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Abstract

Global deregulation in miRNA expression is a hallmark of cancer cell. An estimated 2300 mature miRNAs are encoded by
human genome; role of many of which in carcinogenesis and as cancer biomarkers remains unexplored. In this study, we
investigated the utility of miR-3692-3p, miR-3195, and miR-1249-3p as biomarkers in non-small cell lung cancer (NSCLC).
For this prospective study, 115 subjects, including 75 NSCLC patients and 40 controls, were recruited. The expression of miR-
3692-3p, miR-3195, and miR-1249-3p was checked using qRT-PCR. The miRNA expression was correlated with survival
outcome and therapeutic response. There were no significant differences in the mean age of NSCLC patients and controls
(56.2 and 55.3 years, respectively; p=0.3242). Majority of NSCLC patients (67%) were smokers. We observed a significant
upregulation of miR-3692-3p expression (p <0.0001), while the expression of miR-3195 (p=0.0017) and miR-1249-3p was
significantly downregulated (p <0.0001) in the serum of NSCLC patients as compared to controls. The expression of miR-
1249-3p was significantly upregulated in lung adenocarcinoma versus lung squamous cell carcinoma (p=0.0178). Interest-
ingly, patients who responded to chemotherapy had higher expression of miR-1249-3p than non-responders (p =0.0107).
Moreover, patients with higher expression of miR-3195 had significantly longer overall survival (p =0.0298). In multivariate
analysis, miR-3195 emerged as independent prognostic factor for overall survival. We conclude that the miR-3195 may have
prognostic significance, while miR-1249-3p may predict therapeutic response in NSCLC. Further studies are warranted to
elucidate the role of these miRNAs in lung carcinogenesis and their utility as candidate cancer biomarkers.
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Glil Glioma-associated oncogene 1
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Introduction

Globally, lung cancer is the most commonly diagnosed can-
cer accounting for 11.6% of all cancers in both the genders
combined [1]. It is also the leading cause of cancer-related
deaths accounting for 18.4% of all cancer-related deaths
globally [1]. Non-small cell lung cancer (NSCLC), which
constitutes 80-85% of all lung cancer, is classified into two
histologically and molecularly distinct subtypes: lung squa-
mous cell carcinoma (LUSC) and lung adenocarcinoma
(LUAD). The therapeutic management of NSCLC, par-
ticularly LUAD, depends on the presence of specific driver
mutations, including EGFR, ALK, ROS1, BRAF, and RET
in tumor tissue, which are usually characterized by Sanger
sequencing, next-generation sequencing, or PCR-based
assays [2—4]. In the absence of targetable driver mutations,
the role of immunotherapy becomes crucial specifically in
a subset of NSCLC patients with high tumoral expression
of programmed death-ligand 1 or high tumor mutation bur-
den [5]. However, overall survival (OS) of advanced-stage
NSCLC is still very poor despite the availability of several
targeted agents and immunotherapeutic drugs. This is pri-
marily due to the development of drug resistance and lack
of more effective prognostic or predictive biomarkers which
can be detected using minimal or non-invasive methods.
MicroRNAs (miRNAs), which are 18-25 nucleotide long,
small, non-coding RNAs, are a class of epigenetic biomark-
ers involved in post-transcriptional gene silencing [6]. They
are stable in various body fluids and can be detected using
various molecular platforms, including quantitative PCR-
based assays, microarray, and small RNA sequencing, mak-
ing them an attractive target as cancer biomarkers. Numer-
ous studies have observed deregulated miRNA expression in
tumor tissue and body fluids of various human malignancies,
including NSCLC [7-11]. There are approximately 2300
mature miRNAs known to be expressed in human system
[12]; however, the role of many miRNAs as cancer biomark-
ers and in disease pathogenesis still remains unexplored.
In our previous study, we identified several differentially
expressed miRNAs in the serum of NSCLC patients com-
pared to controls using small RNA sequencing [13]. How-
ever, in that study, we validated the expression of only ten
differentially expressed miRNAs using reverse transcrip-
tion quantitative polymerase chain reaction (qQRT-PCR)
[13]. The analysis of small RNA sequencing data revealed
significant downregulation of miR-3195 {mean reads per
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kilobase of transcript per million mapped reads (RPKM)
42.404 in NSCLC vs. 230.251 in controls; p <0.05} and
miR-1249-3p {mean RPKM 16.675 in NSCLC vs. 69.548
in controls; p<0.05} and a significant upregulation of
miR-3692-3p {mean RPKM 7.089 in NSCLC vs. 0.692
in controls; p <0.05} expression in the serum of NSCLC
patients compared to controls [13]. Hence, in this study, we
investigated the utility of miR-3692-3p, miR-3195 and miR-
1249-3p as cancer biomarkers by profiling their expression
in the serum of NSCLC patients and controls. Limited stud-
ies available so far indicate that aforementioned miRNAs
may have some role in various human malignancies. How-
ever, their role as circulating cancer biomarkers has not been
evaluated yet. To the best of our knowledge, this is the first
report on profiling of these miRNAs in liquid-biopsy sample
in NSCLC and their utility as diagnostic, prognostic, and
predictive biomarkers.

