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Objective: Central nervous system tuberculosis is the most serious form of extrapulmonary 
tuberculosis. We aim to discover potential biomarkers involved in the development of the disease.
Methods: Through gene difference analysis, construction of a protein interaction network 
and tissue specific analysis and other bioinformatics analysis methods, we found out the 
relatively high expression of important substances in the central nervous system, interferon 
induced protein with tetratricopeptide repeats 1. Subsequently, the lesion tissue and the 
resection margin tissue away from the lesion were collected from the 6 cases of central 
nervous system tuberculosis patients diagnosed from 2019 to 2020, and the pathological 
manifestations were observed by Hematoxylin and Eosin (H&E) staining, and the expression 
of IFIT1 was verified by immunohistochemistry.
Results: A total of 101 differential genes were analyzed between extrapulmonary tubercu-
losis patients and normal people, and they were mainly enriched in the interferon pathway. 
The protein interaction network unearthed 34 key genes. Through tissue specific analysis, it 
was found that IFIT1 is relatively high in the central nervous system. H&E staining showed 
the expression of multinucleated macrophages, and immunohistochemistry showed that 
IFIT1 was significantly positively expressed in the lesion tissue.
Conclusion: IFIT1 is an important substance involved in central nervous system 
tuberculosis.
Keywords: central nervous system tuberculosis, biomarkers, interferon induced protein with 
tetratricopeptide repeats 1, hematoxylin and eosin staining, immunohistochemistry staining

Introduction
Tuberculosis (TB) is considered to be one of the top ten causes of death in the 
world, about a quarter of the world’s population is infected with M. tuberculosis.1 

The World Health Organization (WHO) divides tuberculosis into pulmonary tuber-
culosis (PTB) and extra-pulmonary tuberculosis (EPTB). Although breakthroughs 
have been made in the prevention and treatment of PTB, the incidence of EPTB has 
reached 16%,3 and the available epidemiological information shows, the incidence 
of EPTB is gradually increasing in China.2,3 In fact, due to non-specific symptoms, 
chronic, hidden and changeable clinical manifestations, clinicians’ low awareness 
of EPTB, and lack of accurate tools to detect the extrapulmonary diseases, the 
incidence of EPTB is not accurately estimated globally.4–6 Central nervous system 
tuberculosis (CNS-TB) is one of the most destructive forms of extrapulmonary 
tuberculosis, and is the second most common community-acquired CNS infection 
worldwide. Its unacceptable case fatality rate and mortality rate have attracted the 
wide attention of scholars.7,8
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CNS-TB is a severe form of EPTB. The incidence of 
clinical CNS-TB accounts for 1–2% of all active TB 
patients, and accounts for about 8% of extrapulmonary 
infection cases.9 Despite the effective anti-TB chemother-
apy, the fatality rate (15–40%) is still high.9,10 CNS-TB is 
mainly characterized by tuberculous meningitis (TBM), is 
less manifested as tubercular encephalitis, intracranial 
tuberculoma or tuberculous brain abscess. They are 
usually caused by hematogenous transmission of primary 
pulmonary infection with mycobacterium tuberculosis 
(M. tb). In the spore stage, sparse bacillus can spread 
throughout the brain tissue, meninges and adjacent tissues, 
forming multiple granulomatous foci tubercles with differ-
ent sizes and different degrees of encapsulation, continu-
ous growth and merging of tubercles lead to larger caseous 
lesions.10 A distinctive feature of M. tb is that it can enter 
macrophages and be in stock. In the central nervous sys-
tem, microglia are resident macrophages, therefore, human 
microglia are major targets of M. tb infection in the central 
nervous system.11 Microglia-related cytokines, such as 
IFN, TNF, interleukin and chemokines, have been exten-
sively studied.12–14 However, these cytokines are also 
important markers of other types of EPTB, there is 
a lack of specificity for CNS-TB. We hope to explore 
potential molecular markers involved in the development 
of CNS-TB through bioinformatics analysis.

