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Abstract

Background: There is still a lack of tools to assess the prognosis of ischemic stroke pa-
tients induced by hypertension. In this study, we built a novel prognostic assessment
model for ischemic stroke in the Chinese hypertensive population.

Methods: Mass spectrometry technique was used to analyze the changes in serum
protein profiles of hypertensive patients with ischemic stroke. A total of 314 hyper-
tensive patients were divided into the testing group (206 patients) and the validation
group (108 patients).

Results: Compared with hypertensive patients without ischemic stroke, serum cy-
totoxic T lymphocyte-associated antigen-4 (CTLA-4), ischemia-modified albumin
(IMA\), lipoprotein-associated phospholipase A2 (Lp-PLA2), glial fibrillary acidic pro-
tein (GFAP), and homocysteine (HCY) levels were significantly increased among hy-
pertensive patients with ischemic stroke (p < 0.05). Then, we built a novel prognostic
assessment model for hypertensive patients with ischemic stroke [Logit(P) = 29.172-
1.088*CTLA-4-0.952*IMA-0.537*Lp-PLA2 -0.066*GFAP -0.149*HCY]. It showed
higher efficiency (AUC = 0.981, sensitivity = 95.5%, specificity = 93.8%) than any
single marker. The estimated probability was 0.739, which means if higher than 0.739,
it was classified into poor prognosis. Compared with the estimated probability <0.739
group, the survival rate of hypertensive patients with ischemic stroke in the estimated
probability >0.739 group was significantly decreased (;(2 =40.001, p < 0.001). In the
validation group, our novel prognostic assessment model still showed good efficiency
(AUC = 0.969, sensitivity = 89.4%, specificity = 92.5%; 4> = 47.551, p < 0.001).
Conclusion: Current novel prognostic assessment model we have built is of great value

in the prognostic evaluation for ischemic stroke in the Chinese hypertensive population.
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1 | INTRODUCTION

With the aging of the population structure, the proportion of hyper-
tension has increased substantially. According to relevant epidemi-
ological data, the prevalence of hypertension in elderly Chinese is
as high as 40%-60%." If the blood pressure remains high for a long
time, it can further cause irreversible damage to the heart, brain,
kidney, and other organs, and will seriously threaten the health of
the elderly population.? Hypertension is an independent risk factor
for atherosclerosis, which can lead to stenosis of the vascular lumen
and further cause complications such as coronary heart disease and
thrombosis.®>* Therefore, monitoring the vascular status of hyper-
tensive patients is conducive to the early detection and timely inter-
vention of atherosclerosis, and is of great significance for reducing
the complications of hypertension.

In recent years, the oxidative damage and abnormal lipid metab-
olism of hypertension have been a hot research topic.>¢ It involves
a variety of oxidative stress including lymphocyte DNA damage,
myeloperoxidase, etc., which induces an inflammatory response, re-
sulting in damage to various organs.>® Among them, ischemic stroke
is one of the more common complications of hypertension.” A se-
ries of pathological factors such as atherosclerosis causing arterial
occlusion, body inflammatory response leading to cerebral vascular
embolism, and brain damage leading to patients’ dysfunction have
accelerated the occurrence and development of ischemic stroke.®*°
At present, it is believed that the inflammation induced by hyper-
tension can promote the damage of vascular endothelial cells, and
then accelerate the deposition of atherosclerotic plaque on the
surface of injured endothelial cells, and accelerate the formation of
ischemic stroke.>*2 Proteomics technology has explored ischemic
stroke-related proteins from a holistic level, which brings new op-
portunities for the treatment of ischemic stroke.’® However, the
current proteomics research on hypertension focuses on basic re-
search, and there are still few studies on clinical interventions in the
treatment of ischemic stroke in the hypertensive populations.** In
particular, there has been no report on the clinical research related
to proteomics technology of ischemic stroke in a hypertensive pop-
ulation. Moreover, there is still a lack of tools to assess the prognosis
of ischemic stroke patients induced by hypertension. In the current
study, we built a novel prognostic assessment model for ischemic
stroke in the Chinese hypertensive population.

In this study, we included a total of 314 hypertensive patients
through two groups (206 testing group and 108 validation group),
including 200 hypertensive population with ischemic stroke (92
testing group and 108 validation group). First, 4D label-free quan-
titative method-diaPASEF (4DLFQ) was used to find differentially
expressed protein molecules from the serum of 5 hypertensive

patients with ischemic stroke and 5 hypertensive patients without
ischemic stroke. Second, a logistic regression analysis was used to
establish a prognostic model for ischemic stroke in the Chinese hy-
pertensive population in the testing group. Finally, we further verify
the established prediction model in the validation group.

