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The central dogma of molecular biology recognised RNA as a
mere intermediate between DNA sequence and proteins, the main
protagonists of cellular functions. The shadow of a wrinkle in this
concept appeared when the Human Genome Project revealed that
protein-coding genes only account for 2% of our genome and the
remaining 98% was originally dismissed as elusive “junk DNA.”
Relevance
Recent advances in next-generation sequencing provided tantalising
evidence that 70-90% of human genome is actively transcribed(1).
Numerous studies started discerning the functional importance of
long and short (>200 and <200 nucleotides, respectively) non-coding
transcripts far beyond the initial textbook-engraved infrastructural and
information-transmitting role of rRNA, tRNA and mRNA.
Take Home Messages
By “rediscovering the junk,” this essay reviews a selection of recent
disease-associated advances in the field of small non-coding RNAs
before extending the discussion to long non-coding RNAs and
finally to the overarching concepts of competing endogenous RNAs
(ceRNAs) and ‘social’ RNA.
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RNA interference (RNAi)
RNA interference is a process whereby micro RNA (miRNA)
and small interfering RNA (siRNA) molecules inhibit target gene
expression by acting on mRNA. The first miRNA to be identified,
lin-4, was discovered as a short non-coding RNA required for
repression of lin-14 gene and subsequent maturation of C. elegans
larvae. (2) The sequence of lin-4 displayed complementarity to
the 3’ untranslated region (UTR) of lin-14 mRNA, (2) suggesting
that lin-4 regulates lin-14 expression through an RNA-RNA
interaction. The discovery of let-7 miRNA (3) and its conservation
from worms to humans (4) first underscored the prevalence and
functional importance of miRNA-dependent gene regulation.
Although estimated to represent less than one percent of our
genome, miRNAs have been proposed to regulate as many as 92%
of human genes. (5)
What is the mechanism of gene regulation by miRNAs? The
process of miRNA biogenesis typically starts with RNA
polymerases transcribing miRNA genes into primary miRNAs,
which fold to form hairpin-loop structures (Figure 1). These are
recognised and cleaved by the Microprocessor complex to form
precursor miRNAs (pre-miRNAs). Following nuclear export,
pre-miRNAs are cleaved by a protein complex involving Dicer
endonuclease and one of the resulting 21-23bp strands assembles
with Argonaute proteins into an RNA-induced silencing complex
(RISC). Using miRNA as a guide, RISC binds to complementary
miRNA-response elements (MREs) in 3’ untranslated region
(UTR) of target mRNAs leading to mRNA cleavage or
translational inhibition. While miRNAs are endogenous, siRNAs
are exogenous RNA duplexes that enter the cell, are cleaved
by Dicer and follow the same processing and functional path as
miRNAs.
About 20 years since their discovery and landmark observations,
miRNAs are recognised as regulators of most cellular processes,
with their derangements reported in a host of human disease.
miRNAs in tumorigenesis
Tumorigenesis is generally associated with gain-of-function
mutations or amplification of oncogenes and/or loss-of-function
mutations in tumour suppressor genes (TSG). Oncomirs,
i.e. miRNAs that promote cancer, typically repress TSGs.
The polycistronic cluster miR-17-92 is located in a region of
chromosome 13q and is frequently amplified in tumours. (6) The
binding of oncprotein MYC to this cluster drives the expression
of six miRNAs with reported roles in cell proliferation, apoptosis
and angiogenesis. (7) Overexpression of this cluster in MYCdriven mouse model of lymphoma accelerated tumorigenesis by
suppressing apoptosis, (8) identifying miR-17-92 as an oncomir
normally acting downstream of MYC.
The first evidence for altered miRNA expression in cancer

