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ABSTRACT. Objective. To analyze the presence of inflammatory cells in the synovial fluid (SF) of subjects with
osteoarthritis (OA) and correlate them with the concentration of sulfated glycosaminoglycan (GAG).
Methods. The degree of chondral injury from 20 subjects (17 men, 3 women, mean age 48.06 +
14.35 yrs) was evaluated macroscopically by means of arthroscopy and graded according to the
International Cartilage Repair Society classification. All subjects presented anterior cruciate liga-
ment (ACL) injuries, associated or not to menisci injuries. SF was aspirated and centrifuged.
Sulfated GAG concentration was quantified by dimethylene blue staining. Manual morphometry was
used to determine the inflammatory cell count (mononuclear and polymorphonuclear) by optical
microscopy, after staining with May-Griinwald-Giemsa. The time of injury and degree of chondral
injury were considered, and correlations among the variables were obtained by Spearman nonpara-
metric correlation test.

Results. There was no significant correlation between the amount of mononuclear cells and the GAG
concentration. There was a significant positive correlation between the polymorphonuclear cells and
the GAG concentration, and a significant negative correlation between the degree of chondral injury
and the GAG concentration.

Conclusion. Polymorphonuclear cells may be either a cause or an effect in the metabolic and bio-
chemical processes occurring in chondral injuries. The correlations support the hypothesis that
inflammatory cells have a significant role in the progression and chronicity of chondral injury in
secondary OA. (First Release April 15 2008; J Rheumatol 2008;35:1096-101)
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Osteoarthritis (OA), the most common form of synovial
joint arthritis, is the cumulative result of biological and
mechanical events that generate an unbalanced situation
between synthesis and degradation in joint tissues!-2. The
disease, which frequently affects knee joints, may be sec-
ondary to meniscus and ligament injuries, and, in this case,
can affect young, adult, and elderly subjects.

OA is a complex process including multiple changes in
joint components, such as cell and extracellular matrix!, and
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is defined as a progressive degenerative disease rather than
an inflammatory disease. However, the existence and rele-
vance of inflammatory changes in the synovial membrane
have been described by many investigators2©. It is supposed
that synovitis in arthritic joints has a role in pain, joint
inflammation, and cartilage degeneration®7:8, thus being a
determinant of OA pathophysiology®®. As degradation of
cartilage begins, synovial and inflammatory cells act as
phagocytes, engulfing tissue breakdown products released
into the synovial fluid (SF), and secrete proinflammatory
cytokines such as interleukin 1 (IL-1), IL-6, and tumor
necrosis factor-o. (TNF-at), the latter being principally
involved in the onset of OA'. These cytokines are respon-
sible for increased levels of nitric oxide and prostaglandins,
described as mediators for inflammation and cartilage
destruction>>11. The presence of these components in joint
fluid stimulates the proteolytic action of the inflammatory
cells, resulting in release of larger fragments into the SF,
closing a cycle that can perpetuate the OA process and pro-
gression of the disease!!3.

Chondrocytes are able to synthesize a variety of proteo-
lytic enzymes, such as matrix metalloprotease (MMP). The
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proteolytic cascade responsible for degradation involves
collagenases (MMP-1, MMP-8, MMP-13), gelatinases
(MMP-2:A, MMP-9:B), and stromelysins 1 (MMP-3), 2
(MMP-10) and 3 (MMP-11)!416_ The rise in proteolytic
activity is considered to be the primary cause of pathologi-
cal cartilage destruction in OA, especially that caused by
members of the metalloprotease family, which are directly
involved in extracellular matrix breakdown!”. They also
have an important role in inflammatory processes to fight
injury and maintain tissue turnover!'8. Polymorphonuclear
(PMN) cells are sources of powerful oxidants and proteolyt-
ic enzymes, including elastase and active metalloprotease,
that are capable of degrading intact cartilage!®.

