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ABSTRACT

Purpose: Identification of noninvasive blood-based biomarkers is of utmost importance for the early di-
agnosis and predicting prognosis of advance stage lung cancer patients. MicroRNAs (miRNAs) has been
implicated in numerous diseases, however, their role as diagnostic and prognostic biomarkers in Indian
lung cancer patients has not been evaluated yet.

Methods: For the identification of differentially expressed miRNAs in the serum of non-small cell lung
cancer (NSCLC) patients, we performed small RNA sequencing. We validated the expression of 10 miRNAs
in 75 NSCLC patients and 40 controls using quantitative reverse transcription polymerase chain reaction
(PCR). miRNA expression was correlated with survival and therapeutic response.

Results: We identified 16 differentially expressed miRNAs in the serum of NSCLC patients as compared to
controls. We observed significant downregulation of miR-15a-5p, miR-320a, miR-25-3p, miR-192-5p, let-
7d-5p, let-7e-5p, miR-148a-3p, and miR-92a-3p in the serum of NSCLC patients. The expression of miR-375
and miR-10b-5p was significantly downregulated in lung squamous cell carcinoma patients than controls.
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The expression of miR-320a, miR-25-3p, and miR-148a-3p significantly correlated with stage. None of the
miRNAs were correlated with survival outcome and therapeutic response.

Conclusions: We conclude that the relative abundance of miRNAs in serum may be explored for the devel-
opment of miRNA-based assays for better diagnosis and prognosis of NSCLC. Moreover, further studies are
warranted to elucidate the role of some of the less explored miRNAs, such as miR-375 and miR-320a, in
the pathogenesis of NSCLC.

© 2020 Elsevier Inc. All rights reserved.

ARTICLE INFO

Keywords: MicroRNA; Lung cancer; Diagnosis; Prognosis; Survival

Introduction

Lung cancer accounts for 11.6% of all cancers and 18.4% of all cancer-related deaths making
it the most common and deadly cancer globally.! Histologically, lung cancer is classified as
either non-small cell lung cancer (NSCLC) or small cell lung cancer (SCLC). NSCLC is further
classified as adenocarcinoma (LUAD) and squamous cell carcinoma (LUSC). The pathologic and
genetic signatures of LUAD and LUSC are different with many targetable driver mutations, such
as those in EGFR, KRAS, ALK, ROS1, BRAF has been identified in LUAD.2* Despite targeted agents
and immunotherapies, the survival of advanced stage NSCLC remains very poor. This is mainly
because almost two-third of all lung cancer cases are diagnosed at locally advanced or advanced
stage that cannot be treated effectively. Hence, better biomarkers are needed, particularly using
noninvasive methods, for early diagnosis and predicting prognosis and therapeutic response.

One such interesting class of biomarkers which can be stably detected in various human body
fluids is microRNA (miRNA). miRNAs are small, ~18-22 nucleotides long, noncoding RNA, which
are involved in post-transcriptional gene silencing mainly through complementary base-pairing
to the 3’ untranslated region (UTR) of target mRNA, followed by degradation of target mRNA
and/or translational inhibition.> Several miRNAs have been identified that regulate the expres-
sion of various genes involved in carcinogenesis.>” A number of studies have shown aberrant
expression of miRNAs in tumor tissues of several human cancers, including NSCLC.3-!! Several
studies have also evaluated the expression of miRNAs in various body fluids for their use as
noninvasive diagnostic and prognostic biomarkers.'> However, to the best of our knowledge only
2 blood-based miRNA panels have successfully progressed to clinical testing as complementary
tests for low dose computed tomography (LDCT).>-'* Hence, we designed this study for better
understanding on the role of circulating serum miRNAs as diagnostic and prognostic biomarker
as well as predictor of survival and therapeutic response. To this best of our knowledge, this is
first report from India on expression profiling of serum miRNAs in NSCLC patients.

Materials and methods
Patients

In this prospective study, 75 newly diagnosed and primarily untreated patients of NSCLC
and 40 cancer-free controls were enrolled from All India Institute of Medical Sciences, New
Delhi, India during the years 2014-2018. Pretreatment assessment included evaluation of Eastern
Cooperative Oncology Group performance status, radiography, and CT scan of the chest and
upper abdomen. The staging was done using recommendations of the International Association
for the Study of Lung Cancer Staging Committee for NSCLC.'> In NSCLC patients who underwent
chemotherapy for at least 3 cycles, response to therapy was classified according to RECIST v1.1
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criteria.’® The study was approved by the Institutional Ethics Committee and written informed
consent was obtained from all the subjects.

