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The effects of TGF-β1 on staphylococcus epidermidis biofilm 
formation in a tree shrew biomaterial-centered infection model
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Background: Transforming growth factor-β1 (TGF-β1) has a wide range of biological functions. It 
antagonizes lymphocyte response, inhibits pro-inflammatory cytokines, and serves as a signal to turn off the 
immune response and inflammatory response. To study the correlation between TGF-β1 and T helper (Th)1/
Th2 cytokine levels in tree shrews, and to explore the effects of different levels of TGF-β1 on central venous 
catheter (CVC)-centered Staphylococcus epidermidis biofilm formation in tree shrews. 
Methods: Tree shrews were injected with different concentrations of TGF-β1, and venous blood was 
drawn after 48 h to measure the levels of Th1 and Th2 cytokines. A CVC was placed into the femoral vein, 
and TGF-β1 at different concentrations and PIA− (ATCC12228) and PIA+ (ATCC35984) standard strains of 
Staphylococcus epidermidis were injected into the tree shrews to establish a biomaterial-centered infection 
(BCI) model. After 72 h, the CVC was removed, and biofilm formation was detected using the API bacterial 
identification system, semi-quantitative biofilm formation assay, and scanning electron microscopy. 
Results: In the groups treated with TGF-β1 at different concentrations, the levels of Th1 cytokines 
interleukin-2 (IL-2), tumor necrosis factor (TNF), and interferon-γ (IFN-γ) were lower than those of normal 
group, while the levels of Th2 cytokines IL-6, IL-4 and IL-10 were higher than those of normal group. In 
the TGF-β1 groups at different concentrations, the positive rate of Staphylococcus epidermidis ATCC35984 
biofilm formation was higher than that in non-TGF-β1 group, while there was no significant difference in 
the positive rate of Staphylococcus epidermidis ATCC12228 biofilm formation compared with that of the 
non-TGF-β1 group. 
Conclusions: TGF-β1 causes the imbalance of Th1/Th2 cytokines and Th1/Th2 shift in tree shrews, 
leading to Th1 cell-led decline in cellular immune function. TGF-β1 promotes PIA+ Staphylococcus 
epidermidis biofilm formation in the tree shrew BCI model, but it has no significant influence on PIA-
Staphylococcus epidermidis biofilm formation on the surface of CVCs.
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Introduction

The occurrence and development of human diseases 
can be well simulated in the primate model, although 
large-scale application of the traditional primate model 
is limited due to high feeding costs, low fertility, and 
operational challenges. A variety of small mammal, 
tree shrews are taxonomically classified as mammalia, 
placentalia, and scandentia, an independent category 
between insectivora and primate considered to be an 
intermediate type linking ancient primates and modern 
primates. The physiological anatomy, neurodevelopment, 
viral infection characteristics, and psychological stress 
mode of tree shrews are highly similar to those of 
primates. Moreover, tree shrews bear more similarities 
with humans than commonly-used laboratory animals 
such as rats and mice, their feeding and reproductive 
costs are far lower than those of higher primates, such 
as monkeys, and they are also characterized by the small 
individual, simple operation and good adaptability to the 
environment. It is for these reasons that tree shrews have 
been widely used in medical research.

In recent years, the increase in the application of 
biomaterials, particularly in patients with malignant tumors, 
has seen a significant rise in the morbidity rate of biomaterial-
centered infection (BCI) (1,2). The initiating factor for BCI 
is bacterial biofilm adhering to the surface of the material. 
Of the pathogenic bacteria of biofilm-related infections, 
Staphylococcus epidermidis is the one most frequently 
detected. Biofilm formation and immunocompromise in 
tumor patients are the key difficulties in treating infections 
(3,4). Therefore, exploring the relationships between the 
immune function of tumor patients and bacterial colonization 
and bacterial biofilm formation is of great significance to the 
clinical prevention and treatment of BCI.

Transforming growth factor-β1 (TGF-β1), a potent 
immunosuppressor, is highly expressed in a variety of 
tumors (5). TGF-β1 can inhibit the proliferation and 
function of lymphocytes and is one of the major reasons 
behind immune dysfunction in patients with malignant 
tumors (6).

In this study, the tree shrew model of BCI was established, 

and the effects of TGF-β1 on cellular immune status of 
tree shrews and whether it further affects Staphylococcus 
epidermidis biofilm formation were explored. 

We present the following article in accordance with 
the MDAR reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-4526).