Moore, et al?” reported the relationship between PMN
cells and extracellular matrix glycosaminoglycans (GAG),
when they identified the presence of a neutrophilic infiltrate
after intradermal injection of GAG in rats. Thus the products
of the breakdown of the cartilaginous matrix by PMN cell
enzymes are liberated into the SF and may be chemotactic
to the PMN leukocytes themselves, thus perpetuating joint
tissue injuries2. As well, the mononuclear cells (MNC)
have an injurious effect in joint cartilage. Immunohisto-
chemical studies have confirmed that synovial tissue from
patients with early OA is characterized by MNC infiltration
and production of proinflammatory cytokines and mediators
of joint damage?. In addition, blood vessel formation and
expression of proinflammatory mediators and nuclear tran-
scription factors are overexpressed in early OA3.

Variations in the cellular and humoral composition of the
SF reflect changes in the synovial tissues?!. During the
destructive process in the extracellular matrix, there is an
increase in its concentration due to the presence of macro-
molecules resulting from the breakdown of the cartilage,
such as proteins, proteoglycan fragments, GAG, collagen,
inflammatory cells, and free chondrocytes or their cellular
components?22,

The concentration of sulfated GAG in synovial liquid has
been investigated in various joint diseases, being considered
as joint markers that can reflect the metabolism of the joint
tissue under both normal and pathological conditions, in
which its concentration is modified?°. However, few studies
have related the presence of leukocytes in the SF with carti-
laginous matrix products, particularly in OA. In synovitis,
PMN cells are found in both the SF and the synovial mem-
brane, and may adhere to the joint surface and thus attack
the cartilage directly?’. Nevertheless, the presence of
inflammatory cells in ligamentous knee injuries should be
restricted to the post-trauma acute period. Therefore,
because of the injurious and amplifying role of inflamma-
tion, there are many reasons to study the behavior of PMN
and MNC associated with products of cartilaginous matrix
breakdown such as GAG.

Our aim was to analyze the existence of inflammation in
SF from the presence of inflammatory cells (MNC and

PMN), and correlate this with a biological marker of carti-
laginous metabolism, in this case the concentration of sul-
fated GAG, taking into account the time of injury and the
degree of chondral injury of knees in secondary OA caused
by ACL injury.

MATERIALS AND METHODS

Subjects. Forty-four subjects of both sexes took part in this study. Twenty-
four were excluded as follows: they presented with systemic, cardiorespi-
ratory, or rheumatic conditions; absence of SF during collection; the pres-
ence of osteomyoarticular disease in the healthy lower limb as reported by
the subject; had undergone joint infiltration; had a limited range of motion
between 0° and 90°; or had a time from injury < 4 weeks or > 14 months.

According to the criteria, 20 subjects were selected (17 men, 3 women,
average age 48.06 + 14.35 yrs). The subjects presented 2, 3, and 4 degrees
of chondral injury, according to the International Cartilage Repair Society
(ICRS) classification?8.

All the subjects presented chondral injuries, secondary OA, due to trau-
ma involving the ACL, associated or not with the menisci, with an average
time from injury of 118.23 + 109.37 days. The subjects underwent clinical
and imaging evaluation and surgery was ordered by the physician responsi-
ble for the arthroscopic repair of the injured structure.

The subjects had used nonsteroidal antiinflammatory drugs, but discon-
tinued them for 2 to 3 weeks prior to their SF puncture, and no subject
reported recurrent trauma during the previous month.

Evaluation record forms were filled in for all the subjects prior to data
collection to assure that the inclusion and exclusion criteria were met. The
aims and procedures of the study were explained to the subjects and they
gave signed informed consent as required by the 196/96 resolution of the
National Health Committee. The study was approved by the Ethics
Committee for Research with Human Beings of the Federal University of
Sdo Carlos (National Health Committee protocol no. 143/04).

Synovial fluid aspiration. SF was collected from the injured knee by means
of punctures prior to surgery. The anterolateral face of the injured knee was
first shaved and anesthetized. A needle was inserted into the lateral supra-
patellar knee region in order to collect fluid from the subquadricipital bursa.

All fluids were quantified for volume and divided into 3 samples for
storage at —70°C until analysis.

