Factors related to loss of lower extremity muscle mass in elderly acute stroke patients

On both the paralvzed and unaffected sides, lower

extremity muscle mass during the first measurement

was lower than that during the second measurement,

and the difference between the two measurements was
469 g (SD : 179) on the paralyzed side and 320 g (SD :

178) on the unaffected side.

In Case B, upper extrem-

ity muscle mass during the second measurement was

Table 2. Profile of three patients
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higher than that during the first measurement, but in
the other two patients, upper extremity muscle mass
during the first measurement was higher than that

during the second measurement.

2. Predictors for low lower extremity muscle mass

Table 2 compares the factors for low muscle mass in

Case A

Case B Case C

Age and gender

80 year-old man

77 year-old man 73 year-old woman

Disease

Cerebral bleeding

Cerebral infarction Cerebral bleeding

Main therapy

Precise microinjection of hy-
potensive agent for 5 days

Precise microinjection of hy- | Precise microinjection of hy-

potensive agent for 5 days potensive agent for 9 days

Complications Hypertension Hypertension and DM Hypertension
Consciousness level GCS:
first test E4M6V3 E4M6V1 E3M5V3
Second test E4M6V3 E4M6V1 E3M6V3
Paralyzed side Right Right Right
Paralyzed-side movement
Brunnstrom stage Lower extremity I I 1
Upper extremity I I 1

Physical activity (within 10 days

Remained in bed

Remained in bed Remained in bed

Communication

of onset) Getting up . 30—45° Getting up . 45—90° Getting up . 45—90°

Swallowing disorder Yes Yes Yes

Aphasia Yes Yes Yes
Communicate only through eye

Communicate using gestures

Communicate using gestures
contacts

Other relevant symptoms

Diarrhea, restlessness, and physical
restraint for restlessness

Diarrhea, and able to raise the
unaffected knee and elevate the hips

Diarrhea, fever, and passive
movements of upper extremities

Nutritional state total protein

(g/dl) on admission 7.3 7.8 7.2
First test 5.4 5.6 6.4
Second test 5.7 6.8 6.5
Start of oral intake (after admission) 4 days 8 days 3days
Food intake Tubal feeding Tubal feeding Tubal feeding
Duration of drip infusion (days) 15 17 8
Disch frer ad-
ischarge from SCU after a Sixth day Sixth day Tenth day
mission
Body weight (kg) First test 45.9 58.8 48.2
Second test 4.8 56.8 46,1
Difference (Second test-First test) —1.1 -2.0 -2.1
Lower extremity circumference(cm)
Paralyzed side. first test 34.2 38.7 40.9
second test 33.9 37.6 40.6
Difference (Second test-First test) -0.3 -1.1 —-0.3
Unaffected side, first test 34.4 38.3 39.3
second test 33.7 36.0 37.6
Difference (Second test-First test) -0.7 -2.3 -1.7
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Patients were aged 80, 77 and 73
Two patients had cerebral bleeding and one

the three patients.
years.
patient had cerebral infarction. There were two men
and one woman. The degree of paralysis as assessed
by Brunnstrom’s system was stage I or I (lower ex-
tremity), and in Case B; only slight active movements
were possible for both upper and lower extremities
(Brunnstrom stage ). All three patients had aphasia,
but Case B had severe aphasia and was only able to
communicate through eye contact. All three patients
had swallowing disorders, and after some period of
fasting, transnasal feeding was initiated at 2-8 days
after onset. With regard to complications. all patients
had hypertension, and Case B had diabetes. Hyperten-
sion and diabetes were treated using hypotensive and
antidiabetic agents while closely monitoring blood pres-
sure and blood glucose. In addition, all three patients
had diarrhea, and Case B had 238. 0° C fever. While total
protein was favorable immediately after admission, it
dropped below 6.5 mg/dl at 3-4 days after onset. As
to physical activity for the first ten days after onset, all
patients stayed in bed. On average, body weight de-
creased by 1.7 kg and lower extremity circumference
by 0.7-1.3cm.

The following common items were extracted : (1)
right hemiplegia ; (2 ) swallowing disorder ; (3 ) aphasia ;
(4) diarrhea; (5) precise continuous hypotensive
agent injection as main therapy ; (6) total protein on
admission was =27.0g/dl ; (7) oral intake was initiated
> 3 days after admission ; (8) loss of body weight ;
(9) loss of lower extremity muscle mass;and (10)
The three

patients differed in the following regards: Case A was

decreased lower extremity circumference.

restless, and it was necessary to restrain the unaffected
side (left) ;in Case B, because a family member pas-
sively raised the upper extremities forward about two
hours a day, upper extremity muscle mass increased ;
and Case C raised the unaffected knee on her own.

Discussion

In order to identify the factors related to loss of lower

extremity muscle mass. we examined elderly stroke

Ayako Tamura, etal

patients with severe right hemiplegia (Brunnstrom
stagelor II) in whom our rehabilitation program could
not be performed at 1-2 weeks after onset.

Among the three patients, 19 attributes and predic-
tors for low lower extremity muscle mass were ana-
lyzed, and ten common factors were extracted. Of
these, particularly relevant factors included:severe
hemiplegia (Brunnstrom stage I or II) resulting in no
movement or minimal active movement on the para-
lyzed side ; diarrhea ; initially impossible oral intake. and
tubal feeding started 3-8 days after onset;and pro-
longed accurate microinjection of a hypotensive agent
(5-9 days).
and C while lying down, Case A exhibited no intentional

With regard to movement in Cases A, B

or spontaneous movement, but Case C frequently raised
the unaffected knee on her own. Patient movements
and the degree of decrease in upper and lower extrem-
ity muscle mass were analyzed over a 1-week period,
and the degree of decrease was low for the areas of the
body that were often moved. As has been suggested,
loss of lower extremity muscle mass can be minimized
by intentionally moving muscles or placing patients in

4% However, the factors contrib-

anti-ravity postures
uting to patients remaining immobile varied, and as a
result, it is necessary to provide care while resolving
each issue so that patients can be placed in anti-gravity
postures. Based on the results obtained in the present
patients, loss of lower extremity muscle mass can be
prevented by placing patients in anti-gravity postures,
such as sitting or standing, as much as possible, and
minimizing the duration of fasting to prevent malnutri-
tion. It is necessary to provide nursing care to resolve
these issues.

A limitation in the present study was that only three
patients were enrolled. In the future, we plan to con-
tinue to investigate factors that increase lower extrem-
ity muscle mass and establish nursing techniques to

improve the QOL of acute stroke patients.

