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Objective: To analyse the correlations between the levels of Tumor Necrosis Factor o, Matrix Metalloproteinase 8, Interleukin 6 and the presence
of cartilage lesions in the knee.

Methods: We studied 79 individuals divided in three groups — a group with cartilage lesions, a group with meniscal lesions and a control group. All
patients underwent arthroscopic surgical interventions — either diagnostic or therapeutic. Venous blood samples and synovial fluid samples were
obtained and we determined the levels of TNF-a, MMP-8 and IL-6 respectively. All study participants filled out the International Knee Documenta-
tion Committee (IKDC) Subjective Knee Evaluation Score questionnaire, based on which the IKDC score was calculated.

Results: we found higher levels of MMP-8 in both serum and synovial fluid for groups 1 and 2 compared to the control group, but no correlation
between the serum and synovial fluid levels of MMP-8. The serum MMP-8 levels showed a significant negative correlation with the highest level
of activity without pain and significant giving way. The synovial MMP-8 could be correlated to the IKDC score. Serum levels and synovial levels of
TNF-a were in strong correlation. We found no association between serum and/or synovial TNF-a and MMP-8 levels.

Conclusions: We found that synovial MMP-8 concentrations showed a reverse correlation with the IKDC scores (an activity-based score) — thus

MMP-8 might be a diagnostic and prognostic marker in knee osteoarthritis.
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Introduction
Many recent studies have investigated the role of the syno-
vial membrane in the development and natural history of
knee osteoarthritis — and it is believed that a rise of the
cytokine and growth factors concentration in the inflamed
synovial membrane can influence the production of en-
zymes that degrade articular cartilage [1,2,3].
Inflammatory cytokines produced by the synovial mac-
rophages stimulate the production of metalloproteinases
which destroy the cartilage’s extracellular matrix [4,5,6,7].
In our study we aimed to analyse how the levels of Tu-
mor Necrosis Factor a (TNF-a), Matrix Metalloprotein-
ase 8 (MMP-8) and Interleukin 6 (IL-6) correlate with the

presence of cartilage lesions of the knee.

Methods
Our study was conducted on a number of 79 individuals
that were divided in three groups:
» group 1 with knee cartilage lesions (n=28, 45.21+2.6
years)
» group 2 with meniscal lesions (n=26, 37+2.87 years)
» group 3, a control group (n=25, 40.2+2.34 years).

We had 21 male patients in group 1, 19 in group 2 and 16
in group 3.

Oral informed consent was obtained from all study par-
ticipants, and our study followed the principles outlined in
the Declaration of Helsinki.

All patients underwent arthroscopic surgical interven-
tions — either diagnostic or therapeutic. The cartilage le-
sions diagnosed in patients included in group 3 were of
grade IIT and IV according to the criteria described by the
International Cartilage Repair Society (ICRS) [8].

Venous blood samples were obtained preoperatively
and synovial fluid samples were taken during the arthro-
scopic procedures. These were used to determine the serum
and synovial fluid levels of TNF-o, MMP-8 and IL-6 re-
spectively. The methods used for these determinations were
as follows:

» Sandwich ELISA assays developed applying 2 commer-
cially available antibody pairs (DY908, DY206, R&D
Systems) — for MMP-8 and IL-6

» Pharmingen OPTEIA ELISA kit for TNF-a.

All study participants filled out the International Knee Doc-
umentation Committee (IKDC) Subjective Knee Evalua-
tion Score questionnaire, based on which the IKDC score
was calculated. This is an activity-based score that offers a
subjective assessment of the knee from a functional and
symptomatic point-of-view, and it is part of the ICRS Carti-
lage Injury Evaluation Package [8]. A higher score represents
a better result (the maximum score value is 100 points).

Results

The values obtained for the 3 soluble factors determined
from both synovial fluid and venous blood samples are
shown in Table I.

The correlations of TNF-a, MMP-8 and the IKDC
score are presented in Tables II, IIT and IV.

