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Abstract
Objective
To evaluate the role of aging and specific cytokine blockade in the etiology of cachexia caused by adjuvant
arthritis (AA), a model of cytokine-associated cachexia.

Methods
AAwasinduced in Lewisrats using CFA. InExperiment 1, severity of AA and inflammatory cachexia was
assessed in young (Y, age 2-6 months, n = 132) and old rats (O, age 18-22 months, n = 40). In Experiment 2,
young rats were divided into 5 different intervention groups. Saline-injected (n = 66); CFA-injected (n = 78);
CFA-injected and treated with IL-1 receptor antagonist (IL-1Ra, n = 18); CFA-injected and treated with sol-
uble TNF receptor type | (STNFrl, n = 27); and CFA-injected and treated with both IL-1Ra and sTNFr| (both
treatments, n = 8).

Results
In Experiment 1, young Lewis rats developed more severe arthritis (mean joint score on day 21 = 5.1 + 0.3)
compared to the old group (0.6 + 0.6,p < 0.0001). The young group with AAlost 2.1% of baseline total body
weight loss compared to 13.8% total body weight gain in controls (p < 0.0001). In contrast, old rats injected
with CFA lost as much weight (-11%) as age-matched saline injected controls (-13%, p > 0.05, n = 18, age
18-22 months). In Experiment 2, mean joint scoresin rats treated with IL-1Ra, STNFrl or both were higher
then untreated rats injected with CFA (p < 0.0001). Despite this, rats given both IL-1Ra and STNFr| lost less
weight on day 16 (p < 0.01) and 21 (p < 0.002) than untreated rats or those rats treated with either IL-1Ra
or STNFrl.

Conclusion
Lewis rats aged 2-6 months are more susceptible to developing AAthan older rats (age range 18-22 months).
Inhibition of both IL-1 and TNF is needed to mitigate AA-associated weight loss, and this effect is dissociat-
ed from the effect of such inhibition on joint inflammation.
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Abbreviations:

AA: Adjuvant arthritis.

CFA: Complete Freund' s adjuvant.

IL-1Ra Interleukin-1 receptor antag-
onist.

PEGSTNFrl: PEGylated TNF receptor p55.

STNFrl: Soluble TNF receptor p55.

TNF: Tumor Necrosis Factor.

Introduction

Inflammatory cachexiadenotesthe loss
of body cell mass (BCM) that occursin
diseases of chronic inflammation such
as rheumatoid arthritis (RA). There is
evidence that accel erated protein catab-
olism in RA correlates positively with
an increase in the production of TNF-a
and IL-1b in peripheral blood mononu-
clear cells (PBMC) (1). To further stu-
dy the mechanisms of inflammatory
cachexia, prospective studiesin animal

models of arthritis and inflammatory
cachexia have been used.

Adjuvant arthritis has been found to be
a useful model of cytokine-driven in-
flammatory cachexia (2). In a previous
study, we found that young rats inject-
ed with CFA had total body weight loss
that preceded the development of arth-
ritis by 5 days and continued until day
21 post injection (2). The total body
weight loss in rats with AAwas accom-
panied by alossin BCM, thus meeting
the definition of cachexia. Pair-fed,
age-matched controls in the same study
lost one-fourth of the weight that AA
rats had lost; suggesting that anorexia
alone does not explain inflammatory
cachexia. There was a strong correla
tion between TNFa production by un-
stimulated splenocytes and the amount
of weight loss in AA rats. A weaker
correlation was observed between IL-
1b production in splenocytes cultured
with 10 ng/ml LPS and weight loss in
the same group. In the present study,
we expand on these observations by
studying the effects of blockade of one
or both of these cytokines in rats sus-
ceptible to adjuvant arthritis. Because
these studies were carried out over sev-
eral years, the sample sizes are suffi-
ciently large to give a robust estimate
of the effect of age and cytokine inhibi-
tion on inflammatory cachexia.

