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Abstract: Objective: This study aimed to investigate the expression of miR-135a in cerebrospinal fluid (CSF) of pa-
tients with tuberculous meningitis (TBM) and its association with clinicopathological features. Methods: Forty-three
patients with TBM admitted to Jiujiang the third People’s Hospital from September 2016 to December 2018 were
enrolled as observation group and 34 healthy individuals as control group. The expression level of miR-135a in CSF
of all subjects was quantified by quantitative real-time polymerase chain reaction (QRT-PCR), and the prognostic
significance of miR-135a and its association with clinicopathological features of TBM were analyzed. Results: The
expression of miR-135a in observation group was remarkably lower than that in the control group (P<0.05), and
was associated with age and neurological symptoms of patients with TBM (P<0.05). Receiver operating character-
istic (ROC) curve exhibited that the area under the curve (AUC), Cut-off, sensitivity, and specificity of CSF miR-135a
for diagnosing TBM was 0.761 (95% Cl: 0.659~0.872), 1.176 ng/mL, 64.71%, and 79.07%, respectively. Logistic
regression demonstrated that CSF pressure, protein, chlorine levels, course of disease, and miR-135a were associ-
ated with the prognosis of patients with TBM (P<0.05). Conclusion: MiR-135a may be involved in TBM progression

and related to poor prognosis of patients with TBM.
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Introduction

Due to the prevalence of human immunodefi-
ciency virus (HIV) and the increase of drug
resistance of mycobacterium tuberculosis
(MTB), tuberculosis (TB) has become one of
the most dangerous infectious diseases in
the world [1, 2]. Tuberculous meningitis (TBM),
a non-purulent inflammation of meninges and
spinal cord membranes induced by MTB, is
the most severe form of TB with extremely
high mortality and morbidity, and more than
100,000 new cases are reported every year
[3]. In 2015, 1.8 million of 10.4 million pa-
tients with TBM died worldwide, and for those
complicated with HIV-1 infection, the mortality
was close to 50% [4, 5].

MicroRNAs (miRNAs) are a kind of ~22 nucleo-
tides long, endogenous, single-stranded, non-

coding RNAs widely distributed in eukaryotes
[6, 7], which regulate gene expression at post-
transcriptional level and participate in cell dif-
ferentiation, growth, proliferation, as well as
apoptosis [8, 9]. Besides, miRNAs play a regula-
tory role in the development and progression
of TB [10]. Ma et al. pointed out that up-regulat-
ed miR-579 mediates MTB infection and leads
to death of human macrophages [11]. Pan et
al. found that the expression of miR-29 in
peripheral blood mononuclear cells (PBMCs)
and cerebrospinal fluid (CSF) of TBM children
was significantly higher than that in healthy
controls [12]. However, there were few reports
on the differential expression of miRNAs in
plasma and CSF of patients with TBM. MiR-
135a has been proved to be abnormally ex-
pressed in non-small cell lung cancer [13] and
Alzheimer’s disease [14], but its expression in
CSF of TBM patients remains unclear.


http://www.ijcem.com

miR-135a in cerebrospinal fluid of patients with tuberculous meningitis

Table 1. Primer of miR-135a and U6

Genes Forward primer

Reverse primer

miR-135a
U6 5’-CTCGCTTCGGCAGCACA-3’

5’-ACACTCCAGCTGGGTATGGCTTTTTATTCCT-3’

5’-GGTGTCGTGGAGTCGGCAA-3’
5’-AACGCTTCACGAATTTGCGT-3’

2.07 EE Observation group

Control group

-
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The expression level of miR-135a

Figure 1. Expression of miR-135a. Note: “indicates
that compared with the observation group, P<0.05.

No previous studies have tested the expres-
sion of miR-135a in CSF of patients with TBM,
and the prognostic factors of TBM are mostly
limited to clinicopathological indicators, gener-
ally lack of accuracy [15, 16]. MiRNAs are
expected to be potential molecular targets for
evaluating the prognosis of TBM, so we moni-
tored the expression of miR-135a in patients
with TBM and analyzed its association with
clinicopathological features and prognosis, so
as to provide reference for clinical practice.

