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Abstract: MicroRNAs (miRNAs) are an abundant class of small non-protein-coding RNAs that function as gene regulators.
They regulate diverse biological processes and bioinformatics data indicates that each miRNA can control hundreds of gene
targets, underscoring the potential influence of miRNAs on almost every genetic pathway. miRNA mutations or mis-expression
correlate with various human cancers and miRNAs can function as tumor suppressors and oncogenes. miRNAs have been
shown to repress the expression of important cancer-related genes and might prove useful in the diagnosis and treatment of
cancer. In this context, we identified various miRNAs associated with the prevalent cancer phenotype NSCLC/SCLC and used
the respective target miRNA sequences as templates for designing antisense oligonucleotides (ASOs). We investigated the
interaction of this cognate oligonucleotides and target miRNAs to hypotheses the inhibitory potential of such oligonucleotides
through molecular docking studies.
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L INTRODUCTION

Cancer become one of the leading causes of death globally, accounting for an estimated 10 million deaths, and International Agency
for Research on Cancer (IARC) provided estimates of 2.21 million new cases and 1.8 million lung-cancer related deaths in the
world in 2020 [https://gco.iarc.fr]. Primary lung cancer arises from the epithelial cells, the cells lining the larger and smaller airways
(bronchi and bronchioles); for this reason, lung cancers are sometimes called bronchogenic cancers or bronchogenic carcinomas.
Based on histology, lung cancers are divided into non—small cell lung cancer (NSCLC) and small cell lung cancer (SCLC) [1].
NSCLC, usually starts in glandular cells on the outer part of the lung. This type of cancer is called adenocarcinoma. NSCLC can
also start in flat, thin cells called squamous cells. These cells line the bronchi, which are the large tubes, or airways, that branch off
from the trachea, or windpipe, into the lungs. Large cell carcinoma is another type of non—small cell lung cancer, but it is less
common. There are also several rare types of non—small cell lung cancer. These include sarcoma and sarcomatoid carcinoma.
NSCLC represents about 80-85% of all lung cancers and leading cause of cancer death according to the World Health Organization
(WHO) [2]. SCLC, usually starts in cells that line the bronchi in the centre of the lungs. The main types of small cell lung cancer are
small cell carcinoma and combined small cell carcinoma (mixed tumour with squamous or glandular cells). SCLC comprises 15-
20% of all lung cancer cases [2].

MiRNAs are non-coding, single-stranded RNAs of ~20-24 nucleotides and constitute a novel class of gene regulators that are found
in both plants and animals [3]. They negatively regulate their targets in one of two ways depending on the degree of
complementarity between the miRNA and the target [4]. miRNAs that bind with perfect or nearly perfect complementarity to
protein coding mRNA sequences induce the RNA-mediated interference (RNAi) pathway. Briefly, mRNA transcripts are cleaved by
ribonucleases in the miRNA-associated, multi-protein RNA induced-silencing complex (RISC), which results in the degradation of
target mRNASs [5]. This mechanism of miRNA-mediated gene silencing is commonly found in plants, but miRNA-directed mRNA
cleavage has also been shown to occur in mammals [6]. However, most animal miRNAs are thought to use a second mechanism of
gene regulation that does not involve the cleavage of their mRNA targets. These miRNAs exert their regulatory effects by binding
too imperfect complementary sites within the 3’-untranslated regions (3'-UTRs) of their mRNA targets, and they repress target-gene
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expression post-transcriptionally, apparently at the level of translation, through a RISC complex that is like, or possibly identical
with, the one that is used for the RNAi pathway [7].

Consistent with translational control, miRNAs that use this mechanism reduce the protein levels of their target genes, but the mRNA
levels of these genes are barely affected.

Recently, there is increasing evidence to suggest that miRNAs play important and complex roles in human cancers, including lung
cancer [8-9]. The mechanisms of cell development, cell proliferation, invasion, migration, apoptosis, and metastasis in NSCLC and
SCLC both have been shown in numerous studies to be significantly influenced by miRNAs [10-11] and have been identified as
essential and critical regulators of biological functions as tumour suppressors or oncogenes (oncomiRs) in lung cancer. Up-
regulation of oncomiRs potentially repressed the tumour suppressor genes which are responsible for tumour cell growth and also
increases cell proliferation, migration and invasion. Tumor suppressor miRNAs, on the other hand, suppressed the translation of
oncogenic mRNAs. Therefore, down-regulation of tumour suppressor miRNAs are responsible for tumourigenesis and development
of cancers. miR-21 and miR-17-92 cluster causing tumorigenesis, are commonly upregulated in several types of cancers including
NSCLC by downregulating tumour suppressor phosphate and tensin homolog (PTEN) [12-13]. The expression of the members of
miR-34 family, miR-34a, miR-34b and miR-34c were downregulated in lung cancers. In SCLC tumors, miR-34 family members are
thought to act as a tumour suppressor [14]. Upregulation of miR-221 and miR-222 was manifested in different types of tumour
involve in cell growth and invasion by targeting PTEN and TIMP3 [15]. On the other side, a tumour suppressor miRNA, let-7 was
reported to reduce in NSCLC induces the downregulation of KRAS [16]. Numerous studies have reported the oncogenic and tumour
suppressor activity of miRNAs associated with lung cancers, specifically in case of NSCLC are summarizing in schematic diagram
presented in Scheme 1.

For NSCLC patients, chemotherapy is the main therapies having lack of effectiveness and selectivity for tumour cells. Therefore,
new effective and targeted therapeutics involving antisense oligonucleotides (ASOs) represent a promising alternative by using this
class of molecules as inhibitors of specific miRNA, showing an improved specificity compared to traditional anti-cancer drugs. In
this context, the primary objective of the current study is to identify various miRNAs associated with the prevalent cancer
phenotype NSCLC/SCLC and segregated them into up-regulated and down-regulated categories. We used the respective target
miRNA sequences as templates for designing antisense oligonucleotides (ASOs) and also generate 3D structures of the sequences.
Finally, we performed molecular docking study to investigate the interaction of this cognate oligonucleotides and target miRNAs to
hypotheses the inhibitory potential of such oligonucleotides.

