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ABSTRACT

The current practice in the field of forensic medicine imposes the use of modern investigation
techniques. The complexity of laboratory investigation methods needed for a final result of the
investigation in forensic medicine needed new biomarkers of higher specificity and selectivity.
Such biomarkers are the microRNAs (miRNAs), short, non-coding RNAs composed of 19-24
nucleotides. Their characteristics, such as high stability, selectivity, and specificity for biological
fluids, differ from tissue to tissue and for certain pathologies, turning them into the ideal candi-
date for laboratory techniques used in forensic medicine. In this paper, we wish to highlight the
biochemical properties and the usefulness of miRNAs in forensic medicine.
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INTRODUCTION

In recent years, notable progress has been made regarding identification, analy-
sis, and investigation methods in forensic sciences.!? In order to obtain an ef-
ficient and accurate result, precise identification methods are needed for cer-
tain factors that are meant to answer a series of questions. This is the reason the
analysis of microRNA (miRNA) expression represents a good tool for the future,
to be introduced in the forensic laboratory.!34

miRNAs are short, non-coding RNAs that contain 19-24 nucleotides. From a
historical point of view, they were isolated and analyzed for the first time in 1990
in Caenorhabditis elegans.’ The utility of miRNAs in medical practice is based on
certain characteristics they encompass, such as high resistance to external factors,
specificity for a certain fluid or tissue, specificity for a certain disease, selectiv-
ity, and, last but not least, low processing costs.® At the same time, miRNAs are
involved in different pathological changes for which they present high selectivity
and specificity such as cancer, functional imbalance, infections, or traumatisms.
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These properties make miRNAs the ideal candidate for us-
age in the routine practice of the forensic laboratory.!”

For a more efficient analysis of miRNAs, different anal-
ysis techniques were developed. The most well-known
identification, isolation, and characterization methods for
miRNAs are quantitative real-time PCR (qPCR), miRNA
arrays, RNA sequencing, or multiplex miRNA profiling.8-12

In the following paper, we wish to present the biologi-
cal and biochemical characteristics of miRNAs and their
utility in the forensic laboratory, in accordance with their
specificity and selectivity for certain biological fluids, tis-
sues, or diseases.

BIOGENESIS OF MIRNAS

The first stage in the biogenesis of miRNAs is represented
by the transcription of RNA sequences by RNA polymerase
I1.13 This process leads to the formation of the first miR-
NAs, the so-called pri-miRNAs. The factors responsible
for the transcriptional modulation of these precursors are
represented by members of the TP53 family such as TFD,
p53, p63, and p73.1415 pri-miRNAs are RNA sequences
composed of approximately 70 nucleotides. They are sub-
ject to the action of two proteins with nuclear activity, i.e.
nuclear RNA-binding protein DiGeorge Syndrome Criti-
cal Region 8 (DGCRS) and ribonuclease III-type protein
Drosha. The molecular reactions modulated by these two
proteins lead to the formation of pre-miRNAs, the precur-
sors of miRNAs, followed by their export from the nucleus
into the cytoplasm through a nuclear transport protein
called Exportin 5.1617 In the cytoplasm, the pre-miRNAs
are transformed into the miRNA/miRNA* duplex through
the action of a Dicer protein. A fragment of this duplex
forms a complex with the RNA-induced silencing complex
(RISC), this being the last stage in the biogenesis of ma-
ture miRNAs, composed of 19-24 nucleotides.!$:1

Some of the miRNAs are exported from the cell in dif-
ferent ways. There are two release mechanisms discussed
in the literature, active and passive. In the case of active re-
lease mechanisms, miRNAs are attached to cellular secre-
tions such as lipoproteins, micro-vesicles, exosomes, and
ectosomes, while in the case of passive release mechanisms
they end up in the extracellular environment in the form of
apoptotic bodies?0-22 (Figure 1).