We downloaded the Blankley et al15 created microarray 
dataset GSE83456 from the public database (Gene 
Expression Omnibus database, GEO), used bioinformatic 
methods to compare and analyze the original genetic data 
of the whole blood of the patients with extrapulmonary TB 
and healthy people, We searched for the key genes by 
constructing the protein-protein interaction (PPI) network 
map, and then, through tissue specificity analysis, poten-
tially important biomarkers involved in the occurrence and 
development of CNS-TB were excavated, immunohisto-
chemical (IHC) staining was used to verify. Our results are 
helpful to reveal the pathogenesis of CNS-TB at the mole-
cular level.

Materials and Methods
Original Data Acquisition
“Tuberculosis” was retrieved as a keyword on the GEO 
(http://www.ncbi.nlm.nih.gov/geo) public database, We 
downloaded the microarray expression profiling dataset 
GSE83456 that Blankley et al15 saved in 2016. The data 
set was based on the GPL10558 Illumina microarray 

platform HumanHT-12 v4.0 Expression BeadChip, and 
collected 47 cases of EPTB and 61 cases of healthy control 
(HC). Active-tuberculosis meets one of the following con-
ditions: (1) Positive mycobacterial culture result from the 
site of disease. (2) Caseating granuloma on biopsy and/or 
clinical/radiological features consistent with active TB and 
a good response to therapy. Since the dataset and annota-
tion files were downloaded from public databases, patient 
consent and ethics committee approval are not required.

Data Process
RStudio software (v4.0.3) was used to standardize data 
preprocessing and ID conversion. The FactoMineR pack-
age was used to perform principal component analysis 
(PCA) and draw the diagram. Differentially expressed 
genes between EPTB and HC were screened by the 
limma package.16 Adjusted p value of <0.05 and |log2 
(fold-change)| >1 were considered significant and qualified 
genes were included in a differentially expressed genes set 
(DEGs) and we used a ggplot2 package and Pheatmap 
package to draw figures.

DEGs Enrichment Analysis
Metascape (http://metascape.org/gp/index.html) online 
database updates over 40 knowledge bases in its platform 
monthly, in order to provide the most accurate results. 
Therefore, DEGs was entered into it for Gene Ontology 
(GO) and Kyoto Encyclopedia of Genes and Genomes 
(KEGG) pathway enrichment analysis.17 To further 
verify the enrichment pathway of gene expression, all 
gene sets were uploaded to GSEA software (v4.1.0) for 
more detailed analysis. Normalized enrichment score 
(NES) >2, false discovery rate (FDR) <0.05 and normal 
P value <0.01, considered statistically significant.

PPI Network Creation and Hub Gene 
Identification
In order to continue to understand the interaction between 
different genes, online STRING database (https://string- 
db.org/) and Cytoscape software (v3.8.0) were used to 
display PPI diagrams and screen hub genes.18,19 The 
DEGs was entered into online STRING and set an inter-
action score >0.7 as statistically significant. An interaction 
network of component-target was visualized by Cytoscape 
software. In addition, for identifying key gene modules, 
the app MCODE (v2.0.0), a plug-in of Cytoscape soft-
ware, was used to identify closely connected network 
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clusters, the scoring parameters of cluster analysis fol-
lowed the default parameters of the app.

Tissue-Specific Gene Expression Analysis
The online resource BioGPS (http://biogps.org) gene 
expression profile was used to identify the specific distri-
bution of genes in tissues and organs. In order to screen 
the important target genes involved in CNS-TB and obtain 
more biological information of important genes, the 
important genes identified by MCODE were uploaded to 
the website for tissue-specific expression analysis. It was 
considered that the data set was the result of whole blood 
sequencing, so the expression of genes in whole blood was 
excluded. In other tissues or organs, genes meeting the 
following conditions is considered to be highly expressed: 
(1) The tissue-specific expression level was >5 times the 
median. (2) The second highest expression level was 
below 1/3 of the highest level.20

Clinical Sample Collection
The sample group contained 6 patients with CNS-TB, and 6 
patients with PTB. They underwent surgery in the first 
affiliated Hospital of Xinjiang Medical University between 
January 2019 to December 2020, we collected the lesion tissue 
and tissue far from the focus site. The clinical medical records 
of the 6 CNS-TB patients were collected. Inclusion criteria 
were: (1) The etiological culture of the focus was positive. (2) 
Or the biopsy and/or clinical/radiological features were con-
sistent with TB, and there was a good response to antitubercu-
losis drug therapy. Exclusion criteria were: (1) Patients with 
other lung diseases. (2) Patients with autoimmune diseases.15 

All patients had signed the informed consent for the study 
protocol, and the study was approved by the Local Ethics 
Committee of Xinjiang Medical University. Our research 
obeyed the Declaration of Helsinki.

