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Abstract

Ankylosing Spondylitis (AS) is the prototype of the axial form of spondyloarthritis. Despite extensive studies,
complex mechanisms related to abnormal cellular and molecular processes in AS are not completely understood.
Among proinflammatory mediators such as proinflammatory cytokines, NOS-2, chemokines, which lead to inflam-
mation, matrix metalloproteinases (MMPs) play an important role in inflammatory processes that characterize AS.
Therefore, we purposed to evaluate whether the disruption of extracellular MMPs inducer (EMMPRIN/CD147),
MMPs and tissue inhibitors of MMPs (TIMPs) homeostasis play a role in the evolution of AS especially in patients
with a history of Acute Anterior Uveitis (AAU). For this purpose sera from AS patients and from healthy donors
(HDs) were assessed for soluble CD147 (sCDI147), MMP-3 and TIMP-1 levels using enzyme-linked immuno-
sorbent assay and for the activity of MMP-2 and -9 gelatinases by gelatin zymography. The experimental results
showed that the levels of sCD147, MMP-3 and TIMP-1 were significantly increased in AS patients compared to
HDs. sCD147 as well as the ratio MMP-2/sCD147 differentiated AS patients with a history of AAU from those with-
out it. The ratios MMP-2/sCD147, MMP-3/sCD147 and MMP-3/TIMP-1 suggested an imbalance between MMPs
and their regulators in AS patients. These results suggest that MMPs/sCD147 ratios could be potential biomarkers
to strengthen the characterization of AS patients and to predict disease evolution. Positive or negative correlations
between some of the experimental and/or clinical features of AS patients and the therapy also highlight the useful-
ness of the evaluation of these biomarkers to identify an individualized and efficient therapy.
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Rezumat

Spondilita Anchilozanta (SA) este prototipul formei axiale a spondiloartritelor. In pofida studiilor extinse,
sunt incd incomplet intelese mecansimele complexe legate de procesele celulare si moleculare anormale din SA.
Printre mediatorii inflamatiei, cum ar fi citokinele proinflamatoare, NOS-2, chemokinele, care conduc la inflamatie,
metaloproteinazele de matrice (MMPs) joaca un rol important in procesele inflamatoare care caracterizeaza
SA. De aceea, ne-am propus sa evaluam daca perturbari ale homeostaziei inductorului extracelular de MMPs
(EMMPRIN/CD147), MMPs si inhibitorilor tisulari ai MMPs (TIMPs) joaca un rol in evolutia SA in special la
pacientii care au in istoricul lor Uveitd Acutd Anterioard (UAA). In acest scop seruri de la pacienti cu SA si de
la donatori sanatosi (DS) au fost analizate pentru nivelurile de CD147 solubil (sCD147), MMP-3 si TIMP-1 prin
tehnica imunoenzimatica ELISA si pentru activitatea gelatinazelor MMP-2 si MMP-9 folosind gelatin zimografia.
Rezultatele experimentale au aratat ca nivelurile de sCD147, MMP-3 si TIMP-1 sunt semnificativ crescute la
pacientii cu SA comparativ cu DS. sCD147 ca si raportul MMP-2/sCD147 a diferentiat pacientii cu UAA de cei
fara UAA in istoricul lor. La pacientii cu SA rapoartele MMP-2/sCD147, MMP-3/sCD147 si MMP-3/TIMP-1 au
sugerat dezechilibrul dintre MMPs si reglatorii lor. Aceste rezultate sugereaza ca rapoartele MMPs/sCD147 pot
deveni biomarkeri potentiali pentru intarirea caracterizarii pacientilor cu SA si pentru a prognoza evolutia bolii.
Corelatiile pozitive si negative dintre anumite caracteristici experimentale si/sau clinice ale pacientilor cu SA si
terapie subliniaza de asemenea utilitatea evaludrii acestor biomarkeri pentru a identifica o terapie individualizata
si eficienta.
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ed since inflammation is the major pivot of the
disease. MMPs, cytokines, growth factors, bone
alkaline phosphatase and collagen degradation
products were analyzed (4). Thus, MMP-3 was
found to be a valuable biomarker in patients with
axial involvement, in strong and direct correla-
tion with Bath Ankylosing Spondylitis Disease
Activity Index (BASDAI) and Bath Ankylos-
ing Spondylitis Functional Index (BASFI) (5).
MMP-3 was also considered a good independent
predictor of disease progression in AS patients
with pre-existing radiographic changes (6).
Patients with severe and prolonged AS de-
velop extra-articular manifestations such as:
Acute Anterior Uveitis (AAU), bowel disease,
skin, heart, lung, kidney and neurological in-
volvement. Among these, AAU is the most
common extra-articular manifestation of AS and

