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Abstract Lower adiponectin levels in circulation are shown
to be associated with endothelial dysfunction, which is a
crucial feature in the evolution of atherosclerosis. The aim
of our study is to evaluate the effect of anti-tumor necrosis
factor (TNF) therapy on adiponectin levels with endothelial
function and arterial stiffness. Fifteen Japanese patients
with rheumatoid arthritis (RA) received infusions with inf-
liximab (3 mg/kg) at weeks 0,2, and 6. Serum concentrations
of adiponectin, endothelial function, and pulse wave
velocity (PWV) were measured before each infusion.
Endothelium-dependent vasodilatation and endothelium-
independent vasodilatation were evaluated as forearm
blood flow response to reactive and nitroglycerin-induced
hyperemia using strain-gauge plethysmography. Endothe-
lium-dependent vasodilatation was significantly improved
at 2 weeks and 6 weeks by treatment with infliximab.
PWYV remained unchanged. Anti-TNF therapy significantly
increased serum adiponectin levels at 2 weeks and 6 weeks.
The adiponectin levels were positively correlated with the
endothelium-dependent vasodilatation, and negatively with
the disease activity score of 28 joints. Our study shows a
short-term efficacy of infliximab on adiponectin levels and
endothelial dysfunction of patients with RA, and provides
additional evidence to support the regulatory role of TNF-a.
on the expression of adiponectin in vivo.
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Introduction

Adiponectin is an adipocyte-specific secretory protein
abundantly present in circulation. It is associated with lipid
and glucose metabolism as well as the pathogenesis of ath-
erosclerosis.' Higher adiponectin levels are linked with a
lower risk of myocardial infarction.® Earlier studies have
suggested a hypothesis that adiponectin may affect endo-
thelial function. It is reported that decreased adiponectin
levels in hypertensive patients are correlated with endo-
thelial dysfunction,’ which is considered to represent the
earliest stage of atherosclerosis.” Moreover, endothelial
function is shown to be impaired in adiponectin-deficient
mice.*

Rheumatoid arthritis (RA) patients with high inflamma-
tory activity have depressed endothelial function.*® Such
findings are important, because coronary artery disease has
been recognized as the major cause of excess morbidity and
mortality in patients with RA.”"' Recent evidence indicates
that vascular dysfunction in RA may occur early in disease.
Clinically, it is reported that risk of coronary heart disease
in RA patients precedes the American College of Rheuma-
tology (ACR) criteria-based diagnosis of RA."” Further-
more, we have shown that endothelial function is depressed
in a rat model of arthritis 3 weeks after the onset of
disease.”

It has been demonstrated earlier that anti-tumor necro-
sis factor (TNF) therapy improves endothelial dysfunction
in RA patients.*"* However, the effect of anti-TNF might
differ in a study population with different genetic factors.
Indeed, endothelial dysfunction in RA patients is reported
to be associated with certain HLA-DRB1 genotypes.’
Therefore, it is important for us to assess the effect of anti-
TNF on endothelial function in Japanese patients with RA.
In this study, we have evaluated the short-term effect of
anti-TNF therapy on serum adiponectin levels as well
as endothelial function in Japanese patients with RA.
The study also included pulse wave velocity (PWYV) as the
marker of arterial stiffness.
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Materials and methods
Patients

Fifteen Japanese RA patients with high-disease activity
despite treatment with methotrexate (<10mg/week) and
prednisolone (<10mg/day) were included in this study.
Patients having active infection, congestive heart failure,
demyelinating disease, or malignancies were excluded from
the study.” None of the participants had a history of car-
diovascular disease. The patients’ profile was as follows: age
50 £ 3, sex (men/women) 2/13, height 157.4 + 2.4 cm, weight
53.9 + 2.9kg, body mass index 21.4 + 3.5kg/m’, and disease
duration 10.0 + 2.3 years. All patients received infusions
with infliximab (3mg/kg) at weeks 0, 2, and 6. A venous
blood sample of the patients was drawn before each infu-
sion of infliximab. The clinical status was evaluated by the
disease activity score of 28 joints (DAS28).'" Endothelial
function and PWV in the patients were assessed before each
infusion.

