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Abstract

Background: Age determination is a vital factor in biological identification in forensics. This study was carried out
to determine the expression levels of three target genes (Keratin 9 (KRT9), Loricrin (LOR) and Corneodesmosin
(CDSN)) in salivary epithelial cells and how they can be used in age determination using reference gene, β-actin.
Thirty young adults participated in the study and were divided into three groups according to their ages (16–20,
21–25, and 26–30). Ribonucleic acid (RNA) extraction, complementary deoxyribonucleic acid (cDNA) synthesis and
quantitative polymerase chain reaction (qPCR) were performed. Data analysis was done using IBM SPSS Version 26
and the comparative Ct method (2−ΔΔCt method).

Results: CDSN was detected in all the sampled age groups. Though the age group 16–20 had the highest (0.4237)
expression of CDSN among the three age groups, there was no significant difference (p > 0.05) in the expression of
the gene among the three age groups. The LOR gene was lowly expressed across all age groups used in the study.
The expression of the gene did not significantly differ (p > 0.05) between the control and 26–30 years age group,
but they were however significantly higher (F = 36.47, p ≤ 0.05) than the expression of the gene in both 16–20 and
21–25 years age groups. The KRT9 gene was expressed only in age groups 16–20 and 26–30 and the expression of
the gene did not significantly (p > 0.05) differ between these age groups. Though the expression of all the target
genes was low, it was observed that the LOR gene expression varied among 21–25 and 26–30 age groups;
therefore, more data and further analyses are still required since this experimental approach for age determination
using gene expression is still at an emerging stage.

Conclusion: Although RNA concentration was low and the expression values of the genes were low and could not
be used in comparing the expression levels among the three age groups, it can be concluded that the three
messenger ribonucleic acid (mRNA) markers CDSN, LOR and KRT9, as well as the ACTB reference mRNA marker
analysed via the described qPCR assays, are suitable for identifying epithelial cells in saliva.
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1 Background
The need for the development of novel techniques to
assist the law in taking its course remains on the in-
crease with the alarming rate of crimes and sexual as-
saults. Body fluid identification is a vital component
in forensic investigations as it plays a great role in
pinning down perpetrators of criminal acts. The body
fluids of interest in forensic studies include blood, sal-
iva, semen, vaginal discharge and menstrual blood.
The information obtained from these body fluids are
important and may assist in the successful resolution
of judicial processes.
Saliva is a thick, colourless fluid of great import-

ance that is secreted in human beings. It is produced
and secreted from pairs of major salivary glands and
several minor salivary glands. The basic secretary
units of salivary glands are clusters of cells called
acini [1]. Saliva has been progressively studied as a
non-invasive and relatively stress-free diagnostic al-
ternative to blood [2], and this has aroused great
interest among researchers especially in the field of
forensics. Its popularity as a fluid of interest in fo-
rensic analysis has been amplified by its similarity
with plasma and the non-invasive, painless, easy and
cost-effective method of collection, besides the rela-
tive safety associated with collecting and handling it.
Although this biological fluid is easy to manipulate
and collect, careful attention must be directed to
limit variation in specimen integrity [3]. Whole sal-
iva houses secretions released from the salivary
glands (parotid glands, submandibular glands and
sublingual glands) and gingival crevicular fluid and
also contains desquamated oral epithelial cell [4].
Messenger RNA (mRNA) may provide the necessary
specificity, sensitivity and automation capabilities
that modern forensic biology laboratories require for
cellular origin identification [5]. At a crime scene,
the ability to ascertain the depositor of a biological
fluid is crucial to forensic investigators. Determin-
ation of age and sex are important factors in foren-
sic sciences.
The biological age of an individual is an advanta-

geous biometric that may be open to molecular gen-
etic analysis. Messenger RNA profiling is likely to
play a major role in the future of forensic biochem-
istry, not only for the identification of body fluids
and tissue, but also in the determination of the age
of an individual (a stain donor) [6]. Recently, the
analysis of cell-specific messenger RNA expression
(mRNA profiling) has been proposed to supplant
conventional methods for body fluid identification
[7]. The basis of mRNA profiling in the identifica-
tion of body fluid and tissue is the fact that each in-
dividual tissue type comprises of cells that have a

