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The circulating level of MMP-9 and its ratio to TIMP-1 as a predictor of severity in patients with community-acquired pneumonia
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Abstract

Background: Here, we have examined the plasma levels of matrix metalloproteinase-9 (MMP-9) and tissue inhibitor of metalloproteinase-1 (TIMP-1), the MMP-9/TIMP-1 molar ratio, the TIMP-1 single nucleotide polymorphisms (SNPs) 372C/T and the susceptibility to community-acquired pneumonia (CAP).

Methods: An enzyme-linked immunosorbent assay (ELISA) was used to measure plasma MMP-9 and TIMP-1 concentrations in 60 patients with CAP and 60 healthy individuals. A polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) assay was used to detect the TIMP-1 SNPs 372C/T. 

Results: The plasma MMP-9, TIMP-1 levels and the MMP-9/TIMP-1 molar ratio were significantly increased in patients with CAP compared to normal controls. The MMP-9/TIMP-1 molar ratio decreased significantly in patients with CAP after treatment. Furthermore, the plasma TIMP-1 concentration was positively correlated with the pneumonia severity index (PSI), the CURB score, the results of the acute physiology and chronic health evaluation II (APACHE II) and the length of the hospital stay. No significant difference was found in the genotype distribution of TIMP-1 372C/T between patients with CAP and normal controls.

Conclusions: We hypothesize that MMP-9 levels and the MMP-9/TIMP-1 molar ratio plays a role in the development of CAP and is related to the severity of CAP. Based on our data, we suggest that incorporating plasma MMP-9 levels and the MMP-9/TIMP-1 molar ratio into a clinical evaluation will aid in CAP diagnosis. 

Introduction

Community-acquired pneumonia (CAP) is defined as any infection of the lung parenchyma that occurs in patients who were not hospitalized or were hospitalized for less than 48 hours. CAP, occurring while the alveoli were filled with inflammatory exudates, can ultimately result in pulmonary tissue solidification [1]. The severity of CAP can be identified early using the pneumonia severity index (PSI) [2], the CURB score [3], and the acute physiology and chronic health evaluation II (APACHE II) score [4].
  Matrix metalloproteinases (MMPs) play an important role during inflammatory lung injury pathogenesis [5]. MMPs comprise a family of enzymes that are capable of degrading connective tissue and are regulated by tissue inhibitors of metalloproteinases (TIMPs) [6]. For example, MMP-9 is produced in latent forms requiring being activated for catalytic activity, which could be inhibited by tissue inhibitors of metalloproteinases-1 (TIMP-1). TIMP-1 may bind to MMP-9 and MMP-7, both at around 1:1 ratio, to inhibit their enzymatic activities [7]. Furthermore, it was also reported that an elevated MMP-9/TIMP-1 molar ratio is associated to the severity of lung diseases [8]. In our previous studies, we found that plasma MMP-9 was involved in the pathogenesis of CAP and could be a biological marker for CAP diagnosis [9, 10]. However, no studies have investigated the prognostic value of TIMP-1 in a cohort of patients with CAP. TIMP-1 was reported to be associated with several inflammatory diseases, including sepsis [11], vasculitis [12] and Kawasaki disease [13]. However, the correlation between TIMP-1, the MMP-9/TIMP-1 molar ratio and CAP has not been reported. 

In the genes coding for TIMP-1, single nucleotide polymorphisms (SNPs) such as 372C/T have been described. The T allele leads to low TIMP-1 protein expression. The SNP of TIMP-1 was reported to be significantly associated with several diseases including endometrial cancer [14], ankylosing spondylitis [15], Crohn's disease [16] and Helicobacter pylori (H. pylori) infection [17]. To the best of our knowledge, no reports have previously investigated the relationship between this SNP and the risk of CAP. The purpose of this study was to compare the plasma MMP-9, TIMP-1 level and the MMP-9/TIMP-1 molar ratio in patients with CAP and normal controls. Furthermore, we investigated the blood from CAP patients and normal controls to evaluate whether TIMP-1 SNPs are correlated with CAP susceptibility.
Material and Methods

