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Background: Stroke-induced immunodepression syndrome is considered the
major etiology of stroke-associated pneumonia (SAP). Repulsive guidance
molecule A (RGM-A) is an immunomodulatory protein that is closely related
to inflammation and immune responses. To explore the relationship between
RGM-A and SAP and facilitate the early identification of patients at high risk of
developing SAP, we investigated the predictive value of RGM-A in SAP.

Methods: We enrolled 178 patients with acute ischemic stroke (AIS) and finally
analyzed 150 patients, among whom 69 had SAP and 81 had non-SAP. During
the same period, 40 patients with community-acquired pneumonia and 40
healthy participants were included as controls. SAP was defined according to
the modified US Centers for Disease Control and Prevention criteria. Blood
samples were collected at 24 h, 48 h, 3 days, 4 to 7 days, and 8 to 14 days after
stroke onset. An enzyme-linked immunosorbent assay was used to detect the
plasma levels of RGM-A and interleukin-6.

Results: The plasma RGM-A levels were significantly decreased in both
patients with community-acquired pneumonia and those with AlS, and the
decline was most pronounced in patients with SAP (P < 0.001). RGM-A started
to decline within 24 h after stroke in the SAP group, and the lowest levels
were detected on day 3 and days 4 to 7 (P < 0.001). The RGM-A levels in
the SAP group were lower than those in the non-SAP group at all blood
collection time points (P < 0.05). In the logistic regression analyses, RGM-A was
a protective factor for SAP after adjusting for confounders (adjusted odds ratio
=0.22, 95% confidence interval = 0.091-0.538, P = 0.001). Receiver operating
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characteristic curve analysis showed that the area under the curve for RGM-A
was 0.766 (0.091-0.538; P = 0.001), the cutoff value was 4.881 ng/mL, and the
sensitivity and specificity were 80.00 and 76.36%, respectively.

Conclusions: We demonstrated that reduced plasma levels of RGM-A might
help in the early identification of high-risk patients with SAP and predict the
occurrence of SAP in patients with AIS. RGM-A might provide new clues to a

potential alternative therapy for SAP.

repulsive guidance molecule A, ischemic stroke, pneumonia, inflammation,
immunomodaulation, prediction

Introduction

Stroke is the second leading cause of death globally (1,
2). Stroke-associated pneumonia (SAP) is the most common
complication after stroke and is significantly associated with
death (3, 4), and with the incidence varying from 6.7 to 47%
(5-9). SAP not only worsens stroke outcomes but also prolongs
hospitalization and increases the economic burden on families
and society (2, 5). Initial concepts on the etiology of SAP were
mainly focused on aspiration, and a variety of studies have
focused on age, stroke severity, stroke volume, and dysphagia in
patients with SAP (4, 10). However, both nasogastric tubes and
prophylactic antibiotic use have failed to reduce the incidence
of SAP and the stroke mortality rate (10-12). The failure of
these clinical trials has caused researchers to reconsider the
etiology and therapeutic strategies of SAP. In recent years,
accumulating experimental and clinical studies have confirmed
that stroke-induced immunodepression syndrome (SIDS) is the
main cause of SAP. Acute stroke causes a rapid and persistent
deterioration in cellular immune function, inducing decreases
in lymphocytes and natural killer cells and deactivation of
monocytes, Th1 cells, and Th-mediated lymphocytes (3, 13, 14);
this weakens the resistance of the human body against pathogens
and leads to an increased susceptibility to SAP. Along these lines,
immunomodulation has been explored as an alternative therapy
for the prevention of SAP. However, highly sensitive and specific
immunodepression biomarkers that can predict the occurrence
of SAP are still lacking.

Repulsive guidance molecule A (RGM-A) is a 33-kDa
glycosylphosphatidylinositol-linked membrane glycoprotein. It
is the first molecule found to guide axons to their final location
through a balance of chemoattractive or chemorepulsive signals
in the developing nervous system (15-17). Recent evidence
has identified RGM-A as a versatile immunoregulatory protein
that is involved in a variety of inflammatory and immune
diseases including autoimmune encephalomyelitis (18), multiple
sclerosis (19), cerebrovascular atherosclerosis (20), peritonitis
(21, 22), and acute lung injury (23, 24). RGM-A is strongly
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expressed in peripheral tissues, especially the surface of immune
cells and tissues sensitive to infection, and it plays crucial roles
in the regression of acute inflammation and tissue regeneration
via its receptor neogenin (21, 22). In vitro, RGM-A restores M@
chemotaxis and enhances macrophage phagocytosis, inhibiting
polymorphonuclear leukocyte (PMN) migration (21, 22). In
vivo, systemic application of RGM-A peptides was shown
to attenuate the inflammatory response and infiltration of
inflammatory cell traffic in a mouse model of zymosan-A-
induced peritonitis (21, 22). In other studies involving an
acute lung injury model, the RGM-A receptor neogenin was
strongly induced within injured pulmonary tissue, and the
binding of RGM-A to its receptor inhibited leukocyte migration,
decreasing the production of proinflammatory cytokines and
promoting inflammation resolution in acute lung injury (23,
24). Moreover, in our previous study, we found that RGM-
A was involved in vascular inflammation and cerebrovascular
atherosclerosis (20, 25). RGM-A levels were reduced in
atherosclerotic aortas and in macrophages isolated from
plaques (20).

Therefore, we hypothesized that RGM-A is associated with
the development of SAP. To test this hypothesis, we designed the
current study to investigate whether RGM-A is associated with
SAP in patients with acute ischemic stroke (AIS). We found that
reduced RGM-A levels might facilitate early prediction of the
occurrence of SAP.

Methods

Patient selection

In this prospective clinical study, we recruited all
patients with AIS from the Department of Neurology at
Yongchuan Hospital of Chongqing Medical University
from July 2020 to February 2022. During the same
and 40

(CAP)

registration period, 40 healthy participants

patients with community-acquired pneumonia
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were recruited from the Physical Examination Center
and Respiratory Department, respectively. This research
was approved by the Ethics Committee of Yongchuan
of Medical All

involved in this study provided written

Hospital Chongging University.
participants
informed consent.

