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Summary

Background: To explore the value of serum soluble CD40
ligand (sCD40L) and galectin-3 (galectin-3) for predicting
the therapeutic effect and prognosis of patients with acute
ischemic stroke (AlS).

Methods: 180 AIS patients admitted to the hospital
between March 2023 and March 2025 were selected as
research participants. All patients received emergency
treatment with tenecteplase (TNK-tPA) combined with
Xuesaitong. Based on the therapeutic effect, patients were
divided into two groups: an effective group and an ineffec-
tive group. Serum sCD40L and galectin-3 levels were
measured in both groups before treatment and 4 weeks
after, and the levels were compared. After discharge, all
patients were monitored for 3 months, and, based on their
modified Rankin Scale (mRS) score, those with a good
prognosis and those with a poor prognosis were assigned
to two groups. Using multivariate logistic regression, the
risk factors associated with poor prognosis and inadequate
treatment in AIS patients were examined. Serum levels of
sCD40L and galectin-3 were analysed using a receiver
operating characteristic (ROC) curve to assess their prog-
nostic value for poor prognosis and ineffective treatment in
AlS patients.

Results: Of the 180 research subjects, 146 were effectively
treated (effective group), while 34 were ineffective (ineffec-
tive group). There were 142 patients with a good prognosis
and 38 with a poor prognosis, representing an incidence of
21.11%. After 4 weeks of treatment, serum levels of
sCD40L and galectin-3 were lower in the successful group
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Kratak sadrzaj

Uvod: Cilj je bio ispitivanje vrednosti serumskog rastvor-
livog CD40 liganda (sCD40L) i galektina-3 (galectin-3) u
predvidanju terapijskog efekta i prognoze kod pacijenata sa
akutnim ishemijskim mozdanim udarom (AIM).

Metode: U istraZivanje je uklju¢eno 180 pacijenata sa AIM
koji su bili hospitalizovani izmedu marta 2023. i marta
2025. godine. Svi pacijenti su primili hitnu terapiju tenek-
teplazom (TNK-tPA) u kombinaciji sa preparatom
Sjuesejtong (Xuesaitong). Na osnovu terapijskog efekta,
pacijenti su podeljeni u dve grupe: efektivnu i neefektivnu.
Nivoi sCD40L i galektina-3 u serumu su mereni kod obe
grupe pre pocetka terapije i Cetiri nedelje nakon nje, a
zatim su uporedeni. Nakon otpusta, svi pacijenti su praéeni
tokom tri meseca, i prema modifikovanoj Rankinovoj skali
(mRS) podeljeni su na grupu sa dobrom i grupu sa loSom
prognozom. Visestrukom logistickom regresionom anali-
zom ispitani su faktori rizika povezani sa loSom prognozom
i neadekvatnim terapijskim odgovorom kod pacijenata sa
AIM. Analizom ROC krive je procenjena prognosti¢ka vred-
nost serumskih nivoa sCD40L i galektina-3 za lo$u prog-
nozu i neefikasno lecenje.