Subjects and specimen collection

Prior approval for all aspects of the study was obtained from the Institutional Review Board of Chung Shan Medical University Hospital and informed written consent to participate in the study was obtained from each individual. The study was designed as a case-control study and was performed with a group of 120 individuals consisting of 60 CAP patients (36 males and 24 females) and 60 healthy controls (36 males and 24 females). All of the CAP patients and healthy subjects were recruited from Chung Shan Medical University Hospital, Taichung, Taiwan between Feb 2009 and Dec 2009. All of the CAP patients were given antibiotics intravenously within first 48 hours. Thereafter, oral antibiotics were given based on established guidelines [18]. The pretreatment blood samples were obtained before the patients with CAP received treatment protocols, and posttreatment blood samples were obtained within 3 days when the pneumonia had resolved. Venous blood samples were obtained via routine venipuncture. The blood was collected in EDTA-coated tubes and then centrifuged. The blood samples were then immediately stored at -80°C.

All patients provided informed consent for the use of their blood samples. The criteria for selecting patients are to be >20 years old, to be admitted for the treatment of CAP, and to be diagnosed at the emergency room or by the outpatient department. Pneumonia was diagnosed by lung radiographic opacity and determined by the presence of at least two of the following conditions: fever (>38.5°C), purulent expectoration, pleuritic chest pain or leukocytosis (the count of white blood cell >10,000/mm3). The CAP patients were treated with effective and commonly used antibiotics such as cefuroxime, ceftizoxime and clarithromycin. The CAP severity was evaluated using the pneumonia severity index (PSI) [2], CURB score [3], and the acute physiology and chronic health evaluation II (APACHE II) score [4].

Enzyme-linked immunosorbent assay (ELISA)

  An enzyme-linked immunosorbent assay (ELISA) was used to measure plasma MMP-9 and TIMP-1 concentrations in 60 patients with CAP and 60 healthy individuals. A commercially available human MMP-9 ELISA kit and a human TIMP-1 ELISA kit were used in this study (R&D Systems, Abingdon, UK). Each plasma sample was assayed according to the manufacturer’s instructions, and the values were within the linear portion of the standard curve.

Polymerase Chain Reaction–Restriction Fragment Length 
Polymorphism (PCR-RFLP)

Genomic DNA was extracted from cells using QIAamp DNA blood mini kits (Qiagen, Valencia, Pa) according to the manufacturer’s instructions. The DNA was dissolved in TE buffer (10 mM Tris [PH 7.8], 1 mM EDTA) and then quantitated by spectrophotometric OD260 nm measurements. The final DNA preparation was stored at -20°C prior to use in polymerase chain reaction (PCR). The PCR program was as follows: 94°C for 5 min, followed by 40 cycles of 94°C for 30 sec, 60°C for 30 s, 72°C for 1 min, and a final elongation of 20 min at 72°C. The primers used to detect the TIMP-1 372C/T SNP and amplify a 175 bp fragment from genomic DNA were the following: forward primer 5’-GCCAATCACAAGCTGCTTGTCG-3’ and reverse primer 5’- GGAATGGCCCCGGGAAGGAT -3’. The TIMP-1 372C/T SNP was detected by polymerase chain reaction–restriction fragment length polymorphism (PCR-RFLP). The TIMP-1 372C/T PCR products were digested with BssSI (37°C, overnight). The digested products were analyzed by electrophoresis in 1x Tris-boric acid-EDTA (TBE) buffer at 100 V on a 3% agarose gel. The gel was stained with EtBr and analyzed on a UV illuminator. 
Statistical analysis

Statistical analysis was performed using the SPSS (SPSS statistical package version 12.0) software. A p-value of less than 0.05 was considered statistically significant. Each value was expressed as the mean ± SD, and the categorical variables were expressed as percentages. The demographic and clinical data were analyzed using a Mann-Whitney U-test between untreated patients and healthy controls. A Wilcoxon signed ranks test was used to analyze untreated and treated patients. The statistical significance of the means for plasma MMP-9, TIMP-1 and cell counts was determined by a Mann–Whitney U-test between groups. A linear regression analysis was used to identify correlations between MMP-9 level, TIMP-1 level, and the clinical severity index and laboratory variables of CAP patients. The cutoff levels were estimated according to their receiver operating characteristic curves. The differences in the distribution of genotypes and alleles between the CAP patients and the healthy controls were examined with a Chi-square test. The odds ratio and 95% confidence intervals were estimated by logistic regression models. 

