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ABSTRACT

Objective: To investigate the role of the TLR4/NF-kB signaling pathway in progressive cerebral infarction.

Methods: A total of 50 patients with progressive cerebral infarction admitted to our hospital were enrolled as
the observation group, along with 50 healthy individuals serving as the control group. The mRNA and protein
expression levels of NF- kB p65, the phosphorylation level of NF- kB p65 in peripheral blood mononuclear cells
(PBMCs), and the serum levels of tumor necrosis factor-a (TNF-a) and interleukin-1f (IL-1f) were measured in
both groups before and after treatment.

Results: After treatment, the mRNA and protein expression levels of NF- kB p65, as well as its phosphorylation
level in PBMCs, were significantly lower in the observation group than in the control group (P < 0.05). Similarly,
serum levels of TNF-a and IL-1Bwere significantly reduced compared with those in the control group (P < 0.05).

Conclusion: Activation of the TLR4/NF- kB signaling pathway plays a critical role in the pathogenesis of pro-
gressive cerebral infarction.

Abbreviations: PBMCs: Peripheral Blood Mononuclear Cells; TNF-a: Tumor Necrosis Factor-a; IL-1: Inter-
leukin-1; PBS: Phosphate-Buffered Saline; HRP: Horseradish Peroxidase; ECL: Enhanced Chemiluminescence;
BMI: Body Mass Index; LPS: Lipopolysaccharide

Introduction

Progressive cerebral infarction is a subtype of ischemic stroke

The NF-«B signaling pathway is thought to play a central role
in the development of progressive cerebral infarction [1]. Previous
studies have demonstrated that TLR4 can activate NF-kB, promoting

characterized by a higher rate of disability and mortality compared
with other forms, drawing significant attention in the medical com-
munity. Clinically, it is generally defined as a stroke in which neurolog-
ical function continues to deteriorate within 72 hours of onset despite
treatment, with an increase of 22 points in the NIHSS score relative to
baseline [1]. Oxidative stress and inflammation are currently recog-
nized as key contributors to its pathogenesis [1].

its nuclear translocation and initiating the expression of pro-inflam-
matory genes such as tumor necrosis factor-a (TNF-a) and inter-
leukin-1B (IL-1B) [2]. However, the specific role of the TLR4/NF-kB
pathway in peripheral blood mononuclear cells (PBMCs) of patients
with progressive cerebral infarction remains unclear. Therefore, this
study aimed to investigate the activation status of the TLR4/NF- kB
signaling pathway in PBMCs and the serum expression levels of relat-
ed inflammatory factors, providing a theoretical basis for the clinical
prevention and treatment of this condition.
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Methods
Study Subjects

A total of 100 subjects were enrolled in this study, comprising
50 patients with progressive cerebral infarction in the experimental
group and 50 healthy volunteers undergoing routine physical exam-
inations during the same period as the control group. There were no
significant differences between the two groups in terms of age, gen-
der, or other baseline characteristics (P > 0.05), indicating that the
groups were comparable.

Inclusion Criteria for the Experimental Group:

1.  Diagnosis consistent with the Guidelines for the Diagnosis
and Treatment of Acute Ischemic Stroke in China (2018), with
first onset confirmed by cranial CT or MRI.

2. Acute onset with an admission NIHSS score > 0.

3. Neurological deterioration after admission, defined as an in-
crease of 22 points in the NIHSS score within 72 hours compared
with baseline, with no intracranial hemorrhage on repeat imag-
ing.

4. Onset within 7 days at enrollment; age 18-80 years; no his-
tory of hemorrhagic stroke or other major terminal illnesses.

5. Normal consciousness and stable vital signs.

6.  Complete clinical data, hospitalization for more than 7 days,
and good compliance with treatment, examinations, and evalua-
tions.

7. Normal liver and kidney function, electrocardiogram, blood
and urine routine, and coagulation tests on admission.

8.  Provision of informed consent with a signed consent form.

Inclusion Criteria for the Control Group: Undergoing routine
physical examinations at our hospital during the same period. No ab-
normalities on clinical, imaging, or laboratory evaluations. No history
of acute or chronic inflammatory diseases or autoimmune disorders.
Age- and gender-matched with the experimental group.

