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Abstract

Glioblastoma multiforme (GBM) is perhaps the most devastating tumor of the central nervous system (CNS), with an 
approximately 7% five-year survival rate. The micro-RNAs (miRNA) miRNA-200a and are downregulated in GBM. We hypothesize 
that miPEP-200a and miPEP-200b, discovered in our lab, has potential to restore levels of miRNA-200a and miRNA-200b and 
function as inhibitors of migration of glioma cells. For this work, a literature search was conducted, identifying various upregulated 
and downregulated members of the miRNA family in GBM. A search for the miPEP-200 family was also performed. An in-depth 
analysis of the blood-brain barrier (BBB) components was conducted to determine feasible candidates for therapeutic treatment of 
GBM. There has recently been a substantial increase in studies examining the role of miRNA in GBM. A thorough review of existing 
literature showed that in GBM, 73% (256) of miRNAs involved are upregulated and 27% (95) are downregulated. The latter group 
contains miRNA-200a and miRNA-200b. It’s been shown that miRNA has excellent stability in the blood stream. Although miRNA 
can cross the BBB from the cerebrospinal fluid (CSF) to the blood, the reverse movement has not yet been shown. Considering 
the characteristics of the BBB combined with experimental data from various studies showing the ability of miRNA to cross the 
BBB, miRNA has potential for use as a therapeutic agent in GBM. Specifically, miRNA-200a and miRNA-200b are known to be 
downregulated in GBM. Interestingly, our laboratory recently discovered the novel proteins miPEP-200a and miPEP-200b, both 
products of pri-miRNA translation. These proteins may demonstrate great potential for upregulating miRNA-200a and miRNA-
200b, given data suggesting this positive feedback mechanism found in one study. Since miPEP-200a and 200b were shown to 
inhibit migration of cancer cells and Epithelial to Mesenchymal Transition (EMT) of cancer cells, we propose that these miPEP-200a 
and miPEP-200b may function as therapeutic agents for targeting the migration of glioma cells.
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Introduction
Background

Glioblastoma multiforme (GBM) remains the most aggressive 
primary tumor of the central nervous system (CNS), with a median 
survival of 12-16 months with the current standard of resection, 
radiation, and chemotherapy [1,2]. Despite being the most common 
malignant primary brain tumor and accounting for 3-4% of all 
tumor-related deaths, treatment advances have been limited with 
continued overall poor prognosis [3,4]. High cellular heterogeneity  

 
coupled with its infiltrative nature have made advances in 
systematic management difficult while making curative complete 
resection impossible [5]. There has been increasing interest in 
studying the role of micro-RNAs (miRNA) in GBM due to their role  
in treatment resistance, checkpoint avoidance, and tumorigenesis 
[6]. A PubMed query for the search phrase “glioblastoma AND 
miRNA” in October 2021 demonstrates a remarkable increase from 
2005, which mirrors interest in miRNA Figures 1 & 2.
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Figure 1: PubMed query results for search phrase “glioblastoma AND miRNA” from 2005 to 2021.

Figure 2: PubMed query results for search phrase “miRNA” from 1970 to 2021.

Micro-RNAs are a subset of a larger category of RNA 
molecules called noncoding-RNAs (ncRNA) [7]. These RNAs have 
traditionally been thought of as having a function other than 
the production of proteins. The general mechanism to produce 
proteins intracellularly is the following: DNA is first transcribed 
to messenger RNA (mRNA) via transcription factors. This “copy” 
is then transported outside the nucleus with various modifications 
made to the mRNA in the process. Once in the cytoplasm, the mRNA 
is recognized by ribosomes, which then translate its code, codon 
by codon, into proteins, which then perform their functions [8]. 
However, miRNA does not participate in protein synthesis. Instead, 
it can bind with high specificity to mRNA strands and inhibit their 
eventual translation to proteins via different mechanisms [9]. 
Interestingly, miRNA has been found to be highly involved in many 
neoplastic processes in recent years. It has been postulated that 
miRNA dysregulation is involved in most, if not all, cancer types. 
More specifically, the miRNA family has been shown to be involved 

in the epithelial-to-mesenchymal (ETM) transition process in 
various types of cancer. Previously, we have published results from 
our study demonstrating miRNA’s involvement in ETM in cells of 
prostatic adenocarcinoma [10].

