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Background. Macrophages are important immune cells involved in Mycobacterium tuberculosis (M.tb) infection. To further
investigate the degree of disease development in patients with spinal tuberculosis (TB), we conducted research on macrophage
polarization. Methods. Thirty-six patients with spinal TB and twenty-five healthy controls were enrolled in this study. The
specific morphology of tuberculous granuloma in spinal tissue was observed by hematoxylin-eosin (H&E) staining. The
presence and distribution of bacilli were observed by Ziehl-Neelsen (ZN) staining. Macrophage-specific molecule CD68 was
detected by immunohistochemistry (IHC). M1 macrophages play a proinflammatory role, including the specific molecule nitric
oxide synthase (iNOS) and the related cytokine tumor necrosis factor-α (TNF-α) and interferon-γ (IFN-γ). M2 macrophages
exert anti-inflammatory effects, including the specific molecule CD163 and related cytokine interleukin-10 (IL-10). The above
markers were all detected by quantitative real-time PCR (RT-PCR), enzyme-linked immunosorbent assay (ELISA), and IHC.
Results. Typical tuberculous granuloma was observed in the HE staining of patients with spinal TB. ZN staining showed positive
expression of Ag85B around the caseous necrosis tissue and Langerhans multinucleated giant cells. At the same time, IHC
results indicated that CD68, iNOS, CD163, IL-10, TNF-α, and IFN-γ were expressed around the tuberculous granuloma, and
their levels were obviously higher in close tissue than in the distant tissue. RT-PCR and ELISA results indicated that IL-10,
TNF-α, and IFN-γ levels of TB patients were also higher than those of the healthy controls. Conclusion. The report here
highlights that two types of macrophage polarization (M1 and M2) are present in the tissues and peripheral blood of patients
with spinal TB. Macrophages also play proinflammatory and anti-inflammatory roles. Macrophage polarization is involved in
spinal TB infection.

1. Introduction

Mycobacterium tuberculosis (M.tb) is a type of intracellular
parasitic bacteria that causes tuberculosis (TB). TB is one of
the most threatening infectious diseases to human beings,
and patients with TB account for about one-third of the
world’s population. With the continuous spread of drug-
resistant M.tb, the incidence of diseases caused by Human
Immunodeficiency Virus (HIV)/M.tb coinfection is increas-
ing [1, 2]. TB is mainly transmitted through the respiratory

tract. Once infected, it can spread to multiple systems
through the blood, such as the skeletal system and the diges-
tive system. Extrapulmonary TB accounts for about 50% of
TB patients. Among them, bone and joint TB are most com-
mon in the spine. TheM.tb of the primary lesion of spinal TB
can directly spread to the edge of the vertebral body through
the blood, lymphatic vessels, and pleural and lymph node
lesions [3, 4], which further cause the destruction of vertebral
body or intervertebral discs, spinal deformity and dysfunc-
tion, and even paraplegia and death [5, 6]. Hypersensitivity
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and immune responses are involved inM.tb infection, result-
ing in three basic pathological changes, including exudation,
hyperplasia, and degeneration/necrosis. In the early stage of
the disease or when the body has low resistance, accompa-
nied by a large amount of bacteria, strong virulence, and
strong hypersensitivity reaction, the pathological manifesta-
tions are mainly serous or serous cellulitis, which are featured
by a large number of neutrophil infiltration and macrophage
migration to the lesion under the action of inflammatory
factors, thus clearing M.tb [7]. If early control is not appro-
priate, tuberculous granuloma, the characteristic structure
of TB infection, will appear [8]. Tuberculous granuloma is
formed by macrophages, epithelioid cells, Langerhans mul-
tinucleated giant cells, lymphocytes, and a few fibroblasts,
and its main pathological manifestation is tissue hyperpla-
sia. Moreover, as the disease progresses further, caseous
necrosis can eventually occur.

