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NON-CODING RNA IMPORTANCE IN MEDICINE DEVELOPMENT

AnHoTaums. JlaHHas cratea nocesuieHa Hekoaupyromum PHK, kotopsie
OKa3bIBAIOT BJIMSHUE HA pa3BUTHE CEPbE3HBIX 3a00JeBaHUM, TaKUX KaK pak
MO/DKEITyIOYHONM JKele3bl M Ooyie3Hb AdblreiiMepa. B craThe mnpemocraBiieHa
undopmanus o JIHK u PHK B nenom, o pasaeix tunax PHK, B Tom uucie nanbosee
u3ydeHHeix Ttunax PHK, a Takke mnoapobnas wuHdbopmamus o S5 TUOax
Hekogupyromux PHK, ¢QyHKIMOHMpOBaHHWE KOTOPBIX BIMAET HAa pPa3BUTUE U
nporekanue 3abosieBaHuid. OCHOBHasi 1€Jib CTaThbU — MOMYEPKHYTh BaXHOCTH
Hekoaupyromet PHK anst 310poBbhsi yenoBeka W O003HAUUTH MNEPCHEKTUBBI
nccnenoBannili Hekoaupyromen PHK B nemom.

KiroueBbie c¢j10Ba: a30TUCTOE OCHOBAHME, THUCTOHBI, BCKPBITHE, KHHIa
T€HETUYECKOT0 KOJIa, OHKOT'€HHBIE (BO30Yy X Iar0lle OHKOJOTHUUECKHE 3a00JIeBaHus),
TPAHCIIO30HBI.

Abstract. This article focuses on non-coding RNA which has an impact on the
development of serious diseases such as pancreatic cancer and Alzheimer’s Disease.
The article provides information about DNA and RNA in general, about different
types of RNA, including the three most well-known and most commonly studied
RNA, as well as detailed information about 5 types of non-coding RNA, the
functioning of which affects the development and course of diseases. The main
purpose of the article is to highlight the importance of non-coding RNA for human
health and to outline the prospects for research on non-coding RNA in general.

Key words: nitrogen base, histones, autopsies, genetic instruction book,

oncogenic (cancer-initiating), transposons.

Introduction

All living beings have genes. They exist throughout the body. Genes are a set
of instructions that define what the organism is like, how it is looks like, how it
survives, and how it behaves in its habitat. Genes are made of a substance called
deoxyribonucleic acid, or DNA. They give instructions for a living being to make

molecules called proteins.
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Genes are a section of DNA that is in charge of different functions like making
proteins. Long strands of DNA with lots of genes make up chromosomes. DNA
molecules are found in chromosomes. Chromosomes are located inside of the nucleus
of cells. Each chromosome is one long single molecule of DNA. This DNA contains
important genetic information. Chromosomes have a unique structure, which helps to
keep the DNA tightly wrapped around the proteins called histones. If the DNA
molecules were not bound by the histones, they would be too long to fit inside of the
cell.

Genes vary in complexity. In humans, they range in size from a few hundred
DNA bases to more than 2 million bases. Different living things have different shapes
and numbers of chromosomes. Humans have 23 pairs of chromosomes, or a total of
46.

DNA holds the instructions that make each species unique. DNA is passed
from adult organisms to their progeny during breeding. The building blocks of DNA
are called nucleotides. Nucleotides have three parts: one of four types of nitrogen
bases, a sugar group and a phosphate group.

RNA, abbreviation of ribonucleic acid, complex compound of high molecular
weight that functions in cellular protein synthesis and
replaces DNA (deoxyribonucleic acid) as a carrier of genetic codes in some viruses.
RNA consists of ribose nucleotides (nitrogenous bases appended to a ribose sugar)
attached by phosphodiester bonds, forming strands of varying lengths. The
nitrogenous bases in RNA are adenine, guanine, cytosine, and uracil, which
replaces thymine in DNA.