In this study, we compared the severity
of arthritis in rats at young and old
ages, and assessed the severity of in-
flammatory cachexia in relation to the
severity of arthritis. We also studied the
effects of blocking IL-1 and TNFa on
inflammatory cachexiain young Lewis
rats. In contrast to previous studies, the
treatments were administered 3 days
after CFA injection, i.e. prior to devel-
opment of clinical signs of the disease.
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Materials and methods

Animals

Male and female Lewis rats bred and
maintained in the HNRCA animal fa-
cilitieswere individually housed in 7 x
10 x 7 inch stainless steel suspended
rodent cages and provided with the
AIN 93 G diet (Teklad, Madison, WI)
and water ad libitum for a one week
period. Thereafter, rats were sorted by
weight and age into experimental
groups. The animals were maintained
in Association for the Assessment and
Accreditation of Laboratory Animal
Care (AAALAC)-accredited facilities
in an environmentally controlled at-
mosphere (23°C, 45% relative humidi-
ty, 15 air changes of 100% fresh hepa-
filtered air per hour and a 12/12-hour
light/dark cycle). Animalswere observ-
ed daily for clinical signs of distress or
disease. Diet weighbacks were per-
formed twice weekly to determine
average daily intake. The HNRCAAni-
mal Care and Use Committee approved
the experiment protocol.

Two separate experiments were design-
ed and conducted, as described here
below.

Design of Experiment 1

A total of 172 Lewis rats were divided
into two groups according to age: Group
Y for young rats (age 2-6 months, n =
132) and Group O for older rats (age
18-22 months, n=40). This experimen-
tal design was repeated severa timesto
confirm the results: the total number of
animals is shown. After a one-week
acclimatization period, rats were inject-
ed at the base of the tail with Complete
Freund’'s Adjuvant (CFA; 200 m of
pulverized Mycobacterium bovis; Dif-
co, Detroit, MI) in sterile minera oil
(Fisher Scientific, Pittsburgh, PA). Rats
were weighed and examined for evi-
dence of joint swelling twice a week.
On day 21 post-injection, joint scores
were used to grade the severity and
extent of arthritis according to the fol-
lowing scale for each limb: 0 = no
swelling and full range of motion, 1 =
minimal swelling and full range of mo-
tion, 2 = moderate/severe swelling and
limited range of motion, 3=moderate/
severe swelling and no range of motion.
Thus, the maximum score was 12 when
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all four limbs had a maximal score of 3.
To study the relationship between
severity of AA and total body weight
loss, we compared mean percent
change in body weight from day O to
day 21 in young rats (data available for
103 rats) with AA from the above
Group Y (the control group consists of
50 young rats aged 2-6 months injected
with saline) and old rats injected with
CFA (data available for 17 rats) from
the above Group O (the control group
consists of 18 old rats aged 18-22
months injected with saline).

Design of Experiment 2

After a one week acclimatization peri-
od as mentioned above, a total of 198
Lewis rats, with an age range of 3 -5
months, were sorted according to
weight and assigned at random to one
of five experimental groups:

Group S Saline-injected (n = 66, 33
males and 33 females).

Group A: CFA-injected (n = 78, 33
males and 45 females).

Groupl: CFA-injected, IL-1Ra (n =
18, 9 males and 9 females).

Group T: CFA-injected, STNFrl (n =
27, 13 mdes and 14
females).

Group IT: CFA-injected, IL-1Ra and

STNFrl (n=8, 4 males and
4 females).

The sample sizes for groups S and A
are based on pooled experience from
severdl trials. The results of thesetrias
were pooled because they were virtual -
ly identical over a two-year period,
allowing the results to be combined in
order to maximize the statistical power
of the study.

Administration of cytokine inhibitors:
IL-1 receptor antagonist (Amgen, Inc.,
Boulder, CO) was administered for 14
days by subcutaneous continuous infu-
sion (2 mg/kg/d) via implantation of
Alzet pump 3 days after adjuvant injec-
tion. PEG-STNFrl (Amgen, Inc.) was
administered intraperitoneally (3 mg/
kg) every 3 days starting 1 day before
adjuvant injection.