Our results showed that eight differential proteins were
screened through the 4DLFQ platform, including cytotoxic T
lymphocyte-associated antigen-4 (CTLA-4), lipoprotein-associated
phospholipase A2 (Lp-PLA2), homocysteine (HCY), macrophage in-
flammatory protein (MIP), ischemia-modified albumin (IMA), glial
fibrillary acidic protein (GFAP), interleukin-2 (IL-2), and interleu-
kin-2 (IL-2). Compared with hypertensive patients without ischemic
stroke, serum CTLA-4, IMA, Lp-PLA2, (GFAP), and HCY levels were
significantly increased among hypertensive patients with ischemic
stroke. Then, we built a novel prognostic assessment model for hy-
pertensive patients with ischemic stroke, and its estimated proba-
bility was 0.739, which means if higher than 0.739, it was classified
into poor prognosis. Compared with the estimated probability
<0.739 group, the survival rate of hypertensive patients with isch-
emic stroke in the estimated probability >0.739 group was signifi-
cantly decreased. Besides, our findings were further confirmed in

the validation group.

2 | MATERIAL AND METHODS

2.1 | Inclusion of subjects in the testing and
validation groups

From September 2016 to February 2019, a total of 314 patients
with hypertension were consecutively selected from the intensive
care unit (ICU, 206 patients in the testing group) and the neuro-
intensive care unit (NICU, 108 patients in the validation group) of
Suzhou Kowloon Hospital Affiliated Shanghai Jiao Tong University.
Moreover, we also included 5 hypertensive patients with ischemic
stroke and 5 hypertensive patients without ischemic stroke for
mass spectrometry analysis. Besides, we collected 100 healthy con-
trols. There was no statistical difference between the healthy con-
trol group and the hypertension group in age and gender. The two
groups are comparable. The exclusion criteria in this study were as
follows: acute or chronic renal dialysis; malignant neoplasms; acute
or chronic inflammatory diseases; angina or other cardiovascular
diseases.

According to the Declaration of Helsinki, all subjects voluntarily
signed an informed consent form. The project was approved by the
Ethics Committee of Suzhou Kowloon Hospital Affiliated Shanghai
Jiao Tong University (Ethics number: KS20160085).



MA ET AL.

WILEY- 2™

2.2 | Six-month follow-up of hypertensive patients
with ischemic stroke

According to the follow-up of hospitalized medical records, patients
with hypertension who had an ischemic stroke during the treatment
period were followed up for 6 months. The number of deaths and
the time of death of patients with hypertension combined with is-

chemic stroke in 6 months were counted.

2.3 | Collection of baseline data and serum samples
Collect basic patient information, including age, gender, course of
the disease, smoking history, and body mass index (BMI). 5 mL of
venous blood (over 8-10 h on an empty stomach) within 24 hours
after admission of the hypertensive patients was collected using
a gel tube containing separation. The gel tube was centrifuged at
3000x g for 5 minutes and serum was separated.

2.4 | Quantitative proteomics analysis

The basic principle of quantitative proteomics is mainly to analyze
the physical and chemical properties of the measured sample ions,
and qualitative and quantitative results can be obtained based on
the sample mass spectrum and related information. Mass spec-
trometry will identify and quantify peptide ions according to the
four dimensions of retention time, the mass-to-charge ratio (m/z),
ionic intensity, and ion mobility. The 4DLFQ quantitative proteomics
analysis technology is provided by Hangzhou Jingjie Biotechnology
Co., Ltd. The two-tailed t test method was used to calculate the p-
value. When p-value <0.05, the change of the differential expression
amount exceeding 2 was used as the significant upregulation change
threshold.®