II. MATERIALS AND METHODS
The microRNA sequences associated with lung cancer (NSCLC/SCLC) were downloaded from miRBase after identifying them
from Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway database [17]. s-fold is a software
(https://sfold.wadsworth.org/cgi-bin/soligo.pl) is used for the target accessibility prediction and rational design of antisense
oligonucleotides. For prediction of target accessibility, a complete probability profile of single-stranded regions is generated for the
entire target RNA. Sites with high probabilities of being single-stranded are predicted to be accessible. At nucleotide position i, the
profile shows the probability that nucleotides i, i + 1, i + 2,...,i + W — 1 are all unpaired. In other words, the profile is for
consecutive fragments with a width W. Certain empirical rules of design of antisense molecules were used:(i) siRNA duplexes
should be composed of 21 nt sense and 21 nt antisense strands, paired so as to each have a 2 nt 3" dTdT overhang; (ii) the siRNA
sequence should have low to moderate GC content; (iii) sequences with more than three Gs or three Cs in a row should be avoided,
because polyG and polyC sequences can form quartets and may interfere in the siRNA silencing mechanism; (iv) AAAA or TTTT
should also be avoided for RNA polymerase III mediated promoters because transcription tends to terminate at these sequences. It is
of note that there is a lack of support in the literature for the significance of target patterns such as AA(N19) or NA(N19). The file
oligo f.out gives filtered output for antisense oligos of user-specified length. Soligo currently uses the following filters: antisense
oligo binding energy <—8 kcal/mol;40% < GC % < 60%; No GGGQG in the target sequence. The antisense oligo binding energy is a
weighted sum of the DNA/RNA stacking energies for the hybrid formed by the antisense oligo and the targeted sequence. For a
base-pair stack, the weight for the sum is calculated by the probability of the unpaired dinucleotide in the target sequence that is
involved in the stack. This weighting scheme accounts for the structural variation at the target site. The 3D structures of the target
(miRNA) and its antisense molecule were generated using the RNA composer server (https://rnacomposer.cs.put.poznan.pl/). The
building starts from the 3D structure element which bears both 5'- and 3'-terminal residues of the target RNA structure. The Kabsch
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algorithm for least-squares superposition is implemented to overlay 3D structure elements, based on common canonical base pair
residues [18]. Subsequently, all atom coordinates within the newly added fragment are removed to avoid the coordinate duplication.
After the addition of the last structure element, due to the graph representation, all residues are renumbered according to their
sequence. Two energy minimization steps are conducted to refine the initial RNA structure. In the first step, the atom coordinates
are strictly converted to the CYANA program format and energy is minimized in the torsion angle space using the standard protocol
(conjugate gradient, 2000 iteration steps), as well as the distance restrains for hydrogen bonds. In the second step, the resultant
structure is energy minimized in the Cartesian atom coordinate space using CHARMM force field implemented in the XPLOR-NIH
program (conjugate gradient, 1000 iterations) and restraints for hydrogen bonds and base pairs planarity. RNA 3D structure quality
assessment: The stereochemical quality of the predicted 3D structures was assessed using PDB validation tool
http://deposit.pdb.org/adit/, X-PLOR program [18] and MolProbity tool [19]. The accuracy of the predicted full atomic structures
relative to the respective RNA crystal structures is described using two measures. The global and local RNA structure all atoms
R.M.S.D. values were computed using XPLOR-NIH program. The interaction network fidelity (INFall) measure [20] was used to
check all the canonical and non-canonical base pairing and stacking. Base pair interactions and the base stacking network for the
tertiary structures were obtained using RNAView [21] and MC-Annotate [22] programs, respectively. In a similar fashion, we have
calculated the parameter INF® to inspect the conservation of canonical base pairs [17]. The complexes were docked using HEX
standalone tool & studied their interactions using DSSR server.

I11. RESULTS AND DISCUSSION
In the present study, the emerging field of ‘oncomiRs’-miRNAs that are associated with lung cancer and how they interact with each
other was investigated. A total of 23 types of different miRNAs were identified from the KEGG pathway and antisense
oligonucleotides of each miRNA were generated by using s-fold, corresponding to NSCLC/SCLC, are shown in Table 1. Present
study involved the investigation, identification and pathway analysis of up-regulated and down-regulated miRNAs associated with
lung cancers. Then antisense oligonucleotides of each miRNA were analyzed and generated the 3D structure of target and its
antisense molecule.
1) Interaction Of Downregulated Mirnas With Their Corresponding Antisense Oligonucleotides
The binding energies from the docking interaction studies of each downregulated target miRNAs (as receptor) and their respective
antisense oligonucleotides (as ligand) are shown in Table 1. It is evident that antisense oligonucleotides of miR-let-7, miR-125,
miR-34b and miR-92b family interacted more strongly (AG values more negative) compared to the other members of this group.
Among the miR-let-7 family members, miR-let-7b-5p (AG= -26 kcal mol™') and in case of miR-125 members, miR-125a-5p (AG= -
25.8 kcal mol™), showed the highest interaction with their corresponding antisense oligonucleotides. Representative docking
complexes of miR-let-7b-5p and miR-125a-5p with their respective antisense oligonucleotides are showing in Fig. 1(A). Both the
miR-let-7 and miR-125a-5p has been reported to act as tumour suppressor in NSCLC and functionally inhibits the two main
characterized oncogenes, Ras and EGFR [23-25], shown in Scheme 1. Results of analyses of interactions and structural parameters
for docked complexes between target and antisense molecules using the DSSR server of the let-7 family members is shown in Table
2.
2) Interaction Of Upregulated Mirnas With Their Corresponding Antisense Oligonucleotides
The docking interaction studies of upregulated target miRNAs (as receptor) and their respective antisense oligonucleotides (as
ligand) for both NSCLC and SCLC are shown in Table 1. The binding energy values for miR-221-5p and miR-222-5p were
obtained as -15 and 24 kcal mol ! respectively. Representative docking complexes of miR-221-5p and miR-222-5p with their
respective antisense oligonucleotides are showing in Fig. 1(B).
Both of them are upregulated in case of NSCLC/SCLC and associated with the downregulation of p27, PTEN and TIMP3 [26-27],
as shown in Scheme 1. However, in case of SCLC, miR-92b-3p was showing highest binding efficiency (AG= -26.7 kcal mol ™)
with its antisense oligonucleotide [Table 1]. Previous report suggests that the expression of miR-92b-3p in plasma exosomes were
increased to promote cell migration and chemoresistance through the PTEN/AKT pathway in SCLC patients [28]. Representative
docking complexes of miR-34b-3p and miR-92b-5p with their respective antisense oligonucleotides are showing in Fig. 1(C).
From CYANA programme it has been determined that the average binding energies for our studied 35 types of miRNA-antisense
oligonucleotide associated interactions were calculated to be -63.4 kcal mol™ (-2218.84/35 kcal mol™!) for lung cancer (Table 3).
These values indicate that the interactions were stable. From the docking interaction study of each target miRNA (as receptor) and
their respective antisense (as ligand), interestingly we found that 6 of the miRNA-antisense (miR-126-5p, miR-145-3p, miR-183-5p,
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miR-22-5p, miR-23b-5p, and miR-30e-3p) interactions were devoid of hydrogen bond, showing in Table 2. However, as is evident
from the results, the non-bonded interactions stabilized the modalities of the association of the two molecules, showing in Fig. 2.
Finally, tables (Table 2) were created where number of base pair, multiplets, helices, stems, non-pair interactions, stacks, atom-base
capping interaction, hair-pin loop, non-loop single stranded segment, phosphate interaction of each complex were listed to show the
types and levels of interactions.

