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Abstract

Factors that modulate the ability of monosodium urate crystals
to stimulate leukocytes could regulate gouty inflammation. Li-
poproteins that bear apo B-100 and apo E bind to urate crystals
and suppress crystal-neutrophil interaction. In this study, we
observed that urate crystals, coated with apo E of monocyte
origin, had a diminished ability to stimulate neutrophils. Apo E
was also detected on the surface of urate crystals recovered
from gout patients. Thus, we analyzed apo E in noninflamma-
tory synovial fluid, and found it to be associated with particles
of heterogeneous size and of predominantly alpha and pre-beta
electrophoretic mobility. Local articular synthesis of at least a
portion of synovial fluid apo E was suggested because (a) the
synovial fluid/plasma concentration ratio of apo E was signifi-
cantly higher than that for both apo B and apo A-I, which are
not widely synthesized by extrahepatic tissues, (b) cultured
rheumatoid synovial cells in first passage secreted apo E, (c) a
portion of synovial fluid apo E was heavily sialylated.

Weconclude that synovial fluids contain apo E that appears
partly of local origin. Apo E binds to urate crystals and could
modulate gouty inflammation. (J. Clin. Invest. 1991. 87:20-
26.) Key words: gout . synovial fluid . synovium * apolipoprotein
B * apolipoprotein A-i

Introduction

Monosodium urate crystals encounter leukocytes in the syno-
vial joints and periarticular bursae of individuals with gout (1),
resulting in the release of inflammatory mediators that can
trigger acute inflammation (2-5). However, the inflammatory
response associated with free urate crystals in joints and bursae
is highly variable (4, 5). Thus, much effort has been directed
towards the characterization of factors which suppress urate
crystal-induced leukocyte stimulation.

In this regard, it has been observed that urate crystals in
clinically quiescent tophaceous synovial deposits are physically
associated with variable amounts of surface proteins (6) and of
lipids including esterified cholesterol (1, 7). Furthermore, a
number of individual plasma proteins and lipoproteins bind to
the surface of urate crystals and can alter their inflammatory
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potential in vitro (8-10). Significantly, when urate crystals are
coated with plasma their ability to stimulate neutrophils in
vitro is markedly diminished (10-12), an effect caused by the
binding to crystals of lipoproteins bearing apolipoprotein
(apo)' B-100 (LDL) and apo B-100 and apo E (VLDL, IDL)
(10-12). Apo B- 100 mediates the binding of LDL to urate crys-
tals and is itself able to suppress urate crystal-induced neutro-
phil stimulation (13). In this study, we demonstrate that apo E
is also a potent inhibitor of the ability of urate crystals to stimu-
late neutrophils in vitro and that apo E is bound to urate crys-
tals recovered from patients with gout.

These observations prompted us to quantify and character-
ize the apo E of synovial fluids. Apo E, in distinction to other
apolipoproteins, is synthesized by both the liver and by numer-
ous extrahepatic tissues, including cells of the monocyte/mac-
rophage lineage (14-16). The apo E newly secreted by extrahe-
patic cells, including macrophages, is heavily sialylated (16,
17), which helps to distinguish it from the apo E found in circu-
lating plasma lipoproteins (16, 17), which is totally or nearly
totally desialylated via unknown mechanisms ( 17).

Apo E functions in lipid redistribution between tissues by
serving as a ligand for the low density lipoprotein (LDL) recep-
tor (15) and for a second, postulated receptor for chylomicron
remnants (18). Apo E also can function in tissue repair by
modulating lipid redistribution locally (15, 19). Last, apo E
also possesses a variety of functions that are not related to lipid
transport (15), including suppression, by apo E-bearing lipo-
proteins and by apo E polypeptides, of lymphocyte activation
(20-23).

In this study, we demonstrate that apo E is present in hu-
man synovial fluids at substantial concentrations and we pro-
vide evidence for the presence there of apo E of local origin.
These observations suggest that apo E may also have important
functions within synovial joints.