2.5 | Detection methods of serum protein markers

Serum CTLA-4 was detected by double-antibody sandwich ABC-
ELISA method (Wuhan Boster Bioengineering Co., Ltd, Lot number:
200428), coated with anti-human CTLA-4 monoclonal antibody
(Acris Antibodies GmbH Cat# PP1117P1, RRID: AB_975040) on the
ELISA plate. CTLA-4 in the standard and the sample was combined
with the monoclonal antibody, and biotinylated anti-human CTLA-4
forms an immune complex and is connected to the plate. The sec-
ondary antibody labeled with horseradish peroxidase is combined
with biotin and added with a substrate for color development. The
optical density (OD) value was detected at 450 nm, and the CTLA-4
concentration in the specimen was determined by the standard
curve. Serum GFAP (Lot number: XY15264-1), IL-1a (Lot number:
YY-76253), and IL-2 (Lot number: BS20044) were detected by Swiss
Roche automatic biochemical analyzer E411 (Switzerland). MIP
(Lot number: EWC101) was tested by Mindray Blood Cell Analyzer

BC-5000 (China). Serum IMA (Lot number: XY-37111), Lp-PLA2 (Lot
number: XY-00191), and HCY (Lot number: XY-15491) were tested
by Olympus AU5400 (Japan). The coefficient of variation of CTLA-
4, Lp-PLA2, HCY, MIP, IMA, GFAP, IL-2, and IL-1a were 1.8%, 2.4%,
1.3%, 2.7%, 3.2%, 1.4%, 4.3%, and 1.2%, respectively. The coeffi-
cient of variation of each indicator is less than 5%, suggesting that

the detection results of various indicators are reliable.

2.6 | Statistical analysis

The statistical analysis was performed using SPSS version 22.0
(SPSSInc) and Stata version 13.0 (Stata Corporation). Two-tailed
significance values were applied, and statistical significance was
defined as p < 0.05. The formula of the hypertensive patients with
ischemic stroke regression model is: Logit (P) = In[p/(1 - p)]. The “p”
means the estimated probability. Normal distribution data are ex-
pressed as mean = SD, and t test was used for comparison between
groups. Count data is expressed as a percentage, and the chi-square
test is used for comparison between groups. Receiver operating
characteristic (ROC) curves explore the predictive value of serum
IMA, GFAP, HCY, Lp-PLA2, and CTLA-4 for the hypertensive popu-
lations with ischemic stroke. The predictive accuracy of each pro-
tein marker was assessed by calculation of the area under the curve
(AUC). The survival curve explored the correlation between serum
IMA, GFAP, HCY, Lp-PLA2, and CTLA-4 and the prognosis of the

hypertensive population with ischemic stroke.

3 | RESULTS

3.1 | Technical route

From September 2016 to February 2019, we identified 417 sub-
jects at the Suzhou Kowloon Hospital Affiliated Shanghai Jiao Tong
University. After analyzing the subject's medical records, 103 sub-
jects were excluded, including 35 that combined with liver, kidney,
and other organ diseases, 3 that complicated with diseases such as
tumors and serious infections, 19 that received thrombolytic ther-
apy, 5 that combined with rheumatoid and systemic immune dis-
eases, and 41 that did not sign the informed consent. Finally, 314
subjects including 200 hypertension combined with ischemic stroke
and 114 subjects of hypertension without ischemic stroke were en-
rolled in our current study. Besides, 5 hypertensive patients with is-
chemic stroke and 5 hypertensive patients without ischemic stroke

were also included for mass spectrometry analysis (Figure S1).
3.2 | Analysis of the differentially expressed
proteins by 4DLFQ mass spectrometry

The 4DLFQ platform was performed in this study. Five hypertensive
patients with ischemic stroke and 5 hypertensive patients without
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ischemic stroke were subjected to a rustic analysis to quantify the
proteome of the patient's serums. The two-sample two-tailed t test
method was used to calculate p-value. When p-value <0.05, the
change in differential expression was more than 2 as a significant up-
regulation change threshold, and <1/2 was a significantly downregu-
lation change threshold (Figure 1A). We found that compared with
hypertensive patients without ischemic stroke, the serum samples
of hypertensive patients with ischemic stroke had 197 upregulated
proteins and 132 downregulated proteins (Figure 1B). In this study,
we included proteins whose differential expression levels changed
by more than 4 or less than 1/4 for subsequent analysis. Finally, we
included 8 proteins, including CTLA-4, Lp-PLA2, HCY, MIP, IMA,
GFAP, IL-2, and IL-1a (Figure 1C).

