Highlights in Science, Engineering and Technology BFSPH 2024
Volume 123 (2024)

Research Progress of Microrna in The Treatment of Tumor
Drugs

Yuxuan Hu ', Ziling Shao ? and Yuxiang Xu3
1 School of Public Health, Southern Medical University, Guangzhou, China
2School of life science,Anhui Agriculture University,Hefei,China

3 Department of Applied Biology and Chemical Technology, The Hong Kong Polytechnic University,
Hong Kong, China

* Corresponding Author Email: huyuxuan@i.smu.edu.cn

Abstract. MicroRNA (miRNA) has great potential for treating various diseases and has advantages
that other treatment methods do not have when treating many diseases. MiRNA therapy has been
applied to treat various diseases including obesity and cancer, and has shown significant efficacy.
Many scientists are committed to developing new miRNA drugs in order to achieve better efficacy of
miRNA therapy and more comprehensive coverage of diseases. This article describes the
mechanism of action of miRNA and introduces and summarizes several necessary procedures for
the development and production of miRNA drugs, including designing, producing miRNA, and
designing ways to transport miRNA to target cells and tissues. Firstly, a synthesized pre-mRNAs or
adenovirus-based mMIRs vector is designed in vitro, then, deliver them into host through viral or
non-viral mediated system, finally, the miRNA could complement to specific gene by base-pairing,
regulating the function of protein via interfering the expression of target genes. We hope that this
article can contribute to the future development of miRNA drugs.
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1. Introduction

MicroRNAs (miRNAs) are small noncoding RNAs that is a known regulator of basic biological
processes in animals. It mainly regulates gene expression by interfering with transcription, translation,
or epigenetic processes [1]. For the generation of miRNAs, it is currently believed that primary
transcripts are synthesized by RNA polymerase Il or RNA polymerase 111 to form primary miRNAs
(pri-miRNASs) with typical hairpin structure. However, in order to become miRNAs with regulatory
functions, the following steps are required: firstly, the double strands of pri-miRNAs are recognized
by Di George critical region 8 (DGCR8) and bind to Drosha enzyme to form a microprocessing
complex [2]. By the interaction between the basal UG motif and Drosha, as well as the alignment of
DGCR8 and apical UGU motif, pri-miRNAs are correctly oriented for cleavage into smaller precursor
MIiRNAs (pre-miRNAS) [3]; Then, pre-miRNA will be transported by Expotin 5 transporters and
entering the cytoplasm from the nuclear pores [4]. In the cytoplasm, enzyme DICER and co-factors
will process pre-miRNA to form a short double stranded miRNA molecule [5]; Finally, the Argonaute
(AGO) protein can interact with enzyme DICER and binds to mature miRNA, causing the miRNA to
be released and releasing one strand. The remaining strand (guide strand) will interact with AGO to
form the RNA-induced silencing complex (RISC) [6].

MiRNA is related to the occurrence and development of many diseases. Some serious diseases can
cause abnormal changes in miRNA levels, which often drive or accelerate the progression of these
diseases. In a study targeting Sickle Cell Disease, scientists found that in K562 cells overexpressing
miR-326, the content of KLF1 protein that can induce high-level expression of adult red blood cell
genes is reduced and the expression level of HBG gene, which should have been gradually silenced
in normal adult cells, increased. In addition, the expression of miR-326 is positively correlated with
HbF levels in patients with - thalassemia [7]. Therefore, the abnormally elevated level of miR-326
is closely related to Sickle Cell Disease. Previous studies on Alzheimer's disease (AD) have shown
that the expression of miR-92a-3p, miR-181c-5p, miR-210-3p, miIRNA-132 and miRNA-107 are
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abnormal in the brains of AD patients. Further research suggests that overexpression of miRNA-22
may have neuroprotective effects on neurodevelopmental disorders and neurodegenerative diseases
by inhibiting cell apoptosis. miR-132 promotes to dendritic growth of newly formed neurons in the
hippocampus, and the absence of miR-132 and miR-212 can induce tubulin associated unit proteins
aggregation and impair cognitive abilities [8]. Since 2008, MiRNA has been identified as a biomarker
for cancer to detect diffuse large B-cell lymphoma in patients' serum [9,10]. MiR-15 and miR-16 are
the two miRNAs that were first confirmed to be closely associated with cancer, and abnormal changes
in their levels are a significant feature of B-cell leukemia [11]. Since then, abnormal miRNA levels
have played a role as biomarkers in an increasing number of human disease detections. The abnormal
level of circulating miRNA in human cancer has been published elsewhere. Figure 1 [12] briefly
summarizes the regulation of circulating miRNA in plasma, serum and blood samples of six kinds of
high incidence rate cancers.
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Figure 1. The regulation of circulating miRNA in plasma, serum and blood samples of six kinds of
high incidence rate cancers [12].

