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Background: Nucleotide-binding oligomerization domain-like receptor family pyrin domain-containing 1 (NLRPI1) participates in
neuroinflammation. This study aimed to identify serum NLRP as a potential prognostic biomarker of acute intracerebral hemorrhage (ICH).
Methods: This prospective cohort study enrolled 145 patients with supratentorial ICH and 51 healthy controls. Serum NLRP1 levels
were quantified on admission of all 145 patients, on days 1, 3, 5, 7, and 10 after stroke in 51 of 145 patients and at entry into the study
of controls. Poststroke 6-month modified Rankin Scale (mRS) scores of 3—6 signified a poor prognosis.

Results: Compared to controls, patients had prominently increased serum NLRP1 levels until day 10 after ICH, with the highest levels
at days 1 and 3. Serum NLRP1 levels were independently correlated with National Institutes of Health Stroke Scale (NIHSS) scores,
hematoma volume and six-month mRS scores, and independently predicted six-month bad prognosis. A linear relationship was
observed between serum NLRP1 levels and the risk of poor prognosis in a restricted cubic spline. Under the receiver operating
characteristic (ROC) curve, serum NLRP levels efficiently discriminated poor prognosis. Serum NLRP1, NIHSS, and hematoma
volume were merged into a prognosis prediction model, which was portrayed using a nomogram. Good performance of the model was
verified using calibration curve, decision curve, and ROC curve.

Conclusion: Serum NLRP1 levels are elevated during the early period following ICH and are independently related to hemorrhagic
severity and poor prognosis, suggesting that serum NLRP1 may represent a promising prognostic biomarker of ICH.
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Introduction
Spontaneous intracerebral hemorrhage (ICH) is a sort of very common cerebrovascular disorder that primarily affects the
brain tissue surrounding the bleeding site and even remote locations in cases of intraventricular or subarachnoid extension." In
China, the estimated prevalence, incidence, mortality rate, disability rate, recurrence rate of stroke are still high since 2015.%3
Also, ICH has a high mortality and disability rate among survivors.* Primary ICH is a multifactorial disease, with hypertension
and cerebral amyloid angiopathy being the two main causes.” Extensive research has yielded valuable insights into the
pathophysiological mechanisms of secondary brain injury following ICH, highlighting the importance of inflammatory
responses, oxidative stress reactions, and cellular death.®® Some severity scales, such as the National Institutes of Health
Stroke Scale (NIHSS) and hematoma volume, have been used clinically for ICH.” "' Notably, there is a growing amount of
data showing that the detection of some valuable biomarkers can delve into the mechanisms of disease progression and aid in
the severity evaluation and prognosis prediction of ICH.'* '

Inflammasomes are critical components of the early innate inflammatory response to injury.'” ' The nucleotide-binding
oligomerization domain-like receptor family pyrin domain-containing 1 (NLRP1) inflammasome can activate caspase-1 and

Neuropsychiatric Disease and Treatment 2024:20 737-753 737
Received: 15 December 2023 © 2024 Li et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
AT 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work

Accepted: 26 March 2024
Published: 29 March 2024

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Li et al Dove

promote maturation of the inflammatory cytokine interleukin-1p and interleukin-18 mature, thereby augmenting the inflam-
matory response.’’*? By amplifying neuroinflammation, damaging the blood-brain barrier, increasing brain edema, and
eliciting neuronal apoptosis, NLRP1 may participate in acute brain injury, including ICH.***” Upregulation of NLRP1
expression has been shown in animal cerebral cortices injured by ICH, subarachnoid hemorrhage, ischemia and trauma.? 2’
In humans with aneurysmal subarachnoid hemorrhage or traumatic brain injury, NLRP1 expression in the cerebrospinal fluid
is highly associated with poor prognosis.”**’ Likewise, serum NLRP1 levels were substantially elevated after acute ischemic
stroke, which independently predicted poor prognosis three months after injury.>® Thus, serum NLRPI may serve as
a biomarker of acute brain injury. To the best of our knowledge, serum NLRP1 has never been studied in ICH, and this

study was designed to investigate serum NLRP1 as a prognostic biomarker of ICH.

Materials and Methods

Study Plan and Ethical Consent

Between May 2019 and August 2022, a prospective cohort study was conducted at the First People’s Hospital of Linping
District (Hangzhou, China) to investigate temporal changes in serum NLRP1 levels following ICH, and to further
uncover its prognostic role as a biomarker of ICH. Serum NLRP1 levels were detected at admission in all patients and on
days 1, 3, 5, 7, and 10 after stroke in some patients who agreed to blood collection at multiple time points. In addition,
serum NLRP1 levels in the controls were measured at their entrance into the study. This study was performed in
compliance with the guidelines of the Declaration of Helsinki and its later amendments, and was approved by the Ethics
Committee at the First People’s Hospital of Linping District (NO. LPH2018012), and informed consent forms were
signed by patients’ proxies or controls themselves.

