyclonal IGg for Caspase3 (1/ 1000), cell
signaling; rabbit polyclonal IgG for NF-xkB (1/3000),
AbCam; goat polyclonal IgG for CX3CL1/ fractalkine
(1/1000), R & D systems), nonspecific binding sites on the
membrane were blocked by the incubation in blocking
buffer. Further, the membrane was washed 3 times with
Tris Buffered Saline with Tween (TBST) buffer. Next, the
membrane was incubated with secondary antibody (IgG
(1/3000), cell signaling for apoptotic indicators; antirabbit
IgG (1/3000), cell signaling for nuclear factor kappa-B;
and antigoat IgG (1/2000), AbCam/ CA for Fractalkine).
Then, the membrane was washed with TBST buffer 3
times. The immunoreactivity of the protein bands was
observed using a chemiluminescence detection system
(ECL, Amersham). Then, the membrane was incubated in
a stripping buffer and with primary antibody for B-actin
(Rabbit polyclonal IGg for B-actin (1/1000), cell signal-
ing) as a loading control protein. In addition, the band
congestion was quantified by NIH Image (1. 60) and pre-
sented as the ratio of the Bax, Bcl 2, Caspase 3, NF-xB
and FKN bands to beta-actin to determine any discrepan-
cies in starting Bax, Bcl 2, Caspase 3, Nuclear Factor kap-
pa-B and fractalkine. Finally, each test was repeated 3
times on maiden groups of rats.

Experimental manner

Rats were randomly divided into different experimental
groups (24 in each group). Each group was assigned into 4
subgroups with 6 male rats in each subgroup to evaluate
variations on days 0, 7, 14, and 21.

Articular inflammation was developed by a single intra-
articular injection of adjuvant in the right knee joint of the
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rat on day O (under light anesthesia) in experimental
groups. In addition, different experiments were performed
to determine the effects of serum IL-6, NF-kB, and FKN
levels on knee diameter and find whether there was a
time-dependent relationship. A neutralizing dose of Anti-
IL-6 (Anti-IL-6 Antibody, ab9770, Abcam/ CA, UK),
Anti-FKN (CX3CL1/ fractalkine chemokine domain anti-
body R & D, AF537) antibodies and Inh NF-xB (Cayman,
USA, catalogue item No. 10012628) diluted in PBS were
injected intraperitoneally (11, 31, 32) from day | until the
21% day of the study (weekly injection for Anti-IL-6 Anti-
body; 3 times a week injection for Anti-FKN antibody and
Inh NF-kB inhibitor). As different phases were described
for adjuvant-induced arthritis (33, 34), knee diameter,
synovial IL-6, apoptotic markers, NF-kB, and FKN level
evaluation were made on day 0 (immediately before CFA
injection) and on days 7 (inflammatory phase), 14, and 21
(arthritic phase). Then, the rats were killed at the end of
each experiment based on guidelines for Ethical Conduct
in the Care and Use of Animals, and synovial membranes
were parted, instantly frozen in liquid nitrogen, and stored
at -80°C. In the next stage, synovial IL-6, apoptotic mark-
ers, NF-xB, and FKN levels were assessed by rat ELISA
kit and Western blotting on different days of the study in
the trial groups, respectively. The same manner was
adopted for the control groups.

Statistical analysis

The study results were expressed as Mean+Standard Er-
ror of Mean (SEM). To analyze within-group variations,
repeated measures ANOVA, followed by post hoc Tuk-
ey’s through multiple comparison tests (SPSS, 16), were
used. In addition, unpaired student t test was applicate to
designate considerable differences in knee diameter, syn-
ovial level of IL-6, apoptotic markers, NF-kB, and FKN
between groups. Significance level was set at p<0.05.

Results

Knee size during study procedure

Intra-articular adjuvant injection was shown to signifi-
cantly increase the ipsilateral knee diameter until day 21,
compared to AIA control (mineral oil) group. In adjuvant
injected rats, a significant increase occurred in the knee
size during days 7 (p<0.001), 14 (p=0.001), and 21
(p=0.001) after adjuvant injection, compared to day 0. The
results in the AIA+ anti-IL-6 group demonstrated that
adjuvant-injected knee size could be significantly reduced
by anti-IL-6 administration on days 7 (p<0.001) and 14
(p=0.042), compared to the same days in the AIA group.
Furthermore, anti-IL-6 administration caused a significant
increase in knee diameter on day 21 (p=0.050), compared
to the similar day in the AIA group.

