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Abstract. The lungs are one of the most common target 
organs of diabetic injury in patients with diabetes. Long 
non‑coding RNA (lncRNA) smoke and cancer‑associated 
lncRNA 1 (SCAL1), also known as lung cancer associated 
transcript 1 (LUCAT1), is known to have a pivotal role in 
lung cancer. The aim of the current study was to investi-
gate the potential involvement of SCAL1 in diabetic lung 
disease. The expression levels of SCAL1 were determined 
by reverse transcription‑quantitative PCR in serum samples 
from healthy controls (n=40), diabetic patients without 
lung disease (n=56) and diabetic patients with diabetic lung 
disease (n=44). Receiver operating characteristic analysis 
was used to evaluate the diagnostic value of serum SCAL1 
in discriminating diabetic patients with diabetic lung disease 
from diabetic patients without lung disease and healthy 
controls. Pearson's correlation analysis was performed to 
examine the correlation between SCAL1 and inducible 
nitric oxide synthase (iNOS) mRNA expression levels in 
blood and lung tissue samples. Expression levels of iNOS 
and NO production following treatment with high (30 mM) 
glucose were examined by western blot analysis and NO 
assay, respectively. The expression levels of SCAL1 were 
significantly downregulated in diabetic patients with diabetic 
lung disease, and downregulated serum expression levels 
of SCAL1 effectively distinguished diabetic patients with 
diabetic lung disease from diabetic patients without lung 
disease and healthy controls. Treatment with high glucose 
significantly upregulated SCAL1 expression in normal lung 
cells. Furthermore, the overexpression of SCAL1 inhibited 
iNOS protein expression and reduced NO production in cells 
treated with high glucose. In conclusion, the current study 
demonstrated that lncRNA SCAL1 inhibits iNOS protein 

expression in lung cells under high‑glucose conditions, which 
suggests that SCAL1 may have potential in the treatment of 
patients with diabetic lung disease.

Introduction

Diabetes mellitus is a group of common metabolic disor-
ders that has become a major public health worldwide (1). 
Diabetes currently affects 6.4% of adults (285 million) 
globally and its incidence is expected to increase to 7.7% 
by 2030, affecting 439 million adults  (2). In developing 
countries, the incidence of diabetes is predicted to increase 
by 60% in the next 20 years (2). Although the incidence of 
diabetes in China is relatively low, this may change in the 
future due to changes in lifestyle and increased psycholog-
ical and physiological stress (3). In 2016, the World Health 
Organization revealed that diabetes causes ~1.5  million 
(2.7%) deaths every year, while the major cause of death 
in diabetic patients is glucotoxicity‑induced complications 
in major organs (4). Although the lung is one of the least 
studied organs in diabetes, a number of studies have revealed 
that the lung is a common target of glucotoxicity‑induced 
diabetic injury (5).

The pathogenesis of diabetic lung disease is complex and 
remains largely unknown (6). Excessive nitric oxide (NO) in 
lung tissue can cause platelet activation and induce chronic 
inflammation, which in turn leads to damaged lung capillary 
endothelium and microangiopathy (7). Nitric oxide synthases 
(NOSs) are a family of enzymes, which catalyze the production 
of NO from L‑arginine (8). The inhibition of NOSs production 
under high‑glucose conditions may prevent the occurrence of 
diabetic lung disease by protecting lung cells via reducing the 
inflammatory response. 

Smoke and cancer‑associated lncRNA 1 (SCAL1), also 
known as lung cancer associated transcript 1 (LUCAT1), is a 
long non‑coding RNA (lncRNA) that was initially identified to 
play a role in lung cancer (9). In lung cancer, SCAL1 interact 
with downstream NRF2 in airway epithelial cells to mediate 
oxidative stress protection and regulate gene expression. In 
view of the roles of NOSs in the oxidative metabolism (8), 
the present study hypothesized that SCAL1 may also interact 
with NOSs. The current study aimed to investigate the role of 
SCAL1 in diabetic lung disease and its possible interactions 
with nitric oxide synthase (iNOS) to provide potential novel 
treatment targets.
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Materials and methods