Materials and methods
Patients

For this prospective study, we enrolled 115 subjects,
including 75 newly diagnosed and treatment-naive NSCLC
patients and 40 controls from the Dept. of Pulmonary Criti-
cal Care and Sleep Medicine and Dept. of Medical Oncol-
ogy, All India Institute of Medical Sciences, New Delhi,
India, between years 2014-2018. The diagnosis of NSCLC
was confirmed by histopathology examination of biopsy or
cytology specimens. For staging, CT scans of the chest and
upper abdomen and if needed, CT or MRI scan of the brain
and radionuclide bone scan were performed. Staging was
done as per the recommendations of International Associa-
tion for the Study of Lung Cancer Staging Committee for
NSCLC [14]. Demographic and epidemiological details of
all patients were also collected. The response to therapy was
assessed in those patients who underwent chemotherapy for
at least three cycles using RECIST v1.1 criteria [15]. The
controls included patients with non-malignant pulmonary
disorders, including chronic obstructive pulmonary disease,
pulmonary tuberculosis, sarcoidosis, and bronchiectasis. The
study was approved by institutional ethics committee (IEC-
155/07.04.2017, RP-13/2017) and written informed con-
sent was obtained from all the subjects, including NSCLC
patients and controls.

Collection and processing of samples
for the isolation of serum RNA

We collected 5 mL of peripheral blood in sterile vacutain-
ers (BD), which was kept at room temperature (RT) for
15-30 min for clotting. The clotted blood was centrifuged
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at 1500xg for 15 min at RT for serum separation. The serum
was again centrifuged at 10,000xg for 15 min to remove any
remaining cellular debris. Serum was aliquoted and trans-
ferred in a fresh sterile nuclease-free microcentrifuge tube
and was stored at — 80 °C until further use.

Quantification of miRNA expression using qRT-PCR

Quantification of the expression of all miRNAs was per-
formed using miScript SYBRGreen PCR system (QIAGEN,
Germany) as per the manufacturer’s instructions. Briefly,
an equal amount of synthetic spike-in control, C. elegans
miR-39 miRNA mimic, was added to each serum sample
before RNA isolation for normalization. RNA was isolated
from 200 pL of serum using miRNeasy Serum/Plasma kit
(QIAGEN, Germany) as per the manufacturer’s instructions.
RNA was eluted in 14 pL of RNase-free water and stored at
— 80 °C until further use. 5 pL of RNA was used for reverse
transcription (RT) using miScript II RT kit (QIAGEN,
Germany) as per recommended protocol. After RT, cDNA
was diluted in 200 pL of RNase-free water, aliquoted, and
stored at — 80 °C. The quantification of expression of miR-
3692-3p, miR-3195, and miR-1249-3p was performed using
miScript SYBRGreen PCR kit (QIAGEN, Germany) as per
the manufacturer’s instructions. C. elegans miR-39 was used
as an exogenous control (Ce_miR-39_1 miScript® Primer
Assay, QIAGEN, Germany) for normalizing the expression
of miRNA expression. The relative quantification of miRNA
expression was determined using ACt method, where
ACt=Ct (miRNA of interest) — Ct (reference miR-39).