Introduction

Ankylosing Spondylitis (AS) is a chronic
inflammatory disease characterized by bilateral
sacroiliac inflammation, variable inflammation
of axial and peripheral joints, spinal ligament
calcification, additional bone formation and spi-
nal destruction leading to postural deformities as
cervical and thoracic spine ankylosis (1). From
an epidemiological point of view, the disease is
prevalent in the second or the third decade of
life, affects 0.5% of general population and has a
male to female ratio of 2-3:1. It is worth mention-
ing that 90% of Caucasians with AS are positive
for human leukocyte antigen HLA-B27, a class
I major histocompatibility complex (MHC).
However, no more than 5% of HLA-B27 pos-
itive individuals develop AS (1). Therefore, it
was hypothesized that other genetic factors, such

as IL-23R, ERAP1, ANTXR2, CARD?9, IL-1R,
or innate immune Toll-like receptor-4 (TLR-4)
may contribute to the disease development (2,
3). Over time, other biomarkers were evaluat-

may appear early in the course of the disease (7,
8). The prevalence of AAU in AS patients was
found to be 21.5% - 30% (7). Moreover, AS
patients with iritis seem to have a more rapid
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functional limitation, based on BASFI (9). The
pathological linkage between ocular disease
and skeletal manifestations still remains unre-
solved. AAU is characterized by breakdown of
the blood-aqueous barrier and acute inflamma-
tion of iris and ciliary body. Upregulation of
adhesion molecules on the uveal vasculature
and the local accumulation of pro-inflammatory
cytokines (TNF-a, and IFN-y) and chemokines,
that recruit and activate inflammatory cells into
the uvea and anterior chamber, were considered
the main factors of eye inflammation. The break-
down of the blood-aqueous barrier results in the
leakage of serum protein from uveal vasculature
in the anterior chamber and in fibrin formation
(10). In patients with posterior uveitis, TNF-a
affects MMPs and TIMPs expression, thus dis-
rupting the extracellular matrix components and
the blood-retinal barrier (11). It was suggested
that these biomarkers are critical in tissue dam-
age and repair processes and that in AAU their
secretion is induced by pro-inflammatory cyto-
kines such as TNF-o and IL-1a which are known
modulators of MMPs (12). The main sources of
MMPs are infiltrated neutrophils and epithelial
cells of the ciliary body. By continuous produc-
tion of MMPs, neutrophils gain access to uveal
tissue and aqueous humor amplifying inflamma-
tion (13). These enzymes increase the permea-
bility of the blood-aqueous barrier in the uvea
(14); therefore it was theorized that AAU etiolo-
gy could be “auto-inflammatory” (15).

Based on previous data on MMPs roles in
AS pathogenesis (4-6), we supposed that an
impaired balance between extracellular matrix
metalloproteinase inducer, EMMPRIN/CD147,
MMPs and tissue inhibitors of MMPs (TIMPs)
could play an important role both in triggering
and maintaining inflammation in AS. Nowadays,
there is no biomarker that might predict the evo-
lution of AS patients with a history of AAU, a
manifestation that can lead to serious complica-

tions culminating with vision loss. Therefore, it
is essential to identify a biomarker or a set of
biomarkers which, in connection with the clini-
cal investigations of ophthalmologists and rheu-
matologists, could predict the evolution of the
disease.

CD147 is a transmembrane glycoprotein
member of the immunoglobulin superfamily
receptors, expressed by hematopoietic (e.g. ac-
tivated T lymphocytes) and non-hematopoietic
cells (e.g. corneal epithelial cells and retinal pig-
ment epithelium) (16 - 18). In humans, CD147
was discovered by Biswas et al. (19) as a factor
with the ability to stimulate fibroblasts to pro-
duce collagenase (MMPs). CD147 was shown
to be involved in multiple biological processes.
Mice deficient in CD147 are deficient in MCT1,
3 and 4 in the retinal pigment epithelium leading
to blindness due to abnormal function of pho-
toreceptors (20). Increased CD147 expression
induced by EGF and TGF-B was observed and
it was suggested to contribute to wound healing.
However, in chronic circumstances, when heal-
ing delays, a local sustained increase of CD147
and MMPs expression was associated with ex-
cessive matrix degradation and the cornea de-
struction (21). CDI147-mediated intercellular
interactions play multiple roles in some physi-
ologic processes such as tissue remodeling by
regulating the expression/secretion of MMPs
and cytokines. On the other hand, CD147 was
also involved in pathological processes (22).

Recently, it was discovered a soluble CD147
receptor released as a full length form by the
breast cancer cells in culture promoting pro-
MMP?2 release from fibroblasts (23). A soluble
full-length EMMPRIN resulted by microvesicle
shedding by a mechanism dependent on protein
kinase C, calcium mobilization and mitogen-ac-
tivated protein kinase (MEK 1/2) (24) and an
active 22 kDa fragment can be shed from tumor
cells by the enzymatic action of MT1-MMP/
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MMP-14 (25). The shorter molecular form of
CD147 was also found in the tear fluid, aque-
ous humor, and vitreous samples suggesting that
CD147 can regulate cell surface functions but
also certain peri- and extracellular functions in
the human eye (18). sCD147 was found in ex-
udates after total knee arthroplasty (26), in sera
of patients with systemic sclerosis (27), doc-
umenting its wide distribution in various body
fluids and multiple biological and pathological
functions. In patients with AS, a high expression
of CD147 on immune cells was identified and
CD147 expression level was associated with
various inflammatory markers such as C-reac-
tive protein (CRP) and erythrocyte sedimenta-
tion rate (ESR) (28).

Based on these considerations, we hypoth-
esized the existence of an increased systemic
release of sCD147 in patients with AS, already
characterized by exacerbated secretion of MMP-
3, MMP-2/9 (29 - 31) and high expression of
CD147 on monocytes and lymphocytes (28).
Therefore, we evaluated the equilibrium between
some MMPs (MMP-2, MMP-9 and MMP-3)
and their regulators (sCD147, as inducer and
TIMP-1, as natural inhibitor) in AS patients. Ad-
ditionally, we focused on those subjects who had
a history of AAU in order to identify potential
biomarkers that might predict the evolution of
the disease. We report alteration of some investi-
gated biomarkers in pathological versus normal
conditions pointing out their association with
clinical features in AS patients.

