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Abstract
The interaction of Matrix metalloproteinases (MMPs), its tissue inhibitors (TIMPs) and pro-
inflammatory cytokines in response to Mycobacterium tuberculosis (MTB) infection is important
to understand the immune response at the site of infection. We compared the levels of MMPs,
TIMPs and cytokines in plasma (BL) and pleural fluid (PF) of tuberculosis (TB) and non
tuberculosis (NTB) patients. Comparison between BL and PF showed significantly higher levels
of MMP-1, TIMP-1 and -3 in TB PF; of MMP-7, -8, -9 in BL of both groups. Also, levels of
MMP-1,-8,-9 and TIMP-3 were significantly higher in TB PF compared to NTB. Cytokines INF-
γ, TNF-α, and IL-6 significantly increased in PF of both groups. A positive correlation of MMPs
with TIMPs in TB, MMP-1 and -9 with IL-6 in TB PF and MMP-9 with IFN-γ in NTB PF was
observed. This study implicates the possible usage of MMPs as bio-markers aiding diagnosis in
TB pleuritis.

1. Introduction
Tuberculosis pleurisy (TP) denotes a form of inflammatory pleural disease due to
Mycobacterium tuberculosis (MTB) infection, involving pleura [1]. Rupture of sub pleural
caseous focus in the lung into the pleural space triggers hypersensitivity reaction due to
mycobacterial antigens resulting in the possible clinical manifestations [1, 2]. In a normal
course, phagocytosis of MTB by alveolar macrophages results in influx of lymphocytes and
activated macrophages into the lesion resulting in granuloma formation, a protective
mechanism to keep the infection under check and latent. But during reactivation, granuloma
breaks down; the lung fibers are degraded due to proteolytic activity and dissemination of
MTB is achieved resulting in caseation [3]. These proteolytic processes are carried out by
Matrix metalloproteinases (MMPs) capable of degrading almost all components of extra
cellular matrix [4]. The proteolytic processes also increase the capillary permeability
resulting in the accumulation of pro-inflammatory cytokines and inflammatory cells in the
pleural cavity [2, 5, 6].

Cytokines like Tumor necrosis factor (TNF-α) and Interferon (IFN)-γ upregulate the
recruited monocytes and macrophages to produce MMPs, in turn increase inflammation by
activating the pro-inflammatory cytokines [7]. This alters the integrity of underlying
basement membrane and facilitates fluid influx into the pleural space [4, 8]. MMPs are
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inhibited by specific tissue inhibitors of metalloproteinases (TIMPs) with which they form
1:1 complexes. The MMP:TIMP ratio is critical in regulating the proteolysis of connective
tissues and in controlling tissue damage [9]. High concentrations of MMP-1
(Collagenase-1), MMP-8 (Collagenase-2), MMP-9 (Gelatinase-B), TIMP-1 and -2 and pro-
inflammatory cytokines in pleural fluids has been reported in earlier studies [5, 10, 11].
However, their levels have not been studied and/or compared with systemic plasma levels or
with other disease conditions. The secretion of these molecules at the site of infection and
their systemic spread is of much importance because they possess all possible characters to
act as valuable biomarker for various disease conditions. Similarly, the action of proteinases
and pro-inflammatory cytokines in response to bacterial infection is also important in
identifying the immunopathology of tuberculosis (TB) and possible remedial measures to
overcome it. Hence, in the present study, we compared the levels of various MMPs, TIMPS
and pro-inflammatory cytokines in pleural fluid (PF) and plasma (BL) of TB and non TB
(NTB) patients to identify possible correlations with the aim of aiding diagnosis of TB
pleuritis.

2. Materials and methods
2.1. Study subjects

Blood and pleural fluid samples were collected from 44 patients of Government General
Hospital (GGH). The patients were between the age group of 18–60 years with a mean of
39. Out of them, 28 had exudative pleural effusions with lymphocytic predominance (TB).
The rest 16 patients had non-tuberculosis etiology [malignancy (n = 5), liver failure (n = 5),
parapneumonic (n = 1), cardiac failure (n = 2) and renal failure (n = 2), secondary infection
(n = 1)] and hence were grouped as non-tuberculosis control group (NTB). The study
patients were sero negative for HIV. A written and informed consent was obtained from
each patient. The collection of the samples and the study followed the ethical guidelines of
GGH, Chennai. The blood and the PF samples collected for diagnostics and therapeutic
purpose were utilized for the study.