SPECIFICITY OF miRNAS FOR
BIOLOGICAL FLUIDS AND TISSUES

Because the cell is capable to release miRNAs in the extra-
cellular space, their impact on different areas and lines of
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work such as medicine, criminalistics, and diagnostic labo-
ratories has been discussed in a series of specialty papers
in the literature. Moreover, the utility of miRNAs in analy-
sis and diagnosis methods took wings in recent years due
to their specificity for certain types of tissues and fluids.®
Recent studies report a series of specific miRNAs, either
for certain tissues, or for certain biological fluids. Wang et
al. isolated and identified miRNA expressions in different
biological fluids such as venous blood, vaginal discharge,
menstrual blood, sperm, saliva, and buccal swabs, using
the TagMan RT-qPCR technique. Their studies showed
a high specificity of miRNA-16 for venous blood, in com-
parison to other fluids, turning it into an important tool for
forensic medicine and criminalistics.*

Weber et al. conducted a similar study, analyzing 12
biological fluids — amniotic fluid, breast milk, bronchial
lavage, cerebrospinal fluid, colostrum, peritoneal fluid, sa-
liva, seminal fluid, tears, and urine - in order to obtain a
profile of constitutive miRNA expression.2? They reported
hundreds of identified miRNAs for each fluid type, and in
order to determine miRNA specificity for each fluid type,
they performed further validation tests for these certain
species. By using the validation methods for miRNA, they
reported a series of miRNAs with high specificity for a cer-
tain type of biological fluid. They identified miRNA-224,
miRNA-483-3p, miRNA-518f*, miRNA-508-3p, miRNA-
551b, miRNA-182, miRNA-1352*, miRNA-139-3p, miR-
NA-801, miRNA-369-3p, miRNA-801, miRNA-369-3p,
miRNA-519d, miRNA-229-5p, miRNA-373, miRNA-
330-5p; for breast milk miRNA-193b, miRNA-10a, miR-
NA-28-5p, miRNA-924, miRNA-150*, miRNA-518c*,
miRNA-217; for saliva miRNA-182*, miRNA-450b-5p,
miRNA-622, miRNA-141, miRNA-26a, miRNA-145*%,
miRNA-135b*, miRNA-381, miRNA-96*, miRNA-1228,
miRNA-431%; for peritoneal fluid miRNA-129*, miR-
NA-583, miRNA-223, miRNA-627, miRNA-29b-1*; for
amniotic fluid miRNA-636, miRNA-92a-1*, miRNA-
376b, miRNA-26b, miRNA-556-5p, miRNA-593*%; for
seminal fluid miRNA-508-5p, miRNA-644, miRNA-17,
miRNA-380*, miRNA-29b-2*, miRNA-340; and for tears
miRNA-637. They also identified miRNAs species in colos-
trum such as miRNA-18a*, miRNA-513-5p, miRNA-10b*,
miRNA-192*, miRNA-193b*, miRNA-130a*, while in the
cerebrospinal fluid miRNA-577.23

Petersen et al. also studied miRNA expression in blood
samples, saliva, and sperm. After several determinations,
they identified a series of miRNAs such as miRNA-4301,
miRNA-451, miRNA-486-5p, miRNA-223, miRNA-29c,
miRNA-4286, miRNA-16, miRNA-205, miRNA-1246, and
miRNA-1274a.> Hanson et al. conducted a similar study in
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which they analyzed the expression of miRNAs in differ-
ent biological fluids, underlining the specificity for each
type of fluid, which is of utmost importance for their us-
age in forensic medicine. They identified a series of spe-
cies with high specificity for certain fluids like blood with
miRNA-16 and miRNA-451, semen with miRNA-135b
and miRNA-10b, saliva with miRNA-205 and miRNA-658,
vaginal secretion miRNA-124a and miRNA-372, and men-
strual blood with miRNA-451 and miRNA-412.24