Results  

  There was no significantly different distribution of demographic characteristics between patients with CAP and healthy controls. The mean age of CAP patients in our study is 59.72±20.58, and the mean age for the healthy controls is 59.38±11.45 (p = 0.19). There are 36 males and 24 females in both the CAP patient group and the healthy control group (p = 1.0). The WBCs, neutrophils, and CRP levels were significantly elevated in patients with CAP prior to treatment (WBCs, 12620.8/mm3; neutrophils, 9831.8/mm3; CRP level, 9.92) compared with the healthy controls (WBCs, 6099.5/mm3; neutrophils, 3538.1/mm3; CRP level, 0.43) (p < 0.001) (Table 1). The WBC and neutrophil values in CAP patients before receiving the treatment were also significantly higher than that in patients after the treatment (WBCs, 8926.3 /mm3; neutrophils, 6290.7 /mm3; CRP level, 6.01) (p < 0.001) (Table 1). 

We analyzed the expression of TIMP-1 in the plasma using ELISA. The plasma TIMP-1 expression levels are shown in Figure 1A. There was a significantly increased TIMP-1 level (p < 0.001) in plasma from CAP patients prior to treatment (250.95±105.10 ng/mL) and after receiving treatment (255.47±134.96 ng/mL) compared to healthy controls (142.92±146.59 ng/mL) (Table 1). However, in comparison with pre-treatment patients, no decrease in plasma levels of TIMP-1 was observed in patients after receiving the treatment. We previously have demonstrated that plasma levels of MMP-9 were elevated in patients with CAP (231.89±163.33 ng/mL) but decreased significantly after the treatment (123.78±113.41 ng/mL) [8]. Thus, the MMP-9/TIMP-1 molar ratio was further analyzed in Figure 1B. There was no significant increase in the MMP-9/TIMP-1 molar ratio (p =0.07) in plasma from patients with CAP before receiving treatment (0.28±0.25) compared to healthy controls (0.20±0.24). However, the molar ratio in CAP patients was significantly decreased after treatment (0.13±0.01) compared to that before treatment (p < 0.001) (Table 1).

We further analyzed the correlation between the MMP-9/TIMP-1 molar ratio and WBC and neutrophil counts (Figure 2). The plasma MMP-9/TIMP-1 molar ratio correlated positively with the number of WBC (r = 0.430, p < 0.001) and with the number of neutrophils (r = 0.370, p= 0.004).

To investigate the correlation between TIMP-1 expression levels and CAP severity, PSI, CURB-65, and APACHE II were used as pneumonia severity indices. The correlations of the plasma concentrations of TIMP-1 with PSI score, APACHE II score, CURB score, and the length of hospital stay are shown in Figures 3A-3D. The plasma TIMP-1 concentration was positively correlated with all three pneumonia severity scores and the length of hospital stay (PSI, r=0.469, p<0.001; APACHE II, r=0.481, p<0.001; CURB, r=0.420, p<0.001; hospital length of stay, r=0.308, p=0.019). 

The sensitivity, specificity, positive and negative predictive values (PPV and NPV), accuracy and the likelihood ratios of positive and negative results (LR + and LR -) of pneumonia are shown in Table 2. For the plasma TIMP-1 concentration, the sensitivity, specificity, PPV, NPV, accuracy, LR+, and LR- of CAP are 63.33%, 91.67%, 88.37%, 71.43%, 77.50%, 7.60, and 0.40, respectively. The values of these parameters for the MMP-9/TIMP-1 molar ratio are 78.33%, 51.66%, 61.84%, 70.45%, 65.00%, 1.62, and 0.42, respectively.

