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Abstract

Background: Identification of menstrual blood is an important issue in forensic biology, but there are no

confirmatory methods for its detection. This study aimed to investigate the use of mRNA markers (hemoglobin
alpha (HBA), matrix metalloproteinases 7 &11 (MMP7 &MMP11) as forensic markers for differentiation between
menstrual and peripheral blood stains.

Results: HBA was present in all peripheral and menstrual blood samples with higher levels in peripheral blood.
MMP 7&11 were absent in peripheral blood samples. MMP7 levels were higher than that of MMP11 throughout
days of menstruation (days 1-5).

Conclusion: HBA, MMP7&MMP11 could be useful markers for differentiation between menstrual and peripheral

blood stains. Further studies should be conducted on various fabrics and other body fluids.
Keywords: Menstrual blood, mRNA, MMP7, MMP11, HBA, Peripheral blood

Background

Identification of biological materials (e.g. body fluids,
blood) which are frequently recovered from crime scenes
offers crucial information to investigation of the violent
crimes (Takamura et al., 2017).

In the field of forensic biology, the ability to differentiate
between menstrual and peripheral blood is an issue of par-
ticular importance especially in setting of alleged sexual as-
saults (Virkler & Lednev, 2009). Over many years, several
methods have been proposed for distinguishing the men-
strual blood from peripheral one (Jakubowska et al., 2014).
However, these methods have not proven to be reliable or
confirmatory. Recently, mRNA profiling has taken the wid-
est interest for use in forensic casework based on its univer-
sality, modification and easily application to detect various
body fluids (Roeder & Haas, 2013). In terms of markers,
matrix metalloproteinases (MMP7, MMP10 and MMP11)
involved in tissue remodeling and the cleavage of
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extracellular matrix proteins were the first mRNA markers
detected for menstrual blood (Jakubowska et al., 2014).
While d-aminolevulinate synthase 2 (ALAS2) and
hemoglobin alpha (HBA) markers are found in both per-
ipheral and menstrual blood (Roeder & Haas, 2013).

Therefore, the current study aimed to investigate the
use of mRNA markers (HBA, MMP7 &MMP11) as foren-
sic markers for differentiation between menstrual and per-
ipheral blood stains.

Methodology

Study design and setting

A prospective, cross-sectional study was given to a pur-
poseful, convenient sample of normal, healthy adult vol-
unteers gathered between January to December 2016.

Study population

Ninety eligible participants aged 14 to 59 years were re-
cruited during the study period. The sampled population
were categorized into 2 groups, 45 for each. Group I (Study
Group) included healthy females aged 14 to 49 vyears
followed up within 1st 5 days of their menses. The second
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group (Control Group) included proportionate distribution
of healthy male and female individuals. Potential partici-
pants who had hematological disorders, coagulopathies,
hepatic diseases, and females with menstrual disorders were
excluded from the study.

The study represents collaborative research between Fo-
rensic Medicine and Toxicology Department and Bio-
chemistry and Molecular Biology Unit at The Medical
Biochemistry Department, Faculty of Medicine, Cairo
University, Egypt. The study was conducted according to
the declaration of Helsinki and the protocol was approved
by Ethics Research Board of both departments (World
Medical Association, 2001). All participants provided writ-
ten informed consents before being enrolled in the study.

Study measurements

Ninety blood samples of approximately 5 ml were drawn
from each participant to measure MMP7, MMP11 and
HBA. Samples collected from the study group (n = 45) were
menstrual blood, while those collected from the control
group (n=45) were peripheral (venous) one. In this con-
text, samples have been regarded to range in age among
both groups and the day of the menstrual cycle in Group L.

RNA extraction

Nucleic acid extraction kit (NucleoSpin®) was purchased
from Macherey- Nagel GmbH and Co. KG-Germany.
200 pl of each studied sample was placed in collection
tube with 700 pul Buffer TR lysis buffer for RNA extrac-
tion and purification according to manual instructions
provided by applied kit. RNA purity was assessed by
measuring concentration by Beckman dual spectropho-
tometer at 260—280 ultraviolet invisible wave length.