Clinical Presentation

The clinical presentation of GBM remains varied and can include 
seizures, headaches, changes in mental status, and neurological 
deficits. Clinical presentation depends on the location of the tumor 
and its effect on structural areas of the brain. Changes in personality 
and disinhibition can be attributed to frontal cortex damage, 
auditory and visual dysfunction can be attributed to temporal 
lobe damage, and tumors near motor areas can cause weakness. 
Imaging, while varied, typically demonstrates a heterogeneously 
enhancing hypercellular lesion with possible areas of necrosis with 
surrounding vasogenic edema [11]. Figure 3 shows contrasted 
MRIs of two patients with GBM.

http://dx.doi.org/10.32474/LOJPCR.2022.03.000153
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Figure 3: Contrasted brain MRI of two patients with Glioblastoma Multiforme.
Tumor is outlined with dashed red line. Patient 1 (Images 1a and 1b): This patient is status post right parietal craniotomy and 
right parieto-occipital intraparenchymal mass resection. Mild linear diffusion restriction along the margins of the resection 
cavity compatible with devitalized soft tissue. Patient 2 (Images 2a and 2b): Intraparenchymal mass in the right frontal lobe 
measuring 6.7 x 3.3 x 5.7 cm, with findings most consistent with high grade glial neoplasm. Moderate microvascular ischemic 
changes including chronic infarcts in the bilateral basal ganglia, thalami, and pons/midbrain.

miRNA and Glioblastoma Multiforme 

As a result of recent interest in miRNA and its role in different 
cancers, many studies have examined its involvement in GBM. 
Although the vast majority of miRNA dysregulation in GBM has 
been shown to be in the form of overactivity, specific miRNAs, 
such as miR-593, have been found to be underactive in this setting 
[12,13]. An experiment involving circMELK in GBM showed that 
it could sponge miR-593, leading to neoplastic processes such 
as hyperproliferation and tumor invasion, among others. This is 
due to suppression of the regular activity of miR-592; it serves 
to inhibit translation of the oncogene Eph receptor B2 [14]. On 
the other hand, miR-21 suppression has been shown to induce 
apoptosis in vitro. This indicates that overexpression of miR-21 in 
GBM leads to inhibition of apoptosis, causing unregulated cellular 
proliferation [15]. A review by Shea et al. reports a comprehensive 
list of the most current miRNA subtypes found in GBM and their 
roles in the pathogenesis of the disease [16]. Of the 351 miRNAs 
involved, approximately 73% (256) are upregulated, and 27% (95) 
are downregulated [12]. Given that GBM is a hyperproliferative 
process, these findings imply that most miRNA subtypes involved 
in GBM target tumor suppressors since miRNA is an inhibitory 
regulator of translation. 

An interesting property of miRNAs in the setting of GBM is their 
ability to “transmit” resistance to adjacent cells. Buruiană et al. 
showed that extracellular vesicles (EV) derived from GBM contain 
miR-21 and miR-451, which can fuse with microglia and monocytes, 
leading to their proliferation. Additionally, by way of miR-21, both 
GBM and monocytes begin to show signs of proliferation, more 
aggressive invasion, as well as increased overall angiogenesis [17]. 
These properties may render GBM extremely resistant to treatment 
compared to other neoplastic processes. In one study, miR-1238 
was shown to be overexpressed not only in GBM patients compared 
to healthy individuals but also in temozolomide (TMZ)-resistant 
GBM [18]. Interestingly, in another experiment, when TMZ was 
administered to TMZ-sensitive GBM cells in a sustained manner, 
TMZ-resistance developed with concurrent overexpression of miR-
21. Following this process, silencing of miR-21 led to increased 
apoptosis along with decreased tumor invasion, indicating that 
miR-21 acted as an oncogene [19]. These studies demonstrate not 
only a clear role that miRNAs play in GBM development but, far 
more importantly, evidence that modification of their levels can 
lead to decreases in rates of tumor progression.