For many human diseases, circulating miRNA has been considered a promising biomarker because
they meet several criteria as preferred biomarkers, encompassing a high level of sensitivity,
accessibility, and specificity [13]. MiRNA has been identified in numerous highly stable biological
fluids. MIRNA can be easily extracted from blood or other fluid biopsy. MiRNA is also highly
specific to tissue or cell types. The sensitivity of miRNA has been confirmed, and its level may vary
depending on the progress of the disease or the treatment response. Given these benefits, miRNA
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provides a non-invasive way for accurately diagnosing, predicting disease progression, guiding
treatment and evaluating treatment responses. This essay aims to illustrate the application of mMiRNA
in disease treatment, including its mechanism, production and delivery system.

2. Reasearch Progress on miRNA Drug Development and Application

2.1. The Mechanism of Action of miRNA as A Drug

2.1.1 MiRNAS in Tumor Cells

MiRNAs, which are endogenous non-coding RNA molecules, which are consisting of 20 to 22
nucleotides, act as primary regulators in post-transcriptional gene regulation. They play a significant
role in initiation and advancement of different diseases [14]. In the context of cancer, miRNAs
contribute to tumor development by transcriptionally activating oncogenes and dysregulating tumor
suppressor genes. MiRNAs bind to the 3' untranslated region (UTR) of their target RNA, thereby
modifying its expression. This process regulates diverse cellular activities including processes like
cell growth, cell specialization, and programmed cell death [15]. It is significant to mention that
miRNAs maintain a high degree of conservation across diverse species and exert influence over
numerous functions through interactions with an array of factors, such as transcription factors,
ribonucleoprotein (RNP) complexes, proteins, and elements involved in epigenetic modifications.
[16].

Given the importance of microRNA in regulating gene expression and cell biology, It has been
recognized as an indicator of cancer. In comparison to normal cells, tthe aberrantly expressed miRNA
in cancer cells is related to various mechanisms, for example, chromosomal abnormalities, changes
in transcription control, epigenetic changes, and miRNA biogenesis. Several studies that have utilized
miRNA analysis and analyzing the sequencing data derived from tumor tissue samples demonstrate
that miRNA can function as either a tumor inhibitor or carcinogenic miRNA, contingent upon
whether or not they are downregulated or upregulated in different cancers [17].

As a tumor inhibitor, the reduction of miRNA in human malignant tumors will lead to an increase
regarding the expression levels observed in the targeted mRNA, most of which are involved in
regulation of cell growth, apoptosis, metabolism and invasion.

MicroRNA (miRNA) expression levels are subject to regulation by tumor suppressor genes.For
instance, miRNA-34a exhibits dysregulation across a range of cancer types and is directly modulated
by the tumor suppressor gene p53[18]. In models of non-small cell lung cancer, the upregulation of
miRNA-34a has been shown to suppress the growth and progression of cancer cells. [19,20].
Additionally, miRNA-34a counteracts many carcinogenic processes by modulating genes involved
in diverse cellular pathways [21]. Likewise, the miRNA-200 family is a widely studied group of
miRNAs with numerous functions, such as increasing ZEB protein levels by downregulating E-
cadherin, thereby inducing epithelial-mesenchymal transition (EMT) [22]. Studies also indicate that
miRNA-200 indirectly impacts angiogenesis by downregulating CXCL1 and IL-8, which are key
cytokines in the tumor microenvironment [23].

2.1.2 MiRNASs in Tumor Microenvironment

Cancer development is a multi-step process where normal cells are transformed into rapidly
proliferating cells due to genetic alterations [24]. These fast-growing cells require a supportive
environment to evolve into cancer, known as the tumor microenvironment (TME) [25]. As we gain
more insights into the processes that contribute to the advancement of cancer, researchers are
continually refining the selection of biomarkers used to identify different types of tumors.Recognition
of diverse cell types within tumors has recently established TME as a significant cancer marker [26].
The characteristics of cancer highlight the crucial function of the microenvironment in promoting
tumor development and spread, as well as affecting the efficacy of potential treatment strategies. [26].
Composed of various cell types—including tumor cells, cancer stem cells, stromal cells, and immune
cells—and intricate interactions among them, TME forms a dense milieu [27]. Non-cellular elements
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of the tumor's microenvironment encompass the extracellular matrix, comprised of collagen,
fibrinolin, hyaluronic acid, and laminin. Interactions between tumor cells and non-malignant
components within the tumor environment significantly influence tumor initiation and progression
[28].