Hematoxylin and Eosin (H&E) Staining
Paraffin sections were deparaffinized with xylene and 
ethanol, stained with hematoxylin-eosin, dehydrated with 
ethanol, made transparent with xylene, and sealed with 
neutral gum. Finally, CNS-TB lesions were observed 
under a microscope and images were collected.

Immunohistochemistry (IHC) Staining
After dewaxing, the tissue sections were repaired with sodium 
citrate solution for 15 minutes, the endogenous peroxidase 
blocker was placed away from light at 37 °C for 10 minutes, 
the goat serum was sealed for 20 minutes, and the anti-IFIT1 

(1:200, Bioss China) was incubated overnight in a refrigerator 
at 4 °C. The next day, the second antibody was combined for 
90 minutes at 37 °C. The staining was performed with diami-
nobenzidine in peroxide substrate solution for 2.5 min. The 
results of IHC were analyzed by Image-Pro Plus Version 8.0.1, 
after quantitative processing (IOD (sum)/Area (sum)), the 
positive rate was calculated.

Statistical Analysis
GraphPad Prism 8.0.1 was used for calculation and visua-
lization. For data that do not obey normal distribution, the 
differences between variables were analyzed by the 
Wilcoxon test method, p value <0.05 was considered sta-
tistically significant.

Results
Identification of DEGs
PCA maps and heat maps were drawn to understand 
whether there were differences in microarray matrices 
(Figure 1A and B). It could be seen that there were 
significant differences in gene expression between EPTB 
and HC. Subsequently, the differential genes were 
screened out by RStudio software, and the conditions: 
adjusted p value <0.05 and |log2 FC| >1 (Table 1), and 
then draw a volcano map (Figure 1C). Therefore, DEGs 
has a total of 101 differential genes, including 91 up- 
regulated genes and 10 down-regulated genes.

Signaling Pathway Enrichment in DEGs
DEGs was uploaded to the Metascape online database, and 
KEGG Pathway, GO Biological Processes, Transcription 
Factor Targets and COVID were used for enrichment analy-
sis, with a default p value <0.01, a minimum count of 3 and 
an enrichment factor >1.5. The top 20 significant enrichment 
pathways are shown here (Figure 1D). As shown in 
Figure 1D, DEGs was significantly enriched in the interferon 
pathway. Subsequently, the microarray data of all gene 
expressions were submitted to GSEA software, h.all.v 6.2. 
symbols.gmt [Hallmarks] gene set database was used to 
process data, normalized p value <0.01, false discovery rate 
(FDR) q value <0.05 and enrichment score >2 were consid-
ered as significant and were displayed (Figure 2, Table 2). 
The EPTB gene set was significantly enriched in the inflam-
matory response pathway, IFN response pathway, NF-κB 
mediated TNF signal pathway and complement signal path-
way. Therefore, extrapulmonary tuberculosis is mainly an 
inflammatory reaction, and immune-related cytokines such 
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as IFN-γ, IFN-α and TNF play an important role in the 
occurrence and development of the disease.

PPI Network and Tissue-Specific 
Expression
The DEGs were submitted to the STRING online database, 
and a PPI network consisting of 66 nodes and 509 edges was 
drawn. The results were visualized through Cytoscape soft-
ware, and then the MCODE app was used to screen out 3 
main gene clusters, a total of 34 key genes (Figure 3A, 
Table 3). These key genes were all up-regulated genes and 
were used in the next step of tissue-specific analysis.

34 key genes were analyzed by the BioGPS website for 
expression in different tissues and organs (Table 4). 
Remarkably, we were fortunate to screen for the gene 
with a high expression in the central nervous system, 
interferon induced protein with tetratricopeptide repeats 1 
(IFIT1). This gene belonged to the first gene cluster 

selected by MCODE, so we used Cytoscape software to 
draw and display it again (Figure 3B).

