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SUMMARY

Cytotoxic cells possess specialized granules which contain perforin and a group of serine proteinases
termed granzymes. Granzyme-positive cells have been identified in synovial fluid and tissue of patients
with RA, where they may play an important role as mediators of granule-mediated apoptosis,
extracellular proteolysis, and cytokine induction. The aim here was to define further the involvement
of cytotoxic cells in RA. Plasma and synovial fluid samples from the knee joint were obtained from 31
RA patients. The disease controls included 20 osteoarthritis (OA) patients and 10 reactive arthritis
(ReA) patients. A recently developed capture ELISA was used to detect soluble granzymes A and B in
all patients. Compared with OA and ReA disease controls, markedly increased levels of soluble
granzymes A and B were detected in both plasma and synovial fluid of RA patients (P< 0·00001). When
values for soluble granzymes A and B in plasma and synovial fluid were used simultaneously as
independent variables, logistic regression analysis indicated that a diagnosis of RA could be predicted
correctly in 84% of the RA patients and a diagnosis of non-RA in 90% of the controls. The markedly
elevated levels of soluble granzymes A and B in plasma and synovial fluid of RA patients strongly
suggest that cytotoxic cells are active participants in the pathogenesis of RA. Moreover, the results
suggest that measurement of granzymes may assist the laboratory evaluation of patients with arthritis.
Larger studies in patients with early disease may clarify the role of this test system in differential
diagnosis.
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INTRODUCTION

RA is a chronic inflammatory disease that targets synovial tissue
and is characterized by hyperplasia of the synovial lining layer and
by infiltration with T cells, plasma cells, and macrophages [1]. The
number of cytotoxic cells, primarily natural killer (NK) cells, is
also increased in rheumatoid synovial tissue [2].

NK cells and cytotoxic T cells possess specialized granules,
which contain perforin and a family of homologous serine protein-
ases termed granzymes [3–5]. Granzyme (Gran) A is a serine
proteinase with trypsin-like activity, while GranB expresses the
unusual preference for aspartic acid residues. The presence of
granzyme-positive cells has been demonstrated previously in

synovial tissue from patients with RA, osteoarthritis (OA), and
reactive arthritis (ReA) by immunohistologic and molecular bio-
logical techniques [2,6–8]. The expression of GranB, especially,
was found to be higher in rheumatoid synovium than in synovial
tissue from patients with OA or ReA [2,8]. Previous work has also
shown that granzyme-positive cells are present in rheumatoid
synovial fluid [9,10].

Granzymes may be released extracellularly during degranula-
tion of cytotoxic cells [11,12]. Delivered intracellularly by per-
forin, the granzymes induce apoptosis in the target cell [4]. GranA
may also stimulate the production of tumour necrosis factor-alpha
(TNF-a), IL-6 and IL-8 [13,14]. Moreover, GranB can aggravate
degradation of extracellular matrix [15–17]. Thus, granzymes may
play a crucial role in synovial inflammation and joint destruction,
although the significance for the pathogenesis of RA is at present
unclear.

We recently developed a capture ELISA that detects soluble
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GranA and GranB at pg levels in plasma and synovial fluid [12].
Using this technique, the aim here was to define further the
involvement of cytotoxic cells in RA. Furthermore, the potential
of measurement of soluble granzymes as a diagnostic tool for RA
was investigated. Patients with inflammatory OA and ReA served
as controls.

PATIENTS, MATERIALS AND METHODS

Patients
Sixty-one patients with active arthritis of at least one knee joint
were investigated. Thirty-one patients fulfilled the American
College of Rheumatology (ACR) criteria for RA [18]. The disease
controls included 20 OA patients, who fulfilled established criteria
[19], and 10 patients with ReA induced byYersinia enterocolitica.
The diagnosis of ReA was based on the clinical findings, demon-
stration of class-specific circulating antibodies toYersiniaouter
proteins [20,21], and the exclusion of other rheumatic diseases. All
patients were followed for at least 2 years to verify the diagnosis.
Clinical assessment included the patient’s assessment of pain in the
joint that was aspirated (0–10 cm on a visual analogue scale
(VAS)), the Ritchie articular index [22], and the swollen joint
count. Groups of small joints, e.g. metacarpophalangeal joints,
were considered as a single unit. Disease duration in the RA
patients was measured from the first clinical signs of arthritis,
irrespective of which joint was initially affected. Laboratory
assessments included measurement of serum levels of C-reactive
protein (CRP) and IgM rheumatoid factor. For diagnostic purposes,
x-rays of knees, hands, and feet were obtained at entry and after
follow up.