Methods

Collection and treatment of synovialfluids. Synovial fluids, sera, and
plasma were collected simultaneously from patients undergoing diag-
nostic procedures at the San Diego Veterans Administration Medical
Center. Additional synovial fluids were a generous gift of Dr. G. Fire-
stein (UCSD Medical Center, San Diego) and Dr. P. Fowler (Univer-
sity of Western Ontario, London, Ontario). Only nonhemorrhagic sy-
novial fluids were studied. Patients with osteoarthritis were verified to
have noninflammatory effusions and the absence of detectable intra-
leukocytic monosodium urate or calcium pyrophosphate crystals by
compensated polarized light microscopy at 400X magnification (24).
Patients with acute gout were confirmed to have intraleukocytic urate

1. Abbreviation used in this paper: apo, apolipoprotein.
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crystals (24). Patients with Reiter's disease and rheumatoid arthritis
had active disease and met accepted diagnostic criteria.

All synovial fluids, sera, and plasmas were treated with EDTA (5
mM), phenylmethylsulfonylfluoride (PMSF) (100 MM) and aprotinin
(0.0 1%) and centrifuged (6,900 g for 30 min at 40C) to remove cells and
particulates. Treatment of synovial fluids with 100 jg/ml of testicular
hyaluronidase (Sigma Chemical Co., St. Louis, MO)was carried out for
3 h at 370C to reduce viscosity and enable accurate pipetting (25). It
was verified that identical treatment with hyaluronidase did not alter
the measurement of apolipoproteins.

Isolation of plasma lipoproteins. The major lipoprotein density
fractions were isolated from plasma by standard ultracentrifugation
techniques in the presence of protease inhibitors and antioxidants as
described (26). LDL and HDLwere of d = 1.019-1.063 g/ml and d
= 1.063-1.25 g/ml, respectively.

Quantitation of cholesterol, triglycerides, and apolipoproteins E, B,
and A-I. Total cholesterol was measured enzymatically using the
Boehringer Mannheim Diagnostics (Indianapolis, IN) high perfor-
mance cholesterol reagent, and total triglycerides measured using the
enzymatic triglyceride reagent from Abbott Laboratories (Irving, TX).
Apo E was quantitated by radioimmunoassay (27), and apo B and apo
A-I by ELISA as previously described (28, 29). Protein concentrations
of apo E, LDL, and HDL were measured by a modification of the
Lowry method (30).

Synovial fluid/plasma concentration ratios of apolipoproteins, cho-
lesterol and triglycerides were compared using the paired, two-tailed t
test as implemented with the Statview II program (Abacus Concepts,
Inc., Berkeley, CA) on a Macintosh SE computer.

Electrophoresis and identification of apolipoproteins by Western
blotting. Nondenaturing polyacrylamide (31), and agarose gel electro-
phoreses (13) were performed as previously described. Molecular
weight standards for sizing gels were thyroglobulin (669 kD), ferritin
(440 kD), catalase (232 kD), lactate dehydrogenase (140 kD), albumin
(67 kD). For 13% SDS-PAGEwe employed, as standards: phosphory-
lase b (94 kD), albumin (67 kD), ovalbumin (43 kD), carbonic anhy-
drase (30 kD), trypsin inhibitor (20.1 kD), alpha-lactalbumin (14.4
kD), and we employed apo E as an internal standard.

Gels were transferred to nitrocellulose paper that was probed for
apolipoproteins as previously described, using antibodies 1E (apo E-
specific), B47 (apo B-specific), and a pool of apo A-I-specific antibod-
ies (A-I-4, A-I-7, and A-I-10) (26). Neuraminidase treatment (16) of
synovial fluid before electrophoresis was performed, by incubating 0.1
ml of whole synovial fluid with 0.1 ml of 0.1 Msodium acetate (pH 4.0)
containing 1.5 units of C. perfingens neuraminidase (Sigma Chemical
Co.) at 37°C for 24 h. Samples were extracted with 3 ml of
ethanol:ether (3:1) at -20°C for 30 min, and the pellet was washed
once with diethyl ether (16).

