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ABSTRACT

The fact that telomere shortening occurs with aging leads to the hypothesis that a correla-
tion could be made between telomere length (TL) and suspect age. This study aimed to assess if
TL can be used as an investigational tool to predict human age through developing a formula
based on this correlation with accuracy suitable to be applied in forensic practice. A quantita-
tive real-time PCR study was carried out on 80 Egyptians, ranging in age from I- 79 years.
The results confirmed that the relative TL significantly shortened with aging; “r” = -0.903 (p <
0.001). The human age could be determined by the following formula: (Y= 66.9-28X), (Y: age
in years; X: relative TL), with a regression analysis between relative TL and age had an R =
0.815. The standard error of age estimate was +10.14 years. The present study concluded that
estimation of human age based on the relative TL measured by quantitative real-time PCR may
be a useful method for age prediction, especially when there is no morphologic information in
the biological samples, but the estimated standard error of age prediction in this study was
quite high (=10 years) to be used with certainty in forensic investigations. Inter-individual vari-
ations in TL and variability among the gender must be also considered when applying this
method. So, this method could only give a rough estimation of age and it may be a complemen-
tary method for age estimation from soft tissues.

Keywords: Telomere length, molecular, biomarker, human age prediction, quantitative real-time

PCR, Egyptians.

INTRODUCTION found at crime scene with the DNA profile
of suspects or with all profiles in a state or
In forensic practice, scientists compare national databank (Kelly et al., 2013).
unique genetic DNA profiles of individu-
als extracted from biological evidences When there is no suspect to compare

Mansoura J. Forensic Med. Clin. Toxicol. Vol. XXIII, No. 1, Jan. 2015



Madboly et al ...

with, the scientist cannot help the investi-
gators regarding what physical character-
istics to look for in a suspect by using
DNA profile, other than gender (Ballan-
tyne, 2007).

It would be useful for the scientists to
predict the outward appearance of an in-
dividual such as age, height, ethnicity,
hair and skin color, by analyzing the DNA
left behind in a crime scene to narrow
down the range of suspects (Hewakapuge
et al., 2008).

One important phenotypic characteris-
tic is age of the suspect. Medical examin-
ers have been able to determine the age of
an individual by examining dental records
and various features and measurements of
the skeleton (Lynnerup et al., 2010).

A sample of biological evidence (e.g. a
bloodstain) usually carries no morphologi-
cal information. In this case, age estima-
tion method on a molecular basis would
be very useful (Karlsson et al., 2008).

There are four basic methods for esti-
mation of the age of a person at the molec-
ular level; deletions of mitochondrial
DNA, shortening of telomeres, racemiza-
tion of aspartic acid and advanced glyca-
tion end products (AGEs) (Meissner and
Ritz-Timme, 2010).

Telomeres (from the Greek telos [end]
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and meros [part]) are DNA protein com-
plexes at the ends of chromosomes, com-
posed of tandem TTAGGG repeats rang-
ing from few to 15 kilo bases in length.
Telomeres play an essential role in the
maintenance of genomic stability by pro-
tecting the ends of chromosomes from
DNA damage (Thomas et al., 2008; Price et
al., 2013).

Very little is known about the quantita-
tive relationship between human telomere
length (TL) and donor age. As a result, it is
difficult to determine age by existing data.
In addition, there is no research report of
systemic population about telomere short-
ening (Takasaki et al., 2003; Ren et al.,
2009).

Saeed et al. (2012) confirmed that it is
necessary to design basic science experi-
ments for better evaluation of the role of
TL in molecular prediction of biological
age, as it remains the most promising bio-
marker for this purpose.

As forensic biological samples may con-
tain highly fragmented DNA molecules,
analyzing telomere repeats using real-time
polymerase chain reaction (PCR) enables
analysis of DNA of low concentration and
partially degraded (Karlsson et al., 2008;
Alaeddini et al., 2010).

Therefore, this study was conducted to
assess the correlation between TL meas-
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ured by a quantitative real-time PCR and
human age, to see if TL can be used as an
investigational tool for predicting human
age through developing a formula (an
equation) based on this correlation, with
accuracy suitable to be applied in forensic
practice.

SUBJECTS AND METHODS

Subjects :

This is a quantitative real-time PCR
study that was carried out on randomly
selected 80 subjects, ranging in age from 1-
79 years, with the following inclusion cri-
teria:

- All are Egyptians.

- Healthy with no history of any chronic
diseases or tumors.

- Unrelated (to exclude the effects of
ethnicity and inheritance effects on telo-
mere length).

