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Abstract 

Aim: To explore the expression of brain deriverd neurotrophic factors (BDNF) and neurotrophic factor-3 (NT-3) in the CSF 

of patients with Tuberculous meningitis (TBM). And elucidate the underlying mechanisms. Methodology: Prospective 

observational clinical study performed on 18 adults with TBM and 12 Adults with viral meningo-encephalitis (ME). 9 

controls with non-inflammatory intracranial hypertention were also employed. Neurotrophic factor levels in the CSF were 

measured using an immunoenzymatic assay(ELISA). Results: Both NT-3 and BDNF protein level of CSF were higher in 

patients with TBM at acute period than the patients with viral ME (P<0.05). Whereas there was no statistical difference of 

BDNF protein level between the patients with TBM and non-inflammation intracranial hypertention group(P>0.05). The 

patients with viral ME also showed no statistical differnce of BDNF protein level compared with non-inflammation 

intracranial hypertention group(P>0.05). NT-3 expression was higher in the patients with TBM than non-inflammation 

intracranial hypertention group(P<0.05). But the patients with viral ME showed no significant difference compared with 

non-inflammation intracranial hypertention group(P>0.05). Furthermore, NT-3 protein level in the CSF of patients with 

TBM at acute period was higher than BDNF protein level (P<0.05). Conclusion: The expression variations of NT-3 and 

BDNF protein level in CSF may reflect an endogenous attempt at neuroprotection against biochemical and molecular 

changes during both TBM and viral ME at the acute period. Which suggested a marked and rapidly activated intracerebral 

neurotrophic factors biosynthesis after the patients subjected to TBM. The expression of NT-3 and BDNF is likely to play a 

neuro-immunomodulatory role in the process of TBM. 
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INTRODUCTION 

Tuberculous meningitis (TBM) is the most severe form of extrapulmonary tuberculosis and causes high mortality and a 

distressing level of neurological morbidity. Even with standard anti-tuberculous therapy short-term mortality is high; 

ranging from 20–69%
 
[1,2,3.4]. TBM a medical emergency, is still a major cause of serious illness in many parts of the 

world. It would not be out of place to remind ourselves that fundamental questions regarding the pathogenesis, diagnosis, 

treatment, and management of CNS tuberculosis remain unanswered despite availability of effective chemotherapy. In the 

current, the emergence of multidrug-resistant strains poses a serious threat to the control of this pathogen. So TBM remains 

a serious public-health problem. However, the challenge to adequately diagnose and deal with its morbidity has yet to be 

substantially met. The best and most rapid method of diagnosis, optimal treatment drugs and duration of therapy are 

questions which have yet to be adequately addressed[5,6,7]. It has been shown that CD4+ T-lymphocytes are most 

important in the protective response against Mycobacterium tuberculosis . A study of immunological parameters showed a 

relation between the development of tuberculous meningitis (TBM) and significantly lower count of CD4 T-lymphocytes 

when compared with others who had pulmonary complex only[8].Which highlights the importance of cellular immunity, 

conducted by T-lymphocytes, in the outcome of tuberculosis. Development of an effective vaccine against tuberculosis 

hinges on an improved understanding of the human immune response to Mycobacterium tuberculosis (Mtb). The emergence 

of drug resistant tuberculosis poses a serious threat to the control of this pathogen, and the development of drugs that are 

active against the resistant strains is vital[9]. So more and more researchers have begun to explore the immune therapy of 

TBM. 

Neurotrophic factors (NTF), consists of a family of polypeptides,such as nerve growth factor (NGF), brain-derived 

neurotrophic factor (BDNF), neurotropin 3 (NT-3), neurotrophin 4 (NT-4), epidermal growth factor (EGF), fibroblast 

growth factor (FGF), glia-derived growth factor (GDNF), vascular endothelial growth factor (VEGF), insulin growth factor 

(IGF)，as well as their high-affinity receptors TrkA, TrkB and TrkC. Every kinds of neurotrophins play an important 

physiological role by binding to corresponding receptors. All neurotrophins mediate their effects via activation of one or 

more Trk receptors. Nerve growth factor together with possibly other neurotrophins such as BDNF, NT3 , NT4/5or GDNF 

are important modulators of immunity[10,11,12,13,14]. Neurotrophic factors play an important role in neuronal survival and 

recovery after acute injury to the central nervous system (CNS) and may represent an additional therapeutic target for 

treatment of viral encephalitis
 
[15]. It is expected that NTF may be the underlying factors responsible for the 

neuromodulatory of immunologic process of TBM. 
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In the family members of neurotrophins , BDNF and NT-3 are of particular interest in this regard. As BDNF, since its 

receptor (trkB) is expressed in a broad range of neurons throughout the brain
 
[16].

