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Purpose: Angiogenic factor with G patch and FHA domains 1 (AGGF1) is a crucial angiogenic factor that is involved in a variety of
diseases and in the regulation of inflammatory responses. However, its role in sepsis is poorly understood. We have investigated the
role of AGGF1 in the classification and prognostic evaluation of adult septic patients in a clinical context.

Patients and Methods: A total of 126 septic patients who visited the Emergency Department of Beijing Chao-Yang Hospital and 76
non-sepsis patients visiting the Physical Examination Center of Beijing Chao-Yang Hospital were enrolled. AGGF1 levels in plasma
were detected by enzyme-linked immunosorbent assay. Spearman correlation analysis was used to determine correlations between
plasma AGGF1 and Sequential Organ Failure Assessment (SOFA) score, Acute Pathology and Chronic Health Evaluation II
(APACHE 1I) score, procalcitonin and lactate. We evaluated the classification significance of AGGF1 in sepsis using receiver
operating characteristic (ROC) curves. We also assessed the predictive significance of AGGF1 for 28-day mortality in sepsis using
ROC curves and Kaplan—Meier analyses.

Results: Plasma AGGF1 levels were higher in sepsis patients than in non-sepsis patients (P < 0.001). Among sepsis patients, plasma
AGGF1 levels were higher in non-survivors than in survivors (P < 0.001). Increased plasma AGGF1 levels were positively correlated
with SOFA score, APACHE II score, procalcitonin and lactate. Plasma AGGF1 levels could distinguish sepsis patients from non-sepsis
patients (area under the curve [AUC] = 0.777). AGGF1 had a higher predictive value than SOFA score, APACHE II score, lactate,
procalcitonin, and white blood cell count for 28-day mortality in patients with sepsis (AUC = 0.876). Furthermore, Kaplan—Meier
analysis indicated that lower plasma AGGF1 levels were associated with lower 28-day mortality compared with higher plasma
AGGF]1 levels (log rank P < 0.001).

Conclusion: AGGF1 is useful for the classification and evaluating prognosis of adult septic patients.
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Introduction

Sepsis results from a dysregulated reaction to an infection and is associated with substantial morbidity and mortality.'*
A study has revealed that 29.5% of patients can develop sepsis on admission or during ICU stay.® Death occurs in more
than 25-30% of sepsis patients and hospital mortality of patients with septic shock is about 40-60%.* Traditional blood
culture methods are low-sensitivity, and they can delay the initial management of sepsis.” This is unfavorable for the
early diagnosis and treatment of sepsis. Emerging biomarkers, including miRNA, cell-free DNA, and presepsin, are
promising for improving the diagnosis and treatment of sepsis.” However, the search for sepsis biomarkers with increased

diagnostic and prognostic utility and is ongoing.’
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Angiogenic factor with G patch and FHA domains 1 (AGGF1) was initially discovered as a susceptibility gene for the
congenital vascular disease, Klippel-Trenaunay syndrome, and it encodes a potent angiogenic factor.® The pathophysiolo-
gical process of sepsis is heavily influenced by the inflammatory response.’” Accumulating evidence indicates AGGF1 to play
diverse roles in various pathological processes, including inflammation, apoptosis, and autophagy.® ' Exogenous AGGF1
treatment improved behavior by reducing neuroinflammation and blood-brain barrier disruption after subarachnoid hemor-
rhage-induced brain injury in rats.'" In addition, AGGF1 can enhance angiogenesis and reduce inflammatory responses,
myocardial apoptosis, and myocardial cell death, resulting in a decreased infarct size after ischemia/reperfusion injury in
mice.” Despite the established role of AGGF1 in inflammation, its effect on sepsis remains insufficiently investigated.

In the present study, we assessed the classification and prognostic utility of AGGF1 in sepsis in an effort to improve
the diagnosis and treatment of the disease.

Materials and Methods

Ethics Statement
The present study was approved by the Ethics Committee of Beijing Chao-Yang Hospital (2016-ke-173) and conducted
in accordance with the Declaration of Helsinki. Informed consent was obtained from all subjects or their legal guardians.

