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ABSTRACT. Objective. Defensins and bactericidal/permeability-increasing protein (BPI) are the components of
the azurophilic granules of polymorphonuclear cells (PMNC) maintaining antimicrobial protection.
Both these substances have been suggested to interact with the host immune system rather than
merely kill invading pathogens. We assessed concentrations of BPI and a-defensins in synovial fluid
(SF) and matching blood samples of patients with rheumatoid arthritis (RA).

Methods. Matching samples of SF and blood were collected from 67 patients with RA (aged 21-73
yrs) with acute joint effusion. Blood samples from 22 healthy individuals made up a control group.
Concentrations of BPI and human neutrophil peptides (HNP 1-3) were measured by ELISA. The
results were related to radiological signs of destructive arthritis, duration of the disease, and labora-
tory markers of inflammation.

Results. BPI and HNP concentrations in SF were 10-60 times higher than in matching blood
samples (p < 0.0001). Strong correlations between BPI and HNP concentrations were found in both
blood and SF. In SE, BPI and HNP concentrations correlated to white blood cell (WBC) count (p <
0.001), and were associated with erosive joint disease (p < 0.05). In contrast, WBC count, serum C-
reactive protein, or rheumatoid factor were not significantly correlated to the BPI or HNP concen-
trations. Serum BPI concentrations were moderately but significantly increased in RA patients
compared in blood to controls (p < 0.05).

Conclusion. BPI and HNP are accumulated in the synovial cavity of patients with RA. Significant
correlation between joint erosion and local occurrence of BPI and HNP suggests participation of
these molecules in regulation of the destructive course of RA. (J Rheumatol 2003;30:1719-24)

Key Indexing Terms:

ARTHRITIS INFLAMMATION DEFENSINS

Rheumatoid arthritis (RA) is a chronic inflammatory joint
disease characterized by inflammatory cell infiltration and
proliferation of synovial tissue, followed by cartilage and
bone destruction. Proliferating synovial tissue is infiltrated
predominantly by mononuclear cells, while polymorphonu-
clear cells (PMNC) are the major cell type found in acute
synovial effusion of patients with RA. Degranulation of
PMNC results in the release of bioactive proteases, matrix
metalloproteinases, cytokines, and proinflammatory media-
tors into the joint cavity'2. The role of the different compo-
nents stored in PMN granules for the development of joint
inflammation has been studied. Cytochrome b and hista-
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mine are responsible for oxidative burst, edema, and vasodi-
lation. Prostaglandins and leukotrienes serve as chemoat-
tractants for mononuclear cells to synovial tissues®.
Proteases are implicated in regulation of cytokine activity
and propagation of inflammation and synovial pannus
formation*, whereas matrix metalloproteinases contribute to
remodeling and degradation of articular cartilage>®.

Besides neutral proteases and hydrolases, azurophilic
granules of PMNC contain antimicrobial substances, bacte-
ricidal/permeability-increasing protein (BPI), and o-
defensins. Being a part of innate immunity, these substances
are rapidly delivered in response to bacterial invasion and
provide a significant bactericidal effect’$. BPI is a 55 kDa
protein with a selective activity against Gram-negative
bacteria triggered by sequestration of the outer lipid
membrane. The oa-defensins (human neutrophil peptides 1-
3, HNP1-3) make up a group of 3 kDa peptides and consti-
tute about 50% of the overall azurophilic granule content.
These peptides in vitro display a broad cytolytic effect
directed against bacteria, fungi, and viruses®!°,

Both BPI and defensins have recently been suggested to
interact with the host immune system, rather than merely
killing the invading pathogens. BPI has been described as a
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target antigen in inflammatory bowel disease, cystic
fibrosis, vasculitis, and primary sclerosing cholangitis'!.
BPI binds not only bacterial lipopolysaccharide but also
endogenous phosphatidylcholine, and may participate in
lipid transport'>'4, BPI neutralizes mitogen mediated upreg-
ulation of complement receptors'® and prevents release of
tumor necrosis factor-o. (TNF-a) and interleukin 6 (IL-6)
from monocytes'®!’, and also inhibits E-selectin expres-
sion'®. BPI has angiostatic effects, inducing apoptosis of
endothelial cells'.