Rezultati: Od 180 ispitanika, 146 je imalo efektivan ter-
apijski odgovor (efektivna grupa), a 34 nisu (neefektivna
grupa). Ukupno 142 pacijenta su imala dobru prognozu,
dok je 38 imalo loSu prognozu, $to predstavlja incidencu
lose prognoze od 21,11%. Nakon Cetiri nedelje terapije,
nivoi sCD40L i galektina-3 u serumu bili su nizi u uspe$no
le¢enoj grupi u odnosu na neuspes$no lec¢enu (P<0,05).
Nivoi sCD40L i galektina-3 bili su visi u grupi sa loSom
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than in the unsuccessful group (P<0.05). Serum levels of
sCD40L and galectin-3 were higher in the poor-prognosis
group than in the favourable-prognosis group (P<0.05).
Multivariate logistic regression analysis showed that AIS
patients with elevated serum galectin-3 and sCD40L levels
were at increased risk of inadequate treatment and poor
outcomes (P<0.05). The areas under the curve (AUCs) for
serum galectin-3 and sCD40L in predicting treatment fail-
ure in AIS patients were 0.665 and 0.691, respectively,
according to ROC analysis; the specificities were 70.08%
and 77.51%, respectively, and the sensitivities were 62.53%
and 62.58%, respectively. The combined prediction model
for ineffective treatment using serum galectin-3 and
sCD40L yielded an AUC of 0.784, with specificities and
sensitivities of 65.18% and 81.25%, respectively. For pre-
dicting poor prognosis, serum galectin-3 and scd40l
demonstrated AUCs of 0.774 and 0.838, respectively; their
specificities were 67.58% and 75.36%, respectively, while
their sensitivities were 75.06% and 80.04%, respectively.
The combined prediction of serum galectin-3 and scd40l
for poor prognosis was less effective, with an AUC of 0.919,
a specificity of 60.05%, and a sensitivity of 90.63%.
Conclusions: Both sCD40L and serum galectin-3 levels
have some prognostic value for poor prognosis and ineffec-
tive treatment in AlS patients, and combining their detec-
tion can significantly improve predictive efficacy.

Keywords: serum soluble sCD40 ligand, serum galectin-
3, acute ischemic stroke, therapeutic effect, prognosis and
outcome, predictive value

Introduction

Acute ischemic stroke (AIS) is a common cere-
brovascular disease with sudden onset and rapid pro-
gression (1-3). It is mainly caused by the narrowing
of blood vessels in the brain, which restricts blood
flow. At present, in clinical practice, methods such as
eliminating oxygen-free radicals, improving cerebral
circulation, nourishing nerves and antioxidation are
widely adopted to alleviate patients’ clinical symptoms
and delay the continuous deterioration of the disease.
Previous studies (4-6) have evaluated the therapeutic
effect in mostly AIS patients depending on variations
in the score on the National Institutes of Health
Stroke Scale (NIHSS). However, this method has obvi-
ous drawbacks, including significant subjectivity and
poor repeatability. Previous studies (7-9) have con-
firmed that serum markers have high diagnostic value
for assessing the clinical efficacy and prognosis of var-
ious cardiovascular diseases. The development of AIS
disease and the decline in neurological function are
directly linked to large and medium-sized arterial
lesions, which are mainly caused by atherosclerosis,
according to studies (10-12). Galectin-3 has been
proven to have high clinical value in evaluating the
stability and size of atherosclerotic plaques, and it is
also correlated with the number of diseased blood
vessels. Soluble CD40 ligand (sCD40L) is also associ-
ated with arterial thrombosis and atherosclerosis (13).

One of the leading causes of mortality and adult
impairment in the globe is acute ischemic stroke (AlS)

prognozom u poredenju sa grupom sa povoljnom prog-
nozom (P<0,05). Visestruka logisti¢ka regresiona analiza
je pokazala da pacijenti sa AIM i visokim nivoima galekti-
na-3 i sCD40L u serumu imaju povecan rizik od neade-
kvatnog terapijskog odgovora i loseg ishoda (P<0,05).
ROC analiza je pokazala da su povrsine ispod krive (AUC)
za galektin-3 i sCD40L u predvidanju neefikasnog lecenja
bile 0,665 i 0,691; odgovarajuc¢e specifi¢nosti su bile
70,08% i 77,51%, a senzitivnosti 62,53% i 62,58%.
Kombinovana predikcija neefikasnog le¢enja koris¢enjem
oba biomarkera dala je AUC od 0,784, sa specifi¢no$cu
od 65,18% i senzitivno$¢u od 81,25%. Za predvidanje
loSe prognoze AUC vrednosti galektina-3 i sCD40L
iznosile su 0,774 i 0,838; specifi¢nosti 67,58% i 75,36%,
a senzitivnosti 75,06% i 80,04%. Kombinovana predikcija
serumskih galektina-3 i sCD40L za loSu prognozu poka-
zala je AUC od 0,919, sa specifi¢no$¢u od 60,05% i sen-
zitivno$éu od 90,63%.