Patients and specimens. A total of 56 patients with type 
2 diabetes without lung disease (diabetic group) and 
44 patients with type 2 diabetes with pneumonia (diabetic 
lung group) were included in the current study. All patients 
with type 2 diabetes were diagnosed according to the criteria 
established by Chinese Medical Association (2014) and 
enrolled at Hebei General Hospital between March 2015 and 
January 2017. Inclusion criteria were as follows: i) patients 
received treatment for the first time; ii) patients with normal 
major organ function; and iii) patients willing to participate 
in the study. Exclusion criteria were as follows: i) detec-
tion of other severe diseases or other respiratory diseases; 
ii) patients aged ≥70 years (chronic disease prevalence rates 
are increased in patients aged ≥70 years); and iii) patients 
with lung inflammation caused by other factors. In addition, 
40 healthy controls who received physical examinations 
were included in the current study as the control group. No 
significant differences in age and gender were observed 
among the three groups (Table  I). Blood samples were 
collected from all participants on the first day of admission. 
Lung biopsies were obtained from 25/44 (57%) patients in 
the diabetic lung group. This study was approved by the 
Ethics Committee of Hebei General Hospital (Shijiazhuang, 
China). All participants and/or their families provided 
written informed consent.

Cell culture and transfection. Normal human lung cell 
line BEAS‑2B (ATCC® CRL‑9609™) was purchased from 
the American Type Culture Collection (ATCC). Cells were 
cultured in ATCC‑formulated Eagle's Minimum Essential 
Medium (cat. no. 30‑2003; ATCC) supplemented with 10% 
FBS (Sangon Biotech Co., Ltd.) and maintained at 37˚C in a 
5% CO2‑humidified incubator. The full‑length SACL1 cDNA 
fragment was obtained by PCR amplification and cloned into 
the linearised pIRSE2 vector (Clontech Laboratories, Inc.) 
to generate the SACL1 expression vector. Lipofectamine® 
2000 reagent (Thermo Fisher Scientific, lnc.) was initially 
mixed with expression vectors (10 nm) to form transfection 
reagent‑vector complexes, prior to transfection. Cells were 
transfected with transfection reagent‑vector complexes 
at 37˚C for 5 h at 37˚C. Cells were subsequently washed 
with fresh ATCC‑formulated Eagle's Minimum Essential 
Medium to avoid cytotoxicity. Cells transfected with empty 
pIRSE2 vector were used as the negative control (NC), 
while untransfected cells were used as the control  (C). 
SACL1 overexpression was confirmed by RT‑qPCR at 
24 h post‑transfection and cells were collected at this time 
pointfor subsequent experimentation.

NO assay. Total NO in the cell culture supernatant was examined 
using the Nitric Oxide Detection kit (cat. no. ADI‑917‑010; Enzo 
Life Sciences, Inc.), according to the manufacturer's protocol.

Reverse transcription‑quantitative PCR (RT‑qPCR). Total 
RNA was extracted from blood, tissue and cells using 
TRIzol® reagent (Invitrogen; Thermo Fisher Scientific, Inc.), 
according to the manufacturer's protocol. For in vitro experi-
ments, BEAS‑2B cells were treated with D‑glucose (5, 10, 
20, 30 and 40 mM) for 5, 10 and 15 h at 37˚C. Total RNA 
was reverse transcribed into cDNA using SuperScript III 
Reverse Transcriptase (Thermo Fisher Scientific, Inc.). The 
following conditions were used for RT: 50˚C for 15 min and 
80˚C for 10 min. qPCR was subsequently performed using 
SYBR® Green Real‑Time PCR Master mix (Thermo Fisher 
Scientific, Inc.). The following primer pairs were used for 
qPCR: lncRNA SACL1 forward, 5'‑GTG​TCA​AGC​TCG​
GAT​TGC​CT‑3' and reverse, 5'‑GAG​CCC​ACA​CAC​TCA​GGT​
TC‑3'; iNOS forward, 5'‑CCC​TTC​CGA​AGT​TTC​TGG​CAG​
CAG‑3' and reverse, 5'‑GGC​TGT​CAG​AGC​CTC​GTG​GCT​
TTG​G‑3'; and β‑actin forward, 5'‑GAC​CTC​TAT​GCC​AAC​
ACA​GT‑3' and reverse, 5'‑AGT​ACT​TGC​GCT​CAG​GAG​
GA‑3'. The following thermocycling conditions were used for 
qPCR: Initial denaturation at 95˚C for 40 sec, 40 cycles of 
95˚C for 20 sec and 57˚C for 30 sec. All data were quantified 
using the 2‑ΔΔCq method (10) and normalized to the internal 
control β‑actin.