Small RNA sequencing for global miRNA profiling

RNA was isolated from serum samples using miRNeasy Serum/Plasma kit (QIAGEN, Ger-
many). A total of 10 subjects (4 NSCLC and 6 controls) were used for miRNA profiling to
identify differentially expressed serum miRNAs in NSCLC. miRNA profiling was carried out with
NxGenBio Life Sciences (Delhi, India) using illumina HiSeq 2000 platform. Total RNA was run on
polyacrylamide gel for the purification of small RNAs of 18-36 bases. Purified RNA was ligated
with adaptors (both 3’ and 5’), reverse transcribed using illumina small RNA reverse transcrip-
tion primer and amplified by a 15-cycle PCR. PCR products were purified and quantified for
sequencing. RNA 3'-adapter was specifically modified to target miRNAs that have a 3’-hydroxyl
group resulting from enzymatic cleavage by Dicer or other RNA processing enzymes. Adapters
were ligated to each end of the RNA molecule and a reverse transcription reaction was used to
create single-stranded complementary DNA (cDNA). cDNA was PCR amplified using a common
primer and a primer containing one of barcode index sequences. This cDNA library was then
purified using AMpure beads and quality checked on Bioanalyzer 2100 (Agilent Technologies).
Indexed small RNA libraries were multiplexed in equimolar amounts, denatured and loaded on
flow-cell lanes for cluster generation. Using illumina TrueSeq v3 sequencing chemistry, indexed
libraries were sequenced on the HiSeq 2000 with 50bp single end chemistry.

Raw data generated in FastQ format was analyzed using miRNAkey software where raw
reads were first filtered for high quality reads (Phred quality score > 20). Adaptor sequences
are trimmed (Trimmomatic v. 0.36) and reads that fall between 18-24 bases were further used.
Filtered high quality raw data was mapped on to Sanger miRBase v. 21 and known miRNAs
were identified. Raw read mapping statistics for each miRNA was calculated, normalized, and
compared between NSCLC and controls for the identification of differentially expressed miRNAs
using DESeq. To identify differentially expressed miRNAs, we used the following thresholds: an
absolute log2 fold change value of 1 (a > 2-fold change in expression), or an adjusted P value
[for differences in mean test)of 0.05, or both.

Quantification of miRNA using quantitative reverse transcription PCR (qRT-PCR)

The quantification of expression of various miRNAs was performed using miScript SYBRGreen
PCR kit (QIAGEN, Germany). All the quantifications were performed on Roche LightCycler II
instrument (Roche Diagnostics). All the samples were run in duplicates and Caenorhabditis
elegans miR-39 was used as exogenous control (Ce_miR-39_1 miScript Primer Assay, QIAGEN,
Germany). Samples without RNA template were used as negative controls. The relative quantifi-
cation of miRNA expression levels were determined with ACt method, where ACt=Ct (miRNA
of interest) — Ct (reference miR-39).

Statistical analysis

The descriptive data was expressed as median (range) or mean + SD. Median values of
quantitative variables were used as cut-off for high and low values. The mean of 2 groups were
compared using Student’s t test. The Pearson correlation coefficient was measured for linear
relationships between 2 continuous variables. Kaplan-Meier curve was obtained for survival
analysis followed by log rang test to compare the statistical significance between the groups.
Overall survival (OS) was defined as the length of time from the date of diagnosis to death or
last follow-up. Progression-free survival (PFS) was defined as the length of time from date of
diagnosis to date of progression, relapse or death. The end point of the study was March 7,
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2019. For sensitivity and specificity of miRNA, receiver operating characteristic (ROC) curve was
drawn and area under the curve (AUC) was calculated. All statistical analysis was done using
STATA 11.2. P < 0.05 was considered as statistically significant.