Exclusion Criteria: Children or elderly patients outside the
study’s age range. Patients with severe organic diseases affecting
the heart, liver, kidneys, or other major organs. Pregnant or lactat-
ing women. Individuals with known allergies to reagents used in this
study. Patients with poor compliance or inability to cooperate with
study procedures.

Data Collection
Detection of TLR4 mRNA Expression in PBMCs by RT-qPCR

Isolation of PBMCs: Five milliliters of fasting venous blood were
collected in the early morning from each subject using heparin as
an anticoagulant. PBMCs were isolated by density gradient centrif-
ugation. Briefly, the anticoagulated blood was diluted 1:1 with phos-

phate-buffered saline (PBS) and carefully layered over Ficoll density
gradient medium. The samples were then centrifuged at 2000 rpm for
20 minutes. The PBMCs from the intermediate buffy coat layer were
collected, washed twice with PBS, and resuspended at a density of 1 x
106 cells/mL for subsequent use.

Total RNA Extraction and cDNA Synthesis: Total RNA was ex-
tracted from 1 x 106 PBMCs using the TRIzol reagent according to
the manufacturer’s instructions. The concentration and purity of the
RNA were assessed prior to use. One microgram of total RNA was re-
verse-transcribed into cDNA using the RevertAid First Strand cDNA
Synthesis Kit, following the manufacturer’s protocol. The reaction
conditions were 42°C for 60 minutes and 70°C for 5 minutes. The re-
sulting cDNA was stored at ~20°C until further analysis.

Real-Time Fluorescence Quantitative PCR (qPCR): The ex-
pression level of TLR4 mRNA was quantified using the SYBR Green
method, with GAPDH serving as the internal reference. The primer
sequences were as follows:

. TLR4 forward primer: 5-AGGTTGCCAGGTGATTGTTG-3’

. TLR4 reverse primer: 5’-CAGTGCAGCCTCAACTTCAC-3’

. GAPDH forward primer: 5’-AGAAGGCTGGGGCTCATTTG-3’
o GAPDH reverse primer: 5’-AGGGGCCATCCACAGTCTTC-3’

gPCR reaction system and amplification conditions: The qPCR
reaction was performed in a total volume of 25 pL, consisting of 2
uL cDNA, 0.8 pL each of forward and reverse primers, 12.5 pL of 2x
UltraSYBR Mixture, and nuclease-free water to reach the final volume.
The amplification procedure was as follows: pre-denaturation at 95°C
for 10 minutes, followed by 40 cycles of 95°C for 15 seconds and 60°C
for 1 minute. A melting curve analysis was subsequently performed
from 65°C to 95°C to confirm the specificity of the amplified products.
The relative expression level of TLR4 mRNA was calculated using the
2"AACt method. The calculations were performed as follows: ACt (tar-
get gene) = Ct (target gene) - Ct (internal reference gene) AACt = ACt
(experimental group) — ACt (control group) Relative expression level
= 27AACt Using the above detection method, the expression level of
TLR4 mRNA can be accurately and specifically quantified, providing
a reliable basis for subsequent analysis of the activation status of the
TLR4 signaling pathway. RT-qPCR is simple, rapid, and highly repro-
ducible, and is widely regarded as the “gold standard” for quantitative
gene expression analysis.

Detection of Tlr4 Protein Expression and NF-KB P65 Phos-
phorylation in PBMCs by Western Blot

Protein Extraction: An appropriate number of PBMCs were lysed
on ice for 30 minutes using RIPA lysis buffer. The lysate was then cen-
trifuged at 12,000 rpm and 4°C for 15 minutes, and the supernatant
was collected. Protein concentration was determined using the BCA
method, adjusted to 2 pg/uL, and the samples were stored at —-80°C
until further use.
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SDS-Page Electrophoresis and Membrane Transfer: 40 micro-
grams of protein sample were mixed with loading buffer and dena-
tured by boiling at 100°C for 5 minutes. Proteins were separated on
a 10% SDS-PAGE gel and subsequently transferred to a PVDF mem-
brane using the semi-dry transfer method.