Subject Enrollments

All adults who were hospitalized within 24 h after the onset of stroke symptoms because of new-onset primary
supratentorial ICH and underwent conservative management of hematoma were consecutively recruited as clinical
cases. We excluded patients with (1) other neurological diseases, such as cerebral ischemia, intracranial tumors, head
trauma, central nervous system infections, degenerative diseases, and immune diseases; (2) severe illnesses in other
organs, such as malignancies, liver cirrhosis, uremia, chronic heart failure, acute myocardial infarction, and ascites; and
(3) specific conditions, such as pregnancy, use of immunosuppressive drugs, loss to follow-up, incomplete information,
refusal to participate, and unavailable blood samples. Controls consisted of healthy volunteers who were free from some
chronic diseases, such as hypertension, diabetes mellitus, and chronic cardiac, hepatic, pulmonary, and renal diseases, and
showed normal results in conventional blood tests, such as blood leukocyte counts, blood glucose levels, and blood
creatinine levels.

Information Collection

We inquired about patients’ age and sex. Vascular risk factors including hypertension, diabetes mellitus, hyperlipidemia,
cigarette smoking, and alcohol consumption were recorded. The medication history included antilipidemic, anticoagulation,
and antiplatelet therapies. Supratentorial hematomas were dichotomized into lobar and deep bleeding types. Hematoma
volume was calculated using the following equation: ABC/2.*" Extension of the hematoma into the intraventricular or
subarachnoid cavity was observed. Admission NIHSS scores were estimated to reflect the neurological function status. A four-
score or greater increase in NIHSS score or death within 24 hours post-admission indicated early neurological deterioration.*
Based on poststroke six-month modified Rankin Scale (mRS), clinical outcomes were divided into poor and good prognosis,
with scores of 3-6 and 0-2 respectively.*?

Measurements of Serum NLRPI Levels

According to the principle of voluntariness, some blood samples were obtained only at the time of admission, and other
blood samples were acquired both at the admission of patients and on days 1, 3, 5, 7, and 10 after ICH. Controls were
drawn based on their willingness to participate in the study. Via the antecubital vein, 5 mL of venous blood was drawn
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and placed in a gel-containing biochemical tube. After blood collection, samples were centrifuged at 2000 x g for 10 min.
Thereafter, the supernatants were isolated, and serum was aliquoted into labelled Eppendorf tubes and preserved at - 80
°C condition until final quantification. Every three months, a batch of collected serum samples was melted. Serum
NLRP1 levels were quantitatively measured using a human enzyme-linked immunosorbent assay kit (Catalog Number:
MBS924094; MyBioSource). The detection range varied from 18.75 pg/mL to 1200 pg/mL, and the minimum detectable
concentration was typically less than 4.67 pg/m, with intra-assay coefficients of variation < 8% and inter- assay
coefficients of variation < 10%. The detections were performed in duplicate, following the manufacturer’s instructions,
by the same skilled staff who were unfamiliar with the clinical materials. The two measurements were averaged for
statistical analysis.

Statistical Analysis

The three statistical software packages, including the Statistical Package for the Social Sciences 23.0 (SPSS Inc.,
Chicago, IL, USA), MedCalc 20 (MedCalc Software, Ltd, Ostend, Belgium) and R 3.5.1 (https://www.r-project.org),
were used for data analysis, and GraphPad Prism 7.01 (GraphPad Software Inc., San Diego, California, USA) was used

to plot graphs. The Kolmogorov—Smirnov test was used to determine the normal distribution of continuous variables.
Categorical variables are shown as frequencies (proportions), normally distributed continuous variables as means
(standard deviations, SDs), and non-normally distributed continuous variables as medians (25th — 75th percentiles).
Statistical methods for intergroup comparison of data included the chi-square test, Fisher’s exact test, independent-
sample Student’s ¢-test, and the Mann—Whitney U-test. The Kruskal-Wallis test was used to discern differences in serum
NLRP1 levels among multiple groups. Spearman’s rank correlation coefficient was used to assess bivariate correlations.
To determine whether serum NLRP levels were independently correlated with severity and 6-month mRS scores,
a multivariate linear regression model was established, in which serum NLRP levels or 6-month mRS scores were
selected as the dependent variable. All the significant variables in the univariate analysis (P<0.05) were included in the
multivariate model. Under the restricted cubic spline, a linear relationship between serum NLRP1 levels and the risk of
poor prognosis was observed. The receiver operating characteristic (ROC) curve was configured to evaluate discrimi-
native efficiency. The cut-off value for serum NLRPI1 levels was chosen using the Youden method. The patients were
then dichotomized based on the cutoff values. In other words, serum NLRP1 was transformed into a categorical variable,
which was used in the binary logistic regression model to investigate whether serum NLRP emerged as an independent
predictor of a poor prognosis. In addition, all independent predictors of poor prognosis were integrated into a combined
model, which was delineated using a nomogram. Furthermore, the model was evaluated using a series of statistical
methods, namely ROC curve, decision curve, and calibration curve analyses. The sample size was calculated using the
MedCalc 20 (MedCalc Software, Ltd, Ostend, Belgium). For bivariate correlation analysis, the least sample size was 59.
For intergroup comparison, the least sample size was 62. Thus, a total of 145 patients were sufficient for the clinical
analysis in this study. Statistical significance was set at P < 0.05.

