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Influence of TNF-a inhibition
on oxidative stress of rheumatoid
arthritis patients
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SUMMARY

The aim of this study was to assess circulating levels of reactive oxygen metabolites (ROMs) as a marker of
oxidative stress in rheumatoid arthritis (RA) patients during an anti-tumor necrosis factor alpha (TNF-a) treat-
ment.

We enrolled 40 patients with RA (36 females; age 53+13 yrs) treated with different subcutaneously adminis-
tered TNF-a inhibitors. The oxidative status was determined on the basis of plasma samples taken before, at
24 and 52 weeks of the anti-TNF-a treatment. Hydroperoxide levels were measured using the d-ROMs test, a
useful clinically proven oxidative stress marker.

During the anti-TNF-a therapy, we observed a significant reduction in serum ROMs levels in RA patients from
33.2+10 mg H202/L at baseline to 29.5+7 and 29.3+9 mg H202/L, at 24 and 52 weeks, respectively (p<0.05).
We also identified a significant correlation between the oxidative stress status and the disease activity score on
28 joints/C-reactive protein and health assessment questionnaire disability index. The results of our study dem-
onstrate that a good control of the disease with anti-TNF-o agents can reduce oxidative stress in RA patients.

However, further studies of larger patient cohorts are needed to confirm these preliminary data.
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H INTRODUCTION

heumatoid arthritis (RA) is a chronic,

systemic inflammatory disease that af-
fects primarily the joints with synovial hy-
perplasia and may result in structural joint
damage and disability (1). The combina-
tion of genetic susceptibility along with
various environmental factors is reported
to play a critical role in the pathogenesis of
this disease and leads to persistent immune
system activation and highly complex and
coordinated processes that initiate and per-
petuate an autoimmune response with a
low-grade chronic inflammation (2).
Reactive oxygen species (ROS) are chemi-
cally reactive molecules containing oxygen
generated during normal oxygen metabo-
lism, which play important roles in cell
signaling and homeostasis. However, an
imbalance between the systemic produc-
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tion of ROS and the biological system’s
ability to readily detoxify these metabolites
results in oxidative stress in cells with an
ensuing damage to their components, such
as proteins, lipids, and DNA (3).

ROS have been classically described as
harmful products released during inflam-
matory diseases that can activate and per-
petuate the immune response (4). In several
autoimmune diseases, pro-inflammatory
compounds (cytokines and prostaglandins)
together with ROS are released at sites
of inflammation. In particular, the over-
production of tumor necrosis factor alpha
(TNF-a) is thought to be the main contrib-
utor to increased ROS release in patients
with RA (5). Therefore, high ROS levels
have proven to be related to disease activ-
ity (6).

The aim of this study was to assess the ef-
fect of an anti-TNF-a treatment on circu-
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lating levels of reactive oxygen metabolites
(ROMs) and oxidative stress in patients
with active RA.

H PATIENTS AND METHODS

According to the 2010 classification crite-
ria of the American College of Rheumatol-
ogy/European League Against Rheuma-
tism (ACR/EULAR) (7), we consecutively
enrolled 40 early RA patients, who failed
treatment with disease modifying anti-
rheumatic drugs (DMARDs) and were eli-
gible for a biologic therapy, in compliance
with the recommendations of the Italian

Society of Rheumatology (8). All patients
were evaluated for disease activity by the
disease activity score on 28 joints/C-re-
active protein (DAS28-CRP), functional
status by the health assessment question-
naire disability index (HAQ-DI), and were
screened for latent tuberculosis, B and C
hepatitis as well as human immunodefi-
ciency virus and varicella zoster virus ex-
posure/infection, and history of previous
malignancies. Smokers of more than 10
cigarettes/day were excluded. The clinical
features of the enrolled patients are report-
ed in Table I. Corticosteroids (CCS) and/
or DMARDs treatment at baseline were

Table I - Clinical features of rheumatoid arthritis patients (N. 40).