Zakljuéak: Nivoi serumskog sCD40L i galektina-3 imaju
odredenu prognosti¢ku vrednost u predvidanju lo$e prog-
noze i neefikasnog lecenja kod pacijenata sa AIM, a njiho-
va kombinovana detekcija moze znacajno da poboljsa
tacnost predvidanja.

Kljuéne reéi: serumski rastvorljivi sCD40 ligand, serum-
ski galektin-3, akutni ishemijski moZzdani udar, terapijski
efekat, prognoza i ishod, prognosti¢ka vrednost

(14). Timely prognosis assessment is crucial for guid-
ing individualised clinical treatment, optimising
resource allocation, implementing early rehabilitation
interventions, and enhancing long-term functional
outcomes (15). However, these methods still have
limitations in terms of predictive sensitivity and speci-
ficity, as well as in their ability to reveal potential
pathophysiological mechanisms. Therefore, exploring
new serum biomarkers that can more accurately,
objectively and comprehensively reflect the patholog-
ical process and prognosis of AlS patients has always
been the focus of stroke research. sCD40L (soluble
CD40 ligand), a key mediator of platelet activation
and the inflammatory response, plays a significant
role in the occurrence and development of AIS. Its
elevated level is closely associated with thrombosis,
amplification of the inflammatory cascade, endothe-
lial dysfunction, and plaque instability. Galectin-3
(galectin-3) is an essential B-galactosidase-binding
protein that participates in regulating various patho-
logical processes, such as the inflammatory response,
myocardial fibrosis, and tissue remodelling (16-18).
Its prognostic value in cardiovascular diseases has
received attention, but its role in nerve injury repair
and in predicting adverse outcomes after AIS still
needs to be further explored (19).

An evaluation of the associations of these two
novel biomarkers with clinical outcomes, such as the
severity of neurological deficits in patients, short-term
and medium-term functional recovery (such as mod-
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ified Rankin scale scores), and recurrence risk, is
expected to provide a new perspective for under-
standing complex thrombotic inflammation and neu-
ral repair mechanisms after AlS. More importantly, if
the two have independent or collaborative prognostic
predictive capabilities, they may provide clinicians
with earlier, more sensitive, and more reliable prog-
nostic assessment tools, ultimately optimising the
individualised prognostic assessment and manage-
ment of AIS patients. Improve their quality of life and
long-term outcomes.

Materials and Methods
General information

One hundred eighty AlS patients admitted to
our hospital between March 2023 and March 2025,
95 men and 85 women, were selected as research
participants. With an average age of 68.01+8.05
years, the ages varied from 671 to 88. With an average
of 22.48+2.14 kg/m?, the body mass index ranged
from 19.94 to 25.45 kg/m?.

Underlying diseases: Seventy-three patients had
hypertension, 65 patients had diabetes, and 92
patients had hyperlipidemia.

Our institution’s Medical Ethics Committee
approved the study, and each participant freely com-
pleted the informed consent form (HKYS-2025-
A0211).

Inclusion criteria and exclusion criteria

Inclusion criteria: (1) clearly diagnosed with AIS
through imaging examinations such as CT and MRI,
with the diagnostic criteria; (2) aged >60 years; (3)
first onset of the disease, the first treatment received,
and the time from onset to admission was 4 hours;
and (4) complete clinical data. Exclusion criteria: (1)
had combined liver or kidney dysfunction; (2) had
concurrent malignant tumours; (3) had concurrent
acute or chronic infections before enrollment; and (4)
had poor compliance and inability to cooperate in
completing this research; (5) Those with concurrent
immune or hematological diseases; (6) those who
have participated with other clinical researchers
simultaneously.