The distribution of the TIMP-1 372C/T genotype polymorphism in CAP patients and controls is shown in Table 3. No significant difference was found in the distribution of TIMP-1 372C/T genotypes between patients with CAP and normal controls. Furthermore, there was no significant correlation between plasma TIMP-1 concentrations and this SNP among patients with CAP. These data are shown in Table 4. 

Discussion

TIMPs were originally characterized as endogenous inhibitors of MMPs, which are a family of extracellular proteinases known to degrade the extracellular matrix (ECM). MMPs function during physiological and pathophysiological processes including embryonic development, morphogenesis, reproduction and tissue remodeling [18, 19]. TIMPs regulate ECM remodeling directly and indirectly through cell signaling and the regulation of MMP activity by noncovalently binding to both active and precursor MMPs in a 1:1 stoichiometric ratio. TIMP-1 is produced by many cell types, including peripheral blood monocytes and lymphocytes, airway macrophages and epithelial cells [20]. Furthermore, TIMP-1 is a prototypical inhibitor for most MMP family members, including MMP-9 [15]. In this study, we observed an increase in TIMP-1 levels that were sustained even after antibiotic treatment. However, the MMP-9/TIMP-1 molar ratio in CAP patients was significantly decreased after antibiotic treatment. Since TIMP-1 also has an impact on the activity of other MMPs, including MMP-7 [7], the cause for the variation between the expression of TIMP-1 and MMP-9/TIMP-1 molar ratio after antibiotic treatment could not be solely refer to the effect of MMP-9. However, results from the abovementioned study may provide some direction for our future study, and thus, the role of MMP-7 levels in patients with CAP may warrant further studies.
The elevation of plasma TIMP-1 is associated with several diseases. Early after ischemic stroke onset, TIMP-1 concentrations increase [21]. Additionally, both lung and breast cancer are associated with high plasma levels of TIMP-1 [22]. There are also reports correlating inflammatory diseases with significantly elevated levels of plasma TIMP-1 including sepsis [11], anti-neutrophil cytoplasm autoantibody-associated vasculitis [12] and Kawasaki disease [13]. In our study, a significantly increased TIMP-1 plasma level was observed in patients with CAP prior to treatment compared to healthy controls. Therefore, TIMP-1 increase may be considered as a consequence of the CAP disease process.
The balanced expression of MMPs and TIMPs is critical for maintaining the integrity of healthy tissues by regulating the breakdown and deposition of ECM. An imbalance in these proteins results in diseases associated with excessive ECM degradation such as arthritis, cardiovascular diseases, nephritis, neurological disorders, cancer and pathological changes of the airway wall [14, 23, 24]. It was previously reported that an elevated MMP/TIMP molar ratio is associated to many diseases of the central nervous system such as Alzheimer’s disease, ischemic brain injury, CNS infections, Parkinson’s disease, and multiple sclerosis. Moore et al. suggested that an elevated MMP/TIMP molar ratio is also a result of increased MMP proteolytic activity and disease pathology [25]. An increased MMP-9/TIMP-1 molar ratio is found in the bronchoalveolar lavage fluid of steroid resistant asthma patients compared to steroid sensitive patients. Goleva et al. suggested that the shift in MMP-9/TIMP-1 molar ratio in steroid resistant asthma is due to the inability of steroids to enhance TIMP-1 production [24]. Olafsdóttir et al. reported that MMP-9, TIMP-1 and the MMP-9/TIMP-1 molar ratio in the serum were significantly elevated in elderly participants with impaired lung function. This result indicates that an imbalance in MMP-9 and TIMP-1 or the imbalance between these two proteins may be an important factor in the development of poor lung function [26]. In our study, untreated CAP patients had significantly increased plasma MMP-9 and TIMP-1 levels, and the MMP-9/TIMP-1 molar ratio was higher than healthy controls. We have previously demonstrated an important role for MMP-9 in the pathology of CAP and reported the significant elevation of plasma MMP-9 in untreated CAP patients [9, 10]. Thus, the increased plasma TIMP-1 level and MMP-9/TIMP-1 molar ratio could be explained as a feedback regulation mechanism that results from rising MMP-9 proteolytic activity associated with CAP pathology.