Results
Demographic characteristics

The demographic characteristics of lung cancer patients as well as controls are summarized
in Supplementary Table S1. The mean age of 75 NSCLC patients and 40 controls was 56.2
and 55.3 years, respectively (P = 0.3242). Majority of the NSCLC patients and controls were
males (82.7% and 67.5%, respectively; P = 0.054). Histologically, there were 42 LUAD (31 males
and 11 females) and 33 LUSC (31 males and 2 females) patients. The mean age of LUAD and
LUSC patients was 53.6 years and 59.6 years, respectively. Almost two-third (67%) of all NSCLC
patients were smoker with a median smoking index of 450 (range: 40-4000; Supplementary
Table S1). Out of 42 LUAD, 21 (50%) were nonsmokers while almost 88% of all LUSC (29 out of
33) were smokers.

Identification of differentially expressed miRNAs using small RNA sequencing and their validation
using qRT-PCR

Using small RNA sequencing, a total of 16 miRNAs were found to be differentially expressed
in the serum of NSCLC patients (Fig 1). The mean reads per kilobase of transcript per million

nea-iee7b5p MicroRNAs Mean RPKM Mean RPKM Fold
heaiet7d5p in NSCLC in Controls Change*
raeress ot 7h-5p 5779.5 60496.0 10.5
S—— 1510.6 7671.2 5.1
et let-Te-5p 1007.3 4613.6 46
hsa-mifi-148a-3p
neammusse  1€t-7F-5p 37814.0 101186.0 27
remmises miR-10a-5p 525 1 88384.0 16.8
Y miR0b5p 7210 23992 333
wamny  MIR-1482-3p  10604.0 22573.2 2.1
rennEe - miR-148b-3p 703 1 6030.4 85
R
wamnas  MIR-152-5p 9417 2988.5 32
o R102.5p 1064 4309 25
NSCLC (n=4) Controls (n=6) miR-197-3p 60.7 295.5 4.9
miR-25-3p 688.0 2410.7 35
miR-320a 45.0 61189 1358.6
miR-342-3p 13178 3089.6 2.3
miR-375 115.9 444.9 3.8
miR-92a-3p 273.6 1769.4 6.5
*0<0.05

Fig. 1. Differential expression of circulating miRNAs in the serum of NSCLC as identified through small RNA sequencing
on illumina HiSeq 2000 NGS platform. (A) Heat map of differentially expressed miRNAs (fold change >2.0; P < 0.05)
in the serum of NSCLC as compared to controls. (B) The list of most significantly down-regulated miRNAs (fold change
>2.0; P< 0.05) along with their reads per kilobase of transcript per million mapped reads (RPKM) values in NSCLC
patients and controls.
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Fig. 2. Differential expression of circulating serum miRNAs in NSCLC patients as compared to controls. Box plot for the
expression of miR-375, miR-320a, miR-15a-5p, miR-25-3p, miR-192-5p, let-7d-5p, miR-10b-5p, miR-92a-3p, miR-148a-
3p, and let-7e-5p in NSCLC and controls.

mapped reads (RPKM) values of each miRNAs along with their fold change in expression for
NSCLC patients as compared to controls is mentioned in Fig. 1B. We validated the expression
of 10 differentially expressed miRNAs in the serum of 75 NSCLC patients and 40 controls using
gRT-PCR. Except miR-375 and miR-10b-5p, all other miRNAs were significantly downregulated in
the serum of NSCLC patients (Table 1; Fig 2). Interestingly, when we compared the expression
of miR-375 and miR-10b-5p in LUAD, LUSC, and controls, we found a significant downregulation
in their expression only in LUSC as compared to controls (Supplementary Table S2).

We assessed the diagnostic performance of all miRNAs using ROC curves (Table 1, Fig 3).
Amongst all miRNAs, let-7d-5p performed the best with AUC of 0.917 and a sensitivity of 76%
at 100% specificity (Table 1, Fig 3). Few miRNAs, such as miR-375 and miR-10b-5p, were found
to be unsuitable as diagnostic biomarkers due to very low AUC and sensitivity (Table 1, Fig 3).