Treatment methods

After admission, all patients received conven-
tional treatments, including traditional oxygen inhala-
tion, mannitol to reduce intracranial pressure, nutri-
tional support, and maintenance of body temperature
and water-electrolyte balance. On this basis, 0.9
mg/kg tinalplase (TNK-tPA) was combined with 200
mg Xuesaitong (Yunnan Baiyao Group Co., Ltd,,
National Drug Approval No. 253021499, specifica-

tion: For emergency treatment (2 mL 100 mg),
Within one minute, 10.0% of the total dose of TNK-
tPA, which had a maximum dose of 90 mg, was
administered intravenously. The remaining 90.0%
dose was subsequently dissolved in 250 mL of 0.9%
sodium chloride solution and intravenously infused
within 1 hour. Xuesaitong is administered via intra-
venous infusion once daily. The therapeutic effect was
evaluated after 4 weeks of continuous treatment.

Detection of serum sCD40L and galectin-3
levels

Five mL of fasting elbow venous blood was col-
lected from all enrolled patients in the early morning
of the day following admission. Samples were collect-
ed using BD Vacutainer® (REF 367983). After stand-
ing at room temperature for 30 minutes, immediately
Centrifuge at 3000 g and 4 °C for 15 minutes
(Centrifuge 5804 R, Eppendorf). After serum separa-
tion, aliquot 200 pL into sterile 0.5 mL cryotubes
(Axygen, PCR-05-C) and transfer to a -80 °C ultra-
low-temperature refrigerator (Thermo Scientific
ULT1586) for light-protected storage for up to 2
hours until detection. Serum sCD40L and galectin-3
concentrations were measured using a double-anti-
body sandwich enzyme-linked immunosorbent assay
(ELISA), performed strictly according to the kit
instructions. sCD40L uses the Human sCD40L
Quantikine ELISA Kit (R&D Systems, catalogue
Number SCD40) Galectin-3 employs the Human
Galectin-3 ELISA Kit (Abcam, ab279416). Before the
test, place the frozen serum in a 4 refrigerator to
thaw slowly. Avoid repeated freezing and thawing ( 2
times). Each batch of experiments included standard
substances (concentration range: sCD40L 0.16-
10.00 ng/mL, galectin-3 0.1-32 ng/mL) and quality
control serum (R&D Systems, QC01). Both the sam-
ples and the standards were subjected to double-well
detection. The absorbance was measured at 450 nm
using a microplate reader (BioTek Synergy H1), and
the concentration was calculated from a standard
curve (four-parameter logistic regression). The intra-
batch coefficient of variation (CV) was all controlled at
less than 8%, and the inter-batch CV was less than
10%.

Laboratory testing reagents and equipment

In this study, commercial enzyme-linked
immunosorbent assay (ELISA) kits were used to
detect serum markers: The sCD40L detection uses
the R&D Systems Human sCD40L Quantikine ELISA
Kit (item No. SCD40, specification 96T), which con-
tains 96-well plates (polystyrene strips) pre-coated
with anti-human CD40L monoclonal antibody. (ltem
No. SCD401), biotinylation detection antibody (ltem
No. SCD402) and streptavidin-HRP (ltem No.
SCD403); galectin-3 detection was carried out using
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the Abcam Human Galectin-3 ELISA Kit (Item No.
ab279416, specification 96T), which contained
microplates (Item No. Ab279416-1) pre-coated with
anti-human galectin-3 antibody (clone No. 9H3.1).
Sample processing was performed using BD
Vacutainer® SST™ (catalogue number 367983), and
centrifugation was carried out using an Eppendorf
Centrifuge 5804 R (rotor number A-4-62) at 3000 g
at 4 °C for 15 minutes. The micropipettes are of the
Eppendorf Research® plus series (volume range 0.5-
10 pL, item No. 3123000020; 10-100 pL, item No.
3123000044). The microplate reader uses the
BioTek Synergy H1 multifunctional detection system
(model SH1SA, equipped with Gen5 3.08 software),
and the plate washing uses the Thermo Scientific
Wellwash Versa microplate washer (item number
51171870). The cryopreservation tubes were Axygen
pyrogen-free PCR tubes (catalogue number PCR-05-
C), and the samples were stored in a Thermo
Scientific ULT-1586 ultra-low-temperature freezer (-
80 °C =3 °C, temperature recorder model TR-100).