3.3 | Verification of differentially expressed
proteins between hypertensive patients with or
without ischemic stroke in the testing group

First, we compared the levels of CTLA-4, Lp-PLA2, HCY, MIP, IMA,
GFAP, IL-2, and IL-1a between the testing group and the healthy con-
trol group (Figure S2). Compared with the healthy controls, serum
IMA, GFAP, HCY, Lp-PLA2, and CTLA-4 levels were significantly
increased among hypertensive patients (p < 0.05). However, there
was no statistical difference between the two groups in MIP, IL-2,
and IL-1a (p > 0.05).

To explore the relationship between the above eight protein lev-
els and hypertension complicated with ischemic stroke, 206 hyper-
tensive patients, including 92 patients with ischemic stroke, were
included. Baseline data in the testing group was listed in Table 1.
There was no significant difference in age, gender, body mass index,
smoking, alcohol consumption, diabetes, serum MIP, IL-2, and IL-
1la levels between hypertensive patients with ischemic stroke and
those without ischemic stroke (p > 0.05, Table 1 and Figure 2D,E,H).
Compared with hypertension without ischemic stroke, serum IMA,
GFAP, HCY, Lp-PLA2, and CTLA-4 levels were significantly in-
creased among hypertensive patients with ischemic stroke (p < 0.05,
Figure 2A,B,C,F,G).

3.4 | Logistic regression analyses of serum IMA,
GFAP, HCY, Lp-PLA2, and CTLA-4 in the prognosis
assessment of hypertension with ischemic stroke
in the testing group

Hypertension with/without ischemic stroke was treated as the de-
pendent variable. Age, gender, body mass index, smoking, drinking,
diabetes, serum IMA, GFAP, HCY, Lp-PLA2, and CTLA-4 levels were
treated as independent variables for multiple linear regression anal-
ysis. The count data are assigned as follows: gender (male = O, fe-
male = 1); smoking history (no = 0, yes = 1); drinking (no = 0, yes = 1);
diabetes (no = 0, yes = 1). Results showed that IMA, GFAP, HCY,
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TABLE 1 Baseline data in the testing

group Variables

Number of patients

Age, (mean £SD)

Male (%)

Body mass index
(mean =SD, kg/mz)

Diabetes (%)

Smoking (%)

Drinking (%)

CTLA-4

concentrations
(mean £SD, ng/mL)

Lp-PLA2
concentrations
(mean £SD, ng/mL)

HCY concentrations
(mean +SD, nmol/L)

MIP concentrations
(mean £SD, pg/mL)

IMA concentrations
(mean £SD, pg/mL)

GFAP concentrations
(mean £SD, mg/L)

IL-2 concentrations
(mean £SD, pg/mL)

IL-1a concentrations
(mean +SD, pg/mL)

WILEY-L2°"™

Hypertension with Hypertension without

ischemic stroke ischemic stroke 2t p

92 114

53.8+6.2 54.0+7.0 -0.214 0.830
48(52.2) 54 (47.4) 0.470 0.493
23.5+1.7 23.7+1.8 -0.813 0.417
13(14.1) 15(13.2) 0.041 0.840
6(6.5) 9(7.9) 0.142 0.706
25(27.2) 29 (25.4) 0.079 0.778
53+1.6 4.6+15 3.232 0.001
27.5+73 178+ 6.9 9.774 <0.001
61.1+8.8 55.7 £ 10.2 4.013 <0.001
102.9 £21.5 97.5+22.3 1.921 0.093
1.9+0.6 1.2+0.5 9.133 <0.001
105.5+24.1 93.7 £26.7 3.292 0.001
112.4 +28.5 108.7 +23.3 1.604 0.208
69.7 +14.7 66.1+13.8 1.452 0.137

Abbreviation: CTLA-4, cytotoxic T lymphocyte-associated antigen-4; IMA, ischemia-modified
albumin; IL-1«, interleukin-1 alpha; IL-2, interleukin-2; MIP, macrophage inflammatory protein;
HCY, homocysteine; Lp-PLA2, lipoprotein-associated phospholipase A2; GFAP, glial fibrillary acidic

protein.

Lp-PLA2, and CTLA-4 were the main factors affecting hypertension
complicated with ischemic stroke (p < 0.05), while age, gender, body
mass index, smoking, drinking, diabetes, and other factors were not
significantly correlated with the occurrence of hypertension com-
bined with ischemic stroke (p > 0.05, Table 2).