The inclusion criteria for patients with AIS were an age
of >18 years, acute stroke onset within 72h, confirmation of
AIS by cranial computed tomography and magnetic resonance
imaging at admission, and provision of informed consent.
The exclusion criteria were a National Institutes of Health
Stroke Scale (NIHSS) score of <1; active infection or pyrexia
within 2 weeks before admission; cancer or autoimmune
disease; unstable conditions such as renal failure, hepatic
failure, heart failure, or immunosuppressant treatment; and
loss to follow-up within 3 months. SAP was defined according
to the modified United States Centers for Disease Control
and Prevention criteria (26). SAP was diagnosed by two
experienced neurologists during the first 7 days after the onset
of stroke. CAP was defined as an acute lower respiratory
infection associated with clinical signs and symptoms according
to the British Thoracic Society (27), and the diagnosis of
CAP was confirmed by pulmonary infiltrates on a chest
computed tomography scan and laboratory indicators of acute
lower respiratory infection at the time of hospitalization (28,
29).

In total, 178 patients with AIS were enrolled, and 28 were
excluded. The remaining 150 patients with AIS were analyzed,
among whom 69 had SAP and 81 had non-SAP (Figure 1).

Clinical data

The baseline demographic and clinical data analyzed
in this study were age, sex, and preexisting comorbidities
including a history of smoking and drinking, hypertension,
diabetes mellitus, hyperlipidemia, coronary heart disease, atrial
fibrillation, previous stroke, and chronic obstructive pulmonary
disease. Clinical parameters included the admission NIHSS
score, the admission Glasgow Coma Scale score, dysphagia,
infarct volume, and Trial of Org 10172 in Acute Stroke
Treatment (TOAST) criteria. The NITHSS scores were divided
into three categories: mild impairment (NIHSS score of
1-4), moderate impairment (NIHSS score of 5-15), and
severe impairment (NIHSS score of >16) (13). Dysphagia
was identified using bedside non-instrumented swallowing
tests at admission. Glasgow Coma Scale assessment involves
evaluation of eye-opening, motor, and verbal responses to
speech. The etiological subtype of ischemic stroke was
described according to the TOAST criteria. Large stroke
volume was defined as an infarction involving two-thirds
or more of the middle cerebral artery territory or internal
carotid artery regions (30). All patients were followed up
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within 3 months after stroke onset. The follow-up was
conducted by two experienced neurologists via a structured
telephone interview to assess the modified Rankin Scale (mRS)
score. A good outcome was defined as an mRS score of
<3, and a poor outcome was defined as an mRS score
of >3 (3-6), including death (31). The 30-day mortality
rate and hospitalization duration were also included in the
outcome assessment.

Laboratory data

Fasting blood samples were collected at 24 h, 48h, 3 days,
4 to 7 days, and 8 to 14 days after stroke onset. Because some
patients were discharged or died within 14 days, blood samples
were not collected at a fixed time point for every patient. Blood
samples were collected in a calcium ethylenediaminetetraacetic
acid tube (5mL), and then centrifuged at low temperature and
high speed (450xg, 4°C, 10min). The plasma was collected
and stored at —80°C for future use (31, 32). The plasma
RGM-A and interleukin (IL)-6 concentrations were detected
in accordance with the instructions for the enzyme-linked
immunosorbent assay kit (R&D Systems, Minneapolis, MN,
USA; 4 A BIOTECH, Beijing, China), and the absorbance value
was detected with a multifunctional fluorescent luminescence
analyzer (Varioskan Flash; Thermo Fisher Scientific, Waltham,
MA, USA).

Statistical analysis

Categorical variables were expressed as a number (%), and
continuous variables with a normal distribution were expressed
as the mean = standard deviation. Data that did not fit a normal
distribution were expressed as the median and interquartile
range. Multiple group comparisons among the four different
groups were made using the Kruskal-Wallis test. Differences in
continuous variables between patients with and without SAP
were analyzed using the chi-square test, Mann-Whitney U-
test, or Kruskal-Wallis test, as appropriate. To investigate the
association of RGM-A with SAP, adjusted odds ratios (aOR)
and 95% confidence intervals (CIs) were calculated. Logistics
regression analysis was used to analyze the predictive value of
different variables for SAP. The diagnostic value of RGM-A
was evaluated using the receiver operating characteristic (ROC)
curve and the area under the ROC curve (AUC). Sensitivity
and specificity were given under the maximal Youden’s Index
(sensitivity+specificity—1). Statistical analyses were performed
using SPSS version 26.0 (SPSS Inc., Chicago, IL, USA). P <
0.05 was considered statistically significant, and P < 0.01 was
considered highly statistically significant. Graphs were drawn
using Graph Pad Prism 8 (Graph Pad Software, San Diego,
CA, USA).
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‘ Acute ischemic stroke patients between July 2020 and February 2022 (n=178) |
Visited within 3 days of symptom onset
L yme l * Excluded: n=11 |
‘ Acute ischemic stroke patients within 3 days (n=167) |
NIHSS>1 and age 218
g l * Excluded: n=3 |
‘ Acute ischemic stroke patients with NIHSS>3 (n=164) |
Exclusion criteria
* Active infection before admission: n=4
* Cancer or autoimmune disease: n=4
Final analysis (n=150) * Severe renal & hepatic failure, or
* SAP: n=69 immunosuppressanttreatment: n=3
* Non-SAP: n=81 * Lost to follow-up in 3-month: n=3
FIGURE 1

Flow-chart of inclusion and exclusion criteria. SAP, stroke-associated pneumonia; NIHSS, National Institutes of Health Stroke Scale.

Results

Participant characteristics and clinical
data

After recruitment, we preliminarily enrolled 178 patients
with AIS in this study. Of these 178 patients, 28 were excluded
(symptom onset >3 days previously, n = 11; NIHSS score of
<1, n = 3; active infection within 2 weeks before admission,
n = 4; cancer and autoimmune disease, n = 4; renal failure
and hepatic failure, n = 3; and loss to follow-up within 3
months, n = 3) (Figure 1). The remaining 150 patients with AIS
were analyzed, among whom 69 (46%) patients were assigned
to the SAP group and 81 (54%) to the Non-SAP group. We
also included 40 patients with CAP and 40 healthy subjects
as controls.

As shown in Table 1, there were no differences in sex (P
= 0.316), hypertension (P = 0.642), diabetes mellitus (P =
0.915), hyperlipidemia (P = 0.545), and chronic obstructive
pulmonary disease (P = 0.177) between the SAP group and
Non-SAP group. However, the patients’ age and incidence of
atrial fibrillation, coronary heart disease, and previous stroke
were higher in the SAP group than in the Non-SAP group (P
< 0.05). The incidence of severe neurological deficits (NTHSS
score of >16), Glasgow Coma Scale score, dysphagia, infarct
volume, and TOAST criteria were significantly different between
the two groups (P < 0.01). Moreover, we evaluated the clinical
outcomes of patients in the SAP and Non-SAP groups according
to the 3-month mRS score, 30-day mortality, and hospitalization
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duration (Table 1). These results showed that the incidence of
poor outcomes (3-month mRS score of 3-6) was significantly
higher in the SAP group than in the Non-SAP group (75.4 vs.
32.1%, respectively; P < 0.001); similar results were observed for
the 30-day mortality rate (29.0 vs. 3.7%, respectively; P < 0.001)
and hospitalization duration (13.67 vs. 11.56 days, respectively;
P < 0.05).