Materials and Methods

Patients and controls

The study was conducted on forty patients
and controls. A group consisting of thirty AS pa-
tients with a history of AAU (AAU AS patients)
or without a history of AAU (WAAU AS patients)

were recruited and characterized in Department
of Rheumatology and Internal Medicine, Sf. Ma-
ria Clinical Hospital and Department of Oph-
thalmology, University Emergency Hospital,
Bucharest, Romania. The selection of patients
was based on New York criteria (32) modified in
1984 (33). Each patient was assessed for demo-
graphics (age, sex, and onset or disease duration)
and clinical criteria [i.e. impaired skeletal type:
axial and axial and peripheral type AS; presence
of sacroiliitis by X-ray or magnetic resonance
imaging (MRI); extra-articular manifestations:
AAU, diarrhea, psoriasis; nonspecific inflamma-
tory syndrome defined based on ESR, fibrinogen
(Fb) and CRP values; HLA-B27 serotype]. Also,
for each patient the scores for disease activity
BASDAI (34) and ASDAS (Ankylosing Spon-
dylitis Disease Activity Score) (35) as well as
for function BASFI (36) were calculated. During
the period of investigation the patients received
different types of therapies consisting of non
biological [nonsteroidal anti-inflammatory drugs
(NSAIDs), Sulphasalazine (SSZ)], and/or bio-
logical drugs [Infliximab (INF), Adalimumab
(ADA), Etanercept (ETA), Golimumab (GOL)].
Tables I illustrate demographic, clinical and lab-
oratory (A to C) features and the therapy (D) of
studied AS patients. A suitable age and gender
control group consisting of ten healthy volun-
teer donors (HDs) was formed. The study was
approved by the Ethics Committee of the insti-
tutions involved according to the World Medical
Association Declaration of Helsinki, revised in
2000, Edinburgh. Informed consent of all pa-
tients was obtained.

Serum samples

Peripheral blood obtained by venipuncture
was collected from AS patients and HDs. After
clotting, blood was centrifuged at 420 g and the
obtained sera were stored at - 80° C until pro-
cessing.
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Table 1. Demographic, clinical and laboratory features of AS patients

A. B.
i Pati Arbi G i Patient Arbit
Characteristics Gr.oup.lng atients rbitrary Characteristics r(?upl.ng atients rbitrary
criteria*® (No.) scores** criteria (No.) scores
Age >43.5 15 - Articular manifestations
(years) <435 15 - v&;th/;itho;lt 28/ i
ra
F 2 - Sacroiliitis Y2
Sex M 28 with/without 228
: ' (by MRI)
Duration of
disease >9.5 15 - Extra-articular manifestations
(years) <95 15 - AAU with 14 2
with 9 2 without 16
Axial i -
without 21 1 Diarrhea \.’Vlth 1
without 29 -
Axial/Perioheral with 19 2 with 0 .
xial/Periphera iagi
without 11 1 Psoriasis without 30 -
*Values of grouping criteria are based on the median value
calculated for each characteristic. **For Spearman’s rank
correlation, some of the clinical and laboratory biomarkers
have received arbitrary scores.
C. D.
G . . Pati Arbi
Characteristics r(?up 1.ng Patients (No.) Therapy Gr(?upling atients rbitrary
criteria criteria (No.) scores®
Inflammatory syndrome non biologic
>30 8 yes 14 2
ESR (mm/h) NSAIDs
>
Fb (mg/dl) 200 X ss7 yes 11 2
> no 19 1
CRP (mg/1) 2 2
<2 3 bi .
iologic
Gene phenotype
iti es 14 2
HLA-B27 positive 28 INF Y
negative 2 no 16 1
Index yes 5 )
> 5 7 ADA
BASDAI 4-5 3 no 25 !
<4 20 GOL yes 1 2
>3.5 6 no 29 1
2.1-35 9
ASDAS 13-21 9 HTA yes 3 2
<13 6 no 27 1
>6.5 5 *For Spearman’s analysis, depending on the presence or
BASFI 45-6.5 3 absence of each type of therapy, patients received arbitrary

<4.5 22 scores: 1 (without a therapy type) and 2 (with a therapy type).
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Assessment of sCD147, MMP-3 and

TIMP-1 biomarkers by ELISA

The evaluation of sCD147, MMP-3 and
TIMP-1 levels in human sera (AS patients and
HDs) was performed using ELISA commercial
kits [Quantikine Human EMMPRIN Immuno-
assay, Quantikine Human Total MMP-3 Immu-
noassay and Quantikine Human TIMP-1 Immu-
noassay (R&D Systems, Minneapolis, USA)]
according to manufacturer’s instructions.

Assessment of MMP-2 and MMP-9 activity

by gelatin zymography

Semi-quantitative evaluation of MMP-2
and MMP-9 activity was done using the previ-
ously described method of gelatin zymography
(37). Briefly, serum proteins were resolved by
8% SDS-PAGE gel containing 1% gelatin. Af-
ter electrophoresis, gels were incubated in a
substrate solution and stained with Coomassie
Brilliant Blue R. After staining, the zymo-
grams were scanned and densitometry analysis
was performed using TotalLab v1.11 software.
MMPs enzyme activity was expressed as Arbi-
trary Units (AU) divided by 10%.