Conclusions

In three elderly stroke patients with right hemiplegia

in whom our rehabilitation program could not be
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performed at 1-2 weeks after onset. the factors contrib-

uting to the loss of lower extremity muscle mass were

investigated. The results identified the following com-

mon factors : severe motor dysfunction and hemiplegia

resulted in minimal mobility, diarrhea. and delayed

initiation of tubal feeding at 3-8 days after onset.
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Abstract The present study measured lower extremity muscle mass using DXA (Dual energy X-ray
Absorptiometry) in order to verify the effectiveness of intervention with a series of movements,
including lying hip raise exercise with bent knees pointing upwards, among bedridden patients with
post-stroke hemiplegia in the acute post-stroke period. Subjects in the intervention group were
required to perform 10 repetitions of a series of back-lying exercises once a day with researchers, in
addition to the exercises performed by those in a control group. The first measurement of muscle
mass was conducted at three to five days after onset, and the second measurement was conducted
seven days after the first. Muscle mass in the lower extremities was reduced by approximately 600 g
(decrease rate . 9%) on the paralyzed side and by 280g on the non-paralyzed side (decrease rate :
5%) in one week in the Brunnstrom stage < I subgroup (site of measurement: lower extremities)
(n=8) of the control group (n=23). The decrease in muscle mass in the Brunnstrom stage < I
subgroup (n=4) of the intervention group (n=15) was approximately 260g on the paralyzed side
(decrease rate . 5%) and approximately 280 g (decrease rate : 5%) on the non-paralyzed side. Thus,
muscle mass decreased on both sides, and this occurred regardless of degree of paralysis. Comparison
of the Brunnstrom stage = [ subgroups between the control and intervention groups also confirmed
that the decease in muscle mass was smaller in the latter group. Thus, it was confirmed that back-
lying exercises combining lower extremity movements, including hip raises with bent knees pointing
upwards, prevented the decrease in lower extremity muscle mass on the paralyzed side in post-stroke
patients. The present study also suggests that these exercise movements can be applied to preventive

care for bedridden patients with other severe diseases.

Key words : effects of intervention, acute post-stroke period. lower extremity muscle. prevent disuse

muscle atrophy, hip raise exercises

Introduction

20064F11 A 10H 54+
20074 1 A1TH 28
BIRIES K4 © BFET, T770-8509 fEETRIAE 3 -18-15 muscle atrophy (muscle mass decrease), in bedridden
BERFEFHREFHFEFEYL patients with severe diseases has long been discussed ' *".

The issue of disuse syndromes, particularly disuse
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It has been suggested that developing a rehabilitation
program that focuses on the issue of muscle atrophy in
the lower extremities during the bedridden period is
necessary in order to facilitate early recovery from the
bedridden status®’. Nurses generally provide care, such
as daily postural change and maximizing range of mo-
tion upon changing clothes, to such bedridden patients.
Althqugh there are many reports on lower extremity
muscle atrophy in patients with cerebrovascular disor-
ders®™®’, most of these have evaluated cross sections of
the lower extremities using CT and ultrasound echo,
and only one study evaluated the whole muscle mass in
Although the need for patient
rehabilitation in the acute period has been recognized®,

the lower extremities'.

no standardized practical methods have been estab-
lished™.

By establishing a method to prevent the decrease in
lower extremity muscle mass, it is possible to not only
contribute to QOL improvement in post-stroke patients,
but also to help solve the problem of disuse muscle
Con-
ducting such a study in the field of nursing should there-

atrophy in bedridden patients with severe diseases.

fore be highly meaningful.

In the present study, we instructed and assisted
patients with acute post-stroke hemiplegia in a series of
back-lying exercises that combined lower extremity
movements, such as hip raises with bent knees pointing
upwards. The effectiveness of the intervention was
confirmed by examining changes in lower extremity

muscle mass.

Objective

In order to verify the effectiveness of a series of
exercises we had developed, such as back-lying hip
raises with bent knees pointing upwards, to preventing
disuse muscle atrophy in patients with post-stroke
hemiplegia, we compared changes in lower extremity
muscle mass measured using DXA (Dual energy X-ray
Absorptiometry) between an intervention group, in
which the exercises were introduced during the acute
bedridden period, and a control group not performing
such exercises.

Ayako Tamura, etal

Definitions of terms

In the present study, the following terms are defined
as below : In the acute post-stroke period : This refers to
the period “within two weeks from the onset of stroke.”

Lower extremity muscle mass: This refers to “the
muscle mass in the lower extremities, as measured
using DXA” The weight of all muscles from the inguinal
region to the toe was measured.

Method

1. Subjects

Subjects consisted of 38 patients who were urgently
admitted to hospital “A” due to stroke between May
2005 and July 2006. In these patients without impaired
consciousness, hemiplegia was observed, and it was
possible to carry out the first measurement at three to
four days after onset and the second measurement at 10
to 11 days after onset.

2. Method and Analysis

Disease progress in subjects was managed using the
clinical path for strokes at hospital “A.” In order to avoid
confusion between the control and intervention groups,
the study was first conducted in the control group, and
subsequently in the intervention group.

Three type§ of backlying exercise, including torso
twists with bent knees pointing upwards, hip raises with
bent knees pointing upwards, and upward kicks with
bent knees pointing upwards, in addition to the exer-
cises performed in the control group were each per-
formed ; ten repetitions were performed once a day (at
around 4 pm) for approximately 10 minutes in the inter-
vention group. These exercises were introduced with
the expectation that contraction of the flexor and exten-
sor muscles in the lower extremities would be facilitated
by such movement. The actual movements in these
exercises include isotonic muscle contraction (kick up)
The time of

exercise was set as above in order to avoid conflict with

and closed kinetic chain (hip raise)™.

examinations and treatments, and taking meals. The

hip raise exercise with bent knees pointing upwards is
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shown in Figurel. An exercise assistant fixes the
knee joints in order to prevent the bottom of the leg on
the paralyzed side from sliding, and maintains the angle
of knee joint flexion at around 90 to 100°. An angle of
knee joint flexion ranging from 90 to 100° allows patients

to remain in the easiest posture and prevents the

%P &=

Posture at initiation

@ :

During hip raise exercise

Figure 1. Scheme of hip raise exercise with bent knees pointing

. upwards in patients with post —stroke hemiplegia

1) The angle of knee joint flexion (@) at initiation should be
kept around 90 to 100°.

2) The height of hip elevation should be5cm between the
trochanteric region on the non- paralyzed side (O) and the bed
surface.

paralyzed leg from sliding. The hip was raised until

the trochanteric region on the non-paralyzed side was

elevated to5cm. In order to ensure consistency and
accuracy, we practiced this exercise program in healthy
individuals prior to using it with patients. One re-
searcher was exclusively involved in providing inter-
vention exercises in order to eliminate differences in the
contents and methods of the study. Furthermore, per-
sons in charge of examinations, including DXA and

Brunnstrom, and exercise supporters concealed individ-

ual test results and status of patients in order to main-

tain a clear border between researchers and evaluators.

Thus, bias in the research results was minimized.

DXA (QDR Delphi (Hologic Inc. USA)) was used for
measurement of muscle mass in the left and right lower
extremities. Muscle mass evaluation was performed
by one researcher who was skilled in DXA. The first
measurement was conducted at 3 to 5 days after onset,
and the second measurement was conducted on the 7
day after the first measurement. Brunnstrom stage

was determined by one researcher for all subjects on

[$1]
[ 3}

the day of the first DXA measurement.

