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Abstract
Purpose: The aberrant inflammatory response is probably involved in the pathogenesis of chronic Lyme borreliosis, including chronic Lyme arthritis and neuroborreliosis.
Transforming growth factor-beta 1 (TGF-β1) is an important
anti-inflammatory and immunomodulatory cytokine and its
deficient synthesis is linked to exaggerated inflammation and
immune response.
Material and methods: Peripheral blood mononuclear cells
(PBMC) from 25 patients with Lyme borreliosis and 6 controls
were incubated for 7 days with suspension of Borrelia afzeli,
B. garinii and B. burgdorferi sensu stricto spirochetes. TGF-β1
concentration in culture supernatants was measured with ELISA.
Results were analyzed according to disease duration (group I
– chronic borreliosis, n=20; group II – early borreliosis, n=5) and
clinical form (LA – arthritis, NB – neuroborreliosis).
Results: TGF-β1 concentration was increased in supernatants of PBMC cultures of patients with early neuroborreliosis,
in comparison with chronic borreliosis and controls. In chronic,
but not in early borreliosis, there was a tendency for decrease
of TGF-β1 synthesis under stimulation with B. burgdorferi spirochetes.
Conclusions: Impaired synthesis of TGF-β1 by mononuclear cells seems to be present in patients with chronic forms
of Lyme borreliosis when compared to those with early stage of
the disease. It may be a factor contributing to the persistence of
inadequate inflammatory response in patients in whom chronic
form of the disease develops.
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Introduction
Lyme borreliosis is a chronic and multiform infectious
disease caused by a spirochete Borrelia burgdorferi sensu lato
(B. burgdorferi s.l.) transmitted to humans from animal reservoir by Ixodes sp. tick. Three clinical stages: localized, early
disseminated and chronic infection are distinguished in the
course of the disease, with lesions typically developing within
skin (erythema migrans, acrodermatitis chronica atrophicans),
musculoskeletal system (Lyme arthritis) and central and
peripheral nervous system (neuroborreliosis) [1,2]. Arthritis
symptoms range from brief attracts of arthralgia, through intermittent episodes of arthritis to chronic arthritis and/or persistent musculoskeletal pain. Central nervous system involvement
may manifest itself early as comparatively mild meningitis or in
chronic form as a progressive encephalopathy or leukoencephalitis, the later presenting with focal demyelination and some
clinical resemblance to sclerosis multiplex [2,3]. Response to
antibiotic therapy tends to be good in early and more variable
and generally poorer in later stage of the disease, with some
patients exhibiting treatment-resistant symptoms, pathogenesis
of which has not been fully explained [2,3]. B. burgdorferi s.l.
expresses surface lipoproteins with potent pro-inflammatory
properties, however, it does neither produce toxins nor damage
the tissues directly, and spirochete number within affected tissue is relatively low with regard to the severity of the lesions.
In some patients with chronic Lyme arthritis symptoms persist
even after B. burgdorferi s.l. DNA becomes undetectable within
the lesions [4]. Development of the chronic, antibiotic-resistant
form of the disease is associated with certain types of major
histocompatibility complex (MHC) molecules and some features of humoral and cellular response against B. burgdorferi
s.l., especially with strong response to OspA lipoprotein [4-6].
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These observations led to assumption that it is not active infection, but rather inability to control inflammatory and immune
reaction against B. burgdorferi s.l., or even autoimmunity triggered by the infection, which contribute to the pathogenesis of
chronic Lyme arthritis, and possibly also chronic neuroborreliosis [2,5-8]. However, the mechanisms of autoimmunity remain
enigmatic, and the role of proposed self-antigens has not been
confirmed [5].
TGF-β1 is a pleiotropic cytokine with a wide range of
anti-inflammatory and immunosuppressive effects, antagonistic towards a wide array of pro-inflammatory cytokines. It
plays unique role in ensuring control and proper termination
of inflammatory reaction, and its deficient synthesis has been
observed in autoimmune disorders [9-14]. As such, TGF-β1
impaired synthesis could be possibly involved in the pathogene
sis of the chronic Lyme borreliosis, but so far data on its role in
this disease has been few.
The inflammatory infiltrates in Lyme borreliosis are typically mononuclear, with presence of lymphocytes specifically
recognizing B. burgdorferi s.l., and the generalized character
of the infection is reflected by the changes in peripheral blood
lymphocyte subpopulations as well [8,15-17]. In this study,
we used peripheral blood mononuclear cells (PBMC) as an
indicator of immune and inflammatory processes undergoing
in the disease lesion, measuring concentrations of TGF-β1 in
the supernatant of PBMC cultures from patients with early disseminated as well as chronic Lyme borreliosis, incubated with
B. burgdorferi s.l. spirochetes, with an aim of detecting a possible impairment of TGF-β1 synthesis.

