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Abstract

Background & Aims: MicroRNAs (miRNAs) are short, non-coding RNAs, 20-24
nucleotides long, that regulate gene expression post-transcriptionally. By binding to
complementary sites in the 3’ UTRs of target mRNAs, they cause translational repression or
mRNA degradation. Through this mechanism, miRNAs critically influence diverse cellular
processes, including cell cycle control, differentiation, apoptosis, immune function, and
adaptation to stress, highlighting their broad biological significance (1-3). Their ability to fine-
tune gene expression makes them indispensable components of cellular homeostasis. Over the
past twenty years, miRNAs have emerged as crucial regulators in human health and disease.
Dysregulated expression contributes to diverse disorders, especially cancer. Aberrant miRNA
profiles are found across nearly all malignancies, where they act either as oncogenes
(oncomiRs) or tumor suppressors, influencing tumor development and progression (2, 4-6).
This duality underscores their potential utility as diagnostic biomarkers, prognostic indicators,
and therapeutic targets (3, 7). The musculoaponeurotic fibrosarcoma (MAF) gene encodes a
transcription factor of the AP-1 superfamily. MAF proteins possess a basic leucine zipper
(bZIP) domain that mediates DNA binding and dimerization, regulating gene expression
programs controlling cell fate. MAF is crucial for differentiation of diverse cell types,
including T cells, macrophages, and lens epithelial cells (8). Importantly, aberrant expression
or mutation of MAF has been associated with several malignancies, such as multiple myeloma,
angiosarcoma, and certain soft tissue sarcomas (9—11). In these cancers, MAF may contribute
to oncogenesis by promoting proliferation, inhibiting apoptosis, and altering cellular
metabolism (10). Although MAF plays a critical role in tumor biology, its regulatory
mechanisms remain poorly defined. Transcriptional and post-translational regulation have
been studied, but miRNA involvement is underexplored. Considering miRNAs’ central role in
gene regulation, novel miRNAs may reside within the MAF locus or target its transcripts,
potentially influencing MAF expression and function in cancer (12).

Recent progress in high-throughput sequencing and advanced computational tools enables
systematic discovery of novel miRNAs. Researchers can scan genomic regions for hairpin-
like precursors, predict secondary structures, and evaluate evolutionary conservation and
expression profiles, providing comprehensive insights into miRNA biology and regulatory
roles across the genome (13, 14). In this context, the present study aims to discover and
characterize novel miRNAs associated with the MAF gene, with the goal of uncovering new
regulatory elements that may contribute to its oncogenic potential. By integrating
bioinformatic predictions with expression data from tumor tissues, this research seeks to
provide a deeper understanding of the miRNA-mediated regulation of MAF and its
implications for cancer biology.

Methods: To explore novel microRNAs within the MAF gene, a multi-step bioinformatic
pipeline was applied, integrating structural prediction, thermodynamic evaluation, and
expression profiling. The process began with scanning the gene sequence for stem-loop
structures resembling canonical miRNA precursors using SSCprofiler, a tool specialized in
detecting hairpin motifs based on sequence and structural features. Candidate precursors were
then analyzed with RNAfold, which predicts RNA secondary structures through minimum free
energy (MFE) calculations. This analysis provided insights into the thermodynamic stability
of RNA molecules, a key determinant of miRNA precursor functionality. Stable hairpin
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structures with low MFE values were considered more likely to undergo proper processing by
the cellular miRNA biogenesis machinery, including Drosha and Dicer enzymes (15-17).
Following structural validation, the predicted precursors were analyzed using MatureBayes, a
probabilistic model-based tool that predicts the location and sequence of mature miRNAs
within precursor hairpins (18). MatureBayes utilizes sequence features and positional
information to identify the most likely mature miRNA products, enabling researchers to
pinpoint the functional regions of the precursor molecules. To assess the biological relevance
of the predicted miRNAs, expression data from publicly available microRNA sequencing
(miRNA-seq) datasets were examined. These datasets include profiles from various tissue
types, including normal and tumor samples, allowing for comparative analysis of miRNA
expression patterns. The presence of the predicted miRNAs in tumor tissues was considered a
key indicator of their potential involvement in oncogenic processes (3, 6, 19).