MiRNA expression patterns vary among tumor types, enabling differentiation from healthy tissue
and other cancerous varieties. Upon tumor formation, tumor cells attract surrounding cells to
participate in the development of the TME.

The emergence of a tumor prompts its cells to attract surrounding tissue cells. This supportive
structure, consisting of cells, matrix, and blood vessels, forms the foundation for tumor growth and
sustainability, commonly known as the Tumor Microenvironment (TME) [29].

In TME, miRNA (here called EV-miRNA) delivered from one cell to another through EV is now
considered to be a factor related to cancer progression [30].

miRNA is a key messenger in the tumor microenvironment (TME), affecting various processes
that lead to immunosuppression, tumor progression, metastasis and drug resistance. The strategy of
regulating miRNA in TME is of great significance to overcome these challenges [17].

Reprogramming TAM as an anti-tumor phenotype has proved to be an effective strategy for cancer
treatment.

2.2. Current Methods for Producing miRNA

At present, miRNA therapy is a popular research direction [31]. Meanwhile, due to the close
association between miRNA and various diseases, it is also considered an important target for drug
development. By delivering the designed miRNA into patients, the expression of disease-related
target gene could be downregulated, thereby achieving therapeutic goals [32,33,34,35].

The effective manipulation of miRNA expression is helpful for studying the therapeutic
applications of miRNA. Recent studies have shown that the use of antisense molecules such as anti-
miRs, antagomiRs, miRNA sponge, etc. can downregulate or inhibit the function of miRNA [36, 37,
38, 39]. The achieving of upregulation of miRNAs could be used by chemically synthesized miRNA
mimics or intronic miRNA expression vectors, which will express pri-miRNAs or pre-miRNAs
[40,41,42]. Jiaming F et al. (June 20, 2019) developed a novel strategy of the expression of mature
mMiRNAs(mMIRs). They use convergent U6 and H1 promoters to make the expression of miR-3p and
miR-5p be increased in the opposite direction. The corresponding transcription signals (TTTTT or
UUUUU) were separated and expressed in units U6 and H1. Nowadays, the mMIR expression system
has been developed into adenovirus shuttle vectors and retroviral transfer vectors, making it easy to
use for the production of recombinant adenovirus or retroviruses [43].

2.3. Ways to Deliver miRNA Drugs into The Body

As mentioned earlier, miRNA mainly acts in the cytoplasm of target cells to exert corresponding
effects on intracellular translation and other processes. Therefore, to use miRNA for treating diseases,
it is necessary to safely transport miRNA into the cytoplasm of target cells. MiRNA is a hydrophilic,
negatively charged high molecular weight molecule with limited membrane diffusion potential and
difficulty in being fully taken up by cells. The ubiquitous nucleases in the human environment can
degrade miRNAs that are not under safe protection, and the human immune system can also hinder
the transport of miRNASs [44]. The factors mentioned above impose quite strict requirements on the
miRNA transport system. A qualified miRNA delivery system needs to be able to protect miRNA
molecules from serum endonucleases, evade immune detection, not interact with unrelated proteins,
not be affected or absorbed by non-target cells, and accurately locate and be absorbed by target cells.
Here are several currently reliable modes of miRNA transport.

The First method is to transport the required oligonucleotides to specific cells and tissues through
genetically modified viruses, and persistently increase gene expression levels to achieve the goal of
transporting miRNA or anti miRNA. It is referred to as Virus-Based miRNA and Anti-miRNA
Oligonucleotide Delivery Systems. In this process, it is necessary to eliminate the pathogenic
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determinant cluster of the virus to ensure the reduction or non-toxicity of the vector, and to adapt the
vector to transgenes. Various viral transport vectors have been developed over the past few decades
to match specific transgenes, different therapeutic purposes, and target cell types. At present, the main
delivery vehicles include retroviral, lentiviral, adenoviral and adeno associated virus, and
bacteriophage-based virus like particle (VLP) vectors [45]. These different types of delivery vehicles
have different characteristics, advantages, and limitations. As shown in Figure 2 [45].