 
Whereas, NT-3 is another very important 

neurotrophin, which mediate their effects via activation predominantly the TrkC receptor but can also bind to other Trk 

receptors [17]. All of these are prerequisite for a beneficial effect in diseases affecting multiple regions of the brain as is the 

case in TBM. The present study, therefore, sought to test whether the expression of BDNF and NT-3 have a correlation with 

the occurrence of TBM. 

MATERIALS AND METHOD 

Study population and the collection of cerebrospinal fluid 

We conducted a prospective observational clinical study among adults patients admitted from June 2011 to April 2012 

with diagnosis of TBM and viral meningo-encephalitis(ME) to the neurology department of the affiliated hospital, DaLi 

university. All the patients were grouped according to aetiology, findings on head CT scan, clinical and laboratory 

characteristics. TBM Standardised clinical case definition accroding to the international tuberculous meningitis workshop 

took place in Cape Town, South Africa, in May, 2009[18]. Patients then move up or down the diagnostic pyramid as 

subsequent results become available and are classified into definite, probable, possible, or not tuberculous meningitis 

according to diagnostic criteria. Definite tuberculous meningitis: microbiological identification or evidence from 

commercial nucleic acid amplification tests of central neverous system Mycobacterium tuberculosis infection. Probable 

tuberculous meningitis: when imaging is available a diagnostic score of 12 or above is required, and when imaging is not 

available, a diagnostic score of 10 or above is required. Possible tuberculous meningitis: when imaging is available a 

diagnostic score of 6–11 is required, and when imaging is not available, a score of 6–9 is required. As controls, we used 

CSF collected from patients with non-inflammatory intracranial hypertention who had undergone benign intracranial 

hypertention. Controls were matched for age and sex, respectively. All patients were subjected to hematological 

determinations, analysis of urine, electrocardiography, chest radiography, and carotid ultrasound at admission. SIEMENS 

sensation 64-slice spiral CT and PHILIPS 1.5T MR imaging machine were used for the imaging assessment. Cranial CT 

scans of all patients were finished within 24 h after admission, and cranial MR scans of all patients were completed within 

72 h after admission. To measure the levels of neurotrophic factors, we collected samples of CSF using lumbar puncture. All 

samples were obtained in the acute phase of the illness, from the first lumbar puncture, before any treatment or at the 

benginning of 3 days. The CSF samples were submitted for microbiological and biochemical analysis (germ and mycete 

culture , cellularity and glucose-protein concentration in the CSF). Detection of acid-fast bacilli (AFB) and culture isolation 

of Mycobacterium tuberculosis from cerebrospinal fluid (CSF) were also performed. The CSF was centrifuged at 1000 

r/min for five minutes to remove the precipitate and snap-frozen and the supernatant was immediately stored at -80°C until 
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analysis. The study was approved by the Institutional Ethical Review Board of Clinic Medical College of DaLi University, 

and written informed consents were obtained from all patients and/or relatives and the control subjects. 

Neurortophic factor assays 

BDNF  The endogenous BDNF levels were determined in triplicate in undiluted CSF by commercially available 

sand-wich-type enzyme-linked immunosorbent assays(Chemikine, Millipore Corporation, USA) following the 

manufacturer's instructions. To detail, Polystyrene 96-well microtube immunoplates (Nunc) were place the desired number 

of ChemiKine Brain Derived Neurotrophic Factor strips. Add 100 µL of Standards 0 through 7 or samples to wells. It is 

recommended that standards and samples be run in duplicate. Seal the plate with a plate sealer. Incubate the plate at 2-8°C 

overnight (on a shaker if possible). Gently remove the plate sealer and wash the plate at least 4 times. Using the 

multichannel pipet add 250µL of Wash Buffer to each well; flick and blot the plate. Repeat this procedure for a total of 4 

times. Add 100µL of the diluted biotinylated mouse anti-BDNF monoclonal antibody (dilute the biotinylated antibody 

1:1,000 with Sample Diluent) to each well. Cover the plate and incubate at room temperature for 2-3 hours Wash the plate. 

Add 100µL of the diluted streptavidin-HRP conjugate solution (dilute the HRP conjugate 1:1,000 with Sample Diluent) to 

each well. Cover the plate and incubate at room temperature for 1 hour. Wash the plate 4 times. Warm TMB to room 

temperature. Add 100 µL of TMB/E Substrate to each well. Incubate at room temperature for 15 minutes. Stop the reaction 

by adding 100 µL of Stop Solution to each well. Optical density was measured at 450 nm, using an ELISA reader 

(Dynatech), and the values of standards and samples were corrected by taking non-specific binding into consideration. 

BDNFconcentrations were determined from the regression line for the BDNF standard. The sensitivity was 7.8 pg/ml for 

BDNF. And there was no significant cross-reactivity with other molecules of the NGF family (i.e, NGF,NT-3 and NT-4/5). 