RNA typically is a single-stranded biopolymer. However, the presence of self-
complementary sequences in the RNA strand leads to intrachain base-pairing and
folding of the ribonucleotide chain into complex structural forms consisting of bulges
and helices. The three-dimensional structure of RNA is critical to its stability and
function, allowing the ribose sugar and the nitrogenous bases to be modified in
numerous different ways by cellular enzymes that attach chemical groups

(e.g., methyl groups) to the chain. Such modifications enable the formation
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of chemical bonds between distant regions in the RNA strand, leading to complex
contortions in the RNA chain, which further stabilizes the RNA structure. Molecules
with weak structural modifications and stabilization may be readily destroyed. As an
example, in transfer RNA (tRNA) molecule that lacks a methyl group (tRNAiMet),
modification at position 58 of the tRNA chain renders the molecule unstable and
hence nonfunctional; the nonfunctional chain is destroyed by cellular tRNA quality
control mechanisms.

RNAs can also form complexes with molecules known as ribonucleoproteins
(RNPs). The RNA segment of at least one cellular RNP has been shown to act as a
biological catalyst, a function that was previously observed only in proteins.

Types and Functions of RNA

Of the many types of RNA, the three most well-known and most commonly
studied are messenger RNA (mRNA), transfer RNA (tRNA), and ribosomal
RNA (rRNA), which are present in all organisms. These and other types of RNAs
primarily carry out biochemical reactions, similar to enzymes. Some, however, also
have complex regulatory functions in cells. Owing to their involvement in many
regulatory processes, to their abundance, and to their diverse functions, RNAs play
important roles in both normal cellular processes and diseases.

In protein synthesis, mRNA carries genetic codes from the DNA in
the nucleus to ribosomes, the sites of protein translation in the cytoplasm. Ribosomes
are composed of TRNA and protein. The ribosome protein subunits are encoded by
rRNA and are synthesized in the nucleolus. Once fully assembled, they move to the
cytoplasm, where, as key regulators of translation, they “read” the code carried by
mRNA. A sequence of three nitrogenous bases in mRNA specifies incorporation of a
specific amino acid in the sequence that makes up the protein. Molecules of tRNA
(sometimes also called soluble, or activator, RNA), which contain fewer than 100
nucleotides, bring the specified amino acids to the ribosomes, where they are linked
to form proteins.

Along with mRNA, tRNA, and rRNA, RNAs can be broadly divided into
coding (cRNA) and noncoding RNA (ncRNA). There are two types of ncRNAs,
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housekeeping ncRNAs (tRNA and rRNA) and regulatory ncRNAs, which are further
classified according to their size. Long ncRNAs (IncRNA) have at least 200
nucleotides, while small ncRNAs have fewer than 200 nucleotides. Small ncRNAs
are subdivided into micro RNA (miRNA), small nucleolar RNA (snoRNA), small
nuclear RNA (snRNA), small-interfering RNA (siRNA), and PIWI-interacting RNA
(piRNA).

The miRNAs are of particular importance. They are about 22 nucleotides long
and function in gene regulation in most eukaryotes. They can inhibit (silence) gene
expression by binding to target mRNA and inhibiting translation, thereby preventing
functional proteins from being produced. Many miRNAs play significant roles
in cancer and other diseases. For example, tumour suppressor and oncogenic (cancer-
initiating) miRNAs can regulate unique target genes, leading to tumorigenesis
and tumour progression.

Also of functional significance are the piRNAs, which are about 26 to 31
nucleotides long and exist in most animals. They regulate the expression
of transposons (jumping genes) by keeping the genes from being transcribed in the
germ cells (sperm and eggs). Most piRNA are complementary to different
transposons and can specifically target those transposons.

Circular RNA (circRNA) is unique from other RNA types because its 5" and 3’
ends are bonded together, creating a loop. The circRNAs are generated from many
protein-encoding genes, and some can serve as templates for protein synthesis,
similar to mRNA. They can also bind miRNA, acting as ‘“sponges” that prevent
miRNA molecules from binding to their targets. In addition, circRNAs play an
important role in regulating the transcription and alternative splicing of the genes
from which circRNAs were derived.