When the tuberculosis infection is in the early stages, the
disease progresses slowly and the bone destruction is mild. At
this time, conventional nonsurgical treatment can be used to
relieve it. However, when the progress of the disease is obvi-
ous, the vertebral body and the vertebrae are broken, the ver-
tebral body is damaged obviously, the bone defect is serious,
and the stability of the vertebral body is damaged. This indi-
cates that the course of disease is in the stage of disease devel-
opment. At this time, the patient needs surgical intervention
to prevent the disease from further worsening.

Macrophages are the main effector cells to kill and clean
M.tb, but they are also the host cells of M.tb infection. They
participate in the whole process of the occurrence, develop-
ment, and outcome of TB granuloma and play an important
role in the whole immune process of TB infection. Macro-
phages are innate immune cells that express MHC class II,
which gives them the ability to initiate an adaptive immune
response through T cell activation. The macrophage from
spinal tissue expresses CD68 and HLA-DRA [9]. Macro-
phages are a heterogeneous group of cells that can be divided
into classical activated macrophages (M1) and alternatively
activated macrophages (M2), which play a proinflammatory
(M1) and an anti-inflammatory (M2) effect [10]. Studies
have found that macrophage polarization is involved in the
occurrence and development of TB [11, 12]. However, the
role of macrophage polarization and related cytokines in spi-
nal TB has not been clarified. Here, in this study, we focused
on spinal TB and investigated the expression of different
polarization types and related cytokines in macrophages to
further understand the disease progression of spinal TB.

2. Materials and Methods

2.1. Subjects. This is a descriptive observational study. Thirty-
six patients with spinal TB were included, including 17 males
and 19 females with an average age of 56.2 years (age 4-77
years). Samples were taken from postoperative lesions, dis-
tant paraspinal cartilage tissue, and connective tissue of spi-
nal TB patients treated in the spine surgery department of
two general hospitals in Urumqi, Xinjiang, from Jan 2017
to Dec 2018, and peripheral blood was collected at the same
time. Meanwhile, healthy subjects (n = 25) from Jan 2017 to

Dec 2018 in two hospitals were enrolled as the control group,
and peripheral blood was collected.

The diagnostic criteria for spinal TB are as follows: (1)
patients with typical symptoms of tuberculous infection,
including low fever, night sweats, weight loss, and fatigue;
(2) patients with symptoms of spinal cord compression,
including pain, myodynamia, muscle tension, tendon
reflexes, limited activity, and spinal deformities; (3) patients
with positive M.tb antibody; (4) patients with tuberculous
granuloma; (5) patients with the typical features of spinal
TB on imageology, including bone marrow edema, endplate
erosion, vertebral destruction, and spinal compression; and
(6) exclude patients with other immune, neoplastic diseases,
and HIV infection.

All patients provided written consent to use their speci-
mens for research purposes; none of them was identifiable.
The study was approved by the ethics committee of Xinjiang
Medical University.

2.2. Antibodies. The antibodies used in our research were
used for immunohistochemistry (IHC) staining to detect
the expression of the following indicators in tissues: iNOS
(Abcam, UK), CD68 (Wuhan Boster, CN), Ag85B, CD163,
IL-10, TNF-ɑ, and IFN-γ (Beijin Bioss, CN).

2.3. Tissue Preparation. The tissue samples collected in this
study were bone tissue and connective tissue at the lesion site.
After rinsing with saline, the tissue samples were fixed in
4% paraformaldehyde for 24-48 h. Then, the tissues were
decalcified in 10% EDTA decalcification solution. Paraffin
sections were obtained after ethanol gradient dehydration
and embedding.

2.4. Ziehl-Neelsen (ZN) Staining. The tissue sections were
dewaxed and stained with carbol fuchsin at 60°C for 1 h.
After decolorizing with hydrochloric acid and ethanol for
30-60 secs, the tissue sections were restained with methylene
blue for 1min. After rinsing with running water, the tissue
sections were then observed under an oil microscope.

2.5. Hematoxylin and Eosin (H&E) Staining. H&E staining
was performed according to routine procedure: hematoxylin
staining for 1min, eosin staining for 3min, 1% hydrochloric
acid ethanol differentiation, PBS blue, ethanol gradient dehy-
dration, neutral gum seal, and microscopic observation of tis-
sue morphology.