Statistical analyses

The significance of the differences between
AS patients and HDs or between different sub-
groups of AS patients was based on the probabil-
ity (p) value calculated by Mann-Whitney U test.
A p value < 0.050 was considered as significant.
Spearman’s coefficients (r) were also calculated
to evaluate the association between clinical, lab-
oratory and experimental biomarkers. A correla-
tion coefficient [r] > 0.5 with a p < 0.050 was
considered significant.

Results

The activity of MMP-2 and MMP-9 in sera

of AS patients and HDs

A typical image of substrate zymography
performed on sera from AAU AS and wAAU AS

patients and HDs is presented in Figure 1. Both
the active (a) and latent (1) forms of gelatinas-
es were identified for MMP-9 while for MMP-2
only the latent form (IMMP-2) was present. As
the two forms of the MMP-9 gelatinase were not
clearly delimited the activity of total MMP-9
(tMMP-9) was evaluated by densitometry. The
results of zymograms analysis for all AS patients
and HDs are presented in Table 2. Both gelati-
nases have a higher activity in AS patient sera
compared to HDs sera, but the differences are
not statistically significant. Furthermore, there
is no statistically significant difference between
AAU AS and wAAU AS patients regarding
MMP-2 and MMP-9 activities.

The level of MMP-3 in sera of AS patients

and HDs

We assessed the level of MMP-3 in sera of
AS patients and HDs and the results are present-
ed in Figure 2a. Indeed, ELISA results show that
the serum MMP-3 level is significantly increased
in AS patients compared to HDs (p = 0.002),

Figure 1. MMP-2 and MMP-9 activity in AS and
HDs sera. Sera from three AAU AS patients (lines
1-3), two wAAU AS patients (lines 5 and 6), two
HDs (lines 7 and 8) and fetal calf serum (C, line 4,
as source of latent and active forms of MMP-2 and
MMP-9) were analyzed by gelatin zymography
as described in Material and Methods caption. The
positions of active (a) and latent (1) forms of enzymes
are indicated in the figure by arrows.
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Table 2. IMMP-2 and tMMP-9 activity in AS patients and HDs. Sera from AS patients and HDs were analyzed
for IMMP-2 and tMMP-9 activity by gelatin zymography. The results of zymograms densitometry are presented
as median and range for each gelatinase and each investigated group of AS patients (AS, AAU AS”, wAAU AS
and HDs).

Group tMMP-9 activity (AU/10°) IMMP-2 activity (AU/10%)
AS 760.62 (139.77-1876.09) 78.83 (32.66-171.40)
AAU AS 710.56 (139.77-1737.32) 85.44 (32.66-155.35)
wAAU AS 787.04 (292.02-1876.09) 75.98 (38.73-171.4)
HDs 478.65 (90.83-1127.70) 69.33 (39.71-104.70)
30.00 30.00
7000 @ & - b. _
z " AAU 25.00 " AAU
Aﬁom " wAAU i EwAAU
E "HDs  E 20.00 1t HDs
£ 2
< 40.00 - E 15.00
% 30.00 - B 1000
20.00 -
10.00 - =
0.00 0.00 -
300
c EAS
250 " AAU
EwAAU
200 - 1 HDs

TIMP-1 (ng/ml)
g 3

4

-}

Figure 2. The level of MMP-3, sCD147 and TIMP-1 in AS and HDs sera. Sera from fourteen AAU AS and
sixteen WAAU AS patients and ten HDs were analyzed by ELISA for the level of MMP-3 (a), sCD147 (b) and
TIMP-1 (c). The figure includes mean values and the error bars for standard deviations (SD) calculated for each
investigated group.



486 Revista Romdna de Medicina de Laborator Vol. 22, Nr. 4, Decembrie, 2014

regardless of AAU history (p = 0.019 for AAU
AS patients vs. HDs and p = 0.001 for wAAU
AS patients vs. HDs). It is important to mention
that MMP-3 level does not differentiate between
AAU and wAAU AS patients.

The level of sCD147 in sera of AS patients

and HDs

The level of sCD147 was also evaluated in
order to emphasize whether a possible disorder
at this level may be associated with AAU histo-
ry in AS patients. As displayed in Figure 2b, AS
patients have significantly higher serum sCD147
levels than HDs (p = 0.036). However, consid-
ering AAU history, only wAAU AS patients
have significantly higher level of sCD147 than
HDs (p = 0.0002) while AAU AS patients have
comparable serum sCD147 level with HDs (p =

0.940). Furthermore, the level of sCD147 is sig-
nificantly lower in sera of AAU AS patients than
in sera of WAAU AS patients (p = 0.001).

The level of TIMP-1 in sera of AS patients

and HDs

TIMP-1 is one of the most important inhibi-
tors of MMP-3 and MMP-9; therefore we eval-
uated its level in AS patient and HDs sera. The
results of ELISA are presented in Figure 2c. Se-
rum level of TIMP-1 for all investigated AS pa-
tients is significantly higher compared with HDs
(p = 0.017 for AS patients vs. HDs, p = 0.040
for AAU AS patients vs. HDs and, p = 0.025 for
wAAU AS patients vs. HDs) and does not dif-
ferentiate between AAU AS and wAAU AS pa-
tients (p > 0.05).