unique transcriptome (i.e. mRNA) profile, that is,
each cell type has its own transcriptome, and differ-
ences in expression patterns can be utilized to iden-
tify mRNA markers with strong overexpression in
one relative to the other forensically relevant cell
types (such as body fluids) [5].
Studies have revealed the presence of a mix of epi-

thelial cells and leukocytes in varying proportions in
saliva and buccal swab samples, especially in saliva [3,
8, 9]. The exfoliated epithelial cells from the oral mu-
cosa constitute a significant cellular component in the
saliva [10]. Buccal swab sampling has been recom-
mended as the preferred method of choice to
minimize cellular heterogeneity for downstream stud-
ies. However, chances of finding salivary donor com-
pared to finding the saliva stain itself at a crime
scene are slim. This emphasizes the need to
characterize the transcriptome of epithelial cells of
saliva samples and not those obtained from buccal
swabs.

2 Methods
2.1 Ethical approval
Prior to sample collection, the research details were
explained to all the participants after which they
willingly consented to participate in the study. Ques-
tionnaires were completed by all the study partici-
pants and informed written consent was obtained.
The study protocol was approved by the Health Re-
search Ethics Committee (CMULHREC number,
CMUL/HREC/10/19/618) of the University of Lagos,
Nigeria.

2.2 Study design
Saliva samples from thirty healthy individuals were
used for the analysis. The individuals were divided
into three groups (16–20, 21–25, 26–30) according to
their age. Each group consisted of 10 individuals, 5
males and 5 females, respectively. Individuals were
provided with forms to provide their details such as
age and sex. Only individuals within the different age
groups and with good oral health history participated
in the research.

2.3 Materials used for the study
Ribonucleic acid (RNA) extraction, complementary
DNA (cDNA) synthesis and quantitative PCR (qPCR)
were performed using the Quick-RNA MiniPrep Kit,
LunaScript RT SuperMix Kit (NEB #E3010) and Luna
Universal qPCR Master Mix Kit (NEB #M3003),
respectively.
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2.4 Sample collection
At least 2 ml of unstimulated saliva was collected
from each individual using the passive drooling
method into a plain bottle. Individuals were advised
not to consume anything 30 min before sample collec-
tion and to rinse their mouths with water and sit
comfortably without swallowing and allow the saliva
to accumulate in the floor of their mouth. After 5
min, they were asked to tilt their heads slightly for-
ward, open their mouths and allow the saliva to flow
into the plain bottle. The plain bottles containing the
saliva samples were then placed in a cooler box prior
to RNA extraction.

2.5 Ribonucleic acid (RNA) extraction
RNA was extracted using Quick-RNA MiniPrep Kit ac-
cording to the manufacturer’s instruction. The RNA iso-
lation consists of three steps: sample lysis/
homogenization, sample clearing/genomic deoxyribo-
nucleic acid (gDNA) removal and RNA purification. All
steps were performed at room temperature (20–30 °C).
RNA was stored at − 80 °C.

2.6 Spectrophotometry
RNA quality and quantity were determined spectro-
photometrically by analysing absorption ratios: A260/
230 and A260/280 using a Nanodrop 1000 spectropho-
tometer (6305 JENWAY spectrometer).

2.7 Complementary DNA (cDNA) synthesis
cDNA synthesis was done using the LunaScript RT
SuperMix Kit (NEB #E3010). The cDNA synthesis reac-
tion was prepared by adding 4 μl of LunaScript RT
SuperMix (1×) to 10 μl of the RNA sample and made up
to 20 μl with 6 μl of nuclease-free water. The reactions
were then incubated. The primers were allowed to
anneal for 2 min at 25 °C followed by cDNA synthesis
which lasted for 10 min at 55 °C. The last stage of this
process was heat inactivation which lasted for 1 min at
95 °C.

2.8 Quantitative PCR (qPCR)
qPCR was done using the Luna Universal qPCR Master
Mix Kit (NEB #M3003). Dye-based qPCR detection was
prepared using 10 μl of Luna Universal qPCR Master
Mix (1×), 0.5 μl of 10 μM forward primer (0.25 μM),
0.5 μl of 10 μM reverse primer (0.25 μM), 2 μl of cDNA
products and 7 μl of nuclease-free water. Initial denatur-
ation (1 cycle) was carried out for 60 s at 95 °C, denatur-
ation (40–45 cycles) for 15 s at 95 °C and extension (40–
45 cycles) for 30 s at 60 °C. Melt curve (1 cycle) was de-
termined at 60–95 °C for 60 s.