HNP not only kill invading pathogens but also display
cytotoxic properties toward monocytes and certain
tumors”!?. HNP mediate acute inflammatory responses,
increasing the influx of PMNC and release of TNF-o and
monocyte inflammatory protein-2 (MIP-2), thereby
recruiting monocytes®,

We report that intraarticular levels of BPI and HNP are
significantly increased in patients with RA, and correlate
with the destructive course of the disease.

MATERIALS AND METHODS

Patients. Samples were collected from patients with acute joint effusion
who attended the rheumatology clinics of Sahlgrenska University Hospital.
RA was diagnosed according to the American College of Rheumatology
criteria®!. Clinical investigations were performed in all cases and disease
activity variables were recorded. At the time of synovial fluid (SF) and
blood sampling all patients were receiving nonsteroidal antiinflammatory
drugs. Disease modifying antirheumatic drugs (DMARD) were used by 37
patients, of which 24 used methotrexate (MTX), 3 of them in combination
with cyclosporin A, and in one patient in combination with infliximab.
Seven patients were taking salazopyrin, 5 were using parenteral or oral gold
salt compounds, and one was taking cyclophosphamide. The remaining 24
patients had no DMARD treatment at the time of blood and SF sampling.
Patients receiving monotherapy with corticosteroids were considered as
having no DMARD treatment.

Recent radiographs of the hands and feet were obtained for all patients.
Presence of bone erosions, defined as loss of cortical definition at the joint,
was recorded in proximal interphalangeal, metacarpophalangeal, carpus,
wrist and metatarsophalangeal joints. Presence of one erosion was sufficient
to fulfill the requirement of an erosive disease. Presence of rheumatoid factor
(RF) of any of the immunoglobulin isotypes was considered as positive.

Collection and preparation of samples. SF was obtained by arthrocentesis,
aseptically aspirated, and transferred into tubes containing sodium citrate
(0.129 mol/l, pH 7.4). In most cases SF was obtained from knee joints.
Three samples were obtained from elbows, 6 samples were from shoulder
joints. Blood samples were simultaneously obtained from the cubital vein
and directly transferred into sodium citrate medium. No aspirated SF
sample showed signs of bacterial/fungal infection (i.e., increased turbidity
and WBC count > 50,000/ml). Blood samples from healthy individuals (n
= 22, aged 22-66 yrs, mean 32 £ 7 yrs) were used in the control group.
Collected blood and SF samples were centrifuged at 800 g for 15 min,
aliquoted, and stored frozen at —20°C until use.

Disease activity measures. Serum concentrations of C-reactive protein
(CRP) were measured with a standard nephelometric assay, with estab-
lished normal range 0-5 mg. The erythrocyte sedimentation rate was
measured by Westergren method, normal range 0-20 mm/h. WBC counts
in blood and in SF were performed using a microcell counter (F300,
Sysmex, Norderstedt, Germany). SF samples were treated with
hyaluronidase before the cell count. The content of PMNC in SF was deter-
mined as a percentage of total WBC.

BPI and HNP1-3 concentrations. BPI and HNP 1-3 concentrations were
determined by sandwich ELISA (HyCult, Novakemi, Enskede, Sweden)
following the manufacturer’s recommendations. Matched samples of
plasma and SF were investigated in parallel strips.

For BPI, samples were tested in 1:10 dilutions, and for HNP 1-3 in
1:2000 dilution. The obtained values were recalculated using the reference
curve.

Statistical analysis. The concentrations of BPI and HNP in blood and SF
samples were expressed as mean £ SEM. Differences in matched blood and
SF samples were analyzed by paired t test. Differences between groups
were calculated by Mann-Whitney U test. Correlations between measures
were calculated using the Z-coefficient. P values < 0.05 were considered
significant.

The study was approved by the Ethics Committee of Sahlgrenska
Hospital.

RESULTS

Clinical and demographic data at presentation. Matched
samples of SF and blood were collected from 67 patients
with RA. Patients’ clinical and demographic data are
presented in Table 1.