We also analyzed laboratory data including the C-reactive
protein (CRP) level, interleukin-6 (IL-6) level, neutrophil-
to-lymphocyte ratio (NLR), white blood cell (WBC) count,
and percentage of neutrophils (NEUT%) in patients with and
without SAP (Table 1). We found that all included inflammatory
predictors were substantially increased in patients with SAP
and were significantly higher than those in patients with Non-
SAP (P < 0.01): the CRP level was 14.80 (6.45-38.30) vs. 1.40
(0.90-5.70) mg/L, respectively (P < 0.001); the IL-6 level was
41.20 (29.29-92.00) vs. 28.76 (21.48-37.44) ng/mL, respectively
(P = 0.002); the WBC count was 10.38 & 4.31 vs. 7.96 £ 2.84
x 109/L, respectively (P < 0.001); the NLR was 7.16 (4.84-
12.10) vs. 3.65 (2.24-8.14), respectively (P < 0.001); and the
NEUT% was 78.51 + 13.75% vs. 69.84 + 16.57%, respectively
(P = 0.001). These results suggest that elevated inflammatory
factors were associated with the occurrence of SAP and that the
diagnosis of SAP in this study was credible. Notably, the RGM-
A level was significantly lower in the SAP group than in the
Non-SAP group (4.94 £ 1.40 vs. 6.33 £ 2.02, respectively; P <
0.001), indicating that a relationship might exist between RGM-
A and SAP. Therefore, we next investigated the possibility of
this relationship.
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TABLE 1 Characteristics and clinical data of patients with AIS with and without SAP.

Non-SAP SAP Y2tz P-value
n (%) 81 (54) 69 (46)
Demographic parameters
Age (SD), years 68.74 £ 11.60 75.04 £10.27 3.495 <0.001
Male, (n %) 50 (61.7) 37 (53.6) 1.005 0.316
Comorbidities
Hypertension, (n %) 58 (71.6) 47 (68.1) 0.216 0.642
Diabetes mellitus, (n %) 24 (29.6) 21 (30.4) 0.012 0.915
Hyperlipidemia, (n %) 65 (80.2) 58 (84.1) 0.367 0.545
Atrial fibrillation, (n %) 22(27.2) 32 (46.4) 5.972 0.015
Coronary artery disease, (1 %) 20 (24.7) 32 (46.4) 7.736 0.005
Previous stroke, (1 %) 8(9.9) 16 (23.2) 4913 0.027
COPD, (n %) 8(9.9) 12 (17.4) 1.821 0.177
Clinical parameters
Admission NIHSS score 20.918 <0.001
1-4, (n %) 24 (29.6) 6(8.7)
5-15, (1 %) 46 (56.8) 33 (47.8)
>16, (n %) 11 (13.6) 30 (43.5)
GCS score(IQR) 15 (13.5-15) 13 (10-15) 3.73 <0.001
dysphagia, (1 %) 25(30.9) 40 (58.0) 11.149 0.001
Large stroke volume, (n %) 45 (55.6) 62 (89.9) 21.436 <0.001
TOAST criteria 15.107 0.004
Large-artery atherosclerosis, (n %) 28 (34.6) 31 (44.9)
Cardioembolism, (1 %) 23(28.4) 31 (44.9)
Small-vessel occlusion, (1 %) 23(28.4) 6(8.7)
Other cause, (n %) 2(2.5) 0(0)
Undefined cause, (1 %) 5(6.2) 1(1.4)
Outcomes
3-month mRS 27.941 <0.001
good outcome (0-2), (1 %) 55 (67.9) 17 (24.6)
poor outcome (3-6), (1 %) 26 (32.1) 52 (75.4)
30-day mortality, (n %) 3(3.7) 20 (29.0) 18.345 <0.001
Hospitalization duration (SD), days 11.56 £ 13.67 13.67 £7.70 2.067 0.04
Inflammatory predictors
CRP (IQR), mg/L 1.40 (0.90-5.70) 14.80 (6.45-38.30) 6.632 <0.001
IL—6 (IQR), ng/mL 28.76 (21.48-37.44) 41.20 (29.29-92.00) 3.026 0.002
WBC (SD),10"9/L 7.96 £2.84 10.38 = 4.31 4.043 <0.001
NLR, (1 %) 3.65 (2.24-8.14) 7.16 (4.84-12.10) 3.965 <0.001
NEUT, (n %) 69.84 £ 16.57 78.51 £13.75 3.379 0.001
Immunodepression marker
RGM-A (SD), ng/mL 6.33 £+ 2.02 4.94 £+ 1.40 4.813 <0.001

Data are presented as mean =+ standard deviation (SD), median (interquartile range, IQR), or n (%). AIS, acute ischemic stroke; SAP, stroke-associated pneumonia; COPD, chronic
obstructive pulmonary disease; NTHSS, National Institutes of Health Stroke Scale; GCS, Glasgow Coma Scale; TOAST, Trial of Org 10172 in Acute Stroke Treatment; mRS, modified
Rankin Scale; CRP, C-reactive protein; IL-6, interleukin-6; WBC, white blood cell; NLR, neutrophil-to-lymphocyte ratio; NEUT%, percentage of neutrophils; RGM-A, repulsive guidance

molecule A.

Plasma RGM-A levels were significantly
decreased in patients with CAP and AIS

To further investigate the relationship between RGM-A and
SAP, we included 40 patients with CAP and 40 healthy subjects
as controls (Table 2). First, we found that the RGM-A levels were

Frontiersin Neurology

significantly lower in patients with CAP than in healthy controls
[5.1 (5.1-5.3)c vs. 8.4 (6.5-11.6) ng/mL, respectively; P < 0.001]
(Table 2, Figure 2). These results suggest that RGM-A is involved
in the acute inflammatory reaction in the lung. In addition,
the RGM-A levels were significantly lower in patients who had
AIS without SAP than in healthy controls [5.5 (5.2-6.6) vs. 8.4
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TABLE 2 Baseline characteristics and RGM—A levels among the four groups.

