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Purpose: To investigate the correlation between plasma levels of high mobility group protein N1 (HMGN1) and the severity of
neurological deficits and prognosis in patients with acute cerebral infarction (ACI).
Patients and Methods: The plasma HMGN1 levels of 108 patients with ACI were detected by ELISA. The National Institutes of
Health Stroke Scale (NIHSS) and the modified Rankin Scale (mRS) were used to assess the neurological impairment and outcomes of
these patients, respectively. The correlation between HMGN1 levels and clinical parameters was analyzed.
Results: The plasma HMGN1 levels of patients with ACI were positively correlated with their NIHSS and mRS scores. Patients with
the large artery atherosclerosis (LAA) subtype in the Trial of Org 10172 in Acute Stroke Treatment (TOAST) classification had higher
plasma HMGN1 levels than patients with other subtypes.
Conclusion: HMGN1 levels are positively correlated with the severity of ACI and could be used to predict the prognosis of these
patients. HMGN1 can be used as a biological marker and potential target for clinical assessment and therapy of ACI.
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Introduction
Acute cerebral infarction (ACI) is the most common type of stroke, accounting for 69.6–70.8% of all stroke cases.1 ACI causes
neurological deficits and even death due to different degrees of neuronal ischemia and necrosis, which poses a great risk to
human health. Studies have shown that a series of inflammatory responses occur in the brain after ACI and that the imbalance
in the secretion of cellular inflammatory factors can further promote the occurrence and development of cerebral infarction.2

Alarmins are a class of endogenous mediators that are rapidly released extracellularly when the body is stimulated by
danger signals; they further activate the natural immune system.3,4 The high-mobility group (HMG) proteins consist of
three families, HMGA, HMGB, and HMGN.5,6 HMGB1 and HMGN1 have been shown to function as alarmins.4,7

HMGB1 is a highly abundant intracellular non-histone chromosome-binding protein that is expressed in various tumor
tissues and is involved in tumor invasion and metastasis;8 it is reported to correlate with the severity of acute cerebral
infarction.9 HMGN1 is a highly conserved non-histone protein that regulates gene expression and affects chromosome
structure by acting directly on nucleosomes in the nucleus, thus participating in various critical biological processes.10

Studies have demonstrated that the plasma HMGN1 level is associated with metastasis and the prognosis of patients with
non-small cell lung cancer (NSCLC),11 while there are no studies on the relationship between HMGN1 and the
progression of ACI. In this study, we investigated the correlation between plasma HMGN1 levels and the National
Institutes of Health Stroke Scale (NIHSS) and the 3-month modified Rankin Scale (mRS) in ACI patients, providing
theoretical support for the further assessment and treatment of ACI.
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Materials and Methods
Participants
One hundred eight patients with ACI who were hospitalized in the Department of Neurology of Tianjin First Central Hospital
fromMarch 2019 toMarch 2021 were enrolled, with 56 men and 52 women aged 38 to 75 years. The clinical manifestations and
head CT and/or MRI findings met the diagnostic criteria for ACI. There were 42 cases of basal nucleus infarction, 18 cases of
thalamic infarction, 25 cases of lobar infarction, 12 cases of cerebellar infarction, and 11 cases of brainstem infarction. According
to the Trial of Org 10172 in Acute Stroke Treatment (TOAST) classification, there were 35 cases of small artery occlusions
(SAO), 30 cases of large artery atherosclerosis (LAA), 20 cases of cardioembolism (CE), 11 cases of stroke of other determined
etiologies (SOE), and 12 cases of stroke of undetermined etiology (SUE). The inclusion criteria were as follows: (1) acute onset,
admitted within 72 hours of symptoms onset; (2) focal neurological deficits (weakness or numbness of one side of the face or
limb, language disorder, and so on), and rarely, generalized neurological deficits; (4) definite vascular causes; (5) brain CT/MRI
to rule out cerebral hemorrhage. The exclusion criteria were as follows: (1) history of surgery or trauma in the last 3 months; (2)
heart disease other than coronary artery disease; (3) hepatic or renal insufficiency; (4) coexisting tumors (5) severe hypertension,
diabetes, respiratory disease, peripheral vascular disease, or embolic disease. This study was approved by the ethics committee of
Tianjin First Central Hospital (Review No.: 2019N195KY), and informed consent was obtained from each study participant or
their legal custodian.

Plasma HMGN1 Levels by Enzyme-Linked Immunosorbent Assay (ELISA)
Five milliliters of venous blood was obtained from patients when fasting before any treatment and placed in a sterile
heparin anticoagulation tube for 30 min. It was then centrifuged at 3000 rpm for 10 min; it separated and the supernatant
was collected and stored at −80°C in a refrigerator until the tests were to be performed. The plasma HMGN1 level was
assayed by ELISA (kit) according to the manufacturer’s instructions.