For data analysis, subjects were divided into Brunn-
strom stage I to I subgroup with mostly immobile pa-
tients (Brunnstrom stage < II group) and a Brunnstrom
stage Il to V subgroup with relatively mobile subjects

(Brunnstrom stage =11 group), based on degree of
motion of the paralyzed lower extremity. Regarding
the difference between the first and second measure-
ments of muscle mass, average values and decrease
rates were calculated for the paralyzed and non-
paralyzed side in each group. Decrease rates were cal-
culated based on the following formula: (muscle mass
on first measurement— muscle mass on second meas-
urement)/ muscle mass on first measurementX100. A
Wilcoxon matched-pair signed-rank test was performed
to analyze the data using SPSS 11. 5 for Windows, with
statistical significance being set at P<0. 05.

3. Ethical considerations

The present study was conducted after receiving the
approval of the Ethics Committee for Clinical Research
at Tokushima University Hospital. The contents of the
study were explained to the subjects and their families.
Upon verbal and written explanation that participation
was voluntary, that nobody would be disadvantaged in
medical treatment and nursing due to discontinuation or
lack of participation in the study, and that privacy
would be protected, agreement to participate was

obtained in writing.

Results

Table 1 shows the clinicodemographic background data
of the 38 subjects (23 in the control group and 15 in the
intervention group). In the control group, the average
age of the subjects was 65. 1 years (SD 13.2). Cause of
stroke (primary disease) was cerebral infarction in 12
subjects, and intracranial hemorrhage in 11. Hemiple-
gia was left-sided in 14 subjects, and right-sided in nine.
The Brunnstrom stage < II subgroup comprised eight
subjects, while the Brunnstrom stage<II subgroup
comprised 15 subjects. In the intervention group, the

average age of the subjects was 67. 0 years (SD12.0).
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Cause of stroke was cerebral infarction in 12 patients
Hemiplegia was
The

Brunnstrom stage <[l subgroup comprised four sub-

and intracranial hemorrhage in three.

left-sided in 11 subjects, and right-sided in four.

jects, while the Brunnstrom stage =11 subgroup com-
prised 11 subjects.
Changes in muscle mass and decrease rates for each

Brunnstrom subgroup in the intervention and control

Ayako Tamura, etal

groups are shown in Table 2. The decrease in muscle
mass in the control group was 292g (SD 239) on the
paralyzed side and 123 g (SD 277) in the Brunnstrom
stage = I subgroup. The decrease rate was 5.0% (SD
4.2) on the paralyzed side and 2. 0% (SD4. 5) on the non-
paralyzed side;thus, a significant difference was ob-
served (P<0.05). In the Brunnstrom stage< I sub-
group, the decrease was 609g (SD 233) and 316 g (SD

303) on the paralyzed and non-

Table 1 Background of subjects paralyzed sides, respectively. Al-
control group | intervention group | Total though the difference in decrease
N=23 N=15 N=38 rate between the paralyzed and non-
Gender Male 14 10 24 paralyzed sides, 9.0% (SD 3.5) and
Female 9 > 14 5.0% (SD4.2), respectively, was
Age 40—49 3 1 4 not significant, a clear trend (P=
50—59 7 3 10 b d
60—69 9 3 5 0.07) was observed.
70—179 7 6 13 On the other hand, the decrease
Above 80 4 2 6 in muscle mass was only 77 g (SD
Average (SD) 65.1(SD13.2) | 67.0 (SD12.0) 295) on the paralyzed side and 131
Primary disease Cerebral infarction 12 12 24 g(SD 334) on the non-paralyzed side
Intracranial hemorrhage 11 3 14 in the Brunnstrom stage=1I sub-
Side of paralysis Right ? 4 13 group of the intervention group.
Left 14 11 25 .
— The decrease rate was almost iden-
Degree of hemiplegia .
Brunnstrom stage (lower extremities) tical between the paralyzed and
stage I~V 15 11 26 non-paralyzed sides (1.6% (SD4.4)
stage 1~ 11 8 4 12 and 1.9% (SD 5.0}, respectively),

and no significant difference was

Table 2 Average decrease and rate of decrease of lower extremity muscle mass observed. The same trend was ob-
Muscle Decrease | Wilcoxon served in the Brunnstrom stage <
amount rate (%) | matched-pair I subgroup;no significant differ-

. decrease (g) signed-rank ence was observed between the
Brunnstrom stage Mean(SD) | Mean(SD) | test .
paralyzed and non-paralyzed sides

control stagellor above . . I 9

group Paralyzed side 15| 202(239) | 5.0(4.2) mr in decrease in muscle mass, 267g
Non-paralyzed side | 15| 123(277) | 2.0(4.5) (SD 203) and 282 g (SD 406), or in
stage I or below decrease rate, 4.8% (SD 4.0) and
Paralyzed side 8 | 609(233) | 9.0(3.5) j s 4,8% {(SD6.5), respectively.
Non-paralyzed side | 8 | 316(303) 4.8(3.9) -
intervention stagellor above
group Paralyzed side 11| 77(295) | 1.6(4.4) :l 0 Discussion
Non-paralyzed side | 11| 131(334) | 1.9(5.0) s
stage I or below With the recent progress in our
Paralyzed side 4| 267(203) | 4.8(4.0) j ns understanding of rehabilitation pro-
Non-paralyzedside | 4 | 282(406) 4.8(6.5) grams for post-stroke patients in

(* ;P<0.05 ns.: not significant)
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providing such rehabilitation in the acute period is being
recognized. However, post-stroke bedridden patients
in the acute period after onset to are treated according
to 2 contradicting methods, rest based on the acute
period management and exercise for prevention of
disuse syndromes, and thus tend to be maintained in the
bedridden status. Furthermore, the need for rehabili-
tation has been recognized®according to the actual
situation of disuse muscle atrophy in the lower extrem-

319 However, no

ity muscles in post-stroke patients
standardized practical methods have been established.
By actively providing a rehabilitation program for bed-
ridden patients in the acute stage, it is possible to break
the vicious circle of disuse syndromes™, and contribute
to improvement of QOL of patients by helping to reduce
the hospitalization period and return to work.

Studies using several conventional evaluation meth-
ods for disuse muscle atrophy in post-stroke patients
have been reported, including methods to estimate the
decrease in lower extremity muscle mass based on
muscle cross sections using CT®®and ultrasound

&7 and a method to measure muscle mass only on

echo
the healthy side using a dynamometer’’. The DXA
method utilized in the present study was originally used
to measure bone density. Because the method allows
measurement of individual body components {bone,
muscle and fat) in the right and left lower extremities'’,
and the measurement error is as low as 0.2-2.2%"", it
is possible to accurately evaluate the entire muscle mass
of left and right lower extremities.

