
79

Introduction

Tuberculous meningitis (TBM) is a cerebrovascular 
disease caused by Mycobacterium tuberculosis. When 
tuberculosis occurs, Mycobacterium tuberculosis in the 
lesion will stay in the meninges, brain parenchyma, and 
other parts, constituting an insidious lesion. If the lesion 
ruptures, Mycobacterium tuberculosis will enter the su-
barachnoid cavity, resulting in tuberculous inflammation 
(1-3). This disease is the most important type of pediatric 
tuberculosis, which usually occurs within three months to 
one year after primary pulmonary tuberculosis infection 
and is more common in children aged 1 to 3 years. Before 
the introduction of anti-TB drugs, this rate was almost 
100%. (4,5). At present, the understanding of the occur-
rence factors of TBM is not clear, which may be related to 
the high allergy of the body during primary tuberculosis 
in patients. From the pathogenesis point of view, TBM is 
secondary tuberculosis, so it is necessary to pay attention 
to finding the primary lesion (6-8). In recent years, with 
the development and popularization of bacillus Calmette-
Guerin (BCG) vaccination and tuberculosis prevention and 
treatment, the incidence and mortality of TBM have been 
significantly reduced. If early detection and treatment can 
be performed, then most patients can be cured. Otherwise, 
there will still be a high mortality rate (9). Therefore, early 
diagnosis and reasonable treatment are the keys to impro-
ving the prognosis of this disease.

Current treatments for TBM include general treatment, 
adrenocorticotropic hormone application, and anti-TB 
treatment. General treatment is indicated for early cases, 
that is, hospitalization, bed rest, administration of nutrient-
rich foods containing high vitamins and high protein to 
patients, and nasogastric feeding for comatose patients 
(10). Antituberculosis drugs generally use fungicides with 
strong penetration and high cerebrospinal fluid concen-
tration, such as isoniazid, streptomycin, p-aminosalicy-
lic acid, and rifampicin, but attention should be paid to 
the side effects of these drugs during use, such as hearing 
changes, visual changes, and liver function (11-13). Adre-
nocorticotropic hormone can effectively inhibit the inflam-
matory response and reduce arterial intimal inflammation 
and meningeal irritation signs, which is an effective adju-
vant therapy to anti-TB drugs and is usually effective in 
the early application (14,15). Glucocorticoid is a kind of 
steroid hormone secreted by the bundle of the adrenal cor-
tex. It is mainly cortisol. It has the function of regulating 
the biosynthesis and metabolism of sugar, fat, and protein. 
It also has the function of inhibiting immune response, 
anti-inflammatory, anti-toxic, and anti-shock. (16). As one 
of the important discoveries in the medical community in 
the 20th century, glucocorticoids are indispensable drugs 
in many departments and have an irreplaceable role. They 
are widely used in the treatment of TBM, but their efficacy 
and safety have been controversial (17). 

Nanoliposome is a kind of liposome structure with a 
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particle size less than 100 nm. It is a kind of ultramicro 
spherical carrier preparation formed by a lipid bilayer. It 
is a typical representative of a nano drug delivery system. 
It can effectively improve the solubility of encapsulated 
drugs and improve the therapeutic effect of drugs and has 
good biocompatibility (18,19). Therefore, human brain-
targeted nanoliposomes DSPE-125I-AIBZM-MPS encap-
sulating methylprednisolone sodium succinate were first 
prepared and characterized and compared with DSPE-
MPS liposomes without markers, and then 180 Sprague-
Dawley (SD) male rats were divided into normal control 
group, TBM infection group, and TBM treatment group, 
and the brain water content, Evans blue (EB) content, 
gene and protein expression levels of vascular endothelial 
growth factor (VEGF) and receptors (Flt-1, Flk-1), hema-
toxylin/eosin (HE) staining results of sections, and inflam-
matory factor levels of rats were measured after modeling 
to comprehensively evaluate the efficacy of glucocorticoid 
nanoliposomes in rats with TBM.

Materials and Methods

Experimental animals 
180 SD male rats purchased from Shanghai Jake Bio-

technology Co., Ltd. were selected as research samples, 
weighing 180 ± 10 g. Adaptive feeding was carried out 
one week before the experiment, and free drinking water 
and eating. The experiment was conducted according to 
the implementation rules of the Ministry of Health of the 
People’s Republic of China on the management of medical 
laboratory animals (Order No. 55 of the Ministry of Health 
of January 25, 1998).

