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Abnormal expression of lncRNA CASC9 in pneumonia children with respiratory 
failure and its feasible value for the clinical diagnosis of patients
Chi Zhou+ and Danfei Wu+
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ABSTRACT
lncRNA CASC9 expression was involved in a variety of diseases and exerted a protective role against 
inflammation and sepsis-induced injury. However, the role of CASC9 in severe pneumonia remains 
unclear. This study aimed to explore the potential diagnostic role of lncRNA CASC9 in severe 
pneumonia. The CASC9 expression levels were measured by RT-qPCR. The receiver operating 
characteristic curve (ROC) was conducted to evaluate the clinical diagnostic value of CASC9 in 
severe pneumonia. LPS-induced human lung fibroblast MRC-5 was used to establish the pneumonia 
model and then transfected with CASC9 overexpression vectors to evaluate the influence of CASC9 
on cell viability and apoptosis. The inflammatory cytokines IL-1β, TNF-α, IL-6 levels were detected 
using a commercial enzyme-linked immunosorbent assay (ELISA). Pearson correlation analysis was 
used to explore the correlation between CASC9 expression and clinical data. The relative expression 
of CASC9 was downregulated in serum samples of severe pneumonia patients. The low expression 
of CASC9 in severe pneumonia was negatively correlated with several clinical data. The CASC9 had 
the relatively high area under ROC curve (AUC) values for distinguishing severe pneumonia from 
pneumonia children and healthy control. The elevated expression of CASC9 accelerated cell viability 
and diminished apoptosis in LPS-induced MRC-5 cells. The CASC9 expression was decreased in 
serum samples of severe pneumonia, and upregulation of CASC9 facilitated LPS-induced cell 
viability and inhibited apoptosis. In summary, CASC9 might be a diagnostic predictor and might 
act as a crucial regulatory roles in the progression of severe pneumonia.
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Introduction

Severe pneumonia is mostly caused by pathogenic 
microorganisms in children, particularly infants [1]. 
On account of their immaturity of physiological 
and immune functions of infants’ respiratory sys-
tems, severe pneumonia is always accompanied by 
other system dysfunctions, such as acute lung 
injury, respiratory failure, heart failure, toxic ence-
phalopathy, disseminated intravascular coagulation, 
and systemic inflammatory response syndrome [2]. 
The rapid onset, severe illness, rapid progress, and 
high case fatality rate have become the current 
difficulties in treating patients with severe pneumo-
nia, which can endanger life and health [3]. 
Therefore, exploring more novel diagnostic tools 
may improve a reasonable judgment on patients’ 
conditions.

Long non-coding RNAs (lncRNAs), a class of non- 
coding RNAs, comprise more than 200 nucleotides in 

length [4]. LncRNAs have important clinical signifi-
cance and regulatory roles in a variety of diseases, 
including pneumonia, and are one of the vital 
research hotspots currently [5–7]. The abnormal 
expression of lncRNAs is involved in major cellular 
biological processes, including cell viabilities, inva-
sion, and apoptosis [8,9]. For instance, knockdown 
of lncRNA KCNQ1OT1 could diminish LPS-induced 
lung injury through inhibiting cell apoptosis and 
inflammation by regulating the miR-370/FOXM1 
axis in childhood pneumonia [10]. Many lncRNAs 
are reported to be involved in the progression of 
pneumonia, such as lncRNA NKILA [11] and 
lncRNA MEG3 [12]. A recent study reviewed the 
current knowledge on lncRNAs in acute lung inflam-
matory response, including lncRNA MALAT1, 
CASC2, and CASC9 [13]. Cancer susceptibility can-
didate 9 (CASC9), which is upregulated in several 
types of cancers [14–16], is also reported to regulate 
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miR-195-5p/pyruvate dehydrogenase kinase 4 axis 
and protect lung epithelial cells from sepsis-induced 
injury [17], whereas the studies on the correlation 
between CASC9 expression and pneumonia were 
elusive.

Herein, the serum CASC9 expression was 
detected in severe pneumonia children with respira-
tory failure, pneumonia patients, and healthy con-
trol. The clinical significance of CASC9 as 
a predictor of severe pneumonia was evaluated. In 
addition, the effects of CASC9 on the cellular activ-
ities and intracellular inflammatory factors were 
investigated in MRC-5 pneumonia cell model 
induced by LPS.