With regard to miRNA specificity for certain tissues, a
series of miRNA expressions were reported in the litera-
ture, which can be used in forensic medicine and crimi-
nal investigations. Guo et al. studied miRNA expression
presenting specificity for a range of tissues, identifying
miRNAs with high specificity for certain organs and sys-
tems.25-2° For the heart they identified miRNA-1, miR-
NA-126, miRNA-208, miRNA-302a, miRNA-302b, miR-
NA-302c, miRNA-302d, miRNA-367, miRNA-133a, and
miRNA-133b; for the kidney they reported expression of
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miRNA-200a, miRNA-196a, miRNA-196b, miRNA-10a,
miRNA-10b, miRNA-146a, miRNA-30c, and miRNA-
204; for the liver miRNA-122, miRNA-483, miRNA-92a,
and miRNA-192. In the neural tissue they identified a
variety of miRNAs, as follows: miRNA-199a, miRNA-
199b, miRNA-214, miRNA-153, miRNA-137, miRNA-7,
miRNA-143, miRNA-99b, miRNA-125a, miRNA-125b,
miRNA-31, miRNA-124, miRNA-129, miRNA-138, miR-
NA-218, miRNA-708, miRNA-8, miRNA-128a, miRNA-
128b, miRNA-186, miRNA-95, miRNA-149, miRNA-323,
miRNA-330, miRNA-33a, miRNA-346, miRNA-93, and
miRNA-212. Also, there were certain miRNA expres-
sions identified for the spleen - miRNA-223 and miR-
NA-146a; for the thymus — miRNA-96, miRNA-182, and
miRNA-205; for bones — miRNA-482, miRNA-377, and
miRNA-92a; or for the pancreas - miRNA-216a, miRNA-
216b, and miRNA-217.30 Sood et al. have studied miRNA
expression in body tissues, reporting the existence of cor-
relations between a certain tissue type and miRNA expres-
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sion in certain species.? For the liver they have identified
the expression of miRNA-122a, for the heart miRNA-1
and miRNA-133a, for the brain miRNA-9, for the pancre-
as miRNA-216, for the lungs miRNA-223, for testis miR-
NA-204, for bone marrow miRNA-223, and for skeletal
muscle miRNA-1 and miRNA-133°,30-35

miRNAS IN TOXICOLOGY

A high number of investigations in forensic medicine and
criminalistics have as main aim the identification of poten-
tial toxic substances. While most toxic substances act at
cellular level, they also have an influence on the molecular
mechanisms involved in the biogenesis of miRNAs. This
led to the identification of a series of miRNAs with high
specificity for certain toxic substances.

Yang et al. have studied the modifications induced by ac-
etaminophen in children. Their studies reported a signifi-
cant increase in plasma miRNAs such as miRNA-122, miR-
NA-375, miRNA-423-5p, miRNA-30d-50, miRNA-125b-5p,
miRNA-4732-5p, miRNA-204-5p, miRNA-574-3p, as well
as urine miRNAs such as miRNA-375, miRNA-940, miR-
NA-9-3p, and miRNA-302a.3¢ Wang et al. have studied the
toxic effects induced by four volatile agents, formaldehyde,
benzene, toluene, and xylene, on miRNA expression. Their
studies underline significant changes in miRNA-1187,
miRNA-125a-3p, miRNA-125b-5p, miRNA-466¢-5p, miR-
NA-5105, and miRNA-3472 expressions.”” A similar study
was conducted by Bollati et al. regarding the influence of
cadmium on miRNA-146a expression.3$3

Bisphenol A is a compound that plays an essential role
in the production of plastic masses used in the fast-food in-
dustry. Awissar-Whiting et al. have reported changes in the
expression of miRNA-21, miRNA-335, and miRNA-153 af-
ter interactions with this compound.#

Another compound with toxic actions is 2,3,7,8-tetra-
chlorodibenzo-p-dioxin, found in tobacco leafs. Singh et
al. have studied the effects this compound has on miRNA
expression, reporting important changes in the expression
of miRNA-122, miRNA-181a, miRNA-23a, miRNA-18b,
miRNA-31, and miRNA-182.4

THE USE OF miRNAS IN AUTOPSY

The use of miRNA expression can bring a variety of im-
provements to the analysis methods used in the forensic
autopsy. Whereas, in the literature, miRNA expression it
associated with a series of pathologies and pathophysio-
logical dysfunctions, it can be a good indicator in clarifying
the cause of death.
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USING miRNAS AS A BIOMARKER FOR CANCER

Identifying miRNA expression has lately gained momen-
tum especially due to research conducted in neoplastic
diseases. Because cancer patients need fast, cheap, and
precise diagnostic methods, miRNA expression and their
correlations with a series of clinical aspects have been
studied extensively in these patients. Recent studies have
shown that there are significant correlations between
specific modifications of miRNA expressions and certain
types of cancer.