Statistical analysis

The descriptive data were expressed as mean + SD,
mean + SE or median (range). Median values of quantita-
tive variables were used as cut-off for high and low values.
Student’s ¢ test was used to compare the mean of two groups
while the linear relationship between two continuous vari-
ables was established using Pearson correlation coefficient.
Kaplan—Meier curve was applied for the survival analysis
followed by log rang test to compare the statistical signifi-
cance between the groups. We performed Cox proportional
hazard analysis for those miRNAs which correlated with OS
in univariate analysis. OS was calculated from the date of
diagnosis to death or last follow-up, while progression-free
survival (PFS) was calculated date of diagnosis to date of
progression, relapse, or death. The end point of the study
was 10th October 2019. Receiver operating characteristic
(ROC) curves were plotted to calculate the area under the
curve (AUC), sensitivity, and specificity of each miRNA. All
statistical analysis was done using STATA 11.2. p <0.05 was
considered as statistically significant.

Results
Demographic characteristics

The mean age of 75 NSCLC patients and 40 controls
was almost similar (56.2 and 55.3 years, respectively;
p=0.3242). Majority of the patients (82.7%) and con-
trols (67.5%) were males (p =0.054). Histologically, 42
patients were of LUAD (mean age 53.6 years; 31 males
and 11 females) while 33 patients were of LUSC (mean age
59.6 years; 31 males and 2 females). Majority of NSCLC
patients were smokers (66.7%) with more prevalence in
patients with LUSC (87.9%) than with LUAD (50%). The
demographic characteristics of lung cancer patients as well
as controls are summarized in Table 1.

Differential expression of miR-1249-3p, miR-3195,
and miR-3692-3p in NSCLC

We compared the expression of miR-1249-3p, miR-3195,
and miR-3692-3p in the serum of 75 NSCLC patients with
40 controls. The expression of miR-1249-3p (p <0.0001;
Fig. 1a) and miR-3195 (p=0.0017; Fig. 1b) was signifi-
cantly downregulated, while that of miR-3692-3p was sig-
nificantly upregulated (p <0.0001; Fig. Ic) in NSCLC as
compared to controls (Table 2).

We also assessed the diagnostic performance of all 3
miRNAs using ROC curves. Amongst 3 miRNAs, only
miR-1249-3p exhibited reasonable sensitivity of 73.3% at
95% specificity and an area under the curve (AUC) of 0.879

Table 1 Demographic characteristics of NSCLC patients and controls

Characteristics NSCLC patients Controls (n=40) p value
(n=175)

Age (years)
Mean +SD 56.2+10.9 55.3+7.7 0.3242
Range 23-75 38-71

Gender
Male 62 (82.7%) 27 (67.5%) 0.054
Female 13 (17.3%) 13 (32.5%)

Histology
LUAD 42 (56%)
LUSC 33 (44%)

Smoking status
Non-smokers 25 (33.3%) 19 (47.5%) 0.099
Smokers 50 (66.7%) 21 (52.5%)

Smokers (LUSC) 29/33 (87.9%)
Smokers (LUAD) 21/42 (50%)

n number of patients or controls, SD standard deviation, LUAD lung
adenocarcinoma, LUSC lung squamous cell carcinoma
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Fig.1 Circulating serum miRNAs as diagnostic biomarker for
NSCLC. The box plot shows the differential expression of a miR-
1249-3p, b miR-3195, and ¢ miR-3692-3p in the serum of NSCLC

patients (n=75) as compared to controls (n =40) as measure by qRT-
PCR. ROC curves were generated to assess the diagnostic potential of
d miR-1249-3p, e miR-3195, and f miR-3692-3p for NSCLC

Table 2 List of circulating miRNAs differentially expressed in the serum of NSCLC patients as compared to controls and their diagnostic per-

formance
MicroRNA Mean ACt+SEin Mean ACt+SEin p value AUC = SE (95% CI) Cut-off Sensitivity (%)  Speci-
NSCLC (n=175) Controls (n=40) (ACt val- ficity
ues) (%)
miR-1249-3p 9.42+0.18 7.4+0.13 <0.0001  0.879+0.03 (0.804-0.932) >8.86 73.3 95
miR-3195 5.23+0.18 4.32+0.18 0.0017  0.675+0.05 (0.585-0.762)  >6.01 30.7 95
miR-3692-3p 10.48 +0.21 12.11+£0.29 <0.0001  0.279+0.05 (0.199-0.369) >15.2 1.3 95

SE standard error, NSCLC non-small cell lung cancer, AUC area under the curve, CI confidence interval

(Table 2, Fig. 1d). The miR-3195 and miR-3692-3p had very
low AUC and sensitivity at 95% specificity indicating that
they may not be good diagnostic biomarkers for NSCLC
(Table 2, Fig. le, f).