Iv. CONCLUSIONS

As it is evident from the results, the designing of the antisense oligonucleotides against the target miRNAs were successful since the
free energy/relative entropy calculated for the docking runs were all negative as well as displayed a uniform pattern dependent on
miRNA type. Out of hundreds of miRNAs that have recently been identified, only a small number from worm, fly and human
genomes have been characterized. They have been shown to control cell growth, differentiation and apoptosis; consequently,
impaired miRNA expression has been implicated in tumorigenesis. Continued research into miRNA function might lead to an
advanced understanding of the mechanisms that lead to tumorigenesis. It is believed that these designed antisense constructs can be
tested in the wet lab for their efficacy of binding the cognate miRNAs and further be developed into effective therapeutic
interventions for the treatment or prevention of cancer progression.
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Scheme 1. MicroRNAs associated with Lung Cancer
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Fig. 1 Docking complex of target miRNA (red) and their respective antisense oligonucleotides (blue) associated with the (A)
downregulation of (i) miR-let-7a-3p, (ii) miR-125-5p, (B) upregulation of (i) miR-221-5p, (ii) miR-222-5p and (C) upregulation of
(1) miR-34b-3p, (ii) miR-92b-5p.

(i) (iii)

@iv) (vi)

Fig. 2 Docking complex of target miRNA (red) and their respective antisense oligonucleotides (blue) of (i) miR-126-5p, (ii) miR-
145-3p, (iii) miR-183-5p, (iv) miR-22-5p, (v) miR-23b-5p, and (vi) miR-30e-3p.
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TABLES
Table 1. Lung Cancer Associated microRNAs and their corresponding antisense constructs as designed computationally.
Serial | miRNA Target sequence Antisense Sequence Binding
No. Energy
[AG]
(kcalmol
1
)
Down-regulated [both NSCLC and SCLC]
1.| Let-7a- | CUGUACAGCCUCCUAGCUUUCC GGAAAGCTAGGAGGCTGTACAG -15
2-3p
2.| Let-7a- | CUAUACAAUCUACUGUCUUUC GAAAGACAGTAGATTGTATAG -16.1
3p
3.| Let-7a- | UGAGGUAGUAGGUUGUAUAGUU AACTATACAACCTACTACCTCA -23
5p.
4.| Let-7b- | CUAUACAACCUACUGCCUUCCC GGGAAGGCAGTAGGTTGTATAG -25
3p
5.] Let-7b- | UGAGGUAGUAGGUUGUGUGGUU AACCACACAACCTACTACCTCA -26
S5p
6.| Let-7c- | CUGUACAACCUUCUAGCUUUCC GGAAAGCTAGAAGGTTGTACAG -22
3p
7. Let-7c- | UGAGGUAGUAGGUUGUAUGGUU AACCATACAACCTACTACCTCA -25
5p.
8.| Let-7d- | CUAUACGACCUGCUGCCUUUCU AGAAAGGCAGCAGGTCGTATAG -25
3p
9.] Let-7d- | AGAGGUAGUAGGUUGCAUAGUU AACTATGCAACCTACTACCTCT 21
S5p
10 Let-7e- | CUAUACGGCCUCCUAGCUUUCC GGAAAGCTAGGAGGCCGTATAG -15
3p
11 Let-7e- | UGAGGUAGGAGGUUGUAUAGUU AACTATACAACCTCCTACCTCA -25
5p
12 Let-7f- | CUAUACAAUCUAUUGCCUUCCC GGGAAGGCAATAGATTGTATAG 21
1-3p
13 Let-7f- | CUAUACAGUCUACUGUCUUUCC GGAAAGACAGTAGACTGTATAG -7
2-3p
14 Let-7f- | UGAGGUAGUAGAUUGUAUAGUU AACTATACAATCTACTACCTCA 21
Sp
15 Let-7g- | CUGUACAGGCCACUqw32~edGCCUUGC | GCAAGGCAGTGGCCTGTACAG -3.4
3p
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14 Let-7g- | UGAGGUAGUAGUUUGUACAGUU AACTGTACAAACTACTACCTCA -20
Sp