Primary Antibody Incubation: The PVDF membrane was
blocked with 5% skimmed milk for 2 hours at room temperature,
then incubated overnight at 4°C with primary antibodies against
TLR4 (1:500), NF-xB p65 (1:1000), and phosphorylated p65 (p-p65,
1:1000).

Secondary Antibody Incubation: After three washes with TBST
for 5 minutes each, the membrane was incubated with horseradish
peroxidase (HRP)-conjugated goat anti-rabbit or goat anti-mouse
secondary antibody (1:5000) at room temperature for 1 hour.

ECL Development: After thorough washing, the PVDF membrane
was incubated with enhanced chemiluminescence (ECL) reagent, and
protein bands were visualized using a ChemiDoc XRS+ gel imaging
system. B-Actin was used as an internal reference, and the relative
expression levels of target proteins were quantified using Image Lab
software. Western blotting allows for specific and semi-quantitative
detection of target protein expression. By analyzing the levels of
TLR4, NF-xB p65, and p-p65, the activation status of the TLR4/NF-«B
signaling pathway can be assessed. Additionally, Western blotting is
highly sensitive and provides clear, visual results, making it an essen-
tial tool for investigating protein expression and function.

Detection of Serum TNF-a and IL-1( Levels by ELISA

Serum Sample Collection: 3 milliliters of fasting venous blood
were collected from each subject in the early morning. The samples
were allowed to clot at room temperature for 30 minutes and then
centrifuged at 3,000 rpm for 10 minutes to separate the serum. The
serum was aliquoted and stored at -80°C until further analysis.

ELISA Detection: Serum samples and all reagents were equili-
brated to room temperature prior to use. Blank wells, standard wells,
and test wells were prepared. Standard wells were loaded with stan-
dard solutions, test wells with appropriately diluted serum samples,
and blank wells were left empty. HRP-conjugated detection antibody
was added to all wells except the blank wells, followed by incubation
at 37°C for 30 minutes. The liquid in the wells was discarded, and the
wells were washed five times with wash buffer. Substrates A and B
were then added sequentially, followed by color development at 37°C

in the dark for 10-20 minutes. Stop solution was added to terminate
the reaction, and absorbance (OD value) was measured at 450 nm. A
standard curve was constructed from the OD values of the standards,
and the concentrations of TNF-a and IL-1f in the test samples were
calculated accordingly.

ELISA is simple to perform, highly specific, and sensitive, enabling
accurate quantification of cytokine levels in serum. Measurement of
inflammatory mediators such as TNF-a and IL-1f reflects the system-
ic inflammatory state and disease severity, providing a valuable basis
for the diagnosis and assessment of progressive cerebral infarction.

Statistical Analysis

Statistical analyses were performed using SPSS version 23.0.
Measurement data conforming to a normal distribution were ex-
pressed as mean * standard deviation (X # s), and comparisons be-
tween groups were conducted using the independent-samples t-test.
Categorical data were presented as counts and percentages [n (%)],
and group comparisons were performed using the chi-square test. A
P value < 0.05 was considered statistically significant.

Results
General Data

There were no statistically significant differences between the
two groups in baseline characteristics, including gender, age, height,
weight, body mass index (BMI), heart rate, systolic blood pressure,
and diastolic blood pressure (P > 0.05), indicating that the groups
were well matched. Detailed results are presented in Table 1. As
shown in Table 1, there were no significant differences between the
experimental and control groups in terms of gender distribution, age,
physical measurements, vital signs, or other baseline characteristics.
The comparability of these data ensures the reliability of subsequent
statistical analyses. The onset of progressive cerebral infarction is in-
fluenced by multiple factors, including viral infection, autoimmune
disorders, diabetes mellitus, and psychological stress. Selecting study
subjects with matched baseline characteristics helps minimize the
influence of confounding factors, ensuring comparable demographic
and physiological profiles between groups. This approach allows for
a more accurate assessment of the impact of TLR4/NF-kB signaling
pathway activation on the development and progression of progres-
sive cerebral infarction.
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Table 1: Comparison of general information in two groups (x+s).