Material and methods
Patients

The study group consisted of 25 patients with Lyme borreliosis (6 women and 19 men) aged from 24 to 62 years
(x±SD=46.6±9.2), hospitalized in years 2004-2005 in the
Department of Infectious Diseases and Neuroinfections of the
Medical University of Białystok. Patients were qualified for the
study according to diagnosis made by a treating physician and
documented in a medical record. All patients reported tick bites
or frequent exposure to bites in endemic areas and had clinical symptoms suggestive of Lyme borreliosis. All patients had
antibodies against B. burgdorferi s.l. detected in serum. Basic
laboratory tests (ESR, leukocyte count) showed no signs of
acute inflammatory response. Dependent on clinical features,
other examinations (rheumatoid factor detection and other
serological tests, radiological examination of the joints) were
performed to exclude other possible etiologies. Lyme arthritis
(LA) was diagnosed in patients with musculoskeletal pain,
especially affecting the large joints of the extremities. Neuroborreliosis (NB) was diagnosed on the basis of the abnormalities in the neurological examination, inflammatory changes in
cerebrospinal fluid (CSF) examination and presence of antibodies against Borrelia burgdorferi s.l. in the CSF. Twenty patients
with the history of complaints persisting or recurring for more
than 6 months (in 18 patients – more than a year, maximum
– 8 years) constituted the group of chronic borreliosis (group

I) – 4 women and 16 men, mean age – 48.4±8.4 years. They
all had been at least once treated with doxycycline and/or III
generation cephalosporin, typically with a temporary improvement, after which ailments recurred. Early disseminated borreliosis was diagnosed in 5 patients (2 women and 3 men, aged
39.8±10.1) with symptoms present for less than 6 months and
anti-B. burgdorferi s.l. IgM class antibodies detectable in serum
(group II). Diagnosis of LA was established in 21 patients:
19 from group I and 2 from group II, and NB in 9 patients,
including 6 in the group I and 3 in the group II (5 patients, all
from the group I, had both symptoms of LA and neuroborreliosis). The control group consisted of 6 patients (3 women and 3
men, aged 41.7±11.6), without suspicion of Lyme borreliosis or
after it was excluded, all without detectable antibodies against
B. burgdorferi s.l in serum and without any features of acute
inflammatory response. All participants gave a conscious consent and a study design was approved by the Ethical Committee
of the Medical University of Białystok.

Detection of anti-B. burgdorferi s.l. antibodies

Antibodies against Borrelia burgdorferi s.l. were detected
in a sample taken on EDTA with ELISA, using a kit from Biomedica (Boston, USA), according to manufacturer’s instructions. The kit included panel of following recombinant antigens:
B. burgdorferi s.l. p21 (OspC), Borrelia garinii p41 and Borrelia afzelii p41 to detect IgM and p21, B. garinii p41, B. afzelii
p41, p18 and p100 to detect IgG. The results were expressed
in BBU/ml (Biomedica Borrelia units/ml), with >11 BBU/ml
considered as positive. The same diagnostic kit was used for
antibody detection in CSF.

Cell culture

The samples were obtained before the start or during the
first week of antibiotic therapy. Ten ml of venous blood was
taken to heparnised tubes and further processed within 30 min.
PBMC were isolated by centrifugation in Gradisol G medium
(Aqua Medica, Poland) at 400 g for 30 min. After centrifugation PBMC were suspended in the culture medium RPMI 1640
(Biomed, Poland) and rinsed again. Then they were resuspended
in the concentration of 2 x 106 cells/mL in RPMI 1640 with
addition of 10% inactivated bovine serum, streptomycin and
penicillin. The suspension of 105 cells/well was incubated in
the 24-well plate Nunclon Multidishes (Nunc Brand Products,
Denmark), in 5% CO2, at 37°C, with the culture medium alone
as a negative control, culture medium and phytohemagglutinin (Biomed, Poland) as a positive control and suspension of
spirochetes B. afzelii VS 461 (ATCC 51567) (B.a.), B. garinii
20047 (ATCC 51383) (B.g.) and B. burgdorferi s.s. B31 (ATCC
35210) (B.ss.) at the concentration of   108 cells/well. Culture
conditions and time were based on our previous experiments
and selected to enable maximum PBMC response to antigenic
stimulation [16]. After 7-day incubation, the culture was centrifuged and the supernatant was frozen and stored in -70°C until
being tested.