17 Let-7i- | CUGCGCAAGCUACUGCCUUGCU AGCAAGGCAGTAGCTTGCGCAG -6
3p

18 Let-7i- | UGAGGUAGUAGUUUGUGCUGUU AACAGCACAAACTACTACCTCA -9
Sp

19 MiR-1- | UGGAAUGUAAAGAAGUAUGUAU ATACATACTTCTTTACATTCCA 221
3p

20 MiR-1- | ACAUACUUCUUUAUAUGCCCAU ATGGGCATATAAAGAAGTATGT -18
Sp

21 MiR- | CAGGCCAUAUUGUGCUGCCUCA TGAGGCAGCACAATATGGCCTG -3
15a-3p

22 MiR- | UAGCAGCACAUAAUGGUUUGU ACAAACCATTATGTGCTGCTA -21.4
15a-5p

23 MiR- | CGAAUCAUUAUUUGCUGCUCUA TAGAGCAGCAAATAATGATTCG -17
15b-3p

24 MiR- | UAGCAGCACAUCAUGGUUUACA TGTAAACCATGATGTGCTGCTA -21
15b-5p

2§ MiR- | CCAGUAUUAACUGUGCUGCUGA TCAGCAGCACAGTTAATACTGG -5
16-1-3p

24 MiR- | CCAAUAUUACUGUGCUGCUUUA TAAAGCAGCACAGTAATATTGG -20
16-2-3p

27 MiR- | UAGCAGCACGUAAAUAUUGGCG CGCCAATATTTACGTGCTGCTA -18
16-5p.

28 MiR- | UAGCACCAUCUGAAAUCGGUUA TAACCGATTTCAGATGGTGCTA -15
29a-3p

29 MiR- | ACUGAUUUCUUUUGGUGUUCAG CTGAACACCAAAAGAAATCAGT -2
29a-5p

30 MiR- | GCUGGUUUCAUAUGGUGGUUUAG CTAAACCACCATATGAAACCAGC -9.6
29b-1-
Sp

31 MiR- | CUGGUUUCACAUGGUGGCUUAG CTAAGCCACCATGTGAAACCAG -6
29b-2-
5p

32 MiR- | UAGCACCAUUUGAAAUCAGUGUU AACACTGATTTCAAATGGTGCTA -4.9
29¢-3p

33 MiR- | UAGCACCAUUUGAAAUCGGUUA TAACCGATTTCAAATGGTGCTA -13
29c¢-5p
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34 MiR- UGACCGAUUUCUCCUGGUGUUC GAACACCAGGAGAAATCGGTCA -10
29b-3p

35 MiR- AGCAGCAUUGUACAGGGCUAUC GATAGCCCTGTACAATGCTGCT -14
107

34 MiR- ACAGGUGAGGUUCUUGGGAGCC GGCTCCCAAGAACCTCACCTGT -13.4
125a-
3p

37 MiR- UCCCUGAGACCCUUUAACCUGU ACAGGTTAAAGGGTCTCAGGGA -25.8
125a-
5p

38 MiR- ACGGGUUAGGCUCUUGGGAGCU AGCTCCCAAGAGCCTAACCCGT -13
125b-1-
3p

39 MiR- UCACAAGUCAGGCUCUUGGGAC GTCCCAAGAGCCTGACTTGTGA -9
125b-2-
3p

40 MiR- UCCCUGAGACCCUAACUUGUGA TCACAAGTTAGGGTCTCAGGGA -24
125b-
5p

41| MiR- UCGUACCGUGAGUAAUAAUGCG CGCATTATTACTCACGGTACGA -10
126-3p

42 MiR- CAUUAUUACUUUUGGUACGCG CGCGTACCAAAAGTAATAATG -14.4
126-5p

43 MiR- UUUGGUCCCCUUCAACCAGCUG CAGCTGGTTGAAGGGGACCAAA -10
133a-
3p

44 MiR- AGCUGGUAAAAUGGAACCAAAU ATTTGGTTCCATTTTACCAGCT -13
133a-
5p

45 MiR- UUUGGUCCCCUUCAACCAGCUA TAGCTGGTTGAAGGGGACCAAA -9
133b

46 MiR- UAACACUGUCUGGUAAAGAUGG CCATCTTTACCAGACAGTGTTA -8
141-3p

47 MiR- CAUCUUCCAGUACAGUGUUGGA TCCAACACTGTACTGGAAGATG -9
141-5p

48 MiR- GGAUUCCUGGAAAUACUGUUCU AGAACAGTATTTCCAGGAATCC -17
145-3p

49 MiR- GUCCAGUUUUCCCAGGAAUCCC GGGATTCCTGGGAAAACTGGAC -13
145-5p
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50 MiR- | GUGAAUUACCGAAGGGCCAUAA TTATGGCCCTTCGGTAATTCAC -12
183-3p

51 MiR- | UAUGGCACUGGUAGAAUUCACU AGTGAATTCTACCAGTGCCATA -22
183-5p

52 MiR- | UAAUACUGCCGGGUAAUGAUGGA TCCATCATTACCCGGCAGTATTA -1
200c-
3p

53 MiR- | CGUCUUACCCAGCAGUGUUUGG CCAAACACTGCTGGGTAAGACG -13
200c-
Sp

Up-regulated (NSCLC)

54 MiR- | CAACACCAGUCGAUGGGCUGU ACAGCCCATCGACTGGTGTTG -8.2
21-3p

55 MiR- | UAGCUUAUCAGACUGAUGUUGA TCAACATCAGTCTGATAAGCTA -9
21-5p

56 MiR- | AGCUACAUUGUCUGCUGGGUUUC GAAACCCAGCAGACAATGTAGCT -1
221-3p

57 MiR- | ACCUGGCAUACAAUGUAGAUUU AAATCTACATTGTATGCCAGGT -15
221-5p

58§ MiR- | AGCUACAUCUGGCUACUGGGU ACCCAGTAGCCAGATGTAGCT -12.8
222-3p

59 MiR- | CUCAGUAGCCAGUGUAGAUCCU AGGATCTACACTGGCTACTGAG -24
222-5p

Up-regulated (SCLC)