Assessment of Neurological Deficits and Outcomes
The cerebral impairments of patients with ACI were evaluated using the NIHSS score as follows: <5, mild neurological
deficits and symptoms that do not affect daily activities; 5–15, moderate neurological deficits leading to partial activity
restriction, limb, speech, or sensory impairment; >15, severe neurological deficits and patients completely unable to take
care of themselves.

mRS scores were used to assess the patients’ outcomes at 3 months after the diagnosis of ACI as follows: a score of 0, no
residual symptoms; 1, no significant disability (able to carry out all usual activities despite some symptoms); 2, slight disability
(able to look after themselves without assistance, but unable to carry out all previous activities); 3, moderate disability
(requires some help, but able to walk unassisted); 4, moderately severe disability (unable to attend to bodily functions without
assistance and unable to walk unassisted); 5, Severe disability (bedridden, incontinent, and requires continuous care).

Statistics
GraphPad Prism 5.0 (GraphPad, USA) was used to perform all the statistical analyses. Data are presented as the mean
and standard deviation (SD). The Kolmogorov–Smirnov test was used to assess the normality of the data. Numerical data
were compared using two-tailed Student’s t-tests, paired t-test, or one-way analysis of variance (ANOVA) followed by
Bonferroni’s multiple comparisons test. Fisher’s exact test was used to compare categorical variables. The correlations
between HMGN1 levels and NIHSS or mRS scores were assessed using Spearman correlation analysis. A two-tailed P
value < 0.05 was considered statistically significant.

Results
Plasma HMGN1 Level and General Clinical Characteristics
The correlation between HMGN1 levels and the patients’ clinical characteristics is presented in Table 1. No significant
differences were found in the HMGN1 levels in patients with different ages, genders, body mass index (BMI), and
smoking or drinking history (all P > 0.05).
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Correlation Between Plasma HMGN1 Levels and NIHSS Scores
Plasma HMGN1 levels were significantly higher in patients with NIHSS scores >15 than in those with NIHSS scores <5
(P = 0.0476), as shown in Figure 1A. Correlation analysis showed a significant positive correlation between plasma
HMGN1 levels and NIHSS scores (R2 = 0.0516; P = 0.0181), as shown in Figure 1B.

Table 1 Comparison of General Information of ACI Patients

Items Number (%) HMGN1 (μg/L) P value

Age

<60 years 31 (29%) 0.505±0.123 0.3544

≥60 years 77 (71%) 0.530±0.130

Gender

Male 56 (52%) 0.526±0.132 0.7478

Female 52 (48%) 0.519±0.124

BMI

<25 45 (42%) 0.516±0.120 0.6566

≥25 63 (58%) 0.527±0.134

Smoking

Yes 61 (56%) 0.520±0.125 0.8336

No 47 (44%) 0.526±0.133

Alcohol consumption

Yes 63 (58%) 0.530±0.120 0.4675

No 45 (42%) 0.512±0.138

Abbreviations: HMGN1, high mobility group protein N1; BMI, body mass index.

Figure 1 Relationship between HMGN1 levels and scores of NHISS in patients with ACI. (A) Comparison of plasma HMGN1 levels in patients with different NIHSS scores.
*P<0.05 from one-way ANOVA followed by Bonferroni’s test. (B) Correlation of plasma HMGN1 levels and NIHSS scores in ACI patients. R2=0.0516 and P=0.0181 from
Spearman correlation analysis.
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HMGN1 Levels are Positively Correlated with mRS Scores in ACI Patients
Plasma HMGN1 levels were significantly higher in patients with mRS scores of 3–5 than in those with mRS scores of
0–2 (P = 0.0376), as shown in Figure 2A. Correlation analysis indicated that plasma HMGN1 levels were also
significantly associated with mRS scores (R2 = 0.0581; P = 0.012), and patients with higher HMGN1 levels often had
high mRS scores, as shown in Figure 2B.

Increased Plasma HMGN1 Levels in Patients with the LAA Subtype
On comparing the HMGN1 expression levels in patients with various TOAST subtypes, we found that patients with the
LAA subtype had increased plasma HMGN1 levels than those with SAO, CE, SOE, and SUE, with statistical
significance (P < 0.05, Figure 3A). Moreover, the NIHSS and mRS scores of patients with LAA were also apparently
higher than those of patients with other TOAST subtypes (P < 0.05, Figure 3B and C).