To study urate crystals isolated from gouty patients, we isolated the
crystals by repeated sedimentation of the fluids (1,000 g for 10 min),
and crystals were washed in distilled water to lyse cells (32). Proteins
were eluted from the crystal surface by boiling in SDSunder reducing
conditions (9), and were electrophoresed in 13% polyacrylamide gels.

Synovial cell isolation and culture. Synovial cells isolated from sur-
gical specimens freshly removed from a patient undergoing joint re-
placement for rheumatoid arthritis, were a generous gift of Dr. Martin
Lotz (Scripps Clinic). Collagenase digestion and culture were per-
formed essentially as described (33). Cells were maintained in DMEM
supplemented with L-glutamine, penicillin, streptomycin, and 10%
FCS. At confluency the cells were trypsinized, divided 1:3, washed and
recultured at 100,000 cells/25 cm3 flask in 4.5 ml of a serum-free me-
dium that comprised DMEMsupplemented with 20 mMHepes, 1 mM
Na pyruvate, 1%BSA, and 1% Nutridoma-HU (Boeringer Mannheim
Diagnostics). After 7 d the supernatants were recovered by centrifuga-
tion and the medium assayed for apo E by radioimmunoassay.

THP-J cell culture and isolation ofsecreted apo E. THP- 1 cells were
obtained from the American Type Culture Collection (Rockville, MD)
and maintained in suspension in T-1 50 culture flasks (Costar, Cam-
bridge, MA) at a cell density of 0.2 to 1.0 X 1 06/ml in 100 ml of RPMI-

1640 containing 7% FCS (Rehatuin F.S., Armour Pharmaceutical,
Kankakee, IL), 10 mMHepes, 2 mMglutamine, Pen-Strep (penicillin,
200 U/ml; streptomycin, 2 mg/ml; Sigma Chemical Co.), I mMso-
dium pyruvate and 5 X 10'- Mbeta-mercaptoethanol.

To stimulate apo E production the cells were washed three times in
the above medium with 1% Nutridoma-HU instead of FCS. The cells
were seeded in T-150 flasks (100 ml at 1 X 106/ml) and stimulated with
phorbol myristate acetate (100 nM). After 7 d of culture the medium
was collected and the adherent cells refed with fresh medium. In this
manner, medium containing apo E was collected four times from the
same culture flask. The pooled conditioned media were stored at
-200C.

To purify the apo E, the medium was filtered through a 0.45-,sm
filter and applied to an immunoaffinity column. The column was pre-
pared by coupling 11 mg of purified monoclonal antibody (IE) to 14
ml of Affigel HZ (Bio-Rad Laboratories, Richmond, CA) according to
a protocol from the manufacturer that exhibited > 99% coupling effi-
ciency. Conditioned medium (100 ml) was applied to the column for
each isolation. Bound apo E was eluted with 5 Mguanidine HCI and
exhaustively dialyzed against PBS.

Neutrophil isolation and assay of urate crystal-induced alpha-man-
nosidase release. Humanneutrophils were isolated from normal volun-
teers via Ficoll-Hypaque centrifugation as previously described (10).
These preparations consistently contained > 98% neutrophils. Wein-
cubated neutrophils (4 X 106/ml in a buffer containing 147 mMNaCI,
5 mMKCI, 1.9 mMKH2PO4, 1.1 mMNa2HPO4, 5.5 mMglucose, 3
mMMgSO4, 1 mMMgCI2, 1.5 mMCaCI2, 10 mMHepes, and 2.5
mg/ml BSA, pH 7.4), with urate crystals (1 mg/ml) for 30 min at 370C
in a volume of 0.5 ml. The reactions were terminated by centrifugation
and alpha-mannosidase release was measured at 405 nm (10).