Therapeutic effect evaluation

The therapeutic effect evaluation criteria were
as follows: After 4 weeks of treatment, an NIHSS
score reduction of more than 90.0% was considered
cured, a reduction of more than 46.0% to 90.0% was
considered markedly effective, a reduction of 18.0%
to 46.0% was considered effective, and a reduction of
less than 18.0% was considered ineffective.

Follow-up investigation

After the patient is discharged from the hospital,
regular follow-ups are conducted by phone, WeChat,
and other means. Medication guidance is provided to
the patient, and they are reminded to return to the
hospital for re-examination in time if they feel unwell.
The follow-up period was three months. The patients’
clinical prognosis was assessed using the modified
Rankin Scale (mRS): O points were assigned for
asymptomatic or imperceptible symptoms. The pres-
ence of symptoms without obvious disability was
scored as 1 point. Mild disability but still able to take
care of oneself in daily life is rated as 2 points. People
with an mRS score greater than 2 were in the poor-
prognosis group, and those with an mRS score less
than 2 were in the favourable-prognosis group.

Statistical methods

Data analysis was conducted using SPSS 19.0.
The y? test was used to compare groups, and count
data are presented as percentages or counts. x*s is
the expression for the measurement data that follows
a normal distribution. Multivariate logistic regression
was used to analyse risk factors associated with inef-

fective treatment and poor prognosis in AlS patients.
The predictive effectiveness of blood galectin-3 and
sCD40L levels for ineffective treatment and poor
prognosis in individuals with AIS was examined using
receiver operating characteristic (ROC) curves.

Results
Therapeutic effects

All patients in this study completed follow-up,
with no dropouts or loss to follow-up during the study
period. Of them, 34 patients were classified as unsuc-
cessful since their NIHSS score drop was less than
18%. The effective group comprised the remaining
146 patients.

The overall therapeutic effect showed that 146
cases (81.11%) were effective and 34 were ineffec-
tive. After 4 weeks of treatment, the levels of serum
sCD40L and galectin-3 in the effective group
decreased significantly from baseline, and both were
significantly lower than those in the ineffective group
(P<0.05), suggesting that remission of inflammation
and fibrosis-related pathways was consistent with the
clinical improvement. When ROC analysis was used
to identify the poor therapeutic effect, the AUCs for
galectin-3 and sCD40L were 0.665 and 0.691,
respectively, corresponding to specificities of 70.08%
and 77.51%, and sensitivities of 62.53% and
62.58%, respectively. Combining the two increased
the AUC to 0.784, the sensitivity to 81.25%, and the
specificity to 65.18%, which was significantly better
than that of a single indicator.

Galectin-3 and sCD40L levels in the serum of
the ineffective and effective groups before and
after treatment

Serum galectin-3 and sCD40L levels did not dif-
fer significantly between the two groups before thera-
py (P>0.05). Serum levels of sCD40L and galectin-3
were lower in the effective group than in the ineffec-
tive group following 4 weeks of treatment (P<0.05)
(Table ).

Serum sCD40L and galectin-3 levels in the two
groups were measured before treatment and 4 weeks
after treatment, and compared. The results showed
that four weeks after treatment, the levels of the two
indicators in the effective group were significantly
lower than those in the ineffective group (P<0.05),
while the ineffective group still maintained a relatively
high level at the same time point. Based on longitudi-
nal changes at baseline and follow-up time points,
the greater the therapeutic effect, the more pro-
nounced the downward trend in the two indicators;
conversely, the decline is limited or the levels remain
persistently high.

sCD40L and galectin-3 can reflect the biological
response to TNK-TPA combined with Xuesaitong
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Table | Comparison of serum galectin-3 and sCD40L levels before and after treatment between ineffective and effective groups.

Galectin-3 (ng/mL) sCD40L (pg/L)
Group n After 4 weeks After 4 weeks
Before treatment Before treatment

of treatment of treatment
ineffective group 34 13.29+4.53 10.28+3.42 363.42+60.27 358.23+64.13
effective group 146 12.95+5.14 7.57+2.73 362,89+61.03 273.84+20.37
t 0.384 4.312 0.046 7.584
P 0.702 <0.001 0.963 <0.001

Table Il The influence of serum galectin-3 and sCD40L levels on AIS patients’ multivariate logistic regression analysis of treat-

ment efficacy.