Discussion
Owing to the establishment of a prevention and control system, the prognosis of stroke patients appears to have
improved.12 Despite this, ACI is still one of the main causes of mortality, disability, and long-term cognitive impairment
in China.13 A convenient and rapid method to assess the severity of cerebral infarction at the early stage would be
beneficial for prompt intervention and treatment. Studies on the mechanism of ACI have revealed that inflammatory
responses occur in the infarcted area at an early stage and that the level of inflammatory factors is closely related to the
severity of ACI.14,15

Alarmins are a class of multifunctional endogenous molecules that are released extracellularly upon cell injury or
necrosis; they serve as endogenous danger signals to recruit and activate antigen-presenting cells (APC) and induce the
release of inflammatory factors to generate immune and inflammatory responses.16,17 Various alarmin families have been
identified, such as the HMG family, defensin α, and heat shock proteins. HMGB1 is a non-histone chromatin-binding
protein that is expressed in normal neuronal cells and is an important cytokine that regulates neurological impairment in
ACI.9,14 Animal experiments demonstrate that HMGB1 can migrate from the nucleus to the cytoplasm of neuronal cells 2
h after cerebral infarction.18 In patients with cerebral injury, plasma HMGB1 levels could predict a poor prognosis,
suggesting that HMGB1 may be involved in the development of cerebral disease.19

HMGN1 also functions as alarmin and is mainly involved in lipopolysaccharide-induced immune responses,
promoting dendritic cells phenotypic and functional maturation through the TLR4-MyD88-TRIF pathway.7,20 A previous

Figure 2 Correlation of HMGN1 level and mRS scores. (A) Comparison of plasma HMGN1 levels in patients with different mRS scores. *P<0.05 from Student’s test. (B)
Correlation of plasma HMGN1 levels and mRS scores in ACI patients. R2=0.0581 and P=0.012 from Spearman correlation analysis.
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study demonstrated that HMGN proteins regulate astrocyte expression and that mice lacking HMGN1 exhibit demye-
lination, leading to abnormal neurotransmission mediator production.21 It is also reported that the plasma HMGN1 level
is associated with metastasis and the prognosis of patients with NSCLC,11 while HMGN1 target therapy exhibits anti-
tumor effects in pre-clinical animal experiments.22–24 In this study, we tested the expression of HMGN1 in patients with
ACI. We found that plasma HMGN1 levels were significantly higher in patients with NIHSS scores greater than 15.
Further analysis revealed that HMGN1 levels are positively correlated with the NIHSS score in patients with ACI. Since
the NIHSS score is widely used to evaluate the severity of cerebral infarction, the plasma HMGN1 level could determine
the degree of cerebral impairment in patients with ACI.

The mRS is a clinician-reported assessment of global disability that is commonly used for the assessment of
functional outcomes in stroke studies.25 It was designed to assess recovery from stroke. It is also used in more than
30 other neurological conditions, including Parkinson’s disease, and as a primary endpoint in randomized clinical trials
(RCTs) of emerging acute stroke treatments.26 In this study, the plasma HMGN1 level was negatively correlated with the
mRS of patients with ACI, which demonstrated that HMGN1 could be a novel marker to evaluate the prognosis of
patients with ACI.

TOAST typing is commonly used in the international classification of cerebrovascular diseases and in diagnostic and
therapeutic guidelines for acute ischemic stroke.27 It focuses on the analysis of the pathogenesis of cerebral infarction. In
this study, HMGN1 levels were significantly higher in patients with the LAA subtype of TOAST than in those with the
other four types. What’s more, the NIHSS and mRS scores of patients with the LAA subtype were also high, when
compared with those of other patients with ACI. This suggests more severe neurological impairment and a poorer

Figure 3 Increased HMGN1 level as well as NIHSS and mRS scores in patients with LAA. (A) Expression of HMGN1 in patients with various ischemic stroke subtypes from
the TOAST classification *P<0.05 and **P<0.01 from one-way ANOVA followed by Bonferroni’s test. (B) Comparison of NIHSS scores in patients with distinct ischemic
stroke subtypes from the TOAST classification. *P<0.05 and **P<0.01 from one-way ANOVA followed by Bonferroni’s test. (C) Comparison of mRS scores in patients with
different ischemic stroke subtypes of the TOAST classification. *P<0.05 and **P<0.01 from one-way ANOVA followed by Bonferroni’s test.
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prognosis of patients with LAA than those with SAO, CE, SOE, and SUE. HMGN1 level could thus be a sensitive and
direct biomarker to identify patients with LAA and further evaluate the development and outcomes of ischemic injury.

This study had two limitations. First, the sample size of the enrolled patients with ACI was relatively small, so these
preliminary findings should be verified in a study involving a larger number of patients from multiple centers. Second,
the underlying mechanisms of how HMGN1 regulates the development of ischemic cerebral impairment should be
further investigated in preclinical studies.

Conclusions
The HMGN1 level is positively correlated with the severity of ACI and predicts a poor prognosis for these patients.
HMGN1 can be used as a biological marker for the clinical detection of ACI progression, as well as a potential
therapeutic target for ACI.
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