Correlation of miRNA expression with survival outcome and therapeutic response

The median OS and PFS of the NSCLC patient was 6.4 (range: 0.2-30.7) and 5.7 (range:
0.2-30.7) months, respectively. The NSCLC patients with higher expression of miR-15a-5p had
better OS as compared to patients with lower expression of miR-15a-5p, however, the difference
in OS did not achieve statistical significance (P = 0.0789; Table 2). To correlate miRNA expres-
sion with therapeutic response, patients who achieved complete remission, partial remission,
or stable disease were classified as responders while patients with progressive diseases were
classified as nonresponders. We found a lower expression of miR-320a in responders than
in nonresponders (mean ACt of 3.7 vs 3.1, respectively; Table 3), although the data was not
statistically significant (P = 0.0784).



Table 1

List of circulating miRNAs differentially expressed in the serum of NSCLC patients as compared to controls and their diagnostic performance.

MicroRNA Mean ACt £ SE in Mean ACt+SE in P value log2FC* AUC + SE 95%CI Cut-off (ACt Sensitivity at
NSCLC (n=75) controls (n=40) values) 100% specificity
miR-375 5.01 +£ 0.24 512 +£ 0.12 0.6278 0.11 0.577 + 0.053 0.478-0.666 >7.165 12.0%
miR-15a-5p 8.89 + 0.21 7.00 £ 0.13 0.0000 -1.90 0.833 + 0.038 0.754-0.897 >8.805 58.7%
miR-320a 373 £ 014 2.35 + 013 0.0000 -1.38 0.844 + 0.038 0.764-0.904 >4.37 28.0%
miR-25-3p 39 +£ 019 1.5 £ 0.18 0.0000 -2.38 0.882 £ 0.032 0.804-0.932 >3.955 53.3%
miR-192-5p 9.67 £ 0.3 8.2 + 017 0.0004 -149 0.772 + 0.043 0.686-0.847 >10.19 50.7%
let-7d-5p 6.44 £ 0.18 3.8 £ 0.18 0.0000 -2.64 0.917 + 0.027 0.846-0.957 >6.1 76.0%
miR-10b-5p 10.34 £ 0.18 9.98 £ 0.19 0.0981 -0.36 0.587 + 0.055 0.487-0.674 >12.43 6.67%
let-7e-5p 7.7 £ 017 5.35 4+ 0.22 0.0000 -2.35 0.875 + 0.034 0.804-0.932 >8.435 33.3%
miR-148a-3p 555 + 0.2 455 + 0.14 0.0006 -1.0 0.751 4+ 0.045 0.658-0.824 >6.24 38.7%
miR-92a-3p -0.18 £ 0.17 -2.23 +£0.19 0.0000 —-2.05 0.857 + 0.035 0.784-0.918 >-0.125 45.3%

95% CI, 95% confidence interval; AUC, area under the curve; NSCLC, non-small cell lung cancer; SE, standard error.
* log2 fold change (bold numbers indicate P < 0.05).
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Fig. 3. Receiver operating characteristics (ROC) curve analysis for discriminating NSCLC using circulating serum miR-
NAs. The area under the ROC curve (AUC) along with 95% confidence interval (Cl) is mentioned for all miRNAs in their
individual figures.

Correlation of miRNA expression with clinicopathologic parameters

The median PFS was significantly higher for responders than nonresponders (P = 0.0058;
Supplementary Fig S1.A, Supplementary Table S3). The PFS was also significantly correlated with
age (P = 0.0450; Supplementary Fig S1.B, Supplementary Table S3). The median OS was higher
for responders than nonresponders, although it was not statistically significant (P = 0.0747;
Supplementary Fig S1.C, Supplementary Table S3).

A significant correlation was observed between the expression of miR-320a, miR-25-3p, and
miR-148a-3p and disease stage (Supplementary Table S4). miR-375 expression was significantly
correlated with lymph node involvement (P = 0.0224) and pleural effusion (P = 0.0148) while
miR-10b-5p was also correlated with pleural effusion (P = 0.0037). Further, miR-320a, miR-25-
3p, miR-192-5p, let-7d-5p, miR-148a-3p, and let-7e-5p were significantly correlated with gender
of patients (Supplementary Table S4).

The expression of miR-25-3p was strongly correlated with miR-92a-3p (r=0.8678; P =
0.0000) and miR-320a (r=0.8188; P = 0.0000; Supplementary Table S5). The expression of
miR-375 was positively correlated with miR-10b-5p while negatively correlated with miR-92a-3p
(Supplementary Table S5). The expression of miR-15a-5p was found to be positively correlated
with all miRNAs, except miR-375. All other correlations are being summarized in Supplementary
Table S5.