Viral based delivery vectors Advantages Disadvantages

Retroviral vectors 1. Stable transgene expression 1. High carcinogenic potential
due to insertional mutagenesis
2. Cannot transduce
non-dividing cells

1. Stable transgene expression 1. Random genomic integration
2. Transduces dividing and may cause insertional
non-dividing cells mutagenesis
Adeno-associated vectors 1. Low immunogenic 1. Low packaging capacity
2. High transduction efficiency 2. Production is tedious and
over a wide variety of cells expensive
3. Targeted tissue-specific gene
. ! expression based on serotype
Bacteriophage-based VLP 1. Low immunogenicity and 1. Low loading capacity
vectors cytotoxicity 2. Further studies required

2. Low carcinogenic potential

Figure 2. The advantages and disadvantages of various viral vectors [45].

The remaining miRNA delivery methods are referred to as Non-Viral-Based miRNA and Anti-
miRNA Oligonucleotide Delivery Systems [45]. The second method of delivering miRNA is to utilize
the negative charge of miRNA to form cationic complexes with lipid nanoparticles, which are then
transported into the cell through endocytosis. It is also called Lipid-Based Delivery Systems. By
loading miRNA into LNP or PEG-LNP nanoparticles, miRNA can be selectively delivered to target
cells. Before being put into use, it is necessary to measure the particle size, zeta potential, miRNA
complexity efficiency, and cytotoxicity of LNPs to ensure their specificity and safety [46]. This
method is widely used in the treatment of obesity and cancer [46,47].

The third method is through Polymer Delivery Systems. There are currently multiple feasible
methods. The first method is to use polymers with positively charged amino groups such as
polyethyleneimine (PEIs) to bind with anionic miRNAs to form complexes, in order to protect
miRNAs and ensure that they can be taken up and function by cells [45]. The second type is peptide
nanoparticles, also known as cell penetrating peptides (CPP). CPP is often rich in arginine or lysine,
therefore it carries a positive charge or exhibits amphiphilicity. CPP can form electrostatic
interactions with miRNA, stabilizing and delivering them to cells [44]. The third type is
polysaccharide-based delivery systems. Due to its unique physical, chemical, and biological
properties including high biocompatibility, low cost, and good mucosal adhesion, chitosan is a highly
prominent candidate in polysaccharide-based delivery systems [48].

The fourth method is Inorganic Compound Based Delivery Systems. In this method, the inorganic
compounds involved in miRNA delivery mainly include nanoparticles of gold, iron oxide, and silica.
The related therapy of embedding miRNA into inorganic compound nanoparticles has shown its
potential in treating cancer and restoring heart function damaged by diabetes [45].
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The last method is Extracellular Vesicle Based Delivery Systems. This method mainly includes
two strategies. The first strategy is to induce cell lines that overexpress the target miRNA, in order to
produce a large number of extracellular vesicles containing the target miRNA that bind to the target
cells to achieve therapeutic effects. The second strategy is to first isolate exosomes and then enrich
them with miRNA [45].

3. Conclusions

MiRNAs are pivotal in facilitating communication between cells within the tumor
microenvironment and are recognized for their ability to influence the immune context of tumors.This
article elucidates the mechanism of action of miRNA and provides a succinct overview of the
essential steps involved in the development and production of miRNA-based therapeutics,including
the design, production of miRNA and the method of transporting miRNA to target cells and tissues.
In cancer research, miRNA can be manifested as a tumor inhibitor or carcinogenic miRNA, and its
function depends on downgrade or upregulation in different cancers. The emergence of cancer is
characterized by its intricate progression.Normal cells are transformed into fast-growing cells through
a series of genetic changes, which eventually need a suitable environment to develop into cancer.
MiRNA is closely related to a variety of diseases, so it is regarded as an important target for drug
development. By upregulating or downregulating miRNA, a corresponding drug delivery system can
be designed to transport specific miRNA to the patient, so as to regulate the expression of disease-
related genes. This regulation can help inhibit disease-related target genes or reduce certain
overexpressed miRNAS, so as to achieve therapeutic effects.Effective miRNA expression regulation
provides the basis for the study of its therapeutic application. miRNA mainly acts on the cytoplasm
of target cells, affecting intracellular translation and other processes. Therefore, the safe delivery of
miRNA to the cytoplasm of target cells is the key to miRNA treatment of diseases. Because miRNA
is a hydrophilic and negatively charged high molecular weight molecule, its membrane diffusion
capacity is limited, and it is vulnerable to the degradation of nuclease in the body and the immune
system, so strict requirements are put forward for the delivery system of miRNA. An effective
miRNA delivery system needs to protect miRNA from degradation, avoid immune testing, and ensure
that miRNA can be accurately absorbed by target cells. Numerous miRNAs have demonstrated
potential in overcoming immunosuppression and chemotherapy resistance across a spectrum of tumor
prototypes. Efficient transfer these miRNAs to the tumor microenvironment (TME) is paramount,
necessitating a sophisticated delivery system. Recent developments in delivery mechanisms,
especially the demonstrated effectiveness of lipid nanoparticles as seen in the COVID-19 vaccine,
indicate that targeting miRNA delivery to tumors could represent a significant breakthrough in the
field of clinical oncology.Nonetheless, target specificity of miRNAs is a crucial consideration due to
their potential multi-target nature and the consequential off-target effects within the TME.
Furthermore, a comprehensive evaluation of the kinetics of these miRNAs, akin to other anti-cancer
adjunct therapies, is imperative.Nevertheless, RNA therapy in the clinical environment will surge,
and miRNA may certainly be an important part of these treatments[17].