Primer design and selection

Primers were designed by Life Technologies company
(Life Technologies corporation, Carlsbad, CA). For the
selection of the ideal primer pair, the considered factors
are included: melting temperature (Tm: 60-65 °C), GC
content (40%—-60%) and amplicon length of about 90—
200 base pairs (bp).

Reverse transcription and PCR

The qPCR kit was provided by Bioline, a median life sci-
ence company, UK (SensiFAST™ SYBR® Hi-ROX). Accord-
ing to manufacturer’s instructions, the reactions were
carried out in a total volume of 20 pL containing 5 pL
qPCR SyGreen Mix, HRox, 2X; 1 pL Forward Primer;
1 pL Reverse Primer; 0.5 pL. 20 RTase/Inhibitor Mix; 5 pL
Total RNA and 7.5 uL RNAse free water. The thermal cy-
cler conditions were as follows: one cycle of reverse tran-
scription for 10 min at 55 °C and initial activation for
2 min at 95 °C and 40 cycles of denaturing at 95 °C for
5 s, annealing and extension at 60 °C for 1 min.
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Calculation of relative quantification (RQ) (relative
expression)

After the RT-PCR run, the data was expressed in Cycle
threshold (Ct). The PCR data sheet included Ct values
of assessed genes (MMP7, MMP11 and HBA) and the
reference gene (GAPDH). Therefore, target gene expres-
sion was assessed and related to reference gene as
follows:

ACt sample = Ct assessed gene — Ct reference gene
AA Ct = ACt sample — ACt control gene

And finally, RQ was calculated according to the fol-
lowing equation:

RQ — 27(AACt)

Statistical analysis

Data was coded and entered using the statistical package
SPSS version 22. Data was summarized using mean and
standard deviation. Comparison between groups was done
using the nonparametric Mann-Whitney test and the
One-way Analysis of Variance (ANOVA). Probability (P)
values equal or less than .05 were considered as statisti-
cally significant. Correlation was done to test for linear re-
lations between quantitative variables by Pearson
correlation coefficient. The closer to 1 (+ or -) the stron-
ger the relationship.

Results

During the study period, 90 healthy individuals, aged 14—
59 were eligible to participate in the current research.
Characteristics of study participants are shown in Table 1.
The female participants comprised 100% of the study
groups and 51.1% (n = 23) of the control one (Table 1).

As shown in Table 2, no significant correlation was
found between age of the participants and the levels of
HBA in both peripheral and menstrual blood samples,
MMP7 and MMP11 (Table 2).

Table 1 Baseline demographic characteristics

Number %
Gender
« Males 22 244
+ Females 68 756
Age in years (mean + SD) 438+ 104
Range 14-59
Residence
« Urban 73 81.1
« Rural 17 189
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Table 2 Correlation between age of participants and HBA,
MMP7 and MMP11 levels

Peripheral Menstrual

HBA MMP7 MMP11 HBA  MMP7 MMP11
Correlation 0.196 0.083 027 0.083
Coefficient (r)
95% Confidence  —0.104- 0 0 —-234 -649- —63-
Interval (Cl) 0463 -4 0.24 0.028
P value 0.197 0.58 0.068 0.85

The mean levels of HBA, detected in blood samples
of the entire study population, had significantly higher
levels in the menstrual blood compared to the periph-
eral one (P<.001) Fig. 1. However, those levels
showed no statistically significant difference among
female and male participants within the control group
(P =.866).

As shown in Table 3, comparison between the
mean values of MMP7 and MMP11 through differ-
ent days of menstruation showed no statistically sig-
nificant difference. Higher mean levels were noticed
among second and third days. Where the mean
values of HBA showed statistically significant differ-
ence throughout 5 days of menses (P=.01) (Table 4),
as mean level of HBA measured on day five was sig-
nificantly decreased compared to mean levels of first
and second days of menses (P <.05).