Materials and methods
General data

Forty-three patients (19 males and 24 fema-
les, aged 16-51 years) with TBM admitted
to Jiujiang the third People’s Hospital from
September 2016 to December 2018 were
enrolled as observation group and 34 healthy
individuals (15 males and 19 females, aged
17-54 years) as control group. The average
age of subjects in the two groups was
37.27+11.48 years and 35.55+10.68 years,
respectively. The study was approved by the
ethics committee, and all subjects signed
the informed consent form. Inclusion criteria:
Patients in the observation group developed
tuberculous toxic symptoms. CSF cells were
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collected by slide centrifugal precipitation and
stained with acid-fast staining to capture acid-
fast bacilli. Purified Protein Derivative of Tu-
berculin (PPD) test was strongly positive.
Antibodies to TB in blood and CSF were tested
positive, and head CT was positive as well.
Combining these outcomes with clinical symp-
toms, the patients were diagnosed with TBM.
The patients in the control group received phys-
ical examinations in Jiujiang the third People’s
Hospital and had no close contact with TB
patients; patients with negative head CT and
PPD; patients without TB and other diseases.

Exclusion criteria: patients with other serious
infections, severe visceral organ diseases,
autoimmune deficiency, other infectious dis-
eases (HIV, typhoid), cryptococcus neoformans
meningitis, purulent meningitis, viral meningi-
tis, or meningeal carcinomatosis; patients with
contraindications to lumbar puncture or those
cannot undergo lumbar puncture within 48
hours; pregnant or lactating women.

Instruments and reagents

Table-top high speed centrifuge (Hangzhou
Allsheng Instrument Co., Ltd., AS-08120-00),
polymerase chain reaction (PCR) instrument
(ABI, USA, 7500), total RNA extraction Kkit
(Shanghai Hengfei Biotechnology Co., Ltd.,
Solarbio R1200), PCR+Reverse Transcription
Kit TransScript® Green miRNA Two-Step qRT-
PCR SuperMix (Beijing Bioneeds Biotechno-
logy Co., Ltd., abx 098036), ultraviolet spectro-
photometer (Peking Care Industrial Park,
uv-1100), primers of miR-135a and internal ref-
erence U6 (Shanghai Haling Biotechnology Co.,
Ltd.). See Table 1.

Detection methods

MiR-135a was quantified by quantitative real-
time PCR (qRT-PCR): Total RNA in CSF was
isolated according to the instructions of total
RNA extraction kit. And the concentration was
measured using an ultraviolet spectrophotom-
eter. Two microliters of total RNA were reverse-
transcribed into cDNA with the reaction system
of 42°C for 60 min and 95°C for 5 min. Taking
the cDNA as template, amplification was per-
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Table 2. Association between miR-135a and clinicopathological features (X £sd)

Clinicopathological features n miR-135a (n=53) t P
Age 2.164 0.0351
<60 32 0.954+0.368
>60 21 0.723+0.398
Sex 0.165 0.8695
Male 34 0.921+0.322
Female 19 0.905+0.366
Concomitant TB at other sites 0.403 0.6889
Yes 22 0.896+0.303
No 31 0.933+0.347
Cerebral infarction 0.285 0.777
Yes 18 0.894+0.297
No 35 0.921+0.341
Early intrathecal injection 0.772 0.4429
Yes 30 0.943+0.364
No 35 0.874+0.355
Meningeal irritation sign 0.198 0.8437
Yes 48 0.937+0.381
No 5 0.902+0.307
Epileptic seizure 0.192 0.8487
Yes 7 0.899+0.276
No 46 0.924+0.327
Clinical symptoms
Neurological symptoms 2.025 0.048
Yes 46 0.774+0.264
No 8 0.985+0.319
Fever 0.484 0.6303
Yes 37 0.893+0.378
No 16 0.927+0.384
Night sweat 0.482 0.6319
Yes 39 0.878+0.332
No 14 0.927+0.309

formed on a gRT-PCR instrument. Reaction
system (20 pL): 10 pL PCR Premix, 2 uL
upstream primer (10x%), 2 yL downstream pri-
mer (10x), 6 pL ddH,0 (RNase-free and DN-
ase-free). PCR conditions: 90°C for 5 min,
90°C for 5's, 60°C for 30 s, 72°C for 5 s, for
a total of 40 cycles. U6 was taken as the in-
ternal reference, and 222t was employed for
data analysis.