For intervention, exercises were designed to facilitate
muscle contraction of flexor and extensor muscles in the
lower extremities, and to consist of movements in the
daily lives of bedridden patients. By including the se-
ries of movements described above, which are associ-
ated with movements with bent-knees pointing up-
wards and kick-up movements, it was expected that
isotonic muscle contraction (kick up) and closed kinetic
chain (hip raise)” would be activated. Although a
short period of time, 10 minutes a day, was spent on
exercise, the exercise load was not insufficient accord-
ing to the report by Hettinger, et al.'®, which suggested

that performing muscle contraction exercises for 6 sec-

onds a day increased muscle mass, and was equivalent
to the level of training reported by Ichihashi, et al.™.

In the intervention group, changes in muscle mass on
the paralyzed and non-paralyzed sides were almost
equivalent in both the Brunnstrom stage = [l subgroup
and the Brunnstrom stage < [l subgroup, and the de-
crease rate was as low as2 % and 5 % in the Brunn-
strom stage = [Isubgroup and Brunnstrom stage < II
subgroup. respectively. On the other hand, differences in
muscle mass decrease were observed between the
paralyzed side, approximately 609 g (9.0%), and non-
paralyzed side, approximately 300 g (5.0%), in the
Brunnstrom stage < I subgroup of the control group.
Standard deviations were large in the present study.
This was assumed to be because muscle changes were
expressed as a difference between the muscle mass in
the first measurement and second measurement, and
there were some cases in which muscle mass increased.
Such cases were particularly observed in the Brunn-
strom stage = [l subgroup of the intervention group. and
increase rates were highly diverse. Such issues should
be examined in future research.

Having post-stroke patients with hemiplegia perform
a series of back-lying exercises, including hip raises with
bent knees pointing upwards, in intervention makes them
realize that such movements are “preferable move-
ments ; therefore, it was assumed that the activity level
of the lower extremities with bent knees pointing up-
wards was increased in bedridden patients. Because
objective observation of activity levels of the lower ex-
tremities with bent knees pointing upwards was not
achieved in the present study, further study investigat-
ing this issue is needed. The present study revealed
that intervention reduced the loss of muscle mass in the
lower extremities ; however, it remains unclear which
parts exhibited less reduction in muscle mass. This
should also be investigated in future research.

It is expected that the series of exercises used in the
present study is applicable to not only post-stoke pa-
tients but also to bedridden patients with severe dis-
eases. By conducting further studies in which fre-
quency and intensity of the series of back-lying move-

ments are observed in daily life, better movement sup-
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port methods could be designed.
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Abstract The objective of this study is to examine the
differential expression of imast cell tryptase and its receptor,
protease-activated receptor-2 (PAR-2), in the synovium and
synovial fluid of patients with rheumatoid arthritis (RA)
and osteoarthritis (OA). Biochemical and immunohisto-
chemical analyses were performed to determine whether the
trypsin-like protease in the synovium is identical to mast
cell tryptase. The effects of mast cell tryptase on the
proliferation of synovial fibroblast-like cells (SFCs) and the
release of IL-8 thereof were evaluated by the [*H]-
thymidine incorporation and ELISA, respectively. The
trypsin-like protease in the synovium of RA patients was
identical to human mast cell tryptase, which was composed
of two subunits: 33 and 34 kDa. The 33- and 34-kDa
proteins are different glycosylated forms of the 31-kDa
protein, which was unglycosylated. Mast cell tryptase
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activity in RA synovial fluid was significantly higher than
that in OA synovial fluid, while their activities and
expression in the synovium were similar. Expression of
PAR-2 mRNA in the synovium was higher in RA than in
OA. Mast cell tryptase containing the unglycosylated 31-
kDa subunit was the predominant form in synovial fluid.
RA patients had higher amounts of this subunit in their
synovial fluid than OA patients. Mast cell tryptase and
PAR-2 activating peptide stimulated the proliferation of
SFCs and release of 1L-8 from these cells. Mast cell
tryptase secretion into RA synovial fluid is higher than OA
synovial fluid. Mast cell tryptase in synovial fluid stim-
ulates the proliferation of SFCs and the release of pro-
inflammatory cytokines via PAR-2, which may contribute
to exacerbation of synovitis in RA.

Keywords Mast cell tryptase - Osteoarthritis - Protease-

activated receptor-2 - Rheumatoid arthritis - Synovial fluid -
Synovium

Introduction

. Rheumatoid arthritis (RA) is usually associated with

synovitis characterized by the presence of synovial fluid
that frequently contains various chemical mediators, degra-
dation products from articular structures, and exudates from
the blood stream. Therefore, synovial fluid has been
suggested to reflect, to some extent local, inflammatory
reactions in the joints affected by RA, and hyperplasia of
the synovium producing synovial fluid is one of the
pathological bases of RA.
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A number of investigations [1-9] have shown that mast
cells infiltrate into the synovium in patients with arthritic
diseases such as RA and osteoarthritis (OA) and that
products released from mast cells perpetuate the inflamma-
tory process and ultimately destroy the joint. Mast cell
tryptase, a trypsin-like serine protease [10, 11], is a major
component of such products and stimulates inflammation
and proliferation of various types of cells via protease
activated receptor-2 (PAR-2), a receptor for the trypsin
family of proteases such as trypsin and mast cell tryptase
[12-16]. However, there have been few studies demon-
strating the differences of mast cell tryptase and PAR-2
expression in the inflamed synovium of inflammatory joint
diseases.

In this study, we first confirmed whether trypsin-like
protease partially purified from the synovium of RA
patients was identical to human mast cell tryptase. Then,
we examined the expression of mast cell tryptase and PAR-
2 in RA and OA to elucidate the pathological roles of mast
cell tryptase and PAR-2, which were highly expressed in
articular lesions of RA patients. Furthermore, we investi-
gated the effect of mast cell tryptase on the proliferation of
synovial fibroblast-like cells (SFCs) and 1L-8 release from
SFCs in RA patients. Our results suggest that the higher
secretion of mast cell tryptase from mast cells recruited into
the synovium in RA patients may, at least in part, contribute
to a more severe synovitis in RA compared with OA.

Materials and methods
Patients’ characteristics

The diagnosis of RA was based on the American Rheuma-
tismn Association 1987 revised criteria [17]. The patients with
OA who participated in this study met the clinical and
radiological diagnostic criteria [18]. All patients with OA
had effusions in their knee joints, and the synovial fluids
were clear and highly viscous. The age, sex, erythrocyte
sedimentation rate (ESR), serum C-reactive protein (CRP)
concentration, and rheumatoid factor (RF) status of patients
and the medication they were receiving are shown in Table 1.