Results: The computational analysis of the MAF gene sequence yielded three distinct
microRNA candidates, each exhibiting hallmark features of canonical miRNA precursors.
These candidates were characterized by well-defined stem-loop structures, as identified by
SSCprofiler, and demonstrated favorable thermodynamic profiles with low MFE values, as
confirmed by RNAfold modeling (15—-17). The predicted secondary structures were consistent
with those observed in known functional miRNAs, suggesting that these molecules may be
processed by the endogenous miRNA biogenesis pathway.

MatureBayes analysis further refined the predictions by identifying the precise sequences of
the mature miRNA products derived from each precursor (18). These sequences were mapped
to the MAF gene locus and found to reside within intronic or untranslated regions, consistent
with the genomic architecture of many miRNAs (13). Importantly, sequence alignment across
multiple vertebrate species revealed high conservation of these miRNA candidates, indicating
evolutionary preservation and potential functional importance (14). Expression profiling using
miRNA-seq data provided compelling evidence for the transcriptional activity of the predicted
miRNAs. All three candidates were found to be expressed in a variety of tissue types, with
notable enrichment in tumor samples (3, 6, 19). This pattern suggests that the miRNAs may
play a role in cancer-related gene regulation, possibly by modulating MAF expression or
interacting with downstream targets involved in cell proliferation and survival. The consistent
expression across diverse biological contexts supports the hypothesis that these miRNAs are
not merely transcriptional noise but may have functional significance in oncogenesis.
Conclusion: The findings of this study offer strong evidence for the existence of previously
uncharacterized microRNAs within the musculoaponeurotic fibrosarcoma (MAF) gene locus.
Through a rigorous bioinformatic approach, three novel miRNA candidates were identified,
structurally validated, and shown to be expressed in tumor tissues. These miRNAs exhibit
features consistent with functional regulatory molecules, including stable secondary structures,
conserved sequences, and tissue-specific expression patterns. The discovery of these miRNAs
adds a new dimension to the regulatory landscape of the MAF proto-oncogene. Given MAF's
role in cell differentiation, proliferation, and transformation, the presence of embedded
miRNAs may contribute to its fine-tuned regulation under physiological and pathological
conditions (8-11). These miRNAs could act as internal modulators of MAF activity or
participate in broader gene networks that influence tumor behavior. From a clinical
perspective, the identification of novel miRNAs associated with MAF opens up exciting
possibilities for cancer diagnostics and therapeutics. These miRNAs may serve as biomarkers
for MAF-driven malignancies or as targets for RNA-based interventions aimed at restoring
normal gene regulation (1-3, 6). Further validation and functional studies are needed to clarify
miRNASs’ roles in cancer progression. This research demonstrates the strength of integrative
bioinformatics in revealing hidden regulatory layers and emphasizes miRNAs’ influence on
oncogenes. Advancing miRNA biology promises innovative strategies for cancer therapy and
personalized medicine in the future (2, 4, 6).
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TGAAGAACTCAGGAGAAGAAAAAAAAACTTTGCTTTT
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GTGAGGGTGGAGGTTGGAAAAAAGGTGGG
CCGGCCGTCGGGTGGTGGTGGTGGCCGGCGGCGTGGT
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miR-2-5P:GGCCGGCGGCGUGGUGGUGGUG
miR-2-3P: CCCGCGCCGCUCUGCGCGGCGG

miR-3-5P:GGACAGCGAGCCCCCGGCGAUG
miR-3-3P:UCGGUCUCCACCGGUUCCUUUU

miR-4-5P:CAUCAGCCAGUGCGGCCGUCUC
miR-4-3P: AUGAGCACGCCGUGCAGCUCGG

miR-5-5P:UGAGCCAGCUUGCCGGGCUGGG
miR-5-3P: AGCUUGCGCGGCGGUGGCUGGC

miR-6-5P: UGGCUGCGGCGGCGAAGCUGGA
miR-6-3P: CGGCGUCCCCCGCUCGCCGCUC
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miR-7-3P: GCGCUCGGAGGUUUCGGGCCAG
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miR-12-5P:
GCGGCGGCGGCAGGAGAAUGGC miR-12-
3P: AGCAACUCCGACCUGCCCACCA

o]

VECE 315 0 A AF d g o)los Y 055 15jl) pBisju ogle alan

http://rjms.iums.ac.ir


http://dx.doi.org/10.47176/rjms.32.84
https://rjms.iums.ac.ir/article-1-9157-en.html

[ Downloaded from rjms.iums.ac.ir on 2026-01-29 ]