Gastric cancer is one of the most common types of can-
cer, being responsible for a high number of deaths around
the world. Liu et al. have identified an increase in miRNA-1
expression in case of gastric cancer patients.*> Zhang et al.
have also studied miRNA expression in gastric cancer,
showing a significant decrease in miRNA-421 expression
in this disease.*> Song et al. have reported an increase in
miRNA-221 expression in gastric cancer patients.** An-
other frequent type of cancer is colorectal cancer. Huang
et al. have reported an increase in miRNA-29a expression
in case of patients suffering from this disease.*s

Lung cancer kills a large number of subjects every year.
It is triggered either by a genetic predisposition, or exoge-
nous factors.* Wang et al. have studied miRNA expression
in pulmonary cancer patients and showed a modification
of miRNA-125a-5-, miRNA-25, and miRNA-126 in sick in-
dividuals, in comparison to healthy ones. Moreover, their
study underlined a higher than 80% specificity and sensi-
tivity for these miRNAs in pulmonary cancer.¥

Rehbein et al. have also conducted research regarding
miRNA expression in bronchial lavage, identifying a series
of changes in miRNA-19b-1, miRNA-1285, miRNA-1289,
miRNA-1303, miRNA-217, miRNA-29a-5p, miRNA-
548-3p, and miRNA-650 expressions.* Powrozek et al.
also identified significant changes in miRNA-944 and miR-
NA-3662 expressions in lung cancer.®

If we were to have a global view on the molecular
changes induced by oncological diseases, we can say that
for each type of cancer there is — or should be - a specific
type of miRNA or a certain miRNA with higher specific-
ity. Clearly, there has been extensive research on specific
miRNAs in different types of cancer, more than what we
have mentioned so far. Thus, Zhou et al. identified chang-
es in miRNA-21, miRNA-26a, miRNA-27a, miRNA-122,
miRNA-192, miRNA-223, and miRNA-801 in case of he-
patocellular cancer.’® Vincent et al. report changes for
miRNA-16 and miRNA-25 in case of multiple myeloma.5!
Mitchell et al. have studied miRNA expression in case of
prostate cancer patients and have shown significant chang-
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es in miRNA-141 expressions.*2 In a similar study, Redova
et al. acknowledge miRNA-141 modifications in case of
prostate cancer.>3

USE OF miRNAS AS A BIOMARKER FOR
CERTAIN CLINICAL DISORDERS

There are a series of lethal clinical disorders. Using miR-
NAs for their diagnosis can be useful in establishing the
cause of death during the autopsy. Moreover, highlighting
specific miRNAs for each type of affection can facilitate the
work of the forensic pathologist, being of utmost help in
forensic medicine.

Cardiovascular diseases are a leading cause of death
worldwide,>* and coronary artery disease and its com-
plication, acute myocardial infarction, are the most fre-
quently discussed diseases in the literature. Recent stud-
ies report a series of modifications at the miRNA level in
case of coronary artery disease. Fictlscherer et al. have
studied the modifications of miRNA expressions in case of
cardiovascular diseases and especially coronary diseases.>
Their study shows a significant decrease in miRNA-126,
miRNA-17, miRNA-92a, miRNA-145, and miRNA-155
and an increase in miRNA-133 and miRNA-208a expres-
sions.5 In a similar study, Weber et al. identified an impor-
tant decrease of miRNA-19a, miRNA-484, miRNA-155,
miRNA-222, miRNA-29a, miRNA-378, miRNA-342, miR-
NA-181a, miRNA-145, miRNA-150, and miRNA-20e-5p in
case of patients suffering of coronary artery disease.>

Acute myocardial infarction is also one of the lead-
ing causes of death. Cheng et al. identified an increase in
miRNA-1 expression in these patients,”” their findings
being confirmed by Ai ef al.5® Similar studies have been
conducted by Olivieri et al., reporting an increase in miR-
NA-1, miRNA-133a, miRNA-423-5p, miRNA-499-5p, and
miRNA-21 expressions in myocardial infarction.>

miRNAs can also be used in the diagnosis of a variety
of other diseases such as Alzheimer’s. Cogswell et al. have
studied changes in miRNA expressions in this disease,
reporting a decrease in miRNA-127, miRNA-181c, miR-
NA-9, and miRNA-29a/b expressions.®® Another common
affection is diabetes mellitus. Karoline et al. have identified
an increase in miRNA-144 expression in these patients.

USING miRNAS AS A BIOMARKER
FOR MULTIPLE TRAUMA

Multiple trauma can occur either after car or domestic ac-
cidents, or after physical aggression. In order to facilitate
tissue, organ, or system diagnosis, several studies regard-
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ing miRNA expression in case of trauma have been con-
ducted.o!