Factor B SE Wald 2 P OR (95%Cl)
Constant -12.031 2.827 18.111 - -
Galectin-3 0.318 0.076 17.508 <0.001 1.374 (1.184~1.595)
sCD40L 0.285 0.05 30.039 <0.001 1.330 (1.201~1.472)

Table Il Prediction efficacy of serum galectin-3 and sCD40L detection alone and in combination for ineffective treatment in AIS

patients.
Indicator AUC AUC 95%Cl | Best Truncation | Specificity (%) | Sensitivity (%) P Youden index
Galectin-3 0.665 | 0.536~0.795 | 10.232 ng/mL 70.08 62.53 <0.05 0.325
sCD40L 0.691 0.563~0.818 | 356.122 pg/L 77.51 62.58 <0.05 0.402
Two joint projects 0.784 | 0.678~0.889 - 65.18 81.25 <0.05 0.463

treatment. Their absolute levels at 4 weeks after treat-
ment show good discriminatory ability to distinguish
between effective and ineffective, consistent with the
direction of clinical efficacy evaluation.

Multivariate logistic analysis of factors affecting
the ineffectiveness of treatment in AlS patients

The serum galectin-3 and sCD40L levels of the
two patient groups after 4 weeks of treatment were
used as independent variables (all entered as original
values), and the clinical effect of the patients after
treatment was used as the dependent variable
(assignment: ineffective = 1, effective = 0). A multi-
variate logistic regression analysis was carried out.
Elevated serum levels of sCD40L and galectin-3 were

found to be risk factors for AIS patients’ unsuccessful
treatment (P<0.05) (Table II).

Multivariate logistic regression was used to
analyse the factors associated with poor therapeutic
effect. After correcting for common baseline charac-
teristics as covariates, elevated levels of serum
sCD40L and galectin-3 were significantly associated
with treatment ineffectiveness and were independent

risk factors (all P<0.05), showing a positive correla-
tion. That is, the higher the index level, the greater
the risk of poor therapeutic effect. The above results
are consistent with the moderate improvement in sin-
gle- and combined-index discrimination observed in
the ROC analysis, supporting the use of sCD40L and
galectin-3 as key biomarkers for identifying high-risk
patients with poor therapeutic response.

Predictive efficacy of serum galectin-3 and
sCD40L for treatment in AlS patients

The ROC curve was plotted with the effective
group as negative samples and the ineffective group
as positive samples. Serum galectin-3 and sCD40L
had respective area under the curve (AUC) values of
0.665 and 0.691 for forecasting therapy ineffective-
ness in AIS patients, the specificities were 70.08%
and 77.51%, respectively, and the sensitivities were
62.53% and 62.58%, respectively. The AUC predict-
ed jointly by the two methods was 0.784 (Table Il
and Figure 1).

ROC curve analysis showed that the discrimina-
tive power of serum galectin-3 and sCD40L alone in
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Figure 1 ROC curves of serum galectin-3 and sCD40L for ineffective treatment in AIS patients.

Table IV Serum galectin-3 and sCD40L levels in AIS
patients with varying prognoses.

Group n Galectin-3 sCD40L
(ng/mL) (pg/L)

Poor prognosis |z, | 10344121 | 365.89+34.38
group

Good prognosis | 146 | 7.55+1.94 | 266.18+50.21
group

t 3.544 13.823

P <0.001 <0.001

predicting treatment ineffectiveness in AIS patients
was moderate: The AUC of galectin-3 was 0.665
(sensitivity 62.53%, specificity 70.08%), and the AUC
of sCD40L was 0.691 (sensitivity 62.58%, specificity
77.51%). After combining the two, the AUC rose to
0.784, the sensitivity increased to 81.25%, and the
specificity was 65.18%, which was overall better than
any single indicator. Combined detection can
enhance the ability to identify individuals with poor
therapeutic effects at a relatively high sensitivity, pro-
viding a more practical basis for early risk stratification
and optimisation of treatment strategies.