Satistical analysis
Data were examined graphically and
statistically for normality. Results are

expressed as mean + SEM unless other-
wise noted. The effect of cytokine
blockade and age on body weight
change and joint scores was analyzed
for statistical differences by ANOVA.
Correlations between change in weight
and joint score were tested using the
Pearson product moment correlation. A
two-tailed p-value < 0.05 was consid-
ered statistically significant.

Results

Effect of age on severity of adjuvant
arthritis

As depicted in Figure 1, the mean joint
score on day 21 was 5.1 + 0.3 out of a
possible 12 points for the ratsin Group
Y (age 2-6 months, n = 132) compared
t0 0.6 £ 0.6 for theratsin Group O (age
18-22 months, n = 40, p < 0.0001).

Relationship between weight loss

and adjuvant arthritis

Total body weight records were avail-
able for 103 rats from group Y on days
0 and 21. The mean percent change in
total body weight from days O to 21
was compared to a control group of
young rats (age 2-6 months, n = 50,
injected with saline). As seenin Figure
2, young rats with AA had a mean
weight loss of 2.1% compared to weight
gain of 13.8% in the control group (p <
0.0001).

Similarly, daily body weights were re-
corded in the above Group O (data
available in 17 rats). The mean percent

of change in total body weight from
day 0to day 21 was compared to acon-
trol group of old rats (age 18-22
months, n=18, injected with saline).
The old rats injected with CFA lost
11% of their baseline body weight,
compared to 13% weight lossin the old
rats in the saline-injected group (p >
0.05).

The effect of blocking IL-1 and/or

TNF on inflammatory cachexia and
joint swelling

In Experiment 2, the change in total
body weight was compared among five
groups of rats on days 4, 8, 12, 16 and
21 as shown in Figure 3. The control
group (Group S, injected with saline)
showed a mean weight gain of 4.7% by
day 21. The Adjuvant Arthritis group
with no intervention (Group A) and the
IL-1Ratreated group (Group I) had the
greatest weight loss, with 4.2% lost by
day 21 in each group. The group treat-
ed with PEG-sTNFrl (Group T) lost
2.3% of total body weight by day 21 (p
>0.05 vs. other groups). In contrast,
when weight change between days 0
and 21 was analyzed in the group treat-
ed with both IL-1Ra and PEG-STNFl
(Group IT, Fig. 3) there was a 0.8%
increase in weight (p<0.002 vs. con-
trols).

Mean joint scores were paradoxically
worse in all three groups that received
cytokine blockade (Fig. 4). Mean joint
scores of young rats injected with CFA
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Fig. 1. Severity of AAin Lewisratsin relation to age. Mean joint scores on day 21 post CFA injection
in two groups of rats. GroupY is the young group (age 2-6 months, n = 132) developed severe AAwith
amean joint score of 5.1 + 0.3. Group O is the old group (age 18-22 months, n = 40) did not develop
severe arthritis and had a mean joint score of 0.6 + 0.6 P< 0.0001 between both groups. * P< 0.0001

(old versus young).
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Fig. 2. Severity of weight lossin relation to AA. Mean percent of change in total body weight from
day 0 to day 21 post CFA injection was compared between young and old rats. The Young group (rats
with AA, age 2-6 months, n = 103) had a mean percent of total body weight loss of 2.1% compared to
mean percent of body weight gain of 13.8% in the control group (saline injected, age 2-6 months, n =
50), P< 0.0001.

The Old group (CFA injected but did not develop AA, age 18-22 months, n = 17 had a mean percent of
total body weight loss of 11% compared to mean percent of body weight loss of 13% in the control
group (saline injected, age 18-22 months, n = 16) but the difference was not statistically significant. *
P< 0.0001 in young rats with AAversus control.
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Fig. 3. TNF and IL-1 inhibitors prevent loss of body weight change in rats with adjuvant arthritis. Per-
centage of weight change in five groups of rats on days 4, 8, 12, 16 and 21 compared to day 0. Arrow
pointsto day of starting treatments. Group S (n = 66) is the control group injected with saline on day 0.
All other groups were injected with CFA on day 0. Group A (n = 78) received no treatment whereas
Group | (n=18) wastreated with IL-1 Ra. Group T (n = 27) was treated with STNFrl. Group IT(n = 8)
was treated with both I1L-1 Raand sTNFrl. Error bars are omitted for the clarity of the figure.