10.3389/fneur.2022.949515

Control (n = 40) CAP (n = 40) Non-SAP (n=81) SAP (n=69) P-value
Age (SD), years 64.0 £ 11.2 69.6 £13.5° 68.7 £11.6° 75.0 4 10.3%0¢ 0.001
Male, (n %) 22(55.0) 28 (70.0) 50 (61.7) 37 (53.6) 0.344
Current smoking, (n %) 11 (27.5) 12 (30.0) 34 (42.0) 25 (36.2) 0.371
Current drinking, (n %) 10 (25.0) 14 (35.0) 21 (25.9) 19 (27.5) 0.721
Hypertension, (1 %) 0(0) 17 (42.5) 58 (71.6) 47 (68.1) <0.001
Diabetes mellitus, (1 %) 0(0) 4(10.0) 24 (29.6) 21 (30.4) <0.001
Hyperlipidemia, (n %) 0(0) 3(7.5) 65 (80.2) 58 (84.1) 0.013
Systolic pressure (SD), mmHg 1249 +18.6 130.2 +23.1 157.3 +27.3*0 153.7 £ 32.1%P <0.001
Diastolic pressure (IQR), mmHg 72.0 (66.3-80.0) 72.0 (65.0-84.0) 90.0(77.0-98.5)>P 87.0 (75.0-97.0)*P <0.001
RGM-A(IQR), ng/mL 8.4 (6.5-11.6) 5.1 (5.1-5.3)* 5.5 (5.2-6.6)" 5.2 (3.7-5.6)*¢ <0.001

Data are presented as mean = standard deviation (SD), median (interquartile range, IQR), or 7 (%). RGM-A, repulsive guidance molecule A; CAP, community-acquired pneumonia; SAP,
stroke-associated pneumonia. P < 0.05 for CAP, Non-SAP, SAP vs. Control; P < 0.05 for Non-SAP, SAP vs. CAP; °P < 0.05 for SAP vs. Non-SAP.

(6.5-11.6) ng/mL, respectively; P < 0.001]. Furthermore, among
patients with AIS, these decreases were more pronounced in
patients with than without SAP (5.2 [3.7-5.6] vs. 5.5 [5.2-6.6]
ng/mL, respectively; P < 0.001). These results indicate that
RGM-A is not only associated with acute lung infection but is
also related to AIS, especially in patients with SAP.

Time course of RGM-A and inflammatory
predictors in SAP and Non-SAP groups

To investigate the changes of RGM-A over time, we collected
fasting blood samples at 24 h, 48h, 3 days, 4 to 7 days, and 8
to 14 days after stroke onset. Figure 3A shows that the RGM-
A expression started to decline during the initial 24h after
stroke in the SAP group (P < 0.05), and the lowest levels were
reached on day 3 and days 4 to 7 (P < 0.001). These differences
between the SAP and Non-SAP groups tended to shrink on
days 8 to 14 (P < 0.05). Moreover, the RGM-A levels in the
SAP group were lower than those in the Non-SAP group at all
time points (P < 0.05) (Figure 3A). These results might mean
that reduced RGM-A levels are associated with the development
of SAP.

Furthermore, with the exception of the CRP level (P <
0.05) (Figure 3B), the other inflammatory predictors (IL-6 level,
NLR, WBC count, and NEUT%) did not change significantly
within 24 h after stroke (P > 0.05) (Figures 3B-F). The NLR and
NEUT% were significantly increased on day 2, day 3, and days 4
to 7 in the SAP group (P < 0.01) (Figures 3C,E). The IL-6 level
and WBC count were increased only on day 2 and day 3 (P <
0.01) (Figures 3D,F) and began to decrease on days 4 to 7 (P
> 0.05) (Figures 3D,F). Finally, all the inflammatory predictors
(CRP level, IL-6 level, NLR, WBC count, and NEUT%) were
decreased on days 8 to 14 (Figures 3C-F). Based on these
findings, we speculate that the variations of inflammatory
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FIGURE 2
Comparison of plasma RGM-A levels among the Control, CAP,
Non-SAP, and SAP groups.RGM-A, repulsive guidance molecule
A; CAP, community-acquired pneumonia; SAP,
stroke-associated pneumonia. ***P < 0.001.

predictors might be related to the disease process and antibiotic
use in patients with SAP.

Logistic regression analysis

To further understand the risk factors for SAP, we used
logistic regression to analyze the predictive value of different
confounding variables for SAP (Table 3). The results showed
that RGM-A was a protective factor for SAP after adjusting
for confounders (adjusted odds ratio: aOR = 0.221, 95%
confidence interval: CI = 0.091-0.538, P = 0.001), whereas
the CRP level (aOR = 1.157, 95% CI = 1.06-1.264, P =
0.001) and WBC count (aOR = 1.236, 95% CI=1.051-1.45,
P = 0.009) were risk factors. Consistent with our hypothesis,

frontiersin.org


https://doi.org/10.3389/fneur.2022.949515
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Zhong et al. 10.3389/fneur.2022.949515
A D
* * % *kk kKK *
g1 . i | 201
mm Non-SAP =3 Non-SAP
SAP ns *% *kk  kkk ns
= 6 . P I e T e TR o T o T o . SAP
2 .
I 4 = 10
< > 10
=
[0}
x 24 5
0- 0
24h 48h day3 day4-7 day8-14 24h 48h day3 day4-7 days8-14
B E
50 204
=3 Non-SAP =3 Non-SAP
40 * *kk  kkk kX ns Em SAP 4 154 ns *k kKK ns ns mm SAP
= m m mM m = m m m m m,
S 304 2
é 2 101
- O
5 20 2
2 54
104
0- 0- T T T T
24h 48h day3 day4-7 day8-14 24h 48h day3 day4-7 day8-14
C F
150 100 NS *% *kkK kKK *
=3 Non-SAP m m L B | m =3 Non-SAP
ns *K Kk ns ns . SAP 80 mm SAP
T4 M MMM =
5 S 604
s E
© )}
2 50+ W 40
20
0- 0- T T
24h 48h day3 day4-7 day8-14 24h 48h day3 day4-7 day8-14
FIGURE 3
Levels of RGM-A and inflammatory predictors at 24 h, 48 h, 3 days, 4 to 7 days, and 8 to 14 days after stroke onset in patients with and without
SAP. (A) RGM-A level, (B) CRP level, and (C) IL-6 level in patients with SAP and Non-SAP, (D) NLR, (E) WBC count, and (F) NEUT% in patients with
SAP and Non-SAP. SAP: stroke-associated pneumonia; RGM-A: repulsive guidance molecule A; CRP: C-reactive protein; IL-6: interleukin-6;
WBC: white blood cell; NLR: neutrophil-to-lymphocyte ratio; NEUT%: percentage of neutrophils. *P < 0.05, **P < 0.01, and ***P < 0.001; ns,
non-significant (P > 0.05)

RGM-A might be a protective factor for SAP, and patients
with reduced plasma RGM-A levels may be more likely to
develop SAP.