Stratification of patient data by radiological imaging
showed that 44 patients had erosive joint disease; 23
patients had no erosions in recent radiographs. There was no
difference in patients’ ages between these 2 groups (61 + 4
vs 62 £ 7 yrs, respectively; NS). As expected, patients in the
group with erosive RA were RF-positive significantly more
often (35/44 vs 12/23; chi-square 4.74, p < 0.05), and had
longer duration of disease than patients with non-erosive
RA (17 £2 vs 8 £ 1.6 yrs; p = 0.015).

Stratification of patients for disease duration yielded 20
patients with short duration of RA (< 3 yrs, mean 1.8 £ 0.3
yrs), while the remaining 47 patients had a mean disease
duration of 18 £ 11 (range 5-60) years. These 2 groups were
similar with respect to occurrence of RF, but differed in the
frequency of erosive joint disease (8/20 vs 39/47; chi-square
12.4, p <0.01).

Accumulation of BPI and HNP in SF. SF of RA patients
contained high concentrations of BPI and HNP, 298 + 74
and 3503 £ 963 ng/ml, respectively. Concentration of these
proteins in RA SF was 10-60 times higher than in corre-
sponding blood samples (p < 0.001 for both variables; Table

Table 1. Clinical and demographic characteristics of patients with RA.

Total no. 67 (50 women, 17 men)
Age, yrs 61 (range 25-87)
Disease duration, yrs 14 (range 1-60)
<3yrs (1.8 £0.3) 20
>3 yrs (18 £ 11) 47
Radiographs erosive/non-erosive 44/23
RF positive/negative 47/20
Acute phase response
CRP, mg/ml 42 (range 5-140)
ESR, mm/h 48 (range 12-98)
WBC count, x 10°/ml
Blood 8.1 (range 3.4-18.6)

Synovial fluid 12.2 (range 0.9-48)
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Table 2. Concentrations of neutrophil defensins and BPI in RA patients and controls.

Groups HNP 1-3, ng/ml BPI, ng/ml

Blood Synovial Fluid Blood  Synovial Fluid
RA patients, n = 67 213+£9 3503 £ 963* 235 298 + 74*
Healthy controls, n = 22 200 £ 1 NA 18 +0.2 NA

* Blood versus synovial fluid, p < 0.001. NA: not analyzed.

2). In the control blood samples, BPI concentrations were
slightly higher in patients with RA compared to controls (p <
0.05), while HNP levels were similar. There was no correla-
tion between BPI or HNP levels in the matching samples of
blood and SF. In contrast, concentrations of BPI and HNP
correlated well to each other in both blood (r = 0.65, p <
0.0001) and SF (r = 0.75, p < 0.0001). Blood levels of BPI
and HNP were not related to the acute phase reactants CRP
and ESR, nor to WBC count (Figure 1a). In contrast, a signif-
icant correlation was observed between WBC count and the
levels of BPI (r = 0.52, p = 0.05) and HNP (r = 0.69, p <
0.0001) in SF (Figure 1b). However, levels of BPI and HNP
were not significantly related to the amount of PMNC in SF.

Correlation between concentrations of BPI and HNP and
RA clinical characteristics. Comparison of the patient
groups with erosive and non-erosive joint disease revealed
that erosive disease was associated with significantly higher

concentrations of BPI (343 + 69 vs 206 + 73 ng/ml; p =
0.05) and HNP (4374 £ 805 vs 2391 £ 946 ng/ml; p < 0.05)
in SF compared to non-erosive disease, while blood levels
of BPI and HNP in erosive versus non-erosive patients were
similar (Figure 2). Since occurrence of RF might interact
with the sandwich ELISA for BPI and HNP determination,
we assessed relations between the presence of RF and
BPI/HNP concentrations. However, neither blood nor SF
levels of BPI and HNP differed in patients stratified for
presence/absence of RF.