Synthetic urate crystals were prepared and characterized as
previously described (10), and were coated with apo E (or controls) at
up to 10 ag/protein per ml in a total volume of 0.25 ml 10 mMPBS, pH
7.4. The buffer was saturated with urate before use to prevent crystal
dissolution (9, 10) and it contained 2 mg/ml BSA as a physiologic
background protein (9, 10). After incubation with proteins the urate
crystals were washed three times before incubation with neutrophils.

Results

Apo E binds to urate crystals and inhibits urate crystal-induced
neutrophil stimulation. Apo E-containing plasma lipoproteins
have been previously observed to bind to urate crystals exposed
to human serum and plasma in vitro (10). In this study, we
observed that apo E bound to the surface of washed synthetic
urate crystals that had been incubated with gouty joint fluid
(Fig. 1, lane 2). Thus, we studied urate crystals aspirated from
patients with gout and detected bound apo E on washed urate
crystals in four of four patients studied, including crystals from
the knee joint and olecranon bursa of two representative pa-

Figure 1. Apo k; is bound to
monosodium urate crystals in

37kd av vivo and in vitro. Samples
34 kd- - were separated by SDS-PAGE

in a 13% gel and probed for
1 2 3 4 apo E after transfer to

nitrocellulose by Western
blotting with an apo E-specific

antibody as described in Methods: apo E of plasma VLDL (lane 1)
served as an internal standard; protein eluted from 10 mg washed
synthetic urate crystals that were previously coated with 0.1 ml gouty
synovial fluid (lane 2); protein eluted from washed urate crystals (20
mg) aspirated from an asymptomatic gouty knee joint (lane 3); and
an asymptomatic gouty olecranon bursa (lane 4).
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aL EL L. Figure 2. Size distribution of apo
D -i D D - =D E-bearing particles in
E W _E D noninflammatory synovial fluid
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(Pharmacia Fine Chemicals,
Piscataway, NJ) under
nondenaturing conditions and
stained with Coomassie Blue for

CD protein (left) or probed, after
=3 x 67-i. _electrophoretic transfer to
CD nitrocellulose, with antibodies

specific for apo E, apo B-l00,
and apo A-I as described in
Methods. Synovial fluid (SF)

Total APOE APOB APOA-1 and matching, simultaneously
drawn serum was from a patient

Protein with osteoarthritis (Table II,
patient No. 3) and was

representative of three separate patients studied. HDL, VLDL/IDL, and THP- I cell supernatants were prepared as described in Methods.

tients (Fig. 1, lanes 3 and 4). Therefore, apo E binds to urate
crystals in vitro and in vivo.

Lipoproteins containing only apo B- 100 (LDL), and both
apo B-100 and apo E (VLDL and IDL), suppress neutrophil
activation by urate crystals (10). To determine if apo E could
modulate this function we studied particles that contained only
apo E. To do so, apo E was isolated via immunoaffinity chro-
matography of the conditioned media of human myelomono-
cytic leukemia cells (THP- 1 cells) grown in serum-free me-
dium. These particles were verified to be free of both apo B and
apo A-I (Fig. 2) but to contain phospholipid (27) and apo E
(Fig. 2).

Coating of urate crystals with THP- 1 cell-derived apo E (at
up to 10 ,ug protein/ml) resulted in progressive inhibition of
urate crystal-induced release of the neutrophil azurophil gran-
ule constituent, alpha-mannosidase (Fig. 3). THP- 1 cell apo E,
added directly to cells at these concentrations, did not inhibit
alpha-mannosidase release from cytochalasin B-treated neutro-
phils exposed to 1 ,uM N-formyl-met-leu-phe (not shown).
Thus, the inhibition of the ability of apo E-coated urate crys-
tals to stimulate neutrophils was not due to direct effects of apo
E on the functional integrity of neutrophils.

The inhibitory capacity of apo E for urate crystal-induced
neutrophil stimulation was comparable with that of human
plasma LDL, which was utilized as a positive control (10) (Fig.
3). Furthermore, we confirmed (10) that the potent inhibitory
activities of apo E, and of LDL, were not shared by apo E-poor
HDL (Fig. 3), which also binds to urate crystals (10). In addi-
tion, the fraction of THP- 1 cell conditioned media that was not
retained by the apo E immunoadsorbant (and which contained
< 0.1 tg/ml apo E) was essentially noninhibitory for urate crys-
tal-induced neutrophil activation at identical total protein
concentrations (Fig. 3).