Clinical Data Analysis
The laboratory examination data of 6 CNS-TB patients is 
shown in Table 5. 6 patients had no history of tuberculosis 
and were not treated with anti-tuberculosis drugs. Most of the 
patients had obvious dizziness and headache symptoms, and 
two patients had vomiting symptoms. Radiographic exam-
inations mainly indicate space-occupying lesions, in addi-
tion, pathological diagnosis indicates typical TB pathological 
manifestations such as tuberculous granuloma or caseous 
necrosis.

H&E Staining
After HE staining, it could be seen under the microscope 
that there were typical Langham’s multinucleated macro-
phages and large pieces of caseous necrosis in the CNS- 

Figure 1 Difference analysis and signaling pathway enrichment. (A) Principal component analysis diagram, red dots for extra-pulmonary tuberculosis, blue triangles for 
healthy control. (B) Heatmap was drawn for the top 25 differentially expressed genes set. (C) Differentially expressed genes set drew a volcanic map, 91 red dots 
represented up-regulated genes and 10 blue dots represented down-regulated genes. (D) Metascape analyzed of the first 20 significant enrichment pathways of differentially 
expressed genes set.
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TB lesion tissue. Langhan’s macrophages are typical cells 
of tuberculous granuloma. Microscopically, they were 
large, rich in cytoplasm, and pink, with several nuclei 
arranged around the cytoplasm like a horseshoe 
(Figure 4B). No characteristic tuberculosis granuloma 
structure is in the group (Figure 4A).

IHC Staining and Analysis
After IHC staining, it could be seen under high magnification 
that IFIT1 had an obvious positive expression in CNS-TB 
and PTB lesions, especially strong brown positive expression 
around multiple macrophages (Figure 4D and G), but no 
obvious positive expression in the control group (Figure 4C 
and F). The results of IHC mapping are quantified and 

processed by Image-Pro Plus software, and then were 
drawn by GraphPad Prism for scatter plots and statistical 
analysis. The results are shown in Figure 4E and H.

Discussion
Tuberculosis (TB) is still regarded as one of the serious 
infectious diseases, threatening human life and health. 
Although CNS-TB accounts for only 1% of all M. tb 
related diseases, it is closely related to increasing morbid-
ity and mortality.10,21 When M. tb infects the central 
nervous system, CNS-TB mainly manifests as tuberculous 
meningitis (TBM) and intracranial tuberculous mass lesion 
(TBML).22 The infection site is different, which makes the 
clinical manifestation lack specificity. When the basal 

Table 1 Differentially Expressed Genes

Gene Symbol Adjusted P-value Fold Change Gene Title

Up-regulated genes

BATF2 1.44E-24 3.21 Basic leucine zipper ATF-like transcription factor 2

ANKRD22 2.30E-22 2.80 Ankyrin repeat domain 22
FCGR1CP 9.90E-23 2.75 Fc fragment of IgG receptor Ic, pseudogene

FCGR1A 1.90E-20 2.67 Fc fragment of IgG receptor Ia
FCGR1B 8.55E-22 2.65 Fc fragment of IgG receptor Ib

C1QB 1.97E-20 2.64 Complement C1q B chain

RSAD2 1.47E-16 2.41 Radical S-adenosyl methionine domain containing 2
GBP5 1.20E-26 2.17 Guanylate binding protein 5

EPSTI1 2.17E-24 2.13 Epithelial stromal interaction 1

CARD17 1.84E-18 2.09 Caspase recruitment domain family member 17
IFIT3 7.11E-17 2.02 Interferon induced protein with tetratricopeptide repeats 3

GBP1 2.39E-18 1.97 Guanylate binding protein 1

ISG15 6.50E-13 1.88 ISG15 ubiquitin like modifier
IDO1 6.95E-12 1.82 Indoleamine 2,3-dioxygenase 1

RTP4 1.65E-19 1.79 Receptor transporter protein 4

CXCL10 3.30E-12 1.78 C-X-C motif chemokine ligand 10
CASP5 1.48E-12 1.77 Caspase 5

IFI27 8.99E-07 1.76 Interferon alpha inducible protein 27

CEACAM1 1.24E-16 1.65 CEA cell adhesion molecule 1
ETV7 3.06E-16 1.65 ETS variant transcription factor 7

