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Abstract 

Recent evidence suggests that matrix 

metalloproteinases (MMPs) are involved in 

pathogenesis of Lyme borreliosis (LB). We studied 

serum levels of MMP-8 and MMP-9 in disseminated 

LB patients with special reference to arthritis. 

Serum MMP-8 and-9 levels were analyzed by 

enzyme-linked immunoabsorbent assay from 110 

patients from our previous multicenter, prospective 

study. Serum samples were taken before betalactam 

antibiotic treatment at study entry and after 

antibiotic treatment, at 1 year follow-up. 

Among disseminated LB patients (n = 110) mean 

(± SEM) serum MMP-8 and -9 levels (ng/ml) at study 

entry were statistically significantly higher than at 1 

year follow-up (28.0 ± 1.9 versus 23.1 ± 1.6, P = 

0.0313 and 398.0 ± 22.7 vs. 334.3 ± 23.6, P = 0.0219, 

respectively). Among Lyme arthritis (LA) patients (n 

= 34) at study entry serum MMP-8, but not MMP-9, 

levels decreased significantly when compared to 

serum levels of those at 1 year follow-up (35.7 ± 4.4 

vs. 22.4 ± 2.3, P = 0.0093 and 398.6 ± 44.1 vs. 297.8 ± 

40.3, P = 0.0505, respectively). The mean (± SEM) 

serum levels (ng/ml) of MMP-8 were significantly 

higher after betalactam antibiotic treatment at 1 

year follow-up among antibiotic resistant LA 

patients with poor response than among those LA 

patients who were totally recovered (32.8 ± 6.4 vs. 

20.1 ± 2.3, P = 0.0376). In contrast, the mean (± 

SEM) serum levels (ng/ml) of MMP-9 of antibiotic 

resistant LA patients showed no statistical significant 

difference when compared to those LA patients who 

were totally recovered at 1 year follow-up (297.8 ± 

40.3 vs. 396.8 ± 93.9, P = 0.80). 

In conclusion, our results suggest that serum 

MMP-8 levels are excessively upregulated in 

disseminated LB contributing to inflammatory 

response, and related to persistent joint symptoms. 

This novel finding may offer in the future new 

laboratory possibilities to diagnose patients with 

persistent symptoms after betalactam antibiotic 

treatment. In addition the present findings suggest 

that to improve the outcome of disseminated 

borreliosis, the therapy of disseminated LB should 

include MMP-8 inhibitor such as doxycycline, 

possibly in combination therapy such as a 

combination of ceftriaxone and doxycycline. 
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Abbreviations 

B. burgdorferi    Borrelia burgdorferi 

CMT             Chemically modified tetracyclines 

ELISA             Enzyme-linked immunoabsorbent assay 

EM             Erythema migrans  

HNE             Neutrophil elastase 

LA             Lyme arthritis 

LB             Lyme borreliosis  

MMP             Matrix metalloproteinase 

MMP-1             Matrix metalloproteinase-1 

MMP-2             Matrix metalloproteinase-2 

MMP-3             Matrix metalloproteinase-3 

MMP-8             Matrix metalloproteinase-8 

MMP-9             Matrix metalloproteinase-9 

MMP-10            Matrix metalloproteinase-10 

MMP-13            Matrix metalloproteinase-13 

MMP-19            Matrix metalloproteinase-19 

MPO             Myeloperoxidase 

SEM             Standard error of mean 

VAS             Visual analog scale 

 

1. Introduction 

Lyme disease is an infection caused by a tick-borne 

spirochete, Borrelia burgdorferi [1]. After tick bite B. 

burgdorferi spreads in the skin to form Erythema 

migrans (EM) lesions and then disseminates to other 

organs. Matrix metalloproteinases (MMPs) are induced 

by host cells in response to B. burgdorferi [2]. It has 

been suggested that MMPs may play a role in the 

pathogenesis of borrelia infection [2, 3]. The MMP 

upregulation may play a role in the dissemination of the 

organism through extracellular matrix tissues resulting 

in the destructive pathology [3]. MMP-9 (matrix 

metalloproteinase-9) has been identified in the 

cerebrospinal fluid of patients with neuroborreliosis [4]. 

MMP-9 has been shown to be selectively upregulated in 

the erythema migrans skin lesions of patients with acute 

Lyme disease [5]. MMP-9 levels were markedly 

elevated in serum from patients with acute Lyme disease 

suggesting that bacterial induction of host proteases may 

be involved in the dissemination of B. burgdorferi [5]. 

However, recent data does not support the view that 

MMPs contribute to the dissemination of borreliosis [6]. 

