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Salivary microRNAs show potential as biomarkers for early
diagnosis of malignant pleural effusion
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Background: Malignant pleural effusion (MPE) is a common medical problem caused by multiple
malignancies, especially lung cancers, and always comes along with a poor outcome. Early detection and
diagnosis are important for improving the prognosis in patients with MPE. Salivary microRNAs (miRNAs)
may represent a relatively convenient way for diagnosing MPE. We investigated the characteristics of
salivary miRNAs of MPE patients, benign pleural effusion (BPE) patients, patients with a malignant tumor
but without pleural effusion (MT), and healthy controls (HCs). We believe that they may show potential as a
non-invasive and convenient biomarker for diagnosing MPE.

Methods: From January 1, 2019, to July 1, 2019, 57 MPE patients, 33 BPE patients, 50 MT patients, and
49 HCs were enrolled. To select candidate biomarkers, in the discovery phase, the salivary miRNA profiles
were detected in three MPE patients and three HCs. Then, gPCR was used in the validation phase with 54
MPE patients, 33 BPE patients, 50 M'T patients, and 46 HCs to assay the selected miRNAs.

Results: hsa-miR-4484 and hsa-miR-3663-3p were identified as potential biomarkers to diagnose MPE
patients, with areas under the curve (AUC) of 0.768 and 0.666, respectively. The diagnostic efficacy was
higher when the combination of both miRNAs was used, with an AUC of 0.802. No correlation was found
between the volume of MPE and the expression of salivary miRNAs.

Conclusions: This study reports the characterization of salivary miRNAs collected from MPE patients.
A combination of hsa-miR-4484 and hsa-miR-3663-3p showed potential discriminatory power for MPE
detection, and it may be helpful for the early diagnosis of MPE, i.e., before the pleural effusion volume is too

large.
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Introduction

Pleural effusions are common medical problems resulting
from increased fluid in the pleural space (1). More than
50 diseases can cause pleural effusion, such as pleura disease, lung
disease, organ dysfunction, systemic conditions, and also several
drugs (2). Malignant pleural effusion (MPE) is a common
type of pleural effusion. It can be observed in many malignant
diseases, especially lung cancer (3-5). The existence of MPE
always indicates systemic cancer dissemination and a decline in
the life expectancy and quality of patients (6,7). Thus, having
an effective and minimally invasive method to diagnose MPE
as early as possible and accurately is urgently needed.

Many methods can be used to diagnose MPE. Pleural
effusion cytological analysis is always the clinician’s first
choice. However, cytological analysis’s diagnostic efficiency
is far from ideal, with a sensitivity range between 40% and
70% (8-10). Closed pleural biopsy is another way to diagnose
MPE, but this procedure cannot be performed when the
depth of pleural effusion is below 10 mm (11). A less invasive
way to diagnose MPE is to detect tumor markers in pleural
effusions, but this method’ sensitivity is only 25-88% (12,13).
All of these methods may lead to MPEs incorrectly identified
or overlooked. Instead, medical thoracoscopy is considered
as a highly sensitive (92.7%) method for diagnosing pleural
effusions (3,14). This year, our group found that the PET-
CT score can be an efficient method to diagnose MPE, with
an area under the curve of 0.949 (15). However, both medical
thoracoscopy and PET-CT require high technology support
and have a high cost. Besides, most of the methods described
so far need enough pleural effusion volume to allow drainage,
which is impossible when pleural effusion volume is low.

Saliva is now considered a readily accessible body fluid
containing diverse components, such as protein, DNA,
RNA, and metabolites, that may potentially be effective
biomarkers (16-20). Many studies have recently indicated
the diagnostic value of salivary biomarkers, ranging from
oral diseases to systemic diseases (21-31).

In this study, we investigate the characteristics of salivary
microRNAs (miRNAs) of MPE patients and highlight their
potential as non-invasive and convenient biomarkers for diagnosing
MPE. We present this article following the STARD guideline
checklist (available at http://dx.doi.org/10.21037/tlcr-19-530).