60 MiR- | UGCUAUGCCAACAUAUUGCCAU UGCUAUGCCAACAUAUUGCCAU -10
31-3p

61 MiR- | AGGCAAGAUGCUGGCAUAGCU AGCTATGCCAGCATCTTGCCT -9.8
31-5p

62 MiR- | AGCUACAUUGUCUGCUGGGUUUC GAAACCCAGCAGACAATGTAGCT -1
221-3p

63 MiR- | ACCUGGCAUACAAUGUAGAUUU AAATCTACATTGTATGCCAGGT -15
221-5p

64 MiR- | AGCUACAUCUGGCUACUGGGU ACCCAGTAGCCAGATGTAGCT -12.8
222-3p

65 MiR- | CUCAGUAGCCAGUGUAGAUCCU AGGATCTACACTGGCTACTGAG -24
222-5p

660 MiR- | ACUGCAGUGAAGGCACUUGUAG CTACAAGTGCCTTCACTGCAGT )
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17-3p

67 MiR- | CAAAGUGCUUACAGUGCAGGUA TACCTGCACTGTAAGCACTTTG -11
17-5p

68 MiR- | ACUGCCCUAAGUGCUCCUUCUGG CCAGAAGGAGCACTTAGGGCAGT | -18.5
18a-3p

69 MiR- | UAAGGUGCAUCUAGUGCAGAUAG CTATCTGCACTAGATGCACCTTA -10.3
18a-5p

70 MiR- | UGCCCUAAAUGCCCCUUCUGGC GCCAGAAGGGGCATTTAGGGCA -15.8
18b-3p

71 MiR- | UAAGGUGCAUCUAGUGCAGUUAG CTAACTGCACTAGATGCACCTTA -4
18b-5p

72 MiR- | AAGCUGCCAGUUGAAGAACUGU ACAGTTCTTCAACTGGCAGCTT -12.1
19b-1-
S5p

73 MiR- | AGUUUUGCAGGUUUGCAUUUC GAAATGCAAACCTGCAAAACT -6.9
19b-2-
5p

74 MiR- | UGUGCAAAUCCAUGCAAAACUGA TCAGTTTTGCATGGATTTGCACA -13.3
19b-3p.

7§ MiR- | ACUGCAUUAUGAGCACUUAAAG CTTTAAGTGCTCATAATGCAGT -13.4
20a-3p

76 MiR- | UAAAGUGCUUAUAGUGCAGGUAG CTACCTGCACTATAAGCACTTTA -11.4
20a-5p

77 MiR- | ACUGUAGUAUGGGCACUUCCAG CTGGAAGTGCCCATACTACAGT -10.7
20b-3p

78 MiR- | CAAAGUGCUCAUAGUGCAGGUAG CTACCTGCACTATGAGCACTTTG -13.1
20b-5p

79 MiR- | AAGCUGCCAGUUGAAGAACUGU ACAGTTCTTCAACTGGCAGCTT -12.1
22-3p

80 MiR- | AGUUCUUCAGUGGCAAGCUUUA TAAAGCTTGCCACTGAAGAACT -19.5
22-5p

81 MiR- | AUCACAUUGCCAGGGAUUUCC GGAAATCCCTGGCAATGTGAT -15.4
23a-3p

82 MiR- | GGGGUUCCUGGGGAUGGGAUUU AAATCCCATCCCCAGGAACCCC -11.4
23a-5p

83 MiR- | AUCACAUUGCCAGGGAUUACC GGTAATCCCTGGCAATGTGAT -19.3
23b-3p
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84 MiR- | UGGGUUCCUGGCAUGCUGAUUU AAATCAGCATGCCAGGAACCCA -20.5
23b-5p

8§ MiR- | AUCACAUUGCCAGUGAUUACCC GGGTAATCACTGGCAATGTGAT -12.3
23c

84 MiR- | UGCCUACUGAGCUGAUAUCAGU ACTGATATCAGCTCAGTAGGCA -12.6
24-1-5p

87 MiR- UGCCUACUGAGCUGAAACACAG CTGTGTTTCAGCTCAGTAGGCA -20.2
24-2-5p

88 MiR- UGGCUCAGUUCAGCAGGAACAG CTGTTCCTGCTGAACTGAGCCA -16.2
24-3p

89 MiR- CAUUGCACUUGUCUCGGUCUGA TCAGACCGAGACAAGTGCAATG -20.9
25-3p

90 MiR- | AGGCGGAGACUUGGGCAAUUG CAATTGCCCAAGTCTCCGCCT -21.4
25-5p

91 MiR- CCUAUUCUUGGUUACUUGCACG CGTGCAAGTAACCAAGAATAGG -18.9
26a-1-
3p

92 MiR- CCUAUUCUUGAUUACUUGUUUC GAAACAAGTAATCAAGAATAGG -16.2
26a-2-
3p

93 MiR- | UUCAAGUAAUCCAGGAUAGGCU AGCCTATCCTGGATTACTTGAA -19.2
26a-5p

94 MiR- CCUGUUCUCCAUUACUUGGCUC GAGCCAAGTAATGGAGAACAGG -13.5
26b-3p

9§ MiR- | UUCAAGUAAUUCAGGAUAGGU ACCTATCCTGAATTACTTGAA -20.8
26b-5p

9 MiR- | UUCACAGUGGCUAAGUUCCGC GCGGAACTTAGCCACTGTGAA -9.4
27a-3p

97 MiR- | AGGGCUUAGCUGCUUGUGAGCA TGCTCACAAGCAGCTAAGCCCT -11.7
27a-5p

98 MiR- | UUCACAGUGGCUAAGUUCUGC GCAGAACTTAGCCACTGTGAA -15.7
27b-3p

99 MiR- | AGAGCUUAGCUGAUUGGUGAAC GTTCACCAATCAGCTAAGCTCT -17.8
27b-5p

10 MiR- CACUAGAUUGUGAGCUCCUGGA TCCAGGAGCTCACAATCTAGTG -15.5
28-3p

10 MiR- | AAGGAGCUCACAGUCUAUUGAG CTCAATAGACTGTGAGCTCCTT -14.7
28-5p
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10 MiR- CUUUCAGUCGGAUGUUUGCAGC GCTGCAAACATCCGACTGAAAG -20.2
30a-3p