Correlation of miRNA expression with survival
and therapeutic response

For our study population, median OS and PFS was 6.4
(range 0.2-30.7) and 5.7 (range 0.2-30.7) months, respec-
tively. We correlated the expression of miRNAs with OS
and PFS using median ACt of individual miRNAs as cut-off
(Table 3). The expression of miR-1249-3p and miR-3692-3p
was not correlated with OS and PFS in univariate analysis
(Table 3). However, NSCLC patients with higher expression
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of miR-3195 had significantly longer OS as compared to
patients with lower expression of miR-3195 (p =0.0298;
Fig. 2a). On multivariate analysis, the expression of miR-
3195 emerged as an independent prognostic factor for OS
(HR 2.54; p=0.024; Table 4).

We also correlated the expression of miRNAs with
response to therapy. NSCLC patients who achieved com-
plete response (CR), partial response (PR), or stable dis-
ease (SD) after 3 cycles of chemotherapy were classified as
responders (n=23), while those with progressive disease
were classified as non-responders (n=10). Interestingly,
responders had higher expression of miR-1249-3p than
non-responders (mean ACt of 8.71 vs. 10.51, respectively;
p=0.0107; Fig. 2b). None of the other miRNAs correlated
with therapeutic response (Table 5).
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Table3 Correlation between MicroRNA 05"+ SE (95% CI) p value PFS® + SE (95% CI) P value
circulating serum miRNA
expression and survival in miR-1249-3p
NSCLC <9.64 39.0+£10.9 (18.5-59.1) 0.4159 21.8+8.8 (7.7-40.5) 0.4775
>9.64 19.8+11.2 (4.2-44.1) 13.8+10.8 (1.4-40.2)
miR-3195
<5.28 44.6+11.0 (23.0-64.1) 0.0298 26.8+9.4 (10.8-45.9) 0.1012
>5.28 143+11.2(1.3-41.4) 11.2+9.0 (1.1-34.5)
miR-3692-3p
<10.42 27.3+10.8 (9.5-49.0) 0.2219 24.9+10.1 (8.6-45.6) 0.9336
>10.42 36.1+11.5(15.2-57.5) 13.6+8.2 (2.7-33.1)

OS overall survival, SE standard error, PFS progression-free survival, CI confidence interval

20S and PFS at 24 months
a
| . p=0.0298

e *IJL miR-3195

0.8
E 0.6
F High expression (n = 16)
@
£ -
G 04 '

b
0.24 l
Low expression (n = 19)
0.0

Fig.2 Circulating serum miRNAs as prognostic and predictive bio-
marker for NSCLC. a Kaplan—Meier curve for correlation between
miR-3195 expression and OS in NSCLC patients. NSCLC patients
were categorized into two groups based on median ACt of miR-
3195. Those with<median ACt levels of miR-3195 were classified
as patients with higher expression while those with > median ACt lev-

Table 4 Factors associated with overall survival based on multivari-
ate analysis

Variables HR +SE (95% CI) p value
Age 0.95+0.37 (0.44-2.04) 0.890
Gender 1.35+0.77 (0.44-4.1) 0.596
Smoking status 1.09 £0.56 (0.40-2.97) 0.871
Histology 0.77+0.31 (0.35-1.69) 0.511
miR-3195 2.54+1.05 (1.13-5.72) 0.024

HR hazard ratio, SE standard error, CI confidence interval

Act miR-1249-3p
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Responders Non-responders

(n=23) (n=10)

els of miR-3195 were classified as patients with lower expression of
miR-3195. The curve indicates that patients with higher expression of
miR-3195 have significantly longer OS as compared to patients with
lower expression. b The box plot shows significantly higher expres-
sion of miR-1249-3p in responders as compared to non-responders to
chemotherapy

Table5 Correlation between the expression of circulating serum
miRNA and therapeutic response in NSCLC

MicroRNA Mean ACt+SEin  Mean ACt+SE in p value
responders® (n=23) Non-responders®
(n=10)
miR-1249-3p  8.70+0.31 10.51+£0.71 0.0107
miR-3195 4.75+0.30 523+043 0.3817
miR-3692-3p  10.54+0.31 11.56+0.62 0.1112

SE standard error
“Responders: patients with CR + PR + SD

"Non-responders: patients with PD
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We also correlated various clinicopathological parameters
with OS and PFS. The median PFS was significantly higher
for responders than non-responders (p =0.0027; Table 6).
However, other parameters, including age, gender, smoking
status, histology, stage, and ECOG PS were not correlated
with OS or PFS (Table 6).

