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Purpose: Previous studies have shown that microRNA is involved in regulating a variety of human inflammatory diseases. The 
purpose of this study was to investigate the expression of miR-10a-3p in the blood of patients with severe pneumonia and evaluate its 
value in the diagnosis and prognosis of severe pneumonia.
Patients and Methods: Seventy patients with severe pneumonia and 75 healthy individuals were included in this study. Venous 
blood of all subjects was obtained for RT-qPCR analysis to obtain the relative expression level of miR-10a-5p. The diagnostic 
accuracy of miR-10a-5p for severe pneumonia was assessed by ROC curve. After standardized treatment, the prognosis of patients 
with severe pneumonia was analyzed by a 28-day follow-up method. Kaplan–Meier curve and multivariate Cox regression analysis 
were used to determine the basic factors influencing the prognosis of patients.
Results: Compared with healthy control, serum miR-10a-3p expression in patients with severe pneumonia was distinctly upregulated 
(P < 0.001). Besides, ROC analysis showed that miR-10a-3p had high diagnostic accuracy for severe pneumonia, with an AUC of 
0.881, sensitivity and specificity of 75.7% and 84.0%, respectively. Kaplan-Meier curve exhibited that high miR-10a-3p expression 
group had a higher probability of death than those with low miR-10a-3p expression. Multivariate Cox regression analysis demon-
strated that miR-10a-3p and CRP were independent risk factors affecting the prognosis of patients.
Conclusion: The expression of miR-10a-3p was increased in patients with severe pneumonia, and abnormally expressed miR-10a-3p 
has the potential to be used as a diagnostic and prognostic marker for severe pneumonia, which provides a new biological direction for 
the early detection and risk assessment of severe pneumonia.
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Introduction
Severe pneumonia is an acute and critical disease of the respiratory system, with high morbidity and mortality.1 Besides 
common pneumonia, it is often accompanied by obvious symptoms of poisoning. With the further deterioration of the 
disease, patients may be accompanied by septic shock, respiratory failure, etc., and even further develop into acute 
respiratory distress syndrome, encephalopathy or multiple organ dysfunction, which not only increases the burden of 
medical and health systems, but also brings huge socio-economic losses.2 Therefore, the early identification and 
evaluation of the severity of pneumonia patients is of great significance for the rational allocation of medical resources, 
the formulation of appropriate treatment plans, the prevention of disease deterioration and the improvement of patients’ 
prognosis. At present, many non-specific indicators may be related to the severity of severe pneumonia, such as 
C-reactive protein (CRP) and procalcitonin (PCT), but the specificity of these indicators is not enough to accurately 
reflect severe pneumonia.3 Therefore, clinical research has always been one of the directions to seek accurate indicators 
for diagnosis and prognosis of severe pneumonia.
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MicroRNA (miRNA) is a kind of non-coding RNA which widely existing in eukaryotic cells. It can degrade mRNA, 
inhibit translation and protein synthesis, and regulate genes by binding to the 3’-untranslated regions (3’-UTR) of mRNA.4,5 

MiRNA has been proved to play an important role in biological growth and development of organisms, metabolism and the 
occurrence and development of diseases.6 Studies have shown that miRNA can be released from cells and participate in 
inflammation and tissue damage. For example, Jiao et al reported that miR-30d-5p from neutrophil exosomes can induce 
sepsis-associated acute lung injury by activating the NF-κB signaling pathway.7 Zaccagnini et al proved that the loss of miR- 
210 increased myocardial injury in an ischemic mouse model.8 The gene explored in this study is miR-10a-3p, located on 
chromosome 17q21.32, which is widely studied oncogene and has been found to be aberrantly expressed in cancers such as 
acute myeloid leukemia and gastric cancer.9–11 In recent years, researchers have found that miR-10a-3p is dysregulated in 
inflammatory and immune diseases. In osteoarthritis, upregulation of miR-10a-3p reversed the production of inflammatory 
cytokines and degradation of extracellular matrix induced by the CH25H plasmid.12 You et al said that the expression of miR- 
10a-3p in peripheral blood mononuclear cells of patients with lupus nephritis decreased, which led to renal insufficiency and 
even aggravated renal pathological damage.13 In addition, Zhang et al studied the miRNA expression profiles of mild and 
severe respiratory syncytial virus-associated pneumonia and found that the expression of miR-10a-3p in the whole blood 
samples of severe pneumonia was obviously up-regulated.14 It was speculated that the abnormality of miR-10a-3p may be of 
clinical value in the differentiation and prognosis of severe pneumonia.