Receiver operating characteristic (ROC)
analysis

ROC analysis was performed to evaluate the diagnostic value
of RGM-A and other conventional inflammatory indicators for
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SAP (Table 4). The results showed that the AUC for RGM-A
was 0.766 (95% CI: 0.686-0.847; P < 0.001), which was higher
than that for IL-6 [0.758 (0.640-0.876); P = 0.0002], NLR [0.714
(0.629-0.799); P<0.001], WBC [0.709 (0.622-0.796); P<0.001],
and NEUT% [0.696 (0.61-0.783); P <0.001] but slightly lower
than the AUC for CRP [0.839 [0.761-0.916]; P<0.001). The
cutoff value for RGM-A was 4.881 ng/mL, and the sensitivity
and specificity were 80.00 and 76.36%, respectively. These
results indicated that RGM-A had a good diagnostic value
for SAP.
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Discussion

In this study, we focused on identifying potential
associations between the plasma RGM-A level and the
development of SAP, while also investigating the changes of
RGM-A over time. We found that a reduced plasma RGM-A
level increased the risk of SAP in patients with AIS, and the
earliest decline started as early as 24 h after stroke onset. We
believe that a reduced plasma RGM-A level might help in the
early identification of high-risk patients with SAP.

Stroke is an acute neurovascular disease with high
morbidity, mortality, and disability rates (2). SAP is one of
the most serious complications after stroke and is significantly
associated with poor outcomes (3). Early identification of
patients at high risk for SAP might help prevent the onset
of SAP and ameliorate its consequences. Several studies have
focused on age, stroke severity, stroke volume, and dysphagia
in patients with SAP, and several clinical predictive models
have been established to select patients at high risk for SAP
(3, 4, 10, 33, 34). However, highly sensitive and specific
immunodepression biomarkers that can predict the occurrence
of SAP are still lacking.

To our knowledge, this study is the first to show that
the plasma RGM-A level is decreased in patients with
SAP. RGM-A is a promising target for the diagnosis and
treatment of numerous diseases based on its versatility; it
is involved in ischemic stroke (35), Parkinson’s disease (36),

TABLE 3 Multivariable analysis of possible predictors of SAP.

Variable B S.E aOR (95% CI) P-value
RGM-A —1.51 0.454 0.221 (0.091-0.538) 0.001
CRP 0.146 0.045 1.157 (1.06-1.264) 0.001
WBC 0.212 0.081 1.236 (1.051-1.45) 0.009
GCS —0.246 0.105 0.782 (0.636-0.961) 0.019

Logistic regression analysis was performed to analyze the predictive value of different
confounding variables for SAP. B, B-regression coefficient; S.E, standard error; aOR,
adjusted odds ratio; CI, confidence interval; RGM-A, repulsive guidance molecule A;
CRP, C-reactive protein; WBC, white blood cell; GCS, Glasgow Coma Scale.

10.3389/fneur.2022.949515

autoimmune encephalomyelitis (18), multiple sclerosis (19),
and cerebrovascular atherosclerosis (20). The evaluation of
RGM-A as an immunoregulatory protein has recently increased
in translational medical research, especially with regard to
peritonitis (21, 22) and acute lung injury (23, 24). In our
previous study, we found that the RGM-A level was reduced
in atherosclerotic aortas and in macrophages isolated from
plaques, suggesting that RGM-A has a potential protective effect
in cerebrovascular atherosclerosis (20). Previous researchers
have demonstrated that RGM-A 1is expressed in pathogenic
Th17 cells in experimental autoimmune encephalomyelitis
(18), and the binding of RGM-A to its receptor neogenin
inhibits PMN migration and increases the attachment of CD4+
cells to intercellular adhesion molecule-1 to attenuate the
inflammatory response (18, 21, 22). RGM-A restores M®
chemotaxis and enhances macrophage phagocytosis, inducing
human M@ toward alternatively activated (M2) M®s. One
study showed that administering RGM-A peptides attenuated
the inflammatory response and infiltration of inflammatory
cell traffic in a mouse model of zymosan-A-induced peritonitis
(21, 22). In recent years, researchers have found that RGM-A
and its receptor neogenin are involved in the acute inflammatory
response in pulmonary tissue (23). The binding of RGM-A to
its receptor neogenin was shown to inhibit leukocyte migration,
decrease the production of proinflammatory cytokines, and
promote inflammation resolution in acute lung injury (23, 24).
In the absence of RGM-A, neogenin has a damaging effect on
lung tissue, resulting in PMN entry into the inflammatory site of
lung tissue and exacerbation of the inflammatory response (37).
However, when RGM-A binds to its receptor neogenin, it exerts
anti-inflammatory activity to block the migration of PMNs to
the inflammatory site (21, 22). Therefore, we are reasonably
confident that the plasma RGM-A level is associated with the
development of SAP.

Moreover, we found that the expression of RGM-A was
decreased in patients with AIS (patients in the Non-SAP
group). One explanation for the close relationship between
the RGM-A and AIS may be the immunologic changes after
stroke events. It is well known that stroke induces rapid
and temporary immunodepression, inducing SIDS. SIDS leads

TABLE 4 Comparison of predictive power of RGM—A vs. conventional inflammatory indicators in the prediction of SAP.

Variable AUC P-value 95% confidence interval
RGM-A 0.766 P <0.001 0.686 0.847
CRP 0.839 P <0.001 0.761 0916
IL-6 0.758 0.0002 0.64 0.876
NLR 0714 P <0.001 0.629 0.799
WBC 0.709 P <0.001 0.622 0.796
NEUT 0.696 P <0.001 0.61 0.783

Cutoff value Sensibility, % Specificity, %
4.881, ng/mL 80.00 76.36
9.050, mg/L 79.16 82.19
32.557, ng/mL 72.97 74.19
4225 55.42 8421
7.90, 10"9/L 54.67 78.26
77.10, 57.74 79.45

Receiver operating characteristic analysis was performed to evaluate the diagnostic value of RGM-A and other conventional inflammatory indicators for SAP. AUC, area under the curve;

RGM-A, repulsive guidance molecule A; CRP, C-reactive protein; IL-6, interleukin-6; WBC, white blood cell; NLR, neutrophil-to-lymphocyte ratio; NEUT%, percentage of neutrophils.
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to a decrease in the number of lymphocytes and natural
killer cells as well as deactivation of monocytes, Thl cells,
and Th-mediated lymphocytes (14). RGM-A is a membrane-
binding immunomodulatory protein that is closely related to
inflammation and immune responses. It is highly expressed
in immune cells and is cleaved and presents in soluble form
in serum under inflammatory conditions (21, 22).When SIDS
occurs, immune cells decrease and RGM-A expression might
be reduced, which would explain the reduction of RGM-A in
patients with AIS.