Quantification of apo E in synovialfluid. Because low con-
centrations of apo E had marked effects on urate crystal-in-
duced neutrophil stimulation, we looked for evidence that apo
E was present in synovial fluids. Wefirst assessed the concen-
tration of apo E in synovial fluids relative to the plasma con-
centration of apo E in normal volunteers and we compared this
ratio to that for apo B and apo A-I.

The ratio of the concentration of synovial fluid apo E to a

mean normal plasma concentration (obtained from a panel of
20 unmatched normal donors) was significantly greater than
the same ratio for apo B and for apo A-I in both 21 noninflam-

80 -
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Figure 3. Apo E inhibits neutrophil responsiveness to monosodium
urate crystals. Synthetic urate crystals were incubated with apo E
that was separated from THP- 1 cell conditioned medium by
immunoaffinity chromatography (o), the unbound fraction from the
same immunoaffinity column (A), normal plasma LDL (o) or HDL
(.) at the indicated protein concentrations in urate-saturated buffer
containing albumin. Crystals were washed three times and added in
triplicate (at 1 mg/ml) to human neutrophils in 0.5 ml for 30 min at
370C, and alpha-mannosidase release was measured as described in
Methods. Crystals coated in buffer alone induced release of 24.5% of
total neutrophil alpha-mannosidase. Representative of seven separate
experiments.
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Table I. Synovial Fluid (SF)/Plasma Ratio of Apo B-100,
Apo A-I, and Apo E

Apo B: Apo A-I: Apo E:
SF/plasma AF/plasma SF/plasma

Diagnosis n ratio ratio ratio

Noninflammatory
OA 21 0.18±0.04 0.27±0.04 0.58±0.04*

Inflammatory
RA 23 0.44±0.03 0.56±0.07 0.81±0.06*
Acute gout 13 0.42±0.07 0.26±0.04 0.72±0.07*
Reiter's 11 0.38±0.08 0.57±0.07 0.84±0.06*

The concentrations of apolipoproteins in pathologic synovial fluids,
and in the plasmas of a panel of 20 unmatched, normal donors were
measured by SPRIA. (Plasma values for the panel of normals for these
assays were: apo B, 979±48 Ag/ml; apo A-I, 1.87±0.25 mg/ml; apo
E, 86±4 ug/ml). The data represents the mean ratios for apolipopro-
teins of [SF concentration]/[mean plasma concentration in panel of
unmatched normals donors]. OA, osteoarthritis; RA, rheumatoid ar-
thritis. * P < 0.001 vs. apo B and apo A-I.

matory and 47 inflammatory synovial fluids (Table I). To con-
firm these results we studied a smaller, separate panel of sub-
jects from whompaired joint fluid and plasma samples were
obtained. Because the plasma concentrations of cholesterol,
triglycerides, and certain lipoproteins can vary during the day
(34), we drew plasma samples from each individual at the time
of arthrocentesis. The ratio of synovial fluid/plasma concentra-
tion for apo E in the paired samples was also significantly
greater than that for apo, B apo A-I, total cholesterol, and tri-
glycerides (Table II). Importantly, the concentrations of apo E
(5.1-19.5 gg/ml measured by immunoassay, Table II) were
similar to those at which apo E (as measured in the same assay)
could inhibit the capacity of urate crystals to activate neutro-
phils (Fig. 3).

These results suggested that apo E was enriched relative to
apo B and apo A-I in synovial fluids. Because apo B and apo
A-I would be expected to enter synovial fluids exclusively by
filtration from plasma (35, 36) these observations pointed to
the possibility that a fraction of synovial fluid apo E was locally
produced.