Materials and methods

Study patients and sample collection

A total of 288 individuals were enrolled in the cur-
rent retrospective cohort study between 
January 2018 and December 2020 in Zhuji 
Maternity and Child Care Hospital. The cohort 
study individuals include 96 severe pneumonia chil-
dren with respiratory failure, 102 pneumonia 
patients, and 90 healthy children who received 
a routine physical examination and were randomly 
chosen from the same hospital. The diagnosis of 
severe pneumonia was confirmed using the 
Pediatric Infectious Diseases Society/Infectious 
Diseases Society of America guideline [18]. The 
inclusion criteria were as follows: 1) patients were 
diagnosed with severe pneumonia children with 
respiratory failure, 2) with negative virus antibody, 
mycoplasma antibody, and chlamydia antibody 
results, 3) had no congenital disease, 4) with com-
plete clinical characteristic records. The vein blood 
samples were obtained from participants before 
treatment. The serum specimens were obtained and 
stored after centrifuging blood samples. This study 
was approved by the Ethics Committee of Zhuji 
Maternity and Child Care Hospital. All the legal 
guardians of included patients and healthy indivi-
duals signed written informed consent.

Cell culture

The human lung fibroblast cell MRC-5 was obtained 
from the American Type Culture Collection (ATCC; 

Manassas, USA). The cell lines were cultured in 
Minimal Essential Medium (MEM; Thermo Fisher 
Scientific) containing 10% fetal bovine serum (FBS; 
Gibco), 100 μg/ml streptomycin, and 100 U/mL 
penicillin (Gibco) and maintained at 37°C in 
a humidified incubator with 5% CO2.

Model construction and cell transfection

MRC-5 cells were treated using 10 μg/mL LPS 
(Sigma-Aldrich) for 6 h to construct a pneumonia 
model as described elsewhere [19]. The 
pcDNA3.1-CASC9 (CASC9) and empty 
pcDNA3.1 vector were obtained from Shanghai 
GenePharma (China). The vectors were trans-
fected with LPS-induced MRC-5 cells with the 
help of the Lipofectamine 2000 kit.

RNA extraction and quantitative real-time PCR

The total RNAs were extracted from serum specimens 
and MRC-5 cells using TRIzol reagent (Invitrogen) 
and reverse-transcribed to cDNA using Prime Script 
RT reagent kit (Tiangen, China). Then, qRT-PCR was 
carried out using a High-capacity cDNA Reverse 
Transcription Kit (Thermo Fisher, USA). The 
sequences for PCR were as follows: CASC9, 5’- 
GCCAGTCTTACTCCCACCAC-3’ (forward) and 
5’-ACTCCCACCCGAATATTGCG-3’ (reverse); 
GAPDH, 5’-GAAGGTGAAGGTCGGAGTCA-3’ 
(forward) and 5’-TTGAGGTCAATGAAGGGGTC- 
3’ (reverse). The expression of CASC9 was detected 
using qRT-PCR by normalized to internal reference 
gene GAPDH and indicated using the 2−ΔΔCt method.

Enzyme-linked immunosorbent assay (ELISA)

The inflammatory cytokines IL-1β, TNF-α, IL-6 were 
detected using commercial enzyme-linked immuno-
sorbent assay (ELISA) kits (Sigma-Aldrich, Merck 
KGaA) in serum samples and LPS-MRC-5 cells.

CCK-8 assay for cell viability

The Cell Counting Kit-8 (CCK-8) assay was applied 
to detect cell viability. Cell suspension (5000 cells/ 
well) were seeded into a 96-well plate and fostered 
for 24 h. Then, 10 μl CCK-8 reagent (Dojindo, Japan) 
was added to the cell plates and cultured for a further 
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2 h. The optical density (OD) value was measured at 
450 nm with a microplate reader.

Cell apoptosis assay

The effects of CASC9 on MRC-5 cell apoptosis 
were measured using the flow cytometry analysis 
and quantified using a PI/Annexin V apoptosis kit. 
Briefly, cells were stained with 5 μl Annexin 
V-FITC and 20 ng/ml PI for 15 min in the dark. 
The apoptosis abilities were analyzed using flow 
cytometry (Becton-Dickinson, San Jose, CA, USA).