[ DOI: 10.47176/rjms.32.84 |

< MAF-201_
protein coding

—=g Reverse strand 6.90 kb

oS 5 (GHSigy3 (lle yn aabls

T

miR-1 miR-2 miR-5
miR-7 miR-8 miR-9 miR-10 miR-11 miR-12

(<

MAF 05 e oy 0 i adls 4Bl sl )lidle 5 MAF oL o5 Sy 2 LmiRNA sl Jlg b e - JsG

S O 00 olwlis slemiRNA (Stem-loop)
(o) JS8) as
SaS 4y oo glwli i glmiRNA Ly ol
)‘ LQ)] ‘;J...u cblas u‘;«.‘o “)r 9 NGS 6[.@0.)‘&
GMIRNA L5 oo it iy cMIRNA ol
wols olzi Lo NGS sla sols 36T jo Ve o F )
L)ﬁ)i‘ IXSSLNY ‘5”9.’ SS9y 2 \e. 9 A 6m1RNA as
MAF ()5 95l ks JIg 69, » ) GMIRNA 5 )
2 0a—b olo slapre-miRNA. JIg5 5J6T .o ,ls )3

http://rjms.iums.ac.ir

-

S5 du oa b Jow iem lemiRNA slo g
oS MAF Lije o5 g9, 2 Ensembl cul s,
Sas aes oo olaid gl (Y JSs) as b
Sl e oo olwlid dal> adle Ll VY ol
o5 SWUTR s g9, 2 V) 5 # O miRNA
2V 5V A AN F gmiRNA o, 1,5 MAF
YoV ) gmiRNA 5V 9551 casiSas Jlg g9,
a3yl 18 MAF 0F el Les JIg s, 2
aal>-a8l el RNAfold 31 colnsg S

VEF 313 0 A AF dn gy o)les Y 055 g5jl) 1xSiljs ogle alan


http://dx.doi.org/10.47176/rjms.32.84
https://rjms.iums.ac.ir/article-1-9157-en.html

[ Downloaded from rjms.iums.ac.ir on 2026-01-29 ]

[ DOI: 10.47176/rjms.32.84 ]

Slaounle Sgysisl (slogS g pud 5 55 IMicroRNA

mir-1

o Gl w3 e ol |y (S cblis s ) jow bl cilise 4555 W oy ond S (MIRNA  Sas cblis -V JS0
A o cblis MolS Ve g ¥ GMIRNA Lo i g cosl Jgone LMIRNA 4 )5 45 )b (ol 4l g5  Sui cblis V cmiRNA

& a—be> Su o s plw plo 6 S50
30 Omizmer (VF) amo I8 ).ul_: Ceot (60,5es
as ..x_i)b S99 @LasmiRNA LQ;) INETLENLY ‘5>-‘9.:
Ol Olsee 05 Ol 3 1y soelas 93 25 (B
O kel G5 oy sle MIRNA Ly ases
@ Obime 0 ol e 4 g e F Fgegn SS
g 0duzmy o Slee 1o Lo (lojes pdais (pl oSl
o2 S8 dr g Sl Foo s 0 Ol Hleyen
oly a Jslos ;51 gl 08y F mosly 6lo oo

YY) w5510l go

MAF o5 s MiRNA a5 sls gLts guiod ol gl

i oS gl Wl oo il 0 Shos (2 4T 005 352
ol o o8 0 0 2L MAF (5 0 Sles slo Soums
g oo RT-PCR (slg—ig; S ar (025 ol )| aelllas
ozt oo a5k L MIRNA ()l G286 5o
i 4 el S 00 lali sl MIRNA 1 Gl
ol wolmil MAF o5 (L oelas o Lyl (coas 255
31 5l e (9279 9 (Sleysiilyn slo (o n 4 o

(D ol
b bas o U Jgol (alos (( Slojgiilgns anlllan (nl 5
5 p3 slaosls a8 cule; S5 slaosls 5l eolax il
Sasp Sledbl 435 0 90y 5 il O jgod satls
bi> FaS S, coguad > b aisd Julov g 003
L @illae 5o e ol cogas sbrosls 5l oolaiul 0o

VECE 315 0 A AF d g o)los Y 055 15jl) pBisju ogle alan

\¢

ol 5L UCSC ol g SaS a0 NGS sl o0ls
VWooke o !, oVh Sob cble> Ll ol as
(Y JS8) aims oo ol aliBee 458