Preparation of human brain-targeted methylpredniso-
lone nanoliposomes 

Cholesterol, distearoylphosphatidylethanolamine-
polyethylene glycol-carboxylic acid (DSPE-PEG2000 - 
Acid), distearoylphosphatidylethanolamine-polyethylene 
glycol (DSPE-PEG2000), and distearoylphosphatidlycho-
line (DSPC) were mixed in a certain proportion (molar 
ratio of materials), and then added into a mixed solvent of 
chloroform/methanol, and frozen overnight with nitrogen. 
The next day, 150 mmol of calcium acetate solution was 
used for hydration, an ultrasound bath for half an hour, 
then Avanti micro liposome extruder (Shanghai BenRo 
Chemical Co., Ltd.) was used about 15 times, and the 
obtained liposome suspension was dialyzed at 4℃ over-
night. The pH gradient was established by remote control 
loading method, and methylprednisolone sodium succi-
nate was loaded into liposomes and bathed at 65℃ for 30 
min to obtain DSPE-MPS liposomes, which were stored at 
4℃. Then, 50 μL 0.3 mol / L carbodiimide (EDC) and 50 
μL 0.3 mol / L N-hydroxysuccinimide (NHS) were added, 
stirred at 25℃ for 15 min, neutralized with NaOH to pH 
7.3. Finally, the formamide derivatives (125I-AIBZM) were 
mixed with the activated nanoliposome suspension and 
stirred at 4℃ for 10 h to obtain the human brain-targe-
ted nanoliposomes DSPE-125I-AIBZM-MPS encapsulating 
methylprednisolone sodium succinate.

The free dose, total dose, actual package amount, and 
the amount of phospholipid in drug-loaded liposomes at 
different stages were measured by high-performance li-
quid chromatography (HPLC). The encapsulation rate and 
drug-to-lipid ratio were calculated. , .

Preparation and intervention of nuclear meningitis rat 
model 

According to different treatment methods, all rats were 
randomly divided into normal control group, TBM infec-
tion group, and TBM treatment group, with 60 rats in each 
group.

The rats in the TBM infection group and treatment 
group were injected with Mycobacterium tuberculosis 
suspension via tail vein, and the normal control group was 
injected with the same amount of normal saline. In the 
TBM infection group and TBM treatment group, Myco-
bacterium tuberculosis H37Rv, which was grown on a 7H9 
medium for two weeks, was filtered, centrifuged, and dis-
persed to prepare the bacterial suspension with a concen-
tration of 2.5 × 106 CFU / mL. Each rat was injected with 
0.2 ml suspension/rat (bacterial amount: 5 × 105 CFU / rat) 
via tail vein and placed in a negative pressure environment 
(humidity: 55 ± 15 %, 21 ± 2℃). There was a cycle of 12 h 
light / 12 h dark. Animals could easily obtain food and wa-
ter. The TBM model was formed after 14 days. After the 
formation of the TBM model, rats in the TBM treatment 
group were injected DSPE-125I-AIBZM-MPS (4 mg/kg ·d) 
intraperitoneally, once every 24 h, until death. On the 1st, 
4th, and 7th day after successful modeling, 20 rats in each 
group were sacrificed to observe the experimental indexes. 

Determination of water content in rat brain tissue
On the 1st, 4th, and 7th day after the model was suc-

cessfully established, 5 rats in each group were decapi-
tated, the brains were removed as soon as possible, the 
left cerebral hemisphere was separated, and the blood 
stains on the brain surface were sucked out with filter 
paper, and placed in a weighed glass weighing cup with 
cover, and wet weigh was weighed with an electronic 
analytical balance (graduation value 0.1 mg). They were 
placed in a constant temperature drying oven at 110℃ 
for baking for 24-36 h to a constant weight (the diffe-
rence between the two weighing samples was ≤ 0.2 mg), 
and dry weigh was weighed, and then the percentage of 
brain water content was calculated with Elliot equation. 

Wet weight - Dry weightBrain water content= 100%
Wet weight

×.