The diagnosis for tuberculosis was based on the smear, culture and polymerase chain
reaction (PCR) positivity of the sputum or the chest X-ray. These patients showed positivity
in at least any two of the above criteria and hence were categorized as TB groups. All the
patients were first time diagnosed as TB and were not relapsed cases. They responded well
to anti tuberculous treatment (ATT) and were followed for three months. In NTB group,
patients with clinical evidence of heart failure, liver cirrhosis and renal failure had
transudative effusions whereas malignant patients had exudative effusions. The samples
were collected before the start of the treatment.

2.2. Collection of blood and pleural fluid
The blood samples were collected by venipuncture and the pleural fluids samples obtained
via thoracentesis. The collected pleural fluid and blood were immediately processed to
separate the cell free plasma and pleural fluids which were subsequently stored at −70 °C
until used for other assays.

2.3. Multiplex assay system
An automated fluorescent microsphere-based multiplex immunoassay to detect multiple
proteins in a 96-well microplate format was used. Matrix metalloproteinases (MMP-1,
MMP-7, MMP-8 and MMP-9), tissue inhibitors of metalloproteinases (TIMP-1, TIMP-2,
TIMP-3, and TIMP-4) were estimated in plasma and pleural fluids by commercially
available Multiplex ELISA kits (R&D systems, Minneapolis, MN, USA). Cytokines IFN-γ,
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TNF-α, IL-4 and IL-6 were estimated using commercially available Bioplex multiplex
cytokine assay system (Biorad, Hercules, CA).

All assays were performed according to protocols specified by the manufacturers. The
lowest detection limit for the various analytes were MMP-1: 9.33 pg/ml, MMP-7: 125.51
pg/ml, MMP-8: 109 pg/ml, MMP-9: 65.71 pg/ml, TIMP-1: 13.31 pg/ml, TIMP-2: 43.90 pg/
ml, TIMP-3: 137.71 pg/ml, TIMP-4: 6.58 pg/ml, TNF-α: 4.89 pg/ml, IFN-γ: 2.14 pg/ml,
IL-4: 0.3 pg/ml and IL-6: 2.31 pg/ml.

2.4. Statistical analysis
All statistical analyses were performed using Graph pad prism software (Version 5.0 for
Windows; Graphpad software, Inc., San Diego, CA, USA). Significance between paired
samples was compared using Wilcoxon matched pair test; between TB and NTB groups
using Mann–Whitney test. P values, less than 0.05 were considered significant.

3. Results
We looked into the levels of different MMPs, TIMPs and cytokines in plasma (BL) and
pleural fluids (PF) of TB and NTB patients. A comparative analysis of BL versus PF and TB
versus NTB was done. The data are represented in ng/ml for MMPs and TIMPs; in pg/ml
and ng/ml for cytokines concentration.

3.1. MMP levels in plasma and pleural fluids of tuberculosis and nontuberculosis patients
As represented in Fig 1(a), the levels of MMP-1 were significantly higher (p = 0.0032) in PF
compared to BL in TB group. No significant difference was observed between BL and PF of
NTB group. A comparison of MMP-1 in PF between two groups again showed significantly
higher level (p = 0.0011) in TB PF, such difference was not observed in MMP-1 levels in
BL between these two groups.

As shown in Fig 1(b), MMP-7 levels were significantly higher in BL compared to PF in both
TB (p = 0.0001) and NTB (p = 0.0086) groups. No significance was observed in MMP-7
levels of either BL or PF when compared between two groups.

Figure 1(c) represents MMP-8 levels in BL and PF of two groups. The MMP-8 levels were
significantly higher in BL of both TB (p = 0.008) and NTB (p = 0.0001) compared to their
respective PF levels. The comparison of MMP-8 levels in BL and PF between two groups
showed significantly higher levels (p = 0.049, 0.0005) in TB compared to NTB.

The comparison of MMP-9 levels in TB and NTB groups is represented in Fig. 1(d). The
results showed a significantly higher MMP-9 levels in BL compared to PF of both TB (p =
0.0003) and NTB (p = 0.0001) groups. The comparison of MMP-9 levels of PF between two
groups showed significantly higher levels only in TB PF (p = 0.0108). There was no such
difference in the levels of MMP-9 in BL between these two groups.