IFIT1 1.10E-11 1.65 Interferon induced protein with tetratricopeptide repeats 1

IFI44 5.86E-16 1.64 Interferon induced protein 44
GBP4 1.29E-20 1.56 Guanylate binding protein 4

TIMM10 5.12E-11 1.54 Translocase of inner mitochondrial membrane 10

IFI44L 3.54E-11 1.53 interferon induced protein 44 like

Down regulated genes

KLF12 1.91E-11 −1.02 Kruppel like factor 12

HOOK1 3.24E-15 −1.04 Hook microtubule tethering protein 1

OSBPL10 4.01E-10 −1.06 Oxysterol binding protein like 10
RNA5S9 6.98E-12 −1.06 RNA, 5S ribosomal 9

FAM13A 7.19E-11 −1.09 Family with sequence similarity 13 member A
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meninges are involved, it will cause local vasculitis and 
lead to cranial nerve injury, patients have focal neurologi-
cal dysfunction and cerebral parenchyma ischemia symp-
toms; when cerebrospinal fluid is blocked by tuberculous 
brain abscess, patients not only have typical clinical symp-
toms of increased intracranial pressure, but it also leads to 
the formation of hydrocephalus. CNS-TB caused cerebral 
ischemia and hydrocephalus, which can cause serious irre-
versible complications, this is the main reason for the 
clinical cause of death.7,21 In fact, tuberculosis is 

associated with many mental/neurological complications 
and sequelae, and most of the neurological sequelae of 
CNS-TB are considered to be due to excessive host 
inflammation.23,24 Therefore, inflammatory factors repre-
sented by tumor necrosis factor α (TNF-α) and interferon γ 
(IFN-γ) have received extensive attention from scholars.

In this study, we screened 101 differential genes 
between EPTB and HC, 91 were up-regulated genes and 
10 were down-regulated genes (Figure 1C, Table 1). 
Metascape online website and GESA software were used 

Figure 2 Gene Set Enrichment Analysis enrichment analysis results. (A) GSEA inflammatory signaling pathway. (B) GSEA interferon-gamma signaling pathway. (C) GSEA 
NF-κB mediated TNFA signaling pathway. (D) GSEA allograft rejection signaling pathway. (E) GSEA complement signaling pathway. (F) GSEA interferon-alpha signaling 
pathway.

Table 2 GSEA Enrichment Analysis Results

GS Follow Link to MSigDB NES NOM p-val FDR q-val

HALLMARK_INFLAMMATORY_RESPONSE 2.19 0.004 0.024

HALLMARK_INTERFERON_GAMMA_RESPONSE 2.14 0.000 0.019
HALLMARK_TNFA_SIGNALING_VIA_NFKB 2.13 0.004 0.014

HALLMARK_ALLOGRAFT_REJECTION 2.10 0.004 0.012

HALLMARK_COMPLEMENT 2.06 0.008 0.016
HALLMARK_INTERFERON_ALPHA_RESPONSE 2.04 0.000 0.016
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for enrichment analysis, extrapulmonary tuberculosis 
mainly activates the body’s inflammatory response, and 
participates in the signaling pathways mediated by cyto-
kines, such as IFN-γ and TNF-α (Figures 1D and 2, 
Table 2). Subsequently, SPRING online and Cytoscape 
software were used to construct a PPI network map of 
differential genes, 34 key genes were screened through the 
MCODE app (Figure 3, Table 3), The most important 
thing is that we have conducted tissue-specific analysis 

through BioGPS online, interferon induced protein with 
tetratricopeptide repeats 1 (IFIT1) was screened out, it was 
relatively highly expressed in the central nervous system. 
Subsequently, we collected pathological sections of the 
lesion tissue of PTB patients, and performed IHC staining. 
IFIT1 was very positively expressed in the lesion tissue 
(Figure 4E and F), so IFIT1 was involved in the process of 
tuberculosis granuloma to some extent. We collected the 
lesion tissues of 6 CNS-TB patients. These patients 

Figure 3 The protein-protein interaction network diagrams of differential genes and key genes were visualized by Cytoscape software. (A) A protein-protein interaction 
network composed of 66 nodes and 509 edges and 3 main gene clusters. (B) Hub gene related protein-protein interaction network diagram.