Methods
Study design

This work is a retrospective case-control study. Two
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phases were designed in this study, a discovery phase and
a validation phase (Figure I). In the discovery phase, six
salivary samples from three MPE patients, and three healthy
controls (HCs) were randomly enrolled. The miRNA
profiles of these saliva samples were detected using the
miRNA arrays for miRNA biomarker signature discovery.
Then, in the validation phase, 54 MPE patients, 33 benign
pleural effusion (BPE) patients, 50 malignant tumors
without pleural effusion (MT) patients, and 46 HCs were
included to assay the candidate miRINAs using qPCR.

Patients

The study protocol was conducted following the Declaration
of Helsinki (as revised in 2013) and was approved by the Ethics
Committee of Beijing Chao-Yang Hospital, Beijing, China
(# 2018-ke-321). All of the patients enrolled completed the
informed consent form.

From January 1, 2019, to July 1, 2019, 209 patients with
or without pleural effusion were treated in the Department
of Respiratory and Critical Care Medicine of Beijing Chao-
Yang Hospital, China. Initial diagnostic workups were
performed for all patients, including a detailed medical
evaluation, pleural radiological assessments, thoracic
ultrasound, pleural fluid analyses, and/or pleural biopsy
examination. All patients were consecutively enrolled in
the study. Eventually, 57 patients with a definite diagnosis
of MPE, 33 patients with a diagnosis of BPE, 50 patients
with a diagnosis of malignancy without pleural effusion and
49 HCs with similar age, ethnicity, gender, and smoking
history were enrolled in our study, and their saliva samples
were collected. In the MPE and HC groups, a researcher,
without knowing the groups’ information, participants’
information, and miRINA expression information, randomly
selected three participants from each group for the
discovery cohort. The other participants were enrolled in
the validation cohort. MPE was diagnosed when cytological
examination of pleural effusion showed malignant cells or
when pleural histopathology showed malignant lesions.
BPE was diagnosed when no malignant cells were observed
in the pleural effusion, and pleural effusion was reduced
after the treatment of primary disease. M'T patients
were diagnosed when the tumor histopathology showed
malignant lesions but without pleural effusion. All healthy
subjects were approached at public places such as parks and
residential areas near Beijing Chao-Yang Hospital. Their
demographic information and medical histories were asked,
and saliva was collected voluntarily. Subjects with oral,

Transl Lung Cancer Res 2020;9(4):1247-1257 | http://dx.doi.org/10.21037/tler-19-530



Translational Lung Cancer Research, Vol 9, No 4 August 2020

1249

Saliva samples collected from 189 individuals
(57 MPE + 33 BPE + 50 MT + 49 HC)

Discovery phase
(8 MPE + 3 HC)

Y
[ Affymetrix GeneChip miRNA 4.0 Arrays ]

Y

Microarray data analysis
Biomaker selection

Y
‘ Verification of marker candidates ’

(RT-gPCR)

(54 MPE + 33 BPE + 50 MT + 46 HC)

Validation phase ]

Y
[ Biomarker confirmation ]

Figure 1 The study design for the two phases of salivary miRINA biomarker development for MPE. MPE, malignant pleural effusion; BPE,

benign pleural effusion; M'T, malignant tumor without pleural effusion; HC, healthy control.

infectious, or autoimmune diseases were excluded from this
study. No patients received chemotherapy and radiotherapy
before saliva collection. Inclusion and exclusion criteria are
shown in Figure S1.

Saliva collection

Before saliva collection, all patients and HCs were required
to avoid drinking, eating, or smoking for at least 2 h. At
least 3 mL of saliva was collected from each subject. All
samples were centrifuged at 3,000 xg at 4 °C for 15 min to
remove the cells. Only the supernatant was transferred to a
2 mL centrifuge tube. Then, to remove cellular components
completely, centrifugation of 12,000 xg at 4 °C for 10 min
was followed. The supernatant was transferred into a 2 mL
centrifuge tube and stored at -80 °C until use.