Pneumonia has been known as a common and potentially lethal condition for nearly two centuries [27]. There are several rules to predict the severity and prognosis of pneumonia that provide a basis for clinicians in deciding on the appropriate treatment. The gold standard of CAP severity assessment needs to be improved and should be based on three key points: a pneumonia-specific score, biomarkers, and clinical judgment [1, 28]. The existing scoring systems are too complicated for everyday use, and it is more practical to have a single blood test that provides rapid prognostic information equivalent to these scores. Thus, using serum biomarkers as potential predictors might overcome this problem. To date, several biomarkers of pneumonia, such as C-reactive protein (CRP), procalcitonin, proadrenomedullin, pro-atrial, natriuetic peptide, pro-vasopressin, and copeptin have been evaluated [29]. In this study, there was a significant positive correlation between TIMP-1 levels and PSI, CURB-65, and APACHE II scores in CAP patients. We observed the plasma level of TIMP-1 has the better correlation with these scores than MMP-9. It seems to indicate that TIMP-1 may be a better biological marker than MMP-9 for CAP diagnosis. However, the plasma levels of TIMP-1 were not statistically significant differences before and after antibiotic treatment in the CAP patients. The result suggested the plasma levels of TIMP-1 are not a better candidate biological marker in diagnosis or prediction prognosis of CAP. Instead, despite these limitations of MMP-9 and TIMP-1, the results of our study showed the ratio of MMP-9 and TIMP-1 level has the significant correlation with effect of antibiotic treatment and a significant positive correlation between MMP-9 and TIMP-1 in CAP patients before treatment, thereby indicating that MMP-9 and TIMP-1 may be useful in the study of CAP. Accordingly, we hypothesize that MMP-9 levels and the MMP-9/TIMP-1 molar ratio play a role in the development of CAP and are related to the severity of CAP. 
Although our current data shown that there is some significant positive correlation between TIMP-1 expression and the PSI, CURB-65 scores and hospital stay days in CAP patients and support the previous observation with respect to inflammation diseases. However, all correlation coefficient (r) are below 0.5 (PSI, r=0.469, p<0.001; APACHE II, r=0.481, p<0.001; CURB, r=0.420, p<0.001; hospital length of stay, r=0.308, p=0.019). It limits the value of TIMP-1 in diagnosis or prediction prognosis of CAP. These results could come from small sample size

We reported in a previous study that the sensitivity of plasma MMP-9 for CAP was 75.00% and the specificity was 76.67% [10]. Furthermore, patients with CAP were more likely to have plasma MMP-9 concentrations greater than 105.02 ng/mL (LR+: 3.21). The CAP patients were also less likely to have plasma MMP-9 concentrations less than 105.02 ng/mL, (LR-: 0.33). However, because the likelihood ratios of positive and negative tests for plasma MMP-9 levels are 3.21 and 0.33, respectively, this test is a weak indicator of CAP. The sensitivity of plasma TIMP-1 for detecting CAP was 63.33% and the specificity was 91.67%. Furthermore, patients with CAP were more likely to have plasma TIMP-1 concentrations greater than 202.64 ng/mL (LR+: 7.60). The CAP patients were also less likely to have plasma MMP-9 concentrations less than 202.64 ng/mL (LR-: 0.40). Because the likelihood ratios of positive and negative tests for plasma MMP-9 levels are 7.60 and 0.40, respectively, plasma TIMP-1 is a more valuable test for diagnosing CAP. Our data suggest that incorporating plasma TIMP-1 levels into clinical disease manifestations will be helpful in CAP diagnosis. The sensitivity of the MMP-9/TIMP-1 molar ratio for CAP was 78.33% and the specificity was 51.66%. Furthermore, patients with CAP were more likely than the controls to have MMP-9/TIMP-1 molar ratios more than 0.44 (LR+: 1.62). The CAP patients were also less likely to have MMP-9/TIMP-1 molar ratios less than 0.44 (LR-: 0.42).The likelihood ratio of a negative test is 0.42, which may be useful. However, the likelihood ratio of a positive test is 1.62, which indicates the MMP-9/TIMP-1 molar ratio is a weak indicator for definitively diagnosing CAP. 