came from genome-wide studies in patients with B-cell chronic
lymphocytic leukaemia (B-CLL), the most prevalent type of adult
leukaemia. Using somatic cell hybridisation, 68% of B-CLL
patients were found to carry a deletion in the gene cluster encoding
miR-15 and miR-16 miRNAs. (9) Prolonged survival of B cells in
B-CLL corresponded to increased expression of the anti-apoptotic
protein Bcl-2 (among other targets), a process successfully reversed
by forced expression of miR-15 and miR-16 into cultured B cells
of B-CLL patients. (10) This demonstrated the tumour-suppressing
function of miR-15 and miR-16, which was confirmed in mouse
xenograft experiments: human prostatic tumour grafts transfected
with miR-15 and mir-16 displayed increased regression compared
to untransfected controls. (11) Hence, miRNAs can function as
TSGs and their restoration bears therapeutic promise.
Human cancers typically show a global decrease in miRNA
expression, (12) which could reflect the undifferentiated state of
tumours or causally contribute to the transformed phenotype. To
answer this question, Kumar and co-workers generated mouse and
human lines deficient in miRNA processing proteins Drosha or
DGCR8 (components of the microprocessor complex) and Dicer1.
These lines displayed a substantial decrease in steady state miRNA
levels, increased growth in soft agar cultures and more malignant
behaviour when injected into nude mice compared to controls, (12)
demonstrating that miRNA pathways tend to act as an overall brake
on cancer growth rather than simply reflecting the undifferentiated
state. Interestingly, overexpression of let-7 miRNA alone reversed
the in vitro effects of Dicer1 knockdown (12), implying that let-7
may be the key TSGs among miRNAs. Let-7 miRNAs target
the KRAS oncogene, (13) whose properties have to date thwarted
all therapeutic efforts using small molecule inhibitors. Hence,
overexpression of let-7 miRNA provides an alternative approach to
target KRAS, which is frequently mutated in human cancer. (14)
miRNAs in immunity
One caveat in therapeutic application of miRNAs is that a
single miRNA typically induces pleiotropic effects in cell types
with different transcriptional profiles. While let-7 suppresses
tumorigenesis in cancer cells, (13) it was demonstrated to play a
diametrically opposite role in tumour-associated macrophages
(TAMs). (15) TAMs typically exist as two populations: tumourreactive (M1) macrophages attack tumour cells whereas tumourtolerant (M2) macrophages supress anti-tumour immunity. Global
ablation of miRNAs by deletion of Dicer1 in mice resulted in
polarisation of M2 towards M1 population and boosted antitumour reactivity. (15) This process was rescued by forced
expression of let-7 miRNA, (15) suggesting that the tumourtolerant M2 phenotype is chiefly maintained by let-7 miRNA.
In adaptive immunity, tolerance mechanisms including regulatory
T (Treg) cells prevent other T cells from reacting against selfproteins, thereby limiting autoimmune disease. Tregs exist in two
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populations: natural nTregs differentiate in the thymus whereas
induced iTregs are induced by IL-2 and TGFβ stimulation of
naïve CD4 T cells in the periphery. nTregs and iTregs differ
epigenetically (16) and iTregs were shown to lose Treg markers
(and immunosuppressive function) and differentiate into exTreg
cells (16) (Figure 2). The latter recognise self-antigens and
can, instead of suppressing autoimmunity, actually attack selfantigens themselves. (17) This raises the question of what causes
iTregs to become exTregs? Immunosuppressive Treg cells and
immunoreactive TH17 cells have diametrically opposite functions,
yet share many differentiation factors. In the presence of IL-1β
(from activated monocytes) and IL-2, iTregs downregulate the
canonical Treg transcription factor Foxp3 (i.e. become exTregs)
and start producing pro-inflammatory IL-17, thus functionally
resembling TH17 cells. (18) Interestingly, the transition from
iTreg cells to TH17-like exTreg cells has been shown to involve
miRNAs. Peripheral CD4 T cells from humans with systemic
lupus erythematosus and Crohn’s disease as well as autoimmune
mouse models demonstrated downregulation of miR-125a, which
stabilises both the commitment and regulatory capacity of Treg
cells. (19) Mice deficient in miR-125a spontaneously developed
autoimmune disease, which was successfully reversed using
synthetic miR-125a analogues. (19) Hence, miR-125a serves as a
transcriptional regulator of Treg cells whose forced re-expression
can re-wire aberrant Treg cells back to normal physiological
function and prevent autoimmunity.
tRNA fragments in transgenerational epigenetic inheritance
Besides the conventional role of tRNAs in translation, striking
new evidence suggests an active role of tRNA fragments (tRFs)
in transgenerational inheritance independent of changes in DNA
sequence. Using in vitro fertilisation, offspring of males consuming
a low-protein diet exhibited significant hepatic up-regulation