Microarray analysis

In the discovery phase, six salivary samples from three
MPE patients and three HCs were randomly enrolled. The
miRNA profiles of these saliva samples were detected using
the Affymetrix® GeneChip® miRNA 4.0 Arrays (Affymetrix,
Santa Clara, CA, USA) for miRNA biomarker signature’s
discovery. In total, 2,578 miRNAs were assembled into
our miRNA microarray, and two of them were selected as
our candidate biomarkers. The selection criteria were as
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follows. First, the average miRINA expression level between
the MPE group and control group were compared. A
statistically significant difference was set when P values
<0.05. Then, differentially expressed miRNAs that showed
at least a 2-fold change were selected for the validation
phase. We have uploaded the microarray data to the Gene
Expression Omnibus database (http://www.ncbi.nlm.nih.
gov/geo) (GSE135947).

Quantification of salivary miRNAs

Researchers were not aware of the participants’ and group
information of all samples in advance. According to the
manufacturer’s protocol, total RNA was extracted from
2 mL of saliva supernatant using TRIzol (Thermo Scientific,
Waltham, MA, USA) extraction (32). After extraction, the
RNA was resuspended in 20 pL of nuclease-free water,
and ¢cDNA was transcribed right away using the stem-loop
reverse transcription reaction (PrimeScript™ RT reagent
Kit with gDNA Eraser, Takara, Dalian, China). The stem-
loop reverse transcription primer (supplementary materials)
contains a highly stable stem-loop structure that lengthens
the target cDNA to enhance the assay’s specificity (33).
The ¢cDNA solution was amplified using LightCycler® 480
Probes Master (Roche, Mannheim, DE), and quantitative
PCR was run on a LightCycler® 480 System (Roche,
Mannheim, DE). The reaction mixtures were incubated

Transl Lung Cancer Res 2020;9(4):1247-1257 | http://dx.doi.org/10.21037/tler-19-530



1250

Table 1 Patient demographics and clinical profiles
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Discovery phase

Validation phase

Variables
MPE (n=3) HC (n=3) P value MPE (n=54) BPE (n=33) MT (n=50) HC (n=46)

Age, yr, mean + SD 78+3 63+8.89 0.051 61.87+13.13  59.82+13.61 62.02+13.24  55.80+14.38
Gender 0.083

Male 2 0 28 22 30 19

Female 1 3 26 11 20 27
Smoking 0.273

Smoker 1 0 27 13 23 27

Non-smoker 2 3 27 20 27 19
Histology type

Adenocarcinoma 3 26 20

Squamous cell carcinoma 0 9 11

Small cell lung cancer 0 12 19

Malignant mesothelioma 0 7 0

Parapneumonic effusion 12

Tuberculous pleural effusion 9

Connective tissue disease 6

Transudative pleural effusion 5

Pulmonary embolism

1

MPE, malignant pleural effusion; BPE, benign pleural effusion; MT, malignant tumor without pleural effusion; HC, healthy control.

at 95 °C for 5 min, followed by 45 cycles of 95 °C for 10 s,
60 °C for 15 s, and 72 °C for 10 s. Each sample was analyzed
in triplicate. Expression levels were calculated using the
2" method (34), and the expression levels of miRNAs
were normalized by U6 snRNA.

Statistical analysis

All analyses were performed using SPSS version 25.0
statistical software (SPSS Inc., Chicago, IL, USA) and
MedCalc statistical software 19 (MedCalc Software, Ostend,
BE). Descriptive statistical methods were used for summary
standard deviation (SD) or
number was presented as appropriate. The significance

+

statistics reporting. Mean

of differences between the two groups was analyzed using
Student’s #-test. The correlation coefficient between variables
was performed using Pearson’s correlation test. Receiver
operating characteristic (ROC) curves and the areas under the
curves (AUCs) were used to evaluate the miRINA% diagnostic
value. Sensitivity, specificity, positive predictive value, negative
predictive value, positive likelihood ratio, and negative
likelihood ratio were also analyzed. The 95% confidence
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intervals (Cls) of these parameters were also evaluated in
this study. The optimal cutoff points were established based
on their maximum Youden’s index. Sample size analysis
was conducted by PASS version 11.0 software (NCSS Inc.,
Kaysville, UT). The power was calculated based on the ROC
test. At the 5% level of significance, with a sample size of
54 in the MPE group, 33 in the BPE group, 50 in the MT
group, and 46 in the healthy control group, the trial will have
above 95% power. All P values were two-sided. A statistically
significant difference was set when P values <0.05.