The TIMP-1 gene is located at the short arm of the X chromosome (Xp11.3–p11.23) [30], and the TIMP-1 372C/T polymorphism is in exon 5. This polymorphism is the predominant polymorphism found in the gene (TIMP-1 19 C/T, TIMP-1 261 C/T, and TIMP-1 372C/T) [31]. It has been shown that the T allele of the TIMP-1 +372 SNP leads to lower TIMP-1 protein expression in males but not in females [16]. The TIMP-1 372C/T polymorphism was reported to be associated with several diseases. The C allele was believed to predispose males to systemic sclerosis, whereas the same allele might play a protective role in female populations [32]. The TT genotype in females and T genotype in males were found to increase the susceptibility to Crohn’s disease and to make patients less prone to the development of fistulas during follow-up [16]. Furthermore, the T allele also increased the risk of surgical recurrence [33]. The C allele in males and T allele in females increased the risk of intestinal metaplasia caused by H. pylori infection [17]. Individuals with the CC genotype have a higher risk of endometrial cancer [14], and the C allele is associated with a greater risk of ankylosing spondylitis [15]. In our study, there was no significant difference found in the distribution of TIMP-1 372C/T genotypes between patients with CAP and normal controls. Furthermore, there was no significant correlation between plasma TIMP-1 concentrations and this SNP among patients with CAP. 

The limitation of this study is the lack of microbial data; different pathogens may have different impacts on the TIMP-1 expression. For example, Pseudomonas aeruginosa is one of the common bacterial pathogens in lung infections. It was reported that TIMPs were evaluated after corneal infection with Pseudomonas aeruginosa [34]. Moreover, TIMP-1 levels were significantly higher in hospital acquired pneumonia patients with high-risk bacteria (Staphylococcus aureus, Pseudomonas aeruginosa or Stenotrophomonas maltophilia infection) than that of low-risk bacteria (Klebsiella pneumonia or Escherichia coli) [35]. Those results highlight that TIMP-1 expression may be related to the bacterial strains and severity of infection. Accordingly, future studies are necessary to discern the relationship between TIMP-1 and different microbial pathogens that cause CAP.

In conclusion, we hypothesize that MMP-9 levels and the MMP-9/TIMP-1 molar ratio plays a role in the development of CAP and is related to the severity of CAP. In consideration of the high specificity and likelihood ratios of positive, negative results, we suggest that incorporation of plasma MMP-9 levels and the MMP-9/TIMP-1 molar ratio into clinical disease manifestations will be helpful in CAP diagnosis.    
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Figure Legends

Figure 1. (A) Levels of plasma TIMP-1 and (B) MMP-9/TIMP-1 molar ratio in 60 patients with community-acquired pneumonia (CAP) and in 60 control subjects. The plasma levels were measured by an ELISA analysis before and after antibiotic treatment. (A) The plasma TIMP-1 level was significantly elevated in patients with CAP before they received treatment compared to the controls (p < 0.001). (B) The MMP-9/TIMP-1 molar ratio was significantly decreased after the CAP patients received treatment (p < 0.001).

Figure 2. Correlations between MMP-9/TIMP-1 molar ratio with WBCs and neutrophils in 60 patients with community-acquired pneumonia (CAP). There was a significant correlation between MMP-9/TIMP-1 molar ratio and WBCs (Spearman’s correlation coefficients r = 0.403, p < 0.001, n=60) as well as neutrophils counts (Spearman’s correlation coefficients r = 0.370, p = 0.004, n=60).

Figure 3. Correlations of plasma TIMP-1 with PSI, CURB-65, APACHE II scores and the length of hospital stay in 60 patients with community-acquired pneumonia (CAP). (A) There was a significant positive correlation between plasma TIMP-1 levels and PSI scores (Spearman correlation coefficients r = 0.469, p < 0.001). (B) There was a significant positive correlation between plasma TIMP-1 levels and CURB-65 scores (Spearman correlation coefficients r = 0.481, p < 0.001). (C) There was a positive correlation between plasma TIMP-1 levels and APACHE II scores (Spearman correlation coefficients r = 0.420, p < 0.001). (C) There was a positive correlation between plasma TIMP-1 levels and the length of hospital stay (Spearman correlation coefficients r = 0.308, p = 0.019).