TGF-β1 detection

In the supernatant, TGF-β1 concentration was determined
by ELISA, using the kit from Bender MedSystems (Vienna,
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Figure 1. Mean concentration of TGF-β1 in the supernatant of the culture of PBMC from patients with Lyme borreliosis and from
controls. B – patients with borreliosis in total (n=25), I – patients with chronic borreliosis (n=20), II – patients with early disseminated
borreliosis (n=5), C – controls (n=6). Concentrations were determined in the supernatant obtained after 7-day culture. Bars from the
left to the right in each group, represent, respectively: no stimulation, stimulation with phytohemagglutinine and stimulation with
antigens of Borrelia afzelii, Borrelia garinii and Borrelia burgdorferi sensu stricto (see: Material and methods). Significant differences
between the cultures within the groups are marked on the chart. † – borderline difference (p=0.079) in comparison with controls
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Austria), following the manufacturer’s instructions. The
detection limit of the test according to the manufacturer was
0.06 ng/ml and the standard curve covered the concentration
range from 0.47 to 30 ng/ml.

Statistical analysis

Results were analyzed in the group of patients with Lyme
borreliosis as a whole and in the subgroups defined on the basis
of the duration of the disease (chronic borreliosis – I, early – II)
and clinical form (LA and NB). There were only two patients
with early LA, so this group was not included in the analysis.
LA and NB, as well as chronic LA and chronic NB groups were
not compared directly with one another, since they overlapped
due to coexistence of articular and neurological symptoms in
some patients. Analysis was performed with SSST software.
The Mann-Whitney test was used to compare groups. Comparisons between the cultures within groups were performed using
t test for dependent samples. p<0.05 was regarded as significant
and p<0.1 as a borderline significance.

Results
Results for the group of patients with Lyme borreliosis as
a whole, group I, II and controls, with statistical interpretation,
are presented in Fig. 1. Analogous data for neuroborreliosis
patients are shown in Fig. 2. The results for patients with LA
and chronic LA did not differ from those found in group I and
are not presented separately.
The mean concentration of TGF-β1 in the supernatant
tended to decrease in the cultures stimulated with phytohemagglutinin in comparison with unstimulated ones. In the antigenstimulated cultures in controls and group I, there was a tendency
for TGF-β1 concentration decrease to values lower even than at
phytohemagglutinin stimulation. In the NB group and in group

II

C

II, such a tendency was not present, and concentrations in the
antigen-stimulated cultures tended to be higher than with the
phytohemagglutin stimulation, which was statistically significant for B.ss. stimulation.
TGF-β1 concentrations showed a tendency to increase in
patients with borreliosis in comparison with controls, however
the difference was statistically significant only in the NB group,
especially in early neuroborreliosis patients (NB-II), in which
TGF-β1 concentrations were significantly higher than in controls both under antigenic stimulation and without stimulation.
In NB-II the concentration of TGF-β1 in antigen-stimulated
cultures was also significantly or with borderline significance
higher than in chronic neuroborreliosis (NB-I) and Lyme arthritis groups (LA).