2.6. Immunohistochemistry (IHC) Staining. The tissue sec-
tions were subjected to pepsin antigen repair after incubation
with 3% hydrogen peroxide at room temperature. Then, the
sections were blocked with goat serum. After that, the pri-
mary antibody (Ag85B, 1 : 300; CD68, 1 : 200; iNOS, 1 : 800;
CD163, 1 : 600; IL-10, 1 : 400; TNF-α, 1 : 600; and IFN-γ,
1 : 50) was added, and samples were incubated at 4°C over-
night. After rinsing with saline, the secondary antibody was
added and incubated at room temperature for 1 h. The sam-
ples were finally developed with DAB chromogen. After
counter staining with hematoxylin, the samples were
observed under a microscope. IHC staining positive expres-
sion area was processed by ImageJ.
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2.7. RT-PCR. EDTA anticoagulated peripheral blood (2ml)
was taken from each participant, and the red blood cells were
broken by Lysate. Total RNA was extracted from the leuko-
cyte by a TRIzol reagent (Invitrogen, US). RNA concentra-
tion (>80ng/μl) and purity (OD260/OD280 = 1:8‐2:0) were
determined by a nucleic acid quantifier. cDNA was synthe-
sized by reverse transcription according to the reagent
instructions (Takara, Japan). The RT-PCR reaction system
was as follows: 2μl cDNA, 1μl forward primers and reverse
primers, 12.5μl TB Green Premix Ex Taq, and 8.5μl DEPC
treated water. Primer sequences are shown in Table 1.
GAPDH was used as the internal control. The mRNA
expression levels obtained were analyzed by the comparative
cycle threshold method (2-ΔΔt). Regardless of the spinal TB
group or the control group, the average value of the ΔCT
value of the control group was used as the reference stan-
dard, that is, the spinal TB groupΔΔCT = spinal TB group
CT − control groupΔCT average and the control groupΔΔ
CT = control groupCT − control groupΔCT average. Then,
use (2-ΔΔt) to get the final data for statistical analysis.

2.8. ELISA. Serum samples were taken from each subject’s
yellow blood collection tube (containing separating glue
and coagulant accelerator). Serum levels of IL-6, TNF-α,
and IFN-γ were detected in accordance with ELISA kit
instructions (eBioscience, Austria). The absorbance (A) was
detected at a single wavelength of 450nm. The cytokine con-
centration was determined according to the standard curve.

2.9. Statistical Analysis. All experimental data in this study
were statistically analyzed by SPSS 22.0 and GraphPad
Prism 8. Quantitative data were expressed as mean ± SD.
The t-test was used to compare the differences between
groups. P < 0:05 was considered as statistically significant.

3. Results

3.1. Clinical Data Analysis. The computed tomography (CT)
and magnetic resonance imaging (MRI) results of spinal TB
were observed, and the following cases were found: (1) col-
umn destruction; (2) vertebral collapse; (3) large abscess col-
lection with a thin abscess wall, multiple vertebral
involvement, end plate erosions, and intervertebral disc
involvement, between the two groups; and (4) uncommon

paravertebral tissue shadow and bone chelation and harden-
ing. We found that most patients with spinal TB were over 40
years old, regardless of their occupation, gender, ethnicity,
and so on. Patients were admitted to hospital due to chest
and back pains or paralysis of both lower limbs. X-ray sug-
gested that there were different degrees of vertebral destruc-
tion or bone hyperplasia at the site of lesion, as well as
paravertebral shadows because of a paraspinal abscess. The
C-reactive protein (CRP) level in spinal TB patients was
higher than that in the control group; however, due to the
nonacute phase of spinal TB, it is rare to see the increase of
leukocyte (Table 2).