Further evidence for local articular synthesis of apo E. Apo
E, newly secreted as a constitutive product of a number of
extrahepatic tissues, including cells of the monocyte/macro-
phage lineage (16), is heavily sialylated and, in SDS-PAGE,
migrates distinctly (17) from the apo E of circulating plasma
lipoproteins, which is largely desialylated (16, 17). Weobserved
that a fraction of apo E in osteoarthritic synovial fluids mi-
grated with an elevated apparent molecular weight of 36-37
kD upon SDS-PAGE, comparable with that of apo E of THP-1
cell origin (Fig. 4). Treatment of whole synovial fluids with
neuraminidase (16) resulted in a reduction of molecular weight
of all synovial fluid apo E to 34 kD on SDS-PAGE(Fig. 4).
Thus, synovial fluid apo E included a 36-37 kD fraction that
was comparable to other apo Es of known extrahepatic origin,
including apo E of monocyte/macrophage origin.

Monocyte/macrophage lineage cells (along with fibroblast-
like cells) constitute the cells (synoviocytes) lining the inner
surface of synovium (33). In addition, macrophages are normal
constituents of synovial fluid (37) and are known to be present
in cultures of synovial lining cells in early passages (33). Thus,
cells isolated from the synovium of a patient with rheumatoid
arthritis were studied in first passage in tissue culture. After 7 d
the release of a small amount of apo E into the serum-free
media was detectable by immunoassay (158.4 ng/100,000
cells). This further supported evidence for local intraarticular
synthesis of apo E.

Qualitative analysis of apo E-bearing particles in synovial
fluids. Weobserved that the molecular weight of synovial fluid
apo E on SDS-PAGEwas heterogeneous (Fig. 4), suggesting
heterogeneity of the cellular origin of the apo E in synovial
fluid. To evaluate if the particles bearing apo E in synovial

Table II. Concentrations ofApo E, Cholesterol, Triglycerides and Ohter Apolipoproteins in Synovial Fluids Relative to Matched Plasmas

Synovial fluid concentration/plasma concentration (ratio)

Patient's Total
diagnosis cholesterol Triglycerides Apo B Apo A-I Apo E

mg/dl mg/dl Wg/m/ Ag/mi pg/mi

1. OA 41/127 (0.32) 19/108 (0.18) 123/597 (0.21) 293/1,050 (0.28) 5.1/11.1 (0.46)
2. OA 169/232 (0.73) 51/154 (0.33) 458/829 (0.55) 521/1,024 (0.51) 7/12.4 (0.56)
3. OA 42/252 (0.17) 3/201 (0.01) 155/1,190 (0.13) 247/1,550 (0.16) 8.8/33.6 (0.26)
4. OA 64/218 (0.29) 39/134 (0.29) <10/860(0) 53/1,518 (0.03) 6.3/16.2 (0.39)
5. Acute gout 118/183 (0.64) 80/147 (0.54) 509/937 (0.54) 973/1,545 (0.63) 19.5/20.5 (0.95)
6. Reiter's 70/154 (0.45) 24/79 (0.30) 164/762 (0.22) 561/1,524 (0.37) 6.4/9.4 (0.68)
7. Reiter's 119/159 (0.75) 50/79 (0.63) 370/1,096 (0.34) 576/1,514 (0.38) 8.1/10.1 (0.80)
8. RA 76/137 (0.55) 16/71 (0.23) 180/654 (0.28) 339/839 (0.40) 5.3/8.7 (0.61)
9. RA 130/210 (0.62) 68/161 (0.42) 386/947 (0.41) 1055/1,714 (0.62) 11.3/16.2 (0.70)

10. RA 87/146 (0.60) 38/89 (0.43) 293/721 (0.41) 751/978 (0.77) 7.8/11.5 (0.68)
11. RA 119/187 (0.64) 31/73 (0.42) 312/755 (0.41) 832/1,950 (0.43) 15/29 (0.52)
12. RA 78/164 (0.48) 24/94 (0.26) 282/872 (0.32) 457/1,520 (0.30) 13.6/18 (0.76)
Mean ratio (0.52±0.17) (0.34±0.16) (0.32±0.15) (0.40±0.20) (0.61±0.18)*

*P<0 .001 vs.
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Plasma samples were drawn from each individual at the time of arthrocentesis. OA, osteoarthritis; RA, rheumatoid arthritis.
triglycerides and apo B, P < 0.01 vs. apo A-I, P < 0.05 vs. cholesterol.