Discussion

The presence of circulating tumor DNA, mRNA, and miRNA in the serum and plasma of
cancer patients has sparked great interest because conventional diagnostic tests tend to be
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Table 2

Correlation between circulating serum miRNA expression and survival in NSCLC.
miRNA 0S* + SE (95%CI) P value PFS* + SE (95%CI) P value
miR-375
<5.33 38.5 + 11.3 (17.5-59.3) 0.8602 10.9 + 9.2 (0.92-35.0) 0.8022
>5.33 11.5 + 9.9 (0.76-37.0) 14.0 + 10.9 (1.4-40.4)
miR-15a-5p
<8.13 476 + 15.2 (17.8-72.7) 0.0789 0 0.2930
>8.13 15.0 + 8.9 (3.0-35.9) 15.8 + 8.2 (4.1-34.5)
miR-320a
<33 23.6 + 12.4 (5.3-49.2) 0.2483 12.3 + 10.2 (1.0-38.1) 0.3891
>33 28.8 + 10.8 (10.6-50.2) 15.6 + 8.7 (3.6-35.6)
miR-25-3p
<31 304 + 13.1 (8.9-55.6) 0.9815 104 + 9.4 (0.7-35.5) 0.8255
>3.1 23.3 + 10.5 (6.9-45.2) 16.2 + 8.8 (3.8-36.2)
miR-192-5p
<92 43.1 + 15.3 (14.6-69.1) 0.3406 21.7 + 12.2 (4.3-47.7) 0.5375
>9.2 19.6 + 9.1 (5.7-394) 9.9 + 8.2 (0.9-31.6)
let-7d-5p
<6.1 31.7 £ 17.2 (5.5-63.4) 0.3823 16.9 + 14.5 (1.0-50.1) 0.3302
>6.1 241 £ 9.2 (9.0-43.1) 139 + 7.6 (3.4-31.7)
miR-10a-5p
<10.5 22.7 £ 17.8 (1.5-59.1) 0.7058 25.5 + 12.3 (6.5-50.5) 0.8153
>10.5 23.6 £ 9.1 (8.7-42.5) 9.1 £ 7.6 (0.8-29.8)
let-7e-5p
<75 20.8 + 16.6 (1.4-56.1) 0.6098 14.8 + 12.8 (0.9-45.5) 0.6259
>75 25.7 + 9.6 (9.7-45.2) 13.6 + 7.6 (3.1-31.6)
miR-148a-3p
<5.23 28.9 + 12.5 (8.6-53.3) 0.4349 13.8 + 11.2 (1.2-41.2) 0.4778
>5.23 224 + 11.7 (5.2-47.0) 14.0 + 8.3 (2.9-33.7)
miR-92a-3p
<-0.96 41.7 + 15.4 (13.6-68.1) 0.1249 17.8 + 14.3 (1.3-50.0) 0.1153
>-0.96 18.6 + 8.8 (5.4-38.0) 119 + 6.8 (2.7-28.5)

Bold number indicates P < 0.05.
0S, overall survival; PFS, progression-free survival; SE, standard error.
* 0S and PFS at 24 months.

imperfect and more invasive, posing logistic difficulties for serial tumor sampling. Detection of
molecular alterations in circulating tumor DNA using droplet digital polymerase chain reaction
(ddPCR) and next generation sequencing (NGS) has opened new avenues to clinicians for making
treatment decisions based on the presence of specific targetable mutations. The stability of
mRNA in circulation is a major issue limiting its utility as potential cancer biomarker. miRNAs
are known to be more stable in the circulation as they are shielded from degradation by
membrane vesicles and biopolymer complexes.”” Hence, they are extensively being explored
as cancer biomarkers.8'> However, so far, only 2 blood-based miRNA panels have successfully
progressed to clinical testing as complementary tests for LDCT.">:'* Hence, initial premise of
this study was to understand the role of circulating serum miRNAs as diagnostic and prognostic
biomarker as well as predictor of survival and therapeutic response in Indian NSCLC patients.
In this study, we identified 16 differentially expressed miRNAs in the serum of NSCLC
patients (Fig 1). In validation cohort, we found significant downregulation of all miRNAs, except
miR-375 and miR-10b-5p in NSCLC (Table 1; Fig 2). This suggests that suppression of the
expression of specific miRNAs might contribute to disease progression, possibly by enhancing
the expression of oncogenic molecules, and detection of these downregulated miRNAs may aid
in differentiating early stage NSCLC patients from advanced stage patients. However, we could
not validate this in the present study since our patient population had only stage Il and IV
patients. Few studies have used miRNAs for early detection of lung cancer. In a study, combi-
nation of a plasma-based miRNA signature classifier and LDCT resulted in a 5-fold reduction of
LDCT false-positive rate to 3.7%. Interestingly, plasma miRNAs could predict lung cancer even
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Table 3