Most patients were treated with non-steroidal anti-inflamma-
tory drugs (NSAIDs) and none received corticosteroids or cyto-
toxic disease-modifying drugs (DMARDs), such as azathioprine,
methotrexate, or cyclophosphamide at inclusion. All patients gave
informed consent and the study protocol was approved by the
Committee of Medical Ethics of the Leiden University Medical
Centre.

ELISA for granzymes
Plasma and synovial fluid samples from the knee joint were
obtained from all patients; they were coded and stored at¹708C
until analysis. The ELISA to detect sGranA and sGranB has
recently been described in detail [12]. Briefly, 100ml of purified
mouse MoAb GA29 (CLB; 2mg/ml) or MoAb GB11 (CLB; 2mg/
ml), for the detection of sGranA and sGranB, respectively, were
coated onto microtitre plates (Nunc Maxisorp, Roskilde, Denmark)
for 16 h at 48C. After washing and blocking steps and pretreatment
of the samples and standards (purified GranA and GranB at
different concentrations) with 40mg/ml hyaluronidase (Sigma, St
Louis, MO) for 30 min, wells containing 100ml of diluted test
samples were incubated for 1 h. The plates were then incubated
with biotinylated GA28 (CLB; 0·5mg/ml) or GB10 MoAb (CLB;
0·5mg/ml) for the detection of sGranA and sGranB, respectively,
for 1 h. Streptavidin–horseradish peroxidase (HRP) (CLB) was
added and the plates were developed using hydrogen peroxide as
substrate and tetramethylbenzidine (Merck, Darmstadt, Germany)
as dye. The absorbance at 450 nm was determined with a Titertek
plate (Labsystems, Helsinki, Finland). The concentrations of
soluble granzymes were expressed in pg/ml. Interference by
rheumatoid factors was excluded by controls, including replace-
ment of biotinylated GA34 or GB10 MoAb by biotinylated GB10

MoAb or GA34, respectively. Moreover, addition of purified
rheumatoid factors to the test samples did not alter the levels of
granzymes detected.

Statistical analysis
For statistical analysis and the figure, values below the detection
limit were set at 1 pg/ml. The mean and median values and the s.d.
were calculated and the following non-parametric tests were used:
Wilcoxon signed ranks test for matched pairs, Kruskal–Wallis test
for several group means, Mann–Whitney two-sample test, and the
Spearman rank correlation. Logistic regression analysis was
applied to investigate the possibility of allocating a patient into
one of two groups (RAversusnon-RA) on the basis of the levels of
soluble granzymes. Furthermore, the sensitivity and specificity of
the measurements for the diagnosis RA were calculated.

RESULTS

Clinical and demographic data are presented in Table 1. The
duration of disease for the RA group was 526 83 months
(mean6 s.d.) (range 2–408 months), whereas the median disease
duration was 16 months. Thirteen RA patients had a disease
duration of # 12 months. The mean duration of disease for the
ReA group was 96 11 months (range 1–36 months), whereas the
median disease duration was 3 months. Six ReA patients had a
disease duration of# 12 months. Data on disease duration are not
provided for the OA group, because it is difficult to determine the
onset of OA in a reliable way. The mean Ritchie articular index
was 86 6 and the mean swollen joint score was 66 3 in the RA
patients. The ReA patients had on average lower scores for local
pain than the patients with either RA or OA (P<0·01). There were
no differences in local joint swelling between the three groups,
since the patients were selected because of this. The sex and age
distribution for the three diagnostic groups was as expected. The
mean serum levels of CRP were relatively high in the OA group
due to high levels (> 40 mg/l) in five OA patients selected on the
basis of active inflammation of the knee joint. Rheumatoid factor
was detected in 90% of the RA patients and in 10% of the controls.
The mean serum levels of IgM rheumatoid factor were as follows:
RA, 486 59 U/ml; ReA, 16 1 U/ml; and OA, 26 2 U/ml. Joint
erosions were present in 29 of the 31 RA patients and absent in the
controls. After 2 years of follow up, all RA patients had erosive
disease, whereas erosions were again absent on the radiographs in
the ReA and OA patients.