Results

Subject Characteristics
Altogether, 191 adult patients, who were hospitalized within 24 h following stroke due to first-ever primary
supratentorial ICH, underwent conservative management of the hematoma. Subsequently, 46 patients were
excluded for the reasons outlined in Figure 1. In total, 145 patients were included in the analysis. Among them,
only 51 agreed to undergo blood collection at multiple time points. Table 1 shows that there were no significant
differences in the demographic, clinical, radiological, and biochemical data between the 145 and 51 patients (all
P>0.05). In addition, there were 51 controls, who were aged from 41 to 88 years (mean, 63.3 years; SD, 12.5
years), as well as included 28 males, 18 alcohol drinkers and 16 cigarette smokers. Age, sex, cigarette smoking,
and alcohol consumption did not differ substantially between the 51 controls and 51 patients (all P>0.05).

3.2 Longitudinal change of serum NLRP1 levels after ICH, its prognostic predictive ability and its correlation with
illness severity
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(1) hospitalization within 24 hours after stroke.
(2) age of 18 years or greater.

191 patients with ICH in compliance with inclusion criteria

(3) a conservative management of hematoma.
(4) supratentorial ICH.

(5) primary ICH.
(6) first-episode ICH.

J

\

ﬁtotal of 46 patients were excluded:

(1)18 patients with other neurological diseases, such as cerebral
ischemia, intracranial tumors, head trauma, central nervous
system infections, degenerative diseases and immune diseases.

(2)16 patients with severe illnesses in other organs, such as

y

v

malignancies, liver cirrhosis, uremia, chronic heart failure, acute
myocardial infarction and ascites.

(3)12 patients with some specific conditions, such as pregnancies, use
of immunosuppressive drugs, loss to follow-up, incomplete
information, refusal to participation and unavailable blood

samples.

145 were eligible

A

Six-month functional outcome
Poor prognosis: 72 cases
Good prognosis: 73 cases

A total of 51 patients consented for blood-drawings at
multiple time-points after ICH.

Figure | Flowing-diagram for selecting optimal patients with acute intracerebral hemorrhage. A total of 191 patients with intracerebral hemorrhage, who met the inclusion
criteria were initially enrolled; 46 patients were excluded. In total, 145 patients were included in the data analysis. Among them, 72 patients experienced a poor prognosis at
six months after intracerebral, and 51 patients agreed to blood collection at multiple time points following intracerebral hemorrhage.

Abbreviation: ICH, intracerebral hemorrhage.

As shown in Figure 2, serum NLRP1 levels were markedly increased at admission in 51 patients, peaked on day 1,

plateaued on day 3, and then gradually decreased on day 5 until day 10 after ICH. In contrast to the controls, serum
NLRP1 levels were substantially elevated at all designated time points (all P<0.05). Table 2 displays that, as for the

Table | Differences in Demographic, Clinical, Radiological and Biochemical Data

Between All Patients and Those Consenting for Blood-Drawings at Multiple Time-

Points After Acute Intracerebral Hemorrhage

Components All Patients | Other Patients | P value
Number 145 51
Age (years) 62.0x11.0 64.6x11.5 0.156
Gender (male/female) 80/65 26/25 0.605
Hypertension 91 (62.8%) 34 (66.7%) 0.617
Diabetes mellitus 33 (22.8%) 10 (19.6%) 0.640
Hyperlipidemia 52 (35.9%) 20 (39.2%) 0.669
Cigarette consumption 56 (38.6%) 17 (33.3%) 0.502
Alcohol consumption 59 (40.7%) 19 (37.3%) 0.666
Previous antilipidemic therapy 42 (29.0%) Il (21.6%) 0.306
Previous anticoagulant therapy 10 (6.9%) 3 (5.9%) 0.802
Previous antiplatelet therapy 21 (14.5%) 10 (19.6%) 0.388
Admission time (h) 8.0 (5.0-14.0) 8.0 (5.3-12.0) 0.976
(Continued)
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Table | (Continued).