Prognosis evaluation

The patients were classified into good pro-
gnosis group and poor prognosis group at dis-
charge by Glasgow Outcome Scale (GOS) [17]:
patients with a score of 4 or 5 were consi-
dered to have a good prognosis, and those with
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a score of 1 to 3 poor prognosis. GOS classi-
fication: 5, good recovery: patients resume
normal life, but still suffer from minor defects;
4, moderated disability: patients are disabled
but independent, and able to work under pro-
tection; 3, severe disability: patients are con-
scious but disabled, and incapable of living
independently; 2, vegetative state: patients ex-
hibit only minimal response (e.g. open eyes
with sleep/wakefulness cycle); 1, dead.

Statistical methods

SPSS22 statistical software was employed to
process the data. The measurement data were

expressed by mean + standard deviation (X
+sd), and comparison between groups was
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Table 3. Diagnostic value of CSF miR-135a

Diagnostic index AUC 95% ClI

Standard Error  Cut-off  Sensitivity (%) Specificity (%)

miR-135a 0.761  0.659-0.872

1.176 64.71 79.07

1009 — miR-214
— Identity%

Sensitivity%
S
2

20+

0 20 40 60 80 100
100% - Specificity%

Figure 2. ROC curve of CSF miR-135a in diagnosis of
TBM. The AUC of CSF miR-135a for diagnosis of TBM
is 0.761, the cut-off is 1.176 ng/ml, the sensitivity is
64.71%, and the specificity is 79.07%.

conducted by t test, while comparison of count-
ing data was conducted by x? test. Receiver
operating characteristic (ROC) curve assessed
the effects of miR-135a on the diagnosis of
TBM. Multivariate Logistic regression identi-
fied the influencing factors on the prognosis
of TBM. Difference was statistically significant
as P<0.05.

Results
Expression of miR-135a

According to RT-PCR, CSF miR-135a in the
observation group (0.911+0.35) was remark-
ably lower than that in the control group
(1.252+0.293) (P<0.05). See Figure 1.

Association between miR-135a and clinico-
pathological features

The expression of miR-135a in TBM was not
related to sex, concomitant TB at other sites,
cerebral infarction, early intrathecal injection,
meningeal irritation sign, epileptic seizure,
fever, or night sweat (P>0.05), but associated
with age and neurological symptoms (P<0.05).
See Table 2.
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Diagnostic value of CSF miR-135a for TBM

ROC curve demonstrated that the area under
the curve (AUC), cut-off, sensitivity, and speci-
ficity of CSF miR-135a for diagnosing TBM
was 0.761 (95% Cl: 0.659~0.872), 1.176 ng/
mL, 64.71%, and 79.07%, respectively. See
Table 3 and Figure 2.

Univariate analysis on prognosis of patients
with TBM

Univariate analysis showed that age, early
intrathecal injection, miR-35a, GOS score, CSF
sugar, pressure, protein levels, and course
of disease were related to the prognosis of
TBM patients (P<0.05), as shown in Table 4.

Multivariate analysis on prognosis of patients
with TBM

Multivariate analysis illustrated that CSF pres-
sure, protein, and chlorine levels, as well as
course of disease, and miR-135a were factors
influencing the prognosis of patients with TBM
(P<0.05), as shown in Tables 5 and 6.