Assessment of endothelial function and arterial stiffness

We measured forearm blood flow (FBF) by strain-gauge
plethysmography (EC6 model; D.E. Hokanson, Bellevue,
WA, USA). Endothelium-dependent vasodilatation and
endothelium-independent vasodilatation were evaluated as
FBF response to reactive and nitroglycerin-induced hyper-
emia as described previously with minor changes.'”" The
pressure of the collecting cuff over the left upper arm was
set at 5S0mmHg, whereas occlusion pressure of the wrist cuff
was 200mmHg. After that, the upper arm was compressed
by inflating a pneumatic tourniquet to a pressure of
250mmHg for Smin. After cuff deflation, the maximum
FBF was measured as the postischemic vasodilator response
to reactive hyperemia. After that, 0.3 mg nitroglycerin was
administered sublingually, and a third measurement was
performed to measure maximum FBF as nitroglycerin-
induced hyperemia. PWV was determined using model
FCP-4731 (Fukuda Denshi, Tokyo, Japan) as described,**

which allowed online pulse wave recording and automatic
calculation.

Measurement of adiponectin

Serum concentrations of adiponectin were determined
by the quantitative sandwich enzyme-linked immunosor-
bent assay (ELISA; Otsuka Pharmaceutical, Tokushima,
Japan).

Statistical analysis

Data were expressed as the mean + SEM of the indicated
number of samples studied. The Wilcoxon signed rank test
was used to analyze matched pairs.

Results
Clinical and biochemical characteristics

Table 1 shows clinical and biochemical characteristics of the
studied patients. The levels of C-reactive protein (CRP),
erythrocyte sedimentation rate (ESR), and DAS28 showed
high disease activity of the patients. A significant decrease
of CRP and ESR was observed at 2 weeks and 6 weeks
(P < 0.01, each) after treatment with infliximab. The DAS
score was also significantly improved at 2 weeks and 6
weeks (P < 0.01, each). The serum HDL-cholesterol levels
were modestly but significantly (P < 0.05) increased at 6
weeks. The total cholesterol tended to increase, although
the difference did not reach a statistically significant level.
The blood pressure, LDL-cholesterol, and triglyceride
levels did not change after the treatment.

To confirm whether the effect of anti-TNF on the increase
in serum HDL-cholesterol levels continued for a longer
time, we examined blood tests at 6 months and 12 months
after treatment with infliximab. The serum HDL-choles-
terol levels remained higher at 6 months (64.1 + 5.1mg/dl,
P <0.05) and at 12 months (61.5 £ 4.1 mg/dl, P < 0.01) when

Table 1. Clinical and biochemical characteristics of the studied patients treated with

infliximab

0 weeks 2 weeks 6 weeks
SBP (mmHg) 127.9 5.6 124.1+48 1193 £4.9
DBP (mmHg) 754+£3.6 76.1+£3.9 73.8£3.4
Total cholesterol (mg/dl) 181.5 £ 11.7 189.7 £ 11.8 202.6 £11.2
HDL-cholesterol (mg/dl) 494 +£3.1 51.1£55 57.5£5.1%
LDL-cholesterol (mg/dl) 1073+ 74 107.23 £ 94 107.3 £ 11.1
Triglycerides (mg/dl) 883 +£5.7 84.6£6.4 90.2 £ 6.1
CRP (mg/dl) 3.40 £ 0.65 0.99 £ 0.29%%* 1.09 £ 0.31%*
ESR (mm/h) 62+ 11 31 + 4 29 £ 4%
DAS28 5.07 £0.20 3.36 £ 0.27%* 3.05 £ 0.26%*

Data are indicated as the mean = SEM (n = 15)

SBP, systolic blood pressure; DBP, diastolic blood pressure; CRP, C-reactive protein; ESR,
erythrocyte sedimentation rate; DAS28, disease activity score of 28 joints

*P <0.05, ** P < 0.01, compared with 0 weeks
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Fig. 1. Endothelium-dependent vasodilatation is increased in patients
with rheumatoid arthritis (RA) by treatment with infliximab. Endothe-
lial function was assessed in RA patients before and after the treatment
with infliximab. Endothelium-dependent vasodilatation (A) and vaso-
dilatation-independent vasodilatation (B) were evaluated as forearm
blood flow response to reactive and nitroglycerin-induced hyperemia
using strain-gauge plethysmography. Data are indicated as the mean
+ SEM (n = 15). *P < 0.05, compared with 0 week
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Fig. 2. Negative relationship between endothelium-dependent vasodi-
latation and the disease activity score of 28 joints (DAS28)

compared with the level before the treatment (49.4 +3.1 mg/
dl). LDL-cholesterol and triglyceride levels did not change
at 6 months and 12 months.