The cause of persistent joint symptoms in patients 

with Lyme borreliosis (LB) who have received standard 

antibiotic therapy remains an area of debate [7-10]. 

MMP-1, MMP-3, MMP-8 and -9 have been found in 

synovial fluid of Lyme arthritis (LA) patients [7]. 

Different MMPs (MMP-1, 2, -3,-10, -13, and -19) have 

been shown to be induced in different ways in human 

and murine LA [3, 11]. Lin and colleagues [7] found 

that the levels of synovial MMPs, also MMP-8, were 

significantly higher in antibiotic treatment resistant 

patients. However, to our knowledge serum levels of 

MMP-8 has not been studied previously in disseminated 

LB. We set up this work to study the serum levels of 

MMP-8 and -9 and their oxidative and proteolytic 

regulators, myeloperoxidase (MPO) and neutrophil 

elastase (HNE) respectively, in disseminated LB with 

special reference to arthritis before betalactam-

antimicrobial chemotherapy and after betalactam-

antibiotic treatment, at 1 year follow-up. 

 

2. Patients and methods 

2.1. Patients and study design. This study is a part of 

our previous study, which was a prospective, 

multicentre study of disseminated LB in Finland 

concerning the treatment with betalactam antibiotics 

(three weeks ceftriaxone followed placebo controlled 

amoxicillin for 100 days) and outcome [12]. 110 

patients of that study had consent and serum samples 

taken for analysis of MMP and their regulators. Serum 

samples for MMP and their regulators analysis were 

taken at entry to study as well at 1 year follow-up. The 

clinical response after betalactam antibiotics was 

verified by VAS (visual analog scale) as described 

earlier in our work [12]. Good response is defined as LA 

patient having no symptoms and signs at 1 year follow-

up measured by VAS (visual analog scale) and 

respectively poor response is defined as LA patients 

having symptoms and signs according to VAS scale at 1 

year follow-up. The study protocol was approved by the 

local Ethical Committee. Patients gave a written 

informed consent to the study. 

2.2. Enzyme-linked immunoabsorbent assay 

(ELISA). Serum levels of MMP-8, -and -9 as well as 

MPO and HNE were analyzed by an enzyme-linked 

immunoabsorbent assay (ELISA) as described earlier 

[13, 14]. 

2.3. Statistics. Data were analyzed by using GraphPad 

Prism version 4.0 (GraphPad Inc, San Diego, California, 

USA). Data of two groups were compared by the paired 

t-test, Willcoxon rank sum test or unpaired t-test. The 

results are presented as mean (± SEM) or as median 

(25%-75% percentile). A P-value less than 0·05 was 

considered statistically significant. 



BIO © [2012], Copyright CCAAS                                                                                             Anneli Lauhio, et. al., BIO 2012, 2, 68-74 

70 
http://ccaasmag.org/BIO 

3. Results 

Among disseminated LB patients (n = 110) mean (± 

SEM) serum MMP-8 levels (ng/ml) at study entry were 

statistically significantly higher than at 1 year follow-up 

(28.0 ± 1.9 versus 23.1 ± 1.6, P = 0.0313) (Fig. 1). 

Mean (± SEM) serum MMP-9 levels (ng/ml) of the 

patients with disseminated LB, were at study entry 

statistically significantly higher than at 1 year follow-up 

among disseminated LB patients (n = 110) (398.0 ± 22.7 

vs. 334.3 ± 23.6, P = 0.0219) (Fig.2). Median (25% – 

75% percentile) serum MPO (ng/ml) and HNE (ng/ml) 

of the disseminated LB patients (n= 110) at study entry 

when compared to those at recovery (1 year) showed no 

statistically significant difference (Table 1). 

 Mean serum (± SEM) MMP-8 levels (ng/ml) of 

patients with LA (n = 34) decreased statistically 

significantly when compared of the levels at study entry 

to those at 1 year follow-up (35.7 ± 4.4 vs. 22.4 ± 2.3, P 

= 0.0093) (Fig.3a). In contrast, mean (± SEM) serum 

MMP-9 levels (ng/ml) of LA patients (n = 34) 

decreased, but not statistically significantly when 

compared the serum level of the patients at study entry 

to those at 1 year follow-up (398.6 ± 44.1 vs. 297.8 ± 

40.3, P = 0.0505) (Fig.3b). 