10 MiR- | UGUAAACAUCCUCGACUGGAAG CTTCCAGTCGAGGATGTTTACA -13.5
30a-5p

10 MiR- CUGGGAGGUGGAUGUUUACUUC GAAGTAAACATCCACCTCCCAG -6.7
30b-3p

10 MiR- UGUAAACAUCCUACACUCAGCU AGCTGAGTGTAGGATGTTTACA -20.7
30b-5p

10 MiR- CUGGGAGAGGGUUGUUUACUCC GGAGTAAACAACCCTCTCCCAG -3.9
30c-1-
3p

10 MiR- CUGGGAGAAGGCUGUUUACUCU AGAGTAAACAGCCTTCTCCCAG 9.3
30c-2-
3p

10 MiR- | UGUAAACAUCCUACACUCUCAGC GCTGAGAGTGTAGGATGTTTACA -22.1
30c-5p

10 MiR- CUUUCAGUCAGAUGUUUGCUGC GCAGCAAACATCTGACTGAAAG -5
30d-3p

1] MiR- | UGUAAACAUCCCCGACUGGAAG CTTCCAGTCGGGGATGTTTACA -16.8
30d-5p

11 MiR- CUUUCAGUCGGAUGUUUACAGC GCTGTAAACATCCGACTGAAAG -20.2
30e-3p

11 MiR- | UGUAAACAUCCUUGACUGGAAG CTTCCAGTCAAGGATGTTTACA -12.3
30e-5p

1] MiR- | UGCUAUGCCAACAUAUUGCCAU ATGGCAATATGTTGGCATAGCA -10.4
32-3p

1] MiR- | AGGCAAGAUGCUGGCAUAGCU AGCTATGCCAGCATCTTGCCT -9.9
32-5p

11 MiR- | UGCUAUGCCAACAUAUUGCCAU ATGGCAATATGTTGGCATAGCA -10.2
33a-3p

11 MiR- GUGCAUUGUAGUUGCAUUGCA TGCAATGCAACTACAATGCAC -1.1
33a-5p

11 MiR- CAGUGCCUCGGCAGUGCAGCCC GGGCTGCACTGCCGAGGCACTG -10.9
33b-3p

11 MiR- GUGCAUUGCUGUUGCAUUGC GCAATGCAACAGCAATGCAC -1.1
33b-5p

11 MiR- CAAUCAGCAAGUAUACUGCCCU AGGGCAGTATACTTGCTGATTG -12.7
34a-3p
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12 MiR- | UGGCAGUGUCUUAGCUGGUUG CAACCAGCTAAGACACTGCCA -4.9
34a-5p

12 MiR- | CAAUCACUAACUCCACUGCCAU ATGGCAGTGGAGTTAGTGATTG -253
34b-3p

12 MiR- | UAGGCAGUGUCAUUAGCUGAUUG CAATCAGCTAATGACACTGCCTA -6.9
34b-5p

12 MiR- | AAUCACUAACCACACGGCCAG CTGGCCGTGTGGTTAGTGATT -20
34c-3p

12 MiR- | AGGCAGUGUAGUUAGCUGAUUG CAATCAGCTAACTACACTGCCT -1.7
34c-5p

12 MiR- | AGGUUGGGAUCGGUUGCAAUGCU AGCATTGCAACCGATCCCAACCT -8.6
92a-1-
5p

12 MiR- | GGGUGGGGAUUUGUUGCAUUAC GTAATGCAACAAATCCCCACCC -4.6
92a-2-
5p

12 MiR- | UAUUGCACUUGUCCCGGCCUGU ACAGGCCGGGACAAGTGCAATA -17.8
92a-3p

12 MiR- | UAUUGCACUCGUCCCGGCCUCC GGAGGCCGGGACGAGTGCAATA -26.7
92b-3p

12 MiR- | AGGGACGGGACGCGGUGCAGUG CACTGCACCGCGTCCCGTCCCT -21.5
92b-5p

Table 2. Results of analyses of interactions and structural parameters using the DSSR server. input: docked complexes between
target and antisense molecules

Non-
List List Atom-Base | Hair | Loop
Phosph
of of List Pair -Pin | Single o5p E.lte
. . . . Interaction
Down- Base- | ListOf | Helic | Of Non-Pair Capping | Loo | Strand
Regulated | Pair | Multiplets | es | Stems | Interaction | Stacks | Interaction | p | Segment
let-7a-2-3p 11 0 2 2 45 11 3 2 3 7
let-7a-3p 5 1 1 1 34 9 1 1 3 7
let-7a-5p 2 0 0 0 43 9 1 0 3 7
let-7b-3p 5 1 1 1 38 13 3 1 3 7
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let-7b-5p 2 0 0 0 46 12 4 0 3 7
let-7c-3p 9 0 2 1 46 10 3 1 3 7
let-7c-5p 4 0 0 0 46 12 3 0 3 7
let-7d-3p 10 1 1 1 46 14 3 1 3 7
let-7d-5p 6 1 1 1 41 9 2 1 3 7
let-7e-3p 11 0 2 2 39 12 2 2 3 7
let-7e-5p 2 0 0 0 36 10 2 0 3 7
let-7f-1-3p 5 0 1 1 46 10 5 1 3 7
let-7f-2-3p | 10 0 2 2 34 10 4 2 3 7
let-7f-5p . 3 0 0 0 44 11 1 0 3 7
let-7f-5p 3 0 0 0 43 11 1 0 3 7
let-7g-3p 17 2 2 4 40 6 4 2 3 7
let-7g-3p 5 2 0 0 42 8 2 0 3 7
let-7i-3p 17 2 2 2 47 7 4 2 3 7
let-7i-5p 6 1 1 1 39 7 2 1 3 7
miR-1-3p 3 1 0 0 42 11 3 0 2 11
miR-1-5p 11 1 1 1 46 10 1 1 2 8
miR-15a-3p | 15 1 2 3 40 6 3 2 4 4
miR-15a-5p | 9 2 1 2 39 9 1 1 2 6
miR-15b-3p | 8 1 1 2 47 10 1 1 3 6
miR-15b-5p | 9 0 1 2 42 9 4 1 3 10
miR-16-1-3p | 12 0 1 2 35 8 2 2 4 7
miR-16-2-3p | 3 0 0 0 42 12 3 0 2 12
miR-16-5p 7 0 1 2 46 13 3 1 3 9
miR-29a-3p | 7 0 2 2 44 6 2 2 4 11
miR-29a-5p | 15 2 2 3 11 1 1 2 2 2
miR-29b-1-

5p 0 0 0 0 26 10 1 0 3 5
miR-29b-2-

5p 9 1 1 1 48 8 1 1 3 8
miR-29b-3p | 15 0 2 3 44 7 3 2 4 10
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miR-29¢c-3p 9 1 2 2 29 6 7 2 4 10
miR-29¢-5p 13 1 2 3 37 8 2 2 4 7
miR-107 14 1 2 2 41 10 2 2 3 8
miR-126-3p 11 1 1 1 44 11 1 1 2 7
miR-126-5p 0 0 0 0 36 9 0 0 2 5
miR-125a-