To propel the progression of miRNA-centered pharmaceuticals, a comprehensive exploration of
the therapeutic capabilities of miIRNAS is essential. This investigation should focus on their potential
as a standalone and adjunctive approach in cancer treatment.

Authors Contribution
All the authors contributed equally and their names were listed in alphabetical order.

231



Highlights in Science, Engineering and Technology BFSPH 2024
Volume 123 (2024)

References
[1] Friedman, R. C., Farh, K. K., Burge, C. B., & Bartel, D. P. (2009). Most mammalian mRNAs are
conserved targets of microRNAs. Genome research, 19(2), 92-105.

https://doi.org/10.1101/gr.082701.108

[2] Gregory, R. I, Yan, K. P., Amuthan, G., Chendrimada, T., Doratotaj, B., Cooch, N., & Shiekhattar, R.
(2004). The Microprocessor complex mediates the genesis of microRNAs. Nature, 432(7014), 235-240.
https://doi.org/10.1038/nature03120

[3] Nguyen, T.A., Jo, M. H,, Choi, Y. G., Park, J., Kwon, S. C., Hohng, S., Kim, V. N., & Woo, J. S. (2015).
Functional ~ Anatomy of the Human  Microprocessor. Cell, 161(6), 1374-1387.
https://doi.org/10.1016/j.cell.2015.05.010

[4] Lund, E., Giitinger, S., Calado, A., Dahlberg, J. E., & Kutay, U. (2004). Nuclear export of microRNA
precursors. Science (New York, N.Y.), 303(5654), 95-98. https://doi.org/10.1126/science.1090599

[5] Lee, H. Y., Zhou, K., Smith, A. M., Noland, C. L., & Doudna, J. A. (2013). Differential roles of human
Dicer-binding proteins TRBP and PACT in small RNA processing. Nucleic acids research, 41(13), 6568—
6576. https://doi.org/10.1093/nar/gkt361

[6] Krol, J., Loedige, I., & Filipowicz, W. (2010). The widespread regulation of microRNA biogenesis,
function and decay. Nature reviews. Genetics, 11(9), 597-610. https://doi.org/10.1038/nrg2843

[7] Deng, Y., Zhang, J., Sun, X., Ma, G., Luo, G., Miao, Z., & Song, L. (2020). miR-132 improves the
cognitive function of rats with Alzheimer's disease by inhibiting the MAPK1 signal pathway.
Experimental and therapeutic medicine, 20(6), 159. https://doi.org/10.3892/etm.2020.9288

[8] Starlard-Davenport, A., Gu, Q., & Pace, B. S. (2022). Targeting Genetic Modifiers of HBG Gene
Expression in Sickle Cell Disease: The miRNA Option. Molecular diagnosis & therapy, 26(5), 497-509.
https://doi.org/10.1007/s40291-022-00589-z

[9] Lawrie, C. H., Gal, S., Dunlop, H. M., Pushkaran, B., Liggins, A. P., Pulford, K., Banham, A. H., Pezzella,
F., Boultwood, J., Wainscoat, J. S., Hatton, C. S., & Harris, A. L. (2008). Detection of elevated levels of
tumour-associated microRNAs in serum of patients with diffuse large B-cell lymphoma. British journal
of haematology, 141(5), 672-675. https://doi.org/10.1111/j.1365-2141.2008.07077.x