Western blot analysis. Total protein was extracted from cells 
using RIPA buffer (Thermo Fisher Scientific, Inc.), according to 
the manufacturer's protocol. For in vitro experiments, cells were 

Table I. Basic information of participants.

Group	 n	 Male (n)	 Female (n)	 Age range, years	 Mean age, years

Control	 40	 26	 14	 24‑69	 46.0±6.4
Diabetes	 56	 30	 26	 26‑69	 44.8±5.2
Diabetic lung	 44	 24	 20	 23‑67	 45.1±5.1

Figure 1. Serum levels of lncRNA SCAL1. Serum levels of lncRNA 
SCAL1 were significantly downregulated in diabetic patients with diabetic 
lung disease. *P<0.05 as indicated by lines. lncRNA, long non‑coding 
RNA; SCAL1, smoke and cancer‑associated lncRNA 1; C, control group; 
D, diabetic group; DL, diabetic lung group.
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treated with D‑glucose (30 mM) for 15 h at 37˚C. Total protein 
was quantified using a bicinchoninic acid assay and 20 µg 
protein/lane was separated via SDS‑PAGE on a 10% gel. The 
separated proteins were transferred onto PVDF membranes, 
and then blocked for 1 h at room temperature with 5% skimmed 
milk. Membranes were washed and incubated with primary 
antibodies against iNOS (1:1,200; ab3523) and GAPDH (1:1,000; 
ab9485; both Abcam) overnight at 4˚C. Membranes were 
washed and then incubated with horseradish peroxidase‑labeled 
anti‑rabbit IgG secondary antibody (1:1,000; MBS435036; 
MyBioSource) for 1 h at room temperature. Protein bands were 
visualized using Pierce™ ECL Western Blotting Substrate 
(Pierce; Thermo Fisher Scientific, Inc.). Protein expression was 
quantified using ImageJ v1.48 software (National Institutes of 
Health) and normalized to the loading control GAPDH.

Statistical analysis. Data were presented as the mean ± standard 
deviation. All statistical analyses were performed using 
GraphPad Prism software (version 6.0; GraphPad Software). 
One‑way analysis of variance followed by the least significant 
difference test was used to analyze differences among multiple 
groups. Correlation analyses were performed using Pearson's 
correlation analysis. Receiver operating characteristic (ROC) 
curve analysis was performed to evaluate the diagnostic value 
of serum lncRNA SCAL1 in diabetic patients with diabetic 
lung disease compared with healthy controls. P<0.05 was 
considered to indicate a statistically significant difference.

Results

Serum levels of lncRNA SCAL1 were significantly down‑
regulated in diabetic patients with diabetic lung disease. 
Differentially expressed genes between healthy controls and 
patients with a disease can often indicate the involvement 
of certain genes in a disease. The relative expression level 
of lncRNA SACL1 was determined by RT‑qPCR in serum 
samples from healthy controls, diabetic patients without lung 
disease and diabetic patients with diabetic lung disease. The 
serum expression level of lncRNA SACL1 was significantly 
decreased in diabetic patients with diabetic lung disease 
compared with diabetic patients without lung disease and 
healthy controls (P<0.05; Fig. 1). Serum levels of SACL1 were 
decreased in diabetic patients without lung disease compared 
with healthy controls; however, the difference was not statisti-
cally significant. 

Low serum lncRNA SCAL1 distinguishes diabetic patients 
with diabetic lung disease from diabetic patients without 
diabetic lung disease and healthy controls. ROC curve 
analysis determined that the area under the curve (AUC) was 
0.9233 (95% confidence interval: 0.8679‑0.9769) with a stan-
dard error of 0.02735 (Fig. 2A). In addition, ROC analysis was 
used to evaluate the diagnostic value of serum lncRNA SCAL1 
in discriminating diabetic patients with diabetic lung disease 
from diabetic patients without diabetic lung disease. The AUC 
was 0.8876 (95% confidence interval: 0.8254‑0.9498) with a 
standard error of 0.03174 (Fig. 2B). An AUC>0.65 indicates 
the potential diagnostic value of a certain indicator for a 
disease (11). Therefore, serum levels of lncRNA SCAL1 can 
be used to effectively distinguish diabetic lung patients from 
healthy controls and diabetic patients without lung disease. 