Table 1 Clinical characteristics and drug treatment of patients

Synovial fluid and synovium specimens

Synovial fluids were collected from the knee joints of RA
and OA patients by puncture at Tokushima University
Hospital. They were then centrifuged at 1,000xg for
10 min at 4°C within | h after being collected. The
supcrnatants were immediately frozen and stored at —80°C
until use. Synovial fluids were also collected from four
healthy volunteers and used as control. Synovium samples
were obtained from RA and OA patients during joint
surgery. After washing with phosphate-buffered saline
(PBS), the tissues were homogenized in a ninefold volume
of 50 mM Tris-HCl buffer (pH 7.5) containing 0.5 M NaCl
with a Polytron homogenizer on ice for | min. After
centrifugation at 1,000xg for 10 min at 4°C, the super-
natants were collected and used as synovial extracts.
Control synovia were similarly prepared from patients with
intracapsular hip fracture.

The study protocol was approved by the Ethics Com-
mittee of The University of Tokushima Graduate School.
All the patients and volunteers who participated in this
study gave their written informed consent.

SFC culturing and treatment with reagents

SFCs were cultured and maintained as described previously
[19]. Fresh synovia obtained from RA patients were cut to
picces of about 2 mm in diameter and cultured in
Dulbecco’s Modified Eagle Medium containing 10% fetal
bovine serum, 100 U/ml penicillin G sodium, 100 pg/mi
streptomycin, and 0.25 pg/ml amphotericin B at 37°C in a
humidified atmosphere of 5% CO, and 95% air. The
medium was replaced twice a week until SFCs had grown
to about 60% confluence. They were treated with our
previously purified human lung mast cell tryptase [20] or a
PAR-2 activating peptide (H-Ser-Leu-1le-Gly-Lys-Val-NH;;
Bachem AG, Bubendorf, Switzerland) at the indicated
concentrations. After treatment with the reagents, cell
proliferation rate and IL-8 release from SFCs were
measured on days 1 and 2, respectively, as described
below. Cells from the first three passages were used in this
study.

Patients Number (male/female) Age (year) ESR (mm/h) CRP (mg/dl) RF (IU)
RA? 43 (7/36) 63.0 (28.6-81.6) 58.9 (12-134) 3.35(0.21-10.59) 141 (3-820)
OA® 45 (14/31) 70.0 (41.0-86.6) WNL WNL WNL

The values are expressed as mean with the range in parenthesis.
WNL Within normal limit

* Almost all of thc RA patients were medicated: corticosteroids, 18; disease-modifying antirheumatic drugs, 41; nonsteroidal anti-inflammatory
drugs (NSAIDS), 27. Twenty OA patients were being treated with NSAIDs.
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Protease activity assay

Trypsin-like activity was measured by spectrofluoropho-
tometry using a synthetic fluorogenic peptide (Peptide
Institute, Osaka, Japan), Boc-Gln-Ala-Arg-MCA as the
substrate, as described previously [20]. Synovial fluid and
synovial tissue extract were diluted tenfold and 100-fold,
respectively, with saline and used as the enzyme source.
One unit of enzymatic activity was defined as the amount
of enzyme that released 1 pmol of 7-amido-4-methylcou-
marin per minute. The inhibitory activity of antipain,
leupeptin, and soybean trypsin inhibitor (Sigma, St. Louis,
MO) for partially purified trypsin-like protease was also
measured. The reaction mixtures containing these inhibitors
at various concentrations were allowed to stand at room
temperature for 10 min and the trypsin-like activity was
measured in the same manner as described above.

Partial purification of trypsin-like protease from synovium

Synovial tissue extract (1 mg protein) was applied to a gel
filtration column (2.2%65 c¢m) of Sephadex G-200 (Phar-
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Fig. 1 Identification of synovial trypsin-like protease to mast cell
tryptase. (a) Homogenates (I mg protein) from the synovium of an RA
patient or purified human mast cell tryptase (3 ug) were subjected to
gel filtration chromatography on a column of Sephadex G-200. The
tubes containing tryptase-like activity, designated as Fraction |
(Fraction No. 30-37), were collected and concentrated. The trypsin-
like activity of 0.1 ml of each fraction was measured with 50 uM Boc-
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macia Fine Chemicals, Uppsala, Sweden), equilibrated and
eluted with 50 mM Tris—HCI buffer (pH 7.5) containing
0.5 M NaCl at a flow rate of 0.5 ml/min. Protein
concentration was monitored with a UV detector at
280 nm. The fractions containing trypsin-like activity,
which were designated as Fraction | (Fig. la), were
collected and concentrated by centrifuged filtration (cutoff
molecular mass=30,000; Millipore, Billerica, MA). Human
mast cell tryptase, previously purified from the lung tissue
[20], was also fractionated on the same gel filtration column
chromatography.

Western blot analysis

The synovial fluid (80 pg protein/lane) and synovial
extracts (40 pg protein/lane) were subjected to sodium
dodecy! sulfate polyacrylamide gel electrophoresis (SDS-
PAGE) on a 12% gel and transferred to a polyvinylidene
difluoride membrane at 35 mA for 6 h at 4°C. The
membrane was blocked with 4% skim milk and then
incubated with a polyclonal rabbit anti-human tryptase
antibody (Biogenesis, Poole, UK) for | h at 25°C. The
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Gln-Ala-Arg-MCA as the substrate. (b) Concentrated Fraction [ and
purified mast cell tryptase were subjected to Western blot analysis
using an anti-human mast cell tryptase antibody. Respective samples
digested with endoglycosidases H and F were also subjected to
Western blotting in the same manner. MMSTD Molecular mass
standards
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bound antibodies were detected with a suitable secondary
antibody (Amersham Biosciences, Buckinghamshire, UK)
using the enhanced chemiluminescence system (Amersham
Biosciences). We used albumin as an internal standard
protein because an excessive amount of albumin in the
synovial fluid interfered with the detection of B-actin by
Western blotting (data not shown).

Immunohistochemical analysis

Synovium (approximately 5 mm in diameter) taken at
random from several different areas of the joint were
subjected to immunohistochemical analysis for mast cell
tryptase as described previously [21]. Briefly, samples were
frozen in a glycerol-base mounting medium (Miles Labo-
ratorics, Naperville, IL), and cut into 8-pm-thick sections
with a cryostat. The sections were incubated with 3%
hydrogen peroxide for 20 min at 25°C to inactivate
endogenous peroxidase. After washing with PBS for
10 min, the sections were treated with avidin D and biotin,
followed by further incubation at 4°C overight with a
biotin-conjugated monoclonal anti-human tryptase antibody
(Promecga, Madison, WI) diluted at 1:5,000 in PBS
containing 1% non-immune goat serum. The bound anti-
bodies were detected with a Vectastain ABC kit (Vector
Lab, Burlingame, CA) and 3, 3'-diaminobenzidine (Sigma)
as the substrate.

Real-time reverse transcription and polymerase chain
reaction

Total RNA was isolated from synovium with an acid
guanidinium thiocyanate—phenol-chloroform mixture
(NipponGene, Osaka, Japan) [21]. Real-time reverse
transcription and polymerase chain reaction (RT-PCR) with
SYBR green dye was performed by using an ABI 7300
real-time PCR system (Applied Biosystems, Foster City,
CA) as described previously [21]. The following oligonu-
cleotide primer sets were used: 5-CTGCATCGACCCC
TTTGTCT-3' and 5-GGAGAGCGTTCTTTGCATGAT-3'
for human PAR-2; 5-ACCCAGAAGACTGTGGATGG-3'
and 5-TTCAGCTCTGGGATGACCTT-3' for human glyc-
eraldehyde-3-phosphate dehydrogenate (GAPDH).