[10] Mitchell, P. S., Parkin, R. K., Kroh, E. M., Fritz, B. R., Wyman, S. K., Pogosova-Agadjanyan, E. L.,
Peterson, A., Noteboom, J., O'Briant, K. C., Allen, A., Lin, D. W., Urban, N., Drescher, C. W., Knudsen,
B. S., Stirewalt, D. L., Gentleman, R., Vessella, R. L., Nelson, P. S., Martin, D. B., & Tewari, M. (2008).
Circulating microRNAs as stable blood-based markers for cancer detection. Proceedings of the National
Academy of Sciences of the United States of America, 105(30), 10513-10518.
https://doi.org/10.1073/pnas.0804549105

[11] Arif, K. M. T., Elliott, E. K., Haupt, L. M., & Griffiths, L. R. (2020). Regulatory Mechanisms of
Epigenetic miRNA Relationships in Human Cancer and Potential as Therapeutic Targets. Cancers, 12(10),
2922. https://doi.org/10.3390/cancers12102922

[12] Ho, P. T. B., Clark, I. M., & Le, L. T. T. (2022). MicroRNA-Based Diagnosis and Therapy. International
journal of molecular sciences, 23(13), 7167. https://doi.org/10.3390/ijms23137167

[13] Turchinovich, A., Weiz, L., & Burwinkel, B. (2012). Extracellular miRNAs: the mystery of their origin
and function. Trends in biochemical sciences, 37(11), 460—465. https://doi.org/10.1016/j.tibs.2012.08.003

[14] Uzuner E., Ulu G.T., Gurler S.B., Baran Y. The role of MIRNA in cancer: Pathogenesis, diagnosis, and
treatment. Methods Mol. Biol. 2021;2257:375-422. doi: 10.1007/978-1-0716-1170-8_18.

[15] Di Martino M.T., Riillo C., Scionti F., Grillone K., PoleraN., Caracciolo D., Arbitrio M., Tagliaferri P.,
Tassone P. MIRNAs and Incrnas as novel therapeutic targets to improve cancer
immunotherapy. Cancers. 2021;13:1587. doi: 10.3390/cancers13071587.

[16] Shah V., Shah J. Recent trends in targeting mirnas for cancer therapy.J. Pharm.
Pharmacol. 2020;72:1732-1749. doi: 10.1111/jphp.13351.

[17] Parayath NN, Gandham SK, Amiji MM. Tumor-targeted miRNA nanomedicine for overcoming
challenges in immunity and therapeutic resistance. Nanomedicine (Lond). 2022 Aug;17(19):1355-1373.
doi: 10.2217/nnm-2022-0130. Epub 2022 Oct 18. PMID: 36255330; PMCID: PMC9706370.

232


https://doi.org/10.1101/gr.082701.108
https://doi.org/10.1038/nature03120
https://doi.org/10.1016/j.cell.2015.05.010
https://doi.org/10.1126/science.1090599
https://doi.org/10.1093/nar/gkt361
https://doi.org/10.1038/nrg2843
https://doi.org/10.3892/etm.2020.9288
https://doi.org/10.1007/s40291-022-00589-z
https://doi.org/10.1111/j.1365-2141.2008.07077.x
https://doi.org/10.1073/pnas.0804549105
https://doi.org/10.3390/cancers12102922
https://doi.org/10.3390/ijms23137167
https://doi.org/10.1016/j.tibs.2012.08.003

Highlights in Science, Engineering and Technology BFSPH 2024
Volume 123 (2024)

[18] He L, He X, Lim LP et al. A miRNA component of the p53 tumor suppressor network. Nature. 447(7148),
1130-113 (2007).

[19] Raver-Shapira N, Marciano E, Neuru E et al. Transcriptional activation of miR-34a contributes to p53-
mediated apoptosis. Mol Cell. 26(5), 731-43 (2007).

[20] Li XJ, Ren ZJ, Tang JH. MiR-34a: a potential therapeutic target in human cancer. Cell Death Dis. 5(7),
e1327 (2014).

[21] Hermeking H. The miR-34 family in cancer and apoptosis. Cell Death Differ. 17(2), 193-9 (2010).

[22] Gregory PA, Bert AG, Paterson EL et al. The miR-200 family and miR-205 regulate epithelial to
mesenchymal transition by targeting ZEB1 and SIP1. Nat. Cell. Biol. 10(5), 593-601 (2008).