Components All Patients | Other Patients | P value
Blood-collection time (h) 9.0 (6.0-15.0) 9.0 (5.8-13.0) 0.888
Systolic arterial pressure (mmHg) 144.4+23.0 144.8+24.8 0.927
Diastolic arterial pressure (mmHg) 85.3£9.7 85.1£9.2 0.882
Hemorrhagic locations (lobar/deep) 44/101 16/35 0.891
Intraventricular extension of hematoma 34 (23.5%) 11 (21.6%) 0.784
Subarachnoid extension of hematoma 14 (9.7%) 4 (7.8%) 0.700
NIHSS scores 9 (6-11) 9 (5.5-11) 0911
Hematoma volume (mL) Il (6-20) 12 (6-21) 0.622
Early neurological deterioration 44 (30.3%) 16 (31.4%) 0.891
Blood leucocyte count (x10°/1) 6.5+2.3 6.2+2.0 0.449
Blood glucose levels (mmol/l) 10.2+4.8 9.8+4.5 0.653
mRS scores 2 (2-4) 3 (14) 0.903
mRS scores 0.103
0 9

I 19 8

2 45 Il

3 25 5

4 25 8

5 10 10

6 12 3

Outcome (poor/good) 72/73 26/25 0.871

Notes: Data were summarized as count (percentage), mean * standard deviation or median (upper-lower

quartiles). For intergroup comparison, the Chi-square test, Fisher exact test, Student’s t-test or Mann—

Whitney test was utilized. Poor clinical outcome was defined as modified Rankin Scale scores of 3—6.

Abbreviations: NIHSS means National Institutes of Health Stroke Scale; mRS, modified Rankin Scale.
prognostic predictive capability, there were no dramatic differences in the AUC between serum NLRP1 levels at
admission and at other time points in the 51 patients with ICH (all P>0.05).

There was a close correlation between serum NLRP1 levels and NIHSS scores (P<0.001; Figure 3), between serum

NLRP1 levels and hematoma volume (P<0.001; Figure 4), and between serum NLRP1 levels and other variables, including
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Figure 2 Dynamic change of serum nucleotide-binding oligomerization domain-like receptor family pyrin domain-containing | levels after acute intracerebral hemorrhage.
Serum nucleotide-binding oligomerization domain-like receptor family pyrin domain-containing | levels were dramatically increased upon admission of patients with
intracerebral hemorrhage and remained at higher levels on days |, 3, 5, 7, and 10 compared to controls (P<0.001).

Abbreviation: NLRPI, nucleotide-binding oligomerization domain-like receptor family pyrin domain-containing |.
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Table 2 Comparison of Areas Under Receiver Operating
Characteristic Curve of Serum Nucleotide-Binding Oligomerization
Domain-Like Receptor Family Pyrin Domain-Containing | Levels at
Multiple Time-Points After Acute Intracerebral Hemorrhage

Components AUC (95% CI) P value

Serum NLRPI levels at day 0 0.763 (0.623-0.871) Reference

Serum NLRPI levels at day | 0.769 (0.630-0.876) 0.940
Serum NLRPI levels at day 3 0.752 (0.612-0.862) 0.897
Serum NLRPI levels at day 5 0.735 (0.593-0.849) 0.761
Serum NLRPI levels at day 7 0.711 (0.567-0.829) 0.652
Serum NLRPI levels at day 10 0.614 (0.467-0.747) 0.138

Notes: For predicting poor prognosis at six months after stroke, area under receiver
operating characteristic curve was estimated for indicating prognosis prediction ability.
Intergroup comparison was done using the Z test.

Abbreviations: AUC denotes area under curve; 95% Cl, 95% confidence interval;
NLRPI, nucleotide-binding oligomerization domain-like receptor family pyrin domain-
containing 1.

diabetes mellitus, intraventricular extension of hematoma, blood leukocyte counts, and blood glucose levels (all P<0.05;
Table 3). The six significant variables were forced into the multivariate linear regression model, and it was confirmed that
serum NLRP1 levels were independently correlated with NIHSS scores (beta, 2.848; 95% confidence interval, 0.563—-5.134;
VIF, 2.701; P=0.015) and hematoma volume (beta, 1.256; 95% confidence interval, 0.184-2.329; VIF, 2.898; P=0.022).

Serum NLRPI Levels and Six-Month Functional Outcome After ICH
As shown in Figure 5, serum NLRP1 levels were dramatically elevated in the order of 6-month mRS scores, from 0 to 6
(P<0.001). Moreover, serum NLRP1 levels were positively correlated with six-month mRS scores (P<0.001; Figure 6).

As listed in Table 4, six-month mRS scores were strongly correlated with intraventricular extension of the hematoma,
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Figure 3 Serum nucleotide-binding oligomerization domain-like receptor family pyrin domain-containing | levels and National Institutes of Health Stroke Scale scores after
acute intracerebral hemorrhage. Serum nucleotide-binding oligomerization domain-like receptor family pyrin domain-containing | levels were significantly correlated with
National Institutes of Health Stroke Scale scores following acute intracerebral hemorrhage (P<0.001).

Abbreviations: NLRPI, nucleotide-binding oligomerization domain-like receptor family pyrin domain-containing | (NIHSS), National Institutes of Health Stroke Scale.
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Figure 4 Serum nucleotide-binding oligomerization domain-like receptor family pyrin domain-containing | levels and hematoma volume after acute intracerebral
hemorrhage. Serum levels of nucleotide-binding oligomerization domain-like receptor family pyrin domain-containing | were highly correlated with hematoma volume
after acute intracerebral hemorrhage (P<0.001).