Metalloproteinases (MPP7and11) were detected
only in all menstrual blood and absent in peripheral
blood samples (0%). Comparison between different
mean levels of (MMP7 and MMP11) through differ-
ent days of menstruation are provided in Table 5.
Although, the mean values of MMP7 were higher
than that of MMP11, this difference was not statisti-
cally significant (P >.05).
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We noticed that the difference in the mean levels of
HBA were extremely significant compared to those of
MMP7 & MMP11 through day 1 to 5 (P <.001) (Fig. 2).

Discussion

In the current study, GAPDH was used as a refer-
ence gene due to the fact that its transcription level
remains relatively constant in response to experi-
mental manipulation in most tissues (Li et al., 2010).
The same study instrument was adopted by other re-
searches such as Bauer et al. (2008) and Hass et al.
(2009), wherein GAPDH was detected in all body
fluids including menstrual and peripheral blood.

Overall, HBA was detected in the entire study sam-
ples including menstrual and peripheral ones. This
finding is consistent with previous studies where
blood markers HBA and aminolevulinate synthase 2
(ALAS2) were expressed in both menstrual and per-
ipheral blood (Nussbaumer et al., 2006; Hass et al,
2011; Jakubowska et al., 2014; Song et al., 2015).

This may be related to the fact that HBA and
hemoglobin B (HBB), as subunits of hemoglobin, are
in the meantime ideal indicators for the presence of
blood and menstrual secretion. The latter is com-
prised of a complex mixture of different tissue types
including blood (30-50%), degraded endometrial tis-
sue and epithelial cells shed at the vaginal lumen
(Lindenbergh et al., 2012; Zhao et al., 2017).

Our results supported the fact that the matrix me-
talloproteinases (MMP7 and MMP11) are involved in
the cleavage of extracellular matrix proteins and in
tissue remodeling. Thus, in the endometrium, they
function to break down the extracellular matrix of
the endometrial stroma (Farage & Maibach, 2016;
Jakubowska et al., 2014).

P value < .001

Mean levels

HBA of peripheral

Fig. 1 HBA in peripheral (male and female participants) and menstrual blood samples

HBA of Menstrual
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Table 3 Comparison between MMP7&MMP11 mean through different days of menses

Day 1 Day 2 Day 3 Day 4 Day 5 P value
MMP7 115+ 072 1.03 £ 0.63 1.18 £ 0.82 093 £ 038 0.72 £ 037 0.67
MMP11 0.78 £ 032 094 + 032 093 + 0.60 0.70 £ 0.19 0.55 £ 0.29 0.25

Similar to other studies, MPP7&11 were detected
in all menstrual blood samples with absolute absence
from peripheral blood samples. However, this finding
was in contrast to the study conducted by Roeder et
al. (2013), who showed poor specificity of MMP7
and MMP11 for differentiating menstrual from blood
samples. This difference can be attributed to the dif-
ference in RNA amount added to their reactions;
nonspecific signals might have occurred as a result
of too much RNA with subsequent fallacies. Such
findings raise concerns about the importance of
standardization of RNA amount involved in the cor-
responding reactions (Jakubowska et al.,2014).

In the current work, the difference in the mean
levels of HBA in both peripheral and menstrual
blood samples was extremely significant with higher
mean value among peripheral blood samples. This
could be related to insufficient quantity and quality
of blood obtained from menstrual samples by that
menstrual blood samples lacked blood in both quan-
tity. Only 30% to 50% of samples are blood with
high percentage of mRNA degradation, therefore, it
is not to be expected that menstrual blood will show
the same expression levels as peripheral one (Hass et
al., 2009; song et al,2015). In the same context,
comparison between HBA mean values exhibited a
significant descending pattern through 1st 5 days of
menses (P=.0159). Variation in gene expression ex-
pected over the reported days of menstruation, espe-
cially towards the end of menstruation, as menstrual
blood flow can vary significantly may be the factor
that influenced such pattern (Hass et al., 2014).