Macroscopic evaluation of joint cartilage. After puncture for SF, the same
surgeon described the macroscopic aspects of the joint surface, trochlea,
patella, tibial and femoral condyles, medial and lateral menisci, and the
ACL during the arthroscopic procedure.

To determine the degrees of tissue injury of the joint cartilage, an eval-
uation record was used, based on the ICRS histological classification?8.

Scoring of the degree of tissue destruction was defined using the “max-
imum score” pattern, represented by the greatest degree of cartilage injury
(0 to 4 scale) found in any one of the femoral or tibial condyles, patella, or
trochlear regions.

To analyze the results of the macroscopic evaluation of the joint carti-
lage, the highest score found for each subject was used, not taking into
account the area size or number of foci.

Evaluation of sulfated GAG. The sulfated GAG concentration in SF was
evaluated by means of absorbance analysis after staining with dimethyl-
methylene blue (DMMB), using the method described by Farndale, er al%.
The spectrophotometric method associated with the dimethylmethylene
reagent was chosen for simplicity and specificity for measurement of sul-
fated GAG in tissues and body fluids.

SF samples were centrifuged at 14,000 g for 15 min in a model 5415D
Eppendorf centrifuge; 100 ul aliquots of the sample supernatants were then
digested in 100 pl 0.4 M acetate buffer, pH 5.8, containing 10 mM EDTA,
20 mM of N-acetylcysteine, and papain added immediately before use in
the proportion of 300 pg per 1 ml SE. After incubation in a double-boiler at
60°C for 24 h, iodoacetic acid was added to a final concentration of 10 mM,
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for a total of 22.2 ul, then centrifuged 4 min at 12,000 g. One unit of strep-
tomyces hyaluronidase was then added to the supernatant. After incubation
in a double-boiler at 37°C for 12 h, 100 ul were removed. When the sam-
ple was ready for measurement, DMMB reagent solution (2.5 ml) was
added to the material and the absorbance was read at A = 526 nm in a spec-
trophotometer after a few seconds.

Chondroitin sulfate solutions of known concentrations were used to
determine the concentrations of sulfated GAG.

Cytology. Stored SF was prepared for cytologic analysis after thawing at
room temperature. The material (100 ul sample from each subject) was
processed in a Fanem® Citospin-248® cytocentrifuge for 5 min at 1500
rpm. The material was then dry-fixed and stained by the special May-
Griinwald-Giemsa procedure2”-30,

The numbers of PMN and MNC in SF samples were determined by
manual counting via optical microscopy. Two evaluators carried out the
slide analysis using magnification x40 with an Axiolab light microscope
(Zeiss).

Calculation of the number of fields/slide for each sample was based on
the Bernoulli distribution statistical method, in which the total number of
slide fields for each subject and the number of inflammatory cells present
in normal and inflamed SF were taken into account. It was decided that at
least 30 fields be sampled for each subject for subsequent reading under the
light microscope. Thirty-two fields/subject were analyzed, for a total of
1216 fields evaluated. This result presented a margin of error of + 3 per-
centage points, with 95% of confidence.

Statistical analysis. Analysis was by use of Statistica for Windows (version
6.0). The tests for normality (Shapiro Wilk’s W test) and homogeneity
(Levene) were applied to the variables, and nonparametric tests were indi-
cated for data analysis. To evaluate correlation between results obtained by
the 2 observers, the nonparametric Spearman test with R = 0.8 and p = 0.05
was applied. This same test was applied to determine the relationships
among GAG concentrations, quantity of inflammatory cells, degree of OA,
and time after injury.

For all statistical analyses, a significance level of 5% was considered
(p =0.05).

RESULTS

All the subjects presented degrees of chondral injury
between grade 2 and 4. Seventeen of them had meniscal tears
and 11 had ACL injury associated with the cartilage injury.
The average amount of SF aspirated was 5.9 + 5.4 ml.