Although biomarkers such as serum iron (38), intercellular
adhesion molecule 1 (32), procalcitonin (39), and human
leukocyte antigen-DR isotype (13) have been investigated to
predict the development of SAP, highly sensitive and specific
immunodepression biomarkers that might help in the early
identification of high-risk patients with SAP are still lacking.
Notably, our study showed that RGM-A started to decline within
24 h after stroke onset, and the lowest levels were observed on
day 3 and days 4 to 7. This might have occurred because SAP
is an early complication and most frequently occurs within the
first 7 days after stroke, and SIDS usually begins within several
hours after stroke and is even more pronounced during the
following 3 days (13, 40). Moreover, the expression of RGM-
A rather than other inflammatory indicators, such as CRP and
IL-6, continued decreasing 8 to 14 days after stroke, indicating
that SIDS might last longer than the inflammatory response.
This may explain why antibiotic prophylaxis fails to reduce the
frequency of SAP or improve 3-month outcomes in patients
with stroke (11, 12). Thus, these results might provide clues
for a more effective exploration of alternative therapy for the
prevention of SAP.

Our research has several limitations. First, SAP was
diagnosed according to clinical symptoms, chest computed
tomography findings, and inflammatory biomarkers, but
sputum cultures often remain negative without bacterial growth.
Second, the incidence of SAP in our study was higher than
that in other reports in the literature. This might be related
to the fact that we performed a single-center study with a
relatively small sample size, and our stroke center often receives
patients in quite poor condition from local areas. Therefore,
multicenter studies should be carried out to expand the sample
size and further verify the experimental results. Third, because
some patients were discharged or died within 14 days, blood
samples were not collected at a fixed time point for every
patient. Finally, to better understand the relationship between
RGM-A and SAP, future studies should evaluate the very early
changes in RGM-A that occur within the first hours after
stroke onset.

In conclusion, this study is the first to identify a relationship
between RGM-A and SAP, and our results suggest that a reduced
plasma RGM-A level might help in the early identification of
high-risk patients with SAP. RGM-A might provide new clues
to a potential alternative therapy for SAP.

Frontiersin Neurology

09

10.3389/fneur.2022.949515

Data availability statement

The original contributions presented in the study are
included in the article/Supplementary material, further inquiries
can be directed to the corresponding author/s.

Ethics statement

The studies involving human participants were reviewed
and approved by the Ethics Committee of Yongchuan Hospital
of Chongging Medical University. The patients/participants
provided their written informed consent to participate in
this study. Written informed consent was obtained from the
individual(s) for the publication of any potentially identifiable
images or data included in this article.

Author contributions

XQ and JZ participated in study design and study
conception. JZ and JL performed data analysis and wrote the
manuscript. RZ, CZ, ZW, SH, DH, and MY recruited patients
and performed the laboratory analyses. XQ, JZ, LZ, and MY
revised the manuscript. All authors provided critical review of
the manuscript and approved the final draft for publication.

Funding

This work was supported by the National Natural Science
Foundation of China (grant numbers 81771275, 82071338, and
82101375) and the National Natural Science Foundation of
Yongchuan District (grant numbers 2020nb0227).

Acknowledgments
The authors would like to acknowledge the medical staff
in the Department of Neurology, Geriatrics, and Physical

Examination Center of Yongchuan Hospital of Chongqing
Medical University for their assistance.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those
of the authors and do not necessarily represent those

frontiersin.org


https://doi.org/10.3389/fneur.2022.949515
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Zhong et al.

of their affiliated organizations, or those of the publisher,
the editors and the reviewers. Any product that may be
evaluated in this article, or claim that may be made by
its manufacturer, is not guaranteed or endorsed by the
publisher.

References

1. Campbell BCV, Khatri P. Stroke. Lancet (London, England). (2020) 396:129-
42. doi: 10.1016/50140-6736(20)31179-X

2. Feigin VL, Stark BA, Johnson CO, Roth GA, Bisignano C, Abady GG, et al.
Global, regional, and national burden of stroke and its risk factors, 1990-2019:
a systematic analysis for the Global Burden of Disease Study 2019. The Lancet
Neurology. (2021) 20:795-820. doi: 10.1016/S1474-4422(21)00252-0

3. Faura J, Bustamante A, Mir6-Mur E Montaner J. Stroke-induced
immunosuppression: implications for the prevention and prediction of post-stroke
infections. ] Neuroinflammation. (2021) 18:127. doi: 10.1186/s12974-021-02177-0

4. Eltringham SA, Kilner K, Gee M, Sage K, Bray BD, Smith CJ, et al. Factors
associated with risk of stroke-associated pneumonia in patients with dysphagia: a
systematic review. Dysphagia. (2020) 35:735-44. doi: 10.1007/s00455-019-10061-6

5. Chen Y, Yang H, Wei H, Chen Y, Lan M. Stroke-associated pneumonia: a
bibliometric analysis of worldwide trends from 2003 to 2020. Medicine (Baltimore).
(2021) 100:€27321. doi: 10.1097/MD.0000000000027321

6. Ji R, Shen H, Pan Y, Wang P, Liu G, Wang Y, et al. Novel risk score
to predict pneumonia after acute ischemic stroke. Stroke. (2013) 44:1303-
9. doi: 10.1161/STROKEAHA.111.000598

7.Xu Y, Qiao H, Yang S, Zhou L, Zhao Y, Xu Q, et al. 15-Hydroxyprostaglandin
dehydrogenase is a predictor of stroke-associated pneumonia. Front Neurol. (2022)
13:893624. doi: 10.3389/fneur.2022.893624

8. Smith CJ, Bray BD, Hoffman A, Meisel A, Heuschmann PU, Wolfe
CD, et al. Can a novel clinical risk score improve pneumonia prediction in
acute stroke care? A UK multicenter cohort study. J] Am Heart Assoc. (2015)
4:¢001307. doi: 10.1161/JAHA.114.001307