Table 3. The balance between MMP-2, -3 or -9 and sCD147 in AS patients and HDs. The ratios between MMP-
2, -3 or -9 and sCD147 were calculated for each individual. Median and range of the ratios for each investigated
group (A) and statistically significant differences between AS patients and HDs or between the groups of AS

patients are presented (B).

A.
Group tMMP-9/ IMMP-2/ MMP-3/
sCD147 sCD147 sCD147
AS 49.87 (8.98-203.33) 5.15 (1.62-11) 1.18 (0.15-10.95)
AAU AS 51.84 (15.48-203.33) 7.1 (2.8-11) 1.16 (0.15-10.95)
wAAU AS 46.74 (8.98-88.32) 4.11 (1.62-7.58) 1.3 (0.29-5.12)
HDs 37.63 (6.56-78.86) 5.16 (2.87-7.74) 0.62 (0.22-0.74)
B.
Mann-Whitney IMMP-2/ tMMP-9/ MMP-3/
Group
U test sCD147 sCD147 sCD147
AS vs. HDs P 0.574 0.684 0.007
AAU AS vs. HDs P 0.277 0.526 0.008
wAAU AS vs. HDs P 0.049 0.920 0.025
AAU AS vs. WAAU AS P 0.007 0.547 0.786
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The relationship between MMPs and

sCD147 in AS patients and HDs

Animportant number of papers discussing the
physiological and pathological roles of CD147
and MMPs interplay were published. Based on
these, we analyzed the balance between IMMP-
2, MMP-3 or tMMP-9 and sCD147 taking into
consideration the results generated by the val-
ues of IMMP-2/sCD147, MMP-3/sCD147 and
tMMP-9/sCD147 ratios (Table 34). The highest
values of these three ratios are identified in AAU
AS patients. Among these ratios, only IMMP-2/
sCD147 ratio significantly differentiates AAU
AS from wAAU AS patients (7able 3B). MMP-
3/sCD147 ratio appears as an important param-
eter to distinguish AS patients with or without
AAU from HDs, while tMMP-9/sCD147 ratio
does not differentiate between the compared
groups of subjects.

The relationship between MMPs and

TIMP-1 in AS patients and HDs

We compared AS patients with HDs regard-
ing the ratios MMP-3/TIMP-1 and tMMP-9/
TIMP-1 in order to evaluate the equilibrium
between these two MMPs and their specific in-
hibitor. The results of this analysis are presented
in Table 4. MMP-3/TIMP-1 ratio is statistically
significantly higher in AS patients group (p =
0.002) or in AAU AS (p = 0.008) and wAAU AS

Table 4. The balance between MMP-3 or MMP-
9 and TIMP-1 in AS patients and HDs. The ratios
between MMP-9 or MMP-3 and TIMP-1 were
calculated for each investigated individual. Median
and range of the ratios for each investigated group
are presented.

Group tMMP-9/ MMP-3/
TIMP-1 TIMP-1

AS 2.97 (0.69-8.69) 0.1 (0.01-0.43)

AAU AS 2.61 (0.69-8.69) 0.09 (0.01-0.43)

wAAU AS 3.25 (1.56-8.56) 0.12 (0.03-0.37)

HDs 2.93(0.48-5.31) 0.04 (0.02-0.06)

(» = 0.002) patient groups than in HDs group,
while tMMP-9/TIMP-1 ratio is comparable be-
tween the groups.

Clinical variables that make the difference

between AAU AS and wAAU AS patients

Our results showed that in AS population the
occurrence of axial and peripheral type of dis-
ease directly correlates with BASDAI (r = 0.454,
p = 0.012) and BASFI (r = 0.488, p = 0.006).
In concordance with these observations, the
same variables differentiate between AAU AS
and wAAU AS patients. As displayed in Table 5
BASDALI and BASFI are significantly higher in
AAU AS compared to wAAU AS patients.

Correlations between experimental bio-

markers and clinical variables of AS pa-

tients

To evaluate whether any of the analyzed bio-
markers are related to the existence of AAU in
the history of AS patients, the experimental bio-
markers were correlated, using Spearman’s rank
correlation test, with the variables currently used
for AS patients characterization [axial or axial
and peripheral type, the presence or absence of
AAU in AS patients history, inflammation mark-
ers (ESR, Fb, and CRP), BASDAI, ASDAS and
BASFI and therapy]. Therefore, based on the
presence or absence of certain clinical variable

Table 5. Statistically significant differences bet-
ween AAU AS and wAAU AS patient groups. AS
patients were divided based on their history of AAU
and using Mann-Whitney U test the differences
between clinical variables of AS patient groups were
identified.

Group BASDAI BASFI
AAU AS 433 (1.5-9.60)  4.75 (0.4-8.00)
WAAU AS 2.15 (0-6.60) 2.1 (0-4.50)
AAUAS vs. 0.002 0.002

wAAU AS (p)
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or therapy type, each patient received arbitrary
scores (see Tables 1). Thus, in AS population
the serum sCD147 level indirectly correlated
with the history of AAU (r = -0.625, p = 0.001)
while IMMP-2/sCD147 ratio directly correlated
with the existence of AAU in the history of AS
patients (r = 0.502, p = 0.005). For AS patients
group, other two additional nearly-significant di-
rect correlations were identified: serum MMP-3
level directly correlated with Fb level (r = 0.486,
p =0.006) and serum TIMP-1 level directly cor-
related with CRP level (r = 0.493, p = 0.006).
When the AS patients group was divided based
on a history of AAU, significant correlations
were revealed. Thus, in the AAU AS patients
group TIMP-1 level directly correlated with
CRP level (r = 0.670, p = 0.009) and tMMP-9/
sCD147 ratio directly correlated with Fb level (r
=0.649, p = 0.012). In the wAAU AS patients
group serum MMP-3 level or MMP-3/sCD147
and MMP-3/TIMP-1 ratios directly correlated
with Fb level (r = 0.652, p = 0.006; r = 0.662, p
=0.005 and r = 0.632, p = 0.009, respectively).
In AS patients, the classical inflammation
biomarkers (ESR, CRP, Fb) correlated with each
other (data not shown). A nearly significant di-