Endothelial function and arterial stiffness

We evaluated the endothelium-dependent vasodilatation
and endothelium-independent vasodilatation in RA patients
before and after treatment with infliximab. Endothelium-
dependent vasodilatation and endothelium-independent
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Fig. 3. Infliximab does not affect arterial stiffness in RA patients. Pulse
wave velocity was measured in RA patients before and after the treat-

ment with infliximab. Data are indicated as the mean + SEM (n = 15)
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Fig. 4. Serum adiponectin concentration is increased in RA patients
by treatment with infliximab. Serum levels of adiponectin in RA
patients (n = 15) before and after the treatment with infliximab were
determined by enzyme-linked immunosorbent assay. *P < 0.01, com-
pared with 0 week

vasodilatation were evaluated as FBF response to reactive
and nitroglycerin-induced hyperemia using strain-gauge
plethysmography. The maximal FBF response to reactive
hyperemia in the patients before treatment with infliximab
was 36.0 £ 2.2ml/min/100ml tissue. A significant increase
was observed at 2 weeks (46.6 £ 3.7, P < 0.01) and 6 weeks
(43.7 £ 2.5, P < 0.05; Fig. 1A). The endothelium-dependent
vasodilatation was negatively correlated with the DAS
score (r =-0.401, P < 0.05; Fig. 2). This indicates that endo-
thelial dysfunction in RA patients is associated with the
disease activity. The FBF with nitroglycerin-induced hyper-
emia was not improved by the treatment (Fig. 1B). PWV
as the marker of arterial stiffness remained unchanged

(Fig. 3).

Adiponectin levels

We examined whether treatment with infliximab affects
serum levels of adiponectin in RA patients. Serum adipo-
nectin levels were increased at 2 weeks (13.0 £ 1.8ug/ml,
P < 0.01) and 6 weeks (15.0 £ 2.6ug/ml, P < 0.01) when
compared with the control (10.5 + 1.2pug/ml; Fig. 4). The
serum levels of adiponectin were positively correlated
with the endothelium-dependent vasodilatation (r = 0.451,
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Fig. 5. A Positive relationship between serum adiponectin levels and
the endothelium-dependent vasodilatation. B Negative relationship
between serum adiponectin levels and the DAS28 score

P < 0.005), and negatively correlated with the DAS28
(r=-0.329, P < 0.05; Fig. 5). The adiponectin levels tended
to be negatively correlated with CRP levels (r = —0.207),
although the difference is not statistically significant. No
correlation was found between the adiponectin and ESR
levels.

Discussion

The earlier studies have demonstrated that infliximab
improves endothelial dysfunction in RA patients.*' In the
present study, we show that the vascular protective effect
of anti-TNF therapy is also seen in Japanese patients. Our
study also demonstrates that serum levels of adiponectin
are increased by treatment with infliximab. Mounting evi-
dence indicates that adiponectin has antiatherogenic prop-
erties.' The expression of adiponectin is reduced in insulin
resistance, diabetes, and the metabolic syndrome. Adipo-
nectin knock-out mice develop diet-induced insulin resis-
tance as well as injury-induced neointimal thickening.’
Elevated plasma adiponectin is shown to suppress the
development of atherosclerosis in apolipoprotein E-
deficient mice."” Therefore, through its effect of increasing

the adiponectin levels, anti-TNF therapy may well benefit
patients with RA.

Our finding is consistent with earlier reports, which indi-
cate the regulatory role of TNF-o on expression of adipo-
nectin. Expression of adiponectin by human adipose tissue
is inversely correlated with TNF-a. expression.” Further-
more, treatment of human adipocytes with TNF-o is shown
to decrease the in vitro production of adiponectin.” TNF-o.
is highly expressed in RA patients. Accordingly, it is plau-
sible to consider that the overproduced TNF-a suppresses
expression of adiponectin in vivo.