BDNF concentration was expressed as pg/ml for liquid samples. All assays were performed in duplicate. 

NT-3  NT-3 concentration were measured by a highly sensitive two-site immunoenzymatic assay kit(Chemikine, Millipore 

Corporation, USA), As performed for the BDNF assay following the manufacturer's instructions. With the ChemiKine assay 

system, sheep polyclonal antibodies generated against human NT-3 are coated onto a microplate and are used to capture 

NT-3 from a sample. NT-3 specific, biotin conjugated, mouse monoclonal antibodies detect the captured NT-3. After 

addition of streptavidin-enzyme, substrate and stop solution the amount of NT-3 is determined. Optical density was also 

measured at 450 nm, using an ELISA reader (Dynatech), and the values of standards and samples were corrected by taking 

non-specific binding into consideration. NT-3 levels were determined from the regression line for the NT-3 standard. The 

sensitivity was 30pg/ml for NT-3. And there was no significant cross-reactivity with other molecules of the NGF family (i.e., 

NGF, BDNF and NT-4/5). NT-3 concentration was expressed as pg/ml for liquid samples. All assays were performed in 
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duplicate. 

Statistical analysis 

After the collection of primary data, further data collection and analysis were done by observers blind to the 

experimental manupulations. When the last average data were available, they were analyzed by the SPSS 13.0 statistical 

analysis software package. Data were presented as means ± standard deviation of the mean (mean±SD). Statistical 

differences among groups were determined by One-Way ANOVA. Different variance in the same group comparisons were 

made by two sample t-test . P<0.05 represents significant difference. 

RESULTS 

40 patients with tuberculous meningitis, viral meningoencephalitis and benign intracranial hypertention were admitted 

to this study. The patients were aged 18 y to 64 y, with a mean age of 38.6 ±4.28 y (median age: 25.3 y). Table 1 shows 

clinical and demographic characteristics of these samples. The patients were divided into three experimental groups as 

shown in Table1. Group I patients were subjected to TBM; Group II patients were subjected to viral ME; Group III were 

control patients consisted of non-inflammation benign intracranial hypertention.  

 

 

 

 

 

Table1 Patients grouping according to clinical and etiological characteristics  

Grouping I II III 

etiology Tuberculous 

meningitis 

Viral ME benign 

intracranial 

hypertention 

Number (n) 18 13 9 

Average 

age(years) 

34 25 31.4 

Gender(n) 

Femal 

Male 

 

5 

13 

 

8 

5 

 

4 

5 
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BDNF level among different group patients  

All patients admitted to this study were examined BDNF protein level in CSF by ELISA method. The result showed 

that BDNF protein level was significantly higher in patients with TBM at acute period than the patients with viral ME 

(P<0.05). And there was no statistical difference between the patients with TBM and non-inflammation control 

group(P>0.05). The patients with viral ME also showed no difference compared with non-inflammation control 

group(P>0.05).(Fig 1, Table 2) 

Table 2 BDNF and NT-3 levels in CSF of patients in different group ( x ±ｓ)(pg/ml) 

Grouping Number of patients 
BDNF level( x ±ｓ) NT-3 level ( x ±ｓ) 

I 18 928.18±247.55
* 

1185.29±237.06
*Δ 

II 13 618.08±128.63 882.90±171.14 

III 9 763.67±185.81
 

763.67±141.41 

Note: *p <0.05: group I compared with group II; Δp <0.05: group I compared with group III. 
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Figure.1 BDNF protein level in cerebro-spinal fluid of patients with TBM and viral ME compared with control group. The number of patients 

are indicated by the horizontal lines, Cerebro-spinal fluid BDNF concentration are indicated by the vertical lines. TBM:Tuberculous meningitis; 

V-ME:Viral meningo-encephalitis; Control: non-inflammatory benign intracranial hypertention 

  NT-3 level among difference group patients  

The result showed that NT-3 level in CSF was the highest in patients with TBM at acute period compared with the 

patients with viral ME and non-inflammation control group (P<0.05). But the patients with viral ME showed no statistical 

difference compared with non-inflammation control group(P>0.05).(Fig 2, Table 2). 



International Journal of Scientific & Engineering Research, Volume 3, Issue 11, November-2012                                                                                         

ISSN 2229-5518 

 

IJSER © 2012 

http://www.ijser.org 

 

0

500

1000

1500

2000

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

The number of patient

C
S

F
 l
ev

el
 (

p
g

/m
l)

TBM

V-ME

Control

 

Figure.2 NT-3 protein level in cerebro-spinal fluid of patients with TBM and viral ME compared with control group. The number of patients are 

indicated by the horizontal lines, Cerebro-spinal fluid BDNF concentration are indicated by the vertical lines. TBM:Tuberculous meningitis; 

V-ME:Viral meningo-encephalitis; Control: non-inflammatory benign intracranial hypertention. 