rect correlation between CRP and ASDAS val-
ues (r = 0.478, p = 0.007) was found. When AS
patients were divided in two subgroups accord-
ing to CRP values, the subgroup of AS with
abnormal CRP values (> 2 mg/l) presented the
highest median values of ASDAS [2.10 (0.20-
2.50) vs. 1.40 (0.70-1.80)]. Besides ASDAS any
other characteristic of AS patients, including the
presence of AAU, did not correlate with any of
the inflammation markers. The same analysis
was performed for AS patients with or without a
history of AAU. This showed that both ESR and
Fb values directly correlated with BASDAI val-
ues in WAAU AS patients (r = 0.531, p = 0.042;
r = 0.497, p = 0.050, respectively), while CRP
values directly correlated with ASDAS values
(r=10.742, p = 0.001) in these subgroups of AS
patients. In AAU AS patients an indirect correla-
tion between Fb level and disease duration was
identified (r =-0.570, p = 0.034).

Regarding possible associations with the
therapy, three nearly significant direct correla-
tions between SSZ therapy and MMP-3, MMP-
3/TIMP-1 or MMP-3/sCD147 values were found
(r=0.404,p=0.027,r=0.420,p=0.021 and r =
0.396, p=0.030, respectively). Thus, AS patients

Table 6. Correlation between features of AS patients and type of therapy. Using Speraman’s rank correlation
the correlations between clinical and paraclinical biomarkers of AS patients and type of therapy were established.

Spearman’s rank ESR CRP
Th t BASDAI
erapy ype correlation (mm/h) (mg/l) S BASFL ASDAS
r 0.408 0.364 0.512
SSZ
P 0.025 0.048 0.004
r 0.376 0.482
NSAID + SSZ
P 0.041 0.007
r 0.483
INF
P 0.007
r -0.383
ADA
)4 0.037
non biologic + r 0.378 0.413
biologic therapy P 0.040 0.023
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with SSZ therapy compared to those without
SSZ therapy presented the highest median val-
ues of MMP-3 [25.45 ng/ml (11.17-126.87 ng/
ml) vs. 18.26 ng/ml (3.13-71.86 ng/ml)]), MMP-
3/TIMP-1 [0.12 (0.06-0.43) vs. 0.08 (0.01-0.26)]
and of MMP-3/sCD147 [2.37 (0.34-10.95) vs.
1.15 (0.15-3.73)] (»p = 0.031, p = 0.023 and p
= 0.034, respectively, by Mann-Whitney U test).
Furthermore, other direct correlations between
SSZ therapy and AS severity (evaluated by BAS-
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DAI, BASFI and ASDAS) were found (7able 6).
Thus, AS patients with SSZ therapy compared
to those without SSZ therapy presented the most
increased values for BASDAI, BASFI and AS-
DAS (Figure 3a) (p = 0.029, p = 0.051 and p =
0.006, respectively, by Mann-Whitney U test). A
combination of NSAID and SSZ was associated
with high values of CRP and ASDAS (Figure 3b
and Table 6). INF therapy was directly correlated
with ESR values (Figure 3¢ and Table 6) while
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Figure 3. Relationship between clinical or para-
clinical features of AS patients and therapy.
AS patients were subgrouped depending on non
biologic (NSAID or/and SSZ) or biologic (anti-TNF)
therapy received by patients during the experimental
investigation. The figure presents mean values + SD
of some of clinical and paraclinical biomarkers that
statistically made the difference between treated (with
therapy) and untreated (without therapy) AS patients.
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ADA therapy was associated with low levels of
ESR (Figure 3d and Table 6). Other two nearly
significant direct correlations between complex
(non-biologic plus biologic) therapy and ESR
and CRP values in AS patients were identified
(Figure 3e and Table 6).

The same analysis was performed for AAU
AS and wAAU AS patients. The statistically
significant results are presented in Tables 7. As
displayed in Table 74, NSAID therapy was as-
sociated with high values of CRP in AAU AS
patients. In contrast, SSZ or the combination of
SSZ and NSAID therapy in wAAU AS patients
directly correlated with BASFI, ASDAS and
CRP and indirectly correlated with disease dura-
tion (7able 74). In AAU AS patients, statistically
significant correlations were found between SSZ
therapy and MMP-3 levels or MMP-3/TIMP-1
ratio values (r = 0.585, p = 0.028; r = 0.585, p
= 0.027, respectively) as well as between INF
or complex therapy (non-biologic plus biologic
therapy) and ESR values, or between complex
therapy and CRP values (7Table 7B). In wAAU
AS patients, ADA therapy appeared to have a
special feature because it inversely correlated
with all classical inflammation markers (7able
7B). An inverse correlation between biologic
therapy scores and MMP-3/TIMP-1 ratio val-
ues was also identified in AAU AS patients (r =
-0.592, p = 0.026).