Baseline 24 weeks 52 weeks
Female, n. (%) 36 (90%)
Age, years - mean+SD 53+13
Disease duration, months - mean+SD 6.8+3.7
RF positive, n. (%) 31 (77.5)
ACPA positive, n. (%) 29 (72.5)
Treatment, n. (%)
CCS 3(75)
CCS+MTX 27 (67.5)
CCS+LFM 4 (10.0)
CCS+SSz 6 (15.0)
Anti-TNF
Etanercept 15 (37.5%)
Adalimumab 17 (42.5%)
Golimumab 8 (20%)
ESR, mm/h - mean+SD 57+27 22+21* 18+15*
CRP, mg/L - mean+SD 6.4+3.7 2.1+£1.4* 1.3+1.2*
DAS28-CRP - mean+SD 6.4+0.9 3.5+1.2* 3.3+1.1*
EULAR response: none/moderate/good - n. (%) ) 4/14/22* 0/9/27*
[DAS28 improvement <0.6/0.6-1.2/>1.2] (10/35/55) (0/25/75)
HAQ-DI - mean+SD 1.8+0.7 0.9+0.4* 0.7£0.5*
ROS serum levels - mean+SD (mgH,O,/L) 33.2+10 29.5+7* 29.3+9"
Oxidative stress: low/moderate/high - n. (%) 0/17/23 20/16/4* 28/8/0**
[ROS levels <27/27-32/>32 mgH,0,/L] (0/43/57) (50/40/10) (78/22/0)
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SD, standard deviation; RF, rheumatoid factor; ACPA, anti-citrullinated peptide antibodies; CCS, corti-
costeroids; MTX, methotrexate; LFM, luflunomide; SSZ, sulfasalazine; TNF, tumor necrosis factor; ESR,
erythrosedimentation rate; CRP, C-reactive protein; DAS28, disease activity score on 28 joints; EULAR,
European League Against Rheumatism; HAQ-DI, health assessment questionnaire disability index; ROS,

reactive oxygen species. “p<0.05; **p<0.001.
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maintained in combination with TNF-a in-
hibitors and dosages remained unchanged
during the study. At baseline and after 24
and 52 weeks from the initiation of treat-
ment with anti-TNF-a drugs for all pa-
tients, the four-variable DAS28-CRP was
measured and blood samples were taken
and frozen at -80°C until laboratory assess-
ment. Plasma levels of ROMs were mea-
sured by performing the Diacron reactive
oxygen metabolite d-ROM test, according
to the manufacturer’s instructions. This test
reflects the amount of organic hydroperox-
ides that is related to the free radicals from
which they are formed. When the samples
are dissolved in an acidic buffer, the hydro-
peroxides react with the transition metal
(mainly iron) ions released from the pro-
teins in the acidic medium and are convert-
ed to alkoxy and peroxy radicals. These
newly-formed radicals oxidize an additive
aromatic amine (N, N-diethyl-para-phenyl-
en-diamine) and cause the formation of a
relatively stable colored cation radical that
is spectrophotometrically detectable at 505
nm. The results are expressed in arbitrary
units (U. Carr) with one unit correspond-
ing to 0.8 mg/L of hydrogen peroxide. Ac-
cording to manufacturer’s indications and
previous preclinical and clinical studies (9,
10), ROS levels >32 mg H202/L are con-
sidered indicative of high oxidative stress;
values between 27 and 32 mg H202/L
correspond to a moderate oxidative stress,
while ROS serum levels <27 mg H202/L
indicate a low oxidative stress.

Data are expressed as the mean +1 standard
deviation and analyzed using the Prism sta-
tistical package (GraphpadlInstat, version
3). Continuous variables were evaluated
by using the one-way analysis of variance
followed by paired t tests, while categori-
cal data were calculated using the Fisher’s
exact probability test or y2-test, when ap-
propriate. P values <0.05 were considered
statistically significant.