With respect to the AIA+ anti-FKN group, anti-FKN
antibody led to a significant decrease in knee size on days
7 (p<0.001), 14 (p=0.001), and 21 (p<0.001), compared to
AIA group in the same days. Inh-NF-xkB administration
significantly reduced knee size on days 7 (p<0.001), 14
(p<0.001), and 21 (p<0.001), compared to the AIA group
in the same days. However, no significant difference was
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observed between AIA and AIA+ PBS groups. Anti-FKN
and Inh-NF-xB usage incurred a significant decline in
knee size on days 7 (p=0.001), 14 (p=0.001), and 21
(p<0.001) of the study, compared to AIA group. However,
no significant differences were reported between adjuvant
injected rats and AIA+ PBS group (Table 1).

Table 1. Knee diameter substantially increased in Adjuvant getter rats

Synovial Bax/ Bcl2 changes during different phases of
the study

Densitometry analysis revealed that intra-articular adju-
vant injection could cause significant changes time-
dependently in synovial Bax/ Bcl2, compared to AIA con-
trol (mineral oil) group. The synovial Bax/ Bcl2 signifi-

Groups Day Knee diameter mean (mm) SE

CFA 0 7.6 0.15
7 12.4 0.53
14 12.6 0.51
21 12.9 0.48

CFA+ Anti IL-6 0 7.7 0.17
7 8.7 0.17
14 11.2 0.31
21 14.4 0.44

CFA+ Anti FKN 0 7.9 0.09
7 9.2 0.51
14 9.5 0.52
21 10.6 0.41

CFA+ Inh NF-kB 0 7.9 0.07
7 9.2 0.49
14 9.6 0.5
21 9.8 0.51

CFA+ Anti FKN+ Inh NF-kB 0 7.4 0.1
7 8 0.3
14 8.4 0.2
21 8.7 0.2
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Fig. 1. Variation of synovial Bax/ Bcel 2 during different days of study
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cantly increased on day 7 in synovial membranes obtained
from the adjuvant injected rats, compared to day 0 of the
study (p=0.041). The synovial Bax/ Bcl2 during days 14
(p=0.050) and 21 (p=0.004) of adjuvant treatment was
significantly lower than the amount during day 0.

The administration of anti-IL-6 Antibody was associat-
ed with a prominent increment in synovial Bax/ Bcl2 on
days 7 (p=0.003), 14 (p=0.050), and 21 (p=0.047) of the
study, compared to the similar days in AIA group. Treat-
ment with anti-FKN antibody significantly increased the
synovial Bax/ Bcl2 on days 7 (p=0.048), 14 (p=0.050),
and 21 (p=0.005) of the study, compared to AIA group.
Intraperitoneal utilization of NF-kB inhibitor led to a sig-
nificant increase in synovial Bax/ Bcl2 on days 7
(p=0.032), 14 (p=0.010), and 21 (p<0.001) of the study,
compared to the similar days in AIA group. Administrat-
ing anti-FKN and Inh-NF-kB in adjuvant injected rats
resulted in significantly increased synovial Bax/ Bcl2 on
days 7 (p=0.043), 14 (p=0.050), and 21 (p=0.006) of the
study, compared to AIA group. However, no significant
differences were observed between AIA and AIA+ PBS
groups (Fig. 1a, b).

AIA prowp — A —— L
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AIA « s NF 48 growp N P LT

AIA + Asti Pion lnh NFaB groug

WMAAgroup DOAIA+ Anti IL-6 group  BJAIA+ Anti Fkn group
"

Synovial Caspase3/ B8-actin variation during study

procedure

Intra-articular adjuvant injection could cause significant
changes time-dependently in synovial caspase3/ B-actin,
compared to the AIA control (mineral oil) group. A prom-
inent enhancement occurred in caspase 3/ B-actin on day 7
(p=0.010), while a significant decrease was observed on
days 14 (p=0.050) and 21 (p=0.010), compared to day 0.