Table 3 MCODE Was Used to Process Data Downloaded from STRING, Specific Data of Gene Cluster

Cluster Score Nodes Edges Node IDs

1 25.462 27 331 IFI27, ISG15, IFI44L, IFI44, RTP4, PARP9, HERC5, SAMD9L, XAF1, GBP1, OAS1, CMPK2, IFI35, TRIM22, 
LY6E, RSAD2, CXCL10, MX1, IFIT3, IFIT1, STAT1, OASL, DDX60, EPSTI1, IFIT2, IRF7, PLSCR1

2 4 4 6 HLA-DRB5, FCGR1B, TRIM6, FCGR1A

3 3 3 3 CEACAM8, ELANE, LTF

Table 4 Tissue-Specific Expressed Genes Identified by BioGPS

System Genes

Hematologic/immune 

system

ISG15, IFI44, IFI44L, RTP4, PARP9, XAF1, GBP1, OAS1, CMPK2, IFI35, TRIM22, CXCL10, IFIT3, STAT1, OASL, DDX60, 

IFIT2, IRF7, PLSCR1, HLA-DRB5, FCGR1B, TRIM6, FCGR1A, CEACAM8, ELANE, EPSTI1, SAMD9L, MX1, RSAD2

Respiratory system IFI27, LY6E, LTF

Central Nervous System IFIT1

Genitourinary system HERC5
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presented to the hospital with symptoms such as dizziness, 
headache, nausea and vomiting, after admission the hospi-
tal performed radiographic examinations, pathological 
examinations, or pathogenic examinations, which indi-
cated tuberculosis lesions. After surgery, we collected the 
patient’s pathological wax block of lesion tissue and distal 
part, performed IHC staining. The IHC results showed that 
IFIT1 was highly expressed in the lesion tissue and statis-
tically significant. Therefore, we believe that IFIT1 plays 
a role in the course of CNS-TB.

Interferon-stimulating genes (ISGs) is a kind of gene 
induced by IFN and plays an important role in the body. 
The interferon induced protein with tetratricopeptide repeats 
(IFIT) protein family, exists in the cytoplasm, actively parti-
cipates in the process of anti-microbial infection and 
inhibits malignant cells.25,26 The human genome encodes 
five sequences (IFIT1, IFIT2, IFIT3, IFIT5 and IFIT1B), 
IFIT1 was first discovered,27 it is also known as ISG56, 
located on chromosome 10, mainly induced and secreted by 
IFN-α and IFN-γ.28 Because IFIT1 contains a tetrapeptide 
repetitive (TPR) domain composed of 34 amino acids, 

forming a helix-corner-helix structure, making it easy to 
bind with various proteins, thus interacting with each other, 
and participating in a variety of biological processes, such as 
signal transduction, cell proliferation and apoptosis.27,29 In 
our study, bioinformatics analysis screened out IFIT1 as an 
important gene involved in EPTB, and its relatively high 
expression in the central nervous system (Table 4), we rea-
lized that it might be a potential molecule involved in the 
course of CNS-TB. We performed IHC staining in the lesion 
tissues of PTB and CNS-TB, IFIT1 was highly expressed in 
the multinucleated macrophages aggregated sites 
(Figure 4C–H, p<0.05). Therefore, we have reason to think, 
IFIT1 is involved in the process of tuberculous granuloma. 
Although IFIT1 is not specifically expressed in the central 
nervous system, we have noticed that, in CNS-TB, IFIT1 is 
significantly higher than PTB (Figure 4D vs Figure 4G). 
Therefore, we believe that IFIT1 plays a role when M. tb 
invades the central nervous system.