The mean (± SEM) serum levels (ng/ml) of MMP-8 

were significantly higher after betalactam antibiotic 

treatment at 1 year follow-up among antibiotic resistant 

LA patients with poor response than among those LA 

patients who were totally recovered (32.8 ± 6.4 vs. 20.1 

± 2.3, P = 0.0376) (Fig.4a). The mean (± SEM) serum 

levels (ng/ml) of MMP-9 of antibiotic resistant LA 

patients showed no statistical significant difference 

when compared to those LA patients who were totally 

recovered at 1 year follow-up (297.8 ± 40.3 vs. 396.8 ± 

93.9, P = 0.80) (Fig.4b). 
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Figure 1. Mean (± SEM) serum MMP-8 levels (ng/ml) 

among disseminated LB patients (n = 110) at study 

entry were significantly higher (P = 0.0313) than at 1 

year follow-up. 
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Figure 2. Mean (± SEM) serum MMP-9 levels (ng/ml) 

at study entry were significantly higher (P = 0.0219) 

than at 1 year follow-up among disseminated LB 

patients (n = 110). 

 

Table 1. Serum MPO and HNE of disseminated LB patients (n = 110) at study entry and at 1 year follow-up. 

Disseminated LB patients (n = 110) 

                                                       At study entry     At 1 year follow-up         Statistical significance 

Serum MPO (ng/ml)                118.0 (63.78–210.1)        88.49 (51.35–222.3)          0.0657 

Serum HNE (ng/ml)                253.3 (156.9–382.1)     212.8 (143.6–327.3)           0.0506 

MPO = myeloperoxidase; HNE = human neutrophil elastase; Expressed as median (25%–75% percentile). 
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Figure 3. (a) Mean (± SEM) serum MMP-8 levels 

(ng/ml) of patients with LA (n = 34) decreased 

significantly (P = 0.0093) when compared to the serum 

MMP-8 levels (ng/ml) of LA patients at 1 year follow-

up.  (b) Mean (± SEM) serum MMP-9 levels (ng/ml) of 

LA patients (n = 34) decreased, but not significantly (P 

= 0.0505) when compared the serum levels of the 

patients at study entry to those at 1year follow-up. 

 

4. Discussion  

We demonstrated that serum MMP-8 and MMP-9 levels 

were significantly higher at study entry than at 1 year 

follow-up among disseminated LB patients (n = 110). In 

contrast, serum MPO and HNE levels of the 

disseminated LB patients at study entry when compared 

to those at 1 year follow-up showed no statistical 

significant differences. These findings suggest that 

excessive upregulation of both MMP-8 and MMP-9 in 

serum of disseminated LB patients before antibiotic 

therapy contributes to host inflammatory response 

indicating their important role in the pathogenesis of 

disseminated LB. 

We further found that among LA patients serum 

MMP-8 levels decreased significantly when compared 

the serum MMP-8 level of the patients at study entry to 

those at 1 year follow-up. Additionally serum MMP-8  
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P = 0.8000
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Figure 4. (a) Good response is defined as LA patient 

having no symptoms and signs at 1 year follow-up 

measured by VAS (visual analog scale) and respectively 

poor response is defined as LA patients having 

symptoms and signs according to VAS scale at 1 year 

follow-up. (a) Mean (± SEM) MMP-8 levels (ng/ml) 

among LA patients (n = 34) with good response is 

significantly higher than among those LA patients with 

poor response at 1 year follow-up; P=0.0376.  (b) Mean 

(± SEM) MMP- 9 levels (ng/ml) of LA patients (n = 34) 

with good and poor response at year follow-up, showed 

no significant difference; P=0.8000. 

 

levels were significantly higher after antibiotic treatment 

at 1 year follow-up among those patients who had poor 

response to given betalactam antibiotic treatment than 

among those LA patients who had good response and 

were totally recovered at 1 year follow-up. The present 

findings demonstrating the upregulation of serum MMP-

8 levels among betalactam antibiotic resistant patients is 

in agreement with and further extend previous results by 

Lin and co-workers [7] demonstrating that in antibiotic 

treatment resistant LA patients the synovial fluid MMP-

8 levels were significantly higher than among patients 

with good response. We also found that serum MMP-9 

levels of LA patients decreased, but not statistically 

significantly when compared the levels at study entry to 

those at 1 year follow-up. The results of this work 
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showing that up-regulation of MMP-8 is associated with 

poor outcome, suggest that inflammation persists in 

disseminated LB patients who are not fully recovered 

after betalactam antibiotics. 