Statistical analysis

All the experiments were repeated at least three times 
from three independent experiments. The data are 
presented as mean values ± SD and analyzed using 
SPSS 20.0 software (SPSS, Chicago, USA) and 
GraphPad 7.0 software (La Jolla, CA, USA). The 
statistical difference was determined using a Two- 
Tailed Student's t-test or one-way ANOVA. The clin-
ical predictive value of CASC9 was evaluated using 
the receiver operating characteristic curve (ROC) and 
the calculation of the area under the ROC (AUC). The 
statistical significance was validated by p < 0.05.

Results

The baseline characteristics manifestation

The baseline clinical data are listed in Table 1. This 
study enrolled a total of 288 subjects, including 90 

healthy control, 102 pneumonia patients, and 96 
severe pneumonia patients with respiratory failure. 
The severe pneumonia group was constituted of 58 
males and 38 females with an average age of 
4.36 ± 1.38 years old. No significant differences 
were observed in the sex, age, and body mass 
index (BMI) between severe pneumonia patients, 
pneumonia patients, and the healthy control group 
(p > 0.05, Table 1). The laboratory item lympho-
cyte showed no significant difference among the 
three groups (p > 0.05, Table 1). The other labora-
tory items showed statistical differences among 
three groups, including white blood cell (WBC), 
absolute neutrophils, C-reactive protein (CRP), 
lactate dehydrogenase, procalcitonin (PCT), IL- 
1β, TNF-α, and IL-6 (p < 0.05, Table 1). These 
data suggested that severe pneumonia patients 
may have obvious damage and severe 
inflammation.

The levels of CASC9 in severe pneumonia 
patients

The levels of CASC9 were measured in the three 
groups using RT-PCR. The results in (Figure 1(a)) 
displayed that serum levels of CASC9 were lower 
in the severe pneumonia group than both the 
pneumonia group (p < 0.001) and the healthy 
group (p < 0.001).

Moreover, taking into consideration the differ-
ence of laboratory items in severe pneumonia 
patients group, the correlation between CASC9 
expression and these items was analyzed. The 

Table 1. Clinical data of the study population.

Variables

All subjects (n = 288)

Healthy (n = 90) Pneumonia (n = 102) Severe pneumonia (n = 96)

Sex (male/female) 54/36 65/37 58/38
Age 4.13 ± 1.27 4.20 ± 1.39 4.36 ± 1.38
BMI 21.95 ± 2.08 22.05 ± 2.33 21.85 ± 2.39
WBC (109/L) 7.93 ± 1.83 8.76 ± 2.29* 8.76 ± 2.44*#

Absulte Neutrophils (109/L) 3.58 ± 1.23 9.60 ± 1.40*** 13.23 ± 2.16***###

CRP (mg/L) 2.96 ± 1.30 8.45 ± 1.51*** 11.11 ± 2.20***###

Lactate dehydrogenase (U/L) 191.20 ± 13.37 281.87 ± 62.22*** 311.20 ± 73.74***###

Lymphocyte (109/L) 2.44 ± 0.64 2.57 ± 0.57 2.45 ± 0.60
PCT (ng/mL) 0.14 ± 0.07 0.34 ± 0.13*** 1.51 ± 0.44***###

IL-1β 6.07 ± 1.93 16.39 ± 2.89*** 25.96 ± 3.36***###

TNF-α 6.86 ± 1.97 79.08 ± 16.26*** 94.89 ± 24.15***###

IL-6 9.23 ± 2.79 45.73 ± 3.78*** 71.76 ± 5.57***###

Abbreviations: BMI, body mass index; WBC, white blood cell count; CRP, C-reactive protein; PCT, procalcitonin; data are expressed as n or mean ± 
standard deviation. ***p < 0.001 vs Healthy groups; ###p < 0.001 vs pneumonia groups. 
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Pearson’s correlation analysis results in Figure 1 
(b-f) indicated that serum CASC9 levels were 
negatively correlated with WBC (r = −0.3054, 
p = 0.0025), absolute neutrophils (r = −0.3405, 
p = 0.007), CRP (r = −0.4844, p < 0.0001), lactate 
dehydrogenase (r = −0.4458, p < 0.0001), and PCT 
levels (r = −0.5054, p < 0.0001) in severe pneumo-
nia patients. The correlation between CASC9 
expression and inflammatory cytokines also 
showed negative correlations (p < 0.001 
(Figure 1(g-i))).