L lgs oojlgn aS o et b Gubod ol 0

&5 5> MIRNA a8l-dil> sl wlin 6,t5La
©miRNA au Lo NGS sla ool .5 ,ls 549 MAF
awli Sl Galises cdlPY s o 1)) g F
VWm0 Vb (Sus cbla> miRNA ol oS
Coodl oaaailii a5 wisls o lois alisee a5gS
MAF 5 5 omiRNA 1555 b ol o ksl Jlgs
oale Hlis calizee lllas jo .l ouis gl
4 (LmiRNA) LRNA § Se 51 (60L5 ao,y0 aS ol
Olye arcdelasiuils )18 Koo slogj slogg sl
3 e gl yo g b o aSld (e slagy
ol S8 g o e S509,0 LmIRNA S 51 o
ssb arls B agyg il 5o (S55009,5 sLMIRNA
JS 5L ZAD 5 in D9yl sLamiRNA  ols
b e i oo oS 1) 550y9,0 sLmIRNA
GLamiRNA 17YY Lo ,& a5 aes oo l—id
Ongn 0aiS WS slagy slagyg il yo llwibiny
ailg oo Fg il lemiRNA (YO FF) aijls 3
9 il GP9) 98 4 ]y 093 (Lojes slagy)
ol a8 cvwline glay pl 0SS ol i o
B 31 Losiiine 1) 053 (lipes 35 ol 155 s
L pelie e jsb 4y Ly | MRNA o Lol

http://rjms.iums.ac.ir


http://dx.doi.org/10.47176/rjms.32.84
https://rjms.iums.ac.ir/article-1-9157-en.html

[ Downloaded from rjms.iums.ac.ir on 2026-01-29 ]

[ DOI: 10.47176/rjms.32.84 ]

Z, et al. The deubiquitinase USP7 stabilizes Maf
proteins to promote myeloma cell survival. J Biol
Chem. 2020;295(7):2084-2096.

9. Eychéne A, Rocques N, Pouponnot C. A new
MAFia in cancer. Nat Rev Cancer. 2008;8(9):683—
693.

10. Kannan MB, Solovieva V, Blank V. The small
MAF transcription factors MAFF, MAFG and
MAFK: current knowledge and perspectives.
Biochim Biophys Acta. 2012;1823(10):1841-1846.

11. Amit I, Wides R, Yarden Y. Evolvable
signaling networks of receptor tyrosine kinases:
relevance of robustness to malignancy and to cancer
therapy. Mol Syst Biol. 2007;3:151.

12. Kerppola TK, Curran T. Maf and Nrl can bind
to AP-1 sites and form heterodimers with Fos and
Jun. Oncogene. 1994;9(3):675-684.

13. Lin G, Liu H, Lin J, Liu X, Xu L. Correlation
between long non-coding RNA MAFG-ASI and
cancer prognosis: a meta-analysis. Front Oncol.
2023;13:1286610.

14. Deng Y, Lu L, Zhang H, Fu Y, Liu T, Chen Y.
The role and regulation of Maf proteins in cancer.
Biomark Res. 2023;11(1):17.

15. Bartel DP. Metazoan MicroRNAs. Cell.
2018;173(1):20-51.

16. Bartel DP. MicroRNAs: target recognition and
regulatory functions. Cell. 2009;136(2):215-233.

17. Bartel DP. MicroRNAs: genomics, biogenesis,
mechanism, and function. Cell. 2004;116(2):281—
297.

18. Trionfini P, Benigni A. MicroRNAs as Master
Regulators of Glomerular Function in Health and
Disease. J] Am Soc Nephrol. 2017;28(6):1686—1696.

19. Mancikova V, Castelblanco E, Pineiro-Yanez
E, Perales-Paton J, de Cubas AA, Inglada-Perez L, et
al. MicroRNA deep-sequencing reveals master
regulators of follicular and papillary thyroid tumors.
Modern Pathol. 2015;28(6):748-757.

20. Sun W, Julie Li YS, Huang HD, Shyy JYJ,
Chien S. microRNA: A Master Regulator of Cellular
Processes for Bioengineering Systems. Ann Rev
Biomed Eng. 2010;12(1):1-27.

21. Levantini E, Rizzo M. miRNAs: From Master
Regulators of Gene Expression to Biomarkers
Involved in  Intercellular =~ Communication.
Biomedicines. 2024;12(4).

22. Hinske LC, Franga GS, Torres HA, Ohara DT,
Lopes-Ramos CM, Heyn J, et al. miRIAD-integrating
microRNA inter- and intragenic data. Database
(Oxford). 2014:2014.