EB content in rat brain tissue
On the 4th and 7th day after successful modeling, 5 

rats in each group were injected with 2 % EB (2 mg/kg) 
via the tail vein 1 hour before sacrifice, anesthetized by 
intraperitoneal injection of 1 % pentobarbital sodium, 
and the hearts were rapidly opened to expose and per-
fused with 500 mL of normal saline at 37℃ to cause clear 
fluid outflow from the right atrial appendage. The content 
of EB in brain tissue was determined by the formamide 
digestion method: after measuring the wet weight of the 
cerebral cortex tissue samples, the samples were placed 
in the centrifuge tube containing formamide with 4 times 
the volume of samples. The centrifuge tube was covered, 
and samples were bathed at 5℃ for 24 h and centrifuged 

   = 100%
      

Actual package amountDrug to lipid ratio
The amount of phospholipid in drug loaded liposomes

− − ×
−

 -   = 100%
 

Total dose Free doseEncapsulation rate
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signal in the brains of rats injected with DSPE-125I-AI-
BZM-MPS nanoliposomes, but no fluorescence signal in 
the brains of rats injected with DSPE-MPS nanoliposomes

Changes in brain water content in the three groups
Figure 4 suggests the changes in brain water content in 

the three groups. It showed that the brain water content in 
the TBM infection group was significantly higher than that 
in the normal control group on days 4 and 7 after mode-
ling, and there was a significant difference (P < 0.05); in 
the brain water content in the TBM treatment group was 
significantly lower than that in the TBM infection group 
on days 4 and 7 after modeling, and there was a significant 
difference (P < 0.05).

Changes of EB content in brain tissue of three groups 
of rats

Figure 5A shows the EB standard curve, and its regres-
sion equation is y=14.339x-617, R2 = 0.9999. Figure 5B 
shows the changes in EB content in the brain tissue of the 
three groups. It was found that the EB content in the brain 
tissue of rats in the TBM infection group was significantly 
higher than that in the normal control group on days 4 and 
7 after modeling, and there was a significant difference (P 
< 0.05); the EB content in the brain tissue of rats in the 
TBM treatment group was significantly lower than that in 

at 1,500 r / min for 10 min. The supernatant was taken 
and the absorbance (A) value was measured at 635 nm of 
the maximum absorption spectrum of EB. The EB content 
was determined in the standard curve.

Detection of VEGF and receptor gene and protein ex-
pression in rat brain tissue

Ten rats in each group were anesthetized with 10 % 
chloral hydrate, the upper end of the cervical spine was 
clamped with a vertebral plate rongeur, the fur was remo-
ved, the rat skull was dissected, the vascular nerves and 
soft tissues were bluntly separated after brain exposure, 
the brain was removed and placed on an ice bag, and the 
hippocampal tissue was dissected out. 120 mg of brain 
slice cortex was stored in liquid nitrogen.

On days 4 and 7, after successful modeling: (1) the 
gene expression of VEGF and receptors (Flt-1, Flk-1) of 
brain tissue in the TBM infection group was detected by 
RT-PCR; (2) the protein expression level of VEGF and 
receptors of brain tissue in the TBM infection group was 
detected by Western blot.

Observation indexes
HE staining was performed on brain tissue sections 

from rats in each group. Avidin biotin complex-enzyme-
linked immunosorbent assay (ABC-ELISA) was used to 
detect the expression levels of inflammatory factors (IL-6, 
IL-10, TNF-α, TGF-β) in rat brain tissue. Eight rats were 
anesthetized with 1 % chloral hydrate, and after removing 
the hair from the neck, four of them were injected with 
150 µL DSPE-125I-AIBZM-MPS and the other four were 
injected with 150 µL DSPE-MPS for intravital fluores-
cence imaging.

Statistical methods
The data was analyzed by SPSS 19.0 statistical 

software. The measurement data were expressed as mean 
± standard deviation ( ±s), and the enumeration data were 
expressed as a percentage (%). One-way analysis of va-
riance was used for pairwise comparisons. The difference 
was statistically significant at P < 0.05.

Results

Characterization of human brain-targeted methylpre-
dnisolone nanoliposomes

Figure 1 shows the transmission electron microscopy 
of DSPE-MPS nanoliposomes and DSPE-125I-AIBZM-
MPS nanoliposomes, and the two nanoliposomes have si-
milar shapes and size, neat edges, regular shape, and good 
dispersity.