Correlation between the expression of circulating serum miRNA and therapeutic response in NSCLC.
MicroRNA Mean ACt £ SE in responders* (n=23) Mean ACt + SE in nonresponders’ (n=10) P value
miR-375 5.03 + 0.37 (4.3-5.8) 5.28 + 0.79 (3.5-7.1) 0.6275
miR-15a-5p 8.3 £+ 0.37 (7.5-9.1) 8.3 + 0.65 (6.8-9.8) 0.5044
miR-320a 3.7 £ 0.21 (3.3-4.2) 3.1 £ 040 (2.2-4.0) 0.0784
miR-25-3p 3.6 £ 030 (2.9-4.2) 3.6 £ 037 (2.8-4.4) 0.5341
miR-192-5p 8.5 + 0.64 (7.1-9.8 9.4 + 0.78 (7.6-11.1) 0.7921
let-7d-5p 5.9 + 0.33 (5.2-6.6) 6.2 + 0.76 (4.5-7.9) 0.6674
miR-10b-5p 10.1 £ 0.27 (9.5-10.7) 10.4 + 0.44 (9.4-11.4) 0.6961
let-7e-5p 7.2 + 0.32 (6.6-7.9) 6.9 + 0.65 (5.5-8.4) 0.3317
miR-148a-3p 49 + 038 (4.2-5.7) 49 + 0.79 (3.1-6.7) 0.4739
miR-92a-3p —0.66 + 0.27 (—1.2 to 1.0) —0.57 + 0.45 (—1.6 to 0.4) 0.5732

Bold number indicates P < 0.05.

SE, standard error.
* Responders: patients with CR + PR+ SD.
T Nonresponders: patients with PD.

24 months ahead suggesting its potential of early detection.'* Similarly, a panel of 6 plasma
miRNAs discriminated lung cancer from asymptomatic high-risk subjects.’® The expression of
miR-17, miR-190b, and miR-375 were able to discriminate SCLC from NSCLC'® suggesting that
miRNAs may have potential for histologic classification. We also found that miR-375 and miR-
10b-5p were significant downregulation in LUSC patients than controls (Supplementary Table
S2). Although, miR-375 expression was higher in LUAD than LUSC, the difference did not reach
statistical significance. This is in line with another study, where miR-375 levels were signifi-
cantly higher is LUAD than LUSC!® or normal lung tissue.2? This suggests that downregulation
of miR-375 and miR-10b-5p may have some role in LUSC, which is yet to be proven.

A number of studies have looked at the diagnostic potential of circulating miRNAs for lung
cancer. Detection of 34 serum miRNAs identified early stage NSCLC patients with 80% accu-
racy.?!’ miR-1254 and miR-574-5p discriminated early stage NSCLC patients from controls with
a 73% sensitivity and 71% specificity.?> A combination of miR-15b and miR-27b discriminated
NSCLC from healthy controls with 100% sensitivity 84% specificity.2> Another study identified
a serum-based 4-miRNA signature that discriminated lung cancer patients from controls.?*
Similarly, 10 miRNA ratios comprising of 14 miRNAs discriminated lung cancer patients from
controls with AUC of 0.979.%° Montani et al'> observed 74.9% overall accuracy, 77.8% sensi-
tivity, and 74.8% specificity of miR-Test (a serum-based 13 miRNA signature) in 1115 high-risk
individuals enrolled in the continuous observation of smoking Subjects lung cancer screening
programme, Interestingly, amongst 13 miRNA signature of miR-Test, miR-92a-3p, miR-7d-5p,
and miR-148a-3p are also reported in our study.