2.9 Primers
The primer sequences for the target genes and reference
gene were designed on PrimerBlast and validated on
NetPrimer and Oligoanalyzer (Table 1).

2.10 Statistical analysis
All numeric data generated were analysed using IBM
SPSS Version 26 [IBM SPSS Inc., USA]. Analysis of
variance (ANOVA) was used to compare group
mean values and mean differences were separated
using Duncan multiple range test at 5% level of sig-
nificance. Graphs were plotted using GraphPad 8.0.1
software. The comparative threshold cycle (CT)
method (2−ΔΔCt method) was used to analyse the ex-
pression level of the target genes as described by
Ren et al. [11].

3 Results
3.1 Spectrophotometry
Absorbance ratios for A260/A280 and A260/A230 were deter-
mined for 1 μl of each sample using a Nanodrop 1000 spec-
trophotometer (6305 JENWAY). The values were low in all
the samples. Only samples with RNA concentrations of 1.0
ng/μl and above were included in the analysis. Correlation
analysis of the spectrophotometric values revealed that
RNA quality measured at 260/230 absorbance significantly
correlated (p < 0.01) with RNA yield (ng/μl). Other parame-
ters measured showed no correlations with one another
(Table 2).

Table 1 Primer sequences

Genes Primer sequences

Beta-Actin (ACTB) Forward primer—5′-GACCTGTACGCCAACACAGT-3′

Reverse primer—5′-CTCCTTCTGCATCCTGTCGG-3′

Corneodesmosin (CDSN) Forward primer—5′-CTCCTTCTGCATCCTGTCGG-3′

Reverse primer—5′-GGAACCGGATGCACCTTGTA-3′

Keratin9 (KRT9) Forward primer—5′-AGTTGGAGGTGTTTTCCAGGG-3′

Reverse primer—5′-TGGGGTTGGGAGGTAGTTGT-3′

Loricrin (LOR) Forward primer—5′-TGGCTTTCCATTGGCTTCCA-3′

Reverse primer—5′-AAGATCGTGCAGGGTGTGAG-3′
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3.2 Quantitative PCR analysis for the CDSN gene
qPCR analysis of the CDSN gene revealed that there
was low expression of the gene among sampled age
groups who participated in the study. Participants in
the age group 16–20 had the highest expression of
CDSN among the three age groups. However, there
was no significant difference in the expression of
the gene among the three age groups (p > 0.05).
The expression of the CDSN gene in the control (β-
actin) was significantly different (F = 17.08, p ≤
0.05) from its expression in all three age groups
(Fig. 1/Table 3).

3.3 Quantitative PCR analysis for the LOR gene
qPCR analysis of the LOR gene reveals low expression
of the gene across all age groups used in the study.

The expression of the gene did not significantly differ
(p > 0.05) between the control (β-actin) and the age
group 26–30, but they were however significantly
higher (F = 36.47, p ≤ 0.05) than the expression of
the gene in both 16–20 and 21–25 age groups (Fig.
2/Table 4).

3.4 Quantitative PCR analysis for the KRT9 gene
qPCR analysis of the KRT9 gene revealed an expression
of the gene only in age groups 16–20 and 26–30 and the
expression of the gene did not significantly differ (p >
0.05) between these age groups. The gene was not de-
tected in the control (β-actin) and 21–25 age groups
(Fig. 3/Table 5).

3.5 Comparison of expression of the three genes used in
the study
Compared to other genes, CDSN had the highest expres-
sion across all the age groups including the control
(Table 6). LOR had the lowest expression across all sam-
ples while KRT9 was only detected in age groups 16–20
and 26–30 (Fig. 4).