Hu and co-workers [11] studied the involvement of 

MMPs in cartilage and bone erosions in LA. They 

examined synovial fluid from patients with LA for 

MMP-2, MMP-3 and MMP-9. MMPs were identified in 

the synovial fluids from patients with LA and these were 

induced from cartilage tissue by the presence of 

Borrelia burgdorferi. Cartilage destruction was 

measured by significant increase of glycosaminoglycan 

(GAG) and hydroxyproline release. The MMP inhibitor 

batimastat significantly reduced the GAG and 

hydroxyproline release and completely inhibited the 

collagen degradation. The authors concluded that 

inhibition of MMPs prevents B. burgdorferi-induced 

cartilage degradation. These findings also support the 

view that the therapy of disseminated LB should include 

MMP-inhibitor. The results of the present work 

demonstrating that upregulation of MMP-8 is associated 

with poor outcome further suggest that the therapy of 

disseminated LB should include also MMP-8 inhibitor. 

Doxycycline and other tetracycline group of antibiotics 

such as lymecycline have been shown to act as MMP-8 

inhibitor and down-regulator by several mechanisms 

both in vitro and in vivo [15-20]. On the basis of the 

present results together with findings by Hu and co-

workers [11] we suggest that doxycycline as MMP-8 

inhibitor should be included in the treatment of 

disseminated LB. 

There is no internationally accepted way to treat those 

disseminated LB patients, who have persisting 

symptoms after antibiotic treatment [8-10]. In a Finnish 

multicenter, prospective study regarding the treatment of 

disseminated LB it was found that by using betalactam 

antibiotics, the cure rate was quite high, but there still 

were patients, who were not totally recovered at 1 year 

follow-up [12]. The results of the present work showing 

that among these patients suffering from persistent joint 

symptoms after betalactam antibiotic treatment high 

serum MMP-8 was associated with poor outcome 

suggest that the treatment of the patients having 

persisting symptoms after betalactam antibiotics should 

include doxycycline as an MMP-8 inhibitor. It is likely 

that due to rebound effect a short one week course will 

not be sufficient [21], but instead a longer treatment 

with doxycycline would be needed [15, 18, 19]. In 

addition, the results of this work suggest that serum 

MMP-8 assessment could possibly be useful in the 

monitoring of the effectiveness of the therapy [22]. One 

possibility could also be that by using MMP-8 

measurement, the subgroup of the patients, who need for 

prolonged doxycycline therapy after for example 

intravenous ceftriaxone, could be found. However, more 

studies concerning this topic are needed. 

Chlamydia arthritis, one form of reactive arthritis, is 

like Lyme arthritis an infectious associated arthritis, 

where some patients suffer from chronic sequelae. In a 

study by Lauhio and co-workers [23] it was shown that 

three month lymecycline has a favorable effect in acute 

chlamydia arthritis and recently it was demonstrated that 

six months combination therapy of two antibiotics is 

efficient in chronic chlamydia arthritis [24]. Single 

antibiotic therapy with doxycycline in disseminated LB 

has shown relatively low cure rates, as has been shown 

in studies by Borg and colleagues [25], Orgnic and co-

workers [26] as well as by Ljøstad and co-workers [27]. 

Thus, one possibility to achieve better cure rates could 

be to use a combination therapy of doxycycline and 

intravenous ceftriaxone, at least to the subgroup of 

patients with persistent symptoms after ceftriaxone 

treatment. One possibility to improve the outcome of 

disseminated LB could be to use combination therapy 

for those patients, who are not fully recovered after 

ceftriaxone treatment. In the future, instead of 

doxycycline, chemically modified tetracyclines (CMTs) 

with MMP-8 inhibitory capacity could also be one 

possibility in combination with ceftriaxone [22]. More 

clinical studies concerning the combination therapy 

including MMP-8 inhibitor are needed to get better 

treatment strategies for disseminated LB. 

In addition, Yrjänäinen and co-workers [28] has 

shown that Borrelia burgdorferi-infected and 

ceftriaxone-treated mice have viable spirochetes in their 

body, since immunosuppressive treatment allows B. 

burgdorferi to be detected by culture. In a subsequent 

study the niche of persisting B. burgdorferi in 

ceftriaxone-treated mice was obviously the joint or a 

tissue adjacent to the joint [29]. Also these recent animal 

model studies supports the view that a combination 

therapy could possibly lead to better outcome than 

single antibiotic therapy, at least to some subgroup of 

patients with disseminated LB. 

 

5. Conclusions 

The results of the present work suggest that serum 

MMP-8 levels are excessively upregulated in 

disseminated LB contributing to inflammatory response, 

and related to persistent joint symptoms. This novel 

finding may offer in the future new laboratory 

possibilities to diagnose patients with persistent 

symptoms after betalactam antibiotic treatment. In 

addition, we conclude that to improve the outcome, the 

therapy of disseminated LB should include MMP-8 
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inhibitor such as doxycycline, possibly in combination 

therapy. Further studies of this topic are needed. 
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