Abbreviations: NLRPI, nucleotide-binding oligomerization domain-like receptor family pyrin domain-containing I.

NIHSS scores, hematoma volume, early neurological deterioration, blood glucose levels, and serum NLRP1 levels (all
P<0.01). The six aforementioned significant factors were incorporated into the multivariate logistic regression model, in
which it was revealed that serum NLRP1 levels (beta, 0.008; 95% confidence interval, 0.002-0.014; VIF, 1.575;
P=0.005), NIHSS score (beta, 0.123; 95% confidence interval, 0.047-0.199; VIF, 2.631; P=0.002), and hematoma
volume (beta, 0.071; 95% confidence interval, 0.026-0.116; VIF, 2.698; P=0.002) were independently correlated with
poststroke 6-month mRS scores.

Table 3 Factors in Correlation with Serum Nucleotide-
Binding Oligomerization Domain-Like Receptor Family Pyrin

Domain-Containing | Levels After Acute Intracerebral

Hemorrhage
Components p P value
Age (years) 0.022 0.794
Gender (male/female) 0.025 0.764
Hypertension —0.016 0.845
Diabetes mellitus 0.164 0.049
Hyperlipidemia 0.115 0.168
Cigarette consumption 0.060 0.472
Alcohol consumption 0.028 0.740
Previous antilipidemic therapy 0.035 0.677
Previous anticoagulant therapy 0.114 0.173
Previous antiplatelet therapy 0.078 0.350
Admission time (h) —0.045 0.589
Blood-collection time (h) —0.037 | 0.660
Systolic arterial pressure (mmHg) —0.096 0.253

(Continued)
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Table 3 (Continued).

Components P P value
Diastolic arterial pressure (mmHg) 0.030 0.716
Hemorrhagic locations (lobar/deep) —0.051 0.543
Intraventricular extension of hematoma | 0.195 0.019
Subarachnoid extension of hematoma 0.097 0.245
NIHSS scores 0.593 | <0.001
Hematoma volume (mL) 0.628 | <0.001
Blood leucocyte count (% 10%/1) 0.254 0.002
Blood glucose levels (mmol/l) 0.228 0.006

Note: Using the Spearman test, correlations were reported as p values.
Abbreviation: NIHSS means National Institutes of Health Stroke Scale.

As outlined in Figure 7, patients with poor prognosis displayed substantially higher serum NLRP1 levels than those
with good prognosis (P<0.001). The levels efficiently discriminated the risk of a poor prognosis (the maximum Youden
index=0.424; Figure 8). As shown in Figure 9, serum NLRP1 levels were linearly correlated with the risk of poor
prognosis (P=0.124). In contrast to patients with good prognosis, those with poor prognosis displayed substantially
elevated percentages of intraventricular extension of hematoma, early neurological deterioration, and serum NLRPI
levels > 28.3 pg/mL, as well as markedly increased NIHSS scores, hematoma volume, and blood glucose levels (all
P<0.05; Table 5). The preceding significant variables were entered into the binary logistic regression model and
subsequently it was found that NIHSS scores (odds ratio, 1.286; 95% confidence interval, 1.082—1.528; P=0.004),
hematoma volume (odds ratio, 1.058; 95% confidence interval, 1.005—1.114; P=0.033) and serum NLRPI levels > 28.3
pg/mL (odds ratio, 7.429; 95% confidence interval, 1.919-28.758; P=0.004) were independently associated with
poststroke six-month poor prognosis.

The three preceding independent predictors of poor prognosis were merged into a prediction model described in the
form of a nomogram (Figure 10). The model performed well under the calibration curve (Figure 11) and the decision
curve (Figure 12). The AUCs were not significantly different when serum NLRP1 levels were compared with NIHSS
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Figure 5 Serum nucleotide-binding oligomerization domain-like receptor family pyrin domain-containing | levels across modified Rankin Scale scores at six months after
acute intracerebral hemorrhage. Serum nucleotide-binding oligomerization domain-like receptor family pyrin domain-containing | levels were profoundly lowest in patients
with a modified Rankin Scale score of 0, followed by scores from | to 5, and highest in those with a score of 6 (P<0.001).

Abbreviations: NLRPI, nucleotide-binding oligomerization domain-like receptor family pyrin domain-containing I; mRS, modified Rankin Scale.
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Figure 6 Serum nucleotide-binding oligomerization domain-like receptor family pyrin domain-containing | levels and modified Rankin scale scores at six months following
acute intracerebral hemorrhage. There was a significant positive correlation between serum nucleotide-binding oligomerization domain-like receptor family pyrin domain-
containing | levels and six-month modified Rankin scale scores after acute intracerebral hemorrhage (P<0.001).