3.2. ZN Staining Results of Spinal TB Tissue. In ZN staining, a
large number of acid-fast bacilli (AFB) were observed around
and inside the tuberculous granuloma, which were about
3μm in length. The acid-fast bacilli were slender, red-stained,
nonrefractive, and slightly curved, and they were specifically
distributed in caseous necrosis or inside the macrophages
(Figure 1(a)).

Table 1: Primer sequence.

Name Primer sequence

IL-10
Forward ATCCAAGACAACACTACTAA

Reverse TAAATATCCTCAAAGTTCC

TNF-ɑ
Forward TGCTCCTCACCCACACCAT

Reverse GGAGGTTGACCTTGGTCTGGTA

IFN-γ
Forward CTAATTATTCGGTAACTGACTTGA

Reverse ACAGTTCAGCCATCACTTGGA

GAPDH
Forward CATCCACTGGTGCTGCCAAGGCTGT

Reverse ACA ACCTGGTCCTCAGTGTAGCCCA

Note: IL-6: interleukin-6; TNF-α: tumor necrosis factor-α; IFN-γ: interferon-
γ; GAPDH: glyceraldehyde-3-phosphate dehydrogenase.

Table 2: Clinical data of spinal TB group and control group.

Experimental
n = 36

Control
n = 25

Age 56:20 ± 5:80 44:20:±11:50
Gender

Male 17 (47%) 12 (48%)

Female 19 (53%) 13 (52%)

Ethnicity

Han 8 (22%) 7 (28%)

Minority 28 (78%) 18 (72%)

Occupation

Labor-type 10 (28%) 6 (24%)

Nonlabor type 17 (47%) 12 (48%)

Freelance 9 (25%) 7 (28%)

Risk factor

History of TB 4 (11%) 0

HIV 0 0

Main symptoms

Numbness of both lower limbs 10 (28%) 0

Neuropathic pain 35 (97%) 0

Systemic symptoms 11 (31%) 0

X-ray

Column destruction 16 (44%) 0

Paravertebral tissue shadow 14 (39%) 0

Bone chelation and hardening 1 (2%) 0

Osteosis 1 (2%) 0

Biochemical analysis

Increased T-SPORT 16 (44.4%) 0

Increased CRP 22 (61%) 0

Increased leukocyte 2 (6%) 1 (4%)

Increased M 25 (69.4%) 1 (4%)

Note: TB: tuberculosis; HIV: Human Immunodeficiency Virus; CRP: C-
reaction protein; T-SPOT.TB: T cell spot test tuberculosis; M (Monocytes).
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3.3. IHC of Ag85B. Ag85B is the most abundant protein
expressed by M.tb. It is a myocolyc transferase in the myc
pathway and catalyses—like Ag85A and Ag85C—the trans-
fer of the fatty acid mycolate from one trehalose monomyco-
late to another, resulting in trehalose dimycolate and free
trehalose which help build the cell wall [13]. As shown in
Figure 1(b), positive staining for Ag85B was shown as brown
granules distributed in the necrotic part of the lesion, Langer-
hans multinucleated giant cells, and epithelial-like cells.
Compared with the distant tissue, the close tissue had signif-
icantly higher Ag85B expression (P < 0:01) (Figures 1(c) and
1(d)), which was consistent with the results of ZN staining.
Since the positive range of IHC was more obvious and exten-
sive than the ZN staining, we used both methods to increase
the positive rate.

3.4. H&E Staining. In H&E staining, a typical tuberculous
granuloma was observed in close tissue. In the center of
it, we found the caseous necrosis, surrounded by radially
arranged epithelioid cells, as well as a large number of
macrophages and Langerhans multinucleated giant cells.
Further, lymphocytes infiltrated in its outermost layer
accompanied by occasional fibrous tissues. Langerhans
multinucleated giant cells are typical multinucleated giant
cells in tuberculous granulomas. Their morphology was
mostly horseshoe-shaped, large in size, rich in cytoplasm,
and pink in pulp (Figure 2(a)). The distant tissue occa-
sionally showed inflammatory infiltration or hemorrhage
(Figure 2(b)).