We observed higher levels of MMP-8 in both serum
and synovial fluid for groups 1 and 2 compared to the con-
trol group, as shown in Figure 1. Despite this, we found
no correlation between the serum and synovial fluid levels
of MMP-8.

As for the serum MMP-8, the levels of this showed
a significant negative correlation with questions Q1 and
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Table I.

Levels of MMP-8 and, TNF-a and IL-6 in the serum and synovial fluid samples

Meniscal lesions (n=26)

Cartilage lesions (n=28) Controls (n=25)

889.71+30.52
2054.47+168.01*

MMP-8 syn (mean+SE, pg/ml)
MMP-8 serum (mean+SE, pg/ ml)
TNF syn (mean+SE, pg/ ml) 8.41+2.65
TNF serum (mean+SE, pg/ ml) 12.11+3.16
IL-6 syn (mean+SE, pg/ ml) -

IL-6 serum (mean+SE, pg/ ml) 58.47+18.01**

729.31 £ 261.0 -
1897.68+217.85* 1182.61+£173.95

3.86+1.74 -

8.19+2.97 4.24+0.68
256.88+93.87 -
82.15+43.81™ 11.28+1.06

values marked with asterisk, significant difference vs. controls, *p<0.01, **p<0.001

Table ll. Correlations of TNF-a
Correlation Spearman R p-level Correlation Spearman R p-level
TNF syn & Q1 -0.070 0.705 TNF serum & Q1 0.021 0.911
TNF syn & Q2 0.066 0.719 TNF serum & Q2 0.121 0.508
TNF syn & Q3 0.075 0.684 TNF serum & Q3 0.257 0.156
TNF syn & Q4 0.238 0.190 TNF serum & Q4 0.225 0.215
TNF syn & Q5 0.123 0.501 TNF serum & Q5 0.170 0.352
TNF syn & Q6 0.305 0.090 TNF serum & Q6 0.158 0.386
TNF syn & Q7 0.001 0.996 TNF serum & Q7 0.077 0.674
TNF syn & Q8 0.131 0.474 TNF serum & Q8 -0.280 0.121
TNF syn & Q9 0.360 0.043 TNF serum & Q9 0.397 0.025
TNF syn & IKDC 0.275 0.128 TNF serum & IKDC 0.332 0.063
TNF syn & age -0.395 0.025 TNF serum & age -0.227 0.211
TNF syn & BMI -0.155 0.406 TNF serum & BMI -0.015 0.935
TNF serum & TNF syn 0.537 0.002

Q7 from the IKDC questionnaire (highest level of activity
without pain and significant giving way respectively, with
p values of 0.037 and 0.041).

The synovial MMP-8 could be correlated to questions
Q3 (pain severity, p=0.029) and Q6 (level of joint block-
age, p=0.040), as well as to the IKDC score (p=0.048).
This can be seen in Figure 2.

For TNF-a, we found that serum levels of the cytokine
were somewhat higher in patients from groups 1 and 2
compared to controls, and the serum levels were also in
strong correlation with the synovial levels of the cytokine
(R=0.53, p=0.002).

Besides these, the serum TNEF-o could be correlated to
question Q9 (impairment related to combined physical ac-
tivity, p=0.025).
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Fig. 1. Serum levels of MMP-8 — comparison between groups

IL-6 levels were increased both in serum and synovial
fluid, but we found no significant correlation with the
functional score.

We found no association between serum and / or syno-
vial TNF-o. and MMP-8 levels.