H RESULTS

At baseline all patients had a high disease
activity (mean DAS28-CRP = 6.4+0.9)
and during the treatment we observed a
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significant improvement in DAS28 both
after 24 weeks (3.5+1.2) and 52 weeks
(3.3x1.1) (p<0.001). After 24 weeks of
treatment, 22 patients reached a good re-
sponse, 14 patients had a moderate re-
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Figure 1 - Association of oxidative stress
in rheumatoid arthritis patients with disease
activity (A) and disability (B). Oxidative stress
evaluated by reactive oxygen species serum
levels: high >32 mg H202/L; moderate 27-
32 mg H202/L; low <27 mg H202/L. Disease
activity according to disease activity sco-
re on 28 joints/C-reactive protein (DAS28-
CRP): high >5.1, moderate 3.2-5.1; low <3.2.
Disability assessed by health assessment
questionnaire disability index (HAQ-DI): high
>1.0, moderate 0.5-1.0; low <0.5. A) x2=247;
p<0.001; B) %2=138; p<0.001.
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sponse and 4 patients had no response ac-
cording to the EULAR definitions. The last
4 patients dropped out from the study and
were switched to other treatments. After
52 weeks, 5 more patients reported a good
EULAR response. The HAQ significant-
ly decreased from 1.8+0.7 at baseline to
0.9£0.4 and 0.7£0.5 after 24 and 52 weeks
of treatment, respectively (p<0.001).

As to the ROS serum levels of RA patients,
at baseline we observed a mean ROS of
33.2+10 mg H202/L, with a high oxidative
stress in 23 patients (>32 mg H202/L), and
a moderate oxidative stress in 17 patients
(ROS <32 and >27 mg H202/L).

After 24 weeks of anti-TNFo treatment,
the mean ROS serum levels dropped to
29.5+7 mg H202/L (p=0.02 vs baseline).
The 20 patients who reached a low disease
activity (DAS28-CRP <3.2) had a low oxi-
dative stress status (ROS <27 mg H202/L),
while the 4 patients who had no EULAR
response had a high oxidative stress (ROS
>32 mg H202/L).

After 52 weeks of treatment, ROS serum
levels were 29.3+9 mg H202/L (p=0.02
vs basal), 26 out of 36 patients (72%) had
a low disease activity (DAS28-CRP <3.2)
and a low oxidative stress status (ROS <27
mg H202/L).

Lastly, we also observed a significant as-
sociation between the oxidative stress
evaluated by measuring the circulating
ROS serum levels and the disease activ-
ity according to DAS28-CRP (x2=247,;
p<0.001) and the functional status of RA
patients assessed by the HAQ-DI (2=138;
p<0.001) (Fig. 1).

Bl DISCUSSION AND
CONCLUSIONS

Our study confirmed the correlation be-
tween circulating ROS levels and disease
activity in RA patients. However, the
mechanisms responsible for the onset of
RA remain unclear. Smoking is considered
to be one of the most important extrinsic
risk factors with a role in its development
and severity (11). Recent studies demon-
strated the interrelation between smoke,
oxidative stress, inflammation, autoanti-