3p 11 0 2 3 27 7 3 2 2 6
miR-125a-

5p 1 0 0 0 39 11 3 0 2 9
miR-125b-1-

3p 10 0 2 2 30 7 2 2 3 3
miR-125b-2-

3p 20 2 2 4 45 11 2 2 2 8
miR-125b-

5p 3 0 0 0 42 8 1 0 3 7
miR-133a-

3p 11 0 2 2 47 7 2 2 4 11
miR-133a-

5p 14 1 2 2 46 10 8 2 4 9
miR-133b 12 2 2 2 47 8 2 2 4 10
miR-145-3p 0 0 0 0 33 5 0 0 2 8
miR-145-5p 13 0 2 3 37 8 3 2 3 6
miR-183-3p 13 2 2 2 38 10 6 2 4 6
miR-183-5p 0 0 0 0 15 2 0 0 2 4
miR-200c-

3p 5 0 1 1 27 10 5 1 3 4
miR-200c-

5p 9 0 2 2 37 8 4 2 2 2
miR-21-3p 14 0 2 4 49 6 2 2 2 8
miR-21-5p 13 1 2 2 42 7 3 2 4 10
miR-221-3p 10 0 2 2 38 8 5 2 3 10
miR-221-5p 4 0 0 0 42 13 8 0 2 15
miR-222-3p 10 0 2 2 36 7 2 2 2 5
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miR-222-5p 4 0 0 0 42 13 8 0 2 15
miR-31-3p 14 0 2 4 44 10 4 2 2 8

miR-31-5p 13 1 3 3 46 9 2 2 3 10
miR-221-3p 10 0 2 2 38 8 5 2 3 10
miR-221-5p 4 0 0 0 42 13 8 0 2 15
miR-222-3p 10 0 2 2 36 7 2 2 5

miR-222-5p 4 0 0 0 42 13 8 0 2 15
miR-17-3p 16 1 2 3 46 2 2 2 3 8

miR-17-5p 9 0 2 1 37 9 4 2 4 7

miR-18a-3p 16 0 2 3 42 12 4 2 3 7

miR-18a-5p 12 1 2 2 39 7 7 2 5 7

miR-18b-3p 15 0 2 3 0 10 4 2 2 0

miR-18b-5p 16 1 2 2 0 9 5 2 5 0

miR-19b-1-

5p 11 0 2 2 0 6 3 2 4 0

miR-19b-2-

5p 7 0 2 2 41 8 4 2 4 8

miR-19b-3p. | 12 0 2 2 38 7 1 2 5 7

miR-19b-3p 12 0 2 2 38 7 1 2 5 7

miR-20a-3p 11 0 2 2 33 9 6 2 4 3

miR-20a-5p 10 0 2 1 51 11 2 2 5 11
miR-20b-3p 15 0 2 3 45 10 1 2 3 7

miR-20b-5p 10 1 2 1 41 14 3 2 5 6

miR-22-3p 11 0 2 2 44 6 3 2 4 8

miR-22-5p 0 0 0 0 0 26 4 0 2 6

miR-23a-3p 7 2 1 1 34 8 1 1 2 5

miR-23a-5p 14 0 2 2 46 8 3 2 3 5

miR-23b-3p 3 0 1 1 31 7 3 1 2 7

miR-23b-5p 0 0 0 0 25 1 2 0 2 7

miR-23c 15 1 2 2 36 7 1 2 2 4

miR-24-1-5p | 13 0 2 2 44 8 0 2 2 6
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miR-24-2-5p | 14 1 2 3 42 10 1 2 3 4
miR-24-3p 12 1 2 2 39 7 4 2 4 10
miR-25-3p 1 0 0 0 26 5 0 0 2 5
miR-25-5p 3 0 1 0 30 6 1 1 3 9
miR-26a-1-

3p 0 0 0 0 25 1 0 0 2 2
miR-26a-2-

3p 0 0 0 0 34 3 2 0 2 7
miR-26a-5p 5 0 1 1 27 8 0 1 3 6
miR-26b-3p 6 0 2 2 46 10 0 2 4 6
miR-26b-5p 0 0 0 0 23 2 0 2 4
miR-27a-3p 12 0 1 2 42 7 1 2 2 9
miR-27a-5p 14 1 2 2 41 9 5 2 3 4
miR-27b-3p 13 1 3 2 37 6 3 2 3 5
miR-27b-5p 5 1 1 1 33 5 0 1 3 7
miR-28-3p 11 1 2 2 44 6 5 2 3 9
miR-28-5p 11 1 2 2 40 6 4 2 2 7
miR-30a-3p 1 0 0 0 44 10 0 0 3 12
miR-30a-5p 1 0 0 0 44 10 0 0 3 12
miR-30b-3p 11 1 1 1 33 4 1 1 2 1
miR-30b-5p 11 0 2 2 35 8 5 2 2 3
miR-30c-1-

3p 13 1 2 2 41 7 1 2 2 2
miR-30c-2-

3p 16 1 3 3 37 6 5 2 3 9
miR-30c-5p 11 0 2 2 44 8 3 2 2 3
miR-30d-3p 11 0 2 2 44 8 3 2 2 3
miR-30d-5p 11 0 2 2 50 10 1 2 4 6
miR-30e-3p 0 0 0 0 29 3 0 0 2 6
miR-30e-5p 10 0 2 2 49 12 3 2 4 6
miR-32-3p 14 0 2 4 45 8 5 2 3 8
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miR-32-5p 14 1 2 2 31 6 8 2 2 6
miR-33a-3p 4 0 1 1 20 6 1 1 3 3
miR-33a-5p 16 0 2 4 39 10 3 2 2 5
miR-33b-3p 12 1 2 3 50 9 1 2 3 6
miR-33b-5p 12 1 2 3 50 9 1 2 3 6
miR-34a-3p 13 0 2 2 44 8 5 2 4 5
miR-34a-5p 10 0 2 2 45 9 3 2 4 9
miR-34b-5b 10 0 2 2 47 7 3 2 5 9
miR-34¢-3p 11 0 2 2 37 7 1 2 3 5
miR-34c¢c-5p 5 0 2 1 29 6 2 1 3 4
miR-92a-1-