The expression of BDNF and NT-3 in the patients with TBM 

The results of ELISA assays suggested NT-3 level of CSF in patients with TBM at acute period was higher than 

BDNF(P<0.05) (Fig 3, Table 3). 

Table 3 BDNF and NT-3 levels in CSF of patients with TBM. ( x ±ｓ)(pg/ml) 

Neurotrophic factor Numbers of the Sample 
Protein level ( x ±ｓ)  

BDNF 18 928.18±247.55 

NT-3 18 1185.29±237.06
*
 

Note: *p <0.05, NT-3 level compared with BDNF level in CSF of patients with TBM. 
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Figure. 3 The expression of BDNF and NT-3 level in cerebro-spinal fluid of patients with TBM. The number of patients are indicated by the 

horizontal lines, Cerebro-spinal fluid BDNF and NT-3 concentration are indicated by the vertical lines. NT-3: NT-3 level in CSF of patient with 

TBM; BDNF: BDNF level in CSF of patient with TBM. 

DISCUSSION 

The present study investigated first the expression of neurotrophin-3 and BDNF in cerebro- spinal fluid of the patients 

with TBM. Despite the limited patient sample so far evaluated, the present study provides evidence that NT-3 and BDNF 

expression in the CSF of the patient with TBM and viral ME is different, suggested that they serve different functions in 

CNS infections.   

Inflammatory processes in the central nervous system (CNS) are considered neurotoxic, although recent studies 

suggest that they also can be beneficial and confer neuroprotection [19,20]. Cells from the immune system have been 

detected in CNS injury and found to produce and secrete a variety of neurotrophins such as NGF, BDNF, NT-3 and NT-4/5, 

and to express (similarly to neuronal cells) members of the tyrosine kinase (Trk) receptor family such as TrkA, TrkB and 

TrkC
 
[21] . Tuberculous meningitis (TBM) is the most devastating form of tuberculosis. Both intracerebral and peripheral 

blood immune responses may be relevant to pathogenesis, diagnosis, and outcome[22]. Immune-driven inflammation in the 

confines of the subarachnoid space has long been considered as central to the cerebral pathology and outcome from TBM.  

In agree with above study, the present study proved neurotrophins level increased in CSF occurred early in the patient 

with TBM. And the elavated degree of the neurotrophins in the patients with TBM have statistical difference compared with 

viral ME(P<0.05). It has reported the T4+/T8+ ratio of peripheral blood and CSF reduced in cases of tuberculous meningitis, 

and such changes were also found in peripheral blood of viral encephalitis patients
 
[23]. Most previous studies reported the 

expression of neurotrophic factors ( NGF, BDNF, NT-3 and so on) in cerebrospinal fluid and/or plasma of patients or animal 
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model with viral and or bacterial meningoencephalitis[24,25,26,27,28]. To the best of our knowledge, our study is the first 

port investigating the expression of neurotrophins in CSF of patients with TBM. Importantly,our study has demonstrated the 

immunoregulatory dysfunctions presenting in these neurological disorders were different between tuberculous meningitis 

and viral ME. Both BDNF and NT-3 protein level were significantly higher in the patients subjected to TBM than viral ME. 

The neurotrophins nerve growth factor, brain-derived neurotrophic factor, neurotrophin-3 (NT-3) and NT-4 play a 

pivotal role in the development of the nervous system
 
[29]. The nervous and immune systems employ overlapping 

mechanisms and shared mediators that promote cross-talk between the two systems[30].Previous document reviewed the 

increased production of NGF and other trophic factors in central nervous system (CNS) during these diseases can suppress 

inflammation by switching the immune response to an anti-inflammatory, suppressive mode in a brain-specific environment. 

trophic factors networks in the adult CNS not only protects axons and myelin but appear to also actively contribute to the 

maintenance of the brain immune privilege [31]. A large body of work supports the proposal that there is a significant 

correlation between neurotrophins and central nervous system infection[24,25,26,27,28]. The present study noted a 

significant increase in NT-3 and BDNF CSF levels for the patient with TBM. Most intriguingly, our findings provide new 

insight into BDNF and NT-3 CSF levels were markedly elevated in the patient with TBM in the acute phase compared with 

viral ME. The results of our study also showed that the expression of NT-3 was higher than BDNF in the patients in TBM 

group.To our knowledge, these data are the first to completely demonstrate the expression of neurotrophins in the CSF for 

the patients with TBM. These findings should provide another avenue for the pathogenesis and treatment for TBM. They 

could also provide some basis for further clinic trial.  

CONCLUSION 

The expression variations of NT-3 and BDNF protein level in CSF may reflect an endogenous attempt at 

neuroprotection against biochemical and molecular changes for the patients with TBM. Which probably play a 

neuro-immunomodulatory role in the process of TBM. 
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