As multiple studies have shown, STAT3 activation appears to be 
a common culprit in GBM development and growth in the setting of 
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miRNA dysregulation [20-22]. STAT3 is a regulator of transcription 
involved in the immune system’s proper functioning. It is tightly 
regulated, and any deviation from its physiologic activity levels 
may lead to autoimmune diseases, lowered immune function, or 
neoplastic processes, including cancer [23]. miRNAs affect STAT3 
either directly or in an upstream manner. Specific miRNAs have 
been shown to decrease the production of STAT3 stimulators, which 
in turn reduce STAT3 activity. This mechanism can be thought of 
as “inhibition of inhibitors.” Other downregulated miRNAs in GBM, 
such as miR-519, have been shown to bind with the untranslated 
region of the STAT3 mRNA itself, thereby decreasing its production 
[24]. This mechanism can be thought of as a “failure of inhibition.” 
Decreasing STAT3 activity by reducing miR-21 levels has been 
demonstrated to reduce neoplastic cell survival and further 
proliferation significantly [25-26]. These findings make a strong 
case for miRNA’s role in glioma genesis and provide evidence 
that innovating new methods targeted at regulating miRNA levels 
could show remarkable improvements in GBM management and 
treatment. Furthermore, miRNAs may not only be used for GBM 
management but could be used as biomarkers. Several studies have 
examined various miRNA families as potential serum biomarkers 
for GBM diagnosis and prognosis. Although a significant number of 
miRNAs are dysregulated in GBM, not all can be relied on as useful 
serum markers. To identify promising biomarkers, these studies 
utilized quantitative reverse transcription-polymerase chain 
reaction to analyze patient serum levels of various miRNAs [27-35].  

Potential Role of miPEP  

Our laboratory very recent discovery of miPEPs may play a 
pivotal role in GMB pathogenesis, progression, and perhaps even 
treatment. As previously discussed, miRNA is a “noncoding-RNA” 
family member. Despite this misleading name, we have found that 
miPEP is, in fact, a protein product of ncRNA (pri-miRNA) translation 
[36]. We showed that pri-miRNA, a precursor of mature miRNA, 
possesses an open reading frame that can interact with ribosomes 
to produce miPEPs [36]. Mammalian prostate and breast cells were 
found to both express protein products of pri-miRNA translation 
[10]. The specific functionality of miPEPs is still quite unclear, 
given their recent discovery in mammalian cells. However, in one 
study, a positive feedback mechanism was described. In this study, 
miPEP was shown to stimulate the synthesis of mature miRNA in 
plant cells [37]. Although yet to be proven in mammalian cells, this 
relationship likely does exist to a certain extent. By studying the 
cellular pathways involved in diseases where miRNA is known to be 
a culprit, we can infer that a miRNA/miPEP interaction likely takes 
place [10]. 

In the context of GBM, the existence of this miRNA/miPEP 
interaction could lead to an entirely new understanding of the 
disease; it would add another dimension to the complexity of this 
already-intricate tumor. Given that this interaction exists (although 
at this time, this remains a hypothesis), we can examine different 
scenarios in which it has implications. It is also essential to mention 
recent developments in miRNA functionality. As previously 
discussed, miRNA’s primary mechanism of action is in the 
cytoplasm via interaction with its target mRNA strands. However, 
in 2018, one study demonstrated the existence of mature miRNA 
within the nucleus [38]. Furthermore, other experiments have 
demonstrated the ability of miRNA to interact with the nuclear DNA 
and to downregulate specific genes [39]. This may initially seem 
trivial; however, it provides incredible insight for the development 
of therapeutic agents. 

We have thus far established that in GBM, most miRNA subtypes 
involved are upregulated, and only 27% are downregulated. We 
have also discussed that upregulated miRNAs serve to inhibit the 
production of tumor suppressors, while downregulated miRNAs 
serve to inhibit oncogenic proteins. This logic is based on the main 
functionality of miRNA, which is to target mRNA strands, leading 
to halted translation. With our previous assumption of the positive 
feedback miRNA/miPEP interaction, we expect the addition of 
miPEPs produced from the upregulated miRNA population to 
worsen disease progression. Similarly, miPEPs made from the 
downregulated miRNA population may slow disease progression. 
However, we must also consider the more significant proportion of 
upregulated miRNAs (73%) than downregulated miRNAs (27%). 
Based on population size alone, if the highest possible concentration 
of miPEPs from the latter population is added, the maximal rate of 
downregulated miRNA production would likely still not be able to 
outweigh the upregulated population. There may, however, be a way 
to circumvent this intracellular roadblock. As mentioned previously, 
one of the newest developments in miRNA functionality is its 
activity in the nucleus and, even further, its ability to regulate gene 
expression via direct interaction with DNA [38-39]. By identifying 
the specific intranuclear miRNAs that interact with the genes 
producing the upregulated miRNA population in GBM; it allows us 
to silence those genes using a minimal amount of miRNA. As such, 
we simply silence the individual genes that lead to multiple copies 
of mature miRNA. In addition, this would concurrently increase the 
efficacy of miPEP. This is a classic example of a synergistic effect, 
in which the efficacy of compounds A and B together is far greater 
than the additive efficacy of compounds A and B individually. Figure 
4 provides a visual representation of this proposed mechanism.