of squalene epoxidase (involved in cholesterol biosynthesis)
compared to controls, implying that paternal diet can affect
offspring metabolism via information located in sperm. (20) Deep
sequencing of small RNAs in sperm of low-protein diet versus
control males demonstrated the former to have increased abundance
of tRFs, whose injection into normal zygotes recapitulated the
metabolic phenotype of tRF donors. (21) Locked nucleic acid
(LNA) oligonucleotides blocking tRFs derived from the 5’ end
of glycine tRNA resulted in dramatic up-regulation of about 70
genes, (22) demonstrating that tRFs can profoundly influence the
transcriptional profile of the zygote. Hence, sperm tRFs present a
paternal epigenetic factor mediating transgenerational inheritance of
diet-induced metabolic disorders.
Long non-coding RNAs
While short non-coding RNAs mainly affect mRNA stability
and translation, the functional repertoire of long non-coding (lnc)
RNAs is considerably more versatile. This includes chromatin
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binding and epigenetic regulation, protein scaffolding and
“sponging” of miRNAs as discussed below.
Selective targeting of mitochondrial metabolism in melanoma
through the lncRNA SAMMSON
The survival of several tumours requires oxidative phosphorylation,
which stimulated the development of metabolism-targeting anticancer agents. Single nucleotide polymorphism (SNP) array data
revealed that focal amplifications of chromosome 3p characteristic
of melanoma invariably encompass a newly annotated lncRNA
gene SAMMSON, which was found to be selectively expressed in
more than 90% of human primary and metastatic skin melanomas
as demonstrated by RNA sequencing. (23) Prognosis and clinical
success of current anti-melanoma therapies is associated with
mutational status of BRAF, NRAS and TP53 of the tumour while
chronic treatment with novel BRAF inhibitors, e.g. vemurafenib,
invariably leads to drug resistance. (24) Promisingly, silencing
SAMMSON using antisense oligonucleotides reduced proliferation
of all melanoma cultures independently of BRAF, NRAS and p53
status and preserved sensitivity to BRAF inhibitors. (23) RNA pull
down and mass spectroscopy identified a SAMMSON-associated
protein, p32, known for its role in maintenance of mitochondrial
membrane potential and oxidative phosphorylation. (25) Antisense
nucleic acid-induced silencing of SAMMSON decreased
mitochondrial membrane potential and triggered apoptosis, and
the effect was rescued by reintroduction of p32. (23) Hence,
SAMMSON silencing inhibits the survival of melanoma at least
partly by disrupting p32-mediated mitochondrial functions.
How does impaired mitochondrial function hinder cell
proliferation? Collapsed mitochondrial membrane potential impairs
the import of cytoplasmic proteins into mitochondria, which leads
to toxic accumulation of mitochondrial precursors in the cytosol,
stalling of the cell cycle and/or apoptosis. (26) The relevance of
this mechanism was confirmed by exposure of human melanoma
cells to inhibitors of translation, which abolished the lethal effect
of SAMMSON silencing. (23) Importantly, intravenous treatment
with SAMMSON-silencing antisense nucleic acids significantly
suppressed the growth of human melanoma tumours injected into
mice, (23) identifying SAMMSON as an attractive therapeutic
target for the disruption of mitochondrial metabolism selectively in
melanoma.
Competing endogenous RNA (ceRNA)
Specific miRNA molecules can be repressed experimentally using
chemically modified antisense oligonucleotides or artificial miRNA
sponges. The latter are synthetic RNA constructs harbouring
multiple miRNA-binding elements (MREs). The competition
for shared miRNAs between decoy MREs of the sponge and
functional MREs of natural miRNA target transcripts titrates
the amount of functional miRNA within the cell. Growing
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understanding of human transcriptome led to postulating the
existence of natural RNA sponges, whereby all (co-localised)
RNA transcripts that contain MREs can communicate with and
regulate each other by competing for shared miRNAs, thus acting
as competing endogenous RNAs (ceRNAs) (27). In this way,
protein-coding mRNAs may possess an additional non-coding
function as ceRNAs. Though ceRNA research is still in infancy,
the ceRNA role of lncRNAs, (28) mRNAs (29) and circular
RNAs (30) has already been reported. For example, the non-coding
PTENP1 pseudogene has been reported to regulate the levels of
its cognate gene, the tumour suppressor PTEN, by competing for
shared miRNAs. (31) PTENP1 pseudogene is frequently lost in
human cancers, (31) which results for uncontrolled repression of
PTEN protein by miRNAs. Intriguingly, comparison of cultured
human transformed versus untransformed cells revealed that the
former express mRNAs with shorter 3’ UTR regions. (32) While
reducing their regulation by miRNA, this property also diminishes
their ceRNA role. The functional consequence of this, if any, still
remains to be elucidated.