The improved endothelial function of infliximab in RA
patients may in part be mediated by its effect of increasing
the adiponectin levels. The earlier studies indicate that adi-
ponectin can directly affect endothelial functions. Adi-
ponectin down-regulates TNF-dependent expression of
endothelial adhesion molecules such as ICAM-1, VCAM-1,
and E-selectin.” It is also shown that the suppressive effect
of adiponectin is through inhibition of cAMP-PKA and
NF-«B signaling pathways.” Adiponectin stimulates in vitro
production of nitric oxide, a strong vasodilator, in vascular
endothelial cells.** Furthermore, in adiponectin-deficient
mice, endothelial function is shown to be impaired.*

Adiponectin may have a proinflammatory role in arthri-
tis. A recent study shows that adiponectin is present in the
synovium of inflammatory joints in RA patients, and is
expressed by synovial fibroblasts as well as articular adipo-
cytes.” The investigators also demonstrate that adiponectin
stimulates the production of the main mediators of destruc-
tive arthritis, interleukin (IL)-6 and pro-MMP-1, by syno-
vial fibroblasts.” Of note, TNF inhibitor confers inhibitory
effects on adiponectin-induced expression of IL-6 and
pro-MMP-1.” Therefore, we assume that even if synovial
expression of adiponectin is increased by anti-TNF therapy,
its proinflammatory role in the development of arthritis can
be modulated by TNF inhibitors.

Are serum levels of adiponectin lower in RA patients?
Are adiponectin levels in RA patients correlated with the
disease activity? No study has been previously performed
to address these questions. Our results show that serum
adiponectin levels are negatively correlated with the DAS28
score. However, our findings need to be viewed with caution,
as they result from the analysis of the mixed data before
and after treatment with anti-TNF therapy obtained from
a small number of patients.

It is now well known that circulating adiponectin levels
are lower in patients with diabetes, obesity, or metabolic
syndrome. Furthermore, adiponectin levels are affected by
multiple factors, including sex, aging, and lifestyle.' Women
have higher adiponectin levels than men. Some dietary
factors, such as soy protein, fish oils, and linoleic acid, are
also reported to increase adiponectin levels.' Therefore, a
further study with large numbers of patients will be required
to clarify whether the disease activity in RA patients affect
the adiponectin levels.

We have recently shown that the endothelial function is
depressed in rat adjuvant-induced arthritis."” More recently,
we have demonstrated that serum adiponectin levels are
lower in rats with arthritis,”® which is compatible with the



present results observed in RA patients. Reactive oxygen
species, which likely contribute to the pathophysiology of
endothelial dysfunction, were found to be overproduced
in the aorta from arthritic rats.” We also revealed that
NAD(P)H oxidases are responsible for the vascular oxida-
tive stress.””* TNF-o is one of the important factors to regu-
late the activity and expression of vascular NAD(P)H
oxidases.” Thus, it could be speculated that vascular oxida-
tive stress is higher in patients with active RA, and is
decreased after infusion of anti-TNF antibodies.

We demonstrated that PWV as a marker of arterial stiff-
ness is not affected by the short-term use of infliximab. This
finding is consistent with an earlier report by Australian
investigators. They have shown that a 6-week treatment
with TNF antagonists (etanercept, adalimumab, or inflix-
imab) does not improve augmentation index, which is
another marker of arterial stiffness measured by pulse wave
analysis.”® However, British investigators have recently
reported that a 12-week treatment with etanercept, another
anti-TNF agent, reduces PWV in RA patients.” These dis-
crepancies could be explained by the differences in samples
studied, anti-TNF agents, and duration of the treatment.

HDL-cholesterol levels are increased 6 weeks after ini-
tiation of infliximab, and continue to increase at 6 months
and 12 months. In contrast, there are no significant changes
in the LDL-cholesterol and triglyceride levels. These results
are supported by the earlier reports with larger numbers of
studied patients.”™”" This effect may also contribute to
decrement in the vascular damage in RA, provided that it
continues for a longer time.

It has been recently reported that anti-TNF use is associ-
ated with a reduced risk of mortality in RA patients.”” The
primary risk reduction was shown to be on cardiovascular
disorders.” Further studies with long-term investigations
are needed to definitively conclude what our results
indicate—that anti-TNF therapy has vascular protective
effects.
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