Active smokers, obese or individuals on
any kind of chronic medical treatment
were excluded from the study (to exclude
their effects on telomere length).

The subjects included in this study
were stratified into a balanced sex distrib-
uted eight groups (each group had an
equal numbers of males and females of
corresponding ages), and each group com-
prised a 10-years, representing each dec-
ade of life; {(= 1 0 years), (11-20 years), (21-
30 years), (31-40 years), (41-50 years), (51-
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60 years), (61-70 years) and (71-80 years)}.

Informed consent was taken from all
subjects included in the study (from
adults or from caretakers of minors); all
subjects completed an in-person interview
that ascertained information about the
aim, general steps and scientific value of
this study.

This study was approved by The Local
Research Ethical Board of Faculty of Medi-
cine, Benha University. All results were
registered in special sheets of the study,
which were confidential.

Sampling :

Whole peripheral venous blood sample
(about 3 ml) was collected from each sub-
ject enrolled in the study, by trained nurs-
ing staff of Benha University Hospitals,
and put immediately in vacationer tubes
containing EDTA.

Each sample was mixed and divided
into two eppendorf tubes, stored at -80°C
for further processing at the laboratory.

Genomic DNA extraction :

DNA was extracted using QIAamp
DNA blood mini kit (Qiagen, Germany),
following the manufacturer instructions.

The extracted DNA concentration was
confirmed through measurement by Nan-
oDrop 2000c Spectrophotometer. Readings
were taken at wave lengths of 260 and 280
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nm. Concentration of DNA sample was
measured= 50 ug/mL *A260* (Alhusseini
et al.,, 2014).

Quantitative Real time PCR :

The reference DNA sample was pre-
pared from pooled sample. Four serial di-
lutions were prepared and used in ampli-
fication plates as standards.

In ABI7900 fast real time machine (Ap-
plied Biosystem USA), the design of the
plates was to measure telomer hexamer re-
peat (THR) copy number in each individu-
al sample and reference DNA diluted
sample in the same plate in a condition:
95°C,15min for initial denaturation fol-
lowed by 20 cycle of 95°C, 30sec.; 54°C,
1min.; 72°C, 30sec.

The same design of the previous plate
was done in another plate for both single
copy gene (SCG) 36B4 and housekeeping
gene human p-globin (HBG) with condi-
tions 95°C, 15min for initial denaturation
followed by 30 cycle of 95°C, 30sec. ; 58°C
,Imin.; 72°C,30sec. The primers used in
these amplifications are described in table
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(1). The master mix used in amplification
was SuperReal PreMix Plus (SYBR Green)
TIANGENE BIOTECH.

The autosomal single copy gene 36B4
gene, which encodes acidic ribosomal
phosphoprotein PO, is located on chromo-
some No. 12 and we chose the 36B4 gene,
because it has already been validated for
gene dosage studies (Boulay et al., 1999).

There is no reliable method to directly
measure telomere length (TL) in human
cells (Ren et al., 2009). Measurement of rel-
ative TL depends on quntitation of THR
copy number normalized to autosomal
SCG copy number (Cawthon, 2002). The
ratio between THR/SCG is proportional
to the TL if the number of copies of SCG
Cell! is the same in all individuals being
studied.

We must be sure that the number of
cells were equall in each sample used,
thereby we normalized the SCG quantity
(C, versus Log flouresence) to housekeep-
ing gene quantity p-globin, A C, 5CG /A
C, B-globin for all samples. It should be

Table (1) : The primers used in reference DNA amplifications (Alhusseini et al., 2014).

Gene

(3-3)

Forward

Reverse

AGGGTGAGGGT

THR | GGTTTTTGAGGGTGAGGGTGAGGGTG

TCCCGACTATCCCTATCCCTATCCCTAT
CCCTATCC-CTA

36B4 | CAGCAAGTGGGAAGGTGTAATCC

CCCATTCTATCATCAACGGGTACAA

HBG | GCTTCTGACACAACTGTGTTCACTAGC

CACCAACTTCATCCACGTTCACC
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1+0.05. Since the TL was quantified as a
ratio, the absolute TL in base pairs was not
obtained. The relative TL was believed to
reflect the actual differences in TL in indi-
viduals (Nakagawa et al., 2004).

Statistical design:

The collected data were organized, tab-
ulated and analyzed using SPSS version
16 software (Spss Inc, ILL Company,
USA). Data were expressed as mean and
standard deviation. Kolomogrov Smirnov
test was used to assess the distribution of
TL in different age groups, it was normal-
ly distributed (P>0.05 in all age groups).
Person’s correlation coefficient (r), Student
“t” and ANOVA were used as tests of sig-
nificance. Simple linear regression analy-
sis was used to determine an equation to
predict the age from the value of TL. The
accepted level of significance in this work
was at P <0.05 (Dawson and Trapp, 1994).