Figure 2 indicates the nanoliposome encapsulation rate 
and drug-to-lipid ratio. It was observed that the drug-to-
lipid ratio of DSPE-MPS nanoliposomes was not signi-
ficantly different from that of DSPE-125I-AIBZM-MPS 
nanoliposomes (P > 0.05), while the encapsulation rate of 
DSPE-125I-AIBZM-MPS nanoliposomes was significantly 
higher than that of DSPE-MPS nanoliposomes, and there 
was a significant difference (P < 0.05).

Intravital fluorescence imaging of rats
Figure 3 shows the intravital fluorescence imaging of 

DSPE-MPS nanoliposomes and DSPE-125I-AIBZM-MPS 
nanoliposomes in rats. There was a strong fluorescence 

Figure 1. Transmission electron microscopy of nanoliposomes (200 
nm). Note: A is DSPE-MPS nanoliposomes; B is DSPE-125I-AIBZM-
MPS nanoliposomes.

Figure 2. Entrapment rate of nanoliposomes and drug-to-lipid ratio. 
(1-2 for DSPE-MPS nanoliposomes, DSPE-125I-AIBZM-MPS nano-
liposomes, respectively). Note: A is the encapsulation rate; B is the 
drug-to-lipid ratio. * there was a statistically significant difference 
from 1 (P < 0.05).

Figure 3. Transmission electron microscopy of nanoliposomes (200 
nm). Note: A is DSPE-MPS nanoliposomes; B is DSPE-125I-AIBZM-
MPS nanoliposomes.
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the TBM infection group on days 4 and 7 after modeling. 
There was a significant difference (P < 0.05).

HE staining of brain tissue of three groups of rats
Figure 6 reveals the HE staining diagram of the brain 

tissue of rats in the three groups. There was no vasodilation 
in brain tissue and no inflammatory cell infiltration in the 
subarachnoid space of rats in the normal control group; in 
the TBM infection group, there was obvious hyperemia in 
cerebral blood vessels, visceral pleural erosion, and many 
inflammatory cells around blood vessels; in TBM treat-
ment group, there was mild hyperemia in cerebral blood 
vessels and a small amount of inflammatory cell infiltra-
tion around blood vessels.

Levels of inflammatory factors in brain tissue of rats in 
the three groups

Figure 7 shows the changes in the levels of inflamma-
tory factors in the brain tissues of the three groups. The 
levels of IL-6, IL-10, TNF-α, and TGF-β in the brain tis-
sues of rats in the TBM infection group were significantly 
higher than those in the normal control group on days 4 
and 7 after modeling, and there was a significant difference 
(P<0.05); the levels of IL-6, IL-10, TNF-α, and TGF-β in 
the brain tissues of rats in the TBM treatment group were 
significantly lower than those in the TBM infection group 

on days 4 and 7 after modeling. There was a significant 
difference (P < 0.05).

Expression levels of VEGF and its receptor mRNA in 
brain tissue of three groups of rats

Figure 8 shows the expression levels of VEGF and its 
receptor mRNA in the brain tissues of the three groups. 
The VEGF and its receptor Flt-1 mRNA levels in the brain 
tissues of rats in the TBM infection group were signifi-
cantly higher than those in the normal control group on 
days 1, 4, and 7 after modeling, and there was a signifi-
cant difference (P < 0.05). Flk-1 mRNA level in the TBM 
infection group was not statistically significant compared 

Figure 4. Changes in brain water content in three groups of rats. Note: 
* the difference was statistically significant compared with the TBM 
infection group (P<0.05); # the difference was statistically significant 
compared with the normal control group (P < 0.05).

Figure 5. Changes of EB content in brain tissue of three groups of 
rats. Note: A is the EB standard curve; B is the content of EB in rat 
brains. * The difference was statistically significant compared with 
the TBM infection group (P < 0.05); # the difference was statistically 
significant compared with the normal control group (P < 0.05).

 

 

 

Figure 6. HE staining diagram of brain tissue of rats in the three 
groups (× 200). Note: A is the normal control group; B is the TBM 
infection group; C is the TBM treatment group.