* P< 0.01 (Group I Tversus other groups). ** P< 0.002 (Group I Tversus other groups).

but not given any treatment was 3.2 +
0.3, whereas the mean joint scores in
Group | (n=8rats out of the original 18
rats in the group) was 8.6+1.4; in
Group T (n=27) 6.8+0.8; and in Group
IT (n=8) 6+1.4 (p <0.0001 for groups
I, Tand ITvs. group A, p 3 0.05 among
groups|, Tand IT).

Discussion
Adjuvant arthritis in Lewis rats has
been used as a model for RA for many

years, and a previous study demonstrat-
ed that AA isamodel for inflammatory
cachexiaaswell (1-2). In order to study
therole of IL-1 and TNF in AA, previ-
ous studies have used cytokine in-
hibitors after rats have developed clini-
cal AA (3-5). The purpose of our study
was to determine whether blocking IL-
1 and TNF after CFA injection would
prevent susceptible animals from dev-
eloping cachexia. We took advantage
of the large sample size accrued in our
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control groups over a two-year period
(young saline-injected animals and
young CFA-injected animals) in order
to pool our results across several exper-
iments to maximize statistical power.
These experiments were conducted in
littermate animals using identical cage
and diet conditions, and a single lot of
adjuvant and minera ail, by the same
investigators, and analyzed by the same
methods. Therefore, the present results
benefit from more stable estimates of
effect size as a result of the large sam-
plesize.

To determine the effects of age on in-
flammatory cachexia we compared
joint swelling in young and old rats fol-
lowing CFA injection. In Experiment 1,
we established that Lewis rats with an
age range of 2-6 months are more sus-
ceptible to AA then rats with an age
range of 18-22 months. As expected,
the severity of AA in the young group
correlated with the severity of weight
loss when compared to a control group
of saline injected rats. Although older
rats showed a loss of body weight des-
pite a lack of clinical arthritis, old rats
in the control group had similar loss of
weight. These experiments suggest that
the mechanisms underlying the loss of
muscle mass with age are overlapping
those presiding at the loss of muscle
mass induced by inflammation at young
age. The present results therefore sup-
port the hypothesisthat the | oss of mus-
cle mass associated with rheumatoid
arthritis is not merely the extension of
an intense local inflammatory process
in the nearby joint. Because TNF and
IL-1 are important mediators of joint
inflammation, we aimed at elucidating
whether TNF and IL-1 are required for
the loss of body weight seen in amodel
of adjuvant arthritis. Since young
Lewis rats aged 2-6 months had devel-
oped more severe AAwith inflammato-
ry cachexia, we selected young Lewis
rats with an age range of 3-5 monthsto
study the potential preventive benefits
of blocking IL-1 and/or TNF in terms
of inflammatory cachexia.

The results of Experiment 2 showed
dissociation between the effects of
blocking TNF and/or IL-1 on the sever-
ity of arthritis and the effects on weight
loss. Blocking both cytokines showed a
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Fig. 4. Severity of AAin relation to cytokine blockade prior to developing clinical arthritis. * P <
0.0001 for groups | (treated with IL-1 Ra), T (treated with STNFrl) and I T(treated with both IL-1 Ra
and sTNFrl) versus untreated group of CFAinjected rats.