Results
Characteristics of MPE patients and HCs

In our study, 6 patients (3 MPE patients and 3 HCs)
were included in the discovery phase and 183 patients (54
MPE patients, 33 BPE patients, 50 M'T patients, and 46
HCs) in the validation phase. The table (7able 1) shows
the baseline characteristics of these subjects. In the
discovery phase, there were two males and one female
in the MPE group and three females in the HC group.
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Figure 2 Heat map of the verified miRNAs (29 upregulated and 48 downregulated) based on the microarray data. MPE patients (n=3) and

HCs (n=3) could be classified into distinct groups, preliminarily indicating the discriminatory power of these salivary miRNAs.

The average ages of the patients in the MPE and HC
groups were 78=3 and 63+8.89 years, respectively. One
of the three MPE patients was a smoker, and none of the
HCs was a smoker. The histology type of all three MPE
patients was adenocarcinoma. Then, in the validation
phase, the percentages of males in the MPE group, the
BPE group, the MT group, and the HC groups were
51.9%, 66.7%, 60.0%, and 41.3%, respectively; the
average ages of the patients in these four groups were
61.87£13.13, 59.82+13.61, 62.02+13.24, and 55.80+14.38
years, respectively; the percentages of smokers in these four
groups were 50%, 39.4%, 46.0%, and 58.7%, respectively.
Among the 54 MPE patients in the validation phase, there
were 26 adenocarcinomas, 12 small cell lung cancers, 9
squamous cell carcinomas, and 7 malignant mesotheliomas.
Among the 33 members of the BPE group, 12 were

parapneumonic effusion patients, 9 were tuberculous

© Translational Lung Cancer Research. All rights reserved.

pleural effusion patients, and 5 were transudative pleural
effusion patients. Six pleural effusions were caused
by connective tissue disease, and one was caused by
pulmonary embolism. Among the 50 MT patients, there
were 20 adenocarcinomas, 19 small cell lung cancers, and
11 squamous cell carcinomas. There were no statistical
differences in age, gender, and smoking history between
these groups.

Salivary miRNA profiles of MPE patients and HCs

In the discovery phase, a miRNA microarray was used to
examine miRNNA expression in saliva samples from three
MPE patients and three HCs. The microarray results
showed that 29 miRNAs were upregulated, and 48 miRNAs
were downregulated in the saliva of MPE patients. The
heat map of these differentially expressed miRINAs is shown
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Figure 3 Column diagram of salivary hsa-miR-4484 (A) and hsa-miR-3663-3p (B) based on qPCR data of the MPE group (n=54), BPE
group (n=33), MT group (n=50) and HC group (n=46). *, P<0.05; ***, P<0.001.

in Figure 2. The results showed that the MPE patients
and HCs were divided into two groups, and these salivary
miRNAs may have potential diagnostic power. Eventually,
two miRNAs, hsa-miR-4484 (P=0.027, fold change =5.337)
and hsa-miR-3663-3p (P=0.030, fold change =2.403), were
selected for the followed validation phase. Hsa-miR-4484
showed significant upregulation in MPE patients, while
hsa-miR-3663-3p showed downregulation.

Validation of salivary biomarkers and biomarker
combination analysis

In the validation phase, quantitative PCR was used to
validate the two candidate miRNAs in 54 MPE patients,
33 BPE patients, 50 MT patients, and 46 HCs. The results
showed that hsa-miR-4484 was significantly upregulated,
and hsa-miR-3663-3p was significantly downregulated in
MPE patients (Figure 3). These results were consistent with
the microarray analysis results. ROC curves were used to
test if these two miRNAs can be used for MPE diagnosis.
AUC for hsa-miR-4484 and hsa-miR-3663-3p were 0.768
and 0.666, respectively. The sensitivities were 74.1%
and 50.4%, and the specificities were 74.4% and 79.6%,
respectively (Figure 44). A binary logistic regression model
was built to evaluate the diagnostic value of the combination
of hsa-miR-4484 and hsa-miR-3663-3p, and the ROC