3.5. IHC Analysis of Macrophage Polarization Characteristic
Molecules. IHC of CD68 showed brownish granules around
tuberculous caseous necrosis and positive expression on a
macrophage membrane in the close tissue compared to the
distant tissue (Figure 3(a1) and (a2)). Nitric oxide synthase
(iNOS) is a kind of catalytic enzyme induced by injury or
infection. After activation of iNOS, a large number of NO
were produced to enhance the degree of oxidative stress, pro-
mote the expression of inflammatory factors, and thus elim-
inate bacteria [14]. iNOS, as a characteristic molecule, was
positive in the cytoplasm or nucleus of M1 macrophages
around the lesion (Figure 3(b1)). CD163 is expressed in most
M2macrophages and has an anti-inflammatory effect, contrary
to iNOS’ s proinflammatory effect. CD163 showed brown-
yellow particles (Figure 3(c1)), both of which were mainly dis-
tributed in the cytoplasm of macrophages surrounding the
caseous necrotic tissue and occasionally in the Langerhans
multinucleated giant cells. However, iNOS and CD163 in the
distant tissue were weakly positive (Figure 3(b2) and (c2)).
The expression levels of macrophage-related molecules in the
positive expression area (%) were significantly higher when
compared with the distant tissue (Figure 4).

3.6. Macrophage Polarization-Related Cytokines. We col-
lected peripheral blood from 36 patients with spinal TB
and 25 healthy controls. The expression of macrophage
polarization-related cytokines was analyzed from mRNA
and serum levels. TNF-α and IFN-γ are the main related
factors of M1 macrophages and IL-10 is the main related
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Figure 1: ZN staining and IHC in the TB lesion tissue. (a) ZN staining in tuberculous granuloma (×1000 oil immersion). (b) Ag85B is close to
the TB lesion tissue, and the positive area is brown (×400). (c) Ag85B distance to the TB lesion tissue and negative expression (×400). (d)
Quantitative comparison of Ag85B-positive area, ∗∗P < 0:01.
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factor of M2 macrophages. RT-PCR showed that in both
groups, the mRNAs of IL-10, TNF-α, and IFN-γ were
expressed in the leukocyte of the peripheral blood, and
their levels in spinal TB patients were higher than those
in the control group. Among them, the increase of IL-10
and IFN-γ was more obvious and statistically significant.

(Figure 5(a)). The levels of serum IL-10, TNF-α, and
IFN-γ in the spinal TB group were higher than those in
the control group, and the differences were statistically sig-
nificant (P < 0:01) (Figure 5(b)).

We found high levels of IL-10, TNF-α, and IFN-γ in the
peripheral blood. Therefore, we collected close to the TB

(a) (b)

Figure 2: H&E staining close to the TB lesion tissue and the distance to the TB lesion tissue. (a) Close to the TB lesion tissue H&E staining,
with arrows pointing to the typical Langerhans multinucleated giant cells (×200). (b) Distance to the TB lesion tissue H&E staining (×200).

a1 a2 b1 b2

c1 c2 d1 d2

e1 e2 f1 f2

Figure 3: The IHC of macrophage polarization characteristic molecules and cytokines. (a1) IL-10 is close to the TB lesion tissue, and the
positive area is brown (×400). (a2) IL-10 distance to the TB lesion tissue and negative expression (×400). (b1) TNF-α is close to the TB
lesion tissue, and the positive area is dark yellow (×400). (b2). TNF-α distance to the TB lesion tissue and negative expression (×400). (c1)
IFN-γ is close to the TB lesion tissue, and the positive area is dark yellow (×400). (c2) IFN-γ distance to the TB lesion tissue and negative
expression (×400). (d1) CD68 is close to the TB lesion tissue, and the positive area is brown (×400). (d2) CD68 distance to the TB lesion
tissue and the positive area is light yellow (×400). (e1) iNOS is close to the TB lesion tissue, and the positive area is brown (×400). (e2)
iNOS distance to the TB lesion tissue and the positive area is light yellow (×400). (f1) CD163 is close to the TB lesion tissue, and the
positive area is dark yellow (×400). (f2) CD163 distance to the TB lesion tissue and the positive area is light yellow (×400).
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lesion tissue and at a distance to the TB lesion tissue from
patients with spinal TB for IHC staining, to further confirm
the expression of macrophage polarization-related cytokines
in spinal TB. The results of IL-10 showed brownish granules
on the cell membrane around the caseous necrosis
(Figure 3(d1)). TNF-α- and IFN-γ-positive staining showed
brown-yellow granules in the cytoplasm surrounding the
necrosis (Figure 3(e1) and (f1)). They were all positive in
macrophages and Langerhans multinucleated giant cells,
while they were expressed as weakly positive at a distance
to the TB lesion tissue (Figure 3(d2), (e2), and (f2)). The
results of macrophage-associated cytokines were statistically
significant compared with the distance to the TB lesion tis-
sues (Figure 4).