The ROC results are shown in Figure 2. The serum IMA, GFAP,
HCY, Lp-PLA2, and CTLA-4 at the time of admission were used for
the identification of death from hypertensive patients with ischemic
stroke, and the AUC were 0.911, 0.799, 0.842, 0.764, and 0.797,
the sensitivity and specificity were 74.3%/92.6%, 63.9%/86.2%,
77.6%/79.9%, 48.1%/84.6%, and 83.0%/69.7%, respectively
(Figure 3A-E).

After 6 months of follow-up, a total of 44 hypertensive pa-
tients with ischemic stroke died and there were no missing pa-
tients. Ninety-two hypertensive patients with ischemic stroke were
divided into high and low levels according to the median of serum
IMA, GFAP, HCY, Lp-PLA2, and CTLA-4 levels. Compared with low
CTLA-4 group, low IMA group, low Lp-PLA2 group, low GFAP group,
and low HCY group, the survival rate of hypertensive patients with

ischemic stroke in the high CTLA-4 group, high IMA group, high

Lp-PLA2, high GFAP group, and high HCY group were significantly
decreased (4 = 4.563, p = 0.033; 4* = 3.112, p = 0.048; 4 = 4.696,
p = 0.030; 5* = 8.518, p = 0.004; 4* = 7.577, p = 0.006, respectively,
Figure 3F-J).

3.5 | Establishment of the logistic regression model

A logistic regression model for the prognostic assessment of
hypertensive patients with ischemic stroke was built. The pre-
dicting model was Logit(P) = 29.172-1.088*CTLA-4-0.952*IMA -
0.537*Lp-PLA2 -0.066*GFAP -0.149*HCY. This predicting model
has good value in identifying poor prognosis patients [sensitiv-
ity = 95.5% (42/44), and specificity = 93.8% (45/48), Figure 4A-C].
The estimated probability was 0.739, which means if higher than
0.739, it was classified into poor prognosis. Compared with the
estimated probability <0.739 group, the survival rate of hyper-
tensive patients with ischemic stroke in the estimated probability
>0.739 group was significantly decreased (;(2 =40.001, p < 0.001,
Figure 4D).
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Hypertension with ischemic stroke

TABLE 2 Multiple linear regression
analysis of risk factors for hypertension

Independent variable pvalue SE Wald p-value
CTLA-4 0.244 0.069 12.771 0.001
IMA 0.195 0.078 6.250 0.009
Lp-PLA2 0.142 0.051 7.863 0.004
GFAP 0.134 0.062 4.591 0.032
HCY 0.152 0.086 6.975 <0.001
Age 0.173 0.132 1.727 0.187
Gender 0.142 0.127 1.282 0.256
Smoking 0.013 0.126 0.011 0.918
Drinking 0.069 0.083 0.691 0.406
Body mass index 0.023 0.109 0.045 0.833
Diabetes 0.018 0.127 0.029 0.862

OR (95% Cl) with ischemic stroke

1.276 (1.117~1.459)
1.213 (1.041~1.414)
1.152 (1.042~1.274
1.145 (1.012~1.295
1.552(1.156~2.937
1.191(0.916~1.556
1.158 (0.904~1.487)
1.013(0.791~1.297)
1.071(0.911~1.261)
1.023(0.826~1.267)
1.026 (0.895~1.275)

)
)
)
)

Abbreviation: OR, odd ratio; Cl, confidence interval; CTLA-4, cytotoxic T lymphocyte-associated
antigen-4; IMA, ischemia-modified albumin; IL-1«, interleukin-1 alpha; IL-2: interleukin-2; MIP:
macrophage inflammatory protein; HCY: homocysteine; Lp-PLAZ2: lipoprotein-associated

phospholipase A2; GFAP: glial fibrillary acidic protein.

3.6 | Verification of the logistic regression model

To validate the clinical predictive value of the logistic regression
model, we also tested it in a validation group, which including 108
hypertensive patients with ischemic stroke. The basic information
of the two groups of patients in the test group and the validation
group is shown in Table 3. There was no statistically significant dif-
ference between the two groups, indicating that the two groups
are comparable. Results showed that this prognostic assessment
model has a high value for the identification of death from hy-
pertensive patients with ischemic stroke, and the AUC was 0.969,
and the sensitivity/specificity was 89.4%/92.5% (Figure 5A). After
6 months of follow-up, a total of 50 hypertensive patients with is-
chemic stroke died and there were no missing patients. Compared
with the estimated probability <0.739 group, the survival rate of

hypertensive patients with ischemic stroke in the estimated prob-
ability >0.739 group was significantly decreased (;(2 = 47.551,
p < 0.001, Figure 5B).