Caspase 3/ B-actin significantly increased in the synovi-
al membrane of the ATA+ anti-IL-6 group during days 7
(p=0.001), 14 (p=0.002), and 21 (p=0.390), compared to
the AIA group. Caspase 3/ B-actin in the synovial mem-
brane of the AIA+ Anti-FKN group significantly in-
creased on days 7 (p=0.010), 14 (p=0.010), and 21
(p=0.007) of the study, compared to the AIA group. Also,
Inh-NF-kB injection significantly increased synovium
level of Caspase 3/ B-actin during days 7 (p=0.004), 14
(p=0.050), and 21 (p=0.010) of the study, compared to
AIA group. Caspase 3/ B-actin in the synovial membrane
of the AIA+ anti-FKN+ Inh-NF-xB group significantly
increased during days 7 (p=0.002), 14 (p=0.006), and 21
(p<0.001), compared to AIA group. There were no signif-
icant differences between AIA and AIA+ PBS groups
(Fig. 2a, b).

BAIA+ Inh NF-xBgroup  BAIA+ Anti Fkn+ Inh NF-kB group

-~ 16 1
z 1.4 4 :
- .+
s "
z | ]
] 1.2 L e
~ N
;5_ L2 I~
: 11 RS ST
= b o & {22 "
= b o427 f
T 08 A 11 po & -7 .
g O o427
g mistess SSIAY
- 0.6 ui ’.‘: %
] 4 ul '
8 4 ; 1] 28 d Y 1
9- SHT 1 o4 % 11
z 04 4 b oo 2 miee STIY us
' S TAA 1 S04 AR 1
e AR misee SRR s
A +—H AR, us
0.2 4 SO AR 1] S04 AR 1
b & HAL b e # A2 us
0 S HIT I S A 1

0 7

Time (Days) 14 21

B
Fig. 2. Variation of synovial Caspase3/ -actin during different days of study
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Synovial FKN/ B-actin variation during study proce-
dure

Intra-articular adjuvant injection was shown to cause
considerable changes in synovial FKN/ B-actin, compared
to the AIA control (mineral oil) group. The results also
indicated that synovial FKN/ B-actin was significantly
increased on days 7, 14, and 21 on the synovial mem-
branes achieved from the adjuvant injected rats, compared
to day 0 of the study (p=0.020 for days 7 and 14; p=0.008
for day 21). Treatment with Anti-FKN antibody signifi-
cantly reduced synovial FKN/ B-actin on days 7
(p=0.001), 14 (p=0.008), and 21 (p=0.010), compared to
the AIA group. Administration of Anti-IL-6 antibody
caused a reduction in synovial FKN/ B-actin in day 7 of
the study and increased the ratio in days 14 (p=0.050) and
21 (p=0.010), compared to the AIA group.

Inh-NF-kB injection also significantly reduced synovial
FKN/ B-actin on days 7 (p=0.050), 14 (p=0.003), and 21
(p=0.001), compared to AIA group on the same groups.
Administration of Anti-FKN and Inh-NF-kB significantly
decreased the synovial FKN/ B-actin during days 7
(p=002), 14 (p<0.001), and 21 (p<0.001), compared to

AIA group  — — e c—
AlA + Aoty [L6 group | — e— | — -
AIA + Anti Flos grovp | Se—— — ‘ —

AlA « lah NF.xB groop

AlA + Anti Fin lnh NF.xB grovp

Betaxtin  e— — —_— _—

AIA. However, there were no significant differences be-
tween AIA and AIA+ PBS groups (Fig. 3a, b).

Synovial NF-kB/ B-actin variation during study proce-
dure

Intra-articular adjuvant injection led to considerable
changes in synovium level of NF-kB/ B-actin, compared
to AIA control (mineral oil) group.