The SF samples presented a citric yellow coloration. In
some cases there were streaks of blood present due to sam-
ple contamination by the needle. There was considerable
variation of number of inflammatory cells per ml SF, from
117.2 to 25,359.4 MNC cells/ml and from O to 421.9 PMN
cells/ml.

Sulfated GAG concentrations varied between 25.2 pg/ml
and 314.8 pg/ml. Table 1 shows values for the variables
studied.

As shown in Table 2, PMN and MNC cells had a positive
moderate correlation (r = 0.82, p = 0.0001). There was no

Table 1. Mean (+ SD) for study variables.

significant correlation between the MNC cells and GAG
concentrations. However, a significant positive correlation
between PMN cells and GAG concentrations was found (r =
0.60, p = 0.01; Figure 1). A significant negative correlation
(r=-0.62, p = 0.003) was identified between the GAG con-
centration and the degree of chondral injury (Figure 2).

No correlation was found between the degree of chondral
injury or time from injury and the measures of MNC or
PMN cells.

DISCUSSION

Normal SF contains only about 10 to 20 inflammatory
cells/ml, with a predominance of MNC cells, only 10% of
the total being PMN cells3!. In the SF samples from joints
showing chondral injury evaluated in our study it can be
considered that the concentrations of cells, 117.2 to
25,359.4 MNC/ml and O to 421.9 PMN/ml, are characteris-
tic of an inflammatory joint process.

According to Yanni, et alP? there is a correlation between
the number of synovial membrane macrophages and the
degree of cartilage erosion. The macrophages would be
responsible for amplifying the chronic inflammation
through the release of cytokines by the inflammatory
cells’233, The release of cytokines such as IL-1, IL-8, and
TNF-o. by macrophages during the inflammatory process
stimulates leukocytes to pass through the endothelial wall
and participate actively in angiogenesis. The release of IL-1,
IL-6, and TNF-o by synovial macrophages also stimulates
the release of collagenase and elastase, which have an
important role in joint tissue destruction¥. Benito, et al®
found an increase in the amount of MNC infiltrate in the
early stages of OA, a phase in which other investigators have
described a greater GAG concentration’>-37. However, in
our samples, there was no significant correlation between
MNC and the GAG concentration, although the latter did
show a significant correlation with PMN, and PMN present-
ed a strong correlation with MNC.

Moore, et al?? described one possible mechanism for the
influx of inflammatory cells; their studies showed that GAG
may be chemotactic to neutrophils. Once these fragments
are in contact with joint cartilage, the PMN would stimulate
greater matrix breakdown through the release of neu-
trophilic enzymes and stimulation of metalloprotease activ-
ity, which leads to greater tearing of cartilage components.
These degraded components would be released into the SF
and then engulfed by inflammatory cells acting as phago-

Age, yrs Time from GAG, MNC, PMN,
Injury, days pg/ml no. of cells/ml no. of cells/ml
48.06 = 14.35 118.23 £ 109.37 124.96 + 75.82 5255.9 + 8374.9 152.34 + 122.74

GAG: glycosaminoglycans, MNC: mononuclear cells, PMN: polymorphonuclear cells.
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Table 2. Correlations among the study variables (r value).

MNC PMN GAG Time from Degree of
Injury Chondral Injury
MNC 1.000 0.826%* 0.335 -0.146 —0.188
PMN 0.826%* 1.000 0.602* -0.192 -0.255
GAG 0.335 0.602* 1.000 -0.167 —0.626%*
Time from injury -0.146 -0.192 —-0.167 1.000 0.456
Degree of chondral -0.188 -0.255 —0.626%* 0.456 1.000

injury

*p < 0.05; %% p < 0.001. For definitions see Table 1.
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Figure 1. Number of polymorphonuclear cells (PMN) in relation to sulfat-
ed glycosaminoglycan (GAG) concentration (r = 0.60, p = 0.01).
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Figure 2. Sulfated glycosaminoglycan (GAG) concentration in relation to

the degree of chondral injury in subjects with cartilage injury classified as

International Cartilage Repair Society (ICRS) grade 2 to 4 (r =-0.62, p =
0.003).