Expression levels of lncRNA SCAL1 are significantly upregulated 
in normal human lung cells following treatment with high 
glucose. D‑glucose (5, 10, 20, 30 and 40 mM) was used to treat 
the BEAS‑2B normal human lung cell line for 5, 10 and 15 h, 
respectively. The relative SCAL1 expression levels were signifi-
cantly increased in lung cells treated with high glucose (10, 20, 
30 and 40 mM) concentrations in a time‑ and dose‑dependent 
manner compared with the control group (P<0.05; Fig. 3).

Figure 3. Relative expression levels of lncRNA SCAL1 were upregulated 
following treatment with high glucose. The relative expression levels of 
lncRNA SCAL1 were determined by reverse transcription‑quantitative 
PCR in the BEAS‑2B normal human lung cell line following treatment 
with various concentrations (5, 10, 20, 30 and 40 mM) of glucose. *P<0.05 
as indicated by lines. LncRNA, long non‑coding RNA; SCAL1, smoke and 
cancer‑associated lncRNA 1; C, control.

Figure 2. ROC analysis of serum lncRNA SCAL1. ROC analysis was used to examine the diagnostic value of serum lncRNA SCAL1 to distinguish diabetic 
patients with diabetic lung disease from (A) healthy controls and (B) diabetic patients without lung disease. ROC, receiver operating curve; lncRNA, long 
non‑coding RNA; SCAL1, smoke and cancer‑associated lncRNA 1. 
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SCAL1 and iNOS mRNA expression in blood and lung 
tissue samples are negatively correlated in diabetic patients 
with diabetic lung disease. Pearson correlation analysis 
was used to examine the correlation between SCAL1 and 
iNOS mRNA expression in blood and lung tissue samples 
from diabetic patients with diabetic lung disease. Pearson's 
correlation analysis indicated a significant negative correla-
tion between SCAL1 and iNOS mRNA expression levels in 
blood (R=‑0.8432, P<0.0001; Fig. 4A) and lung tissue samples 
(R2=‑0.8124, P<0.001; Fig. 4B) from diabetic patients with 
diabetic lung disease. No significant correlation was observed 
between SCAL1 and iNOS expression levels in blood and lung 
tissue samples from diabetic patients without diabetic lung 
disease or healthy controls (data not shown). 

SCAL1 overexpression inhibits iNOS expression and reduces 
NO production in normal human lung cells. The expression 

of lncRNA SACL1 was determined by RT‑qPCR in normal 
human lung cells following transfection with SCAL1 
expression vector and treatment with D‑glucose (30 mM). 
Untransfected cells and cells transfected with empty circular 
pIRSE2 vector were used as control and negative control 
groups, respectively (Fig. 5). The relative expression level of 
lncRNA SACL1 was significantly increased in the control 
group following treatment with high (30 mM D‑glucose) 
glucose compared with the group treated with low (5 mM 
D‑glucose) glucose (Fig. 5A). In addition, the relative expres-
sion level of lncRNA SACL1 was significantly increased in 
cells following transfection with SCAL1 expression vector 
compared with the negative control, indicating that the trans-
fection was successful (P<0.05; Fig. 5A). 

The relative protein expression level of iNOS, and secretion 
of NO into the cell supernatant were significantly upregulated 
in cells treated with high glucose compared with those treated 

Figure 4. Correlation of SCAL1 and iNOS mRNA expression in blood and lung tissue samples from diabetic patients with diabetic lung disease. The relative 
lncRNA SCAL1 expression level was inversely correlated with iNOS mRNA expression in (A) blood and (B) lung tissue samples from patients with diabetic 
lung disease. SCAL1, smoke and cancer‑associated lncRNA 1; iNOS, inducible nitric oxide synthase; lncRNA, long non‑coding RNA.