23. Liu B, Shyr Y, Cai J, Liu Q. Interplay between
miRNAs and host genes and their role in cancer.
Brief Funct Genomics. 2018;18(4):255-266.

24. Lin SL, Miller JD, Ying SY. Intronic

http://rjms.iums.ac.ir

Ohlen 5 (SHS g (alle |y acble

B 5o s axdllas b ol plonl el ol Lyl 5 Guilsd
e 45 (5205 35Sy 5l g digdige i ole slaaidly
A (6 S gl g (S oolawligun b A @

ol s e ylivo
Lo 5 JUT plosl Jgl odin g B ainn g 8 Lo
Jlio U"_”’y 9 039).3‘ QS’LM‘Z") 9 w‘d@ 9o OMSJ

polez e sis NGS 5 JUT alowl pos osisi 5
0)3).1 Qu‘..\.b 9 ks)l.a...%‘)

References

1. Llorente A, Blasco MT, Espuny I, Guiu M,
Ballaré C, Blanco E, et al. MAF amplification
licenses ERa through epigenetic remodelling to drive
breast cancer metastasis. Nat Cell Biol.
2023;25(12):1833-1847.

2. Katsarou A, Trasanidis N, Ponnusamy K,
Kostopoulos 1V, Alvarez-Benayas AR
Papaleonidopoulou F, et al. MAF functions as a
pioneer transcription factor that initiates and sustains
myelomagenesis. Blood Adv. 2023;7(21):6395—
6410.

3. Pfander P, Eiers AK, Burret U, Vettorazzi S,
Deletion of Cdk5 in Macrophages Ameliorates Anti-
Inflammatory Response during Endotoxemia through
Induction of C-Maf and II-10. Int J Mol Sci.
2021;22(17).

4. Wang M, Liu F, Fang B, Huo Q, Yang Y.
Proteome-scale profiling reveals MAFF and MAFG
as two novel key transcription factors involved in
palmitic acid-induced umbilical vein endothelial cell
apoptosis. BMC Cardiovasc Disord. 2021;21(1):448.

5. Nagai Y, Matsuoka TA, Shimo N, Miyatsuka T,
Miyazaki S, Tashiro F, et al. Glucotoxicity-induced
suppression of Cox6a2 expression provokes B-cell
dysfunction via augmented ROS production.
Biochem Biophys Res Commun. 2021;556:134—141.

6. Pajares M, Rojo Al, Arias E, Diaz-Carretero A,
Cuervo AM, Cuadrado A. Transcription factor
NFE2L2/NRF2  modulates chaperone-mediated
autophagy through the regulation of LAMP2A.
Autophagy. 2018;14(8):1310-1322.

7. Nian F, Zhu J, Chang H. Long non-coding RNA
ANGPTL1-3  promotes  multiple = myeloma
bortezomib resistance by sponging miR-30a-3p to
activate c-Maf expression. Biochem Biophys Res
Commun. 2019;514(4):1140-1146.

8. He Y, Wang S, Tong J, Jiang S, Yang Y, Zhang

VECE 55 a A AF d sy o,led FY 055 5l ipSubjs ogle alan


http://dx.doi.org/10.47176/rjms.32.84
https://rjms.iums.ac.ir/article-1-9157-en.html

[ Downloaded from rjms.iums.ac.ir on 2026-01-29 ]

[ DOI: 10.47176/rjms.32.84 ]

microRNA (miRNA). J Biomed Biotechnol.
2006;2006(4):26818.

25. Berillo O, Régnier M, Ivashchenko A. Binding
of intronic miRNAs to the mRNAs of host genes
encoding intronic miRNAs and proteins that
participate in tumourigenesis. Computers in Biology
and Medicine. 2013;43(10):1374-1381.

26. Zeidler M, Hiittenhofer A, Kress M, Kummer
KK. Intragenic MicroRNAs Autoregulate Their Host
Genes in Both Direct and Indirect Ways-A Cross-
Species Analysis. Cells. 2020;9(1).

27. Hinske LC, Galante PA, Kuo WP, Ohno-
Machado L. A potential role for intragenic miRNAs
on their hosts' interactome. BMC Genomics.
2010;11:533.

oS 5 (GHSigy3 (lle yn aabls


http://dx.doi.org/10.47176/rjms.32.84
https://rjms.iums.ac.ir/article-1-9157-en.html
http://www.tcpdf.org