Correlation of miRNA expression
with clinico-pathological parameters

We looked into correlation between miRNA expression
and aforementioned clinico-pathological parameters. We
observed a significant correlation between the expression
of miR-1249-3p and age, gender, smoking status, T fac-
tor, ECOG PS and histology (Table 7). The expression of

miR-1249-3p was significantly upregulated in lung adeno-
carcinoma as compared to lung squamous cell carcinoma
(p=0.0178, Table 7). The expression of miR-3195 was sig-
nificantly correlated with age, gender, T factor, and ECOG
PS while that of miR-3692-3p was only correlated with
gender (Table 7).

We also tried to establish a correlation between the
expressions of various miRNAs in NSCLC patients. The
expression of miR-3195 significantly correlated with the
expression of miR-1249-3p (r=0.4966; p <0.0001), while
a weak but significant correlation was observed between
the expression of miR-3692-3p and miR-3195 (r=0.2108;
p=0.0237). We could not find any significant correlation
between the expression of miR-3692-3p and miR-1249-3p
(r=-0.0825; p=0.38006).

Table 6 Univariate survival

. . Characteristics 0S*+SE (95% CI) p value PFS*+ SE (95% CI) p value
analyses of various prognostic
factors in NSCLC Age (years)

<57 33.6+11.4 (13.5-55.3) 0.7637 16.3+7.4 (5.2-32.9) 0.1302
>57 30.8+10.6 (12.3-51.6) 19.9+10.8 (4.4-43.4)

Gender
Male 33.5+8.4 (18.0-49.9) 0.7325 15.2+6.9 (4.9-31.0) 0.5687
Female 24.0+18.6 (1.6-61.1) 36.1+15.4 (9.9-63.8)

Smoking status
Non-smoker 36.7+13.4 (12.9-61.3) 0.9659 28.3+10.2 (10.9-48.6) 0.6556
Smoker 28.4+9.6 (12.0-47.5) 9.6+8.1(0.9-31.3)

Histology
LUAD 33.0+9.8 (15.3-52.0) 0.8521 20.7+7.8 (8.1-37.4) 0.8804
LUSC 28.7+13.9 (6.9-55.8) 23.9+10.5 (7.4-45.6)

Stage
1 27.9+12.7 (7.7-53.1) 0.8288 12.9+10.9 (1.0-40.3) 0.5438
v 35.2+9.6 (17.5-53.6) 23.6+7.6 (10.7-39.3)

T factor
1-2 51.6+14.4 (22.1-74.8) 0.2750 38.7+15.5 (11.4-66.1) 0.0988
34 22.5+9.3 (7.7-42.0) 12.7+£7.0 3.0-29.4)

N factor
0-1 68.6+18.6 (21.3-91.2) 0.0620 49.2+18.8 (13.1-78.1) 0.1690
2-3 27.3+7.8 (13.6-43.1) 16.5+6.4 (6.3-30.8)

ECOG PS
0-1 40.2+9.7 (21.5-58.2) 0.1260 23.2+8.6(9.141.2) 0.2608
2-3 22.0+11.6 (5.0-46.6) 12.2+10.1 (1.1-37.9)

Response
Responders 55.4+14.0 (25.5-71.5) 0.1001 36.6+11.9 (15.1-58.6) 0.0027
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Non-responders

30.0+17.5 (4.4-62.8)

11.2410.6 (0.6-39.1)

NSCLC non-small cell lung cancer, OS overall survival, SE standard error, PFS progression-free survival,
LUAD lung adenocarcinoma, LUSC lung squamous cell carcinoma, ECOG PS Eastern Cooperative Oncol-

ogy Group Performance Status, CI confidence interval

20S and PFS at 24 months
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Table 7 Correlation between circulating serum miRNA expression and clinicopathological parameters in NSCLC