Consistent with other reports, our study revealed significant differences in miRNA expression
between the cancer and cancer-free controls (Table 2). It is important to note that since only
a limited number of miRNAs are truly tissue- or organ-specific, changes in the expression
of majority of miRNAs found in our study may not reflect the lung cancer-specific miRNA
expression patterns. We can presume that the variation in the expression of miRNAs might be
due to disease condition since expression levels of serum miRNAs among healthy subjects were
found to be quite consistent.?S Further, most of the miRNAs mentioned in Table 1 have already
been reported in the development of lung and other solid cancers.

The expression of miR-375 is known to be downregulated in tissue and plasma of NSCLC.27-29
Recently, miR-375 was found to be over-expressed in SCLC than asymptomatic high-risk and
NSCLC.3? YAP1 and claudin-1 are the direct targets of miR-375.31:32 MiR-15a and miR-16 cluster,
which are known to regulate cell cycle and apoptosis, is frequently deleted in NSCLC.>®> The
expression of miR-15a was significantly downregulated in NSCLC.>3-3> RB1 and BCL2L2 are
the known targets of miR-15a.33:3% The expression of miR-320a was found to be reduced in
NSCLC tissue.’6-33 VDAC1, ELF4, IGF1R, STAT3, and SND1 are the direct targets of miR-320a in
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NSCLC.36-40 Ectopic overexpression of miR-320a blocked tumor cell proliferation and invasion,
both in vitro and in vivo, by inhibiting VDAC1,%6 STAT3,3° and PI3K/Akt*° signaling.

Most of the available literature suggests that the expression of miR-25 is upregulated in lung
cancer,*! which is in contrast to our findings. However, literature does suggest the dual role of
miR-25 in carcinogenesis. The possible oncogenic effect of miR-25 might be due to inhibition
of FBXW7, RGS3, MOAP-1, KLF4, and BTG2 in NSCLC.***2 A number of studies have reported
upregulation of miR-25 expression in NSCLC tissue and plasma.*?44 In contrast, Zaporozhchenko
et al*> found downregulation of plasma miR-25 levels in lung cancer patients than controls.
Interestingly, in 1 study, there was no significant difference in the expression of miR-25 in the
plasma of NSCLC patients and healthy controls.*6 Few studies have reported the downregulation
of miR-25 expression in ovarian cancer, prostate cancer, thyroid cancer, and colorectal cancer
suggesting that miR-25 may also act as tumor suppressor.*!

MiR-192-5p is known to have tumor suppressive functions in NSCLC since reduced expression
of miR-192-5p was observed in NSCLC tissues.*’ Curcumin induced expression of miR-192-5p
as well as ectopic expression of miR-192-5p in NSCLC cells suppressed cell proliferation and
increased apoptosis.*3-4% Nicotine was found to promote NSCLC cell proliferation and epithelial-
mesenchymal transition (EMT) by downregulating miR-192.°° RB1 and XIAP are the targets of
miR-192 in NSCLC.#7-49 let-7d and let-7e are 2 of the 13 known members of let7 family and
are downregulated in many cancer types.”’':>? The expression of let-7d-5p was downregulated
in the tumor-derived exosomes from the plasma of early stage LUAD patients.”> Similarly, the
reduced expression of let-7e-5p has been reported in the tumor-derived exosomes from the
plasma,”® serum,”* and tumor tissue®*>> of NSCLC patients. let-7 family members have >300
predicted target genes some of which are KRAS, MYC, IGF1R, TGFBR1, IGF2BP1, and HMGA?2.5>