Table 1. The clinical data of both controls and patients with pneumonia before and after treatment with antibiotics.

	
	Control (n=60)
	Pre-treated (n=60)
	Post-treated (n=60)
	p value C/UTb
	p value UT/Tc

	CRP
	0.43±0.25a
	9.92±6.90
	6.01±5.01
	p<0.001
	p<0.001

	WBC (/mm3)
	6099.5±1667.1
	12620.8±6005.4
	8962.3±4119.5
	p<0.001
	p<0.001

	Neutrophils (/mm3)
	3538.1±1174.2
	9831.8±5283.4
	6290.7±3756.7
	p<0.001
	p<0.001

	MMP-9 (ng/mL)
	102.63 ±122.36
	231.89±163.33
	123.78±113.41
	p<0.001
	p<0.001

	TIMP-1 (ng/mL)
	142.92±146.59
	250.95±105.10
	255.47±134.96
	p<0.001
	p=0.757

	MMP-9/TIMP-1 molar ratio
	0.20±0.24
	0.28±0.25
	0.13±0.10
	p=0.07
	p<0.001


a Mean ± standard deviation 
b The statistical difference was analyzed by Mann-Whitney U test

c The statistical difference was analyzed by Wilcoxon signed ranks test 

C=control, UT= pneumonia patients before being treated, T=pneumonia patients after being treated.

p value <0.05 was considered significant.

Table 2. The Sensitivity, Specificity, Positive and Negative Predictive Values (PPV and NPV), and Accuracy, as well as the Likelihood Ratios of Positive and Negative Results (LR+ and LR-) of the pneumonia 

	
	Sensitivity (%)
	Specificity

(%)
	PPV (%)
	NPV

(%)
	Accuracy

(%)
	LR+
	LR-

	TIMP-1
	63.33
	91.67
	88.37
	71.43
	77.50
	7.60
	0.40

	MMP-9/TIMP-1 molar ratio
	78.33
	51.66
	61.84
	70.45
	65.00
	1.62
	0.42


Table 3. Odds ratio and 95% confidence intervals (CIs) of pneumonia associated with genotypic frequencies of TIMP-1.

	 Variable
	Controls (n=60) (%)
	Patients (n=60) (%)
	OR (95% CI)

	p value

	TIMP-1 372
(rs 4898)
	
	
	
	

	  C/C
	19 (31.7%) 
	21 (35.0%)
	1.00
	

	  C/T
	15 (25.0%)
	15 (25.0%)
	0.905 (0.351-2.333)
	p=0.836

	  T/T
	26 (43.3%)  
	24 (40.0%)
	0.835 (0.363-1.920)
	p=0.671

	  T allele
	41 (68.3%)
	39 (65.0%)
	0.861 (0.403-1.840)
	p=0.699


The odds ratios (ORs) with their 95% CIs were estimated by logistic regression models.  

Table 4. The plasma concentrations of TIMP-1 (ng/mL) among three different genotypes in pneumonia patients.

	
	Genotype
	p value

	
	TIMP-1 372

	Plasma TIMP-1 (ng/mL)
	C/C (n=21)
254.90±19.44
	C/T (n=15)
220.00±22.72
	T/T (n=24)
266.84±25.68
	p=0.398##

	Plasma TIMP-1
(ng/mL)
	C/C (n=21)
254.90±19.44
	C/T or T/T (n=39)
248.83±18.23
	p=0.833#

	Plasma TIMP-1
(ng/mL)
	T/T (n=24)
266.84±25.68
	C/C or C/T (n=36)
240.36±14.85
	p=0.343#


#    The significant difference was analyzed by Kruskal-Wallis test.

##   The significant difference was analyzed by Mann-Whitney U test.
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Figure 1B
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Figure 2
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Figure 3A
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Figure 3B
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Figure 3C
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Figure 3D
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