Methods

Experimental materials and instruments

The study was performed according to the international 
,national and institutional rules considering animal 
experiments, clinical studies and biodiversity rights. The 
study protocol was approved by the Ethics Committee of 
Yunnan Cancer Hospital.

Tupaia belangeri of both genders (aged about 6 months 
old and weighing 140–180 g) purchased from Kunming 
Institute of Zoology, Chinese Academy of Sciences was 
used as the animal model and fed in a specific pathogen-
free laboratory. ATCC12228 and ATCC35984 standard 
strains of Staphylococcus epidermidis were sourced from 
the National Institute for Control of Pharmaceutical and 
Biological Products. Central venous catheters (CVC, CS-
14502, 5F-13CM) were obtained from ARROW. We also 
purchased FACSCalibur flow cytometer from Becton 
Dikinson, and a scanning electron microscope (S-100) from 
HITACHI.

Experimental methods

The effects of TGF-β1 at different concentrations on 
the levels of T helper (Th)1 and Th2 cytokines in tree 
shrews
Forty tree shrews were divided at random into four groups: 
S1 group (n=10, control group, no intravenous injection of 
TGF-β1), S2 group (n=10, 100 ng/kg TGF-β1), S3 group 
(n=10, 200 ng/kg TGF-β1), and S4 group (n=10, 400 ng/kg  
TGF-β1). Anesthesia was administered via intramuscular 
injection of 5% ketamine hydrochloride (10 mg/kg), 
before the tail hair was shaved off, and TGF-β1 at different 
concentrations was injected through the caudal vein.
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The effects of TGF-β1 on the levels of Th1 and Th2 
cytokines in tree shrews 
After a period of 48 h, 1 mL of venous blood was drawn 
from the caudal vein of the tree shrews, and flow cytometry 
was employed to detect the levels of Th1 cytokines 
interleukin-2 (IL-2), tumor necrosis factor (TNF), and 
interferon-γ (IFN-γ), and Th2 cytokines IL-6, IL-4, and 
IL-10. The 488 nm spectral line of an argon ion laser 
provided the source for the excitation light. The specific 
surface markers of T cells were used, and allogeneic IgG-
stained cells served as negative controls in each fluorescence 
channel. The results were determined based on the standard 
curves in each group.

The placement of the CVC in the tree shrews
Following anesthesia via an intramuscular injection of 
ketamine, the femoral vein of the tree shrews was punctured, 
and a CVC was inserted under aseptic conditions. Eighty 
tree shrews were divided at random into four groups: S1 
group (n=20), S2 group (n=20), S3 group (n=20), and S4 
group (n=20). After the weighing the tree shrews, TGF-β1 
at different concentrations was injected via CVC.

Preparation of bacterial suspension
The preserved ATCC12228 (PIA−) (PIA,Polysaccharide 
Intercellular Adhesion) and ATCC35984 (PIA+) standard 
strains of Staphylococcus epidermidis were inoculated into 
the agar plate medium for 24 h at 37 ℃. Then, a single 
colony was inoculated into LB medium (Luria Broth) for 
16 h at 37 ℃ until the logarithmic growth phase, and the 
bacterial concentration was adjusted to 1×107 CFU/mL.  
Ten tree shrews in the S1, S2, S3, and S4 groups were 
injected with 1 mL of freshly prepared bacteria solution 
of ATCC12228 standard strains of Staphylococcus 
epidermidis, while the remaining 10 tree shrews in each 
group were injected with 1 mL of freshly prepared bacteria 
solution of ATCC35984 standard strains of Staphylococcus 
epidermidis. About 2 cm was cut off the catheter and placed 
into the femoral vein, and the incision was sutured with 
sterile silk thread.

Biofilm detection
At 72 h following intubation, the CVC in the femoral vein 
was removed and divided into 3 sections. The effects of 
different levels of TGF-β1 on biofilm formation in the tree 
shrew BCI model in were observed in the experimental 
group and the control group: (I) bacteria were identified 