Participants

In total, 126 patients treated for sepsis in the Emergency Department of Beijing Chao-Yang Hospital from
September 2018 to June 2022 were included. The inclusion criteria were as follows: 1) meeting the diagnostic criteria
for sepsis according to the Third International Consensus Definition of Sepsis and Septic shock (Sequential Organ Failure
Assessment [SOFA] score > 2 points).'? The SOFA score was based on evaluating the organ dysfunction consequent to
the infection, which included the PaO2/FiO2 ratio, platelet count, bilirubin level, mean arterial pressure, or use of
vasopressor drugs, creatinine level, or urine output, and Glasgow Coma Scale score; 2) age >18 years; 3) No medical
treatment was performed before blood samples collection; 4) patients whose sample collection time was within 24 hours
after admission to the Emergency Department of Beijing Chao-Yang Hospital and 5) willing to participate in this study.
The exclusion criteria were as follows: 1) age < 18 years; 2) pregnancy or nursing; 3) imminent death; 4) recent receipt of
immunosuppressive drug therapy; 5) presence of complicated tumors; and 6) presence of complicated autoimmune
disease. In addition, 76 non-sepsis patients of matched age and sex who visited the Physical Examination Center of
Beijing Chao-Yang Hospital were enrolled. The sample collection time was within 24 hours after admission to the
Physical Examination Center of Beijing Chao-Yang Hospital.

Collection of Blood Samples and Laboratory Analysis

Peripheral venous blood (4 mL) was obtained from each patient with non-sepsis and sepsis. Venous blood was
centrifuged for 15 minutes, and then the upper plasma was collected and stored at —80°C until use. Plasma AGGF1
levels were analyzed using an enzyme-linked immunosorbent assay (ELISA) kit, with the lowest amount less than or
equal to 59 pg/mL (Cloud-clone Corp, Wuhan, China).

Data Collection

The clinical information of subjects, including age, sex, incidence of septic shock, SOFA score, Acute Pathology and
Chronic Health Evaluation 11 (APACHE II) score, and results of crucial laboratory blood tests, such as procalcitonin
(PCT), lactate, and white blood cell (WBC) count were collected within 24 hours after admission to the Emergency
Department of Beijing Chao-Yang Hospital or within 24 hours after admission to the physical examination center of
Beijing Chao-Yang Hospital. The endpoint of the study was 28-day mortality.

Statistical Analysis
SPSS version 22.0 (IBM, Armonk, NY, USA) or GraphPad Prism 9 (GraphPad, San Diego, CA, USA) was used for data
analysis. Continuous variables are presented as the mean =+ standard error of the mean or the median (interquartile range).

1154 "= Infection and Drug Resistance 2024:17

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Jietal

Comparisons between two groups were performed using Student’s f-test or the nonparametric Mann—Whitney U test.
One-way analysis of variance or the nonparametric Kruskal-Wallis H test was used for multiple-group comparisons.
Categorical variables were calculated as numbers (percentages) using the chi-squared test. The utility of AGGF1 for
classifying sepsis and predicting prognosis was evaluated using receiver operating characteristic (ROC) curves. Kaplan—
Meier survival curves and the Log rank test were used to predict 28-day mortality. P < 0.05 was considered statistically
significant.

Results

Demographic Characteristics of the Included Subjects

This study included 126 patients with sepsis, among whom 36 (28.6%) were non-survivors. Values of the study’s
variables are presented for each group in Table 1. The sex ratio did not differ between the groups (P > 0.05). Compared
with non-sepsis, WBC counts were markedly higher in survivors with sepsis (P < 0.001). Meanwhile, age, WBC count,
the incidence of septic shock, lactate level, PCT level, and SOFA and APACHE II scores were significantly higher in
non-survivors than in survivors (all P < 0.05).

Plasma AGGFI Levels were Increased in Patients with Sepsis
As presented in Figure 1, plasma AGGF1 levels were markedly higher in patients with sepsis than in non-sepsis patients

(P <0.001). Among patients with sepsis, plasma AGGF1 levels were markedly higher in non-survivors than in survivors
(P < 0.001).

Correlation Analysis of AGGFI and Sepsis Parameters

SOFA score, APACHE 1I score, PCT and lactate are crucial indicators of the extent of the inflammatory response and
sepsis severity. Spearman correlation analysis indicated that plasma AGGF1 levels were positively correlated with SOFA
(r = 0.622), APACHE II (r = 0.545), PCT (r = 0.508) and lactate (r = 0.391, Figure 2).

The Classification Utility of AGGFI in Sepsis

As illustrated in Figure 3A, plasma AGGF1 levels distinguished patients with sepsis from non-sepsis patients with an
optimal cutoff of 275.742 pg/mL (area under the curve [AUC] = 0.777). The sensitivity and specificity of AGGF1 were
72.20% and 80.30%, respectively. These results indicate that plasma AGGF1 is a promising biomarker for the
classification of sepsis.