[23] Pecot CV, Rupaimoole R, Yang D et al. Tumour angiogenesis regulation by the miR-200 family. Nat.
Commun. 4, 2427 (2013).

[24] Hanahan D, Weinberg RA. The hallmarks of cancer. Cell. 100(1), 57-70 (2000).
[25] Arneth B. Tumor microenvironment. Medicina. 56(1), 15 (2019).
[26] Hanahan D, Weinberg RA. Hallmarks of cancer: the next generation. Cell. 144(5), 646674 (2011).

[27] Whiteside TL. The tumor microenvironment and its role in promoting tumor growth. Oncogene. 27(45),
5904-5912 (2008).

[28] Bejarano L, Jordao MIJ, Joyce JA. Therapeutic targeting of the tumor microenvironment. Cancer
Discov. 11(4), 933-959 (2021).

[29] Cocks A, Del Vecchio F, Martinez-Rodriguez V, Schukking M, Fabbri M. Pro-tumoral functions of
tumor-associated macrophage EV-miRNA. Semin Cancer Biol. 2022 Nov;86(Pt 1):58-63. doi:
10.1016/j.semcancer.2021.08.001. Epub 2021 Aug 8. PMID: 34371201; PMCID: PMC8821730.

[30] Wang M, Yu F, Ding H, Wang Y, Li P, Wang K. Emerging Function and Clinical Values of Exosomal
MicroRNAs in Cancer. Mol Ther Nucleic Acids. 2019;16:791-804.

[31] Roy, B., Ghose, S., & Biswas, S. (2022). Therapeutic strategies for miRNA delivery to reduce
hepatocellular carcinoma. Seminars in cell & developmental biology, 124, 134-144.
https://doi.org/10.1016/j.semcdb.2021.04.006

[32] lorio, M. V., & Croce, C. M. (2012). MicroRNA dysregulation in cancer: diagnostics, monitoring and
therapeutics. A comprehensive review. EMBO molecular medicine, 4(3), 143-159.
https://doi.org/10.1002/emmm.201100209

[33] Rupaimoole, R., Calin, G. A., Lopez-Berestein, G., & Sood, A. K. (2016). miRNA Deregulation in Cancer
Cells and the Tumor Microenvironment. Cancer discovery, 6(3), 235-246. https://doi.org/10.1158/2159-
8290.CD-15-0893

[34] Bader A. G. (2012). miR-34 - a microRNA replacement therapy is headed to the clinic. Frontiers in
genetics, 3, 120. https://doi.org/10.3389/fgene.2012.00120

[35] Rupaimoole, R., & Slack, F. J. (2017). MicroRNA therapeutics: towards a new era for the management
of cancer and other diseases. Nature reviews. Drug discovery, 16(3), 203-222.
https://doi.org/10.1038/nrd.2016.246

[36] Rupaimoole, R., & Slack, F. J. (2017). MicroRNA therapeutics: towards a new era for the management
of cancer and other diseases. Nature reviews. Drug discovery, 16(3), 203-222.
https://doi.org/10.1038/nrd.2016.246

[37] Bak, R. O., Hollensen, A. K., & Mikkelsen, J. G. (2013). Managing microRNAs with vector-encoded
decoy-type inhibitors. Molecular therapy : the journal of the American Society of Gene Therapy, 21(8),
1478-1485. https://doi.org/10.1038/mt.2013.113

[38] Bak RO, Mikkelsen JG. miRNA sponges: soaking up miRNAs for regulation of gene expression. Wiley
Inter Rev Rna. 2014;5:317-33.

[39] Shu, Y., Wu, K., Zeng, Z., Huang, S., Ji, X., Yuan, C., Zhang, L., Liu, W., Huang, B., Feng, Y., Zhang,
B., Dai, Z., Shen, Y., Luo, W., Wang, X., Liu, B., Lei, Y., Ye, Z., Zhao, L., Cao, D., ... He, T. C. (2018).
A Simplified System to Express Circularized Inhibitors of miRNA for Stable and Potent Suppression of
mMiRNA Functions. Molecular therapy. Nucleic acids, 13, 556-567.
https://doi.org/10.1016/j.omtn.2018.09.025