Discussion

TBM, a non-suppurative inflammation of me-
ninges caused by MTB, is the most harmful
extrapulmonary TB, and patients may develop
permanent sequelae of the central nervous
system [18, 19]. Due to its hidden onset and
long course of disease, clinical manifestations
and laboratory tests lack specificity [20]. The
incidence of TBM has been on the rise over
years because of the growing AIDS cases and
the increase in drug resistance of tubercle
bacillus induced by drug abuse and excessive
use of immunosuppressants. At present, the
diagnosis of TBM mainly relies on pathogen
detection, which has the limitations of long
cycle, poor sensitivity, and low specificity, thus
delaying the diagnosis and treatment timing
and resulting in high fatality and high mor-
bidity of TBM [21, 22]. Therefore, it is of great
significance to explore methods for the early
diagnosis of TBM [23].
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Table 4. Univariate analysis on prognosis of patients with TBM (X £sd)

Factor Good prognosis group (n=29) Poor prognosis group (n=24) t/x? P
Sex
Male 18 (62.07) 16 (66.67) 0.121 0.728
Female 11 (37.93) 8(33.33)
Age (years) 9.596 0.002
<60 23(79.31) 9 (37.5)
>60 6 (20.69) 15 (62.5)
GOS score (points) 12.12+1.86 10.73+£2.09 2561 0.013
CSF sugar (mmol/L) 2.62+0.23 2.12+0.82 3.143 0.003
CSF pressure (mmH,0) 217.41+48.67 269.38+64.33 3.347 0.002
CSF chlorine (mmol/L) 121.34+8.41 112.9149.52 0.53 0.001
Concomitant TB at other sites 2.894 0.089
Yes 9 (31.03) 13 (54.17)
no 20 (68.97) 11 (45.83)
Cerebral infarction 2.756 0.097
Yes 7 (24.14) 11 (45.83)
No 22 (75.86) 13 (54.17)
Early intrathecal injection 5.731 <0.01
Yes 12 (41.38) 4 (16.67)
No 17 (58.62) 20 (83.33)
Meningeal irritation sign 1.424  0.233
Yes 25 (86.21) 23 (95.83)
No 4 (13.79) 1(4.47)
CSF protein (g/L) 4317.23+1573.65 6127.54+3023.12 2.802 0.007
miR-135a 0.976+0.312 0.756+0.214 2.929 0.005
Epileptic seizure 0.676 0.4986
Yes 3(10.34) 4 (16.67)
No 26 (89.66) 20 (83.33)
Course of disease (d) 27.42+4.31 35.2845.67 5.731 <0.01
Table 5. Assignment table
Factor Assignment
Age <60=1, >60=0
Early intrathecal injection Yes =1, No =0
miR-35a Continuous variable, analysis is conducted on raw data.
GOS score Continuous variable, analysis is conducted on raw data.
CSF sugar Continuous variable, analysis is conducted on raw data.
CSF pressure Continuous variable, analysis is conducted on raw data.
CSF protein Continuous variable, analysis is conducted on raw data.
Course of disease (d) Continuous variable, analysis is conducted on raw data.
Table 6. Multivariate analysis on prognosis of patients with TBM
Variable B Standard Error Wald x? OR (95% ClI) P
Course of disease -0.364 0.112 11.33 0.671 (0.543-0.824) 0.005
CSF pressure -0.025 0.009 7.821 0.923(0.943-0.972) 0.007
CSF chlorine 0.107 0.053 4.415 1.117 (1.103-1.275) <0.01
Cerebrospinal fluid protein -0.004 0.321 7.452 0.823 (0.972-1.054) <0.01
miR-35a 6.632 5.984 1.277 0.754 (0.643-0.987) <0.01
2867 Int J Clin Exp Med 2020;13(4):2863-2870
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MiIRNA, a single-stranded non-coding endoge-
nous RNA, degrades or inhibits target mRNA
translation by binding to the 3’ untranslated
region, thus negatively regulating gene expres-
sion and mediating biological functions [24,
25]. MiRNA molecules play an essential re-
gulatory role in the immune response induced
by pathogen infection [26] Dong et al found
that miR-135a affects the growth of astrocy-
tes derived from bacterial meningitis via down-
regulating hypoxia inducible factor 1a (HIF-1)
[27]. CSF miR-135a in the observation group
(0.911+0.35) was remarkably lower than that
in the control group (1.252+0.293), and it was
related to age and neurological symptoms,
indicating the abnormal expression of miR-
135a in patients with TBM and its involvement
in TBM progression. This involvement may be
related to the regulation of target proteins,
but its specific mechanisms need further inves-
tigation. Several miRNAs have been previously
reported to be abnormally expressed in TB pa-
tients. Singh PK et al. summarized that miR-
29a, miR-125b, and miR-155 may be novel
diagnostic markers for TB [28]. However, the
role of miR-135a expression in TB remains
largely unknown. Therefore, we plotted ROC
curves and found the AUC, cut-off, sensitivity,
and specificity of CSF miR-135a for diagnosing
TBM was 0.761 (95% CI: 0.659~0.872), 1.176
ng/mL, 64.71%, and 79.07%, respectively, in-
dicating that miR-135a may be a biological
indicator with high diagnostic value in TBM.