DNA is the glamour molecule of the genetics world. Its instructions are
credited with defining appearance, personality and health. And the proteins that result
from DNA’s directives get credit for doing most of the work in our cells. RNA, if
mentioned at all, is considered a mere messenger, a go-between — easy to ignore.

Until now.
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RNAs, composed of strings of genetic letters called nucleotides, are best
known for ferrying instructions from the genes in our DNA to ribosomes, the
machines in cells that build proteins. But in the last decade or so, researchers have
realized just how much more RNAs can do — how much they control, even. In
particular, scientists are finding RNAs that influence health and disease yet have
nothing to do with being messengers.

The sheer number and variety of noncoding RNAs, those that don’t ferry
protein-building instructions, give some clues to their importance. So far, researchers
have cataloged more than 25,000 genes with instructions for noncoding RNAs in the
human genome, or genetic instruction book. That’s more than the estimated 21,000 or
so genes that code for proteins.

Those protein-coding genes make up less than 2 percent of the DNA in the
human genome. Most of the rest of the genome is copied into noncoding RNAs, and
the vast majority of those haven’t been characterized yet, says Pier Paolo Pandolfi of
Boston’s Beth Israel Deaconess Medical Center. “We can’t keep studying just two
volumes of the book of life. We really need to study them all.”

Scientists no longer see the RNAs that aren’t envoys between DNA and
ribosomes as worthless junk. “I believe there are hundreds, if not thousands, of
noncoding RNAs that have a function,” says Harvard University molecular biologist
Jeannie Lee. She and other scientists are beginning to learn what these formerly
ignored molecules do. It turns out that they are involved in every step of gene
activity, from turning genes on and off to tweaking final protein products. Those
revelations were unthinkable 20 years ago.

Back in the 1990s, Lee says, scientists thought only proteins could turn genes
on and off. Finding that RNAs were in charge “was a very odd concept.” Here are
five examples among the many noncoding RNAs that are now recognized as movers
and shakers in the human body, for good and ill.

Long Non-Coding RNAs: Effect on Tumor Development

Sometimes anticancer drugs stop working for reasons researchers don’t entirely

understand. Take the chemotherapy drug cytarabine. It’s often the first drug doctors
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prescribe to patients with a blood cancer called acute myeloid leukemia. But
cytarabine eventually stops working for about 30 to 50 percent of AML patients, and
their cancer comes back. Researchers have looked for defects in proteins that may be
the reason cytarabine and other drugs fail, but there still isn’t a complete
understanding of the problem, Pandolfi says. He and colleagues now have evidence
that drug resistance may stem from problems in some of the largest and most
bountiful of the newly discovered classes of RNAs, known as long noncoding RNAs.
Researchers have already cataloged more than 18,000 of these “IncRNAs”
(pronounced “link RNAs”).

Pandolfi and colleagues investigated how some long non-coding RNAs may
work against cancer patients who are counting on chemotherapy to fight their disease.
“We found hundreds of new players that can regulate response to therapy,” he says.
When the researchers boosted production of several long non-coding RNAs in
leukemia cells, the cells became resistant to cytarabine, Pandolfi and colleagues
reported in April 2018 in Cell. They also found that patients with AML who had
higher than normal levels of two IncRNAs experienced a cancer recurrence sooner
than people who had lower levels of those IncRNAs. Researchers are just beginning
to understand how these IncRNAs influence cancer and other diseases, but Pandolfi is
hopeful that someday he and other researchers will devise ways to control the bad
actors and boost the helpful ones.