using the API bacterial identification system; (II) bacterial 
biofilm formation in each group was detected via semi-
quantitative biofilm formation assay; and (III) the surface 
state of biofilm was observed using the scanning electron 
microscope.
Bacterial identification using the API (Analytic Products 
INC) bacterial identification system
The CVC was immersed in bouillon culture medium, 
and the biofilm was ultrasonically eluted. After doubling 
dilution, the bouillon was implanted into the blood plate. 
After the bacterial colony had formed, the API bacterial 
identification system was used to establish whether the 
bacteria cultured were Staphylococcus epidermidis.
Detection of bacterial biofilm formation in each group via 
semi-quantitative biofilm formation assay
The CVC biofilm was dissolved in TSB (Tryptic Soy 
Broth) medium, diluted at 1:100, and inoculated into a 
sterile 96-well plate, with the clean fresh bouillon without 
bacteria solution added as a blank control. After culturing at  
37 ℃ for 24 h, the biofilm was stained with crystal violet, a 
microplate reader was used to measure the absorbance at a 
wavelength of 490 nm (A490 nm), and the average was taken 
for each strain of bacteria and blank control. The biofilm 
formation was positive if mean A490 nm of bacterial strain to 
be detected—mean A490 nm of blank control >0.12.
The observation of surface state of biofilm using a scanning 
electron microscope
The CVC was removed, and immediately fixed with 3% 
glutaraldehyde and stored at 4 ℃. A scanning electron 
microscope was used to observe bacterial growth on the 
internal surface of catheter.

Statistical methods
The experimental data were statistically analyzed using 
SPSS 11.5 software package. Kolmogorov-Smirnov 
normality test was performed for each group before data 
analysis. The experimental data conforming to the normal 
distribution or meeting the normal distribution after 
conversion were expressed as mean ± standard deviation 
(x±s). Analysis of variance was performed for the intergroup 
comparison, and paired t-test was carried out for two 
independent samples. The rank sum test was performed 
for the ranked data and pairwise comparison of intergroup 
differences. α=0.05 was used as the test level, P<0.05 
suggested statistically significant difference, and P<0.01 
suggested significant difference. All the tests were repeated 
three times. 
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Results 

The effects of TGF-β1 at different concentrations (100, 200, 
and 400 ng/kg) on Th1 and Th2 cytokines in tree shrews

In TGF-β1 groups at different concentrations (100, 200, 
and 400 ng/kg), the levels of Th1 cytokines IL-2, TNF, and 
IFN-γ were lower than those of the normal group (F=18.124, 
P<0.05). According to further pairwise q tests among the 
groups, there was no significant difference in the levels 
between the 100 ng group and the 200 ng group (P>0.05), 
and the levels were lower in the 400 ng group than in 
100 and 200 ng groups (P<0.01). In addition, the levels 
of Th2 cytokines IL-6, IL-4, and IL-10 in the TGF-β1 
groups at different concentrations were higher than those 
in normal group (F=15.421, P<0.05). According to further 
pairwise q tests among the groups, there were no significant 
differences in the levels between the 100 ng group and 
the 200 ng group (P>0.05), and the levels were higher in  
400 ng group than in the 100 ng group and the 200 ng 
group (P<0.01) (Table 1).

The effects of TGF-β1 at different concentrations (100, 
200, and 400 ng/kg) on PIA+ Staphylococcus epidermidis 
biofilm formation in the BCI tree shrew model 

(I) The PIA+ Staphylococcus epidermidis BCI model was 
established using the PIA+ ATCC35984 standard strains, 
and the CVC in the femoral vein was removed after 72 h 
and detected by semi-quantitative biofilm formation assay 
(Table 2). According to rank sum test, the positive rate of 
biofilm formation was higher in the TGF-β1 groups at 
different concentrations than in the non-TGF-β1 group 
(P<0.01). The results of further pairwise comparison 
showed that there were no significant differences in the 
positive rate of biofilm formation among the 100, 200, and 
400 ng TGF-β1 groups (t=3.26, P>0.05).

(II) Based on the biofilm observed on the internal surface 
of the CVCs using the scanning electron microscope, 
there was obvious biofilm formation of Staphylococcus 
epidermidis in the 200 and 400 ng TGF-β1 groups, 
and its formation ability was higher than in the 100 ng 
TGF-β1 and control groups (Figure 1).