3.2. TIMP levels in plasma and pleural fluids of tuberculosis and non-tuberculosis patients
The levels of TIMP-1 are represented in Fig. 2(a). The TIMP-1 levels were significantly
higher in PF compared to BL in both TB (P = 0.0004) and NTB (P = 0.02) groups. No
significance was observed in TIMP-1 levels of either BL or PF between the two groups.

Fig. 2(b) represents the TIMP-2 levels in BL and PF of two groups. The TIMP-2 levels were
higher in PF than BL in both TB and NTB groups but were not statistically significant.
Similarly, no significance was observed in TIMP-2 levels either in BL or PF when compared
between TB and NTB groups.
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As shown in Fig. 2(c), the TIMP-3 level in PF was significantly higher (P = 0.02) compared
to BL in TB group. When TIMP-3 levels of PF between two groups were compared,
significantly higher levels (P = 0.02) were observed in TB group. The levels of TIMP-4
were significantly higher (P = 0.02) in BL than PF only in NTB group, such significance
was not observed in TB group (Fig. 2(d)).

3.3. In vivo levels of pro-inflammatory cytokines in tuberculosis and non-tuberculosis
patients

As shown in Fig 3, pro-inflammatory cytokines, IFN-γ (a), TNF-α (b) and IL-6 (d) were
significantly higher in PF compared to BL in both TB and NTB groups. However, IL-4
levels were significantly lower in PF of both the groups, more so in TB PF (c).

3.4. Correlation of MMPs with pro-inflammatory cytokines in tuberculous and non
tuberculous pleuritis patients

As shown in Fig 4, MMP-1 (a) and MMP-9 (b) showed significant positive correlation with
IL-6 in TB PF (r = 0.5078, p = 0.009 and r = 0.4677, p = 0.01, respectively). Similarly,
MMP-9 (c) had significant positive correlation with IFN-γ (r = 0.5176, p = 0.04) in NTB
PF. MMP-7 and -8 did not show any correlation with any cytokines in PF of either TB or
NTB group. No correlation was observed between MMPs and cytokines in BL of either
group (data not shown).

3.5. Correlation of MMPs with TIMPs in tuberculous pleuritis patients
As shown in Table 1a significant positive correlation of all MMPs with TIMP-4 in PF while
MMP-1, -7 and -8 with TIMP-1 in BL was observed. A positive correlation was also
observed in TB PF between MMP-7, -8, -9 and TIMP-3. Only MMP-8 and -9 showed
positive correlation with TIMP-2 in PF and BL. However, no significant correlation of these
two parameters was observed in BL or PF of NTB group (data not shown).

4. Discussion
The presence of metalloproteinases, their inhibitors and proinflammatory cytokines play an
important role in integrity and remodeling of extra cellular matrix components in
inflammatory conditions. In the present study, we measured the levels of MMPs -1, -7, -8,
-9; TIMPs-1, -2, -3, -4 and pro-inflammatory cytokines (TNF-α, INF-γ, IL-4 and IL-6) in
the plasma and pleural fluid samples of TB and NTB patients. Our aim was to compare these
proteins under two conditions, one systemic versus localized and second TB versus non TB
etiologies; hence we segregated the patients in two broader/polar groups of TB and NTB.

It is known that cleavage of matrix is original function of MMP-1 and it can drive lung
matrix destruction without caseous necrosis. It is also reported that MTB infection alone can
cause up regulation of MMP-1 at gene level followed by its excessive secretion [3]. Besides
this, cytokines like TNF-α and IL-1β activate stromal cells to synthesis MMP-1. Moreover,
activated macrophages being a good source of MMP-1 [12] when infected with MTB secrete
large amount of MMP-1 in lungs of TB patients [13]. Thus MTB induced upregulation of
MMP-1 and cytokines result in higher levels of MMP-1 in PF of TB compared to NTB
patients as observed in this study. Our observation also correlated well with the previous
work where high concentrations of MMP-1, -2, and TIMP-1, -2 in the PF of TB compared to
coronary heart failure (CHF) were reported [10]. The increased levels of MMPs in PF
compared to plasma also indicated their compartmentalization at the site of infection.

A soluble metalloproteinase MMP-7 (matrilysin) is profoundly secreted and found in airway
epithelial cells. MMP-7 knock out mouse showed impaired wound healing and tissue
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remodeling [14]. TNF-α secreted by inflamed or wounded tissue may also affect the
secretion of MMP-7 [15]. We observed significant increase in MMP-7 levels in BL
compared to PF in both TB and NTB groups. The mechanism behind the increased plasma
levels of MMP-7 under MTB infection needs further study.