Discussion

Studies have shown that some members of the matrix
metalloproteinase family like MMP-1 and MMP-13
play an important role in the development of osteoar-
thritis. Also, some of the pro-inflammatory cytokines,
like TNF-ot and IL-1 have been identified as triggers for
MMP production in the inflamed joint [9] and might
be of prognostic interest in conjunction with the metal-
loproteinase levels.
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Fig. 2. Correlations of the synovial levels of MMP-8 and the IKDC
score
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Table lll. Correlations of MMP-8

Correlation Spearman R p-level Correlation Spearman R p-level
MMP-8 syn & Q1 -0.166 0.349 MMP-8 serum & Q1 -0.296 0.037
MMP-8 syn & Q2 -0.243 0.167 MMP-8 serum & Q2 0.192 0.182
MMP-8 syn & Q3 -0.374 0.029 MMP-8 serum & Q3 -0.036 0.806
MMP-8 syn & Q4 -0.227 0.197 MMP-8 serum & Q4 0.119 0.409
MMP-8 syn & Q5 -0.309 0.075 MMP-8 serum & Q5 -0.240 0.094
MMP-8 syn & Q6 -0.354 0.040 MMP-8 serum & Q6 -0.104 0.471
MMP-8 syn & Q7 -0.119 0.502 MMP-8 serum & Q7 -0.290 0.041
MMP-8 syn & Q8 0.063 0.725 MMP-8 serum & Q8 -0.040 0.782
MMP-8 syn & Q9 -0.256 0.144 MMP-8 serum & Q9 -0.119 0.410
MMP-8 syn & IKDC -0.342 0.047 MMP-8 serum & IKDC -0.127 0.381
MMP-8 syn & age -0.042 0.813 MMP-8 serum & age -0.009 0.949
MMP-8 syn & BMI 0.216 0.228 MMP-8 serum & BMI 0.137 0.347
MMP-8 syn & TNF syn -0.315 0.445 MMP-8 serum & MMP-8 syn 0.149 0.416
MMP-8 syn & TNF serum -0.264 0.144 MMP-8 serum & TNF syn 0.069 0.708
MMP-8 syn & IL-6 serum 0.261 0.163 MMP-8 serum & TNF serum 0.032 0.827
MMP-8 syn & IL-6 syn 0.318 0.160 MMP-8 serum & IL-6 serum -0.011 0.948

MMP-8 serum & IL-6 syn -0.349 0.121

Table IV. Correlations of the IKDC score
) economic limitations that determine the number of solu-

Correlation Spearman R p-level

ble factors that can be evaluated.
IKDC & age -0.459 0.000
IKDC & BMI -0.272 0.049 .
IKDC & MMP-8 syn* -0.342 0.047 Conclusions
IKDC & MMP-8 serum 0427 0.381 We found that synovial MMP-8 concentrations showed a
IKDC & TNF syn* 0.272 0.119 reverse correlation with the IKDC scores (an activity-based
IKDC & TNF serum 0.153 0.289 score) — thus MMP-8 might be a diagnostic and prognos-
IKDC & IL-6 syn ** 0.005 0.983 . . ..

tic marker in knee osteoarthritis.
IKDC & IL-6 serum -0.061 0.708

values marked with asterisk, significant difference vs. controls, *p<0.01, **p<0.001

MMP-8 is a proteinase predominantly synthetized by
neutrophil granulocytes and has a variety of biological ef-
fects (it acts as a collagenase, aggrecanase, chemokine ac-
tivator). Early studies regarding MMP-8 expression in hu-
man joints predicted an important pathogenic role for the
enzyme [10,11].

But other studies questioned the central role of MMP-
8 in osteoarthritis. Stremme et al. [12] found only a lit-
tle amount of MMP-8 m-RNA and a slight staining for
MMP-8 in normal and osteoarthritic cartilage. Further-
more, using an osteoarthritic transgenic mouse model,
Salmin et al. found that increase of MMP-13 m-RNA is
much superior to those of MMP-2, 3, 8, 9 [13]. According
to these published data, the participation of MMP-8 in the
cartilage degradation process is ambiguous.

The higher levels of MMP-8 in the blood and synovial
fluid samples of groups 1 and 2 of our study — as compared
to those of the 3", control group — support the concept
of this soluble factor being involved in the intra-articular
pathological processes of the knee.