http://dx.doi.org/10.32474/LOJPCR.2022.03.000153
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Figure 4: Mechanism for potential rescue of miRNA-200a and miRNA-200b levels in GBM by administration of miPEP-200a 
and miPEP-200b (Dashed blue line - organic synthesis of miPEP from translation of pre-miRNA)

Blood-Brain Barrier

One of the most significant impediments to developing 
therapeutic agents against GBM with high efficacy is the notoriously 
selective BBB. The cerebral vessels are comprised of an endothelium, 
connected by tight junctions, without any fenestrations. Various 
types of cells are also involved in the BBB. In addition to endothelial 
cells, the BBB includes mural cells, astrocytes, and immune cells 
[40]. The smooth muscle cells surrounding the endothelium and 
pericytes are mural cells. Pericytes are located within the basement 
membrane. Pericytes possess proteins that aid contraction, and by 
extending their process along the outer surface of the endothelium, 
these cells can differentially regular capillary diameter. Although 
these cells are an essential component of the functioning BBB, they 
also play a crucial role in angiogenesis and during BBB development. 
Although not a cellular component, the basement membrane (BM) 
is another part of the BBB. It contains various molecules such as 
heparin sulfate, collagen, and laminin.

The BM serves as one of the main barriers to entry into the 
cerebral parenchyma. It can be further divided into the vascular 
glia limitans perivascularis and the inner vascular BM, the former of 
which is produced by secretions from astrocytes. The inner vascular 
BM, on the other hand, is produced by secretions from pericytes and 
endothelial cells. Astrocytes are a cellular component of the BBB 
that can surround segments of the cerebral microvasculature. They 

also extend foot processes that contact neurons. These cells are 
unique in that they provide communication between neurons and 
the vasculature. This communication is crucial, as it relays neural 
activity to the vasculature, allowing for very tight regulation of 
blood flow based on neuronal activity and metabolic requirements 
[41]. 

There have been several studies focused on the role of astrocytes 
in GBM, many of which have demonstrated that these cells are 
involved in one capacity or another. [42-46] Interestingly, astrocytes 
have not been shown to play a role in the initial development of 
the BBB, unlike pericytes. Instead, they serve to maintain the 
function of the BBB following its development. Considering all the 
discussed components of the BBB, this elaborate make-up renders 
penetration to and from the brain parenchyma very selective and 
challenging in nature. Despite the BBB’s highly selective nature, 
there are mechanisms in place for the entry of specific molecules. 
Highly lipid-soluble substances can cross the BBB via simple 
diffusion [47]. Additionally, substances with low lipid solubility can 
cross the BBB, not by simple diffusion but rather carrier-mediate 
transport. Specific proteins can also enter the brain parenchyma 
through receptor-mediated transcytosis or absorptive mediate 
transcytosis [48]. These exceptions to the BBB’s highly selective 
nature present various opportunities for the delivery of therapeutic 
agents to restore normal miRNA levels.

http://dx.doi.org/10.32474/LOJPCR.2022.03.000153
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miRNA-200 and miPEP-200: Implications for 
Pharmacotherapy

The overexpression of various miRNAs has been elucidated 
in GBM. In essence, the goal of therapy concerning miRNA is to 
decrease the production or inhibit the activity of the upregulated 
miRNAs and vice versa for the downregulated miRNA. The 
miRNA-200 family consists of miRNA-200a, miRNA-200b, miRNA-
200c, miRNA-141, and miRNA-429, all of which have been shown by 
many studies to be downregulated in GBM tissue samples. Although 
this is generally the case, some members of the miRNA-200 family 
are differentially upregulated in specific grades of gliomas. For 
instance, miRNA-429 and miRNA-141-3p have been shown to be 
upregulated in high-grade gliomas compared to low-grade gliomas 
and healthy brain tissue.