Based on the synovial membranes obtained from adju-
vant recipient rats, the synovium level of NF-kB/ B-actin
was shown to considerably increase on days 7 (p=0.050),
14 (P =0.003), and 21 (P < 0.001) of the study, compared
to day 0. Inh-NF-kB injection also significantly decreased
the synovium level of NF-kB/ B-actin during days 7
(p=0.010), 14 (p=0.010), and 21 (p<0.001) of the study,
compared to AIA group on the same days. Anti-IL-6 anti-
body administration was associated with decreased syno-
vium level of NF-kB/ B-actin on days 7 (p=0.049) and 14
(p=0.050), as well as in the ratio on the 21% day (p=0.004),
compared to the AIA group. There were no significant
differences between AIA and AIA+ PBS groups (Fig. 4a,
b).
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Fig. 3. Variation of synovial level of Fractalkine/ f-actin during different days of study
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Synovial IL-6 level variation during study procedure

A significant increase was observed in IL-6 concentra-
tion after adjuvant treatment, compared to the AIA control
(mineral oil) group. In addition, the synovial IL-6 level
significantly increased on days 7 (p<0.001), 14 (p=0.001),
and 21 (p<0.001), compared to day O in the adjuvant in-
jected rats. Administration of anti-IL-6 antibody returned
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Fig. 5. ELISA analysis of synovium level of IL-6 during different
phases of study
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synovial IL-6 levels to those of day 0 before adjuvant in-
jection, and the AIA+ anti-IL-6 rats indicated a significant
reduction in synovial IL-6 level, compared to the similar
days in the AIA group (p<0.001 for all). No significant
difference was observed between AIA and AIA+ PBS
group (Fig. 5).

No differences were found between AIA, AIA control,
and AIA+ PBS groups in different parts of the study. Only
the AIA group results are presented in figures.

Discussion

The results indicated that intra-articular adjuvant injec-
tion led to permanent synovial edema. In addition, some
changes were observed in synovial apoptotic markers dur-
ing different stages of adjuvant-induced knee arthritis, and
IL-6 played an important role in the above-mentioned
changes via NF-kB- FKN signaling pathway. Further, the
findings demonstrated that synovial FKN plays a substan-
tial role in inducing and progressing knee edema and vary-
ing synovial apoptotic markers created by IL-6 and NF-kB
during adjuvant-induced arthritis. Some studies demon-
strated that positional adjuvant approval is one of the
prevalent scientific methods for evaluating inflammatory
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disturbances, such as RA, and can be used to effectively
assess various behavioral and molecular changes in acute
and chronic inflammatory arthritis (34, 35). Furthermore,
it was reported that cytokines and chemokines play a sig-
nificant role in pathogenesis of inflammation, as well as
its related symptoms such as hyperalgesia and edema (1,
35). In addition, arthritis results in increasing the levels of
inflammatory mediators such as IL-6, TNF-a and IL-1f
(36, 37). Based on the results of this study, injecting intra-
articular adjuvant can increase synovial IL-6 level align
through increasing knee edema, which is in line with the
results of some other studies which demonstrated that ad-
juvant plantar injection elevates serum IL-6 level during
the whole 21 days (11). Further, the findings demonstrated
that administering anti-IL-6 antibody weekly can decrease
knee edema during the first 2 weeks, while an increase
occurs in knee edema during the chronic phase of arthritis
due to anti-IL-6 antibody treatment. The results can sug-
gest dual anti/ proinflammatory roles for synovial IL-6
during adjuvant-induced arthritis (11).

Furthermore, adjuvant-induced arthritis caused an eleva-
tion in synovial apoptotic indicators during the acute stage
of the study (Day 7). However, these indicators were
shown to decrease on days 14 and 21, compared to day 0.
These results were in accordance with the results of stud-
ies showing that apoptosis level in RA synovium relies
considerably on the disease stage (38). Furthermore, in
another study, alveolar epithelial cells became apoptotic
and inflammatory mediators could promote the induction
of apoptosis during acute lung inflammation (39). Moreo-
ver, apoptosis elevated during acute kidney inflammation
due acute ischemic or nephrotoxic damage (40). In addi-
tion, chronic inflammatory bowel diseases can predispose
an individual to cancer by inducing cell resistance to
apoptosis, which is similar to the results of the present
study (41). Further, inflammatory disorders can change
apoptosis pattern, which results in influencing inflamma-
tory contexts. It was revealed that apoptosis defects can
lead to the induction of autoimmune disorders such as RA.
Furthermore, the activation of apoptotic pathways may
play a considerable role in improving inflammatory symp-
toms (42, 43). Inflammatory cytokines play a substantial
role in modulating apoptosis. By the same token, the
apoptotic markers could increase during the first week of
inflammation in the present study, which is in line with an
increase in the synovial IL-6 level. In this regard, some
studies highlighted the significance of IL-6 in inflammato-
ry late phases. For example, Ferraccioli et al demonstrated
that the early phases of the disease seemed to be charac-
terized by a systematic increase in IL-1B and TNF-a in
AIA model of arthritis, while the late phases were charac-
terized by an increase in IL-6, so that IL-6 effects on
apoptosis and inflammatory symptoms can be more mani-
fested during chronic inflammation (44).