In this study, the expression of miR-10a-3p in severe pneumonia group was detected, and the purpose was to evaluate 
the practical application value of miR-10a-3p and determine whether miR-10a-3p had the ability to be used as 
a diagnostic and prognostic indicator for severe pneumonia.

Material and Methods
Subjects and Samples
A total of 70 patients diagnosed with severe pneumonia in Xuzhou No.1 People’s Hospital were selected as the experimental 
group. On the basis of a 5% false-positive error rate (alpha = 0.05, two-sided) and 90% power (beta = 0.1), sample size was 
estimated using PASS software. A sample size of 61 subjects should be recruited in each group. Assuming an approximate 
15% dropout rate, a total of 70 (61 plus 15% is 70) subjects should be enrolled in the trial (at least 70 in each group). All 
patients met the diagnostic criteria for severe pneumonia (Guidelines for the Diagnosis and Treatment of Community- 
Acquired Pneumonia in Chinese Adults formulated in 2016).15 The major criteria are as follows: 1) Patient requiring 
endotracheal intubation for mechanical ventilation; 2) Vasoactive drug therapy is still required in septic shock after aggressive 
fluid resuscitation. The minor criteria are as follows: 1) Respiratory rate >30 beats/min; 2) PaO ≤250mmHg; 3) Multiple 
pulmonary infiltrates; 4) Disorders of consciousness and/or disorientation; 5) BUN ≥7.14 mmol/L. When a patient met one of 
the major criteria or at least three minor criteria, it can be diagnosed as severe pneumonia. Patients with immune insufficiency 
and acute cardiovascular and cerebrovascular diseases were excluded from the study. General information (gender, age, BMI) 
of all populations, and clinical data of all the population were collected, including white blood cells, neutrophils, and 
lymphocyte counts at the time of admission. Fasting venous blood was collected from all subjects in the morning of the 
next day after enrollment, and serum was separated and stored in −80°C refrigerator for future use. This study has been 
approved by the Ethics Committee of Xuzhou No.1 People’s Hospital and was conducted in conformity with the ethical 
standards according to the Declaration of Helsinki. All subjects or their families have signed informed consent.

RNA Separation and qRT-PCR Method
RNAs in serum were separated by Trizol Reagent. Subsequently, the total miRNAs were reverse transcribed into cDNA by 
a TaqMan microRNA reverse transcription kit (Invitrogen, CA, USA). The Mir-X™ miRNA qRT-PCR SYBR® Kit was used to 
configure the PCR reaction system: 1μL cDNA sample, 10μL PCR mixed liquor, 0.4μL each of the forward primer and the 
reverse primer at a concentration of 10μmol/L. The primers used were specific primers for miR-10a-3p and internal reference U6. 
miR-10a-3p: 5’-CGGGCCAAATTCGTATCTAGG-3’ (forward primer), 5’-CAGTGCAGGGTCCGAGGTAT-3’ (reverse pri-
mer); U6: 5’-CTCGCTTCGGCAGCACA-3’ (forward primer), 5’-CCAGTGCAGGGTCCGAGGT-3’ (reverse primer). 
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Finally, the PCR reaction was completed on the fluorescence quantitative PCR instrument according to the following procedure: 
pre-denaturation at 94°C for 2min, denaturation at 94°C for 45s, 30 cycles of 60°C for 30s, 72°C for 90s.

Survival Analysis
All patients were included in a 28-day follow-up study, and they were divided into two groups according to the median 
level of miR-10a-3p, namely the high miR-10a-3p expression group and the low miR-10a-3p expression group, in order 
to explore the predictive value of miR-10a-3p expression on the survival information of patients.

Data Analysis
Data analyses were performed using GraphPad Prism 7.0 and SPSS 21.0. Data were shown as mean ± standard deviation 
(SD). Student t-test and Chi-square test were used for comparison between two groups. Receiver operator characteristic 
(ROC) curve was used to evaluate the accuracy of clinical diagnosis of miR-10a-3p. Correlations were evaluated using 
Pearson coefficient (r values presented). Kaplan–Meier analysis and Log Rank test were used to analyze the survival of 
pneumonia patients with different miR-10a-3p expression levels. Multivariate Cox regression was used to identify 
variables associated with survival. A P value less than 0.05 was considered statistically significant.