To investigate if age and duration of disease influenced
the level of BPI and HNP, RA patients were stratified
according to these 2 variables. Blood levels of BPI were
higher in patients with short duration RA (disease duration
< 3 yrs) compared to those with longer disease duration
(39.2 £ 11.4 vs 17.1 £ 2.8 ng/ml; p < 0.05). In SF, patients
with short duration of RA had somewhat lower concentra-
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Figure 1. Relationship between WBC count and the concentrations of BPI and HNP (A) in blood; (B)

in synovial fluid.
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Figure 2. Accumulation of BPI and HNP in synovial fluid of patients with
erosive versus non-erosive RA. Concentrations of BPI and HNP are
presented as means + SEM (ng/ml).

tions of BPI (269 £ 82 vs 313 + 72 ng/ml; p = NS) and HNP
(2310 + 1324 vs 3941 + 754 ng/ml; p = NS) compared to
patients with disease duration > 3 years (Figure 3).

BPI concentration in SF was influenced by patients’ age,
and was higher in the patients older than 56 years (mean 70
+ 9 yrs, n = 47) compared to those younger than 56 years of
age (mean 39 * 8 years, n = 20) (328 £ 76 vs 178 £ 75; p =
NS). Notably, older patients had significantly lower WBC
count in SF compared to the younger ones (§ £ 3 vs 18 + 6
x 10%/ml; p = 0.027).

DISCUSSION

Our results indicate that BPI/HNP are active participants
during the inflammatory process in RA. Close correlation of
BPI/HNP concentrations to the destructive joint disease and
an increase of BPI/HNP concentrations with duration of
disease suggest their participation in the regulatory mecha-
nisms of arthritis rather than being markers of acute inflam-
matory response. Significantly increased levels of BPI/HNP
in the synovial cavity compared with blood strongly suggest
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Figure 3. Influence of duration of RA on concentrations of BPI and HNP
in matching blood and synovial fluid samples. Concentrations of BPI and
HNP are presented as means = SEM (ng/ml).

the local production and usage of these proteins during the
disease process.

We observed that the BPI/HNP concentrations in SF
correlate to WBC counts, but not to PMNC counts. This
finding may be interpreted in one of 3 ways: (1) an increase
in BPI/HNP load in the azurophilic granules rather than
increase in the total number of PMBC in the joint cavity in
RA; (2) increased degranulation and apoptotic cell death of
PMNC in the synovial cavity; and/or (3) production of
BPI/HNP by other sources besides PMNC, e.g. mono-
cytes/macrophage cells, B cells??, and/or cells within the
synovial tissue. All these possibilities exist in joints. The
content of BPI in PMNC is known to increase with age®?4,
This is in agreement with our finding of the highest amount
of BPI in the SF of older patients. The intracellular content
of HNP, in contrast, is a matter of instant regulation at
different stages of cell maturation and recruitment from the
bone marrow?. For example, HNP load is influenced by
TNF-o. and interferon-y stimulation®®?’, and both these
cytokines are present in inflamed RA joints. Of particular

—| Personal, non-commercial use only. The Journal of Rheumatology Copyright © 2003. All rights reserved.

l—

1722

The Journal of Rheumatology 2003; 30:8

Downloaded on April 9, 2024 from www.jrheum.org


http://www.jrheum.org/

interest in this respect are the reports of HNP synthesis by
mononuclear and microvascular endothelial cells?>?8. Both
cell types are present within the joint at the very early stages
of arthritis, and represent additional sources of HNP in the
synovial cavity.

Both BPI and HNP mediate cytolytic activity by binding
negatively charged phospholipids on the cytoplasmatic
membranes of bacteria and disrupting their functional
integrity'®?. This mechanism is not restricted to microor-
ganisms and may be applied also to human cell
membranes'?. Indeed, BPI bound to cell-surface phos-
phatidylcholine molecules has been detected on monocytes
and macrophages'4, and may serve as an important protec-
tion against monocyte accumulation in the joint tissues in
the initial stages of RA. The receptor used by HNP to
interact with mononuclear cells seems to be MHC class II.
This interaction has been shown to interfere with the antigen
presentation process>’. BPI has also been found to act as a
natural TNF-c inhibitor'” and thus may facilitate protective
mechanisms inside the joint cavity. Thus, both BPI and HNP
seem to limit the inflammatory process in the joint.
Correlation between the increased release of BPI/HNP
intraarticularly and the destructive course of RA would
further support this concept. On the other hand, high
concentration of HNP has proinflammatory effects of its
own, inducing chemotaxis of PMN, monocytes, and
dendritic cells!®3!, Neutralization of HNP by complex
formation with a,-macroglobulin, which is abundant in
inflamed SF, diminishes its phlogistic properties®>-33,

Our results indicate that defensins and BPI are continu-
ously accumulated in the inflamed joints during RA.
Correlation between the concentrations of BPI/HNP and
bone destruction indicates their regulatory role during the
course of erosive arthritis.