The correlation between MMP-8 levels and the func-
tional score of the knee could mean that this metallopro-
teinase has a role in the degradation of articular cartilage.

Of course further studies are needed to assess the role of
MMP-8 in these processes, and although the current study
is part of a larger project, it unfortunately has the inherent

TNF-a levels were slightly increased in the majority of
cases. TNF-a in serum and synovial fluid correlated posi-
tively, and could be associated to the functional knee score,
making TNF-a a possibly valuable biomarker of cartilage
lesions as well.

A future ,biological staging” of knee cartilage lesions
and osteoarthritis could become available, with therapeu-
tic importance — for instance the development of MMP
inhibitor drugs.
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Appendix

2000 IKDC SueJective KNee EvaLuAaTioN FOrRM
Patients Part:

Your Full Name

Todgay's Dae: i J Date of Injury: £ | }
Dy W ¥ P Mot Vo

SYMPTOMS*:

*Grade sympioms 8t the highest activity level 8t which you think you Could function without significant symplams,
&t T j0U afe Nol actually perfanming activiEes at inis Evel,

1. What i the highect level of activity that you can perform without cignificant knee pain?

Nery strenuous actvties Ixe [umping o pivegng 33 In basketdal or soccer
Detrerucus activEes (ke Feavy Dhysics work. skirg of termis

Mogerate activities The mederate phyzical werk, running o 0oarg
TLight sctrttes ke a3 kng, DOUSEACH OF yard wort

Junatie wo perform any of Te adove acTViles dus 15 e pain

2 During the Dast 4 wesks. or cince your Injury, how often have you had pain?

c 1 = 3 4 H & T 8 s 10
Mever O 0 0 90 90 9 0 0 O O 09O Con:tant

4 Ifyou have paln, how cevers I t?

C 1 2 3 4 $ € T L] | 10
Mo pan O O 0 O 9 9O 0O 0O O 0O 0O Wertpanimaginabie

4 During the pact 4 weeke, or cince your injury, how cifff or cwollen wac your knse?
et a2 3
Duiaty
Dacgerstery
Dvery
Exre—ey

& What ic the highect vl of activity you oan perform withou! cignimeant cwaliing v your knes?
very streaucuz actvies ike jumping or pivotrg a2 In baskeidal or soccer
Sus actvibes (ke heavy physical merh, sking or tenris
acoerate actvities Ihe mederate phyzcal work. running of 0937g
ight actvities Ike waking, NCUSEATH, O yard work
Srabie to perform any of the above activEes cue i knee swellng

& During the pact L seaske or cinos your Injury, did your knees look or cateh?
Dve: Neo

7. Whnat & the highect level of activity you oan perform without cignificant glving way In your knee?
very streruouz activibes ke ju=ping of pvetng a: 'n basketdal or soccer
Totrenucus acthites die meavy physical werk sking or tenris
ocerate activiies The mederate phyzcal work, running o 0Qarg
ight actwities Ike walking, housesort of yard work
Junabie % perform any of Te above acthilies due 1 giving way o the knee
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SPORTS ACTIVITIES:

& 'What ic the highect lovel of aothvity you can participate In on a regular bacic?

Nery strenuous actviies e jumping or Civeeng 33 in BaskeDal or soccer
otrenuouz actvities ke heavy physical mork. sking or tennis

Drsccerate activiies Ike mogerate phyzcal aork running of ©29rg
ight sctwtties Ine waking, ROUSEAO of y3rd Wort
Junasie 1 perorm any of Te abave aCTWINes due 13 Rnee

& How does your knee affect your ablilty to:

Mot amoat
st al

Mnaily
a™eut

G0 up SaTs

Moderxey | Eawemely
Dimeut a™cul

>0 d0wn Stars

Kneei on he front of your knee

Cauat

SEwih your inee Dent

mMela| NE] e

Rse from a char

Run stragre anead

IR

Jump and ang on your mrcived leg

L UL Ll L wju

Tiop ard st @achy

(W W W N (W [ LI'L"UI

g o i

L L L L L L8 L
H Uu WU Y Dol U

10. How would you rafe the funolion of your knes on & cosle of @ to 10 with 10 belng normal, sxcellent
function and 0 being the Inablity to perform any of your ucual dally activiles whioh may Include

cporte?