cytes, which would thus secrete more cytokines and inflam-
matory mediators, perpetuating the OA process!?-20-38-40,
Our data also showed a negative correlation between the

degree of chondral injury and the concentration of sulfated
GAG, which means that with lower degrees of cartilage
injury, the GAG concentration was higher. Other authors
have also found an inverse relationship between the degree
of chondral injury and the average GAG concentration in SF,
stating that greater degrees of cartilaginous degeneration
tended to present a decrease in the proteoglycan concentra-
tion. This relationship probably results from the reduction in
the amount of cartilaginous tissue in the joint33-37:41-43,

Stefanie, et al’® evaluated changes in the macroscopic
aspects of OA, such as radiographic alterations and clinical
signs, comparing the action of inflammatory mediators, and
found no correlations between them?. Our results showed a
correlation between the molecular indicators of cartilage
injury (proteoglycan fragments, GAG) and the inflam-
matory cells present in SF. However, as noted by Stefanie,
et al?, morphological alterations such as a decrease in joint
space and the presence of osteophytes had already
occurred, but in our study these alterations had not yet
occurred. Perhaps methods of early diagnosis should be
improved and focused on the joint microenvironment, as
suggested by Lohmander, et al33-3.

It is known that the presence of PMN cells contributes to
degradation of GAG'?, although chemotaxis of the PMN in
the joint environment in individuals with chronic ligament
injury and who are not in the trauma period is undetermined.
In this type of population it was expected that the inflam-
matory process must exist only after trauma, which was not
the case, because the presence of PMN and MNC was
observed in the individuals without symptoms who were
studied. A possible mechanism for the perpetuation of
inflammatory cells is the positive correlation between the
GAG and PMN. The instability generated by ligament loss
alters the movements between joint surfaces, causing trauma
in the cartilage in different areas of the joint surface.

These micro-movements are acknowledged by the chon-
drocytes, and when these cells sense perturbation in the tis-
sue they alter their metabolic state in order to respond to the
mechanical stress***3. This alteration is identified in the SF
since it reflects the entire cartilage environment. The pres-
ence of proteoglycan fragments and GAG in the joint envi-
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ronment results in activation of mechanisms for the absorp-
tion/removal of these fragments. Considering that micro-

. . 4. Fiorito S, Magrini L, Adrey J, Mailhe D, Brouty-Boyé D.
traumas are frequent, an unbalanced situation between GAG tonto Agrin ey -, hrate routy=Boye .
R i R o ) Inflammatory status and cartilage regenerative potential of synovial

_SyntheSIS and reabsorp.tlon in the joint environment would fibroblasts from patients with osteoarthritis and chondropathy.
increase the concentration of GAG, and therefore the mech- Rheumatology Oxford 2005;44:164-71.
anism of chemotaxis between the GAG and PMN would be 5. Goldring MB. The role of the chondrocyte in osteoarthritis.
activated and maintain the presence of the inflammatory Aurthritis Rheum 2000:43:1916-26. . o

20 . . . 6. Haynes MK, Hume EL, Smith JB. Phenotypic characterization of
cells. Moore, et al-” also described this mechanism. . .. . .

. K X ) inflammatory cells from osteoarthritic synovium and synovial

Coqsequently, if -aggression processes in the tissue are fluids. Clin Immunol 2002:105:315-25.
maintained, the cartilage starts its degenerative process and 7. Hedbom E, Hauselmann HJ. Molecular aspects of pathogenesis in
therefore its thickness will gradually be lost, leading to OA. osteoarthritis: the role of inflammation. Cell Mol Life Sci
Thus in cases of severe chondral injury, such as OA, the . 5092;1554:1‘;5';3" fllon S, Parker A. Youssef PP. Col M
. . . t s t s > S¢ > .

decrease in GAG would be directly related to the absence of i Pamtatiiion 5, Tarker A, fousse? oeman 3