Abbreviations: NLRPI, nucleotide-binding oligomerization domain-like receptor family pyrin domain-containing I; mRS, modified Rankin Scale.

scores and hematoma volume (both P>0.05; Figure 13). Intriguingly, the model had a more efficient prognostic predictive

ability than the NIHSS score combined with hematoma volume (P<0.05; Figure 14).

Discussion

In this clinical epidemiological investigation of patients with ICH, several multifactorial analyses were performed and

some noteworthy findings were unveiled. First, there was a substantial enhancement in serum NLRP1 levels after acute

ICH, with the highest levels at days 1 and 3, as well as compared to healthy controls, higher levels were observed during

Table 4 Factors in Relation to Six-Month Modified Rankin

Scale Scores After Acute Intracerebral Hemorrhage

Components p P value
Age (years) 0.152 0.068
Gender (male/female) —0.087 0.299
Hypertension —0.015 0.860
Diabetes mellitus 0.113 0.175
Hyperlipidemia 0.046 0.580
Cigarette consumption —-0.027 0.744
Alcohol consumption —0.098 0.239
Previous antilipidemic therapy 0.030 0.718
Previous anticoagulant therapy 0.045 0.589
Previous antiplatelet therapy —0.031 0.710
Admission time (h) —0.027 0.744
Blood-collection time (h) —0.026 0.760
Systolic arterial pressure (mmHg) —0.089 0.289
Diastolic arterial pressure (mmHg) 0.002 0.978
(Continued)
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Table 4 (Continued).

Components P P value
Hemorrhagic locations (lobar/deep) 0.047 0.578
Intraventricular extension of hematoma | 0.221 0.007
Subarachnoid extension of hematoma 0.098 0.242
NIHSS scores 0.601 < 0.001
Hematoma volume (mL) 0.606 | <0.001
Early neurological deterioration 0.242 0.003
Blood leucocyte count (% 10%/1) 0.122 0.143
Blood glucose levels (mmol/l) 0.285 0.001
Serum NLRPI levels (pg/mL) 0.577 <0.001

Notes: Using the Spearman test, correlations were reported as p values.
Abbreviations: NIHSS, National Institutes of Health Stroke Scale;
NLRPI, nucleotide-binding oligomerization domain-like receptor family
pyrin domain-containing |.

10 days after stroke. Second, serum NLRP1 levels independently correlated with NIHSS scores and hematoma volume.
Third, serum NLRP1 levels at different time points after ICH showed similar AUCs for predicting a poor prognosis.
Fourth, serum NLRP1 was independently correlated with six-month mRS scores and remained independently associated
with six-month poor prognosis after acute ICH. Lastly, the prognostic predictive value of serum NLRP1 levels was
equivalent to that of NIHSS scores and hematoma volume, and the model containing serum NLRP1, NIHSS scores, and
hematoma volume outperformed the combination of NIHSS scores and hematoma volume in predicting poor prognosis
six months after acute ICH. Such data may provide sufficient evidence to support the assumption that serum NLRP1
represents a promising biochemical marker for assessing hemorrhagic severity and predicting functional outcomes in
patients with ICH.

ICH is a common cerebrovascular disorder characterized by inflammation of both the central and peripheral
systems.** >’ However, a comprehensive understanding of the pathophysiological mechanisms underlying ICH-related

2501
P<0.001
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Figure 7 Serum nucleotide-binding oligomerization domain-like receptor family pyrin domain-containing | levels between patients suffering poor prognosis and those
experiencing good prognosis at six months after acute intracerebral hemorrhage. Clinical outcomes were divided into good and poor prognoses, with modified Rankin Scale
scores of 0-2 and 3-6 respectively. Compared to patients with a good prognosis, serum nucleotide-binding oligomerization domain-like receptor family pyrin domain-
containing | levels were significantly higher in those with a poor prognosis (P<0.001).

Abbreviation: NLRPI, nucleotide-binding oligomerization domain-like receptor family pyrin domain-containing .
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Figure 8 Ability with respect to serum nucleotide-binding oligomerization domain-like receptor family pyrin domain-containing | levels for distinguishing risk of a poor
prognosis at six months after acute intracerebral hemorrhage. Using the Youden method, serum nucleotide-binding oligomerization domain-like receptor family pyrin
domain-containing | levels > 28.3 pg/mL powerfully discriminated the risk of poor prognosis 6 months after acute intracerebral hemorrhage.
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Figure 9 Restricted cubic spline showing linear correlation of serum nucleotide-binding oligomerization domain-like receptor family pyrin domain-containing | levels with
risk of a poor prognosis at six months after acute intracerebral hemorrhage. Serum nucleotide-binding oligomerization domain-like receptor family pyrin domain-containing
| levels were linearly related to the risk of poor prognosis six months after acute intracerebral hemorrhage (P>0.05).