Characteristics No. of NSCLC miR-1249-3p (mean p value miR-3195 (mean  p value miR-3692-3p (mean p value
patients (n=75) ACt+SE) ACt+SE) ACt+SE)

Age (years)
<57 35 8.98+0.29 0.0190 4.78+0.23 0.0186 10.17+£0.33 0.1602
>57 40 9.8+0.2 5.62+0.25 10.76 +0.26

Gender
Male 62 9.71+0.18 0.0002 5.42+0.19 0.0179 10.78 +£0.22 0.0013
Female 13 8.04+0.38 43+0.38 9.04+0.36

Smoking status
Non-smoker 25 8.54+0.30 0.0003 4.91+0.38 0.2148 9.93+0.41 0.0643
Smoker 50 9.86+0.19 5.39+0.19 10.76 +£0.23

Histology
LUAD 42 9.05+0.24 0.0178 5.21+£0.28 0.9073 10.58 +£0.32 0.6214
LUSC 33 9.89+0.23 5.25+0.20 10.36 +£0.26

Stage
I 26 9.56+0.17 0.5551 5.53+0.29 0.2277 10.5+0.34 0.9417
v 49 9.34+0.25 5.07+0.23 10.47+0.27

T factor
1-2 15 8.55+0.49 0.0125 4.28+0.35 0.0077 10.05+0.47 0.3088
34 60 9.64+0.17 5.47+0.20 10.59+0.23

N factor
0-1 12 9.13+0.35 0.4794 5.17+0.41 0.8933 11.34+0.51 0.0746
2-3 63 9.48+0.20 5.24+0.20 10.32+0.23

ECOG PS
0-1 43 8.89+0.21 0.0003 4.89+0.24 0.0273 10.37+0.26 0.5468
2-3 32 10.13+£0.25 5.69+0.25 10.63 £0.35

NSCLC non-small cell lung cancer, ECOG PS Eastern Cooperative Oncology Group Performance Status, SE standard error

Discussion

An estimated 2300 mature miRNAs are encoded by the
human genome [12], the function and clinical utility of
many of which remain unknown. In the present study, we
profiled the expression of miR-3692-3p, miR-3195, and
miR-1249-3p in the serum of NSCLC patients and controls
since there is very limited data available for their clinical
utility as cancer biomarkers. We found an upregulation of
miR-3692-3p and a downregulation of miR-3195 and miR-
1249-3p expression in the serum on NSCLC patients sug-
gesting that differential expression of these miRNAs might
contribute to the development of NSCLC. However, we did
not check the expression of these miRNAS in paired tumor
tissue, which limits our understanding of the tumor origin of
these miRNAs or their direct involvement in carcinogenesis.
Since few studies have reported their expression in tumor
tissues of various malignancies, they might be released in
the circulation due to tumor cell lysis or death making their
detection feasible using minimally or less-invasive methods.

The expression of miR-3692 has been found to be upregu-
lated in osteosarcoma cells [16], in esophageal squamous

cell carcinoma tissue [17] and in breast cancer (BC) cells
subjected to compression [18]. In contrast, few studies have
reported downregulation of miR-3692-5p expression in the
plasma of BC patients [19], in the extracellular vesicles
derived from urine samples of pancreatic cancer patients
[20] and in hepatocellular carcinoma (HCC) tissue [21]. In
another study, microarray analysis revealed a weak expres-
sion of miR-3692 in prostate cancer (PC) tissue sample [22].
The expression of miR-3692 was found to be upregulated in
biochemical recurrence (BCR) positive versus BCR-nega-
tive and pT3 stage tumors versus pT2 stage tumors of PC
patients [22]. Inducible T-cell co-stimulator (ICOS) gene is
considered to be a target of miR-3692-3p since 3’ untrans-
lated region (3' UTR) of ICOC mRNA contains a potential
binding site for miR-3692-3p [23]. Considering the docu-
mented role of ICOS in immune modulation, it is emerging
as an attractive immunotherapeutic target [24, 25]. Hence,
understanding the role of miR-3692-3p in the regulation of
ICOS expression is highly desirable.