GOS score, CSF pressure and protein levels
often affect the prognosis of patients with TBM
[29, 30]. In recent years, miRNAs have gained a
prominent position for their high prognostic
value in various diseases [31]. For example, Shi
et al. [32] pointed out that the exosomal level
of CSF miRNA-21 is related to the poor progno-
sis and recurrence of malignant glioma. Th-
erefore, we analyzed the factors affecting TBM
prognosis. Univariate analysis demonstrated
that age, early intrathecal injection, miR-35a,
GOS score, CSF pressure, protein, chlorine
levels, course of disease were associated with
the prognosis of patients with TBM. Further
multivariate analysis showed that CSF pres-
sure, protein, and chlorine levels, as well as
course of disease, and miR-135a were inde-
pendent risk factors affecting the prognosis
of patients with TBM, which indicated that
miR-135a could be used as an indicator for
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clinical evaluation of prognosis of TBM. Th-
erefore, miR-135a exerts a vital effect on
the development, progression, as well as prog-
nosis of TBM.

Although the diagnostic value of miR-135a
for TBM and its association with prognosis
have been confirmed, there are still several
limitations. For example, the specific mecha-
nism of miR-135a in TBM is unclear yet. Th-
erefore, we will perform relevant basic experi-
ments to verify the conclusion of our study.

To sum up, miR-135a may be involved in TBM
progression and related to poor prognosis of
patients with TBM.

Disclosure of conflict of interest
None.

Address correspondence to: Mei Jin, Neurology
Lushan Rehabilitation Centre of Chinese People’s
Liberation Army Joint Logistic Support Force,
Jivjiang, Jiangxi Province, China. E-mail: libe-
nye784428@163.com

References

[1] Della Bella C, Spinicci M, Alnwaisri HFM, Bar-
talesi F, Tapinassi S, Mencarini J, Benagiano
M, Grassi A, D’Elios S, Troilo A, Abilbayeva A,
Kuashova D, Bitanova E, Tarabayeva A, Shura-
lev EA, Bartoloni Aand D’Elios MM. LIOFeron(R)
TB/LTBI: a novel and reliable test for LTBI and
tuberculosis. Int J Infect Dis 2019; 91: 177-
181.

[2] Degeling C, Carroll J, Denholm J, Marais B and
Dawson A. Ending TB in Australia: organiza-
tional challenges for regional tuberculosis pro-
grams. Health Policy 2020; 124: 106-112.

[3] PanY,YangZ, LiuR, Xing L, Peng Zand Zhu C.
Host and microbial predictors of childhood ex-
trathoracic tuberculosis and tuberculosis men-
ingitis. Pediatr Infect Dis J 2015; 34: 1289-95.

[4] Nadda JP and Singh PK. New evidence of the
tuberculosis burden in Asia demands national
action. Lancet 2016; 388: 2217-2219.

[5] Mechai F and Bouchaud O. Tuberculous men-
ingitis: challenges in diagnosis and manage-
ment. Rev Neurol (Paris) 2019; 175: 451-457.

[6] Kozomara A, Birgaoanu M and Griffiths-Jones
S. miRBase: from microRNA sequences to
function. Nucleic Acids Res 2019; 47: D155-
D162.

[71 Lin S and Gregory RI. MicroRNA biogenesis
pathways in cancer. Nat Rev Cancer 2015; 15:
321-33.