The descriptive statistics of the soluble granzyme measure-
ments are shown in Table 2. The levels of sGranA and sGranB in
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Table 1. Demographic and clinical data of the 31 patients with RA, 20 with
inflammatory osteoarthritis (OA), and 10 with reactive arthritis (ReA)

Diagnosis RA OA ReA

Sex (M/F) 10/21 3/17 7/3
Age (years) 606 12 676 11 366 13
Pain (VAS) 46 2 56 2 26 1
Serum CRP (mg/l) 396 28 396 70 106 15
Serum rheumatoid factor (þ/¹) 28/3 2/18 1/9
Erosions (þ/¹) 29/2 0/20 0/10

Data represent mean6 SD. CRP, C-reactive protein level (3 mg/l is the
upper level of normal); VAS, visual analogue scale.



plasma and synovial fluid of RA patients were markedly elevated
compared with the two control groups (P<0·00001), while levels
in OA and ReA patients were similar. Although the sGranA levels
tended to be higher in synovial fluid than plasma, the difference
was not statistically significant (P¼ 0·18). The sGranB levels were
higher in synovial fluid than plasma (P<0·002). Positive correla-
tions were noted between sGranA levels in plasma and synovial
fluid (r ¼ 0·54,P<0·001); sGranB levels in plasma and synovial
fluid (r¼ 0·78,P<0·001); sGranA and sGranB levels in plasma
(r¼ 0·96, P<0·001); and the sGranA and sGranB levels in
synovial fluid (r¼ 0·84,P<0·001).

When values for sGranA and sGranB in plasma and synovial
fluid were used simultaneously as independent variables, logistic
regression analysis indicated that a diagnosis of RA could be
predicted correctly in 26 of the 31 patients (84%) and a diagnosis
of non-RA in 27 of the 30 patients (90%). In most RA patients, the
levels of sGranA and sGranB in plasma and synovial fluid exceeded
150 pg/ml and 50 pg/ml, respectively (Fig. 1). The sensitivities and
specificities at these cut-off values are shown in Table 3.

Elevated soluble granzyme levels were found in the RA
patients regardless of disease duration. There were highly signifi-
cant (allP<0·005) correlations between soluble granzyme levels
and serum levels of rheumatoid factor (sGranA plasma:r¼ 0·66;
sGranA synovial fluid:r ¼ 0·53; sGranB plasma:r¼ 0·66; sGranB
synovial fluid: r ¼ 0·74). However, increased levels of soluble
granzymes were also present in the three rheumatoid factor-
negative RA patients. Within the RA group, weakly positive
correlations were found between soluble granzyme levels on the
one hand and serum CRP levels, Ritchie articular index and the
number of swollen joints on the other. These correlations were not
statistically significant.

DISCUSSION

The increased number of granzyme-positive cytotoxic cells in
synovial tissue distinguishes RA from other forms of arthritis
[2,8]. However, the role if any for these cytotoxic cells in the
pathogenesis of RA has remained unclear. Using a new ELISA
which detects soluble GranA and GranB [12], we tested the
hypothesis that RA synovium, secondary to the presence of
lytically active cytotoxic cells, produces increased levels of these
serine proteinases. Compared with OA and ReA disease controls,
significantly higher levels of sGranA and sGranB were indeed
detected in both plasma and synovial fluid, suggesting that this
effector arm of the immune response is active within the joint.
Furthermore, since synovial fluid exceeded plasma levels, the
elevated plasma levels probably reflect synthesis and secretion
from synovial tissue.
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Table 2. Levels (in pg/ml) of soluble granzyme A (sGranA) and soluble
granzyme B (sGranB) in plasma and synovial fluid (SF) from patients with
RA (n¼ 31), inflammatory osteoarthritis (OA,n¼ 20), and reactive arthri-

tis (ReA,n¼ 10)

RA OA ReA

sGranA plasma
Mean6 s.d. 71696 16523* 1436 335 646 77
Median 501 36 33
Range 20–78481 11–1510 12–255
sGranA SF
Mean6 s.d. 75396 20045* 2756 422 3226 420
Median 823 69 96
Range 150–87396 0–1636 4–1318
sGranB plasma
Mean6 s.d. 10726 1789* 326 68 156 18
Median 121 8 7
Range 7–6571 0–308 0–55
sGranB SF
Mean6 s.d. 33066 10311* 346 32 576 87
Median 251 29 32
Range 33–44848 0–120 0–284

* Statistically significant difference between RA and controls
(P< 0·00001).
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Fig. 1. Levels (in pg/ml) of soluble granzymes A and B in plasma and synovial fluid from patients with RA (n¼ 31) compared with patients with other
arthritides (inflammatory osteoarthritis,n¼ 20; and reactive arthritis,n¼ 10). The figure shows the individual data in a ranked order from the RA patients
versusthe non-RA patients.