RESULTS

In the present study the relative telo-
mere lengths of 80 Egyptian individuals
aged from 1-79 years old were measured

using a quantitative real-time PCR meth-
od.

Correlation between relative telomere
length (TL) and age of the individuals in-
cluded in the study :

The present work clearly illustrated
that the relative TL of all individuals in-
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cluded in the study significantly short-
ened with aging, the correlation coefficient
“r” =-0.903 (p < 0.001), as shown in Fig.

(1).

When the total sample was divided into
eight age groups representing the decades
of life, the results of the present study
showed highly significant (p <0.001) de-
crease in mean relative TL among the dif-
ferent age groups (Figure 2).

Correlation between the relative TL
and age of the individuals included in
the study, according to the gender distri-
bution:

In the present study there was a gen-
der-specific difference in relative TL; it
was significantly (p <0.001) longer in fe-
males than males of the corresponding age
among all studied individuals. When the
studied individuals were classified into
eight age groups representing the decades
of life, the mean relative TL was signifi-
cantly (p< 0.05) longer in females than
males, except in age groups (< 10 years,
31-40 years and 41-50 years) which was in-
significantly (p> 0.05) longer in females
than males (Figures 3 and 4).

Regression analysis for prediction of
age from the relative TL & the formula
(equation) for age prediction :

A regression analysis was done and the
relationship between relative TL and age
had an R? value of 0.815 for the total indi-
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viduals; 0.796 for males, and 0.839 for fe-
males. The present study developed a for-
mula (equation) to calculate the age of
each individual enrolled in the study from
the relative TL (Y= 66.9-28X), and another
two separate equations for males and fe-
males (Y= 65.3-27.05X and Y= 68.8-29.1 re-
spectively), (Y: age in years; X: relative
TL). To evaluate the accuracy of this equa-
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tion; the actual ages of the subjects were
compared with estimated ages using the
mean prediction error (ME), which was
9.92 years for the total individuals, 10.2
years for males, and 9.01 years for females.
+x10.14
+=10.81
years for males, +9.59 years for females, as
illustrated in table (2).

The standard error of estimate was
years for the total individuals,

a -
3.5 <
r= - 0.903
32 P <0.001
£ 25 & o
& *
E 2le3
T 15| L Ssltpge e
2 e S
0-5 3 ss
o M <
D 10 20 30 40 50 60 70 780
-0.5
Age (years)
Fig. (1) : Scatter plot showing the correlation between relative telomere length (TL) and

age in all individuals included in the study (n= 80), aged from 1 -79 years old,

(r=-0.903) and p (<0.001).
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Fig. (2) : Scatter plot showing the mean relative telomere length (TL) in relation to the age
of individuals in different eight age groups (each group comprised 10-years,
representing each decade of life). Results showed significant decrease of mean
relative TL among the eight subgroups, p <0.001.
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Fig. (3) : Scatter plot showing the correlation between relative telomere length (TL) and
age of all individuals included in the study, according to gender distribution;
among males (n= 40, r= - 0.892) and females (n= 40, r= - 0.916), and p <0.001 for

both males & females.
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Fig. (4) : Scatter plot showing the relation between mean relative telomere length (TL) and
age of individuals among the studied eight sub-groups (decades of life), accord-

ing to gender distribution.

Table (2) : Regression analysis for prediction of age from relative telomere length with the

formula for age prediction:

Variables Equation + SEE R’ Adjusted t- P-value
(Y=b,+bX) R’ value
Model for total sample Y=66.9-28X +10.14 0.815 0.813 36.3 <0.001
Model for males Y=65.3-27.05X | +10.81 0.796 0.790 243 <0.001
Model for females Y=168.8-29.1 X +9.59 0.839 0.835 27.04 | <0.001

Y= the predicted variable (Age), b,= constant (intercept of the regression line), b = regression coeffi-
cient (Slope of the regression line), X= Telomere length. SEE, standard error of estimate, R® : Coeffi-
cient of determination, adjusted R’ the adjusted value was used as unadjusted R usually overesti-

mate the association.

Mansoura J. Forensic Med. Clin. Toxicol.

Vol. XXIII, No. 1, Jan

57

. 2015



Madboly et al ...

DISCUSSION

When there is no a suspect to compare
his/her DNA with the DNA extracted
from a biological evidence left in a crime
scene, it would be useful to predict what
the person of interest looks like, e.g. (age,
gender, ethnicity, etc.) by analyzing DNA
(Hewakapuge et al., 2008).