REFERENCES

1. Pillinger MH, Abramson SB. The neutrophil in rheumatoid arthritis.
Rheum Dis Clin North Am 1995;21:691-714.

2. Issekutz AC. Adhesion molecules mediating neutrophil migration to
arthritis in vivo and across endothelium and connective tissue
barriers in vitro. Inflamm Res 1998;47 Suppl 3:S123-32.

3. Prete PE, Gurakar-Osborne A. The contribution of synovial fluid
lipoproteins to the chronic synovitis of rheumatoid arthritis.
Prostaglandins 1997;54:689-98.

4. Bank U, Ansorge S. More than destructive: neutrophil-derived
serine proteases in cytokine bioactivity control. J Leukoc Biol
2001;69:197-206.

5. Ishiguro N, Ito T, Oguchi T, et al. Relationships of matrix
metalloproteinases and their inhibitors to cartilage proteoglycan and
collagen turnover and inflammation as revealed by analyses of
synovial fluids from patients with rheumatoid arthritis. Arthritis
Rheum 2001;44:2503-11.

6. Cunnane G, Fitzgerald O, Beeton C, Cawston TE, Bresnihan B.
Early joint erosions and serum levels of matrix metalloproteinase 1,
matrix metalloproteinase 3, and tissue inhibitor of
metalloproteinases 1 in rheumatoid arthritis. Arthritis Rheum
2001;44:2263-74.

7. Ganz T. Defensins and host defense. Science 1999;286:420-1.

8. Levy O. Antimicrobial proteins and peptides of blood: templates for
novel antimicrobial agents. Blood 2000;96:2664-72.
9. Hancock RE. Peptide antibiotics. Lancet 1997;349:418-22.

10. Raj PA, Dentino AR. Current status of defensins and their role in
innate and adaptive immunity. FEMS Microbiol Lett 2002;
206:9-18.

11.  Schultz H, Weiss J, Carroll SF, Gross WL. The endotoxin-binding
bactericidal/permeability-increasing protein (BPI): a target antigen
of autoantibodies. J Leukoc Biol 2001;69:505-12.

12. Wiese A, Brandenburg K, Lindner B, et al. Mechanisms of action
of the bactericidal/permeability-increasing protein BPI on
endotoxin and phospholipid monolayers and aggregates.
Biochemistry 1997;36:10301-10.

13. Bruce C, Chouinard RA Jr, Tall AR. Plasma lipid transfer proteins,
high-density lipoproteins, and reverse cholesterol transport. Annu
Rev Nutr 1998;18:297-330.

14. Dentener MA, Francot GJ, Buurman WA.
Bactericidal/permeability-increasing protein, a
lipopolysaccharide-specific protein on the surface of human
peripheral blood monocytes. J Infect Dis 1996;173:252-5.

15. van den Berg RH, Faber-Krol MC, van Wetering S, Hiemstra PS,
Daha MR. Inhibition of activation of the classical pathway of
complement by human neutrophil defensins. Blood 1998;
92:3898-903.

16. von der Mohlen MA, van der Poll T, Jansen J, Levi M, van
Deventer SJ. Release of bactericidal/permeability-increasing protein
in experimental endotoxemia and clinical sepsis. Role of tumor
necrosis factor. J Immunol 1996;156:4969-73.

17. Uronen H, Williams AJ, Dixon G, et al. Gram-negative bacteria
induce proinflammatory cytokine production by monocytes in the
absence of lipopolysaccharide. Clin Exp Immunol 2000;122:312-5.