The clinical value of CASC9 in severe pneumonia

The diagnostic significance of CASC9 was evalu-
ated by ROC curves. As shown in Figure 2(a), the 
AUC of CASC9 was 0.827 with a sensitivity of 
81.4% and specificity of 74.4% for distinguishing 

pneumonia patients from healthy individuals. 
Figure 2(b) revealed that CASC9 exhibited the 
highest AUC (0.959) for distinguishing severe 
pneumonia patients from healthy groups (sensitiv-
ity of 87.5% and specificity of 91.1%). Between 
pneumonia patients and severe pneumonia 
patients, the AUC was 0.806 with a sensitivity of 
66.7% and specificity of 83.3% (Figure 2(c)). These 
results revealed that CASC9 expression may have 
diagnostic value in severe pneumonia.

Influence of CASC9 on cell models

MRC-5 cells were incubated and induced using 
10 μg/ml LPS to construct the pneumonia model, 
and then the cell model was transfected with 
pcDNA3.1-CASC9 to regulate the expression of 

Figure 1. Expression of CASC9 in the serum samples from severe pneumonia children, pneumonia children, and healthy control. (a). 
The expression of CASC9 was decreased in severe pneumonia children compared with control as well as pneumonia patients. 
***p < 0.001, ###p < 0.001. (b-f). Pearson correlation test revealed that the serum CASC9 expression levels were negatively correlated 
with WBC (b), absolute neutrophils (c), CRP (d), lactate dehydrogenase (e), and PCT (f). (g-i). The Pearson correlation test revealed 
that serum CASC9 expression has negative correlations with inflammatory cytokines IL-1β (g), TNF-α (h), and IL-6 (i).
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CASC9 for evaluating the influence of CASC9 on 
cellular activities. After treatment with LPS, the 
CASC9 expression levels were decreased compared 
with control (p < 0.001), while the CASC9 levels 
were reversed after transfection with 
pcDNA3.1-CASC9 in the pneumonia cell model 

compared with LPS plus NC group (p < 0.01 
(Figure 3(a))). The cellular CCK-8 experiments 
illustrated that the treatment of LPS restained cell 
viability (p < 0.001 vs. control), while upregulation 
of CASC9 reversed cell viability compared with 
LPS+NC (p < 0.01 (Figure 3(b))). The apoptosis 

Figure 2. The receiver operating characteristic (ROC) curves of CASC9 in the diagnosis of severe pneumonia. (a) The AUC of CASC9 
prediction on pneumonia from healthy control was analyzed using ROC curve (AUC = 0.827). (b) The AUC of CASC9 prediction on 
severe pneumonia from healthy control was analyzed using ROC curve (AUC = 0.959). (c) The AUC of CASC9 prediction on severe 
pneumonia from pneumonia children was analyzed by ROC curve (AUC = 0.806).

Figure 3. Influence of CASC9 in LPS-induced MRC-5 pneumonia cell model. (a) The expression of CASC9 was decreased in the LPS- 
induced MRC-5 cell model, while transfection of pcDNA3.1-CASC9 reversed the decreased expression of CASC9 by LPS. (**p < 0.01, 
***p < 0.001). (b) Elevated expression of CASC9 could reverse the decreased cell viability induced by LPS. (c) Cell apoptosis of LPS- 
induced MRC-5 cells was increased while upregulation of CASC9 reversed the increased cell apoptosis by LPS. (d-f) Expression of 
inflammatory factors IL-1β (d), TNF-α (e), and IL-6 (f) were determined by ELISA assay. **p < 0.01, ***p < 0.001.
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assay indicated that LPS could increase cell apop-
tosis, while CASC9 overexpression can reduce 
LPS-induced cell apoptosis (p < 0.001 
(Figure 3(c))).

CASC9 upregulation reduces LPS-induced 
inflammatory cytokines in the cell model

The inflammatory cytokines IL-1β, TNF-α, and IL- 
6 in the MRC-5 cell model were detected using 
ELISA assay. As shown in Figure 3(d-f), the 
expression of IL-1β, TNF-α, and IL-6 was 
increased after treatment with LPS (p < 0.001), 
while increased expression of CASC9 diminished 
the LPS-induced rise (p < 0.001). The above results 
suggested that CASC9 is involved in the regulation 
of inflammatory response.