Results
Clinical Characteristics of Patients with Severe Pneumonia and Healthy Individuals
Table 1 summarized and analyzed the basic clinical data of both groups; 145 subjects, including 70 patients with severe 
pneumonia and 75 healthy volunteers, were enrolled in this protocol. There was no difference in gender composition, 
age, and body mass index (BMI) between the two groups (P > 0.05). Apparently, the values of white blood cell count 
(WBC), neutrophil count (NEU), lymphocyte count (LYM), C-reactive protein (CRP), procalcitonin (PCT), brain 
natriuretic peptide (BNP), fibrinogen (FIB), D-dimer (D-D), activated partial thromboplastin time (APTT), and pro-
thrombin time in patients with severe pneumonia were increased in contrast to healthy individuals (P < 0.01).

Table 1 Clinical Data of the Study Population

Items All Subjects (n = 145) P

Healthy Individuals (n = 75) Severe Pneumonia (n = 70)

Gender (male/female) 47/28 45/25 0.342
Age (years) 56.7±13.8 57.2±13.2 0.207

BMI (kg/m2) 22.74±1.68 22.56±1.91 0.519

WBC (109/L) 6.25±2.21 10.67±3.52 <0.001
NEU (109/L) 4.15±1.36 8.02±2.39 <0.001

LYM (109/L) 1.85±0.24 0.76±0.17 <0.001

CRP (mg/L) 3.33±1.42 43.73±8.68 <0.001
PCT (ng/mL) 0.24±0.08 3.08±1.27 <0.001

BNP (pg/mL) 105.36±20.28 329.57±49.79 <0.001

FIB (g/L) 2.58±0.39 3.78±1.13 <0.001
D-D (mg/L) 0.23±0.05 4.59±1.04 <0.001

APTT (s) 26.11±2.89 41.53±7.36 <0.001

PT (s) 11.57±2.36 14.23±4.73 0.001
Pathogenic bacteria (n, %)

Fungus / 13 (18.57%) /

Gram-positive bacteria / 9 (12.86%) /
Gram-negative bacteria / 48 (68.57%) /

Note: Data are expressed as n or mean ± standard deviation. 
Abbreviations: BMI, body mass index; WBC, white blood cell count; NEU, neutrophil count; LYM, lymphocyte count; CRP, 
C-reactive protein; PCT, procalcitonin; BNP, brain natriuretic peptide; FIB, fibrinogen; D-D, D-dimer; APTT, activated partial 
thromboplastin time; PT, prothrombin time.
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MiR-10a-3p Was Upregulated in Severe Pneumonia Group and Was Positively 
Correlated with Clinical Indicators
The expression level of miR-10a-3p in serum was determined by RT-qPCR method. The results showed that serum miR- 
10a-3p levels were significantly enhanced in the severe pneumonia group compared with the healthy control group 
(Figure 1, P < 0.001). In addition, the Pearson correlation coefficient method indicated that the levels of biochemical 
indicators in patients with severe pneumonia were positively correlated with the level of miR-10a-3p (Table 2, P < 0.05).

MiR-10a-3p Has High Diagnostic Accuracy in Severe Pneumonia
The diagnostic significance of miR-10a-3p in this disease was assessed by drawing a receiver operating characteristics 
(ROC) curve. The results showed that the AUC value was 0.881, and the sensitivity and specificity were 75.7% and 
84.0%, respectively, suggesting that miR-10a-3p had the ability to distinguish severe pneumonia from healthy people 
(Figure 2).