A downregulation of miR-3195 expression has been
reported in lung tumor tissue as compared to paired normal
lung tissue using miRNA microarray [26], which is in line
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with our observation in serum samples. However, further
validation using qRT-PCR did not reveal any significant dif-
ferences in its expression between paired tumor and normal
lung tissue [26]. The expression of miR-3195 was also found
to be significantly downregulated in colorectal cancer (CRC)
tissue [27] and in oral squamous cell carcinoma tissue [28].
A moderate expression of miR-3195 is also reported in PC
tissue sample [22]. The expression of miR-3195 was also
found to be downregulated in poorly differentiated as com-
pared with well differentiated HCC while it was upregulated
in hepatitis virus B (HBV)-positive as compared to HBV-
negative HCC cell lines [29]. In contrast, the expression of
miR-3195 was upregulated in tumor mass as compared to
border region (an area between tumor mass and brain where
tumor and normal cells co-exist) of glioblastoma patients
[30].

A number of biological factors are known to induce the
expression of miR-3195 in various human malignancies.
Melatonin in PC [31] and gastric cancer (GC) [32] while
p53 in osteosarcoma [33] were found to induce miR-3195
expression. Both p53 and melatonin are known to have
tumor-suppressive activities. Overexpression of miR-3195
along with miR-374b-suppressed angiogenesis by inhibit-
ing the expression of angiogenesis-related genes, including
HIF-1a, HIF-2a and VEGF, and inhibited motility of PC
cells under hypoxic condition [31]. HIF-2a was identified as
one of the important targets of miR-3195 [31]. The expres-
sion of miR-3195 was found to be downregulated in GC
cells when cultured as non-adherent spheroid body as com-
pared to parental cell [34] further supporting the role of this
miRNA in maintaining stem cell properties and as a tumor
suppressor. Its expression was, however, upregulated in the
side population (SP) of PC cells as compared to non-SP [35].
SP are known to have features of cancer stem cells, including
self-renewal, multipotent differentiation, a slow cell cycle,
and chemo-/radio-resistance. Supporting this, a significant
overexpression of miR-3195 was found in the exosomes and
cells of cisplatin-resistant A549 lung adenocarcinoma cells
[36]. Few other studies have reported higher expression of
miR-3195 in melanoma cells when grown as monolayer in
serum containing media versus cells grown as spheroids in
stem cell media [37], in serum-starved osteosarcoma cells in
comparison to asynchronously growing cells [38] and also
in neuroendocrine-differentiated PC cells [39].

Like many other miRNAs, miR-1249 is also reported to
have dual role as tumor suppressor and oncogenic miRNA
in various human malignancies. In our study, we found a
significant downregulation of miR-1249-3p expression in
the serum of NSCLC patients, which is in line with other
studies in BC tissue [40] and CRC tissue and cell lines [41].
The miR-1249 acts like a tumor suppressor miRNA in BC
and CRC since its overexpression resulted in reduced cell
proliferation and migration and reversed EMT under in vitro
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condition [40, 41]. In BC, Homeobox 8 (HOXBS), which is
an oncogene, was found to be its direct target [40], while in
CRC, vascular endothelial growth factor A (VEGFA) and
high-mobility group AT-hook 2 (HMGA2) were directly
targeted by miR-1249 [41]. In CRC tissue, the expression
of miR-1249 was negatively correlated with pN stage, pM
stage, TNM stage, OS, and VEGFA or HMGA?2 expres-
sion [41], while in BC, it was negatively correlated with
the expression of migration inhibitory factor antisense
RNA 1, a long non-coding RNA, which acts as a sponge of
miR-1249-3p [40]. Interestingly, p53 was found to be the
regulator of miR-1249 in CRC and p53-induced miR-1249
expression inhibited tumor growth, EMT, and angiogenesis
in vitro and vivo [41]. The expression of miR-1249 was also
downregulated in tumor tissue of HCC patients as compared
to normal liver tissue [42].