Figure 5. SCAL1 overexpression inhibited iNOS expression and reduced NO production in lung cells under high‑glucose conditions. (A) The relative SCAL1 
expression level was determined by reverse transcription‑quantitative PCR in the BEAS‑2B normal human lung cell line following transfection with SCAL1 
expression vector and treatment with high glucose. (B) The relative iNOS protein expression level was determined by western blotting in BEAS‑2B cells 
following transfection with SCAL1 expression vector and treatment with high glucose. (C) NO production was examined in the supernatant of BEAS‑2B cells 
following transfection with SCAL1 expression vector and treatment with high glucose. *P<0.05 as indicated by lines. SCAL1, smoke and cancer‑associated 
lncRNA 1; iNOS, inducible nitric oxide synthase; NO, nitric oxide; C, control; NC, negative control.
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with low glucose (P<0.05; Fig. 5B and C). The overexpression 
of SCAL1 inhibited iNOS protein expression and reduced NO 
production following treatment with high glucose compared 
with the high glucose‑treated controls (P<0.05; Fig. 5B and C). 
Furthermore, no significant differences were observed in the 
protein expression level of iNOS and NO production in cells 
following the overexpression of SCAL1 and treatment with 
low glucose compared with control cells following treatment 
with low glucose (data not shown).

Discussion

Excessive NO production plays a pivotal role in the development 
of diabetic lung disease (7). The current study demonstrated 
that SCAL1, a lncRNA with a role in lung cancer, may be 
involved in the pathogenesis of diabetic lung disease. It also 
indicated that underlying mechanism of SCAL1 in diabetic 
lung may be via the downregulation of iNOS expression and 
reduced NO production.

Glucotoxicity, which is caused by a high‑glucose envi-
ronment in patients with diabetes, affects the expression 
levels of several genes as well as lncRNAs (12,13). Altered 
expression of lncRNAs may participate in the pathogenesis 
of diabetes‑associated complications by controlling blood 
glucose concentrations  (14,15). SCAL1 is upregulated in 
human lung cancer cell lines in response to cigarette smoke (9). 
In the current study, serum expression levels of SCAL1 
were decreased in diabetic patients without lung disease 
compared with healthy controls, although the difference was 
not observed to be significant. However, in vitro experiments 
performed in the present study suggest that the expression 
level of lncRNA SCAL1 was upregulated under high‑glucose 
conditions. Therefore, it is suggested that the downregulation 
of SCAL1 expression in patients with diabetic lung disease 
may be induced by the formation of lung lesions.

Diabetic lung disease is one of the least studied diabetes‑asso-
ciated complications and its pathogenesis is largely unknown, 
leading to difficulties in disease diagnosis. A previous study 
reported that caveolin‑1 overexpression is associated with struc-
tural modifications of endothelial cells in patients with diabetic 
lung disease, indicating the potential application of caveolin‑1 as 
a diagnostic biomarker for diabetic lung disease (16). The devel-
opment of human disease is usually associated with changes 
in certain substances in the blood, and the detection of those 
substances may provide guidance for disease diagnosis (17). 
In the current study, the relative expression levels of SCAL1 
were significantly downregulated in patients with diabetic lung 
disease, and downregulated serum expression levels of SCAL1 
effectively distinguished diabetic patients with diabetic lung 
disease from diabetic patients without lung disease and healthy 
controls. Therefore, serum SCAL1 may serve as a potential diag-
nostic biomarker for diabetic lung disease in diabetic patients.

Excessive production of NO is thought to be involved 
in the pathogenesis of different human diseases, including 
diabetic lung disease (7,18,19) and, therefore, inhibition of NO 
production may suppress the development of those diseases. 
In the current study, the lncRNA SCAL1 expression level was 
inversely correlated with the iNOS mRNA expression level 
in blood and lung tissue samples from patients with diabetic 
lung disease. Furthermore, SCAL1 overexpression inhibited 

iNOS protein expression and NO production in normal lung 
cells. Therefore, SCAL1 may be used as a therapeutic target 
for the prevention and treatment of diabetic lung disease. The 
current study demonstrated a potential interaction between 
SCAL1 and iNOS in lung tissue under high‑glucose condi-
tions; however, whether this interaction is direct or indirect 
remains unknown and further experimentation is required to 
further examine this interaction. 

The current study is limited by the small sample size; 
therefore, future studies with a larger sample size are required 
to further confirm the conclusions made. In addition, the 
underlying molecular mechanism by which SCAL1 regulates 
iNOS remains unclear and requires further investigation. 

In conclusion, the relative expression levels of SCAL1 were 
significantly downregulated in diabetic patients with diabetic 
lung disease. SCAL1 expression may suppress diabetic lung 
disease by inhibiting iNOS protein expression, and thereby 
reducing the production of NO in lung tissues.
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