Int J Clin Exp Med 2020;13(4):2863-2870


mailto:libenye784428@163.com

mailto:libenye784428@163.com


(8]

(9]

(10]

(11]

[12]

[13]

[14]

[15]

(16]

(17]

(18]

[19]

[20]

miR-135a in cerebrospinal fluid of patients with tuberculous meningitis

Thomson DW and Dinger ME. Endogenous mi-
croRNA sponges: evidence and controversy.
Nat Rev Genet 2016; 17: 272-83.

Agarwal V, Bell GW, Nam JW and Bartel DP.
Predicting effective microRNA target sites in
mammalian mRNAs. Elife 2015; 4.

Liu MA. From the wild west to the frontiers of
immunology: the journey of a Chinese-Ameri-
can scientist. Hum Vaccin Immunother 2019;
15: 1016-1020.

Ma J, Chen XL and Sun Q. microRNA-579 up-
regulation mediates death of human macro-
phages with mycobacterium tuberculosis in-
fection. Biochem Biophys Res Commun 2019;
518: 219-226.

Pan D, Pan M and Xu YM. Mir-29a expressions
in peripheral blood mononuclear cell and cere-
brospinal fluid: diagnostic value in patients
with pediatric tuberculous meningitis. Brain
Res Bull 2017; 130: 231-235.

Zhou Y, Li S, Li J, Wang D and Li Q. Effect of
microRNA-135a on cell proliferation, migra-
tion, invasion, apoptosis and tumor angiogen-
esis through the IGF-1/PI3K/Akt signaling
pathway in non-small cell lung cancer. Cell
Physiol Biochem 2017; 42: 1431-1446.

Yang TT, Liu CG, Gao SC, Zhang Y and Wang
PC. The serum exosome derived microRNA-
135a, -193hb, and -384 were potential alzheim-
er's disease biomarkers. Biomed Environ Sci
2018; 31: 87-96.

Jha SK, Garg RK, Jain A, Malhotra HS, Verma R
and Sharma PK. Definite (microbiologically
confirmed) tuberculous meningitis: predictors
and prognostic impact. Infection 2015; 43:
639-45.

Singh AK, Malhotra HS, Garg RK, Jain A, Kumar
N, Kohli N, Verma R and Sharma PK. Paradoxi-
cal reaction in tuberculous meningitis: presen-
tation, predictors and impact on prognosis.
BMC Infect Dis 2016; 16: 306.

Wu SC, Rau CS, Kuo SCH, Chien PC, Hsieh HY
and Hsieh CH. The reverse shock index multi-
plied by glasgow coma scale score (rSIG) and
prediction of mortality outcome in adult trau-
ma patients: a cross-sectional analysis based
on registered trauma data. Int J Environ Res
Public Health 2018; 15.

Torok ME. Tuberculous meningitis: advances in
diagnosis and treatment. Br Med Bull 2015;
113:117-31.

Mai NT and Thwaites GE. Recent advances in
the diagnosis and management of tuberculous
meningitis. Curr Opin Infect Dis 2017; 30: 123-
128.

Heemskerk AD, Bang ND, Mai NT, Chau TT, Phu
NH, Loc PP, Chau NV, Hien TT, Dung NH, Lan
NT, Lan NH, Lan NN, Phong le T, Vien NN, Hien
NQ, Yen NT, Ha DT, Day JN, Caws M, Merson L,

2869

(21]

[22]

(23]

[24]

[25]

[26]

[27]

Thinh TT, Wolbers M, Thwaites GE and Farrar
JJ. Intensified antituberculosis therapy in
adults with tuberculous meningitis. N Engl J
Med 2016; 374: 124-34.