233


https://doi.org/10.1016/j.semcdb.2021.04.006
https://doi.org/10.1002/emmm.201100209
https://doi.org/10.1158/2159-8290.CD-15-0893
https://doi.org/10.1158/2159-8290.CD-15-0893
https://doi.org/10.3389/fgene.2012.00120
https://doi.org/10.1038/nrd.2016.246
https://doi.org/10.1038/nrd.2016.246
https://doi.org/10.1038/mt.2013.113
https://doi.org/10.1016/j.omtn.2018.09.025

Highlights in Science, Engineering and Technology BFSPH 2024
Volume 123 (2024)

[40] Wu, J., Bonsra, A. N., & Du, G. (2009). pSM155 and pSM30 vectors for miRNA and shRNA expression.
Methods in molecular biology (Clifton, N.J.), 487, 205-219. https://doi.org/10.1007/978-1-60327-547-
7_10

[41] Wu, P., Wilmarth, M. A., Zhang, F., & Du, G. (2013). miRNA and shRNA expression vectors based on
mMRNA and miRNA processing. Methods in molecular biology (Clifton, N.J.), 936, 195-207.
https://doi.org/10.1007/978-1-62703-083-0_16

[42] Seyhan A. A. (2016). A multiplexed miRNA and transgene expression platform for simultaneous
repression and expression of protein coding sequences. Molecular bioSystems, 12(1), 295-312.
https://doi.org/10.1039/c5mb00506j

[43] Fan, J., Feng, Y., Zhang, R., Zhang, W., Shu, Y., Zeng, Z., Huang, S., Zhang, L., Huang, B., Wu, D.,
Zhang, B., Wang, X., Lei, Y., Ye, Z., Zhao, L., Cao, D., Yang, L., Chen, X., Liu, B., Wagstaff, W, ...
Yan, S. (2020). A simplified system for the effective expression and delivery of functional mature
microRNAs in mammalian cells. Cancer gene therapy, 27(6), 424-437. https://doi.org/10.1038/s41417-
019-0113-y

[44] Ruseska, I., & Zimmer, A. (2023). Cellular uptake and trafficking of peptide-based drug delivery systems
for miRNA. European journal of pharmaceutics and biopharmaceutics : official journal of
Arbeitsgemeinschaft ~ fur Pharmazeutische Verfahrenstechnik e.V, 191, 189-204.
https://doi.org/10.1016/j.ejpb.2023.08.019

[45] Dasgupta, I., & Chatterjee, A. (2021). Recent Advances in miRNA Delivery Systems. Methods and
protocols, 4(1), 10. https://doi.org/10.3390/mps4010010

[46] Schachner-Nedherer, A. L., Fuchs, J., Vidakovic, I., Hdler, O., Schratter, G., Almer, G., Fr&lich, E.,
Zimmer, A., Wabitsch, M., Kornmueller, K., & Prassl, R. (2023). Lipid Nanoparticles as a Shuttle for
Anti-Adipogenic mMiRNAS to Human Adipocytes. Pharmaceutics, 15(7), 1983.
https://doi.org/10.3390/pharmaceutics15071983

[47] Fattore, L., Cafaro, G., Di Martile, M., Campani, V., Sacconi, A., Liguoro, D., Marra, E., Bruschini, S.,
Stoppoloni, D., Cirombella, R., De Nicola, F., Pallocca, M., Ruggiero, C. F., Castaldo, V., Catizone, A.,
Del Bufalo, D., Viglietto, G., Vecchione, A., Blandino, G., Aurisicchio, L., ... Ciliberto, G. (2023).
Oncosuppressive miRNAs loaded in lipid nanoparticles potentiate targeted therapies in BRAF-mutant
melanoma by inhibiting core escape pathways of resistance. Oncogene, 42(4), 293-307.
https://doi.org/10.1038/s41388-022-02547-9

[48] Avdoshin, A., Naumov, V., Ciacchi, L., C., Ignatov, S., & K&ppen, S., (2023). Atomistic simulations of
chitosan as a possible carrier system for miRNA transport. Materials advances, VVol.4 (4), p.1113-1124

234


https://doi.org/10.1007/978-1-60327-547-7_10
https://doi.org/10.1007/978-1-60327-547-7_10
https://doi.org/10.1007/978-1-62703-083-0_16
https://doi.org/10.1039/c5mb00506j
https://doi.org/10.1038/s41417-019-0113-y
https://doi.org/10.1038/s41417-019-0113-y
https://doi.org/10.1016/j.ejpb.2023.08.019
https://doi.org/10.3390/mps4010010
https://doi.org/10.3390/pharmaceutics15071983
https://doi.org/10.1038/s41388-022-02547-9