Serum levels of sCD40L and galectin-3 in AIS
patients with various prognoses

The mRS score results revealed 38 patients in
the poor-prognosis group and 142 in the good-prog-

nosis group, with a poor-prognosis incidence rate of
21.11% (38/180). Compared to the group with a
favourable prognosis, the group with an unfavourable
prognosis had greater levels of serum galectin-3 and
sCD40L (P<0.05) (Table IV).

After a 3-month follow-up, 142 cases had a
good prognosis and 38 had a poor prognosis, for a
poor-prognosis rate of 21.11%. A comparison of
serological levels across different prognostic groups
revealed that sCD40L and galectin-3 levels in the
poor-prognosis group were significantly higher than
those in the good-prognosis group (P<0.05), sug-
gesting that elevated inflammation and fibrosis-relat-
ed activities were associated with adverse outcomes.
ROC analysis further confirmed its predictive value:
the AUC for galectin-3 in predicting poor prognosis
was 0.774 (sensitivity 75.06%, specificity 67.58%),
and the AUC for sCD40L was 0.838 (sensitivity
80.04%, specificity 75.36%). The combined detec-
tion of the two achieved an AUC of 0.919, with a sen-
sitivity of 90.63% and a specificity of 60.05%, which
was improved compared with the single indicator,
supporting its role as a key serum biomarker for prog-
nostic stratification of AIS.

Multivariate logistic regression investigation of
the variables influencing AlS patients’ poor prog-
nosis

Serum galectin-3 and sCD40L levels in research
participants following 4 weeks of treatment were
utilised as independent variables (all input as original
values), and the prognostic result of AIS patients
(assigned values: good prognosis = O; poor prognosis
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Table V Multivariate logistic regression analysis of the influence of serum galectin-3 and sCD40L on the prognosis of AIS patients.

Factor B SE Wald %2 P OR (95%Cl)
Constant -9.093 1.812 25.182 - -
Galectinr-3 0.415 0.134 9.592 0.002 1.514 (1.165~1.969)
sCD40L 0.278 0.061 20.77 <0.001 1.320 (1.172~1.488)

Table VI Prediction efficacy of serum galectin-3 and sCD40L for poor prognosis in AlS patients.

Indicator AUC AUC 95%Cl Spe((:)iﬁcity Seniitivity P Best Truncation Youden index
(%) (%) Value
Galectin-3 0.774 0.665~0.884 67.58 75.06 <0.05 10.988 ng/mL 0.425
sCD40L 0.838 0.748~0.929 75.36 80.04 <0.05 356.343 pg/L 0.618
Two joint projects 0.919 0.860~0.978 60.05 90.63 <0.05 - 0.706
1.0- 7
/
@ @ 4 ® Galectin-3
0.8- y () scp40L
@ Joint projects
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20.6- (
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Figure 2 ROC curves of serum galectin-3 and sCD40L alone and in combination for predicting poor prognosis in

AlS patients.

= 1) was used as the dependent variable. Multivariate
logistic regression analysis was conducted. Elevated
serum levels of sCD40L and galectin-3 were found to
be risk factors for a poor outcome in patients with AIS
(P<0.05) (Table V).

After adjusting for confounding factors, elevated
serum sCD40L and galectin-3 levels were independ-
ently associated with poor prognosis (all P<0.05),
with positive correlations and stable effects. When the

two indicators are included in the same model, they
remain significant, suggesting that their biological
information is complementary and can enhance the
ability to identify adverse outcomes. This finding is
consistent with ROC analysis results, supporting the
use of sCD40L and galectin-3 as key serum biomark-
ers for three-month prognostic stratification and risk
assessment in AlS.
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Predictive efficacy of serum galectin-3 and
sCD40L for poor prognosis in AlS patients

Positive samples from AIS patients with a bad
prognosis and negative samples from AIS patients
with a good prognosis were used to plot ROC curves.
The results revealed that the AUCs for serum
galectin-3 and sCD40L in predicting poor prognosis
in AlS patients were 0.774 and 0.838, respectively,
and the AUC for the combination of the two parame-
ters was 0.919 (see Table VI and Figure 2).