they were in contact with. (35) Furthermore, the differentially
abundant miRNA species were shown to differentially regulate the
pro-inflammatory NFκB pathway in cultured human macrophages,
(35) contentiously suggesting that the type of animal one regularly
contacts could influence one’s susceptibility to inflammation.

RNA trafficking and the controversy of ‘social’ RNA

References

Exosomes are plasma-membrane-derived vesicles that transfer
proteins, mRNAs, miRNAs and other ncRNAs between cells.
Returning to the study of sperm tRNA fragments (tRFs) in
transgenerational inheritance: deep sequencing of sperm cells at
different locations along the epididymis demonstrated that all sperm
cells contained comparable amounts of tRNAs, yet the abundance
of tRFs increased distally along the epididymis. (22) This suggests
that tRFs are not the product of tRNA degradation within the
sperm. Instead, deep sequencing showed the sperm tRFs to be
derived from exosome-like vesicles released by epididymis termed
epididymosomes, (22) suggesting that functional ncRNAs can
participate in intracellular communication.

1. Wilhelm BT, Marguerat S, Watt S, Schubert F, Wood
V, Goodhead I, et al. Dynamic repertoire of a eukaryotic
transcriptome surveyed at single-nucleotide resolution. Nature.
2008;453(7199):1239–43.

miRNAs are trafficked around the body in high-density lipoprotein
(HDL) particles. (33) The HDL-miRNA profile of healthy human
subjects was found to be significantly different from patients with
familial hypercholesterolemia and the two types of HDL induced
different transcriptional profiles in cultured human hepatocytes as
demonstrated by miRNA microarrays. (33) This demonstrated that
HDL-transported miRNAs are functional, differ in disease states
and can alter the transcriptome of target tissues.
Lastly and most controversially, the ‘social’ RNA hypothesis
posits that the RNA world extends beyond the boundaries of an
organism. (34) Within numerous limitations, RNA-containing
complexes in the environment could influence gene expression
profiles between animals of the same species as well as across
species. Using miRNA microarray profiling of HDL-miRNA
complexes, healthy human subjects in regular contact with different
domesticated animals were demonstrated to possess different
HDL-miRNA profiles that clustered based on the type of animal

Conclusion
With comparable numbers of protein coding genes spanning the
evolutionary tree from simple worms to humans, complexity
is now believed to reside largely in the non-coding part of the
genome previously dismissed as junk DNA or transcriptional noise.
Unravelling the intricacies of this vast RNA underworld has already
revealed numerous pathophysiological mechanisms, only a handful
of which are presented here. To date, the role of some newly
defined ncRNA classes, e.g. agotrons, (36) extra-coding RNAs
(37) and enhancer RNAs (38) remains poorly characterised, which,
together with the likely prospect of more ncRNA species still to
be defined, heralds a profuse expansion of the newly (re)discovered
layer of gene regulation and potential therapeutic applications.