R | . Synovial membrane inflammation and cytokine production in
chondrocytes, WhICh are responsible for synthesis of the patients with early osteoarthritis. J Rheumatol 1997;24:365-71.
extracellular matrix. 9. Abramson SB, Amin AR, Clancy RM, Attur M. The role of nitric

Our results Verify that inflammation of the SF is of great oxide in tissue destruction. Best Pract Res Clin Rheumatol
relevance in the metabolic and biochemical processes occur- 2001;15:831-45.
.. .. . . 10.  Abramson SB, Attur M, Amin AR, Clancy R. Nitric oxide and

ring in the joint after mechanical trauma. Consequently, pri- . ) . . -

! . . inflammatory mediators in the perpetuation of osteoarthritis. Curr
mary care in cartilage maintenance, such as the control of Rheumatol Rep 2001:3:535-41.
joint inflammation, would appear to be instrumental in 11. Amin AR, Abramson SB. The role of nitric oxide in articular
avoiding perpetuation of the degenerative processlz. Thus in cartilage breakdown in osteoarthritis. Curr Opin Rheumatol
patients with focal chondral injury resulting from trauma 1998;10:263-8. " ) )

12. Webb GR, Westacott CI, Elson CJ. Osteoarthritic synovial fluid and
who are symptom-free, the presence of GAG would be an : .
Lo . . e . synovium supernatants up-regulate tumor necrosis factor receptors
indication of Caljtll.age meta_‘bOhC activity, and this would on human articular chondrocytes. Osteoarthritis Cartilage
enable therapeutic intervention. As a result, on a longterm 1998;6:167-76.
basis, perpetuation of the presence of GAG in the SF would 13. Huziker EB. Articular cartilage repair: basic science and clinical
lead to an amplifying effect of the injury through leukocyte progress: A review of the current status and prospects.
chemotaxis. Therefore, control of micro-traumas and recur- Osteoarthritis Cartilage 2002;10:432-63.

' 7 . 14. Cohen NP, Foster RJ, Mow VC. Composition and dynamics of
rent traumas such as joint s.p.ralns W_OUId seem to be funda- articular cartilage: structure, function and maintaining healthy state.
mental to the health of the joint cartilage. J Orthop Sports Phys Ther 1998;28:203-15.

Knowledge of the interactions between inflammation, 15. Mankin HJ. The response of articular cartilage to mechanical injury.
biomechanics, and the behavior of cartilage biomarkers may J Bone Joint Surg Am 1982;64:460-6.
. . . 16. Vanwanseele B, Lucchinetti E, Stiissi E. The effects of

lead to understanding of the etiopathogenesis and progres- : S - : S

X . X I immobilization on the characteristics of articular cartilage: current
sion of OA, providing new therapies for this disease. concepts and future directions. Osteoarthritis Cartilage

Our results showed a positive correlation between the 2002;10:408-19.
increase in concentration of sulfated GAG and the presence 17. Marini S, Fasciglione GF, Monteleone G, Maiotti M, Tarantino U,
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ment o : Injury — Biochem 2003;36:295-304.
involving the ACL, sometimes associated with the menisci, 18. Okada Y. Matrix-degrading metalloproteinases and their roles in
and who were not in the post-trauma acute stage; our find- joint destruction. Mod Rheumatol 2000;10:121-8.
ings suggest that the presence of PMN cells in the joint envi- 19. Moore AR, Iwamura H, Larbre JF, Scott DL, Willoughby DA.
ronment is perpetuated by the chemotactic action of the Cartilage degradation by pqumorphopuclear leucocytes. Ip vitro
GAG . Th . d . £ th assessment of the pathogenic mechanisms. Ann Rheum Dis
. cogcentratl.on. (& pr(?gresswe eg.eneratlon of the 1993:52:27-31.
cartilage is amplified by an inflamed environment and by 20. Moore AR, Chander CL, Hanahoe TH, et al. The chemotatic
the loss of GAG due to recurrent micro-traumas, which can properties of cartilage glycosaminoglycans for polymorphonuclear
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osteoclast formation by inflammatory synovial fluid. Virchows
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