4 Discussion
Age determination has long been one of the most im-
portant goals of forensic scientists and the biological age

Table 2 Correlation analysis between RNA quality and yield

260/280 260/230 ng/μl Age

260/280 1.000 0.302 0.364 0.315

260/230 1.000 0.717** 0.110

ng/μl 1.000 0.225

Age 1.000

**Significant at p < 0.01

Fig. 1 Expression of CDSN among age groups evaluated
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of an individual is an advantageous biometric that may
be open to molecular genetic analysis. Messenger RNA
(mRNA) may provide the necessary specificity, sensitiv-
ity and automation capabilities that modern forensic
biology laboratories require for cellular origin

identification [5]. The current study aimed at determin-
ing the age of individuals based on differences in gene
expression.
The study focused on three skin-specific mRNA

markers, namely, Corneodesmosin (CDSN), Loricrin
(LOR) and Keratin 9 (KRT9). The three target genes
are involved in the differentiation or maintenance of
the keratinization and cornification of the skin. KRT9
belongs to the superfamily of intermediate filament
proteins that are expressed in all different epithelial
cell types. About 20 human epithelial keratins exist,
and each function as an important building block of
the cytoskeleton of epithelial cells; also, each epithelial
keratin has its own specific function or timing in the
cellular dynamics. They are expressed, mostly in pairs
or subsets, during terminal skin cell differentiation, in
the different stages of development and in different
epithelia [12]. A type I keratin, KRT9, is expressed
only in the suprabasal cells of the epidermis and has
previously been found to be specifically expressed in
palmar and plantar skin [12]
CDSN, a 52- to 56-kDa basic glycoprotein, is spe-

cific to the cornified epithelia and the inner root
sheath of hair follicles [13]. LOR is initially expressed
in the granular layer of the epidermis during cornifi-
cation and comprises about 80% of the total protein
mass of the cornified envelope [14]. Both CDSN and
LOR are involved in the assembly of the epidermal
cornified cell envelope, with CDSN mainly detected in

Table 3 CDSN quantification cycle (Cq) results

Biological set name Cq

19 A1 31.72

18 A2 35.67

20 A3 32.48

18 A4 33.78

19 A5 0.00

24 B1 33.21

22 B2 0.00

26 C1 34.32

27 C2 34.74

26 C3 34.16

29 C4 36.27

26 C5 34.26

29 C6 34.06

27 C7 34.51

27 C8 34.71

27 C9 34.52

- Control 1 34.85

- Control 2 33.37

Fig. 2 Expression of the LOR gene among age groups evaluated
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uppermost spinous and granular layers [15]. Beta-
actin (ACTB), the reference gene used in the study
was used for normalizing expression signals of skin-
targeted mRNA markers. It was chosen from five
commonly used genes (β-actin (ACTB), β-2-
microglobulin (B2M), glyceraldehyde-3-phosphate de-
hydrogenase (GAPDH), cyclophilin B (PPIB) and Ubi-
quitin C (UBC)) [16], which were all tested for
ubiquitous expression across forensically relevant
samples. Of all reference candidate genes, ACTB has
been reported to have the least variation in salivary
epithelial cell [5]. Actins are highly conserved proteins
that are involved in cell motility, structure and integ-
rity. ACTB is a major component of the contractile
apparatus and is also one of the two non-muscle
cytoskeletal actins.
The RNA concentration and yield were very low

across all samples. It was suggested that this was due
to ribonucleases present in saliva, which could hinder
analysis of RNA in the saliva [17]. Recent studies sug-
gested that the method which uses a saliva-specific
RNA extraction kit always produces better RNA con-
centration and yield characteristics as it contained a
protecting solution which stabilizes salivary RNA [18].
It therefore was suggested that the low RNA concen-
tration of the saliva samples might be due to the use

Table 4 LOR quantification Cq results

Age Biological set name Cq

19 A1 34.16

18 A2 28.62

20 A3 26.44

18 A4 34.06

19 A5 35.51

24 B1 0.00

22 B2 36.10

26 C1 32.86

27 C2 26.72

26 C3 31.57

29 C4 0.00

26 C5 0.00

29 C6 36.19

27 C7 27.05

27 C8 0.00

27 C9 37.79

- Control 1 0.00

- Control 2 40.21

Fig. 3 Expression of the KRT9 gene among age groups evaluated
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of a general RNA extraction kit and not a saliva-
specific RNA extraction kit. It was observed that
there was a significant (p < 0.01) correlation between
RNA quality and RNA yield, and this can be inter-
preted as the less contaminated the sample is, the
greater the yield expected.
The CDSN gene was detected in all the sampled age

groups. Though the age group 16–20 had the highest ex-
pression of CDSN among the three age groups, there
was no significant difference (p > 0.05) in the expression
of the gene among the three age groups. The expression
of the CDSN gene in the control was significantly differ-
ent (F = 17.08, p ≤ 0.05) from its expression in all three
age groups. The LOR gene was lowly expressed across
all age groups used in the study. The expression of the
gene did not significantly differ (p > 0.05) between the
control and age group 26–30, but they were however
significantly higher (F = 36.47, p ≤ 0.05) than the expres-
sion of the gene in both 16–20 and 21–25 age groups.