We found a significant downregulation in the expression of miR-10b-5p in the serum of LUSC
patients, but not in LUAD patients, when compared to controls (Supplementary Table S2). One
recent study also found that the expression of miR-10b-5p was downregulated in the tumor-
derived exosomes from the plasma of early stage LUSC patients.”> Promoter DNA methylation
might be one of the reason for downregulation in the expression of miR-10b.°® MiR-148a-3p is
another tumor suppressor miRNA, which is found downregulated in tumor tissue, serum, and
plasma of NSCLC patients.”’-53 The ectopic expression of miR-148a inhibited cell proliferation
and EMT by reducing the expression of SOS2, ROCK1, STAT3, and Wnt1.>8.59.63,64

miR-92a belongs to miR-17-92 gene cluster, which functions as oncogene.%> The expression
of miR-92 was found to be upregulated in tumor tissue and plasma of NSCLC patients.56-69
The overexpression of miR-92a promotes EMT by targeting phosphatase and tensin homologue
(PTEN).56:67 The induction of miR-92a expression by STAT3 is also known to promote lung can-
cer invasion by suppressing reversion-inducing-cysteine-rich protein with kazal motifs (RECK).”°
These reports suggest that miR-92a function like an OncomiR. Surprisingly, we observed down-
regulation of miR-92a-3p expression in the serum of NSCLC patients. There are other studies
which also reported reduced expression of miR-92a in plasma samples of patients of multiple
myeloma,’! acute myeloid leukemia (AML),”> and non-Hodgkin’s lymphoma.”? The level of miR-
92a was significantly lower in both tumor tissues and serum samples of breast cancer patients
than in that of healthy controls.”* In patients with hepatocellular carcinoma, miR-92a has been
reported to be overexpressed in the cancerous tissue whereas levels of miRNA in plasma were
lower compared to healthy donors.”>

We could not find any significant correlation between the expression of any of the 10
miRNAs with OS, PFS, and therapeutic response. There are studies which have shown miRNAs
as good as well as poor prognostic factors in NSCLC. In one of the study, postoperative OS of
lung cancer patients with lower miR-320a expression levels in tumor tissue was significantly
shorter.3® Similarly, underexpression of miR-375 in tumor tissue of NSCLC was an unfavorable
prognostic factor for 0S.27-29 Reduction of let-7e expression in tumor tissue was strongly asso-
ciated with shorter OS in NSCLC patients.’*>> Low expression of miRNA-148a was also strongly
associated with a higher risk of tumor-related death in NSCLC.>’>° In a recent meta-analysis,
a significant association was observed between low miR-148a level and poor OS in cancer pa-
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tients.”® In other studies, high plasma levels of miR-92 was found to be associated with worse
0S and DFS,%7:68 while high expression levels of exosomal miR-10b-5p’” and tissue miR-10b78
was associated with poorer OS in NSCLC. A recent meta-analysis revealed that up-regulation of
miR-10b could confer an unfavorable factor for 0S.”°

Like most of other studies, we do feel that our study has certain strengths and limitations.
We used global miRNA profiling using NGS to identify differentially expressed miRNAs and
validated the expression of 10 miRNAs in 115 serum samples using qRT-PCR. We not only
tested the diagnostic performance of all miRNAs, but we also correlated their expression with
0S, PFS, therapeutic response, and various clinicopathologic parameters. This is the first such
comprehensive report on circulating miRNAs in Indian NSCLC population. However, our study
has its own limitations, few of which are small sample size, shorter follow-up data, and absence
of early stage NSCLC patients. It would have been interesting to analyze the expression of
miRNAs in high-risk asymptomatic subjects and early stage and advanced stage NSCLC patients
to find the utility of serum-based miRNAs in screening, risk assessment and early detection.
Further, it would have been better to also profile the expression of studied miRNAs in tumor
tissue since miRNAs from other tissues or organs which are released in the blood serum might
mask the expression of lung cancer-specific miRNAs.

Conclusion

In summary, the expression of majority of miRNAs was downregulated in the serum of
NSCLC patients as compared to controls. Few miRNAs, such as miR-375 and miR-10b-5p were
differentially expressed in LUSC vs controls, but not between LUAD vs controls. Some of the
miRNAs, such as miR-375 and miR-320a, are less studied for their involvement in the patho-
genesis of NSCLC. Hence, further mechanistic studies are warranted to elucidate their role in
disease biology and as candidate biomarkers for diagnosis and prognosis of NSCLC. Further,
diagnostic and prognostic role of all these miRNAs should be validated in larger cohort of NSCLC
patients with longer follow-up.

Supplementary materials

Supplementary material associated with this article can be found, in the online version, at
doi:10.1016/j.currproblcancer.2020.100540.
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