https://doi.org/10.1038/nature07002
PMid:18488015
2. Lee RC, Feinbaum RL, Ambros V. The C. elegans
heterochronic gene lin-4 encodes small RNAs with antisense
complementarity to lin-14. Cell. 1993;75(5):843–54.
3. Reinhart BJ, Slack FJ, Basson M, Pasquinelli AE, Bettinger
JC, Rougvie AE, et al. The 21-nucleotide let-7 RNA regulates
developmental timing in Caenorhabditis elegans. Nature.
2000;403(6772):901–6.
4. Pasquinelli AE, Reinhart BJ, Slack F, Martindale MQ, Kuroda
MI, Maller B, et al. Conservation of the sequence and temporal
expression of let-7 heterochronic regulatory RNA. Nature.
2000;408(6808):86–9.
5. Miranda KC, Huynh T, Tay Y, Ang Y-S, Tam W-L, Thomson
AM, et al. A Pattern-Based Method for the Identification
of MicroRNA Binding Sites and Their Corresponding
Heteroduplexes. Cell. 2006;126(6):1203-17.
https://doi.org/10.1016/j.cell.2006.07.031
6. Ota A, Tagawa H, Karnan S, Tsuzuki S, Karpas A, Kira S, et al.
Identification and characterization of a novel gene, C13orf25, as a
target for 13q31-q32 amplification in malignant lymphoma. Cancer
Res. 2004;64(9):3087–95.

Recent advances in our understanding of the pathobiology of non-coding RNA
Jernej Zorman

31

7. Olive V, Jiang I, He L. mir-17-92, a cluster of miRNAs
in the midst of the cancer network. Int J Biochem Cell Biol.
2010;42(8):1348–54.

19. Pan W, Zhu S, Dai D, Liu Z, Li D, Li B, et al. MiR-125a
targets effector programs to stabilize Treg-mediated immune
homeostasis. Nat Commun. 2015;6:7096.

8. He L, Thomson JM, Hemann MT, Hernando-Monge E, Mu D,
Goodson S, et al. A microRNA polycistron as a potential human
oncogene. Nature. 2005;435(7043):828–33.

20. Carone BR, Fauquier L, Habib N, Shea JM, Hart CE, Li
R, et al. Paternally Induced Transgenerational Environmental
Reprogramming of Metabolic Gene Expression in Mammals. Cell.
2010;143(7):1084–96.

9. Calin GA, Dumitru CD, Shimizu M, Bichi R, Zupo S, Noch
E, et al. Frequent deletions and down-regulation of micro- RNA
genes miR15 and miR16 at 13q14 in chronic lymphocytic
leukemia. Proc Natl Acad Sci U S A. 2002;99(24):15524–9.
10. Cimmino A, Calin GA, Fabbri M, Iorio M V., Ferracin
M, Shimizu M, et al. miR-15 and miR-16 induce apoptosis by
targeting BCL2. Proc Natl Acad Sci. 2005;102(39):13944–9.
https://doi.org/10.1073/pnas.0506654102
11. Calin GA, Cimmino A, Fabbri M, Ferracin M, Wojcik SE,
Shimizu M, et al. MiR-15a and miR-16-1 cluster functions in
human leukemia. Proc Natl Acad Sci. 2008;105(13):5166–71.
https://doi.org/10.1073/pnas.0800121105
12. Kumar MS, Lu J, Mercer KL, Golub TR, Jacks T. Impaired
microRNA processing enhances cellular transformation and
tumorigenesis. Nat Genet. 2007;39(5):673–7.
13. Johnson SM, Grosshans H, Shingara J, Byrom M, Jarvis R,
Cheng A, et al. RAS is regulated by the let-7 microRNA family.
Cell. 2005;120(5):635–47.
14. Cully M. Closing the door on KRAS-mutant lung cancer. Nat
Rev Drug Discov. 2016;15(11):747–747.
15. Baer C, Squadrito ML, Laoui D, Thompson D, Hansen SK,
Kiialainen A, et al. Suppression of microRNA activity amplifies
IFN-γ-induced macrophage activation and promotes anti-tumour
immunity. Nat Cell Biol. 2016;18(7):790–802.
16. Lin X, Chen M, Liu Y, Guo Z, He X, Brand D, et al. Advances
in distinguishing natural from induced Foxp3(+) regulatory T cells.
Int J Clin Exp Pathol. 2013;6(2):116–23.
17. Zhou X, Bailey-Bucktrout SL, Jeker LT, Penaranda C,
Martínez-Llordella M, Ashby M, et al. Instability of the
transcription factor Foxp3 leads to the generation of pathogenic
memory T cells in vivo. Nat Immunol. 2009;10(9):1000–7.