4 | DISCUSSION

Ischemic stroke is a cerebrovascular disease with a high fatality rate
and disability rate, which poses a great threat to human health.1%”
The abnormal structure of blood lipids and inflammation in hyper-
tensive patients is considered to be one of the promoting factors
of cardiovascular events and has been widely confirmed.*®'? High
blood pressure can promote the damage of vascular endothelial
cells and accelerate the deposition of lipid plaques.19 Besides, ath-

erosclerosis induced by hypertension can cause arterial occlusion;
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ROC and prognosis assessment of serum CTLA-4, IMA, Lp-PLA2, GFAP, and HCY among hypertensive patients with ischemic

stroke in the testing group. A, ROC analysis of CTLA-4. B, ROC analysis of IMA. C, ROC analysis of Lp-PLA2. D, ROC analysis of GFAP.
E, ROC analysis of HCY. F, Prognosis assessment of CTLA-4. G, Prognosis assessment of IMA. H, Prognosis assessment of Lp-PLA2. |,
Prognosis assessment of GFAP. J, Prognosis assessment of HCY. The ROC curve and K-M survival curve were used for differential diagnosis

and prognostic evaluation
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the body's inflammatory response can lead to cerebrovascular em-
bolism; brain injury can lead to patient dysfunction, and these se-
ries of pathological factors accelerate the development of ischemic
stroke.’®? Therefore, it is particularly important to evaluate the
prognosis of hypertensive patients with ischemic stroke. At present,
blood biomarkers related to ischemic stroke are auxiliary tools for
disease prevention, screening, early diagnosis, and prognosis, and
have a wide range of applications.?° It is worth noting that six hours

1 T T T T | T
n=2) o 1 2 3 4 5 6

Number at risk
Estimated probability>0.739 46
Estimated probability<0.739 46

Time (month)
26 14 9
42 40 39

after the onset of ischemic stroke is called the "window period", the
sooner the patient can receive thrombolytic therapy, the better the
patient's prognosis.21 However, there is still a lack of tools to assess
the prognosis of hypertensive patients with ischemic stroke.

In this study, for the first time, we used the mass spectrometry
technique to analyze the changes in serum protein profiles of hyper-
tensive patients with ischemic stroke, and included IMA, GFAP, HCY,
Lp-PLA2, and CTLA-4 proteins. CTLA-4 has been shown to affect



8 of 10
B0 | \WILEY

MA ET AL.

TABLE 3 Comparison of the baseline data of hypertension patients with ischemic stroke between the testing group and validation group

Hypertension with ischemic

Hypertension with ischemic

Variables stroke (testing group) stroke (validation group) It P
Number of patients 92 108

Age, (mean +SD) 53.8+6.2 53.7+6.6 0.110 0.913
Male (%) 48(52.2) 55(50.9) 0.031 0.860
Body mass index (mean +SD, kg/mz) 23.5+1.7 234+1.3 0.471 0.638
Diabetes (%) 13(14.1) 11(10.2) 0.732 0.392
Smoking (%) 6(6.5) 10 (9.3) 0.506 0.477
Drinking (%) 25(27.2) 30(27.8) 0.009 0.924
CTLA-4 concentrations (mean +SD, ng/mL) 53+x1.6 55+1.8 -0.824 0.411
Lp-PLA2 concentrations (mean +SD, ng/mL) 27.5+73 271+6.5 0.410 0.682
HCY concentrations (mean +SD, nmol/L) 61.1+8.8 60.8+9.6 0.229 0.819
MIP concentrations (mean +SD, pg/mL) 102.9 £ 21.5 104.3+20.1 -0.475 0.635
IMA concentrations (mean £SD, pg/mL) 1.9+0.6 2.0+04 -1.404 0.162
GFAP concentrations (mean +SD, mg/L) 105.5+24.1 106.2 £ 219 -0.215 0.830
IL-2 concentrations (mean £SD, pg/mL) 112.4 + 28.5 111.8 £ 27.0 0.153 0.879
IL-1a concentrations (mean +SD, pg/mL) 69.7 +14.7 69.4 +13.7 0.149 0.882

Abbreviation: CTLA-4, cytotoxic T lymphocyte-associated antigen-4; IMA, ischemia-modified albumin; IL-1«, interleukin-1 alpha; IL-2, interleukin-2;
MIP, macrophage inflammatory protein; HCY, homocysteine; Lp-PLA2, lipoprotein-associated phospholipase A2; GFAP, glial fibrillary acidic protein.