 

A B C 

Figure 7. levels of inflammatory factors in brain tissue of three groups 
of rats. Note: A is IL-6; B is IL-10; C is TNF- α; D is TGF- β. * 
The difference was statistically significant compared with the TBM 
infection group (P<0.05); # the difference was statistically significant 
compared with the normal control group (P<0.05).
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with that in the normal control group on days 1, 4, and 7 
after modeling (P>0.05). The level of VEGF and its recep-
tor Flt-1 mRNA in the brain tissue of rats in the TBM treat-
ment group was significantly decreased on days 1, 4, and 
7 after modeling compared with that in the TBM infection 
group. There was a significant difference (P < 0.05), while 

the Flk-1 mRNA level was not statistically significant on 
days 1, 4, and 7 after modeling compared with that in the 
TBM infection group (P>0.05).

Expression levels of VEGF and its receptor protein in 
brain tissue of three groups of rats

Figure 9 shows the expression levels of VEGF and 
its receptor protein in the brain tissue of rats in the three 
groups. The expression levels of VEGF and its receptor 
Flt-1 protein in the brain tissue of rats in the TBM infection 
group were significantly higher than those in the normal 
control group on the 1st, 4th, and 7th day after modeling. 
There was a significant difference (P < 0.05). In contrast, 
the level of Flk-1 protein in the TBM infection group was 
not statistically significant compared with that in the nor-
mal control group on the 1st, 4th, and 7th day after mode-
ling (P > 0.05). The expression levels of VEGF and its 
receptor Flt-1 protein in the brain tissue of rats in the TBM 
treatment group were significantly increased compared 
with those in the TBM infection group on days 1, 4, and 7 
after modeling, and there was a significant difference (P < 
0.05), while the Flk-1 protein levels were not significantly 
different from those in the TBM infection group on days 1, 
4, and 7 after modeling (P > 0.05).

Discussion

The increasing incidence of TBM in recent years, 
coupled with complex clinical symptoms, long treatment 
times, and high drug resistance, makes the cure rate of 
patients very low and the prognosis very poor (20). The 
pathological changes of patients are also various, such as 
diffuse congestion of the meninges, flattening of the gyri, 
and a lot of thick gelatinous exudate appearing in suba-
rachnoid space, and it is a hot topic for scholars to find 
more appropriate treatment from the pathogenesis (21,22). 
As a commonly used drug loading system in current re-
search, nanoliposomes have the advantages of degradabi-
lity, sustained release, and no immunogenicity. Therefore, 
human brain-targeted nanoliposomes DSPE-125I-AIBZM-
MPS encapsulating methylprednisolone sodium succi-
nate were prepared and characterized and compared with 
DSPE-MPS liposomes without markers. It was found that 
the drug-to-lipid ratio of DSPE-MPS nanoliposomes was 
not significantly different from that of DSPE-125I-AIBZM-
MPS nanoliposomes (P > 0.05), while the entrapment rate 
was significantly higher than that of DSPE-MPS nanolipo-
somes, and there was a significant difference (P < 0.05). 
From the in vivo fluorescence imaging of rats, it was ob-
served that there was a strong fluorescence signal in the 
brain of rats injected with DSPE-125I-AIBZM-MPS nano-
liposomes, but no fluorescence signal in the brain of rats 
injected with DSPE-MPS nanoliposomes, which indicated 
that the prepared nanoliposomes DSPE-125I-AIBZM-MPS 
had significant brain targeting.

180 SD male rats were included as the study samples 
and divided into normal control group, TBM infection 
group, and TBM treatment group according to different 
intervention methods, with 60 rats in each group. The 
brain water content, EB content, gene and protein expres-
sion levels of VEGF and receptors (Flt-1, Flk-1), HE stai-
ning results of sections, inflammatory factor levels, and 
other indicators were measured after modeling. First, it 
was found that the brain water content of rats in the TBM 

Figure 8. The expression level of VEGF and its receptor mRNA 
in brain tissue of rats in the three groups. Note: A and B are VEGF 
mRNA levels in cortex and hippocampus, respectively; C and D are 
Flt-1 mRNA levels in cortex and hippocampus, respectively; E and 
F are Flk-1 mRNA levels in cortex and hippocampus, respectively. 
* There was a statistically significant difference compared with the 
TBM infection group (P<0.05); # there was a statistically significant 
difference compared with the normal control group (P<0.05).
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treatment group was significantly decreased on days 4 and 
7 after modeling compared with that in the TBM infection 
group, and there was a significant difference (P < 0.05). 
When infected with tuberculosis bacteria, the cerebrovas-