© Translational Lung Cancer Research. All rights reserved.

curve was computed. The results show a sensitivity of
82.2%, a specificity of 74.1%, and an AUC of 0.802 for
the combination of the two validated salivary biomarkers
(Figure 4B). The other diagnostic parameters of salivary
hsa-miR-4484 and hsa-miR-3663-3p, including sensitivity,
specificity, positive likelihood ratio, negative likelihood
ratio, positive predictive value, and negative predictive
value, are presented in 7uble 2. Based on these parameters,
it was clear that the combination of hsa-miR-4484 and
hsa-miR-3663-3p had a high diagnostic performance on
diagnosing MPE.

Salivary miRNAs may become useful biomarkers for MPE
early detection

To explore the characterization of salivary miRNAs, we
extracted the paired MPE and saliva from six patients to
determine if the expression of miRNAs was correlated with
MPE and saliva. We found that the hsa-miR-4484 level in
saliva was correlated with MPE, but the same result was not
found for hsa-miR-3663-3p (Figure 5A). Generally speaking,
the miRNA level is higher in saliva than in MPE (Figure 5B).
Then, we investigated the correlation between salivary
miRNA levels and pleural effusion volume. The results
shown in Figure 5C indicate that the miRNA levels did not
correlate with the MPE volume, suggesting that salivary
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Figure 4 ROC curve analysis for the discriminatory power of salivary miRNA biomarkers. In MPE patients versus HCs, hsa-miR-4484
showed an AUC of 0.768, with a sensitivity of 74.1% and a specificity of 74.4%. The AUC for hsa-miR-3663-3p was 0.666, with a sensitivity
of 50.4% and a specificity of 79.6% (A). The predictive power of combined salivary hsa-miR-4484 and hsa-miR-3663-3p also determined by
ROC curve analysis (B). We obtained a sensitivity of 82.2% and a specificity of 74.1%. The calculated area under the ROC curve was 0.802.

Table 2 Diagnostic values of salivary hsa-miR-4484, hsa-miR-3663-3p and the combination of salivary hsa-miR-4484 and hsa-miR-3663-3p in

diagnosing MPE
Variablo Cutof AUC Sensitivity (%) Specificity (%) PLR (95% NLR PPV (%) NPV (%)
(95% Cl) (95% Cl) (95% Cl) cl) ©5%Cl)  (95% Cl) (95% Cl)

hsa-miR-4484 1.384 0.768 74.1 74.4 2.9 0.3 54.8 87.3
(0.689t0 0.874) (60.1t084.6) (65.8t081.5) (2.1t04.0) (0.2t00.5) (42.81t066.3) (79.2t0 92.6)

hsa-miR-3663-3p 0.748 0.666 50.4 79.6 2.3 0.6 84.4 39.6
(0.5811t00.750) (41.5t059.2) (64.1t087.5) (1.3t03.8) (0.5t00.8) (74.0t091.3) (30.4 to 49.6)

Combination of two  0.672 0.802 82.2 741 3.0 0.2 87.6 62.9

miRNASs (072910 0.875) (74.2t088.1) (58.1t083.1) (1.9t04.6) (0.1t00.3) (80.1t092.7) (49.7 to 74.6)

AUC, area under the curve; PLR, positive likelihood ratio; NLR,
predictive value.

miRNAs may be detected in a low MPE volume and buy
more time for early diagnosis.

Discussion

MPE is a common medical problem caused by multiple
malignancies, especially lung cancers. The appearance of
pleural effusion often indicates the late stage of the disease.
Early detection and diagnosis are important for improving
the prognosis in patients with MPE.