EURCTION PRIOR TO YOUR KNEE INJURY

Cannct parform

daly acsvEes
g 1 2 3 4 § &
0 O 0 o o 5

CURRENT FURCTION OF YOUR KMEE:

Cannct perform

daly acvEes
a 1 2 3 a £ &
0 9 0 o0 0 g 3

b |

NS Tmiaten

Ulﬁ
L=

Mo ImAation

uil:l
s

731
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Scormo NaTrRucTions For THE 2000 IKDC Sussective Kaee EvaLuamon Foru

Jevery metnods of scorng the IKDC Subjectve Knee Evalualion Form were invesligated. The resuls rdcated
mal umming the soore: for each item perfor—ed a2 wel 3t mome sophizScaled sooring methods.

The respontes 15 eash Bem are sCOfRd LSD ON Sranal Mmelod Suth Mat a score of 1 2 given 13 responses that
reprezent the iomest level ¢ Suncbon or highes level of symploms. For exampie, Bem 1, which i relpied o the
righest level of actvly wEnout Sgnificant pan 3 scofed by assigning a score of 1 1o the responie “Unabie %o
Ferform Any of the Above ActvEes Due 1o Knee® and a score of § o the responze "Very strenuous actviles Ike
jumping or pivoing a3 In baskemall or soccer”. For tem 2, waich |2 related o the fregquency o pan over he past &
weels, me responce “Conshn® i assigned a score of 1 and "Never” is azsigned a score of 11

The IKDS Sudjective Mnee Evaluation Form Iz scomed by summing the scores for the individual terms and Then
transiorming T SCOre 15 3 Sca'e ™l ranges Tom 0 5 100. Nole: The response 5 Be= 10 *Function Prior io Knee
mury” 15 Rot incuded in e overdll score. The sieps io score Te HDC Jubjectve Knee Evaiaton Form are a5
BIoWS:

| Aszsion a score to the Indivicual's response for eacn llem, such that iowes? score represents ihe
lewest level o function or Righes! levei of sy™ptoms.

Calkcyiate the e S00me DY sSumming the responses o all ilems with the exception of the response
o Bem 10 *Function Prior lo Your Knee injury”

- § Transform the ras soore to 3 0 19 100 scale & olows:

[

Faw Score - mmmlﬂm
Range of Scores

‘Where the lowe st possibie score £ 18 and the range of possibie scores IS B7. Thus, P the sum of
scores for the 18 items iz 50, the XDC Ocore woud be caicunied a5 Bloas:!

60-187
87

IFDC Score=483

]EDCS::!-[

lm

IKDC Scm-[

The Fransformed store 5 roerpreted a3 a meacure of \unclion Such thatl higher stores represent higher leveis ¢
UncTon ang 'ower leveis of sympioms. A Itore of 100 Iz inerpreted 10 mean no limEation with activiEes of daty

iving or tports actvEes and T absence of symploms:

The IKDC Subjecte Kree Dcore can st be caculated If there are missing data, as ong as thefe ane responses 1o
2t leasl S0% of Ihe items (L8 reIponses Nave Deen provided for 3t least 16 Bems) To calcuate the raw DT
scofe ahen THEME 37 MISENg Oal, Subsitule he Sverage SCofe OF M NEmS NSt have Deen anTwered oo he
misting item score(s). Once the ram IKDC score has been caculated, It i3 ransformed %o e IKDC Sunjectve
Kree SCore 35 Sescriped above,