Traumatic brain injury is one of the most common trau-
matisms, being responsible for severe disability. Wang
et al. have analyzed the expression of miRNAs in case of
cerebral injuries, highlighting an increase in miRNA-155
and miRNA-223 expression.6? In a similar study conducted
by Sun et al., a significant increase in miRNA-142-3p and
miRNA-221 expression in case of severe brain injuries has
been reported.®?

Spinal cord injury is of similar severity.5* Liu et al. have
shown a decrease in miRNA-137, miRNA-181a, miRNA-
219-2-3p, and miRNA-7a expression and an increase in mi-
croRNA-21 expression in case of laboratory models with
induced spinal cord injuries.5

In case of a multiple trauma, the thoracic injuries are
most common, leading indirectly to respiratory failure.
This condition appears due to direct or secondary injuries,
including severe inflammation, infections, or acute respi-
ratory distress syndrome (ARDS). Huang et al. have ana-
lyzed miRNA expression in case of laboratory animals with
ARDS and have shown an increase in miRNA-99a, miR-
NA-344, miRNA-127, miRNA-346, miRNA-128b, miRNA-
135b, miRNA-30a, and miRNA-30b expression. They have
also identified a decreased expression of miRNA-26a, miR-
NA-126, and miRNA-24.66

USING miRNAS AS A BIOMARKER
IN SEVERE INFECTIONS

A large number of subjects die every year because of se-
vere infections.®” In current medical practice, there are a
number of diagnostic techniques to identify the pathogen.
Nevertheless, there are situations in which patients are in a
critical stage because of pathophysiological and biochemi-
cal dysfunctions, severe inflammation, immunodepres-
sion, and multiple injuries, and these patients eventually
develop sepsis. Because of infections caused by multiple
germs, but also because of the constant decrease in the
body’s immune capacity, septic shock will appear, leading
to multiple organ dysfunction syndrome (MODS). Unfor-
tunately, a high percentage of patients die every year be-
cause of severe infections and MODS.

Lately, there have been a series of modifications in-
duced by pathogens on miRNA expression, representing
a real challenge for forensic medicine. Wang et al. have
shown a decrease in miRNA-223 and miRNA-146 expres-
sion in case of septic patients.® Vasilescu et al. have made
a statistically significant correlation between miRNA-150
and an increase in the concentration of pro-inflammatory
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cytokines such as interleukin 18 (IL-18).9 Schmidt et al.
analyzed the influence of Escherichia coli on miRNA ex-
pression, showing changes in miRNA-146b, miRNA-150,
miRNA-143, miRNA-342, and miRNA-143 expression.”0

CONCLUSIONS

In forensic sciences, the identification of the type and ori-
gin of body fluids (saliva, whole blood, menstrual blood,
semen, vaginal secretions, and urine) found at the crime
scene represents an important tool for the identification of
the biological source. At present, conventional serologi-
cal and biochemical methods used for the identification of
body fluids have certain limitations such as low sensitivity
and specificity, time and sample consumption, and labora-
tory work. In the last 20 years, DNA molecular analysis has
become an important tool in forensic investigations. Cur-
rently, it is possible to genotype all types of biological trac-
es or micro-traces containing nucleated cells if they are not
entirely destroyed chemically or by bacteria. DNA profil-
ing is based on short tandem repeats (STR) and aids in the
identification of biological samples, but due to the recent
advances in molecular genetics over the past 10 years, new
methods have been developed and introduced, and other
biomarkers, such as miRNAs, have been proposed to be
used in forensic identifications.

Introducing miRNAs in the current forensic laboratory
practice represents a golden goal regarding investigation,
monitoring, and diagnostic methods. Their high specific-
ity, as well as their compatibility with DNA analysis, makes
them ‘ideal’ biomarkers for forensic medicine use. At the
same time, research needs to be continued in order to as-
sess the performance of microRNAs as biomarkers in de-
terminations from degraded samples or degraded biologi-
cal fluids.

In conclusion, we can state that miRNAs can be used
as biomarkers in the diagnosis of a variety of pathophysi-
ological dysfunctions or as indicators in forensic medicine
procedures. Nevertheless, more studies are needed regard-
ing the specificity and selectivity of miRNAs for biological
fluids, tissues, or a series of pathophysiological disorders.
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