Table | Baseline Characteristics of the Study Objects

Variable Non-Sepsis(n=76) Survivors (n=90) Non-Survivors (n=36)
Age (year) 70 (61-81) 73.5 (61.5-83) 83 (68-86)*+*

Male (%) 47 (61.84%) 53 (58.89%) 17 (47.22%)

WBC (x10*9/L) 5.965 (5.190-6.788) | 8.820 (6.148—14.51)%* | 14.73 (9.605-23.6 | )+
Incidence of septic shock (%) — 7 (7.78%) I5 (41.67%)
Lactate (mmol/L) — 1.1 (0.9-2.1) 1.95 (1.425—4.275)"#
PCT (ng/mL) — 0.525 (0.11-5.953) 6.94 (0.4625-31.66)"
SOFA — 3.5 (2.75-5) 7 (5-9)"*
APACHE I — 12.84+0.5386 21.72£1.0157#

Notes: **P < 0.01 and ***P < 0.001 versus non-sepsis; #P < 0.05 and P < 0.001 versus survivors.
Abbreviations: WBC, white blood cell; PCT, procalcitonin; SOFA, sequential organ failure assessment; APACHE I, acute
pathology and chronic health evaluation II.
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Figure | Plasma AGGFI levels were increased in patients with sepsis. (A) Plasma AGGFI levels in patients with non-sepsis and sepsis. (B) Plasma AGGF| levels of survivors
and non-survivors with sepsis. **P < 0.001 versus non-sepsis; 7P < 0.00 versus survivors.
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Figure 2 Correlation between plasma AGGF1 levels and crucial indicators for sepsis. (A) Correlation of plasma AGGFI levels with SOFA score; (B) Correlation of plasma
AGGFI levels with APACHE Il score; (C) Correlation of plasma AGGF| levels with PCT; (D) Correlation of plasma AGGF| levels with lactate.

The Association of AGGFI with 28-Day Mortality in Sepsis

Plasma AGGF1 levels distinguished survivors from non-survivors with an optimal cutoff of 329.929 pg/mL (AUC =
0.876, Figure 3B). The sensitivity and specificity of AGGF1 were 66.70% and 96.70%, respectively. None of the
variables, SOFA score, APACHE 1I score, PCT, lactate and WBC count outperformed AGGF1 in 28-day mortality
prediction (Table 2). This indicates that AGGF1 levels are predictive for sepsis prognosis.

Using the optimal cutoff of AGGF1, we then divided patients with sepsis into high and low AGGF1 groups. Twenty-
eight-day mortality was significantly higher in the high AGGF1 group than in the low AGGF1 group (log-rank P < 0.001,
Figure 4). Together, the above results illustrate that AGGF1 has potential as a parameter for predicting 28-day mortality
in patients with sepsis.

https:

1156

Infection and Drug Resistance 2024:17
Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Jietal

——AGGF1
APACHE Il
— SOFA
0.8 ' Vs 0.8 — Lac
~' i — PCT
WBC
2064 ‘ 2064 Reference
s 2
: |
B044 | 0.4+
‘ AUC=0.777
0.2, - Sensitivity=72.20% 0.2
’ Specificity=80.30%
0.0 T T T T 0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity 1-Specificity

Figure 3 The classification and predictive value of AGGFI in patients with sepsis. (A) ROC analysis to assess the classification of patients with sepsis. (B) ROC analysis to
estimate the prognosis of patients with sepsis.

Discussion

Sepsis is a pathological syndrome associated with a high in-hospital mortality rate.'? It is characterized by persistent
maladjusted inflammation and immunosuppression resulting from disturbed immune homeostasis caused by invading
pathogens.'® The early signs of sepsis are not specific;'* therefore, it is crucial to identify novel biomarkers for the early
classification of sepsis to permit timely treatment to reduce the sepsis mortality rate. Our goal is to help classify septic
patients earlier and manage them more promptly when they are septic or at risk of septic shock.'?

Patients with sepsis were distinguished from non-sepsis patients using AGGF1 as a classification marker in this study.
Increased plasma AGGF1 levels in sepsis were positively correlated with the extent of inflammatory response and
disease severity. Furthermore, in patients with sepsis, high plasma AGGF1 levels predicted 28-day mortality. Therefore,
our data demonstrated that AGGF1 is useful for the classification and predicting the prognosis of sepsis.

AGGF1 is expressed in vascular smooth muscle, endothelial, and myocardial cells.* AGGF1 expression is signifi-
cantly upregulated in myocardial ischemia/reperfusion injury, acute myocardial infarction, and subarachnoid hemor-
rhage-induced brain injury.®**!" AGGF1 plays a crucial role in the induction of angiogenesis, and increased AGGF1
expression is one of the causes of Klippel-Trenaunay syndrome.®”'>"'” AGGF1 has been demonstrated in numerous
studies to play a key regulatory role in a variety of conditions, such as inflammation, fibrosis, cancer, and cardiovascular

. 18-21
diseases.