18. Huang K, Fishwild DM, Wu HM, Dedrick RL. Lipopolysac-
charide-induced E-selectin expression requires continuous presence
of LPS and is inhibited by bactericidal/permeability-increasing
protein. Inflammation 1995;19:389-404.

19. van der Schaft DW, Toebes EA, Haseman JR, Mayo KH, Griffioen
AW. Bactericidal/permeability-increasing protein (BPI) inhibits
angiogenesis via induction of apoptosis in vascular endothelial
cells. Blood 2000;96:176-81.

20. Zhang H, Porro G, Orzech N, Mullen B, Liu M, Slutsky AS.
Neutrophil defensins mediate acute inflammatory response and
lung dysfunction in dose-related fashion. Am J Physiol Lung Cell
Mol Physiol 2001;280:L947-54.

21. Arnett FC, Edworthy SM, Bloch DA, et al. The American
Rheumatism Association 1987 revised criteria for the classification
of rheumatoid arthritis. Arthritis Rheum 1988;31:315-24.

22. Agerberth B, Charo J, Werr J, et al. The human antimicrobial and
chemotactic peptides LL-37 and alpha-defensins are expressed by
specific lymphocyte and monocyte populations. Blood
2000;96:3086-93.

23. Levy O, Martin S, Eichenwald E, et al. Impaired innate immunity
in the newborn: newborn neutrophils are deficient in
bactericidal/permeability-increasing protein. Pediatrics
1999;104:1327-33.

24. Hubacek JA, Stuber F, Frohlich D, et al. Gene variants of the
bactericidal/permeability increasing protein and lipopolysaccharide
binding protein in sepsis patients: gender-specific genetic
predisposition to sepsis. Crit Care Med 2001;29:557-61.

25. Tsuruta T, Tani K, Hoshika A, Asano S. Alkaline phosphatase,
defensin gene expression and effect of myeloid cell growth factors
in normal and leukemic cells. Leuk Lymphoma 1999;32:237-47.

26. Klut ME, Whalen BA, Hogg JC. Dynamic changes in neutrophil
defensins during endotoxemia. Infect Immun 2001;69:7793-9.

27. Halder TM, Bluggel M, Heinzel S, Pawelec G, Meyer HE,
Kalbacher H. Defensins are dominant HLA-DR-associated

—| Personal, non-commercial use only. The Journal of Rheumatology Copyright © 2003. All rights reserved.

l—

Bokarewa, et al: Defensins in RA

1723

Downloaded on April 9, 2024 from www.jrheum.org


http://www.jrheum.org/

28.

29.

30.

—| Personal, non-commercial use only. The Journal of Rheumatology Copyright © 2003. All rights reserved.

1724

self-peptides from CD34(-) peripheral blood mononuclear cells of
different tumor patients (plasmacytoma, chronic myeloid
leukemia). Blood 2000;95:2890-6.

Barnathan ES, Raghunath PN, Tomaszewski JE, Ganz T, Cines DB,
Higazi A-R. Immunohistochemical localization of defensin in
human coronary vessels. Am J Pathol 1997;150:1009-20.

Zasloff M. Antimicrobial peptides of multicellular organisms.
Nature 2002;415:389-95.

Tani K, Murphy WJ, Chertov O, et al. Defensins act as potent
adjuvants that promote cellular and humoral immune responses in
mice to a lymphoma idiotype and carrier antigens. Int Immunol
2000;12:691-700.

31.

32.

33.

Yang D, Chen Q, Chertov O, Oppenheim JJ. Human neutrophil
defensins selectively chemoattract naive T and immature dendritic
cells. J Leukoc Biol 2000;68:9-14.

Panyutich A, Ganz T. Activated alpha 2-macroglobulin is a
principal defensin-binding protein. Am J Respir Cell Mol Biol
1991;5:101-6.

Higazi AA, Nassar T, Ganz T, et al. The alpha-defensins stimulate
proteoglycan-dependent catabolism of low-density lipoprotein by
vascular cells: a new class of inflammatory apolipoprotein and a
possible contributor to atherogenesis. Blood 2000;96:1393-8.

l—

The Journal of Rheumatology 2003; 30:8

Downloaded on April 9, 2024 from www.jrheum.org


http://www.jrheum.org/