4. Discussion

In the present study, we analyzed the type of macrophage
polarization in surgical specimens from 36 patients diag-
nosed with spinal TB. By analyzing the clinical data of each

patient, we found that patients with spinal TB were admitted
to the hospital with clinical features such as thoracolumbar
pain. Some patients also showed symptoms such as numb-
ness and weakness in both lower extremities. These results
indicate that the quality of life of patients with spinal TB
in the early stages of the disease is reduced. At the same
time, CRP and monocytes in the blood of these patients
increased during the first period of hospitalization. It
could be explained that in patients with spinal TB requir-
ing surgery, the human body may have an acute response
to the reproduction and destruction of M.tb. Therefore, it
is necessary to understand the degree of disease immunity
by studying whether macrophage polarization is involved
in the disease process.

The M.tb infection is regulated by both immune and
pathogenic factors [15, 16]. The research on the body immu-
nity mainly focuses on the regulation of various cytokines on
tuberculous granulomas and the function and type of T cells
in the development of tuberculous granulomas. On the other
hand, research on pathogens mainly focuses on the
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Figure 4: The IHC positive rates of macrophage polarization characteristic molecules and cytokines. Quantitative comparison of CD68-
positive area, ∗∗P < 0:01. Quantitative comparison of iNOS-positive area, ∗∗∗∗P < 0:0001. Quantitative comparison of CD163-positive area,
∗∗∗∗P < 0:0001. Quantitative comparison of IL-10-positive area, ∗∗∗P < 0:001. Quantitative comparison of TNF-α-positive area, ∗∗∗∗P <
0:0001. Quantitative comparison of IFN-γ-positive area, ∗P < 0:05.
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Figure 5: IL-10, TNF-α, and IFN-γmRNA expression levels and cytokine levels. (a) The mRNA expression of IL-10, TNF-α, and IFN-γ in the
leukocyte of spinal TB patients and control subjects. Significant differences: ∗P < 0:05 and ∗∗∗∗P < 0:0001. (b) Serum levels of IL-10, TNF-α,
and IFN-γ in 36 patients with spinal TB and 25 control subjects. ∗∗∗P < 0:001 and ∗∗∗∗P < 0:0001.
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mechanism of induction and intervention of tuberculous
granuloma formation, such as virulence factors. The man-
nose receptor on macrophages can mediate their binding to
the arabinomannan on M.tb, and thus, M.tb is phagocytized
[17]. Previous studies [18] have shown that alveolar macro-
phages play a role in clearing M.tb in lung TB, but the role
of macrophages in spinal TB has rarely been reported.

Macrophages serve dual roles in the pathogenesis of TB
in that macrophages are both the predominant host cell
and the first line of defense against M.tb infection. We used
IHC staining to detect the expression of macrophage-
specific molecules in the lesion tissue and found that CD68
was positively expressed in the surrounding cells of the case-
ous necrosis; CD68 is a characteristic marker of macrophage
[19], suggesting a large number of macrophage infiltration.
Around the caseous necrosis, M.tb secreted a large amount
of toxic substances. Macrophages, which are the main effec-
tor cells for killing bacteria, gathered around the lesions
and played a role in killing tubercle bacilli.