MiR-10a-3p Has Predictive Value in the Outcome of Severe Pneumonia
Kaplan-Meier survival curve was established according to the survival of patients within 28 days. According to the 
median level of miR-10a-3p expression, patients were divided into the high miR-10a-3p expression group (n = 37) and 
the low miR-10a-3p expression group (n = 33). As shown in Figure 3, within 28 days, 15 patients died in the high miR- 
10a-3p expression group and 4 patients died in the low miR-10a-3p expression group, indicating that the survival rate of 
the patients with low miR-10a-3p expression group was significantly higher than that of the group with high miR-10a-3p 
expression (Log Rank P = 0.022). In addition, multivariate Cox regression analysis showed that miR-10a-3p (HR: 3.793, 
95% CI: 1.084–13.272, P = 0.037) and CRP (HR: 2.620, 95% CI: 1.037–6.594, P = 0.041) were the independent factors 
influencing the prognosis of patients with severe pneumonia (Table 3, P < 0.05).

Discussion
Severe pneumonia is a serious infectious disease of the lower respiratory tract. It develops from inflammation of lung 
tissue (bronchioles, alveoli, and interstitium) to a certain stage of disease, worsens and aggravates, eventually causing 
organ dysfunction and even life-threatening.16,17 In recent years, although the level of diagnosis, treatment and nursing of 
severe pneumonia has been significantly improved, severe pneumonia is still a worldwide problem due to an aging of 
population, application of broad-spectrum antibiotics, continuous variation of pathogens, increase of 

Figure 1 Relative expression level of serum miR-10a-3p. RT-qPCR results showed that the expression level of miR-10a-3p in severe pneumonia group was significantly 
enhanced compared with healthy individuals. ***P < 0.001.
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immunocompromised hosts and smoking.18,19 According to statistics, the mortality rate of severe pneumonia is about 5– 
15% in Europe and as high as 50% in Asia.20 An increasing number of studies have shown that miR-10a-3p has an 
unusual association with inflammatory diseases. However, the actual expression of miR-10a-3p in severe pneumonia and 
whether it participates in the regulation of severe pneumonia are still unclear.

The main finding of this study are that compared with the healthy control group, the level of serum miR-10a-3p in 
patients with severe pneumonia was significantly higher, and it is positively correlated with the levels of biochemical 
indicators, such as white blood cell count (WBC), C-reactive protein (CRP), and procalcitonin (PCT) in patients with 
severe pneumonia. Many clinical studies showed that the relevant indicators of hematology are closely related to the 
severity of pneumonia, among which CRP and PCT are the commonly used in clinics. CRP is a non-specific reactant in 
the acute phase. When inflammation and infection occur in the body, the level of CRP can be greatly increased, and it can 
also be significantly enhanced in tumor or chronic injury.21 For the evaluation of infection, CRP has high sensitivity, but 

Table 2 Correlation Between miR-10a-3p and Clinical Characteristics

Characteristics Correlation with miR-10a-3p (r)

WBC (109/L) 0.733***
NEU (109/L) 0.601***

LYM (109/L) −0.665***

CRP (mg/L) 0.803***
PCT (ng/mL) 0.667***

BNP (pg/mL) 0.395**

FIB (g/L) 0.579***
D-D (mg/L) 0.498***

APTT (s) 0.404**
PT (s) 0.321**

Notes: **P < 0.01, ***P < 0.001. 
Abbreviations: WBC, white blood cell count; NEU, neutrophil count; LYM, lymphocyte 
count; CRP, C-reactive protein; PCT, procalcitonin; BNP, brain natriuretic peptide; FIB, 
fibrinogen; D-D, D-dimer; APTT, activated partial thromboplastin time; PT, prothrombin 
time.

Figure 2 ROC analysis. ROC curve had the ability to distinguish severe pneumonia from healthy people. The AUC of this curve is 0.881, the sensitivity and specificity are 
75.7% and 84.0% respectively at the cut-off value of 1.274.
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poor specificity, so its clinical application value is limited. PCT is also a non-specific inflammatory indicator, and its 
expression increases under the influence of a variety of factors, so it cannot be used as an independent indicator.22 It has 
been previously reported that the occurrence of some pneumonia is related to the miRNA mediated imbalance. For 
example, the absence of miR-146b activated NF-κB signaling pathway and promoted the inflammatory injury of 
pneumonia in children.23 In the current study, miR-10a-3p was confirmed to be increased in severe pneumonia 
population, which was supported by the study of Li et al. They reported that miR-10a-3p was elevated in patients 
with mycoplasma pneumonia and that miR-10a-3p expression was positively correlated with WBC, erythrocyte 

Table 3 Multivariate Cox Analysis of Clinical Characteristics Concerning Overall 
Survival