Neutrophil collagenase or MMP-8 is predominantly secreted by neutrophilic granules at the
inflammatory loci. Similar to our results, higher levels of MMP-8 have been reported in
serum and plasma samples compared to fluids from the disease site in patients with
periodontitis, acute coronary syndrome (ACS) and sepsis. Extracellular matrix degradation
leading to the vulnerability of lesions is said to be the reason for this [16–18]. Similarly, in
TB pleuritis, one can argue in favor of degrading action of MMP-8 causing instability of
pleura which may further lead to the leakage of MMP-8 into the systemic circulation.

MMP-9 is the most widely studied of all metalloproteinases in almost all disease conditions.
It degrades type 4 collagen which is one of the main constituents of basement membrane.
MMP-9 is a double-edged sword. In TB, it plays an important role in granuloma formation
and containing the infection with recruitment of macrophages into the granuloma [4, 7]. But
when secreted in excess it leads to severity of the disease helping in the dissemination of
MTB [19]. An increased infiltration of the immune cells like monocytes/macrophages [4,
20], mesothelial cells [8] and neutrophils [20] into the site of infection is said to increase the
production of MMP-9. Earlier studies have reported compartmentalization of MMP-8 and -9
at the site of active TB disease [10]. Many researchers have also studied the expression of
MMP-8 and -9 in pleural effusions of different origin [8] and have reported its increased
levels in PF of emphysema [11]. In another study, increased expression of MMP-9 was
found in TB PF compared to lung cancer [5]. In this study also, significantly increased levels
of MMP-8 and -9 were observed in PF of TB compared to NTB patients. In our previous
work, we have assessed functional activity of Proand active forms of MMPs by zymography
and showed increase in MMP-9 activity in both BL and PF of TB compared to NTB (data
unpublished). This further extends support to our current observation.

We also observed significantly higher levels of MMP-9 in BL of both the groups. Not many
studies have reported MMP-9 levels in circulation. Only study, where authors have reported
an increased serum MMP-9 in TB patients compared to normal subjects and attributed the
cause as augmentation of synthesis and/or secretion of this enzyme by inflammatory cells in
response to MTB infection [20]. In another study, the levels of MMP-9 were compared in
serum and bronchial lavage fluid (BLF) obtained from patients with lung cancer and
nonmalignant lung disease. A significantly increased serum level of MMP-9 was found only
in the lung cancer patients and no such significance was observed when MMP-9 levels were
compared in BLF of two groups [21]. This increase in serum MMP-9 levels was attributed
to disease condition in above mentioned studies. Contrary to this, it is also reported that
MMP-9 measurements in serum may reflect release of proteases from leucocytes during
clotting in the blood tube and may not be reflective of the disease process at all [22].
However, in our study, we have measured MMP-9 in blood plasma and not in serum and
hence the increase in MMP-9 levels is truly related to disease condition and not to clotting
or sample processing effect.

All the four isoforms of tissue inhibitor proteins (TIMP-1, -2, -3 and -4) inhibit active forms
of all metalloproteinases [23]. Apart from inhibition function, TIMPs also have other actions
in tumor progression [24], tumor regression [25] and varied action in programmed cell death
[26]. It has been suggested in earlier studies that constitutive expression of TIMP-1 and -2 in
the infectious pleural fluid may be due to their expression by resident mesothelial cells
triggered by inflammatory mediators [11]. In this study, the increased levels of TIMP-1 and
-3 in TB PF indicated its increased secretion at the site of active disease in response to
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increased pro-inflammatory cytokines and MMP production. These results indicate that
TIMPs along with MMPs are compartmentalized at the site of infection due to their
increased production and secretion by local cells or their passive diffusion from blood into
the pleural space [10].

Further, correlation analysis of these parameters in TB pleuritis showed that TIMP-1
positively correlated with MMP-1, -7, -8 in BL but not in PF. On the contrary, TIMP-4
correlated with all MMPs in PF but not in BL. A positive correlation was also observed
between TIMP-3 and MMP-7, -8, -9 in PF. However, TIMP-2 showed positive correlation
only with MMP-8 in PF. These results suggest that TIMP-3 and -4 may play major role in
inhibiting the degrading action of metalloproteinases at the site of infection.