At present, the concept of M1/M2 macrophage polariza-
tion, albeit oversimplified and based primarily on in vitro
data, still remains one of the best means by which macro-
phage activation can be described. M1 macrophages function
at the crux of host defense by eliciting essential proinflamma-
tory responses and bridging innate and adaptive immunities.
M1 macrophages mainly release proinflammatory factors
such as tumor necrosis factor-α (TNF-α) and interleukin-6
(IL-6) and killM.tb infection at an early stage by phagocyto-
sis, presenting as an antigen and initiating adaptive immune
response. In our study, iNOS, as a M1 macrophage-specific
molecule, has a higher expression in tuberculosis lesion tis-
sue. It may be that when M.tb infects the spine, M1 macro-
phages play a part in the proinflammatory effect and start
the host defense mechanism.

TNF-α [20] is a cytokine produced by M1 macrophages
and has promoting effects on cytokines in leukocytes, vascu-
lar endothelial cells, and connective tissues. At the same time,
TNF-α is also a bone resorption inducer, which can promote
the differentiation and absorption of osteoclasts by inducing
osteoblast expression of NF-κB receptor activator ligand and
M-CSF, thereby inhibiting spinal TB lesions. However, ele-
vated expression of TNF-α may damage the cancellous bone
of the vertebral body in TB patients, resulting in degeneration
and necrosis of the intervertebral disc, which is one of the
causes of the disappearance of the intervertebral space.
IFN-γ is an important factor in anti-M.tb infection. Its high
expression in the serum can effectively inhibit the growth
and spread of intracellular M.tb.

In contrast, M2 macrophages are crucial to immune reg-
ulation by promoting the resolution of inflammation and
preventing an exacerbated, chronic inflammatory state, as
well as the maintenance of tissue homeostasis by inducing
tissue healing and remodeling [21]. M2 macrophages inhibit
inflammatory responses by secreting interleukin-10 (IL-10)
and play a role in immune tolerance and repair of damaged
tissues. CD163 has essentially a homeostatic activity.
CD163 has been recently associated with M2 polarization
of macrophages. In particular, CD163 was considered as a
marker of the M2a and the M2c polarization status [22]. In

the present work, a significant increase in CD163-positive
macrophages was observed in spinal TB lesion tissues. We
found that the expression level of IL-10 was significantly
increased in the spinal TB group, which was consistent with
the increase of M2 macrophages. IL-10 exerts resistance
and clearance to M.tb in the host by regulating immune bal-
ance, releasing immune mediators, and presenting antigens.

iNOS and CD163 are involved in two opposite activities,
proinflammatory (M1) versus anti-inflammatory (M2) func-
tion. The interplay between the iNOS and CD163 pathways
is complex. In Figure 5, here we report that iNOS (M1
marker) and CD163 (M2 marker) were highly expressed in
the lesion tissues, indicating that there are two different
types of macrophages in the tuberculous granulomas of
spinal TB patients, exerting both proinflammatory and
anti-inflammatory effects [23]. M1 macrophages produce
inflammatory factors and activate adaptive immunity. M2
macrophages have an inhibitory effect on immune
responses, inhibiting antigen presentation and T cell prolif-
eration, exerting anti-inflammatory responses, attenuating
cellular immunity against TB infection, and thereby promot-
ing chronic TB infection [24].

5. Conclusion

The mechanism by which tuberculous granuloma causes
bone destruction is complex. In this study, we found that
macrophage polarization was closely related to infection of
spinal TB. Our research shows that in patients with spinal
TB requiring surgery, there are mainly two types of macro-
phage polarization (M1 and M2), which play a proinflamma-
tory and an anti-inflammatory role, respectively. Both are
coordinated and antagonized. By studying the type of macro-
phage polarization, we can observe the degree of disease in
spinal TB that requires surgery. In order to further under-
stand how the disease develops, in future research, we hope
that we can study the mechanism and learn more about the
spinal TB.
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