cular fluid and inflammatory substances in rats exuded out 
and entered the brain parenchyma, resulting in brain tissue 
cell edema, indicating that DSPE-125I-AIBZM-MPS nano-
liposomes could effectively improve the brain tissue cell 
edema and reduce the brain water content in the rat model 
(23). Analysis of the results of EB measurement showed 
that the EB content in the brain tissue of rats in the TBM 
treatment group was significantly decreased on days 4 and 
7 after modeling compared with that in the TBM infection 
group, and there was a significant difference (P < 0.05). 
The higher EB content means stronger blood-brain bar-
rier permeability and greater damage in rats, which shows 
that DSPE-125I-AIBZM-MPS nanoliposomes can effecti-
vely alleviate the blood-brain barrier damage in rat models 
(24). From the results of inflammatory factors, the levels 
of IL-6, IL-10, TNF-α, and TGF-β in the brain tissue of 
rats in the TBM treatment group were significantly lower 
than those in the TBM infection group on days 4 and 7 
after modeling, and there was a significant difference (P 
< 0.05), suggesting that DSPE-125I-AIBZM-MPS nanoli-
posomes could effectively reduce the release of inflam-
matory factors in the brain tissue of rats and reduce the 
occurrence of inflammatory infection.

In addition, the changes of VEGF and its receptor 
mRNA expression in the brain tissue of rats were also ana-
lyzed. It was found that the expression levels of VEGF and 
its receptor Flt-1 mRNA in the brain tissue of the TBM 
infection group of rats were significantly higher than those 
in the normal control group on the 1st, 4th, and 7th day 
after modeling, and there was a significant difference (P < 
0.05), which was similar to the results of Liao et al. (25). 
It may be due to the infiltration of inflammatory cells and 
the proliferation of endothelial cells in the pathogenesis of 
TBM, which led to stenosis of vascular lumen and hypoxia 
of brain tissue, and promoted the increase of VEGF and its 
receptor mRNA expression. The expression of VEGF and 
its receptor Flt-1 mRNA in the brain tissue of rats in the 
TBM treatment group was significantly higher than that of 
the TBM infection group on the 1st, 4th, and 7th day after 
modeling, and there was a significant difference (P < 0.05). 
VEGF is generally only expressed in a small amount of 
normal brain tissue. When infected with Mycobacterium 
tuberculosis, the expression level of VEGF is increased. 
Therefore, it speculates that DSPE-125I-AIBZM-MPS na-
noliposomes may regulate the expression level of VEGF 
and its receptor Flt-1 mRNA to play a role in the treatment 
of TBM in rats. The comparison results of VEGF and its 
receptor protein expression levels also confirm that.

The human brain-targeted nanoliposomes DSPE-125I-
AIBZM-MPS encapsulating methylprednisolone sodium 
succinate were prepared and compared with the DSPE-
MPS liposomes without labels. Then, 180 SD male rats 
were divided into the normal control group, TBM infec-
tion group, and TBM treatment group according to dif-
ferent intervention methods, with 60 rats in each group. 
The brain water content, EB content, gene and protein 
expression levels of VEGF and its receptors (Flt-1, Flk-1), 
HE staining results of sections, and inflammatory factors 
were measured after modeling. It was found that the prepa-
red DSPE-125I-AIBZM-MPS nanoliposome had high brain 
targeting, which could effectively reduce the brain water 
content and EB content and reduce the release of inflam-
matory factors in rat brain tissue. It might play a role in the 
treatment of TBM rats by regulating the expression level 

Figure 9. Expression levels of VEGF and its receptor protein in brain 
tissue of three groups of rats. Note: A and B are VEGF protein levels 
in cortex and hippocampus, respectively; C and D are the levels of 
Flt-1 protein in cortex and hippocampus, respectively; E and F are 
the levels of Flk-1 protein in cortex and hippocampus, respectively. 
* The difference was statistically significant compared with the TBM 
infection group (P<0.05); # the difference was statistically significant 
compared with the normal control group (P<0.05).
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of VEGF and its receptor Flt-1 mRNA. However, there are 
still some shortcomings. The grouping of samples is rela-
tively rough, and the glucocorticoid treatment group is not 
set. The data analysis on the safety of DSPE-125I-AIBZM-
MPS nanoliposomes is lacking, and the research samples 
will be re-included for further discussion. In conclusion, 
the results provide data reference for the pathogenesis and 
treatment of TBM.
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