On the other hand, the results of the present study indi-
cated a decrease in apoptotic markers during the last 2
weeks, along with an increase in synovial IL-6 level. In
addition, administering weekly anti-IL-6 antibody could
decrease synovial IL-6 level, leading to a significant in-
crease in synovial apoptotic markers. Further, some re-
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search emphasized IL-6 stimulatory effect on apoptosis. It
was reported that the human promonocytic leukemic cell
line and mature human neutrophils can be induced to be-
come apoptotic when cultured with interleukin-6.
Proapoptotic effect of IL-6 was evident after 48 hours of
cell incubation with IL-6 (45). Since the importance of IL-
6 in the transition from acute to chronic phase of inflam-
mation was emphasized, its effects on apoptosis are more
considerable in the chronic phase than in acute the arthritis
phase (46, 47). In addition, some emphasized the anti-
apoptotic role of IL-6 by indicating that IL-6 can act as a
growth factor for epidermal keratinocyte cells, mesen-
chymal cells, renal carcinoma cells, and multiple myeloma
cells (48, 49). Further, IL-6 can inhibit apoptosis induction
during inflammation via 2 distinct pathways, including
NF-kB-dependent (NF-xkB/ FKN) and NF-kB- independ-
ent pathway. Through these 2 pathways, IL-6 can prevent
from inducing apoptosis (12, 50). Some reports on NF-xB,
as one of the most important intracellular signaling path-
ways in IL-6 (17, 51), which are congruent with the re-
sults of the present study, indicated that adjuvant-induced
inflammation increased synovial NF-kB level during the
whole study period. Anti-IL-6 antibody treatment resulted
in reducing synovial IL-6 and NF-kB level significantly.
Furthermore, NF-kB could cause cellular signaling
through varying FKN expression. In addition, an increased
activation of NF-kB can increase the expression level of
FKN (17, 51), which is consistent with the results of the
present study, which indicated an increase in synovial
FKN, along with an increase in the synovial level of NF-
kB. Furthermore, NF-kB inhibitor administration caused a
considerable decrease in synovial FKN level and a signifi-
cant reduction in synovial NF-kB during the whole study.
In an in vitro study, it was reported that the FKN expres-
sion induced in rat aortic endothelial cells correlated with
an increase in NF-kB activity, and NF-xB inhibition re-
sulted in preventing from inducing FKN expression (12).
Furthermore, based on the results of the present study,
reducing the level of synovial FKN due to NF-xB inhibi-
tion was consistent with increasing apoptotic markers. The
findings confirmed that direct inhibition of administering
FKN by Anti-FKN antibody and its indirect inhibition by
NF-xB inhibitor administration caused a significant in-
crease in synovial apoptotic markers. The results of this
study can be used for drawing the pathway of inhibitory
effects in IL-6 on apoptosis induction during chronic in-
flammation. IL-6 neutralizing can lead to a reduction in
synovial NF-kB and FKN levels and the induction of syn-
ovial apoptosis.

Conclusion

Based on the results, an increased level of synovial IL-
6, NF-xB, and FKN can play a significant role in inducing
inflammation and changing the apoptosis pattern during
adjuvant-induced arthritis. The findings confirmed that IL-
6 has time-dependent effects on synovial apoptosis induc-
tion and NF-kB- FKN pathway is regarded as a crucial
part of its anti-apoptotic effects during chronic inflamma-
tion. Thus, given the importance of apoptosis deregulation
during chronic inflammation, the evaluation of other
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pathways is recommended for further studies.
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