Some studies have also reported oncogenic functions of
miR-1249. In two recent studies, the expression of miR-
1249 was markedly upregulated in glioma [43] and HCC
[44] tissues and cell lines. Silencing of miR-1249 resulted
in reduced cell proliferation, colony formation, and EMT
in glioma and HCC [43, 44]. The miR-1249 was found to
directly target adenomatous polyposis coli 2 (APC2), a
tumor suppressor gene of Wnt/p-catenin signaling, in gli-
oma [43] and heterogeneous nuclear ribonucleoprotein K in
HCC [44]. High miR-1249-3p expression was found to cor-
relate with poor OS of HCC patients [44], while an inverse
correlation was observed between miR-1249 and APC2
expression in glioma [43]. As an oncomiR, the activation of
miR-1249-5p has also been reported in non-alcoholic fatty
liver disease-related HCC, where it was found to regulate
the expression of 112 genes and act as a master regulator
[45]. Indeed, in one study, the expression of miR-1249 was
highly upregulated and associated with poor prognosis in
HCC [46]. Further, overexpression of miR-1249 resulted in
constitutive activation of hedgehog signaling [46]. Glioma-
associated oncogene 1 (Glil), which is a transcription factor
of hedgehog signaling, was found to regulate the expression
of miR-1249 in HCC by binding to its promoter [46]. Glil-
induced miR-1249 inhibited the expression of tumor sup-
pressor patched-1 (PTCH-1) by directly interacting with 3’
UTR of PTCH-1 mRNA [46]. Overexpression of miR-1249
resulted in silencing of PTCH-1 expression and induction
of Glil activity. In addition, overexpression of miR-1249
expression resulted in increased cell proliferation, colony
formation, enhanced nuclear localization of Glil protein,
and induced invasion and migration [46]. In HCC tumor
tissue samples, a positive correlation was observed between
Glil and miR-1249 expression [46]. Hence, Glil-miR-
1249-PTCH-1 feedback loop seems to play an important
role in HCC progression.

The expression of miR-1249 is also reported in K562
leukemia cells and microvesicles secreted by K562 cells
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[47]. The expression of miR-1249-5p was also found to be
upregulated in p53-deficient cancer cell-derived exosomes of
CRC patients [48]. Further, overexpression of miR-1249-5p
significantly downregulated p53 mRNA expression in fibro-
blasts since p53 is directly targeted by miR-1249-5p [48].
Overexpression of miR-1249-5p also resulted in enhanced
proliferation of fibroblasts due to lack of p53 [48]. On the
contrary, inhibition of miR-1249-5p expression in fibroblasts
resulted in the upregulation of p53 and p21 expression [48].
This study supports the crucial role of exosomal miRNAs
in modulating tumor microenvironment by engaging in
cell-to-cell communication. Since there is an existing loss
of tumor suppressive signals in cancer cells due to numerous
genetic aberrations, this study emphasizes the role of exo-
somal miRNAs in silencing tumor suppressor machinery of
cells present in tumor microenvironment, which might fur-
ther enhance the oncogenic signals leading to more aggres-
sive tumor phenotype. The higher expression of miR-1249
has also been found to correlate with postoperative tumor
relapse in small cell carcinoma of the esophagus [49]. How-
ever, in one study, there was no significant difference in the
expression of miR-1249 between PC tissue and benign pros-
tate hyperplasia [50].

Like most of other studies, our study has its own strengths
and limitations. This is the first study to investigate the role
of miR-3692-3p, miR-3195, and miR-1249-3p as circulat-
ing biomarkers in NSCLC. We checked their efficacy as
liquid-biopsy-based diagnostic, prognostic, and predictive
biomarkers in NSCLC, for which the literature is not avail-
able. However, small sample size limited to only locally
advanced or metastatic NSCLC patients and shorter follow-
up time limits the clinical impact of our study. In addition,
correlation of expression of these miRNAs in lung tumor
tissue and serum would have been ideal to find out whether
these miRNAs are secreted from lung tumor cells and are
not of blood cell origin. Detection of these miRNAs in tumor
tissue of other malignancies, however, makes these claims
futile. Finally, the mechanistic insights for exploring the
role of these miRNAs in lung carcinogenesis were also not
attempted in the present study.

Conclusions

In summary, the expression of miR-3195 and miR-1249-3p
was downregulated, while miR-3692-3p was upregulated
in the serum of NSCLC patients as compared to controls.
The expression of miR-1249-3p correlated with response
to therapy while miR-3195 emerged as independent prog-
nostic factor for OS. The role of all these miRNAs in lung
carcinogenesis is still unclear. Hence, more comprehensive
mechanistic studies are needed to decipher their role in lung
cancer and as candidate biomarkers for lung cancer.
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