Many studies have proved that salivary components,
such as proteins, transcripts, and metabolites, can be used
for detecting oral, infectious, systemic, and cardiovascular
diseases and cancers (21-31). In 2009, Park et 4/. found that
miR-125a and miR-200a were present in significantly lower

© Translational Lung Cancer Research. All rights reserved.

negative likelihood ratio; PPV, positive predictive value; NPV, negative

levels in the saliva of oral squamous cell carcinoma patients
than in control subjects with a combined AUC of 0.66 (24).
Then, in 2010, Zhang et 4/. found that the combination
of four salivary mRNA biomarkers could differentiate
pancreatic cancer patients from non-cancer subjects,
yielding a ROC-plot AUC value of 0.971 (17). Thus, with
all of these discoveries, the saliva is believed to mirror
systemic health and reflect conditions of diseases (35). Can
salivary miRNAs present differently between MPE patients
and HCs, and provide a non-invasive way to diagnose
MPE?

A less invasive way to diagnose MPE is to detect tumor
markers in pleural effusions. In 2015, Nguyen ez al.
performed a meta-analysis showing the summary estimates
of the sensitivity and specificity of pleural CEA, CA 15-3,
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Figure 5 P=0.021 indicates that the hsa-miR-4484 level in saliva correlated with it in MPE, but the same result was not found in the level
of hsa-miR-3663-3p with P=0.160 (A). The miRNA level is higher in saliva than in MPE for both hsa-miR-4484 and hsa-miR-3663-3p (B).
The miRNA levels did not correlate with the pleural effusion volume with both P>0.05 (C). Pleural effusion volume was evaluated by the

depth that the thoracic ultrasound detected.

CA 19-9, CA 125, and CYFRA 21-1 (36). The most
efficient marker found in these five tumor markers was
CEA, with a sensitivity of 0.549 and specificity of 0.962,
which is not more effective than salivary hsa-miR-4484. In
2017, our laboratory detected the concentration of these
tumor markers using a chemiluminescent microparticle
immunoassay technology, resulting in a much better
CEA sensitivity (84.7%) and specificity (90.9%) (37).
These results may differ due to the heterogeneity of the
population. So, which is better, traditional tumor markers
in pleural effusion or salivary miRINAs?

With these questions, we profiled salivary miRNAs to
explore if the differentially expressed genes could be used
to diagnose MPE. The results are encouraging, given the
high sensitivity and specificity. According to qPCR, hsa-
miR-4484 and hsa-miR-3663-3p are potential biomarkers to
distinguish MPE patients from BPE patients, M'T patients,
and HCs. The logistic regression model showed a better
discriminatory power of the combination of hsa-miR-4484
and hsa-miR-3663-3p. These encouraging results suggest

© Translational Lung Cancer Research. All rights reserved.

that salivary miRNAs might be used to diagnose molecular
oncology events.

Moreover, in further research, we found that the miRINA
levels did not correlate with the pleural effusion volume.
This result indicates that salivary miRNAs detect MPE in
a low MPE volume and overcome the difficult problem
that low pleural volume cannot be extracted for traditional
diagnostic methods such as pleural effusion cytological
analysis or tumor genesis analysis. We know that early
detection and diagnosis are important for improving the
prognosis in patients with MPE, and salivary miRNA
detection shows a new method for MPE early detection.

Comparisons of saliva miRNAs between MPE
patients and other groups showed that hsa-miR-4484
was significantly upregulated, and hsa-miR-3663-3p was
significantly downregulated in MPE patients. miR-4484
was previously reported as a deleted and downregulated
miRNA in glioblastoma, and overexpression of miR-
4484 reduced colony-forming ability and suppressed the
migratory capacity of glioma cells (38). This result was
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contrary to our finding that hsa-miR-4484 was upregulated
in MPE. The first possible explanation for these
contradictory conclusions might be that hsa-miR-4484
showed a different effect on these two diseases, which may
have led to opposite consequences at the expression level.
A second reason could be related to the various effects of
extracellular miRNA and cellular miRNA. Extracellular
miRNAs from the saliva supernatant may be intercellular
signaling molecules and transduce intercellular signals
when flowing (39). Furthermore, according to our results,
the salivary hsa-miR-4484 level significantly correlates with
the hsa-miR-4484 level in MPE. Thus, a high miR-4484
level in MPE may lead to a high miR-4484 level in saliva.
The biological function of hsa-miR-3663-3p has not been
reported and remains to be investigated.