(A)1o ® ]
: o Estimated
= probability>0.739
= Estimated
0.8 S 0.8 probability<0.739
Py
e
2 0.6 = 0.6
z =
A 0.4 o 0471
Sensitivity=89.4% 2
<
Specificity=92.5% “g 0.2 #2=47.551, log-rank P<0.001
027 AUC=0.969, 95% CI: 0.954-0.985 3
0.0
0.0 T T T T T T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0 0 1 2 3 4 5 6
1-Specificity Number at risk Time (month)
Estimated probability>0.739 54 31 17 12
Estimated probability<0.739 54 51 48 46

FIGURE 5 Verification of the prognostic assessment model. A, ROC analysis of the prognostic assessment model for hypertensive
patients with ischemic stroke in the five protein markers [CTLA-4, IL-6, Lp-PLA2, Lp(a), and TNF-«] in the validation group. B, Compared with
the estimated probability <0.739 group, the survival rate of hypertensive patients with ischemic stroke was significantly decreased in the
estimated probability >0.739 group. The ROC curve and K-M survival curve were used for differential diagnosis and prognostic evaluation

the development of hypertension.22 CTLA-4 participates in the neg-
ative regulation of the immune response by blocking CD28-mediated
co-stimulatory molecules and is related to the activation and differ-
entiation of Th2 cells.?® Zheng et al.?* pointed out that the CTLA-4
gene + 49A/G polymorphism is an important risk factor for ischemic
stroke susceptibility, especially in Asians, children, and atopic pa-
tients. IMA, GFAP, and HCY are important biological indicators to
assess the degree of the inflammatory response in the body, and they
have high sensitivity in early warning of the inflammatory response
caused by oxidative stress.?>?” Lp-PLA2, also known as platelet-
activating factor acetylhydrolase, is mainly synthesized and secreted
by mature macrophages and lymphocytes, and is a member of the
phospholipase superfamily.?® Lp-PLA2 can effectively hydrolyze ox-
idized lecithin and promote and mediate the inflammatory response,

leading to vascular endothelial cell damage.29 We speculate that
after the patient is complicated with ischemic stroke, Lp-PLA2 in the
cerebrospinal fluid enters the serum through the blood-brain bar-
rier, resulting in increased serum Lp-PLA2 content. Besides, cerebral
infarction can lead to acute cerebral edema, increased intracranial
pressure, abnormal renal function through the mechanism of neu-
roendocrine disorder, increased secretion of angiotensin and antid-
iuretic hormone, decreased glomerular filtration rate, and reduced
Lp-PLA2 clearance rate in blood reduce.?®3! This is another import-
ant cause of increased serum Lp-PLA2 levels. Based on the above
research basis, we explored the serum IMA, GFAP, HCY, Lp-PLA2,
and CTLA-4 levels of hypertensive patients upon admission.

In our research, CTLA-4 was the most effective marker
(AUC = 0.911) than IMA (AUC = 0.799), Lp-PLA2 (AUC = 0.842), GFAP
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(AUC =0.764), and HCY (AUC = 0.797), but its sensitivity (74.3%) was
unsatisfactory. Therefore, we built a novel prognostic assessment
model [Logit(P) = 29.172-1.088*CTLA-4-0.952*IMA-0.537*Lp-PL
A2 -0.066*GFAP -0.149*HCY] which includes multiple protein mark-
ers. It showed higher efficiency (AUC = 0.981, sensitivity = 95.5%,
specificity = 93.8%) than any single marker. Furthermore, we vali-
dated this prognostic assessment model in a validation group. This
model still showed good efficiency (AUC = 0.969, sensitivity = 89.4%,
specificity = 92.5%), indicating that this model can predict patients’
prognosis. Our study has the following potential application pros-
pects: (1) Non-invasive monitoring of the risk of stroke in severely
hypertensive patients; (2) Prognostic assessment and clinical inter-
vention for hypertensive patients who have had a stroke; and (3) It is
expected to carry out health management for the general population.

In summary, the prognostic assessment model we have estab-
lished is of great value in the prognosis evaluation of ischemic stroke
patients induced by hypertension. However, our results require to
be verified by multicenter studies with larger sample sizes.
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