In terms of metalloproteinases, the mean levels of
MMP11 in menstrual blood had rising pattern reach-
ing its peak on the 2nd day (0.94) and 3rd day
(0.93) of menses then declined to its lowest values
on 4th and 5th days, however this difference was
not statistically significant. Although these results
were consistent with previous work of Bauer and
Patzelt, (2008) who reported reduced expression of
MMP11 on day one (62%) compared to on days 2
and 3 (90-94%), however Hass and his colleagues

Table 4 Mean levels of HBA through different days of menses

Day 1 Day 2 Day 3 Day 4 Day 5 P value
HBA 36 38 3.02 243 1.67 001"
+1.32 +0.63 +191 +1.89 +2.13

“significant P < 0.05

(2014) could not confirm that, which might be due to the
time point of sample taking and inter-individual
differences.

In the same setting, expression of MMP7 was de-
clined throughout the days of menses with the high-
est mean value was in the third day and the lowest
mean value was in the fifth day, with no significant
difference. It was in accordance with other studies
which evaluated the variation in marker detection
amongst the samples from day one to day four of
menstruation and concluded that the expression of
menstrual blood markers varies depending on the day
that sampling has occurred (Hass et al., 2014; Patel
and Peel 2008).

Based on their mean values, MMP7 and MMP 11
showed no significant difference throughout days of
menses from day one to day five. This is consistent
with other studies where MMP7 and MMP11 ap-
peared equally useful in the determination of men-
strual secretion although MMP7 seems to be more
sensitive; as higher signals were obtained when com-
pared to MMP11 throughout menstrual days (Hass
et al., 2009; Song et al., 2015; Lindenbergh et al,
2012; Xu et al, 2014).

A former study conducted by Bauer and Patzelt (2008)
employing Real Time PCR revealed that MMP7 expres-
sion is a strong evidence for the menstrual sample. Their
findings were inconsistent with the results generated in
our study wherein MMP11 expression was found to be
more constant and stronger than MMP7 expression dur-
ing menstruation. Similarly, Hass and his colleagues found
the MMP7 marker to be more suitable than the MMP11
marker in delimiting the menstrual period (days 1-4),
since some vaginal secretion samples (days 6—28) revealed
high MMP11 expression (Hass et al., 2009).

This highlights the truth that if a forensic sample is re-
covered from the first day of menses where endometrial
cells are completely or partially absent and mRNA from

Table 5 Distribution of the mean values of MMP7 and MMP11
through different days of menstruation

MMP7 MMP11 P value
Day one 115+ 072 0.78 £ 032 0.14
Day two 1.04 = 0.63 0.94 £ 0.31 0.65
Day three 119+ 082 0.93 £ 0.60 045
Day four 093 + 037 0.70 £ 0.19 0.16
Day five 0.72 £ 037 0.55 £ 0.29 044
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the MMP11 gene are still in low levels which cannot be
utilized for forensic analysis (Bauer & Patzelt 2002).
MMP?7 is thought to be more relevant as a marker for
mRNA amplification because it can be amplified by the
use of easily acquired commercially produced testing kits
for immediate use in a forensic laboratory. MMP7 has
smaller amplicon size (101 base pairs bp) in comparison
to MMP11 (455 bp) that makes MMP11 a less valuable
marker for menstrual blood identification in a forensic la-
boratory (Counsil and McKillip, 2010). Moreover, despite
the successful reduction of MMP11 amplicon size down
to 200 bp in some studies it is still much larger than
mRNA amplified from the MMP7 menstrual blood
marker (Ferri et al., 2004).

Conclusion

HBA, MMP7&MMP11 could be useful markers for differ-
entiation between menstrual and peripheral blood stains
using Real time RT-PCR which is a suitable technique to
assess the mRNA expression. Further studies should be
conducted on various fabrics as jeans, wood, towels and
glass containing peripheral and menstrual stains, also stud-
ies including detection of MMP7 & MMP11 on other body
fluids as urine, sweat, vaginal fluid and semen to detect sen-
sitivity and specifity of these markers as forensic markers
for detection of menstrual blood.
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