potential benefits on total body weight
loss. However, this was paradoxically
accompanied by worsened joint scores.
We cannot fully explain the results we
reached, but perhaps this phenomenon
was a result of insufficient dosage of
the medications we used in our experi-
ment. For instance, McComb et al . (6)
found that AA was attenuated by ad-
ministration of STNFrl that resulted in
plasmalevels of sSTNFrl at 0.3-0.5 ng/
ml. Further, a dose-dependent effect
was observed since higher plasma lev-
elsresulted in abetter inhibition of AA.
In that study, delivery of the inhibitor
started at the time of CFAinjection (6).
Feige et al. (4) used various doses of
IL-1Ra and PEGSTNFrl aone or toge-
ther to study the effect of inhibiting IL-
1 and/or TNF on severity of AA, loss of
bone mineral density (BMD) and loss
of body weight. Doses of IL-1Ra
ranged between 0.2-5 mg/kg/hr via
subcutaneous infusion for 7 days.
Doses of PEGSTNFrl ranged between
0.25—-4 mg/kg/day via subcutaneous
infusion for 7 days. Cytokine inhibitors
were administered after the clinical on-
st of AA, i.e, nine days after CFA
injection. Changes in body weight of
rats with AA during the 7 days of re-
ceiving one or both treatments were
compared to the first day of receiving
treatments (that was on day 10 after
CFA injection). Results of the study
showed partial aleviation of joint in-
flammation, loss of BMD and loss of
body weight when each treatment was

administered alone. Furthermore, com-
bination of both treatments showed a
synergistic capacity to inhibit these
changes. Our data are in agreement
with these results for body weight (i.e.
for inflammatory cachexia) but not for
severity of arthritis.

Bendele et al. (5) assessed the additive
and/or synergistic effects of both treat-
ments alone or together on established
type Il collagen-induced arthritis (CIA
group) and developing adjuvant-in-
duced arthritis (AA group). In the CIA
group, IL-1Ra was administered start-
ing on day 1 of arthritis using sustain-
ed-release delivery system of hyaluron-
ic acid (HA) at a dose of 100 or 20
mg/kg sc for 6 days. PEG STNFrl was
administered intraperitonealy (ip) on
days 1, 3 and 5 of clinical arthritisat a
dose of 3, 1 or 0.3 mg/kg. In the AA
group, the IL-1Ra in HA was given
starting day 8 post-adjuvant injection
using a dose of 100 mg/kg sc and con-
tinued through day 13. The PEGSTN-
Frl was administered using a dose of 3
or Img/kg ip on days 9, 11 and 13. In
both groups the treatments were given
alone or in combination with each
other. Combination therapy (IL-1Ra
100 mg/kg + PEGSTNFrl 3 mg/kg) in
the CIA group produced significant
additive benefits for both body weight
gain and ankle swelling, with the final
measurements of ankle swelling being
similar to normal rats. IL-1Ra at a dose
of 100 mg/kg aone provided beneficial
effects on ankle swelling while 20 mg/
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kg had minimal effect. Neither dose of
IL-1Rashowed any beneficial effect on
body weight gain. Similarly, there were
no beneficial effects of any dose of
PEG sTNFrl on body weight gain,
despite dose-related inhibition of paw
swelling, fina paw weight and total
histological scores for ankle joints.

In a study by Williams et al. (7), the
effects of antibodies against TNF-a
and IL-1 were evaluated using a model
of collagen-induced arthritis. The re-
sults demonstrated that blockade of
TNF-a or IL-1 before disease onset
delayed but did not prevent the induc-
tion of arthritis. When anti-TNF-a,
anti-1L-1b, or anti-IL-1R (which blocks
both IL-1 a and b activities) were used
after onset of arthritisthey showed pos-
itive results in reducing the severity of
arthritis, but changes in weight were
not reported.

The beneficia effectsreported in previ-
ous studies on joint score and severity
of arthritis were not observed in any
group of animals in our experiment,
including the group that showed bene-
fit in terms of weight loss. Paradoxical-
ly, these groups had worse mean joint
scores compared to the group of young
rats with AA but not treated with any
cytokine blockade. To better under-
stand the role of TNF-a and IL-1 in the
different stages of inflammatory cach-
exia and AA, it may be important to
study the kinetics of cytokine produc-
tion by circulating and infiltrated leu-
kocytes, and kinetics of cytokine gene
expression in skeletal muscle, where
the inflammatory cachexia is actually
taking place. Nevertheless, the current
experiments provide further evidence
of the complexity of this process. In
addition, we have new evidence of the
effects of age on AA: young rats are
more susceptible then old rats to AA
and associated inflammatory cachexia.
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