Discussion

The investigation of MMPs / inducer / inhib-
itor axis in AS patients was conducted in order
to identify biomarkers involved in the evolution
of AS patients with a history of AAU. This idea
was generated by the observation that AAU AS
patients seem to have a more rapid evolution of
the disease (9). The results of Chen et al., on 146
Chinese AS patients in Taiwan, suggested that
the presence of AAU in AS patients is associat-
ed with higher disease activity (BASDAI), poor

functional ability and advanced physical impair-
ment (BASFI) (38). Recently, another group of
investigators showed on 159 patients with AS a
relationship between the history of uveitis and
AS disease activity (BASDAI) (not statistically
significant) and functional impairment (BAS-
FI) (statistically significant) (39). We also tried
to obtain a broader picture of the mechanisms
that regulate the activity / production of MMPs
at systemic level, by sCD147 and TIMP, in AS
patients.

In accordance with previously published
data, our results showed an increased activity/
level of some MMPs in the sera of AS patients
comparing to HDs sera. Thus, the activity of
both MMP-2 and MMP-9 was higher in AS pa-
tients than in HDs, even if the differences were
not statistically significant for our population of
AS patients. Moreover, this augmentation was
independent of AAU occurrence in the history of
AS patients. Earlier reports showed significantly
increased releasing of MMP-2 and/or MMP-9 in
the serum/plasma of AS patients (30, 31). These
discrepancies may arise from what and how was
analyzed, or from the therapy impact on the lev-
el/activity of MMPs; in our study most of the
patients received anti-TNF therapy during the
evaluation period, drugs previously reported to
associate with MMPs reduction (40). However,
the serum level of MMP-3, in accordance with
previous observations (41), seems to be a good
biomarker for differentiating AS patients from
HDs, but an episode of AAU in the history of AS
patients does not seem to have a decisive role
in maintaining over time an augmented level of
MMP-3.

Multiple evidences demonstrated the roles of
CD147 and/or sCD147 in regulation of MMPs
expression/secretion both in normal and patho-
logical processes (18, 26-28, 42, 43). There-
fore, in a next step, we examined the level of
sCD147 in AS patient and HDs sera. Our results
demonstrated that the levels of sCD147 were
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Table 7. Correlation between features of AAU and wAAU AS patients and type of therapy. Using Speraman’s
rank correlation the correlations between clinical and paraclinical biomarkers of AAU and wAAU AS patients and

type of therapy were established.

A.
Spearman’s rank Disease CRP
Therapy type Group P X duration BASFI  ASDAS
correlation (mg/l)
(years)
T 0.537
AAU
NSAID D 0.048
WAAU -
p
AAU ;
882 WAAU T -0.519 0.501 0.659 0.532
p 0.039 0.048 0.006 0.034
AAU ;
+
NSAID + 852 WAAU r -0.519 0.501 0.659 0.532
p 0.039 0.048 0.006 0.034
B.
Spearman’s rank ESR
Therapy type Group correlation (mm/h) CRP (mg/l) Fb (mg/dl)
AAU r 0.674
p 0.008
INF
r
wAAU
p
r
AAU
ADA P
AAU r -0.517 -0.501 -0.564
w
p 0.040 0.048 0.023
AAU r 0.538 0.645
non biologic + p 0.047 0.013
biologic therapy T
wAAU
p

abnormally elevated in the sera of wAAU AS
patients. Unfortunately, there is no information
regarding MT1-MMP level or microvesicle con-
taining sCD147 in AS to explain their possible
involvement in increasing the level of sCD147

in wAAU AS patients. However, if we consid-
er the significant role of TNF-a in the induction
of MT1-MMP at mRNA and protein level (44),
this enzyme is expected to be overexpressed in
AS and to contribute to sCD147 cleavage and
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releasing. Serum sCD 147 may be a valuable bio-
marker for AS characterization since it differen-
tiates between AAU AS and wAAU AS patients.
The sera of AAU AS patients exhibited low (<
9 ng/ml, 4 patients), normal (9 - 14 ng/ml, 5 pa-
tients) or high (> 14 ng/ml, 5 patients) levels of
sCD147 while each wAAU AS patient displayed
high sCD147 level (> 14 ng/ml). Based on liter-
ature data (20, 21) we assume that an excessive
degradation of the extracellular matrix and tissue
destruction may occur when there is a concomi-
tant over-releasing of sCD147 and MMPs. Con-
versely, when sCD147 is released at normal lev-
els, wound healing may occur. We consider that
downregulation of sCD147 in AAU AS patients
could also have other pathological consequenc-
es. AAU AS patients exhibit a significant imbal-
ance between MMP-2 activity and the level of
circulating sCD147, IMMP-2/sCD147 ratio be-
ing more increased in this group of patients than
in wAAU AS patient or HDs groups. In contrast,
wAAU AS patients exhibit a significant imbal-
ance between circulating levels of MMP-3 and
sCD147, their MMP-3/sCD147 ratio being low-
er than in AAU AS patients and higher than in
HDs. These observations suggest impairment of
at least one of the mechanisms involved in main-
taining sCD147 / MMPs homeostasis in AS.