The effects of TGF-β1 at different concentrations (100, 
200, and 400 ng/kg) on PIA− Staphylococcus epidermidis 
biofilm formation in the tree shrew BCI model

(I) The PIA− Staphylococcus epidermidis BCI model 
was established using the PIA− ATCC12228 standard 
strains, and the CVC in the femoral vein was removed 
after 72 h and detected through semi-quantitative 
biofilm formation assay (Table 3). According to rank 
sum test, there were no significant differences in the 
positive rate of biofilm formation between the TGF-β1 
groups at different concentrations (100, 200, and  

Table 1 The effects of TGF-β1 at different concentrations on Th1 and Th2 cytokines in tree shrews (x±s)

TGF-β1 concentration (ng/kg) IL-2 (pg/mL) IL-4 (pg/mL) IL-6 (pg/mL) IL-10 (pg/mL) TNF (pg/mL) IFN-γ (pg/mL)

0 114.38±3.24 31.04±2.25 18.35±2.24 44.37±2.41 52.37±1.97 128.57±1.21

100  81.43±3.66* 55.45±2.43* 35.22±2.57*  76.53±2.52* 28.37±1.31* 94.11±1.46*

200 76.52±4.21* 59.72±3.08* 41.36±3.21* 83.24±3.04* 25.42±1.18* 86.52±1.17*

400 38.63±3.58* 91.76±3.23* 78.65±3.76* 115.31±2.86* 9.45±1.41* 38.97±1.33*

*, P<0.05 vs. 0 ng/mL TGF-β1 group. TGF-β1, transforming growth factor-β1; Th, T helper; TNF, tumor necrosis factor; IFN-γ, interferon-γ.

Table 2 The correlation between TGF-β1 at different concentrations 
and phenotype of PIA+ (ATCC35984) Staphylococcus epidermidis 
biofilm in the tree shrew model of BCI 

TGF-β1 concentration 
(ng/kg)

Phenotype of biofilm
Total P value

+ (n) − (n)

0 3 7 10 0.06678

100 7 3 10

200 8 2 10

400 7 3 10

TGF-β1, transforming growth factor-β1; BCI, biomaterial-centered 
infection.
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400 ng/kg) and the non-TGF-β1 group (P>0.05). The 
results of further pairwise comparison revealed that the 
positive rate of biofilm formation was not significantly 
different among the 100, 200, and 400 ng TGF-β1 
groups (t=3.26, P>0.05).

(II) Based on the biofilm observed on the internal 
surface of the CVCs using the scanning electron 
microscope, there were no significant differences in 
the Staphylococcus epidermidis biofilm formation in 
100, 200, and 400 ng TGF-β1 groups compared with 
control group (Figure 2).

Discussion 

At present, there are around 47 species and more than  
100 subspecies of tree shrews in the world. Due to 
constraints on resources, there are only a small number of 
feeding and breeding centers for tree shrews around the 
globe, including Germany Primate Center (Gottingen), the 
University of Alabama at Birmingham (USA), San Diego 

Wild Animal Park (USA), Mexico Wolff Breeding Center, 
and Europe Primate Center (Netherlands); far fewer than 
the number of feeding and breeding centers for primates. 
In most literature reports, tree shrews in Germany Primate 
Center were used. In China, there are now 1 species 
(Tupaia belangeri) and 6 subspecies of tree shrews, and wild 
tree shrews are mostly distributed in Yunnan (3 out of  
6 subspecies). The domestication and breeding of tree shrews 
and related research in China dates back to the 1970−80s.

Tree shrews are small mammals that resemble squirrels, 
which are taxonomically classified as mammalia, placentalia, 
and scandentia. They are mainly distributed in Bangkok 
(Thailand), Nepal, Myanmar, and Yunnan and Guangxi 
(China). Due to their special taxonomic status, tree shrews 
have attracted the attention of biologists. For a long time, tree 
shrews have been regarded as primates, and many studies have 
shown them to have close kinship with primates, although 
their specific phylogenetic taxonomic status is still debated.

Tree shrews have many similarities with primates and 
even humans in terms of their physiological anatomy, 
neurodevelopment, viral infection characteristics, and 
psychological stress mode. The prefrontal lobe is highly 
developed in humans, developed in tree shrews and primates, 
and almost not developed in rats and mice. The brain/
weight ratio of tree shrews exceeds that of humans. Studies 
have demonstrated that (7) tree shrews and humans have 
similar cranial nerves and optic nerves, and they are also the 
only species other than chimpanzees and gibbons that can 
be infected with human hepatitis A, hepatitis B, hepatitis C, 
rotavirus, herpes virus, adenovirus, and rhabdovirus.