37 kd
_

34 kd-

THP-1
APOE

STANDARD

classes of apo E-bearing lipoproteins in noninflammatory syno-
*#W. vial fluid were identical to the classes of particles present in

_ .',AW simultaneously drawn matching serum (Figs. 2 and 5). There-
fore, synovial fluid apo E was associated with more than a

1 2 3 4 5 6 single class of lipoproteins, similar to the profile of circulating
apo E-bearing lipoproteins.

Figure 4. Elevated molecular weight of a fraction of synovial fluid apo
E. Samples (0.015 ml) from two different osteoarthritis patients
(Table II, patients No. 3 and 4), representative of four patients
studied, were electrophoresed in a 13% SDS-PAGEgel,
electrophoretically transferred to nitrocellulose and probed for apo E.
Apo E of THP- 1 cell origin served as an internal standard (left);
serum or plasma from the patients (lanes I and 4); synovial fluids
(lanes 2 and 5); synovial fluids after neuraminidase digestion (lanes 3
and 6).

fluids also were heterogeneous, we utilized nondenaturing poly-
acrylamide gradient gel electrophoresis (31) and agarose gel
electrophoresis (13) followed by Western blotting (Figs. 2 and
5). These methods were employed in preference to density gra-
dient ultracentrifugation because artifactual dissociation of
apo E from lipoproteins can be induced by ultracentrifugation
(38, 39). To minimize the contribution of filtered plasma lipo-
proteins to the content of apo E-bearing particles we studied
noninflammatory synovial fluids and found apo E there to be
associated with particles of a broad range of sizes (Fig. 2). These
included particles, equivalent in size to proteins > 669 kD, that
comigrated with apo B-lipoproteins on nondenaturing poly-
acrylamide sizing gels (Fig. 2) and particles that were equiva-
lent in size to proteins of 500 and 230 kD, and that comi-
grated with HDLparticles (Fig. 2). In contrast, apo B-bearing
particles in synovial fluid were universally > 669 kD, and were
entirely excluded from the sizing gels (Fig. 2).

The absence of free apo E (34 kD) on sizing gels (Fig. 2)
suggested that apo E in synovial fluid could be associated with
lipoproteins. This observation was supported by the demonstra-
tion that synovial fluid apo E floated at a density of < 1.25 g/ml
when synovial fluid was subjected to density gradient ultracen-
trifugation (data not shown). In addition, synovial fluid apo E
migrated with lipoproteins into nondenaturing agarose gels
(13) (Fig. 5), where the apo E-bearing lipoproteins were seen to
be predominantly alpha (comigrating with HDL) and pre-beta
(intermediate in charge between HDLand LDL) (Fig. 5). The

E
LL a)
Cf) 0f

A . ;.*0 4"

l(9) APOE

E

cn cn)

APOB

E
LL ci)
AP cA

APOA-l
Figure 5. Charge distribution of apo E-bearing particles in synovial
fluids. Samples from a patient with osteoarthritis (Table II, patient
No. 3) were electrophoresed on agarose strips under nondenaturing
conditions, developed in barbital buffer, and probed for
apolipoproteins after transfer by capillary filtration to nitrocellulose
as described in Methods. Arrow indicates origin. Representative of
results from three separate osteoarthritis patients.

Discussion

Apo E is increasingly recognized to have functions which could
modulate inflammation and tissue repair (15). Because apo E is
a constituent of some plasma lipoproteins it would be expected
to readily enter inflammatory loci such as synovial fluids atten-
dant to local increases in vascular permeability (36). In this
study, we have demonstrated that apo E is enriched relative to
apo B- 100 and apo A-I in inflammatory and in noninflamma-
tory synovial fluids (Tables I and II). This observation, and the
presence in synovial fluid of sialylated apo E compatible with
newly secreted apo E of extrahepatic origin (Fig. 4), as well as
the demonstration of the secretion of apo E in tissue culture by
synoviocytes, all suggest local articular synthesis of apo E.