We are particularly interested in the regulatory role of AGGF1 in the inflammatory response.
Lipopolysaccharide, a major component of the outer membrane of gram-negative bacteria, induces dysregulated
inflammatory responses and sepsis.”>* AGGF1I is upregulated in a concentration-dependent manner after lipopolysac-

charide stimulation in human dental pulp cells. However, inflammatory factor expression was increased by

Table 2 ROC Curve Prediction of Septic Patient 28-Day Mortality

Cutoff [ AUC | P 95% Cl | Sensitivity (%) | Specificity (%)
AGGFI (pg/ml) | 329.929 | 0.876 | <0.001 | 0.801-0.951 66.70 96.70
APACHE Il score | 165 | 0.868 | <0.001 | 0.799-0.938 83.30 75.60
SOFA score 45 | 0835 | <0.001 | 0.764-0.907 83.30 64.40
Lactate (mmol/L) | 135 | 0.775 | <0.001 | 0.692-0.858 83.30 64.40
PCT (ng/mL) 17.265 | 0719 | <0.001 | 0.611-0.827 44.40 96.70
WBC (x10%9/L) 922 | 0702 | <0.001 | 0.600-0.804 83.30 53.30

Abbreviations: AUC, area under the curve; Cl, confidence interval; APACHE I, acute pathology and chronic health
evaluation |I; SOFA, sequential organ failure assessment; PCT, procalcitonin; WBC, white blood cell.
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Figure 4 Kaplan-Meier survival curves to confirm the predictive utility of AGGF| for 28-day mortality in patients with sepsis.

lipopolysaccharide stimulation in AGGF1-depleted cells through the NF-xB signaling pathway.?' Given these findings,
we speculate that AGGF1 has an important involvement in sepsis.

The current study had several limitations. First, ideal blood tests should be done in the early phase of sepsis. Although
we collected blood samples within 24 hours of admission to hospital, it was not always in the early stages of sepsis.
Second, this paper only classifies sepsis according to the Third International Consensus Definition of Sepsis and Septic
shock, and does not study the severity of patients in the sepsis group based on changes in the SOFA score. Third, it was
a single-center study with a relatively small sample size. A multiple-center study with sufficient sample size is needed for
definitive conclusions. Fourth, the source and molecular mechanism of elevated plasma AGGF1 levels is unknown.
Future studies should assess AGGF1 levels in the heart, vascular tissues, brain and other organs during the course of
sepsis. In addition, the molecular mechanism of increased AGGF1 levels in organs also needs to be investigated,
therefore, we will use quantitative real-time polymerase chain reaction, western blot, ELISA, immunohistochemistry and
other methods to verify the above content in mice.

For the diagnosis and prognosis of sepsis, no clear clinical presentation or laboratory indicator has been established as
the gold standard. To diagnose sepsis, traditional detection methods, such as blood culture, are inefficient and time-
consuming.”* Several recent studies found that sepsis can be diagnosed early using a variety of laboratory indicators,
such as PCT, lactate, interleukin-6, and C-reactive protein, which have different sensitivities and speciﬁcities.zs_27
However, none of them can be used for the accurate diagnosis of sepsis.>> >’ For example, PCT and C-reactive protein
levels are also increased in non-septic diseases.”® In the prognostic evaluation of sepsis, the use of SOFA and APACHE II
scores to assess the prognosis of sepsis is limited because of their poor specificity.®’ It remains challenging to identify
a new biomarker for classification and predicting the prognosis of sepsis with high specificity and sensitivity. In our
study, we assessed the classification and prognostic significance of AGGF1 in patients with sepsis. We found that
AGGF1 could distinguish patients with sepsis from non-sepsis patients, indicating that it is a promising biomarker for the
classification of sepsis. Furthermore, after correlation analysis, significant positive correlations between plasma AGGF1
and APACHE II score, SOFA score, PCT and lactate were detected, indicating that increased plasma AGGF1 levels were
positively correlated with both the inflammatory response and severity of sepsis. In addition, ROC curves illustrated that
AGGFTI can distinguish survivors from non-survivors, indicating that AGGF1 can be used to evaluate the prognosis of
patients with sepsis. To further examine the significance of AGGF1 as a predictor of sepsis-related mortality after 28
days, we divided patients with sepsis into high and low AGGF1 groups according to the optimal cutoff of plasma
AGGF1 levels in survivors and non-survivors. Kaplan—Meier survival curves indicated that high AGGF1 levels were
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associated with a higher mortality rate than low AGGF1 levels. This study illustrates that AGGF1 has the classification
and prognostic significance in sepsis.

Conclusion
In summary, AGGF1 has high classification value for adult sepsis patients and non-sepsis patients, and it may be
predictive of 28-day mortality.
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