Erdem H, Ozturk-Engin D, Tireli H, Kilicoglu G,
Defres S, Gulsun S, Sengoz G, Crisan A, Johan-
sen IS, Inan A, Nechifor M, Al-Mahdawi A, Civl-
jak R, Ozguler M, Savic B, Ceran N, Cacopardo
B, Inal AS, Namiduru M, Dayan S, Kayabas U,
Parlak E, Khalifa A, Kursun E, Sipahi OR,
Yemisen M, Akbulut A, Bitirgen M, Popovic N,
Kandemir B, Luca C, Parlak M, Stahl JP, Pehliv-
anoglu F, Simeon S, Ulu-Kilic A, Yasar K, Yilmaz
G, Yilmaz E, Beovic B, Catroux M, Lakatos B,
Sunbul M, Oncul O, Alabay S, Sahin-Horasan E,
Kose S, Shehata G, Andre K, Dragovac G, Gul
HC, Karakas A, Chadapaud S, Hansmann Y,
Harxhi A, Kirova V, Masse-Chabredier |, Oncu
S, Sener A, Tekin R, Elaldi N, Deveci O, Ozkaya
HD, Karabay O, Senbayrak S, Agalar C and Va-
haboglu H. Hamsi scoring in the prediction of
unfavorable outcomes from tuberculous men-
ingitis: results of haydarpasa-Il study. J Neurol
2015; 262: 890-8.

Chatain GP, Mehta GU, Nieman LK, Sharma S,
Yuditskaya S, Chen RY, Yockey L, Holland SM
and Chittiboina P. Tuberculous meningitis in a
patient with cushing’s disease: glucocorticoid-
mediated immunosuppression: case report,
and review of the literature. Neurol India 2019;
67:1128-1130.

Thao LTP, Heemskerk AD, Geskus RB, Mai
NTH, Ha DTM, Chau TTH, Phu NH, Chau NVV,
Caws M, Lan NH, Thu DDA, Thuong NTT, Day J,
Farrar JJ, Torok ME, Bang ND, Thwaites GE and
Wolbers M. Prognostic models for 9-month
mortality in tuberculous meningitis. Clin Infect
Dis 2018; 66: 523-532.

Belur Nagaraj A, Joseph P, Ponting E, Fedorov
Y, Singh S, Cole A, Lee W, Yoon E, Baccarini A,
Scacheri P, Buckanovich R, Adams DJ, Drapkin
R, Brown BD and DiFeo A. A miRNA-mediated
approach to dissect the complexity of tumor-
initiating cell function and identify miRNA-tar-
geting drugs. Stem Cell Reports 2019; 12:
122-134.

Rupaimoole R, Calin GA, Lopez-Berestein G
and Sood AK. miRNA deregulation in cancer
cells and the tumor microenvironment. Cancer
Discov 2016; 6: 235-46.

Bartel DP. MicroRNAs: genomics, biogenesis,
mechanism, and function. Cell 2004; 116:
281-97.

Dong Y, Wang J, Du KX, Jia TM, Zhu CL, Zhang
Y and Xu FL. MicroRNA-135a participates in
the development of astrocytes derived from
bacterial meningitis by downregulating HIF-
lalpha. Am J Physiol Cell Physiol 2019; 316:
C711-C721.

Int J Clin Exp Med 2020:13(4):2863-2870



(28]

[29]

[30]

miR-135a in cerebrospinal fluid of patients with tuberculous meningitis

Singh PK, Singh AV and Chauhan DS. Current
understanding on micro RNAs and its regula-
tion in response to mycobacterial infections. J
Biomed Sci 2013; 20: 14.

Gu J, Xiao H, Wu F, Ge Y, Ma J and Sun W. Prog-
nostic factors of tuberculous meningitis: a sin-
gle-center study. Int J Clin Exp Med 2015; 8:
4487-93.

Dian S, Rahmadi R, van Laarhoven A, Ganiem
AR and van Crevel R. Predicting mortality of tu-
berculous meningitis. Clin Infect Dis 2018; 67:
1954-1955.

2870

(31]

(32]

Thakral S and Ghoshal K. miR-122 is a unique
molecule with great potential in diagnosis,
prognosis of liver disease, and therapy both as
mMiRNA mimic and antimir. Curr Gene Ther
2015; 15: 142-50.

Shi R, Wang PY, Li XY, Chen JX, Li Y, Zhang XZ,
Zhang CG, Jiang T, Li WB, Ding W and Cheng
SJ. Exosomal levels of miRNA-21 from cerebro-
spinal fluids associated with poor prognosis
and tumor recurrence of glioma patients. On-
cotarget 2015; 6: 26971-81.

Int J Clin Exp Med 2020;13(4):2863-2870