To maintain homeostasis, not only the rela-
tionship between MMPs and their inducers plays
an important role but also the balance between
MMPs and their natural inhibitors (45). Our re-
sults demonstrated increased levels of TIMP-1
in AS patients compared to HDs. An earlier pa-
per reported unchanged TIMP-1 levels in the
aqueous humor of patients with uveitis (12), sug-
gesting that an episode of uveitis in AS patients
history might not influence TIMP-1 level, as our
results showed. The balance between MMPs and
its natural inhibitor TIMP-1 seems to be dys-
functional in AS patients irrespective of their
AAU history. This suggests that, even if TIMP-
1 level is increased in the sera of AS patients it

is not enough to compensate for the exacerbated
production of MMPs.

The correlations between experimental bio-
markers and clinical variables, identified in our
study, suggested that if in wAAU AS patients Fb
exacerbated production contributes to augmen-
tation of MMP-3 release, in AAU AS patients
high levels of CRP induce increased release of
TIMP-1 at systemic level. The correlation with
Fb level was not unexpected since other groups
of researchers have already demonstrated Fb
role in cell activation and subsequently in MMPs
production (46) Furthermore, Tarhini et al. (47)
demonstrated a relationship between TIMP-1
and CRP; these biomarkers by their multiple
activities have significant prognostic capacity in
patients with melanoma. These results underline
the potential role of inflammation mediators (Fb
and CRP) in the dysregulation of the balance be-
tween MMPs inducer, MMPs and MMPs inhib-
itors which contribute to chronic inflammation
and tissue damage in AS patients. As noted, if
cellular CD147 expression seems to be associ-
ated with the inflammation markers (ESR and
CRP) (28), at systemic level, Fb appears to be as-
sociated with impaired balance between MMP-3
and sCD147. The correlations between clinical
variables, revealed especially the relationship
between CRP and ASDAS since this disease
activity score is established taking into account
CRP value (35). Only for wAAU AS patients the
role of ESR or Fb on disease gravity was empha-
sized by direct correlations with BASDALI, while
for AAU AS patients Fb levels seemed to be in
an indirect relationship with disease duration.

Our results provide additional arguments to
the existing data or approach directions that un-
til now have not been explored in extra-articular
complications of AS, such as AAU. Consistent
with the results of other groups of investigators
(9, 38, 39, 48), our data emphasize the existence
of elevated values of BASDAI and BASFI in
AAU AS patients suggesting that these patients
develop a more aggressive disease than wAAU
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AS patients. For the first time, we identified
MMP-2/sCD147 ratio as a new variable to better
characterize AAU AS patients. Altogether, our
data suggest that the identification of abnormal-
ities in sCD147 / MMPs / TIMPs axis together
with BASDAI and BASFI evaluation might be
useful tools for clinicians to predict and to mon-
itor the disease evolution in AS patients, espe-
cially in those with a AAU history. On the other
hand, positive or negative correlations between
some clinical (BASFI, ASDAS, ESR and CRP)
and experimental (MMP-3, MMP-3/TIMP-1
and MMP-3/sCD147) variables in AS patients
receiving anti-inflammatory or biologic thera-
py suggest the requirement of a more complex
biological evaluation of AS patients in order to
monitor the effectiveness of therapy.
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AS - Ankylosing Spondylitis

NOS-2 - Nitric Oxide Synthase-2

MMPs - Matrix Metalloproteinases
EMMPRIN/CD147 - Extracellular Matrix
Metalloproteinases Inducer/CD147

TIMPs - Tissue Inhibitors of Matrix Metallopro-
teinases

AAU - Acute Anterior Uveitis

HDs - Healthy Donors

ELISA - Enzyme-Linked Immunosorbent Assay
sCD147 - soluble CD147

HLA-B27 - Human Leukocytes Antigen-B27
MHC - Major Histocompatibility Complex
IL-23R - Interleukine-23 receptor

ERAP1 - endoplasmic reticulum aminopepti-
dase 1

ANTXR?2 - Anthrax toxin receptor 2

CARD?9 - Caspase recruitment domain-contain-
ing protein 9

IL-1R - Interleukin-1 receptor

TLR-4 - Toll-Like Receptor-4

BASDALI - Bath Ankylosing Spondylitis Disease
Activity Index

BASFI - Bath Ankylosing Spondylitis Function-
al Index

TNF-a - Tumor Necrosis Factor-a

IFN-y - Interferon-y

IL-1a - Interleukine-1a

MCTI, 3 and 4 - Monocarboxylate Transporter
1,3 and 4

EGF - Epidermal Growth Factor

TGF-B - Transforming Growth Factor-3

MEK - Mitogen-activated protein kinase
MTI1-MMP - Membrane-typel-Matrix Metallo-
proteinase

CRP - C-Reactive Protein

ESR - Erythrocyte Sedimentation Rate

AAU AS - AS patients with a history of AAU
wAAU AS - AS patients without a history of
AAU

MRI - Magnetic Resonance Imaging

Fb - Fibrinogen

ASDAS - Ankylosing Spondylitis Disease Ac-
tivity Score

NSAIDs - nonsteroidal anti-inflammatory drugs
SSZ - Sulphasalazine

INF - Infliximab

ADA - Adalimumab

ETA - Etanercept

GOL - Golimumab

SDS-PAGE - Sodium Dodecyl Sulfate-Poly-
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acrylamide Gel Electrophoresis
IMMP - latent MMP form

aMMP - active MMP form

tMMP - total MMP

mRNA - messenger Ribonucleic Acid
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