9. Cugy E, Sibon 1. Stroke-Associated pneumonia
validity in a French stroke unit. ] Stroke Cerebrovasc
26:225-9. doi: 10.1016/j.jstrokecerebrovasdis.2016.09.015

10. Smith EE, Kent DM, Bulsara KR, Leung LY, Lichtman JH, Reeves
MJ, et al. Effect of dysphagia screening strategies on clinical outcomes
after stroke: a systematic review for the 2018 guidelines for the early
management of patients with acute ischemic stroke. Stroke. (2018) 49:e123-
e8. doi: 10.1161/STR.0000000000000159

11. Westendorp WE Vermeij JD, Zock E, Hooijenga I, Kruyt ND, Bosboom HJ,
et al. The Preventive Antibiotics in Stroke Study (PASS): a pragmatic randomised
open-label masked endpoint clinical trial. Lancet (London, England). (2015)
385:1519-26. doi: 10.1016/S0140-6736(14)62456-9

12. Kalra L, Irshad S, Hodsoll ], Simpson M, Gulliford M, Smithard D, et al.
Prophylactic antibiotics after acute stroke for reducing pneumonia in patients with
dysphagia (STROKE-INF): a prospective, cluster-randomised, open-label, masked
endpoint, controlled clinical trial. Lancet (London, England). (2015) 386:1835-
44. doi: 10.1016/50140-6736(15)00126-9

13. Hoffmann S, Harms H, Ulm L, Nabavi DG, Mackert BM, Schmehl I, et al.
Stroke-induced immunodepression and dysphagia independently predict stroke-
associated pneumonia - The PREDICT study. J Cereb Blood Flow Metab. (2017)
37:3671-82. doi: 10.1177/0271678X16671964

14. Liu DD, Chu SE Chen C, Yang PE Chen NH, He X. Research

risk
Dis.

score:
(2017)

progress  in  stroke-induced =~ immunodepression  syndrome  (SIDS)
and  stroke-associated  pneumonia  (SAP).  Neurochem  Int.  (2018)
114:42-54. doi: 10.1016/j.neuint.2018.01.002

15. Fujita Y, Yamashita T. The roles of RGMa-neogenin
signaling in inflammation and angiogenesis. Inflamm Regen. (2017)

37:6. doi: 10.1186/s41232-017-0037-6

16. Siebold C, Yamashita T, Monnier PP, Mueller BK, Pasterkamp RJ. RGMs:
structural insights, molecular regulation, and downstream signaling. Trends Cell
Biol. (2017) 27:365-78. doi: 10.1016/j.tcb.2016.11.009

17. Key B, Lah GJ. Repulsive guidance molecule A (RGMa): a molecule for all
seasons. Cell Adh Migr. (2012) 6:85-90. doi: 10.4161/cam.20167

Frontiersin Neurology

10

10.3389/fneur.2022.949515

Supplementary material

The Supplementary Material for this article can be
found online at: https://www.frontiersin.org/articles/10.3389/
fneur.2022.949515/full#supplementary-material

18. Muramatsu R, Kubo T, Mori M, Nakamura Y, Fujita Y, Akutsu T, et al. RGMa
modulates T cell responses and is involved in autoimmune encephalomyelitis. Nat
Med. (2011) 17:488-94. doi: 10.1038/nm.2321

19. Zhang L, Tang S, Ma Y, Liu J, Monnier P, Li H, et al. RGMa participates
in the blood-brain barrier dysfunction through BMP/BMPR/YAP signaling in
multiple sclerosis. Front Immunol. (2022) 13:861486. doi: 10.3389/fimmu.202
2.861486

20. Hu Q, Chen Z, Yuan X, Li S, Zhang R, Qin X. Common polymorphisms
in the RGMa promoter are associated with cerebrovascular atherosclerosis
burden in chinese han patients with acute ischemic cerebrovascular
accident. Front Cardiovasc Med. (2021) 8:743868. doi: 10.3389/fcvm.202
1.743868

21. Mirakaj V, Brown S, Laucher S, Steinl C, Klein G, Kohler D,
et al. Repulsive guidance molecule-A (RGM-A) inhibits leukocyte migration
and mitigates inflammation. Proc Natl Acad Sci U S A. (2011) 108:6555-
60. doi: 10.1073/pnas.1015605108

22. Korner A, Schlegel M, Kaussen T, Gudernatsch V, Hansmann G,
Schumacher T, et al. Sympathetic nervous system controls resolution of
inflammation via regulation of repulsive guidance molecule A. Nat Commun.
(2019) 10:633. doi: 10.1038/s41467-019-08328-5

23. Mirakaj V, Jennewein C, Konig K, Granja T, Rosenberger P. The guidance
receptor neogenin promotes pulmonary inflammation during lung injury. FASEB.
(2012) 26:1549-58. doi: 10.1096/£j.11-200063

24. Konig K, Gatidou D, Granja T, Meier ], Rosenberger P, Mirakaj V. The axonal
guidance receptor neogenin promotes acute inflammation. PLoS ONE. (2012)
7:¢32145. doi: 10.1371/journal.pone.0032145

25. Zhang G, Wang R, Cheng K, Li Q, Wang Y, Zhang R, et al
Repulsive guidance molecule a inhibits angiogenesis by downregulating VEGF
and phosphorylated focal adhesion kinase in vitro. Front Neurol. (2017)
8:504. doi: 10.3389/fneur.2017.00504

26. Horan TC, Andrus M, Dudeck MA. CDC/NHSN surveillance
definition of health care-associated infection and criteria for specific
types of infections in the acute care setting. Am ] Infect Control. (2008)
36:309-32. doi: 10.1016/j.jic.2008.03.002

27. Arnold FW, Summersgill JT, Lajoie AS, Peyrani P, Marrie TJ, Rossi P, et al. A
worldwide perspective of atypical pathogens in community-acquired pneumonia.
Am ] Respir Crit Care Med. (2007) 175:1086-93. doi: 10.1164/rccm.2006
03-3500C

28. Ramirez JA, Wiemken TL, Peyrani P, Arnold FW, Kelley R, Mattingly
WA, et al. Adults hospitalized with pneumonia in the United States:
incidence, epidemiology, and mortality. Clin Infect Dis. (2017) 65:1806-
12. doi: 10.1093/cid/cix647