MicroRNAs: Accelerated a Tumor’s Spread

MicroRNAs are barely more than 20 RNA units, or bases, long, but they play
an outsized role in heart disease, arthritis and many other ailments. These pipsqueaks
can also lead to nerve pain and itchiness, researchers reported last year in Science
Translational Medicine and in Neuron. Hundreds of clinical studies are testing
people’s blood and tissues to determine if microRNAs can be used to help doctors
better diagnose or understand conditions ranging from asthma and Alzheimer’s
disease to schizophrenia and traumatic brain injury. Some researchers are beginning

to develop microRNAs as drugs and seeking ways to inhibit rogue microRNAs.


https://www.cell.com/cell/fulltext/S0092-8674(18)30384-2?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS0092867418303842%3Fshowall%3Dtrue
https://www.sciencenews.org/article/tiny-bits-rna-can-trigger-pain-and-itchiness

So far, the little molecules’ most firmly established roles are as promoters of
and protectors against cancer. Pancreatic cancer, for example, is a deadly foe. Only
8.5 percent of people are still alive five years after being diagnosed with this disease,
according to U.S. National Cancer Institute statistics. Cancer biologist Brian Lewis of
the University of Massachusetts Medical School in Worcester and colleagues have
learned that some microRNAs spur this lethal cancer’s initial attack and help the
tumor spread from the pancreas to other organs.

MicroRNAs are mirror images of portions of the messenger RNAs that shuttle
protein-making instructions from DNA to the ribosomes, where proteins are built.
The microRNAs pair up with their larger messenger RNA mates and slate the bigger
molecules for destruction, or at least prevent their instructions from being translated
into proteins. One microRNA might have hundreds of mates, or targets, through
which it influences many different body functions.

Lewis studies one gang of six microRNAs, known as the miR-17~92 cluster,
the first group of microRNAs found to play a role in cancer. The six normally help
strike a balance between cell growth and death, but an imbalance of these little
molecules can push cells toward cancer. Tumors in pancreatic cancer patients tend to
have elevated levels of the cluster. To learn what the microRNAs were doing to goad
cancer into taking hold, Lewis and colleagues used a genetic trick to remove the
microRNAs from the pancreas in mice that were genetically engineered to develop
pancreatic tumors. Early in their lives, mice with and without the microRNA cluster
had about the same number of precancerous cells. But by the time the animals were 9
months old, a clear difference emerged. In mice with the miR-17~92 microRNAs,
nearly 60 percent of the pancreas was tending toward cancer, compared with less than
20 percent in mice lacking the cluster. The finding, reported in 2017 in Oncotarget,
suggests that the microRNAs aid the cancer’s start.

The researchers developed bits of RNA that block some of the cluster members
from spurring on the tumor. Using human pancreatic cancer cells grown in lab dishes,
Lewis and colleagues found that taking out two of the six cluster members, miR-

19a and miR-19b, stopped cancer cells from forming structures called invadopodia.
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As their name suggests, invadopodia allow tumors to break through blood vessel
walls and other barriers to spread through the body.

Fragments of Transfer RNA: Interaction with Viruses

For some young children and older adults, an infection with respiratory
syncytial virus, or RSV, feels like a simple cold. But each year in the United States,
more than 57,000 children younger than age 5 and about 177,000 people older than
65 are hospitalized because of the virus, the U.S. Centers for Disease Control and
Prevention estimates. The infection kills hundreds of babies and about 14,000 adults
over 65 annually. Slightly higher than normal levels of some microRNAs had been
linked to severe RSV infections. But molecular virologist Xiaoyong Bao of the
University of Texas Medical Branch in Galveston wasn’t convinced that modestly
increasing amounts of a few microRNAs could really mean the difference between a
child getting a slight cold and dying from the respiratory virus.

She consulted her Texas Medical Branch colleague, cancer researcher Yong
Sun Lee, for advice on studying microRNAs. Lee said Bao would need to deeply
examine, or sequence, RNA in cells infected with the virus. That was an expensive
proposition in 2012 when Bao started the project. “But I squeezed from my [lab’s]
dry bank account,” she says, to pay for the experiment. The investment paid off. Cells
infected with RSV had more of one particular RNA than did uninfected cells.
Surprisingly, it was a piece of a transfer RNA. Transfer RNAs, or tRNAs, are the
assembly line workers of protein building. tRNAs read instructions in a messenger
RNA and deliver the amino acids the ribosome needs to make a protein.