body formation and epigenetic changes
in RA (12). ROS play a significant role
in the progressive joint destruction both
upstream and downstream to the nuclear
factor kappa B (NF-xB) and TNF-a path-
ways, which are located at the center of the
inflammatory response (13). Moreover, the
increased oxidative stress is actually con-
sidered the main key driver in RA extra-
joint morbidity, mainly in accelerated ath-
erosclerosis, which may led to increased
cardiovascular disease and mortality. The
immune response, via cytokines and che-
mokines that attract monocytes, plays a
role in these alterations ranging from the
formation and stabilization of the athero-
sclerotic plaque to its progression and
rupture (14). The control of the systemic
inflammation is a therapeutic goal which
not only translates in the remission of
musculoskeletal symptoms, but also in an
improvement of the patient overall health.
Recent biologic immunosuppressive thera-
pies targeting pro-inflammatory cytokines
proved to be able to control disease activ-
ity and halt the progressive joint destruc-
tion (15). TNF-o. inhibitors exert an anti-
oxidative stress activity interfering with the
pleiotropic effect of this cytokine. TNF-a
stimulates NAD(P)H oxidases activity and
increases intracellular hydrogen peroxide.
The up-regulation of TNF-o impairs NO
bioavailability and contributes to the devel-
opment of mitochondrial oxidative stress
(16). Lastly, the activation of the Caspase
cascade induced by TNF-a demonstrated
to promote endothelial apoptotic cell death
which, along with increased oxidative
stress and vascular inflammation, increases
the cardiovascular risk (17). The beneficial
action of anti-TNF-a drugs on endothelial
cells seems to be ascribable to their excel-
lent anti-inflammatory properties (18), yet
their metabolic and cardiovascular effects
are still unclear. In the early 2000s, some
trials with anti-TNF-a raised some concern
about its cardiovascular safety, worsening
previous heart failure, while the anti-inter-
leukin 6 treatment demonstrated to modify
the lipid pattern by creating an atherogenic
profile. On the other hand, data from Na-
tional registries of RA patients seem to
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demonstrate a reduction in cardiovascu-
lar events in responders to the biological
treatment (19). High levels of ROS are
associated with obesity, cardiovascular
diseases and atherosclerosis. Only few
studies investigated the effects of TNF-a
blocking therapy on the oxidative stress.
In accordance with Biniecka et al. (20) and
Kageyama et al. (21), we observed that
TNFo antagonism is able to reduce oxida-
tive stress in responders. A lack of effective
control of the disease activity with CCS
and DMARDs results in a state of high in-
flammation and concurrent high circulating
levels of ROS. On the contrary, the addition
of anti-TNF-a agents led to a good disease
control and consequent reduction of ROS
levels and oxidative stress.

Our demonstration of a reduction in cir-
culating ROS levels during an anti-TNF-a
treatment, subcutaneously administered in
combination with CCS and/or DMARDs,
may explain the ability of these agents to
reduce cardiovascular morbidity and mor-
tality in RA patients who achieve a good
disease control.

Previous studies highlighted the potential
role of increased lipid peroxidation and
decreased enzymic and non-enzymic anti-
oxidants in RA, suggesting a very impor-
tant role of oxidative stress in the patho-
genesis of the disease. A previous study by
Jacobson et al. (22) failed to demonstrate
a correlation between plasma glutathione
peroxidase concentrations and the severity
of the disease measured using the HAQ-DL
To our knowledge, this is the first study that
observed a significant correlation between
the oxidative stress evaluated by the d-
ROM-test and the severity of the HAQ-DL
RA patients with more severe symptoms
of pain and joint inflammation at disease
onset have an increased risk of falling in
the most disabled group of patients later,
with a direct relationship between joint
and systemic inflammation and loss of
functional ability (23). The early manage-
ment of systemic and joint inflammation
with an effective treatment, as observed
in good responders, and above all the re-
sulting improvement in tender and swol-
len joints count of the composite indices
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of disease activity lead to a good control
of pain and function with better outcomes.
Therefore, the improvement of oxidative
stress observed in the patients achieving
the DAS28-CRP low disease activity might
also have an impact on the degree of dis-
ability with an improvement in HAQ-DI.
In conclusion, the inhibition of TNF-a is
able to control the disease activity and re-
duce the oxidative stress and has a positive
impact on the disability of RA patients.
This finding may explain the systemic ef-
fects of anti-TNF-o agents and justify the
initiation of an early treatment to prevent
the extra-articular manifestations of the
disease (i.e., cardiovascular comorbidity).
As a whole, in patients with RA, the cor-
relation between DAS28-CRP and ROS
levels suggests that the measurement of
oxidative stress may serve as a biomarker
to monitor disease severity in RA.

Key messages

- Rheumatoid arthritis patients with ac-
tive disease have high oxidative stress.

- Good disease control with TNF-a-
inhibitors can reduce oxidative stress.

- Oxidative stress correlates with DAS28-
CRP and HAQ-DI.
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