ROC curve analysis showed that serum galectin-
3 and sCD40L had good discriminative power for the
three-month prognosis of AIS patients: The AUC of
galectin-3 was 0.774 (sensitivity 75.06%, specificity
67.58%), and that of sCD40L was 0.838 (sensitivity
80.04%, specificity 75.36%), among which sCD40L
was superior to galectin-3. The AUC for combined
detection of the two increased to 0.919; the sensitiv-
ity increased significantly to 90.63%, but the specifici-
ty decreased to 60.05%, suggesting that while the
combined scheme improves the recognition rate for
poor prognosis, it also yields more false positives.
Overall, single indicators have moderate to good pre-
dictive efficacy. Combined detection further enhances
the overall discrimination ability. In clinical applica-
tions, it is necessary to balance sensitivity and speci-
ficity and to optimise thresholds to achieve effective
risk stratification.

Discussion

The development of atherosclerosis can damage
the inner lining of cerebral blood vessels, thereby
accelerating arterial occlusion and stenosis, resulting
in insufficient local brain perfusion, cerebral ischemia,
and regional neurological dysfunction (20-22). This is
also the main pathological basis for AIS. Therefore,
the main aim of clinical treatment for AlS patients is to
improve cerebral blood perfusion and restore neuro-
logical function as much as possible (23). Early intra-
venous thrombolysis is widely used, significantly
improves cerebral blood flow recovery in AlS patients,
and can effectively slow disease progression.

At present, imaging examinations still play an
essential role in the clinical evaluation of the efficacy
and prognosis of AIS patients (24). However, this
method is easily influenced by doctors’ subjective
judgment, and its ability to predict poor patient prog-
nosis is relatively low. Therefore, it is crucial to identify
more effective markers or examination measures to
increase the accuracy of clinical diagnosis. Galectin-3
is a chimeric galectin with multiple biological activi-
ties. When ischemic injury occurs in brain tissue and
neuronal cells are destroyed, galectin-3 is released
and enters the bloodstream through the damaged
blood-brain barrier. Studies (25-27) have shown that
galectin-3 overexpression is closely associated with
nerve cell damage and the number of diseased blood
vessels and can serve as an effective marker for

assessing the instability of atherosclerosis. Relevant
studies (28-30) have shown that neurological func-
tion impairment in stroke patients is significantly cor-
related with serum galectin-3 levels (P<0.05).
sCD40L is a soluble ligand derived from activated
platelets that promotes blood coagulation and inflam-
matory responses. Patients with coronary atheroscle-
rosis, carotid artery disease, and renal artery disease
have markedly higher serum levels of sCD40L (31).
Both serum galectin-3 and sCD40L levels were asso-
ciated with the therapeutic effect in AlS patients (32—
34). Serum galectin-3 and sCD40L alone had AUCs
of 0.665 and 0.691 for predicting therapy ineffective-
ness in AIS patients, respectively, and 0.774 and
0.838 for predicting poor prognosis, as determined
by ROC analysis. These findings indicate that detect-
ing serum galectin-3 and sCD40L levels can assist in
the clinical assessment of treatment ineffectiveness
and poor prognosis in patients at reasonable risk (35).
The AUCs for the combined detection of serum
galectin and sCD40L in predicting ineffective treat-
ment and poor prognosis in AlS patients increased to
0.784 and 0.919, respectively. Another study (36)
reported that the prognosis of stroke patients and the
level of sCD40OL indicated that an excessively high
level of sCD40L might be a risk factor for cerebral
haemorrhage after treatment.

Conclusion

The levels of serum sCD40L and galectin-3 in
AlS patients with ineffective treatment and poor prog-
nosis are significantly elevated. These factors con-
tribute to the inadequate treatment and poor progno-
sis of AlS patients, helping clinical departments better
evaluate treatment outcomes and prognosis.
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