Other biochemical analyses

Glycosidase digestion of mast cell tryptase was performed
as described previously [22]. Twenty micrograms of
partially purified trypsin-like protease (Fraction T) or human
lung mast cell tryptase was incubated with 5 U endogly-
cosidase H (Wako Pure Chemical Industries, Osaka, Japan)
or endoglycosidase F (Roche Diagnostics, Tokyo, Japan)
for 3 h at 37°C. The proliferation of SFCs was estimated by

the incorporation of [*H]-thymidine as described previously
[23]. The concentration of IL-8 in the culture medium was
measured with an IL-8-specific enzyme-linked immunosor-
bent assay (ELISA) kit (Endogen, Woburn, MA) as
described previously [23]. The protein concentration was
determined by Lowry’s method with bovine serum albumin
as a standard [24].

Statistical analysis

Data were expressed as the mean+SD or SE. Statistical
significance of differences between groups was assessed by
nonparametric Mann-Whitney test. A P value of less than
0.05 was considered to indicate a statistically significant
difference.

Results

Identification of trypsin-like protease in RA to mast cell
tryptase

Gel filtration column chromatography of synovium extracts
from RA patients showed that trypsin-like activity was
prominently detected in Fraction No. 30-37, as shown in
Fig. la. Fraction No. 34 contained the peak activity and
corresponded to an apparent molecular mass of 134 kDa.
The gel filtration profile of human mast cell tryptase
activity on the same gel chromatography column showed
a similar pattern (bottom panel in Fig. 2a), suggesting that
the trypsin-like protease had a similar apparent molecular
mass to human mast cell tryptase. Western blotting with an
anti-tryptase antibody revealed that both trypsin-like prote-
ase from the synovium of RA patients and human mast cell
tryptase were immunoreactive with an anti-tryptase anti-
body and consisted of two major subunits with molecular
masses of 33 and 34 kDa (Fig. 1b). When the protein was
treated with endoglycosidase H, only the 33-kDa band of
the purified trypsin-like proteases shifted to a position
corresponding to the 31-kDa band. In contrast, treatment
with endoglycosidase F decreased the molecular masses of
both 34- and 33-kDa subunits to 31 kDa (Fig. 1b).

The substrate and inhibitor specificities and activities of
the trypsin-like protease were also studied. Among the
tested substrates, trypsin-like protease showed the highest
hydrolytic activity for Boc-Gln-Ala-Arg-MCA as did the
purified human mast cell tryptase (Table 2). Hydrolytic
activities of trypsin-like protease for Boc-Phe-Ser-Arg-
MCA and Boc-Val-Pro-Arg-MCA were also similar to
those of human mast cell tryptase. Trypsin-like protease
and mast cell tryptase showed little or no activity for other
serine protease and collagenase substrates. In contrast,
trypsin-like protease from RA patients and purified mast

@ Springer

— 142 —



1288 Clin Rheumatol (2007) 26:1284-1292
a P=0.0053 b
I ] P =0.0032
P <0.0001 — y
—_ 1
g P =0.0036
5 .
E 207 0o 0 £ 4001 0 O
" g
g & E
¥l 2 2
0 “ o
: is o
2 g o O
E = 5 200
© g 137
= th 8 e w0
S " p GOO OO
& OO0 O
1.62 OO
= e . 3 o‘%o e 25
Controel RA 0OA Control
(n=43) (n = 45) (n=4) n=13) m=12) (n=4)

Fig. 2 Tryptase activity in synovial fluids and synovium from RA and
OA patients (a, b). Synovial fluid (a) and synovial extract (b) were
prepared from patients with RA, OA, or intracapsular hip fracture and
healthy volunteers (control). Mast cell tryptase activity in each sample

cell tryptase were completely inhibited by antipain and
leupeptin, whereas soybean trypsin inhibitor failed to
inhibit both enzymes (Table 2). Based on the results, we
concluded that trypsin-like protease in the synovia of RA
patients was identical to mast cell tryptase.

was measured by spectrofluorophotometry. using Boc-Gla-Ala-Arg-
MCA as the substrate, as described in the “Materials and methods”
section. Horizontal dotted lines show the mean value in each group.
P values indicate a statistically significant difference

Expression of mast cell tryptase and PAR-2 in synovia
of RA and OA patients

Mast cell tryptase activity in the synovial fluid was
significantly higher in the RA group compared to the OA

Table 2 Substrate and inhibi-
tor specificities and activities
of the partial puritfied
trypsin-like protease from

RA synovium

Substrate

Inhibitor (concentration) Relative activity (%)

Human mast
cell tryptase

Purified trypsin-
like protease

Boc-Gln-Ala-Arg-MCA
Boc-Phe-Ser-Arg-MCA
Boc-Val-Pro-Arg-MCA
Boc-Ile-Glu-Gly-Arg-MCA
Boc-Val-Leu-Lys-MCA
Git-Gly-Arg-MCA
Suc-Ala-Ala-Pro-Phe-MCA
Suc-Gly-Pro-Leu-Gly-Pro-MCA
Suc-Ala -Pro-Ala-MCA
Boc-Gln-Ala-Arg-MCA
Antipain

Leupeptin

The relative activity is a
percentage of the enzymatic
activity compared with the
activity obtained for Boc-

Soybean trypsin inhibitor

100 100
414 29.8
25.1 19.2
0.32 0
4.95 0.03
0.33 0.01
0 0
0 0
0 0
(%1079 59.0 75.9
(1x107%) 10.0 204
(1x107% 12 2.7
(1%x107%) 50.7 60.0
(1%x107%) 8.8 12.5
(1x107™) 1.0 1.5
(1x107% 100 100
(1107 100 100
(1x10™ 100 100

Gln-Ala-Arg-MCA (100%).
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group and the control group (Fig. 2a). Mast cell tryptase
activities in synovium extracts from RA and OA patients
were similar, although they were significantly higher than
that in the control group (Fig. 2b).