The KRT9 gene was expressed only in age groups 16–20
and 26–30 and the expression of the gene did not sig-
nificantly differ (p > 0.05) between these age groups.
The gene was not detected in the control and 21–25 age
groups.
While both CDSN and LOR genes were detected in

all age groups which agrees with a study carried out
by Visser et al. [5], KRT9 was only detected in 16–
20 and 26–30 age groups. Among the three genes,
CDSN had the highest expression across the three
genes. CDSN and LOR have high sensitivity for hu-
man skin epithelial cells [19], and this can be con-
firmed by the presence of CDSN and LOR, though
low, in all saliva samples across the three age
groups, due to the fact that buccal cells which are
present in the saliva have strong similarity with epi-
thelial cells. Gomes et al. [19] reported that prelim-
inary results suggest a probable lower sensitivity of
detection for KRT9 in the analysed skin tissues, and
this could account for the absence of KRT9 in the
second age group (21–25).
This study was designed to define the phenotypic

differences between young adults within different age
groups in relation to mRNA expression levels of cer-
tain genes. Individual variation in gene expression
may likely be a result of the collection of all relevant
genetic influences [20]. Although RNA concentration
was low and the expression values of the genes were
low and could not be used in comparing the expres-
sion levels among the three age groups, it can be
concluded that the three mRNA markers CDSN,
LOR and KRT9, as well as the ACTB reference
mRNA marker analysed via the described qPCR as-
says, are suitable for identifying epithelial cells in
saliva.

5 Conclusion
Messenger RNA (mRNA) analysis poses a reliable
method for the positive identification of most bio-
logical materials obtained from crime scenes in foren-
sic investigations. Studying the gene expression levels
of certain skin markers of the oral epithelial cells
which are present in the saliva can be incorporated
into age determination on the basis of individual

Table 5 KRT9 quantification Cq results

Age Biological set name Cq

19 A1 35.23

18 A2 24.28

20 A3 28.39

18 A4 0.00

19 A5 0.00

24 B1 0.00

22 B2 0.00

26 C1 35.18

27 C2 38.14

26 C3 36.06

29 C4 2.26

26 C5 23.60

29 C6 0.00

27 C7 28.84

27 C8 29.14

27 C9 16.32

Control 1 0.00

Control 2 0.00

Table 6 Expression values of each gene among the sampled age groups

Group Mean ± standard deviation (CDSN) Mean ± standard deviation (LOR) Mean ± standard deviation (KRT9)

Control (2) 1.336 ± 0.7751 0.0055 ± 0.0008 0.0000 ± 0.0000

16–20 (5) 0.4237 ± 0.0766 0.0011 ± 0.0001 0.1296 ± 0.0149

21–25 (2) 0.0854 ± 0.0000 0.0003 ± 0.0000 0.0000 ± 0.0000

26–30 (9) 0.1939 ± 0.0358 0.0083 ± 0.0018 0.1591 ± 0.0001

Values are expressed in mean ± standard deviation
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variation in gene expression which could be a result
of genetic influences. In this present study, though
the expression of all the target genes was low, it was
observed that gene LOR expression varied among the
age groups 21–25 and 26–30; therefore, more data
and further analyses are still required since this ex-
perimental approach for age determination using gene
expression is still at an emerging stage.

Abbreviation
2−ΔΔCt method: Comparative threshold cycle (CT) method; ACTB: Beta-actin;
B2M: β-2-Microglobulin; cDNA: Complementary deoxyribonucleic acid;
CDSN: Corneodesmosin; Cq: Quantification cycle; GAPDH: Glyceraldehyde-3-
phosphate dehydrogenase; gDNA: Genomic deoxyribonucleic acid;
KRT9: Keratin 9; LOR: Loricrin; mRNA: Messenger ribonucleic acid;
p: Probability value; PPIB: Cyclophilin B; qPCR: Quantitative polymerase chain
reaction; RNA: Ribonucleic acid; UBC: Ubiquitin C
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