Discussion

Pneumonia is a lower respiratory tract infection 
in the lung and remains one of the major causes 
of childhood mortality [20]. Severe pneumonia 
can finally lead to respiratory damage, multiple 
organ failure, and even paralysis due to the wea-
kened immune system [21].Early detection of 
pneumonia may achieve early treatment, thus 
improving clinical management. Herein, the sta-
tistical results showed that laboratory items have 
significant differences, including WBC, CRP, lac-
tate dehydrogenase, PCT, IL-1β, TNF-α, and IL- 
6, suggesting that severe pneumonia children 
may have obvious damage and severe inflamma-
tion. The results were similar to a previous study, 
in which absolute neutrophils and CRP in chil-
dren with M. pneumoniae pneumonia were 
increased compared with controls [22].

Further, the relative expression of lncRNA 
CASC9 was down-regulated in severe pneumonia. 
A recent study indicated that CASC9 was down-
regulated in LPS induced human small airway 
epithelial cells (HSAECs) and upregulation of 
CASC9 could protect lung epithelial cells from 
sepsis-induced injury [17]. Joining the difference 
of laboratory items in severe pneumonia patient 
groups, the Pearson’s correlation results revealed 
that CASC9 expression levels in severe pneumonia 
patients were negatively correlated with WBC, 
absolute neutrophils, CRP, lactate dehydrogenase, 

and PCT. A recent study revealed that lncRNA 
NNT-AS1 is upregulated in refractory 
Mycoplasma pneumoniae pneumonia (RMPP) 
compared with non-RMPP patients, and its 
expression has a positive correlation with CRP 
and PCT [23]. The above information indicated 
that CASC9 expression may play a regulatory role 
in the progression of severe pneumonia.

Previous studies demonstrated that the dysregu-
lation of lncRNAs could serve as diagnostic markers 
in diseases [23–25]. For instance, lncRNA NORAD 
was highly expressed in the neonatal sepsis group 
compared with pneumonia controls and NORAD 
could act as a diagnostic indicator for neonatal 
sepsis patients [26]. Herein, the clinical significance 
of CASC9 was also evaluated, and the results 
showed that CASC9 has high AUC values for dis-
tinguishing severe pneumonia patients from pneu-
monia patients and healthy controls. Previous 
investigation in cancers also revealed that CASC9 
could act as a diagnostic or prognostic biomarker in 
several types of cancer [27,28]. These data suggested 
that CASC9 may also be a diagnostic predictor of 
severe pneumonia.

Furthermore, the upregulation of CASC9 
increased cell proliferation and reduced cell 
apoptosis in MRC-5 cells model induced by 
LPS. Similarly, overexpression of CASC9 
increased the viability of HSAECs, resulting in 
protecting lung epithelial cells from sepsis- 
induced injury [17]. In another research, upregu-
lated expression of CASC9 contributes to cell 
proliferation in non-small cell lung cancer via 
the miR-335-3p/S100A14 axis [29]. Additionally, 
upregulation of CASC9 decreased the increased 
levels of inflammatory cytokines IL-1β, TNF-α, 
and IL-6 induced by LPS. The above available 
data revealed that increased CASC9 expression 
had beneficial effects on severe pneumonia. 
Moreover, downregulation of CASC9 could 
aggravate sepsis-induced acute lung injury via 
regulating miR-195-5p/PDK4 axis [17]. Thus, 
we speculated that CASC9 may protect against 
severe pneumonia by regulating miR-195-5p/ 
PDK4 axis.

There are some deficiencies and future topics in 
this study. Firstly, the clinical significance of CASC9 
was preliminarily concluded, which needs to be 
confirmed in more patient samples. Secondly, 
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control strategies are necessary for diseases [30–32], 
which is difficult at present and will be taken into 
account in future researches. Finally, the detailed 
mechanism of CASC9 in severe pneumonia 
remains unclear, which will be explored in future 
studies.

In summary, serum lncRNA CASC9 expression 
was decreased in children with severe pneumonia 
and had a diagnostic indicator value. 
Overexpression of CASC9 could protect severe 
pneumonia through promoting cell viability and 
suppressing cell apoptosis of the pneumonia cell 
model, as well as decreasing the levels of the 
inflammatory cytokine. The present results pro-
vide preliminary insights into CASC9 as a novel 
diagnostic predictor and a potential target of ther-
apeutic intervention in children with severe pneu-
monia. In future studies, the detailed mechanism 
of CASC9 in children with severe pneumonia will 
be explored.
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