Gender . o 5 Heart Rate SBP DBP
Group n (M/F) Age (years) | Height (cm) | Weight (kg) | BMI (kg/m?) (bpm) (mmHg) (mmHg)
EXpézg?l;n‘al 50 30/20 60.33+9.51 | 1665242545 | 58.05+18.89 | 21.07+4.25 | 70.52+17.90 | 141.28+8.95 | 77.32+7.14
Control Group 50 34/16 58.4247.23 | 163.85+23.73 | 59.25+19.62 | 22.03+4.33 | 69.89+15.62 | 138.9047.20 | 76.80+8.10
t/y2 value 0.641 1.184 0.532 0.310 1.094 0.494 1.523 0.324
P value 0.423 0.239 0.596 0.757 0.277 0.622 0.131 0.747

Note: BMI: Body Mass Index; for comparison between the two groups, the chi square test was used for enumeration data, and the t test for measurement

data.

Expression of TLR4 mRNA and Protein in PBMCs

RT-qPCR and Western blot analyses demonstrated that both TLR4
mRNA and protein expression levels in PBMCs were significantly
higher in the experimental group compared with the control group
(P < 0.05). These findings indicate that the TLR4 signaling pathway is
abnormally activated in patients with progressive cerebral infarction.

Phosphorylation Level of NF kB p65 in PBMCs

Western blot analysis revealed that the phosphorylation level
of NF-kB p65 in PBMCs was significantly higher in the experimental
group compared with the control group (P < 0.05), indicating exces-
sive activation of the NF-kB signaling pathway in patients with pro-
gressive cerebral infarction. This study demonstrated significantly
increased phosphorylation levels of the NF-kB p65 subunit in PBMCs
from patients with progressive cerebral infarction, indicating en-
hanced endogenous inflammatory responses. These findings suggest
that sustained activation of the NF-kB signaling pathway may contrib-
ute to disease progression.

Comparison of Serum TNF a and IL 1 Levels

ELISA results demonstrated that serum levels of TNF-a and IL-
1B in the experimental group were 149.50 + 12.12 ng/L and 255.50
+ 19.19 ng/L, respectively, which were significantly higher than the
levels observed in the control group (102.10 + 10.60 ng/L and 105.20
+ 12.80 ng/L; P < 0.05). These findings indicate that patients with
progressive cerebral infarction exhibit markedly elevated systemic
inflammatory responses.

Discussion

As akey member of the Toll-like receptor family, TLR4 serves as an
important pattern recognition receptor linking innate immunity and
inflammation. It recognizes exogenous pathogen-associated molecu-
lar patterns, such as bacterial lipopolysaccharide (LPS), and can also
be activated by endogenous danger signals, including heat shock pro-
teins and hyaluronic acid, released following neuronal injury. Thus,
TLR4 plays a central role in both infectious and sterile inflammatory
responses [2-4]. Excessive activation of the TLR4/NF-«kB signaling
pathway can directly disrupt the inflammatory microenvironment. In

this study, serum levels of pro-inflammatory factors such as TNF-«
and IL-1p were significantly [5-9] elevated in patients. These media-
tors may exacerbate neuronal injury through multiple mechanisms:

1.  Exerting direct cytotoxic effects on neurons, leading to
apoptosis or necrosis;

2. Activating astrocytes and microglia, thereby amplifying lo-
cal inflammation; and

3. Impairing the blood-nerve barrier [10-15], facilitating im-
mune cell infiltration. This inflammatory vicious cycle, driven by
TLR4/NF-kB signaling and mediated by TNF-a and IL-1f, ulti-
mately contributes to neurological dysfunction and the progres-
sive deterioration of symptoms in patients [16-18].

Conclusion

In summary, aberrant activation of the TLR4/NF-kB signaling
pathway, along with overexpression of its downstream inflammatory
mediators TNF-a and IL-1f, plays a central role in the development
and progression of progressive cerebral infarction. The findings of
this study not only enhance the understanding of the disease’s patho-
physiological mechanisms but also provide a theoretical basis and po-
tential targets for the development of precise therapeutic strategies
aimed at pathway inhibition.
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