Although we did not obtain the survival information of
the enrolled patients, to learn more about the functions
of hsa-miR-4484 and hsa-miR-3663-3p, we checked the
correlation between these two miRNAs and overall survival
in Kaplan-Meier Plotter (http://www.KMplot.com). In
lung squamous cell carcinoma patients, these two miRNAs
overexpression was related to better overall survival
(Figure S2). This result may indicate a protection function
of hsa-miR-4484 and hsa-miR-3663 in patients with
lung squamous cell carcinoma. It suggests that these two
miRNAs have more roles in lung cancer and even in MPE
that still need to be discovered. The mechanistic data that
explain why MPE can lead to saliva biomarker profile
changes and whether these miRNAs are correlated with
the patients’ survival of MPE are emerging. Future studies
should soon elucidate these mechanisms.

"To our knowledge, this is the first study to profile salivary
miRNAs from MPE patients using microarray analysis.
Our analysis suggests a simple and non-invasive method to
diagnose MPE early on. It also raises the possibility that
salivary components can be used as potential biomarkers to
detect systemic diseases. Furthermore, how MPE can lead
to the salivary miRNAs profile change is still unclear and
waiting to be explained.

Our work has some limitations. First, all MPE patients
enrolled in our study were caused by lung cancer. MPE
induced by other kinds of malignant diseases will be
analyzed in future studies. Second, the sample size was
relatively small in this study, with 57 MPE patients, 33
BPE patients, 50 MT patients, and 49 HCs. Finally, all the

subjects came from the same country and belonged to the

© Translational Lung Cancer Research. All rights reserved.
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same ethnic group. Thus, multicenter prospective studies
with larger sample sizes are needed.

Conclusions

In conclusion, this study showed the characterization of
salivary miRNAs collected from MPE patients. Through
the discovery and validation phases, we have demonstrated
that hsa-miR-4484 and hsa-miR-3663-3p in the saliva are
expressed differently between MPE patients and other
groups. The combination of these two miRNAs showed
a potential discriminatory power for MPE detection, and
salivary miRINAs may be used to detect MPE in a low MPE
volume. All of these findings suggest that salivary miRNAs
can be biomarkers for early and non-invasive detection of

MPE.
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Supplementary

All primers used in the study

Stem-loop primer for reverse transcription:

% h-loop-4484: GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACTGGGGC.
% h-loop-3663: GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACGCGCCC.

% h-loop-U6: GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACTGTGCT.
Universal forward primer and probe for q-PCR:

% Universal forward primer: CAGTGCAGGGTCCGAGGTA.

% Universal probe: FAM-TCGCACTGGATACGAC-MGB.
Reverse primers for q-PCR:

% h-loop-4484-R: TGGCAAAAGGCGGGAGA.

% h-loop-3663-R: AGCTGAGCACCACACAGGC.

% h-loop-U6-R: AGCGTGCTCGCTTCGG.

All subjects

Clinical diagnose (n =209) Healthy (n =75)

MPE (n=101)
BPE (n — 47)
MT (n=61)
Excluded due to: (total = 69) Excluded due to: (total = 26)
With oral disease (n=13) . Technical problem on saliva
With autoimmune disease (n = 2) collection (n = 21)
Received chemotherapy and/or Insufficient salivary RNA (n = 5)

radiotherapy (n = 10)
Technical problem on saliva

collection (n = 35)

Insufficient salivary RNA (n =9)

Enrolled in (n = 140) ] [ Enrolled in (n = 49)

Figure S1 Inclusion and exclusion criteria of all subjects enrolled in this study. MPE, malignant pleural effusion; BPE, benign pleural
effusion; M'T, malignant tumor without pleural effusion.
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Figure S2 Kaplan-Meier plots of hsa-miR-4484 (A) and hsa-miR-3663 (B) expression of lung squamous cell carcinoma patients using the
program Kaplan-Meier plotter.



	32-TLCR-19-530（含附录）
	32-TLCR-19-530附录