TGF-β1 and cellular immune status in tree shrews

TGF-β1 is a kind of polypeptidase growth inhibitor with 

A B C D

Figure 1 Staphylococcus epidermidis biofilms are formed by Staphylococcus epidermidis on the CVC. (A) Control group (no TGF-β1 
added); (B) 100 ng TGF-β1 group; (C) 200 ng TGF-β1 group; (D) 400 ng TGF-β1 group. Biofilm formation of Staphylococcus epidermidis 
in the 200 and 400 ng TGF-β1 groups, and its formation ability was higher than in the 100 ng TGF-β1 and control groups. CVC, central 
venous catheter; TGF-β1, transforming growth factor-β1.

Table 3 The correlation between TGF-β1 at different concentrations 
and phenotype of PIA− (ATCC12228) Staphylococcus epidermidis 
biofilm in the tree shrew BCI model

TGF-β1 concentration 
(ng/kg)

Phenotype of biofilm
Total 

+ (n) − (n)

0 1 9 10

100 2 8 10

200 3 7 10

400 3 7 10

TGF-β1, transforming growth factor-β1; BCI, biomaterial-
centered infection.
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A B C D

Figure 2 Staphylococcus epidermidis biofilms are formed by Staphylococcus epidermidis on the CVC. (A) Control group (no TGF-β1 
added); (B) 100 ng TGF-β1 group; (C) 200 ng TGF-β1 group; (D) 400 ng TGF-β1 group. There were no significant differences in the 
Staphylococcus epidermidis biofilm formation in 100, 200, and 400 ng TGF-β1 groups compared with control group. CVC, central venous 
catheter; TGF-β1, transforming growth factor-β1.

various biological functions (8), which has a molecular weight 
of 25 KD. It has the signal transduction pathway, inhibits the 
proliferation and activity of T cells and macrophages, and 
regulates the expression of various target genes, serving as a 
negative regulator of embryo growth and development, cell 
differentiation and proliferation, as well as a pro-apoptotic 
factor. Basic research has also shown that (9) TGF-β1 is 
the most potent of the TGF superfamily members in the 
human body (10). TGF-β1 can inhibit the expression of 
protooncogene C-myc at the post-transcriptional level, arrest 
the cell cycle in the G1 phase and inhibit tumor formation. 
Abnormalities in TGF-β1 can lead to the blockage of signal 
transduction pathways, enhance the expression of C-myc, 
and relieve the dephosphorylation of Rb and P53 protein, 
which sees the cells grow excessively, resulting in malignant 
transformation (11).

TGF-β1 has been proved to be a potent immunosuppressive 
factor in immunoregulation (12) which can induce donor-
specific immune tolerance through multiple pathways. 
TGF-β1 can also exert an immunoregulatory effect in 
tree shrews (13). In this experiment, TGF-β1 at different 
concentrations (100, 200, and 400 ng/kg) was injected into 
the femoral vein of tree shrews, and venous blood was drawn 
after 48 h to detect cytokines via flow cytometry. The levels 
of Th1 cytokines IL-2, TNF, and IFN-γ were found to be 
lower in the TGF-β1 groups at different concentrations 
than in the normal group (F=18.124, P<0.05). According 
to further pairwise q tests among groups, there were no 
significant differences in the levels between the 100 ng group 
and the 200 ng group (P>0.05), and the levels were lower in 
the 400 ng group than in the 100 and 200 ng groups (P<0.01). 
Furthermore, the levels of Th2 cytokines IL-6, IL-4, and 
IL-10 in the TGF-β1 groups at different concentrations 

were higher than in the normal group (F =15.421, P<0.05). 
According to further pairwise q tests among the groups, 
there were no significant differences in the levels between the  
100 ng group and the 200 ng group (P>0.05), and the 
levels in the 400 ng group were higher than in the 100 and  
200 ng groups (P<0.01). The above findings indicate that the 
increased concentration of TGF-β1 in tree shrews can inhibit 
the levels of Th1 cytokines, and promote the level of Th2 
cytokine IL-6. Moreover, TGF-β1 causes the imbalance of 
Th1/Th2 cytokines and Th1/Th2 shift in tree shrews, leading 
to the Th1 cell-led decline in cellular immune function.

The correlation between TGF-β1 and CVC-centered 
Staphylococcus epidermidis biofilm formation in tree shrews

The cellular immunity in the body is mediated by T 
lymphocytes, and their main function is to regulate all 
immune responses caused by protein antigens (14) as 
well as to scavenge cell surface antigens or intracellular 
microorganisms, to play a leading role in resisting bacterial 
infection in cells. When T cells come into contact with 
some pathogens or vaccines (15), they differentiate and 
proliferate into sensitized or immune T cells, mainly Th 
lymphocytes (CD4+/CD3+) and cytotoxic T lymphocytes 
(CD8+/CD3+). Cytokines are secreted by Th lymphocytes 
to respond to the antigenic stimulus, which can facilitate 
the proliferation and differentiation of T lymphocytes, B 
lymphocytes, and macrophages.