Immunohistochemical analysis showed that the number
of cells that stained positive for mast cell tryptase were
higher in the synovium of RA and OA patients compared
with control synovium (Fig. 3a); this is consistent with
mast cell tryptase activity in synovial extracts. Furthermore,
Western blotting revealed that in synovial fluid, a 31-kDa
band that was an unglycosylated form of the 34- and 33-
kDa subunits of mast cell tryptase (Fig. 1b) was the
predominant form, while the synovium expressed mainly

the 34- and 33-kDa subunits of mast cell tryptase (Fig. 3b).
Interestingly, the 31-kDa subunit of mast cell tryptase was
more highly concentrated in the synovial fluid from RA
patients compared with that from OA patients. The 31-kDa
subunit of mast cell tryptase was found in the synovium
from RA patients, although it was not detected in the
synovium from OA patients. We also measured mRNA
transcripts of PAR-2, a mast cell tryptase receptor, in the
synovium of RA and OA patients. The amount of PAR-
2 mRNA transcript in the synovium of RA patients was
statistically significantly higher than that from OA patients
(Fig. 3c¢).
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Fig. 3 Amounts of mast cell tryptase protein and of PAR-2 transcripts
in synovial tissues. a Sections of synovium from patients with RA,
OA, or intracapsular hip fracture were immunohistochemically stained
with an anti-mast cell tryptase antibody. Immunopositive cells indicate
mast cell accumulated into synovial tissues. Similar results were
obtained in three independent experiments. The horizontal bar in each
panel represents 150 pm. b Samples were prepared from synovial fluid
and synovium from RA and OA patients. Extracts (80 pg protein/lane
from synovial fluid and 40 pg proteinflane from synovium) were

subjected to SDS-PAGE followed with Western blotting (WB) for mast
cell tryptase or Coomassie brilliant blue (CBB) staining. The apparent
molecular weight of albumin was 66 kDa. MMSTD Molecular mass
standards. ¢ Total RNA prepared from synovium of RA and OA
patients was subjected to real-time RT-PCR. The concentration of
PAR-2 transcript was shown as the ratio of amounts of PAR-2
transcript to that of human GAPDH. Data are the mean (bar denotes
SE). P value of 0.0348 indicates a statistically significant difference
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Effects of mast cell tryptase and PAR-2 activating peptide
on the proliferation and proinflammatory cytokine release
from cultured SFCs

Lastly, we examined effects of mast cell tryptase on the
proliferation of SFCs and IL-8 release from SFCs of RA
patients to determine whether increased mast cell tryptase
in synovial fluid was involved in the exacerbation of
synovitis in RA. Human mast cell tryptase significantly
stimulated proliferation of SFCs and release of 1L-8 from
these cells in a dose-dependent manner (Fig. 4a). The
expression of PAR-2 transcripts in the synovium from RA
patients was statistically significantly higher than that from
OA patients (Fig. 3c), indicating that these stimulatory
effects of mast cell tryptase were mediated by PAR-2-
dependent pathway in SFCs. To confirm this hypothesis,
SFCs were also treated with PAR-2 activating peptide, a
PAR-2-specific activator. The PAR-2 activating peptide
stimulated IL-8 release of SFCs from RA patients with
comparable effectiveness to human mast cell tryptase, but
not from OA patients (Fig. 4b).

Discussion

Heterogeneity of tryptase has been observed at both the
structural and functional levels of the protein [10, 11, 25~
32]. Studies of this enzyme have indicated microheteroge-
neity of the subunits, with molecular masses ranging from
31 to 38 kDa on SDS/polyacrylamide gels sometimes as a
broad, diffuse band and sometimes as discrete bands. The
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Fig. 4 Effects of human mast cell tryptase and PAR-2 activating peptide
on the proliferation of SFCs and IL-8 release from the cells. a SFCs were
treated with mast cell tryptase purified from human lung at the indicated
concentrations (day 0). On day I, the proliferation rate of SFCs was
estimated by the incorporation of [*H)-thymidine. On day 2 after the
treatment, the concentration of IL-8 in media was measured by ELISA.
The experiments were conducted in triplicates. The data are the mean
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present study also showed that synovial mast cell tryptase
in inflammatory joint diseases was an oligomer of 31-
34 kDa subunits. Consistent with the results of mast cell
tryptase activity, mast cell tryptase composed mainly of a
31-kDa subunit was found to accumulate in synovial fluid
from RA patients and its concentration was higher
compared with that from OA patients, although the number
of mast cells and amount of mast cell tryptase were similar
in synovium from RA and OA patients. Based on these
findings, we suggest that a larger amount of mast cell
tryptase is released from mast cells into the synovial fluid in
RA patients compared with OA patients. This hypothesis is
also supported by a recent report [33] that the stimulation of
IgE-dependent histamine release from synovial mast cells
in RA patients was higher than those in OA patients.
Endoglycosidase H cleaves only high mannose-type
sugar chain, while endoglycosidase F cleaves both high
mannose-type and complex-type sugar chains from glyco-
protein. In this study, endoglycosidase H shifted only the
33-kDa subunit to a position corresponding to the 31-kDa
band, and endoglycosidase F decreased the molecular
masses of both the 34- and the 33-kDa subunits to
31 kDa. Therefore, the 31-kDa subunit of synovial mast
cell tryptase was an unglycosylated form of the 34- and 33-
kDa subunits, and the 34- and 33-kDa subunits of mast cell
tryptase contain complex-type and high mannose-type
sugar chains, respectively. Interestingly, higher concentra-
tions of mast cell tryptase consisting of the unglycosylated
subunits were found to accumulate in synovial fluid from
RA patients compared with that from OA patients,
suggesting enhanced sccretion of the unglycosylated mast

b BEE = SFCs from RA
[J=SFCs from OA
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PAR-2 activating peptide (WDM)

(bar denotes SD; [n=3]). *Significantly increased vs no treatment with
mast cell tryptase (£<0.05). (b) On Day 2 after the treatment with PAR-
2 activating peptide at the indicated concentrations, the concentration of
[L-8 in media was measured by ELISA. The experiments were
conducted in triplicates. The data are the mean (bar denotes SD; n=3).
An asterisk denotes a statistically significant increase vs no treatment
with mast cell tryptase (£<0.05)
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cell tryptase into synovial fluids in RA. N-Glycosylation
has been considered to be necessary for secretion in various
secretory proteins [34-36]. However, several lines of
investigation have also shown that in the case of prolactin
and interferon-y, the secretion kinetics of the unglycosy-
lated forms was identical to those of the glycosylated forms
[37, 38]. Further study is necessary to elucidate the
mechanism of increased secretion of mast cell tryptase into
synovial fluids in RA. Determining what mediates distinct
glycosylation of mast cell tryptase in inflammatory joint
diseases is another important subject of investigation.

Ferrell et al. [39] have demonstrated a key role for
PAR-2 in mediating chronic inflammation in studies using
PAR-2-deficient mice. We have also reported that human
trypsin-like protease stimulates human bronchial fibroblast
proliferation by a PAR-2-dependent pathway [40]. There-
fore, the PAR-2-dependent pathway may be an important
component in the pathogenesis of RA, especially with
regard the increased production of pro-inflammatory cyto-
kines from synovial cells.

Real-time RT-PCR revealed that expression of PAR-
2 mRNA transcripts in the synovium in RA patients was
significantly upregulated compared with those from OA
patients. We also showed that purified human mast cell
tryptase and a PAR-2 activating peptide significantly
stimulated IL-8 release in SFCs obtained from RA patients
but not from OA patients, indicating that SFCs from RA
patients were more sensitive to tryptase than those from OA
patients. Increased sensitivity of SFCs may also exacerbate
synovitis in RA, in addition to accumulated mast cell
tryptase in synovial fluid.