In immune cells, pro-inflammatory cytokines like TNF-α and IFN-γ influence the secretion
of MMPs [27]. In our earlier reports and this study, we have shown compartmentalization of
proinflammatory cytokines TNF-α and IFN-γ in the pleural space of TB pleuritis patients
[28–30] indicating their role in activating local cells for the production of MMPs and
TIMPs. In inflammation, IL-6 is an important regulatory factor often produced by
inflammatory cells present in the pleural effusion and down regulates the production of
TNF-α [31].

We observed a significant increase in IL-6 in PF of both the groups but its positive
correlation with MMP-1 and -9 only in TB group suggest its protective nature against the
excessive damage due to catabolic effects of TNF-α [32]. On the other hand, positive
correlation of IFN-γ with MMP-9 in NTB PF may indicate its active role in pathology of
various non tuberculous diseases.

As observed earlier, decreased levels of IL-4, an anti-inflammatory cytokine in the PF of
both the groups indicated its antagonistic activity against other pro-inflammatory cytokines.
Together, these results confirm that cytokines and cellular components of mycobacteria
induce the production of MMPs and TIMPs in the pleural effusion.

Extensive studies on the levels of MMPs in the systemic circulation have been done in
various cancers [21, 33] and sepsis conditions [34, 35] but not in TB pleuritis. Moreover, the
systemic levels of MMPs have been seldom compared with the localized levels in infectious
diseases like TB. In this study, we compared the in vivo levels of these proteins in plasma
and pleural fluid. The striking observation was increased plasma levels of MMP-7, -8 and -9
compared to PF in both the groups, more pronounced in TB. It is known that MTB as a
whole or its cell wall components lipoarabinomannan (LAM) act as a potent activator of
MMPs. Also it causes tissue destruction by stimulating macrophages to release cytokines
like TNF-α and IFN-γ which in turn induces the fibroblast to release MMPs [19, 36]. In
vitro studies have shown that macrophages stimulated with BCG and MTB expressed
certain MMPs [19]. Thus MTB specific components or general inflammatory response
might be the contributing factors for the observed increase in the systemic levels of these
MMPs.

The collection of PF samples from the site of infection requires invasive procedures which
are sometimes difficult and risky with respect to the location. Under such circumstances,
blood acts as a good and potential indicator for various maladies. Hence studying MMPs
along with TIMPs in blood plasma may prove useful in predicting the disease and will help
in avoiding invasive procedures. Further, comparing their plasma levels with the other
fluids, if available from the site of infection will help in understanding pathophysiology of
the disease. In different disease conditions like periodontitis, acute coronary syndrome and
sepsis, MMPs and TIMPs were identified as biomarkers with practical implications in both
diagnostics and therapeutics [16–18]. In conclusion, increased levels of MMP-1, -8 and -9 in
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TB PF may help to confirm the diagnosis of TB pleuritis where the gold standard of
microscopy and culture fails. In addition, increased MMP-7, -8 and -9 in TB plasma may act
as an alarm in conjunction with other markers like TIMPs and proinflammatory cytokines
for the confirmed diagnosis of TB pleuritis.
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Abbreviations

TB tuberculosis

MTB Mycobacterium tuberculosis

MMP Matrix metalloproteinases

TNF-α tumor necrosis factor alpha

IFN-γ interferon gamma

TIMP tissue inhibitor of metalloproteinases

NTB non tuberculosis

BL blood plasma

PF pleural fluid

BLF bronchial lavage fluid

ATT anti tuberculous treatment

BCG Bacillus Calmette–Guerin
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Fig. 1.
In vivo levels of MMPs in plasma (BL) and pleural fluid (PF) of 28 tuberculous pleuritis
patients and 16 non-tuberculous pleuritis patients. Horizontal line represents mean value. P
values are represented.
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Fig. 2.
In vivo levels of TIMPs in plasma (BL) and pleural fluid (PF) of 28 tuberculous pleuritis
patients and 16 non-tuberculous pleuritis patients. Horizontal line represents mean value. P
values are represented.
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Fig. 3.
In vivo levels of pro-inflammatory cytokines in plasma (BL) and pleural fluid (PF) of 28
tuberculous pleuritis (TB) patients and 16 non-tuberculous pleuritis (NTB) patients.
Horizontal line represents mean value. P values are represented.
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Fig. 4.
Correlation of in vivo levels of MMP-1, -7 and -9 with pro-inflammatory cytokines (IFN-γ
and IL-6) in pleural fluid (PF) from 28 tuberculous pleuritis patients (a and b) and 16 non-
tuberculous pleuritis patients (c).
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