At the infection site, foreign antigens enter the body 
and are captured by dendritic cells and gathered in the 
lymph nodes, where they are responsible for the activation 
of juvenile lymphocytes, and lymphocytes migrate to the 
lymph nodes via the blood vessels. Then, effector and 
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memory T cells are produced in the lymph nodes and enter 
into the blood circulation so that T cells can migrate to the 
surrounding tissues. Antibodies originating in the lymphoid 
organs then enter the blood circulation, finding and binding 
to specific antigens at any site (16).

Many studies have found that (17-19) the adhesion of 
bacteria to the surface of biomaterials and adjacent tissues is 
the initiating factor of BCI. The emergence of biomaterials 
reduces the minimum amount of bacteria required for 
pathogenesis, biofilm production increases bacterial 
resistance to antibiotics by 10–1,000 times compared with 
airborne bacteria, and the subsequent infection often cannot 
be controlled until the implant is removed.

Bacterial biofilm refers to the membrane-like multi-
bacterial complex comprising bacterial cells and aqueous 
polymeric matrix (mainly exopolysaccharides) secreted 
by them, which adheres to the body surface during 
bacterial growth (20). During evolution, a fine adhesion 
mechanism is gradually formed in most bacteria, which 
secrete the matrix and form the membranous substances 
adhering to the surface of lesion, thereby producing the 
complex group of biofilms (21).

Staphylococcus epidermidis is a kind of Gram-positive 
cocci (22) widely distributed in nature, most of which 
are opportunistic pathogens. Some people may carry 
pathogenic strains in their skin and nasopharynx, and the 
carrier rate can reach more than 70% in medical staff. 
Staphylococcus epidermidis is an important source of cross 
infection in hospitals and is an important opportunistic 
pathogen in nosocomial infection (23). In addition, 
Staphylococcus epidermidis adheres to the mucosa or 
the surface of biomedical materials, such as cannula and 
artificial joints, which secrete polysaccharide complexes 
such as polysaccharide matrix, fibrin and lipopolysaccharide, 
and then they adhere to each other and clone to become 
biofilms (24).

In this experiment, the Staphylococcus epidermidis 
BCI model of tree shrews was established using the PIA+ 
ATCC35984 and PIA− ATCC12228 standard strains. 
The CVC in the femoral vein was removed after 72 h and 
detected via semi-quantitative biofilm formation assay. The 
positive rate of ATCC35984 biofilm formation was found to 
be higher in the TGF-β1 groups at different concentrations 
(100, 200, and 400 ng/kg) than in the non-TGF-β1 group 
(P<0.01). The results of further pairwise comparison 
showed that there were no significant differences in the 
positive rate of biofilm formation among the 100, 200, 
and 400 ng TGF-β1 groups (P>0.05). According to the 

biofilm observed on the CVC using the scanning electron 
microscope, the ATCC35984 biofilm formation ability in 
the 200 and 400 ng TGF-β1 groups was higher than in the 
100 ng TGF-β1 and control groups, which demonstrates 
that TGF-β1 promotes PIA+ Staphylococcus epidermidis 
biofilm formation in the tree shrew BCI model, although 
it has no significant influence on PIA− Staphylococcus 
epidermidis biofilm formation on the surface of CVC. 

A biofilm is a well differentiated group formed by 
coordination among bacteria, which is one of the important 
means for bacteria to resist external adverse factors (25). The 
bacteria in a biofilm are different from single planktonic 
bacteria, and they can effectively resist the body's defense 
mechanism and antibiotic treatment, placing them as the root 
cause of uncontrollable biomaterial infection. Therefore, 
studying whether the interference in cellular immunity 
affects biofilm formation during bacterial adhesion, 
exploring the internal mechanism of biofilm formation 
from the perspective of genetic manipulation, establishing 
the initiating and terminating factors during adhesion, 
and searching for the methods to block bacterial adhesion 
and resist bacterial biofilm formation will help with the 
prevention and treatment of BCI in tumor therapy. This will 
in turn create the conditions for further advancements in 
tumor treatments, which is of great significance in improving 
the quality of life and prolonging the lifespan of patients.
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