We previously demonstrated that thrombin stimulated
the proliferation and IL-8 release in SFCs in the samec
manner as mast cell tryptase [23]. At present, we cannot
determine which proteases play more important roles in the
exacerbation of synovitis in RA. However, mast cell
tryptase preferentially interacts with PAR-2, while thrombin
binds to PAR-1, PAR-3, and PAR-4 [4143]. Since there
was no significant difference in synovial PAR expression
between RA and OA except for expression of PAR-
2 mRNA transcripts (data not shown), mast cell tryptase
may play a more direct role in the proliferation of SFCs and
pro-inflammatory cytokine relcase from these cells com-
pared with thrombin.

This study showed that an unglycosylated form of mast
cell tryptase accumulated in higher concentration in the
synovial fluid from RA relative to OA and that there was
higher expression of synovial PAR-2 mRNA transcripts in
RA compared with that in OA. Therefore, higher secretion
of mast cell tryptase into synovial fluids in RA relative to
OA stimulates higher proliferation of the synovium and
production of pro-inflammatory cytokine in SFCs in RA
compared with OA.
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Lumbar radiculopathy caused by extradural rheumatoid
nodules

Case report

NORI HIROHASHI, M.D., TOSHINORI SAKAI, M.D., KoiCHI SAmYo; M.D., Koicur Oa, M.D.,
Kosaku HiGaASHINO, M.D., SHINSUKE KAaTOH, M.D., AND NATSUO YAsur, M.D.

Department of Orthopedics, Institute of Health Biosciences, The University of Tokushima Graduate
School, Tokushima, Japan

¥"The authors report on a 51-year-old woman with a 9-year history of rheumatoid arthritis (RA) who presented with
symptomatic rheumatoid nodules in the lumbar extradural region with compression on the L-5 nerve roots bilaterally.
She had also suffered from dysesthesia in the right lower leg and intermittent claudication. Magnetic resonance imag-
ing revealed masses compressing the dural sac, and on lumbar myelography and computed tomography myelography
a filling defect at L4-5 was revealed, which was compressing the dural sac posterolaterally on both sides. The mass-
es were surgically removed. On histological examination the typical characteristics of theumatoid nodules were found.
Soon after the operation all of the patient’s symptoms disappeared.

There have been few reports on extradural rheumatoid nodules. Patients with RA usually complain of articular
symptoms, and in fact the patient in the present study had been referred to the authors’ institution for total hip arthro-
plasty. However, various symptoms other than those arising from articular lesions were found clinically. The authors
believe that if patients with RA are also examined for extraarticular lesions, it is likely that these will be more fre-
quently detected. (DOI: 10.3171/SPI-07/09/352)

KEy WoORDS ¢ extradural space

histological examination ¢ lumbar spine o

rheumatoid arthritis ¢ rheumatoid nodule

HEUMATOID nodules are extraarticular manifestations
of RA, and are one of the seven components of the
American Rheumatism Association classification
criteria for RA. Rheumatoid nodules generally occur in
subcutaneous tissue in regions subjected to mechanical
stimulation, such as the elbows and knees. These lesions
sometimes occur in other regions, such as the extensor side
of the proximal interphalangeal joint, occipital region, and
sacrum. It is rare for rheumatoid nodules to cause clinical
symptoms and disrupt the activities of daily living in pa-
tients with RA. However, if these masses develop in im-
portant organs such as the lungs, heart, and meninges, they
will disturb daily life activities.®
Moreover, there have been few reports in the literature of
involvement of the lumbar spine in patients with RA. -1
14 If such patients complain of leg pain, attention is usual-
ly focused on articular lesions such as those of the hip and
knee joints. However, because there are characteristic le-

Abbreviations used in this paper: MR = magnetic resonance;
RA = rheumatoid arthritis; RF = rheumatoid factor.
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sions of RA in the lumbar spine as well as the cervical
spine, attention must also be directed to symptoms origi-
nating from the lumbar spine. We report on a patient with
symptomatic rheurnatoid nodules originating from the lum-
bar extradural space.

Case Report

History and Examination. This 51-year-old woman with a
9-year history of RA had suffered from right hip pain for 2
years. She had been treated medically with prednisolone
(10 mg/day) and methotrexate (4 mg/week). She was ini-
tially referred to our institution for a total hip arthroplasty
because of leg pain. She experienced low back pain, inter-
mittent claudication, and complained of dysesthesia in the
right lower leg, which was constant and intensified on sit-
ting. Her sensations, deep tendon reflexes, and the results
of manual muscle testing and were normal. Hematological
tests revealed a white blood cell count of 8800/mm?, a
C-reactive protein level 0.45 mg/dl, and an RF level of 265
U/ml.
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Lumbar radiculopathy caused by extradural rheumatoid nodules

FiG. 1. Sagittal T1-weighted (A), T2-weighted (B), and Gd

masses in the vertebral canal at L4-5,

Magnetic resonance imaging of the lumbar spine re-
vealed tumorous masses compressing the dural sac at L4-5
that were hypointense on T1-weighted images and hyper-
intense on T2-weighted images. Magnetic resonance im-
aging with the addition of contrast medium revealed en-
hancement around the mass (Figs. 1 and 2). Lumbar and
computed tomography myelography revealed a filling de-
fect at the L4-5 level that was compressing the dural sac
posterolaterally on both sides (Fig. 3). Based on the imag-
ing results, bilateral facet cysts were initially suspected.

Operation and Histological Findings. Situated within the
extradural space, the masses were encapsulated, about 1-
cm long, and tightly adherent to the dura mater posterolat-
erally. The lesions were covered with a yellow membrane
and were compressing the dural sac and both nerve roots at

FiG. 2. Axial T1-weighted (A), T2-weighted (B),

-enhanced T'1-weighted (C) MR images demonstrating the

il ok

and Gd-enhanced T1-weighted (C) MR images at L4-5 demon-

L-5 (Fig. 4). Whether a connection existed with the facet
joint capsules was unclear, but we found tight adhesion
with the dura, suggesting the dura as the origin. The tumor-
ous masses were removed following a partial laminectomy
of L-4 and L-5. The bilateral masses could be separated
from the dura mater and were carefully resected. After
removal of the masses, the dural sac and both L-5 nerve
roots were decompressed. Histological examination of the
lesions revealed extensive areas of fibrinoid necrosis, sur-
rounded in some parts by poorly formed palisades of histi-
ocytes and chronic inflammatory cells (Fig. 5). These find-
ings were consistent with those of typical rheumatoid
granulation tissue.

Postoperative Course. Soon after the operation, the
patient’s symptoms disappeared, leaving her without neu-

ML S

strating dural sac compression by the masses. Note that the capsule in (C) enhanced with the addition of Gd-diethylene-

triaminepentaacetic acid.
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