Characteristics Multivariate Analysis

HR 95% CI P

MiR-10a-3p 3.793 1.084–13.272 0.037

Age 2.664 0.797–8.900 0.111

Gender 2.753 0.755–10.044 0.125
BMI 2.731 0.817–9.133 0.103

WBC 1.655 0.476–5.756 0.428

Neutrophil 1.036 0.338–3.173 0.950
Lymphocyte 0.648 0.236–1.776 0.399

CRP 2.620 1.037–6.594 0.041

PCT 1.838 0.589–5.734 0.294
BNP 3.080 0.776–12.221 0.110

FIB 2.781 0.828–9.347 0.098

D-D 0.548 0.137–2.194 0.395
APTT 0.421 0.124–1.431 0.166

PT 0.600 0.205–1.760 0.353

Abbreviations: BMI, body mass index; WBC, white blood cell count; CRP, C-reactive protein; PCT, 
procalcitonin; BNP, brain natriuretic peptide; FIB, fibrinogen; D-D, D-dimer; APTT, activated partial 
thromboplastin time; PT, prothrombin time.

Figure 3 Survival analysis. Kaplan–Meier curve of severe pneumonia group with different miR-10a-3p levels. Patients with low miR-10a-3p level had a higher survival rate. 
Log Rank P = 0.022.

https://doi.org/10.2147/JIR.S380818                                                                                                                                                                                                                                    

DovePress                                                                                                                                                 

Journal of Inflammation Research 2022:15 6102

Xie et al                                                                                                                                                               Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

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


sedimentation rate (ESR), and CRP.24 Additionally, miR-10a-3p expression was significantly increased in blood samples 
from children with severe pneumonia infected with human respiratory syncytial virus (HRSV).25 For this reason, it was 
judged that miR-10a-3p must play a role that cannot be ignored in severe pneumonia.

In some previous studies, miRNAs have presented astonishing results in the diagnosis and prognosis of inflammatory 
diseases. It was previously found that the expression level of miR-181b decreased in the community-acquired pneumonia 
(CAP) population, and this abnormal expression also indicated the potential clinical value of miR-181b in CAP. And 
subsequent analysis also verified the diagnostic accuracy of miR-181b and its predictive value for patients’ prognosis.26 

The results of a prospective study showed that high levels of circulating miR-146a-5p and miR-16-5p at admission were 
associated with lower mortality during follow-up in patients with CAP, suggesting that both miRNAs have the potential to be 
prognostic markers in patients with CAP.27 In this study, ROC analysis investigated that miR-10a-3p had high sensitivity and 
specificity in the diagnosis of severe pneumonia, and the enhancement of miR-10a-3p could distinguish patients from healthy 
people, which reflected the potential ability of miR-10a-3p as a diagnostic marker of severe pneumonia. Additionally, survival 
analysis showed that the mortality of the group with high miR-10a-3p expression was significantly higher than that of the 
group with low miR-10a-3p expression, and miR-10a-3p and CRP were found to be independent factors affecting prognosis.

The limitation of this study lies in the small number of samples included, which only includes severe cases. 
Therefore, it is uncertain whether the results of this experiment can still match those of non-severe pneumonia cases. 
We need to further study the expression of miR-10a-3p in patients with non-severe pneumonia. Therefore, it may be more 
scientific to set up three groups of subjects (healthy control group, non-severe pneumonia group, and severe pneumonia 
group). In addition, among other related studies, researchers typically focus more on the biological mechanisms by which 
target genes play a role in disease. Similarly, inflammatory response is an important link in the occurrence of pneumonia, 
and the relationship between miR-10a-3p and inflammatory response is also worthy of further verification and explora-
tion. Despite the limitations of our study, these results can still provide a certain clinical basis for the diagnosis and 
prognosis of severe pneumonia.

Conclusion
miR-10a-3p was found to be increased in patients with severe pneumonia, and its level was positively correlated with 
WBC, NEU, LYM and other indicators. The increased expression of miR-10a-3p is of great significance for the 
identification and prognosis of patients with severe pneumonia.

Ethics Statement
This study has been approved by the Ethics Committee of Xuzhou No.1 People’s Hospital, and all subjects or their 
families have signed informed consent.
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