These findings are similar to the relative elevation of the
peripheral fluid/plasma ratio of apo E previously described in
human lymphatic fluid (36), and in human cerebrospinal fluid,
where apo E is present at - 5%, and apo B and apo A-I only at
< 1%, of their respective plasma concentrations (40, 41). Con-
stitutive local apo E synthesis, e.g., by macrophage lineage cells
and by cells of the nervous system (41), is believed to cause
enrichment of apo E in lymph and cerebrospinal fluid, and has
been similarly supported by evidence that cerebrospinal fluid
apo E is more heavily sialylated than plasma apo E (41). In the
case of synovial fluids, it is conceivable that local enrichment of
apo E is a result not only of local synthesis but also of preferen-
tial immobilization of apo E via high-affinity binding to glycos-
aminoglycans (42, 43), which are present at high levels within
synovial fluid and articular cartilage (25).

Apo E is clearly associated with more than a single class of
particles in noninflammatory synovial fluid (Figs. 2 and 5),
including lipoproteins of alpha electrophoretic mobility (HDL)
(Fig. 5). This supports work done by Small and co-workers
before the discovery of apo E (44), demonstrating that human
synovial fluids contain substantial amounts of HDL 1, the ma-
jor apo E-bearing HDL subclass (15, 45). Newly synthesized
apo E has recently been shown to preferentially associate with
filtered HDL particles in canine interstitial fluids (46, 47).
Thus, it is likely that HDL-bearing apo E can also be assembled
in synovial fluids.

The physiological significance of local anticular apo E syn-
thesis likely includes the role of apo E in membrane resynthe-
sis, as illustrated in repair of neural injury (15, 19). Potent
suppression by apo E of lymphocyte activation by mitogens
and antigens is also well recognized (20-23), and emphasizes
that apo E can possess tissue-specific paracrine functions (48).
Apo E secretion from monocyte/macrophages is increased by
cholesterol loading (49), suggesting the possibility that synovial
apo E production could be enhanced by the exposure of these
cells to cellular debris, platelets (50), and intraarticular, oxi-
dized LDL (51). Importantly, macrophage apo E secretion is
suppressed by endotoxin (52) and certain particulates (53), sug-
gesting that modulation of apo E secretion is one mechanism
for macrophages to relate their state of activation to neighbor-
ing lymphocytes (14, 22). Thus, the extent of local apo E pro-
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duction has the potential to modulate immune responses to
antigens filtered into synovial tissues.

Leukocyte activation by urate crystals is important in the
pathogenesis of gouty inflammation (1, 4). The results of this
study suggest that the binding of apo E to intraarticular mono-
sodium urate crystals (Fig. 1) may have functional conse-
quences via the potent suppression of the capacity of urate
crystals to stimulate neutrophils (Fig. 3). Apo B-100 also in-
hibits urate crystal-induced neutrophil activation by binding
to the crystal surface (13). Apo E, like apo B-100, possesses
domains enriched in positively charged amino acids, and some
of these regions mediate high-affinity binding to polyanionic
glycosaminoglycans such as heparin (42, 43, 54, 55). Because
urate crystals are also polyanionic (5), we are investigating the
possibility that one or more of these regions could modulate
the binding of apo E to urate crystals and mask areas on the
crystal surface necessary to induce neutrophil activation. In
addition, we are evaluating the potential for apo E to affect
leukocyte activation by other inflammatory surfaces.

In summary, human synovial fluids contain apo E that ap-
pears to be partly of local origin. The potential functions of apo
E in normal and inflamed joints, and in the regulation of the
inflammatory potential of the urate crystals in gouty to-
phaceous deposits and synovial fluids merit further investiga-
tion.
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