Additionally, an association between miRNA-200 family 
dysregulation and epigenetic changes such as methylation of DNA 
and other histone modifications have been demonstrated. These 
changes were shown to lead to GBM disease progression. miRNA-
200b has specifically been shown to target multiple genes involved 
in GBM metastasis through BBB modification, rendering it more 
permeable. Studies examining the correlation between levels of 
the miRNA-200 family and their respective functions have revealed 
several important roles of its members. miR-200a has been shown 
to be downregulated in human gliomas in general as well as GBM, 
with evidence showing that by interfering with the SIM2-s gene, 
miR-200a behaves as a tumor suppressor. Hence low levels indicate 
an inability to prevent tumorigenesis. miR-200b was also found to 
have a similar expression profile, but instead, it targets the RAB 
family and ZEB2, both of which have oncogenic properties. Again, 
miR-200b acts as a tumor suppressor by inhibiting oncogenic 
products. Interestingly, miR-200b has been found to correlate with 
glioma histopathologic grading, making it a suitable candidate for 
use as a prognostic biomarker in gliomas. miR200c is also under 
expressed in various gliomas and has been shown to target moesin. 
Lastly, miR-141 was found to target TGF-β2, a key upregulated 
growth factor presents in many neoplastic processes, acting as a 
tumor suppressor. Interestingly, miRNAs of this family can regulate 
other miRNAs and be regulated by multiple other miRNAs. As 
a result, the intricate regulatory web that forms is extremely 
promising for identifying which miRNAs or combinations of miRNA 
can have the most positive impact in GBM [48].

Due to our relatively recent discovery of pri-miRNA-200a 
and pri-miRNA-200b-encoded proteins, termed miPEP-200a 
and miPEP-200b [36], there currently are no publications on the 
involvement of these proteins in GBM. However, we have shown in 
a previous study that both miPEP-200a and miPEP-200b markedly 
reduce not only prostate cancer migration, but also the process 
of epithelial-to-mesenchymal transition [36]. To achieve further 

granularity, the expression profiles of various proteins were 
obtained and, interestingly, vimentin was found to be considerably 
downregulated because of the increased expression of miPEP-200a 
and miPEP-200b. Furthermore, miRNA-200a and miRNA-200b 
are known to have similar effects on vimentin expression. Our 
findings were congruent with those of other studies, as vimentin is 
known to be involved in both cancer progression and the epithelial-
to-mesenchymal transition [36]. Interestingly, in a 2019 study 
by Nowicki et al., it was shown that vimentin plays a key role in 
increasing migration of GBM cells [49]. Thus, if miPEP-200a and 
miPEP-200b display a similar behavior in GBM as they did in 
prostate cancer, they may prove useful in developing a new class of 
GBM therapy which we call it as miPEP-therapy.

As discussed earlier, there is convincing evidence that miRNA 
can act as a gene expression regulator via direct interaction with 
DNA. Therefore, further studies identifying the precise gene that 
leads to each upregulated miRNA are the first step in developing 
an efficacious pharmaceutical agent for GBM. The next step would 
be to identify the regulatory miRNA capable of interacting with that 
gene. Finally, and perhaps the most difficult of the processes, we 
must locally increase the concentration of the isolated regulatory 
miRNA in the vicinity of the tumor. There are two main methods 
of accomplishing this: via infusion of miRNA into the bloodstream 
and the second via direct injection of the compound by way 
of intracerebral delivery. Each method has its advantages and 
disadvantages. Surprisingly, unlike other molecules containing 
nucleic acids, intravenous injection of miRNA does not lead to near-
immediate denaturation [50]; it has exceptional stability in the 
circulation, making it a good candidate for systemic distribution. 
On the other hand, one obstacle that remains is the BBB. It has 
been shown that miRNA can enter the bloodstream from the 
cerebrospinal fluid (CSF); however, the reverse direction of miRNA 
transport from the blood to the CSF has not yet been shown [51]. 