29. Metlay JP, Waterer GW, Long AC, Anzueto A, Brozek J, Crothers K,
et al. Diagnosis and treatment of adults with community-acquired pneumonia.
an official clinical practice guideline of the American Thoracic Society and
Infectious Diseases Society of America. Am ] Respir Crit Care Med. (2019) 200:e45-
67. doi: 10.1164/rccm.201908-1581ST

30. Torbey MT, Bosel J, Rhoney DH, Rincon E Staykov D, Amar AP, et al.
Evidence-based guidelines for the management of large hemispheric infarction: a
statement for health care professionals from the neurocritical care society and the
German Society for Neuro-intensive care and emergency medicine. Neurocrit Care.
(2015) 22:146-64. doi: 10.1007/s12028-014-0085-6

31. Chen Z, Hu Q, Huo Y, Zhang R, Fu Q, Qin X. Serum interleukin-
33 is a novel predictive biomarker of hemorrhage transformation and
outcome in acute ischemic stroke. ] Stroke Cerebrovasc Dis. (2021)
30:105506. doi: 10.1016/j.jstrokecerebrovasdis.2020.105506

32. Wang L, Chen Y, Feng D, Wang X. Serum ICAM-1 as a Predictor
of prognosis in patients with acute ischemic stroke. Biomed Res Int. (2021)
2021:5539304. doi: 10.1155/2021/5539304

frontiersin.org


https://doi.org/10.3389/fneur.2022.949515
https://www.frontiersin.org/articles/10.3389/fneur.2022.949515/full#supplementary-material
https://doi.org/10.1016/S0140-6736(20)31179-X
https://doi.org/10.1016/S1474-4422(21)00252-0
https://doi.org/10.1186/s12974-021-02177-0
https://doi.org/10.1007/s00455-019-10061-6
https://doi.org/10.1097/MD.0000000000027321
https://doi.org/10.1161/STROKEAHA.111.000598
https://doi.org/10.3389/fneur.2022.893624
https://doi.org/10.1161/JAHA.114.001307
https://doi.org/10.1016/j.jstrokecerebrovasdis.2016.09.015
https://doi.org/10.1161/STR.0000000000000159
https://doi.org/10.1016/S0140-6736(14)62456-9
https://doi.org/10.1016/S0140-6736(15)00126-9
https://doi.org/10.1177/0271678X16671964
https://doi.org/10.1016/j.neuint.2018.01.002
https://doi.org/10.1186/s41232-017-0037-6
https://doi.org/10.1016/j.tcb.2016.11.009
https://doi.org/10.4161/cam.20167
https://doi.org/10.1038/nm.2321
https://doi.org/10.3389/fimmu.2022.861486
https://doi.org/10.3389/fcvm.2021.743868
https://doi.org/10.1073/pnas.1015605108
https://doi.org/10.1038/s41467-019-08328-5
https://doi.org/10.1096/fj.11-200063
https://doi.org/10.1371/journal.pone.0032145
https://doi.org/10.3389/fneur.2017.00504
https://doi.org/10.1016/j.ajic.2008.03.002
https://doi.org/10.1164/rccm.200603-350OC
https://doi.org/10.1093/cid/cix647
https://doi.org/10.1164/rccm.201908-1581ST
https://doi.org/10.1007/s12028-014-0085-6
https://doi.org/10.1016/j.jstrokecerebrovasdis.2020.105506
https://doi.org/10.1155/2021/5539304
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Zhong et al.

33. Harms H, Grittner U, Droge H, Meisel A. Predicting post-stroke
pneumonia: the PANTHERIS score. Acta Neurol Scand. (2013) 128:178-
84. doi: 10.1111/ane.12095

34, Hoffmann S, Malzahn U, Harms H, Koennecke HC, Berger K, Kalic M, et al.
Development of a clinical score (A2DS2) to predict pneumonia in acute ischemic
stroke. Stroke. (2012) 43:2617-23. doi: 10.1161/STROKEAHA.112.653055

35.Zhang R, Wu Y, Xie E, Zhong Y, Wang Y, Xu M, et al. RGMa mediates reactive
astrogliosis and glial scar formation through TGFbetal/Smad2/3 signaling after
stroke. Cell Death Differ. (2018) 25:1503-16. doi: 10.1038/541418-018-0058-y

36. Oda W, Fujita Y, Baba K, Mochizuki H, Niwa H, Yamashita
T. Inhibition of repulsive guidance molecule-a protects dopaminergic
neurons in a mouse model of Parkinson’s disease. Cell Death Dis. (2021)
12:181. doi: 10.1038/s41419-021-03469-2

Frontiersin Neurology

11

10.3389/fneur.2022.949515

functions
38:444-

37. Mirakaj V, Rosenberger P. Immunomodulatory
of neuronal guidance proteins. Trends Immunol. (2017)
56. doi: 10.1016/j.it.2017.03.007

38. Li ], Feng L, Huang Q, Ren W. An L-shaped relationship between serum
iron and stroke-associated pneumonia. Clinical Intervent Aging. (2021) 16:505-
11. doi: 10.2147/CIA.S301480

39. Shi G, Li M, Zhou R, Wang X, Xu W, Yang E et al. Procalcitonin related
to stroke-associated pneumonia and clinical outcomes of acute ischemic stroke
after IV rt-PA treatment. Cell Mol Neurobiol. (2021). doi: 10.1007/s10571-02
0-01031-w

40. Chamorro A, Meisel A, Planas AM, Urra X, van de Beek D, Veltkamp
R. The immunology of acute stroke. Nature Rev Neurol. (2012) 8:401-
10. doi: 10.1038/nrneurol.2012.98

frontiersin.org


https://doi.org/10.3389/fneur.2022.949515
https://doi.org/10.1111/ane.12095
https://doi.org/10.1161/STROKEAHA.112.653055
https://doi.org/10.1038/s41418-018-0058-y
https://doi.org/10.1038/s41419-021-03469-2
https://doi.org/10.1016/j.it.2017.03.007
https://doi.org/10.2147/CIA.S301480
https://doi.org/10.1007/s10571-020-01031-w
https://doi.org/10.1038/nrneurol.2012.98
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

	Reduced plasma levels of RGM-A predict stroke-associated pneumonia in patients with acute ischemic stroke: A prospective clinical study
	Introduction
	Methods
	Patient selection
	Clinical data
	Laboratory data
	Statistical analysis

	Results
	Participant characteristics and clinical data
	Plasma RGM-A levels were significantly decreased in patients with CAP and AIS
	Time course of RGM-A and inflammatory predictors in SAP and Non-SAP groups
	Logistic regression analysis
	Receiver operating characteristic (ROC) analysis

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References