Abbreviations: NLRPI, nucleotide-binding oligomerization domain-like receptor family pyrin domain-containing |; OR, odds ratio; 95% Cl, 95% confidence interval.

secondary brain injury remains elusive. The discovery of inflammasomes has provided a promising avenue for dissecting
the complex cellular and molecular interactions that drive the inflammatory response following ICH.***° NLRP1 is the
first described inflammasome.*® NLRP1 is mainly expressed in neurons and microglia.*' NLRP1 is associated with
inflammation and pyroptosis after acute brain injury, thereby aggravating brain damage and worsening neurological
impairment.?' Specifically, NLRP1 expression in neurons of the cerebral cortex was upregulated, and its therapeutic
neutralization markedly reduced the innate immune response and improves histopathology in experimental traumatic
brain injury.>> In addition, the expression levels of NLRP1 were significantly increased in ipsilateral brain tissues of
cerebral ischemia/perfusion mice and stroke patients, and intravenous immunoglobulin treatment protected neurons
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Table 5 Factors Associated with Poor Prognosis at Six Months After Acute

Intracerebral Hemorrhage

Components Poor Prognosis | Good Prognosis | P value
Age (years) 63.3+9.9 60.6x11.8 0.138
Gender (male/female) 38/34 42/31 0.565
Hypertension 44 (61.1%) 47 (64.4%) 0.684
Diabetes mellitus 19 (26.4%) 14 (19.2%) 0.300
Hyperlipidemia 30 (41.7%) 22 (30.1%) 0.148
Cigarette consumption 27 (37.5%) 29 (39.7%) 0.783
Alcohol consumption 27 (37.5%) 32 (43.8%) 0.437
Previous antilipidemic therapy 23 (31.9%) 19 (26.0%) 0.432
Previous anticoagulant therapy 6 (8.3%) 4 (5.5%) 0.533
Previous antiplatelet therapy 9 (12.5%) 12 (16.4%) 0.500
Admission time (h) 8.0 (4.5-12.0) 9.0 (5.0-16.0) 0.157
Blood-collection time (h) 9.0 (5.8-13.0) 10.0 (7.0-17.5) 0.164
Systolic arterial pressure (mmHg) 143.2+22.7 145.6+23.5 0.524
Diastolic arterial pressure (mmHg) 85.3+10.5 85.2+9.1 0.964
Hemorrhagic locations (lobar/deep) 23/49 21/52 0.677
Intraventricular extension of hematoma 22 (30.6%) 12 (16.4%) 0.045
Subarachnoid extension of hematoma 9 (12.5%) 5 (6.9%) 0.249
NIHSS scores I (9-13) 6 (2-9) < 0.001
Hematoma volume (mL) 18 (11-23) 6 (4-11) < 0.001
Early neurological deterioration 28 (38.9%) 16 (21.9%) 0.026
Blood leucocyte count (x10%/1) 6.7+2.6 6.2+2.1 0.168
Blood glucose levels (mmol/l) 11.2+5.6 9.1£3.5 0.005
Serum NLRPI levels > 28.3 pg/mL 69 (95.5%) 39 (53.4%) < 0.001

Notes: Data were presented as count (percentage), mean * standard deviation or median (upper-lower
quartiles). The Chi-square test, Fisher exact test, Student’s t-test or Mann-Whitney test was applied for
intergroup comparison. Clinical outcome was divided into poor prognosis and good prognosis, with modified
Rankin Scale scores of 3—6 and 0-2 respectively.

Abbreviations: NIHSS, National Institutes of Health Stroke Scale; NLRPI, nucleotide-binding oligomerization
domain-like receptor family pyrin domain-containing I.

against ischemic brain injury in mice by suppressing NLRP1 activity.’® In addition, using muramyl dipeptide (an
activator of NLRP1), it was demonstrated that the inhibition of purinergic neurotransmission receptors may block the
NLRP1/Caspase-1 pathway, thereby conferring a neuroprotective effect in mice with ICH.?” Collectively, NLRP1 may be
a detrimental factor and NLRP1 can be considered a target for the treatment of brain injury.

In a previous clinical study of 10 controls and 24 patients with spontaneous subarachnoid hemorrhage, immunoblot
analysis revealed that NLRP1 levels in the cerebrospinal fluid of patients were substantially increased, and the higher
levels were tightly associated with increasing severity and poor outcome at three months after stroke.”” Alternatively, in
patients with traumatic spinal cord or brain injury, exosomes derived from the cerebrospinal fluid contained NLRP1.%?
Similarly, immunoblot analysis showed that NLRP1 expression was substantially elevated in the cerebrospinal fluid of 23
patients with traumatic brain injury, and these significantly elevated levels were closely associated with clinical outcomes
indicated by the 5-month Glasgow Outcome Scale scores after head trauma.”® Although only a small number of patients

were recruited in the two clinical investigations,”®*’

such findings suggest that fluid NLRP1 may be a potential
biomarker of acute brain injury.