Scientists knew that working tRNAs are essential employees. Fragments, when
they were found, were considered leftover bits of decommissioned tRNAs. But the
fragments that Bao and colleagues discovered aren’t just worn out bits of tRNAs.
Each fragment, about 30 bases long, is precisely cut from a tRNA when RSV infects
cells. The fragments aid the virus’s infection in more than one way. For instance, two
fragments help the virus make copies of itself in cells, Bao and colleagues reported in

2017 in the Journal of General Virology.
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tRNA fragments may also boost the body’s susceptibility to a virus. Last year,
Bao’s group described in Scientific Reports how exposure to some heavy metals, via
air or water pollution, can produce tRNA fragments that trigger inflammation, which
may make people more susceptible to respiratory infections such as RSV.

SINE RNAs: sacrifice of infected cells

Another type of RNA may help protect against infection by certain viruses,
including herpesvirus. Virologist Britt Glaunsinger has long marveled at the way
viruses manipulate host cells by controlling RNAs in the cell. She became intrigued
by transposons, mobile stretches of DNA that can jump from one location to another
in the genome. Transposons make up nearly half of all the DNA in the human
genome. “We tend to think of [transposons] as parasites and things our own cells are
constantly trying to shut down,” says Glaunsinger, a Howard Hughes Medical
Institute investigator at the University of California, Berkeley. That’s because some
are relics of ancient viruses. “While they may have initially been bad, some of them
may actually be useful to us,” she says.

One class of transposons, called SINEs for short interspersed nuclear elements,
are peppered throughout the genome. People have more than a million of one type of
SINE known as Alu elements. Mice have similar SINEs, called B2s. When active,
SINE transposons make RNA copies of themselves. These SINE RNAs don’t carry
instructions for building proteins and alone don’t enable the transposons to jump
around the genome. So researchers puzzled over their role. Glaunsinger and
colleagues discovered that some SINE RNAs may protect against viral infections.

Normally, cells keep a tight lock on transposons, preventing them from making
any RNA. But in Glaunsinger’s experiments, cells infected with herpesvirus “were
producing tons of these noncoding RNAs in response to infection,” she says. “That
sort of captured our interest.”

Details of the process are still being worked out, but Glaunsinger and others
have discovered that SINE RNA production triggers a cascade of events that
eventually kills infected human and mouse cells. Once the RNA production gets

going, Glaunsinger says, “the cell is destined to die.” Inflammation appears to be an
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important step in the cell-killing chain reaction. It’s all for the greater good: Killing
the infected cell may protect the rest of the organism from the infection’s spread. But
there’s a wrinkle: In mice, at least, one type of herpesvirus benefits from the flood of
B2 RNAs in the cells it infects. The virus hijacks part of the inflammation chain
reaction to boost its own production, Glaunsinger and colleagues reported in 2015
in PLOS Pathogens. “This is an example of the back-and-forth battle that’s always
going on between virus and host,” she says. “Now the ball is back in the host’s
court.”

piRNAs: Shielding the Brain from Transposons

Autopsies of people who died with Alzheimer’s disease show a buildup of a
protein called tau in the brain. That tau accumulation is tied to loss of some guardian
RNAs, according to work by Bess Frost, a neurobiologist at UT Health San Antonio.

Frost studies fruit flies genetically engineered to make a disease-causing
version of human tau in their nerve cells. Flies with the disorderly tau get a
progressive nerve disease that causes movement problems and kills nerves. The
insects live shorter lives than normal. Part of the reason the flies, as well as people
with tau tangles, have problems is because some RNAs known to guard the genome
fall down on the job, Frost and colleagues discovered. These piwi-interacting RNAs,
or piIRNAs (pronounced “pie RNAs”), help keep transposons from jumping around.
When transposons jump, they may land in or near a gene and mess with its activity.