For a long time, IFIT1 has been considered as a cytokine, it 
is closely related to innate immunity, and its important role in 
antiviral immunity has been widely studied.30,31 In recent 

Table 5 Clinical Data of CNS-TB Patients

Age Gender Nation The Main Symptoms Pathological 
Diagnosis

Supplement

55 Male Han 

nationality

frontoparietal mass for 20 days Bilateral frontal brain 

regions Tuberculous 

granuloma

5cm*5cm subcutaneous nodule on the frontoparietal, 

skin-colored, soft, no tenderness, poor mobility, and 

fluctuating

27 Male Minority Repeated fever for more than 

3 months with paroxysmal 
convulsions 3 times

The right forehead 

and parietal lobe 
Tuberculous 

granuloma

The patient fell repeatedly 4 times with loss of 

consciousness in the past 15 days. Radiographic 
results: intracranial multiple space-occupying lesions, 

larger lesions in the right forehead and parietal lobe

19 Female Minority Intermittent headache for 

more than 2 months with the 
right limb convulsed 3 times

Intracranial multiple 

caseous necrotizing 
Tuberculosis

Radiographic results:Multiple intracranial lesions in the 

right cerebellum, left occipital lobe and parietal lobe

55 Male Minority Intermittent headache with left 
limb weakness for more than 5 

months

Right temporal 
Tuberculous 

granuloma

The patient felt impaired vision on the right side. 
Radiographic results: edema on the right temporal 

side, granulomatous inflammation with massive 

necrosis

81 Male Minority Intermittent headache with 

vision loss for 3 weeks

Left frontotemporal 

region Tuberculous 
granuloma

The patient had dizziness, headache and vomiting 1 

time. Radiographic results: space-occupying lesions in 
the left frontotemporal area

41 Male Minority Intermittent headache with 
vomiting for 2 weeks

Cerebellar 
Tuberculous 

granuloma

The patient developed unsteady sitting and walking 7 
days ago. Imaging results: cerebellar space-occupying 

lesions, supratentorial ventricles with dilatation and 

hydrocephalus
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years, IFIT1 participation in host cell anti-pathogen infections 
has gradually attracted attention, but the inflammatory 
response caused by M. tb infection needs to be supplemented. 
In this study, DEGs was mainly concentrated in the inflamma-
tory response pathway and IFN-mediated signal pathway. 
GSEA enrichment analysis showed that IFIT1 made an impor-
tant contribution to the IFN-γ mediated signal pathway 
(RUNNING ES = 0.46). Therefore, IFIT1 is very likely to 
participate in the course of CNS-TB through the IFN-γ 
mediated signal pathway In fact, IFIT1 can inhibit the expres-
sion of many inflammatory factors through a variety of signal 
pathways, such as NF-KB and MAPK. In addition, it can also 
play a role in limiting bacterial escape from internal lysosomes 
through the IFN pathway.32–34 We note that, in central nervous 
system diseases IFIT1's biological role has been verified, but it 
has not been paid attention to in CNS-TB. In the occurrence 
and development of TB disease, IFIT1 may play an important 
biological role by relying on IFN-γ, through bioinformation 
analysis, and IFIT1 expression in the lesions of CNS-TB and 
PTB patients was verified by immunohistochemistry. To pro-
vide new ideas for further exploration of the pathogenesis of 
CNS-TB in the future.

With regard to the etiology of CNS-TB, it is currently 
believed to be caused by the expansion of the infected lesions 
in the shell focal lesions adjacent to the cortex to the subar-
achnoid space, and it is also believed to be caused by the 
meninges or cortex infected by M. tb caused by hematogenous 

spread.35 TBM is the most common, characterized by clinical 
symptoms such as fever, vomiting and apathy, and cranial 
nerve dysfunction. Fever, headache, epilepsy, focal dysfunc-
tion and papillary edema may occur in patients with TBML, 
depending on the site of the disease.10,35 Even if these clinical 
manifestations can be relieved, they may easily leave neurolo-
gical/mental sequelae. In particular, the complications such as 
cerebral ischemia and hydrocephalus caused by CNS-TB are 
irreversible, these will cause great misfortune to the patients 
and their families. In our study, IFIT1, a potential molecule, 
was found to be expressed in the lesions of CNS-TB. 
Meanwhile, studies have shown that IFIT1 is promising as 
a marker for detecting potential TB treatment,36 Therefore, we 
hope that the results of this study, can make new thinking for 
more scholars to further explore the pathogenesis of the dis-
ease, and provide new ideas for future research and develop-
ment of CNS-TB treatment. We firmly believe this will be 
important for improving the patient's and the patient's family's 
life quality.
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