Serum NLRP1 levels were substantially higher in patients with ischemic stroke than in controls.*® In our study, 51 of
145 patients agreed to undergo blood collection at multiple time points. Compared with all patients, this subgroup of
patients had similar baseline demographic, clinical, radiological, and biochemical characteristics, indicating that this
subgroup of patients could represent the whole group of patients. Moreover, our study showed that patients with ICH, in
contrast to controls, exhibited significantly increased serum NLRP1 levels, with higher levels observed at least until day

10 after stroke. Given that NLRP1 expression in brain tissue and cerebrospinal fluid could be obviously enhanced in
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Figure 10 Nomogram of a poor prognosis at six months after acute intracerebral hemorrhage. Serum nucleotide-binding oligomerization domain-like receptor family pyrin
domain-containing |, hematoma volume, and National Institutes of Health Stroke Scale scores were merged to predict poor prognosis six months after acute intracerebral
hemorrhage.

Abbreviations: NLRPI, nucleotide-binding oligomerization domain-like receptor family pyrin domain-containing I; NIHSS, National Institutes of Health Stroke Scale.
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Figure 11 Calibration curve assessing nomogram of a poor prognosis at poststroke six months. The nomogram was rather stable for predicting six-month poor prognosis
after acute intracerebral hemorrhage.
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Figure 12 Decision curve evaluating nomogram of a poor prognosis at six months after acute intracerebral hemorrhage. A nomogram was of good clinical value for
predicting poor prognosis six months after acute intracerebral hemorrhage.
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Figure 13 Receiver operating characteristic curve for comparing prognostic predictive ability of serum nucleotide-binding oligomerization domain-like receptor family pyrin
domain-containing |, National Institutes of Health Stroke Scale and hematoma volume after acute intracerebral hemorrhage. In contrast to the National Institutes of Health
Stroke Scale scores and hematoma volume, the serum nucleotide-binding oligomerization domain-like receptor family pyrin domain-containing | levels showed a similar area
under the curve (all P<0.05).

Abbreviations: NLRPI, nucleotide-binding oligomerization domain-like receptor family pyrin domain-containing I; NIHSS, National Institutes of Health Stroke Scale; AUC,
area under the curve; 95% Cl, 95% confidence interval; ns, non-significant.

23729 it is believably conceived that serum NLRP1 may be at least partially derived from

response to acute brain injury,
central nervous system. NLRP1 is produced by peripheral cells under pathological conditions.*>** The systemic

inflammatory response can be activated after acute ICH.>**> Thus, serum NLRP may be secreted by peripheral cells.
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Figure 14 Receiver operating characteristic curve showing prognostic predictive ability of prognosis combination model after acute intracerebral hemorrhage. In contrast
to the National Institutes of Health Stroke Scale scores combined with hematoma volume, the prognosis combination model containing serum nucleotide-binding
oligomerization domain-like receptor family pyrin domain-containing | levels, National Institutes of Health Stroke Scale scores, and hematoma volume exhibited
a significantly increased area under the curve (P<0.05). Asterisk indicates P<0.05.

Abbreviations: NLRPI, nucleotide-binding oligomerization domain-like receptor family pyrin domain-containing |; NIHSS, National Institutes of Health Stroke Scale; AUC,
area under the curve; 95% Cl, 95% confidence interval.

Injuries in both the central and peripheral systems are highly related to poor prognosis of ICH.*"*" Overall, elevated
serum NLRP1 levels may be linked to poor clinical outcomes following ICH.

In a recent prospective observational study of 196 ischemic stroke patients, elevated serum NLRPI1 levels were
significantly correlated with NIHSS scores and infarct volume, and were independently associated with poor prognosis
(mRS scores 3—6) at 90 days after stroke.*” In our study, the AUCs of serum NLRP1 levels at multiple time points did not
significantly differ for predicting poor prognosis; therefore, serum NLRP1 levels at admission were selected for further
statistical analysis. Multivariate analysis showed that serum NLRP1 levels, which were independently correlated with
NIHSS scores, hematoma volume and six-month mRS scores, were independently associated with poor prognosis six
months after acute ICH. A prognosis prediction model in which serum NLRP1, NIHSS scores, and hematoma volume
were merged was visually delineated using the nomogram. The model performed well using a series of statistical
methods, such as ROC curve, calibration curve, and decision curve analyses. Taken together, serum NLRP1 levels may
be potential biomarkers for assessing disease severity and predicting functional outcomes after ICH. However, C-reactive
protein, interleukin-6 and tumor necrosis factor-alpha are all conventionally used. Admittedly, it may be of clinical value

that next studies would be done to compare their prognostic predictive abilities in future.

Conclusions

After acute ICH, serum NLRPI levels substantially increased during the early period and are significantly higher during
ten days than those of the controls. Admission serum NLRP1 levels are independently related to illness severity, as
reflected by NIHSS scores and hematoma volume, and are independently associated with six-month poor prognosis after
ICH. In addition, the combination model integrating serum NLRP1 levels, NIHSS scores, and hematoma volume displays
a significant prognostic predictive efficiency. Overall, serum NLRP1 may be of clinical significance in assessing severity

and predicting neurological outcomes after ICH.
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