Usually cells prevent jumping by stopping transposons from making messenger
RNA, which carries instructions to make proteins that eventually enable the
transposon to hop from place to place. If a transposon gets past the cell’s defenses
and produces its messenger RNA, piRNAs will step up to pair with the messenger
and cause its destruction.

When disease-causing tau builds up in flies (and maybe in people), a class of
transposon with a lengthy name — class I long terminal repeat retrotransposons —
makes much more RNA than usual. And when flies have the disease-causing version
of tau, they also have lower than normal levels of piRNAs, Frost and colleagues

reported in August 2018 in Nature Neuroscience. “Both arms of control are messed
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up,” Frost says. Brains of people who died with Alzheimer’s disease or supranuclear
palsy, another tau-related disease, also show signs that transposons were making
extra RNA, suggesting that when tau goes bad, it can beat piRNA’s defenses.

In search of a work-around, Frost’s team found that genetically boosting
piRNA production in flies or giving a drug that stops transposon hops reduced nerve
cell death in the insects. The researchers are preparing to test the drug in mice prone
to a rodent version of Alzheimer’s disease. The team is also examining human brain
tissue to see if the increase in transposon RNAs actually leads to transposon jumping
in Alzheimer’s patients. If transposons don’t hop more than usual, the finding may
suggest that transposon RNAs themselves can cause mischief — no jumping
necessary.

Conclusion. In conclusion, we can say that, RNA, one or another kind, touches
almost everything in a cell. RNA fulfills a wide variety of functions, from translating
genetic information into the molecular machines and structures of the cell to
controlling the activity of genes during development, cellular differentiation, and
changing environments. RNA is a singular macromolecule. RNA can link with DNA
or some other RNA through complementary base pairing. It can also link with
specific proteins or small molecules. It is also very important that RNA can catalyze
chemical reactions, including joining amino acids to make proteins.

Important connections have been discovered between RNA and human disease.
For instance, as described formerly, some miRNAs are capable of regulating cancer-
associated genes in ways that facilitate tumour development. In addition, the
dysregulation of miRNA metabolism has been linked to various neurodegenerative
diseases, including Alzheimer disease. In the case of other RNA types, tRNAs can
bind to specialized proteins known as caspases, which are involved in apoptosis
(programmed cell death). By binding to caspase proteins, tRNAs inhibit apoptosis;
the ability of cells to escape programmed death signaling is a hallmark of cancer.
Noncoding RNAs known as tRNA-derived fragments are also suspected to play a
role in cancer. The emergence of techniques such as RNA sequencing has led to the

1dentification of novel classes of tumour-specific RNA transcripts, such as MALAT]I,


https://synonyms.reverso.net/%D1%81%D0%B8%D0%BD%D0%BE%D0%BD%D0%B8%D0%BC%D1%8B/en/almost
https://synonyms.reverso.net/%D1%81%D0%B8%D0%BD%D0%BE%D0%BD%D0%B8%D0%BC%D1%8B/en/wide
https://synonyms.reverso.net/%D1%81%D0%B8%D0%BD%D0%BE%D0%BD%D0%B8%D0%BC%D1%8B/en/for+instance
https://synonyms.reverso.net/%D1%81%D0%B8%D0%BD%D0%BE%D0%BD%D0%B8%D0%BC%D1%8B/en/formerly

increased levels of which have been found in various cancerous tissues and are
associated with the proliferation and metastasis (spread) of tumour cells.

The discovery of additional links between RNA and disease is expected.
Increased understanding of RNA and its functions, combined with the continued
development of sequencing technologies and efforts to screen RNA, are likely to
facilitate such discoveries.

Based on all that we know about RNA, we can say that RNA research is
promising and important for the development of medicine. Studying RNA can
provide the key to defeating cancer and other incurable diseases. At the moment,
RNA research is an important and promising field, which in the future will be under

the scrutiny of scientists.
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