Further experiments to analyze the nature of this unidirectional 
flow of miRNA would allow for a better understanding of its 
mechanism. With the intracerebral method of drug delivery, the 
BBB is no longer an obstacle, as the drug is delivered directly to 
the ventricles, where the BBB has already been encountered [52]. 
Despite this relatively effective method of delivery, direct access to 
the parenchyma is required via either craniotomy or an injection 
tube. This procedure is far more invasive than an intravenous 
injection; furthermore, physical access to the brain parenchyma 
is associated with an elevated risk of serious infections, most 
commonly with pathogens such as Cutibacterium acnes, 
Staphylococcus epidermidis, and Enterobacter cloacae [53]. Of the 
two methods, intravenous injection of miRNA appears more ideal 
when considering patient comfort and potential for therapeutic 
efficacy. 
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We propose an additional area of study for developing 
pharmaceutical agents aimed at GBM. With the discovery of miPEPs 
in mammalian cells, novel approaches to treating various diseases, 
including GBM, are now possible. If miPEP behaves similarly 
in plant cells as in mammalian cells, that is, positive feedback 
regulation of its respective miRNA, then targeting diseases with 
under-expression of miRNA with miPEP appears to be a reasonable 
approach [11]. In GBM, however, overexpression of miRNA is 
generally the problem at hand. Under an earlier subsection, we 
have described the proposed mechanism for using miPEP in GBM 
as a therapeutic agent (mi-PEP therapy). 

Discussion
With the recent increase in experiments involving miRNAs and 

the discovery of miPEPs, new opportunities may present in creating 
solutions to managing or even treating aggressive diseases. The vast 
amount of knowledge that has been gathered has tremendously 
aided in classifying various families of miRNAs and their respective 
roles in diseases spanning multiple organ systems ranging from 
simple organ dysfunction to the most aggressive forms of cancer. 
This paper has examined the relationship between miRNAs and 
GBM to propose potential targets for treating this disease. A clear 
correlation has been shown with many miRNAs and GBM where 
either under expression or overexpression has been observed 
compared to healthy individuals. These molecules can act as either 
tumor suppressors or oncogenes in different settings, and their 
respective expression status provides insight into their potential 
role. In the setting of miRNA under expression, it is likely acting as 
a tumor suppressor, and in the setting of overexpression, it is likely 
acting as an oncogene [48].

This simple framework provides a robust starting ground for 
identifying intracellular and extracellular targets for therapeutic 
intervention. Furthermore, with our recent discovery of miPEPs, 
we now know that we are not limited to developing miRNA-
based agents for combatting this disease. miPEPs present 
another regulatory step for modifying miRNA levels indirectly 
yet innovatively. Taking advantage of this knowledge could lead 
to more direct medication delivery, smaller doses of medication 
needed, and even better outcomes due to the functional synergy 
between miPEP and miRNA. Although theoretically reasonable, this 
proposal requires validation by extensive experiments to identify 
the biochemical stability of miPEP in the microenvironment of 
the bloodstream, its relative size and charge, lipid solubility, and 
ability to cross the BBB. Aside from determining these essential 
molecular characteristics of miPEP, its functional ability must also 
be exhaustively studied. Given its recent discovery, miPEP presents 
a set of challenges in the context of identifying not only its tissue 
specificity but its functional specificity. If it is found that miPEP 
demonstrates a high degree of molecular promiscuity, it will render 

it an inferior candidate for use as targeted therapy. If molecular 
promiscuity is demonstrated, the specific effects of miPEP on these 
alternate organs, cellular components, and gene products must 
first be fully elucidated prior to consideration for treating specific 
pathologies, such as GBM.

Conclusions
If our proposal for the synergistic relationship between 

miPEP and miRNA holds, entirely new treatment methods can 
be developed for preventing, managing, or even treating GBM. 
Just as this aggressive tumor tends to evolve to resist therapeutic 
interventions, we must also fundamentally change how we 
approach it from a pharmacologic standpoint. This new miRNA 
revolution in medicine can prove extremely helpful in battling 
GBM. This, paired with the discovery of miPEPs, provides valid and 
exciting new avenues for researchers to begin a search for GBM 
treatment. With further research on the molecular characteristics 
of the various classes of miRNAs and identifying properties of 
their corresponding miPEPs, we can better understand how to 
circumvent the obstacles presented by the BBB and precisely and 
safely deliver these agents to GBM cells. 
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