OA is a degenerative disease of articular cartilage where
synovial inflammation is considered a consequence of tissue
damage [23]. ReA, on the other hand, is usually a non-erosive
immune-mediated synovitis. The absence of elevated levels in
these disease states might suggest that activation of cytotoxic cells
may be relatively specific to RA. The importance of this effector
mechanism in the pathogenesis of RA is further underscored by the
observation that levels of sGranA/B are considerably higher in RA
than in patients with acute viral infections (Epstein–Barr virus
(EBV) or HIV) [12], where the role of granule-mediated killing is
well established [24,25]. Whether the increased levels of soluble
granzymes point to an aetiological role of viruses in the pathogen-
esis of RA remains to be elucidated.

The selective increase in soluble granzyme levels in RA
patients compared with disease controls raises the possibility that
measurement of granzymes may assist the laboratory evaluation of
patients with arthritis. At present, rheumatoid factor is the most
frequently ordered for this purpose but the clinical utility of this
test is limited. The sensitivity and specificity of sGranB levels in
synovial fluid appears particularly promising. Larger studies in
consecutive patients with early disease may clarify the role of this
test system in differential diagnosis.

Although our results establish that extracellular granzymes are
detectable in RA, the stimuli responsible for the secretory response
is conjectural. It is generally accepted that release of the granzymes
requires interaction with a target cell that induces granule exocy-
tosis. Consequently, perforin delivers the granzymes intracellularly
where the proteinases induce apoptosis by caspase-dependent
(GranB) and -independent (GranA) pathways. Potential ‘targets’
that could elicit this response include the fibroblast-like synovio-
cytes, infiltrating macrophages, or subsets of T cells and B cells.
The hyperplastic state of the rheumatoid synovium has been
attributed to a dysregulated apoptotic response, perhaps as a
consequence of impaired death receptor function (e.g. Fas–FasL)
[26,27], and might be perpetuated by non-immunologic factors
such as mutations of the p53 suppressor gene [28]. Therefore,
activation of granule-mediated apoptosis may be a reactive attempt
[29–31] to normalize this state of ineffective apoptosis by deleting
fibroblast-like synoviocytes. Alternatively, the cytolytic response
may be directed toward macrophages or lymphoid subsets. This
possibility is supported by the recent report that mice deficient in
perforin and hence in granule-mediated apoptosis have an accel-
erated development of autoimmune disease when crossed against
MRL/lpr mice [32]. Finally, while granzyme release is clearly
stimulus-dependent, activated cytotoxic T cells also have been

reportedin vitro to constitutively secrete these proteinases [33]. To
learn whether similar events occurin vivo, experiments should be
performed to measure accurately granzyme release from freshly
explanted synovium.

In addition to their documented role in granule-mediated
apoptosis, other functions have been proposed for the granzymes
as mediators of extracellular proteolysis and cytokine induction
[10,13–16,34]. Since GranB-positive cells are detectable at the
cartilage–pannus junction where synovium invades cartilage and
bone [17], secreted granzymes could participate in matrix dissolu-
tion [10,15,16,34]. In this regard the only potential non-caspase
substrate for GranB is the aggrecan proteoglycan which is cleaved
400-fold more efficiently by the serine proteinase than by human
stromelysin-1 [16]. Similarly, GranB has the capacity to degrade
proteoglycans in whole articular cartilage explants and in a three-
dimensional collagenous network synthesized by chondrocytes
[17]. The apparent absence of an extracellular inhibitor would
suggest that GranB could interact with articular cartilage to
degrade proteoglycans and thereby act in concert with other
proteolytic enzymes to mediate tissue damage. In line with this
hypothesis, markedly increased sGranB levels were only found in
RA and not in non-erosive joint disease.

GranA has been reported to stimulate production of TNF-a, IL-
6, and IL-8 by monocytes [13] and IL-6 and IL-8 by fibroblasts
[14]. TNF-a, IL-6 and IL-8, abundantly expressed in the syno-
vium, are mainly produced by macrophages and fibroblast-like
synoviocytes [1,35–37]. TNF-a is a potent proinflammatory cyto-
kine with stimulating effects on other cytokines [38]. The role of
IL-6 in the pathogenesis of synovial inflammation is at present
unclear. IL-8 is a chemokine that plays a key role in the migration
of neutrophils into the joints [36]. Therefore, the high level of
sGranA in the RA joint could promote synovial inflammation due
to its effects on cytokine production.

Taken together, the elevated levels of sGranA and sGranB in
plasma and synovial fluid of RA patients strongly suggest that
cytotoxic cells are active participants in the pathogenesis of RA.
With the availability of GranA and GranB knock-out mice [25,39],
the influence of these granule-associated serine proteinases on the
development of arthritis in various murine models is now amenable
to experimental analysis.
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