Discussion
TGF-β1 is a potent anti-inflammatory cytokine, released
by most of the cell types, especially by leukocyte populations,
including activated macrophages and lymphocytes [18,19].
It is released in latent form, which requires further activation
to exert its biologic effects. Increased synthesis of TGF-β1 in
the final stages of inflammatory and immune response establishes anti-inflammatory local environment and promotes tissue repair, by stimulating release of other anti-inflammatory
factors, counteracting pro-inflammatory cytokines, inhibiting
functions of B and T lymphocytes and finally stimulating local
fibrosis and angiogenesis [11,14,18,19]. In animal models of
inflammation and autoimmunity, TGF-β1 appears to be a factor essential for termination of the inflammation and resolution
of inflammatory infiltrate, both in Th1 and Th2-dependent type
of inflammatory response [9,10,13]. Administration of TGF-β1
has been shown to prevent or ameliorate symptoms and histological features of inflammation in animal model of sclerosis
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Figure 2. Mean concentration of TGF-β1 in the supernatant of the culture of PBMC from patients with neuroborreliosis and from
controls. NB – patients with neuroborreliosis in total (n=9), NB-I – patients with chronic neuroborreliosis (n=6), NB-II – patients with
early neuroborreliosis (n=3), C – controls (n=6). Concentrations were determined in the supernatant taken after 7-day culture. Bars from
the left to the right within each group represent, respectively: no stimulation, stimulation with phytohemagglutinine and stimulation
with antigens of Borrrelia afzelii, Borrelia garinii and Borrelia burgdorferi sensu stricte (see: Material and methods). & – borderline
difference in comparison with lack of stimulation (p=0.068), * – significant difference in comparison with lack of stimulation (p<0.05),
other differences between cultures are marked directly on the chart; † – borderline difference (p=0.086) in comparison with controls;
‡ – significant difference in comparison with controls, p<0.05; ‡‡‡ – highly significant difference in comparison with controls, p<0.001;
¶ – borderline difference between patients with early and chronic neuroborreliosis, p=0.059; ħ – significant difference between patients
with early and chronic neuroborreliosis, p<0.05
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multiplex, as well as in acute and chronic arthritis [9,20,21].
Mokhtarian et al. observed that peripheral blood lymphocytes
from patients with sclerosis multiplex synthesize decreased
levels of  TGF-β in culture, which coincided with increased
synthesis of pro-inflammatory cytokines [12]. Moreover, the
defective production of TGF-β correlated with clinical activity of the disease [12]. As the inability to properly control and  
terminate inflammatory response seems to underlie pathogenesis of chronic Lyme borreliosis, impaired synthesis of TGF-β1
might be of importance in this group of patients as well.
To our knowledge, the only study assessing the TGF-β1 in
human Lyme borreliosis was conducted by Widhe et al., who
measured serum concentrations of TGF-β1 in patients with
erythema migrans (early, localized stage of Lyme borreliosis)
and in the early and late stage of neuroborreliosis. The authors
monitored the patients for several months and checked for correlation of the early TGF-β1 levels with further clinical course
of the disease. The serum concentration of TGF-β1 in early
borreliosis appeared to be higher in patients with a favorable
course leading to recovery in comparison with those in whom
borreliosis finally developed into the chronic stage [21]. In the
same study, analogous observation was made for cerebrospinal
fluid concentration of tumor necrosis factor-a (TNF-α), a strong
pro-inflammatory factor. According to the authors, the synthesis of TNF-α in the early stage of the disease is a sign of a potent
inflammatory response leading to eradication of spirochetes,
while a high level of TGF-β1 is a marker of the effectiveness of an anti-inflammatory reaction, preventing prolonged
inflammation and further tissue damage [22]. High levels of
TGF-β1 were also observed in the sera of patients with erythema migrans and persisted for several months after successful

NB-II

C

treatment, which supports the importance of this immunoregulatory factor in recovery from Lyme borreliosis [22].
In our previous studies we assessed concentration of transforming growth factor-β1 (TGF-β1) in sera of patients with
different clinical forms of Lyme borreliosis, observing weakly
increased TGF-β1 concentration in Lyme arthritis after antibiotic treatment in comparison with controls [23]. No change
in TGF-β1 concentration was observed in patients with erythema migrans or neuroborreliosis. Afterwards, we measured
TGF-β1 concentration in the supernatant of B. burgdorferi s.l.
antigens-stimulated culture of peripheral blood mononuclear
cells (PBMC) obtained from a small group of 10 patients with
chronic Lyme arthritis, finding no significant differences in
comparison with unstimulated cultures and cultures of PBMC
from healthy persons [24].
In our present study, concentrations of TGF-β1 in the
PBMC culture supernatant from patients with chronic, treatment resistant Lyme borreliosis, tended to decrease in presence
of B. burgdorferi s.l. spirochetes. This phenomenon suggests
development of pro-inflammatory environment in response to
borrelial antigens in this group of patients. In patients with early
infection concentration of TGF-β1 did not decrease in the prese
nce of B. burgdorferi s.l. antigens and was generally higher in
comparison with patients with chronic borreliosis and controls.
This group of patients was small and not all clinical forms of
Lyme borreliosis were equally represented, especially we were
not able to include sufficient number of patients with early Lyme
arthritis into the study, which makes the results more difficult
to interpret, however, some differences seem apparent. The
increase of TGF-β1 under stimulation with B. burgdorferi s.
l. in early neuroborreliosis, statistically significant in spite of
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a small number of patients in this group, is especially of note.
It is paralleled by the clinical difference between this subacute,
antibiotic-responding form of Lyme borreliosis, and late, poorly
responding to treatment manifestations present in other patients,
in whom analogous TGF-β1 response was apparently absent.
This observations are in accordance with the interpretation of
serum measurements in erythema migrans and neuroborreliosis
as presented by Widhe et al. [22].  This finding could be further
confirmed by studying TGF-β1 synthesis by mononuclear cells
directly isolated from the disease lesion, especially from synovial fluid or synovium of patients with Lyme arthritis.
The results suggest a shift of the balance towards the pro-inflammatory response in patients with chronic, treatment
resistant Lyme borreliosis. An ability to control an inflammatory and immune response against Borrelia burgdorferi s.l. spirochetes, present in an early stage, may be impaired in patients
in whom Lyme borreliosis changed to a chronic form and
impaired synthesis of TGF-β1 by patients’ mononuclear cells
in response to B. burgdorferi s.l. seems to be involved in the
pathogenesis of this phenomenon.
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