https://doi.org/10.1016/j.cell.2010.12.008
PMid:21183072 PMCid:PMC3039484
21. Chen Q, Yan M, Cao Z, Li X, Zhang Y, Shi J, et al. Sperm
tsRNAs contribute to intergenerational inheritance of an acquired
metabolic disorder. Science. 2016;351(6271):397–400.
22. Sharma U, Conine CC, Shea JM, Boskovic A, Derr AG,
Bing XY, et al. Biogenesis and function of tRNA fragments
during sperm maturation and fertilization in mammals. Science.
2016;351(6271):391–6.
23. Leucci E, Vendramin R, Spinazzi M, Laurette P, Fiers M,
Wouters J, et al. Melanoma addiction to the long non-coding RNA
SAMMSON. Nature. 2016;531(7595):518–22.
https://doi.org/10.1038/nature17161
24. Flaherty KT, Puzanov I, Kim KB, Ribas A, McArthur GA,
Sosman JA, et al. Inhibition of Mutated, Activated BRAF in
Metastatic Melanoma. N Engl J Med. 2010;363(9):809–19.
https://doi.org/10.1056/NEJMoa1002011
25. Fogal V, Richardson AD, Karmali PP, Scheffler IE, Smith JW,
Ruoslahti E. Mitochondrial p32 Protein Is a Critical Regulator of
Tumor Metabolism via Maintenance of Oxidative Phosphorylation.
Mol Cell Biol. 2010;30(6):1303–18.
https://doi.org/ 10.1128/MCB.01101-09
26. Richter-Dennerlein R, Dennerlein S, Rehling P. Integrating
mitochondrial translation into the cellular context. Nat Rev Mol
Cell Biol. 2015;16(10):586–92.
https://doi.org/10.1038/nrm4051
27. Salmena L, Poliseno L, Tay Y, Kats L, Pandolfi PP. A ceRNA
Hypothesis: The Rosetta Stone of a Hidden RNA Language? Cell.
2011;146(3):353–8.

https://doi.org/10.1038/ni.1774

https://doi.org/10.1016/j.cell.2011.07.014

18. Deknuydt F, Bioley G, Valmori D, Ayyoub M. IL-1 and
IL-2 convert human Treg into TH17 cells. Clin Immunol.
2009;131(2):298–307.

PMid:21802130 PMCid:PMC3235919

https://doi.org/10.1016/j.clim.2008.12.008
PMid:19211307

28. Wang J, Liu X, Wu H, Ni P, Gu Z, Qiao Y, et al. CREB
up-regulates long non-coding RNA, HULC expression through
interaction with microRNA-372 in liver cancer. Nucleic Acids
Res. 2010;38(16):5366–83.

32

The British Student Doctor
Volume 2, No. 2 (2018)
bsdj.org.uk

https://doi.org/10.1093/nar/gkq285
29. Karreth FA, Tay Y, Perna D, Ala U, Tan SM, Rust AG, et al.
In vivo identification of tumor- suppressive PTEN ceRNAs in
an oncogenic BRAF-induced mouse model of melanoma. Cell.
2011;147(2):382–95.
30. Hansen TB, Jensen TI, Clausen BH, Bramsen JB, Finsen B,
Damgaard CK, et al. Natural RNA circles function as efficient
microRNA sponges. Nature. 2013;495(7441):384–8.