5p 7 0 1 2 37 5 3 1 4 6
miR-92a-2-

5p 8 0 1 2 27 7 1 3 2 2
miR-92a-3p 12 0 2 3 42 11 2 2 3 6
miR-92b-3p 4 0 1 1 22 4 0 1 3 3
miR-92b-5p 7 1 1 1 37 6 4 1 4 11

Table 3. Values of Eiai after docking the target miRNA & antisense molecules associated with lung cancer:

Serial No. Docking Complex Etotal
(target+antisense)
Down-regulated
1. Let-7a-2-3p 2863.13
2. Let-7a-3p 1882.48
3. Let-7a-5p 2630.83
4. Let-7b-3p 2604.02
5. Let-7b-5p 2650.79
6. Let-7c-3p 2728.73
7. Let-7c-5p 2325.98
8. Let-7d-3p 2691.68
9. Let-7d-5p 2635.71
10. Let-7e-3p 2092.07
11. Let-7e-5p 2316.87
12. Let-7f-1-3p 2539.29
13. Let-7f-2-3p 2356.27
14. Let-7f-5p 2887.65
15. Let-7g-3p 2350.03
16. Let-7g-5p 3180.83
17. Let-7i-3p 2473.60
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18. Let-7i-5p 2423.84
19. Mir-1-3p 3042.18
20. Mir-1-5p 2235.76
21. Mir-15a-3p 2180.44
22. Mir-15a-5p 2188.77
23. Mir-15b-3p 2780.67
24. Mir-15b-5p 2512.08
25. Mir-16-1-3p 2176.96
26. Mir-16-2-3p 3116.80
27. Mir-16-5p 2377.44
28. Mir-29a-3p 2038.61
29. Mir-29a-5p 2629.30
30. Mir-29b-1-5p 1745.64
31. Mir-29b-2-5p 2460.81
32. Mir-29b-3p 2590.76
33. Mir-29¢-3p 2172.19
34, Mir-29c¢-5p 2009.17
35. Mir-107 2701.76
36. Mir-125a-3p 1424.12
37. Mir-125a-5p 2498.18
38. Mir-125b-1-3p 1241.44
39. Mir-125b-2-3p 2638.28
40. Mir-125b-5p 2795.28
41. Mir-126-3p 2634.58
42, Mir-126-5p 2806.00
43, Mir-133a-3p 2245.87
44, Mir-133a-5p 3278.04
45. Mir-133b 2425.14
46. Mir-141-3p 1919.68
47, Mir-141-5p 2463.38
48. Mir-145-3p 1466.90
49, Mir-145-5p 2428.39
50. Mir-183-3p 1144.28
51. Mir-183-5p 964.87
52. Mir-200c-3p 1319.28
53. Mir-200c-5p 2662.02
Up-regulated Non-small
54. Mir-21-3p 3259.15
55. Mir-21-5p 2457.27
56. Mir-221-3p 2047.48
57. Mir-221-5p 2471.77
58. Mir-222-3p 1777.67
59. Mir-222-5p 3072.61
Up-regulated Small
60. Mir-31-3p 3218.60
61. Mir-31-5p 2230.63
62. Mir-221-3p 2047.48
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63. Mir-221-5p 2471.77
64. Mir-222-3p 1777.67
65. Mir-222-5p 3072.61
66. Mir-17-3p 2445.26
67. Mir-17-5p 2486.81
68. Mir-18a-3p 1932.17
69. Mir-18a-5p 2649.73
70. Mir-18b-3p 1415.58
71. Mir-18b-5p 2713.88
72. Mir-19b-1-5p 2339.72
73. Mir-19b-2-5p 2576.90
74. Mir-19b-3p 2021.39
75. Mir-20a-3p 2377.54
76. Mir-20a-5p 2505.54
77. Mir-20b-3p 1785.38
78. Mir-20b-5p 2397.80
79. Mir-22-3p 2339.72
80. Mir-22-5p 1274.67
81. Mir-23a-3p 2055.10
82. Mir-23a-5p 2475.28
83. Mir-23b-3p 1651.25
4. Mir-23b-5p 1642.70
85. Mir-23c 2265.77
86. Mir-24-1-5p 2330.02
87. Mir-24-2-5p 2214.51
88. Mir-24-3p 2177.21
89. Mir-25-3p 1118.72
90. Mir-25-5p 1846.19
91. Mir-26a-1-3p 1644.27
92. Mir-26a-2-3p 1602.91
93. Mir-26a-5p -332.53
94. Mir-26b-3p 2739.90
95. Mir-26b-5p 1508.63
96. Mir-27a-3p 2870.32
97. Mir-27a-5p 1969.23
98. Mir-27b-3p 2239.11
99. Mir-27b-5p 1326.58
100. Mir-28-3p 2408.54
101. Mir-28-5p 2182.58
102. Mir-30a-3p 3618.98
103. Mir-30a-5p 1919.18
104. Mir-30b-3p 2217.88
105. Mir-30b-5p 1651.00
106. Mir-30c-1-3p 2390.54
107. Mir-30c-2-3p 2781.38
108. Mir-30c-5p 2245.16
109. Mir-30d-3p 2416.85
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110. Mir-30d-5p 2229.85
111 Mir-30e-3p 1444.30
112. Mir-30e-5p 2035.45
113. Mir-32-3p 2380.51
114. Mir-32-5p 2164.94
115. Mir-33a-3p 794.77
116. Mir-33a-5p 2397.05
117. Mir-33b-3p 2161.64
118. Mir-33b-5p 2366.66
119. Mir-34a-3p 1552.08
120. Mir-34a-5p 2086.89
121. Mir-34b-3p 2076.05
122. Mir-34b-5p 2305.67
123. Mir-34c-3p 1641.60
124 Mir-34c-5p 1235.12
125. Mir-92a-1-5p 2261.78
126. Mir-92a-2-5p 1647.45
127. Mir-92a-3p 2453.67
128. Mir-92b-3p 1312.44
129. Mir-92b-5p 2154.44
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