40. Weaver CT, Hatton RD. Interplay between the TH17 and
TReg cell lineages: a (co-)evolutionary perspective. Nat Rev
Immunol. 2009;9(12):883–9.
https://doi.org/10.1038/nri2660

Figures

31. Poliseno L, Salmena L, Zhang J, Carver B, Haveman
WJ, Pandolfi PP. A coding-independent function of gene
and pseudogene mRNAs regulates tumour biology. Nature.
2010;465(7301):1033–8.
32. Mayr C, Bartel DP. Widespread shortening of 3’UTRs by
alternative cleavage and polyadenylation activates oncogenes
in cancer cells. Cell [Internet]. 2009 Aug 21 [cited 2016 Aug
28];138(4):673–84. Available from: http://www.ncbi.nlm.nih.gov/
pubmed/19703394
33. Vickers KC, Palmisano BT, Shoucri BM, Shamburek RD,
Remaley AT. MicroRNAs are transported in plasma and delivered
to recipient cells by high-density lipoproteins. Nat Cell Biol.
2011;13(4):423–33.
https://doi.org/10.1038/ncb2210
34. Sarkies P, Miska EA, Fire A, Hamilton AJ, Baulcombe DC,
Brosnan CA, et al. Molecular biology. Is there social RNA?
Science. 2013;341(6145):467–8.
35. Vickers KC. Lipoprotein transport of small non-coding RNAs
in cardiometabolic disease. Keynote Lect Int Student Congr Graz
Med Univ. 28 05 2016.
36. Hansen TB, Venø MT, Jensen TI, Schaefer A, Damgaard CK,
Kjems J, et al. Argonaute-associated short introns are a novel class of
gene regulators. Nat Commun. 2016;7:11538.

Figure 1: miRNA biogenesis and mode of action(39).
Reprinted by permission from Springer Nature: Nature Reviews
Neuroscience (microRNAs at the synapse, Schratt G.), Copyright
2009.

https://doi.org/10.1038/ncomms11538
37. Savell KE, Gallus NVN, Simon RC, Brown JA, Revanna JS,
Osborn MK, et al. Extra-coding RNAs regulate neuronal DNA
methylation dynamics. Nat Commun. 2016;7:12091.
https://doi.org/10.1038/ncomms12091
38. Li W, Notani D, Rosenfeld MG. Enhancers as non-coding
RNA transcription units: recent insights and future perspectives.
Nat Rev Genet. 2016;17(4):207–23.
https://doi.org/10.1038/nrg.2016.4
39. Schratt G. microRNAs at the synapse. Nat Rev Neurosci.
2009;10(12):842–9.
https://doi.org/10.1038/nrn2763

Figure 2: miR-125a stabilises iTreg cells and prevents their
transition into pro-inflammatory TH17-like exTreg cells (adapted
from(40)).
Reprinted by permission from Springer Nature: Nature Reviews
Immunology (Interplay between the TH17 and TReg cell lineages:
a (co-)evolutionary perspective, Weaver CT., and Hatton RD.),
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The British Student Doctor is an open access journal, which
means that all content is available without charge to the user
or his/her institution. You are allowed to read, download, copy,
distribute, print, search, or link to the full texts of the articles
in this journal without asking prior permission from either the
publisher or the author.

bsdj.org.uk
/thebsdj
@thebsdj

Journal DOI
10.18573/issn.2514-3174
Issue DOI
10.18573/bsdj.v2i2

@thebsdj

This journal is licensed under a Creative Commons AttributionNonCommercial-NoDerivatives 4.0 International License. The
copyright of all articles belongs to The British Student Doctor,
and a citation should be made when any article is quoted, used
or referred to in another work.

The British Student Doctor is an imprint of Cardiff University
Press, an innovative open-access publisher of academic
research, where ‘open-access’ means free for both readers and
writers.
cardiffuniversitypress.org