So far, most common macroscopic
methods of age identification are based on
examination of dental and skeletal devel-
opment. However, these methods are of-
ten qualitative, and their accuracy is much
reduced in adulthood (Cameriere et al.,,
2007). In addition, these methods cannot
be practically applied to samples carried
no morphologic information such as
bloodstain and parenchyma (Tsuji et al.,
2002).

So, estimation of the individual age us-
ing techniques of molecular biology, such
as those based on telomere length (TL)
would be of importance in forensic inves-
tigations (Ren et al., 2009).

The fact that telomere shortening oc-
curs leads to the hypothesis that by meas-
uring their length, a correlation could be
made to the age of the suspect (Karlsson et
al., 2008; Zhu et al., 2011).

The present work clearly illustrated
that the relative TL significantly shortened
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with aging, among all individuals includ-
ed in the study with a correlation coeffi-
cient “r” = -0.903 (p < 0.001), and also
showed a highly significant (p <0.001) de-
crease in mean relative TL among the dif-
ferent age sub-groups.

These results were consistent with the
previous observations of Guan et al
(2007), Hewakapuge et al. (2008) and Ki-
mura et al. (2008) who confirmed that the
length of telomeres decreased with age.

Figura et al. (2009) concluded that telo-
mere shortening occurs as a consequence
of proliferation along with each cell divi-
sion, because of the end-replication prob-
lem of DNA-polymerase.

Various studies reported different cor-

‘" _J7
T

relation coefficient values of this sig-
nificant negative correlation between TL
and age; Hewakapuge et al. (2008) in Aus-
tralia (r = -0.185, p< 0.05), Zubakov et al.
(2010) in Netherlands (r = -0.987, p< 0.01),
Hoffmann et al. (2009) in Germany (r = -
0.601, p< 0.05), and Nordfjall et al. (2005)
in Sweden (r = - 0.233, p<0.01); all used a
quantitative real-time PCR method to

measure the TL.

Meanwhile, others used the terminal re-
striction fragments (TRF) length method
to measure the TL, as Ren et al. (2009) in
China who recorded a correlation coeffi-
cient “r” value = -0.913 and p < 0.01, Tsuji
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et al. (2002) and Takasaki et al. (2003) in Ja-
pan; r =-0.832 and -0.749 respectively, and
p <0.01.

Hewakapuge et al. (2008) explained the

7”07
T

differences in the observed values as a
result of differences in ethnicity, sample
size, laboratory conditions in each study,
and not due to differences in measuring

TL in different methods.

Ballantyne (2007) and Haussmann and
Mauck (2008) stated that there were many
conflicting reports regarding the reliability
and reproducibility of TL as a molecular
tool for age estimation.

The present study found that estima-
tion of human age based on the relative
TL measured by the real-time quantitative
PCR may be a useful method for age pre-
diction, especially when there is no mor-
phologic information in the biological
sample. Meanwhile it could only give a
rough estimation of age or could be as-
signed to an age interval, as the age pre-
diction value "R? " was 0.815, and the esti-
mated standard error of age prediction
was still quite high (around =10 years;
+10.14 in total sample, +10.81 in males and
+9.59 in females) to be used with certainty
in forensic investigations.

These results were in accordance with
Zubakov et al. (2010) in Netherlands, who

confirmed that age estimation based on TL
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measured by quantitative PCR method
was expected to provide a useful investi-
gative tool in forensic practice, the record-
ed R? = 0.836 and the standard error of the
estimate = 8.9 years.

Meissner and Ritz-Timme (2010) con-
cluded that TL can only be assigned to an
age interval, with very limited accuracy,
so it may be a complementary method for
age estimation in soft tissues.

Ren et al. (2009) confirmed that estima-
tion of human age according to telomere
shortening was a novel method, they re-
corded R? = 0.692 and a standard error of
estimate of + 9.832 years. They concluded
that this method could only give a rough
estimation of age, and it required a large-
scale anthropological investigation before
its application in forensic practice.

Takasaki et al. (2003) showed that TRF
length of telomeres from dental pulp
DNA is a useful method to estimate age,
with R? = 0.562 and a standard error of es-
timate of about +7.52 years.

Also, Tsuji et al. (2002) found that TRF
length of telomeres of blood samples is a
useful tool for determining the age, with
R? = 0.692 and a standard error of estimate
of only + 7.03 years.

In contrast Baird et al. (2005); Hewaka-
puge et al. (2008) and Karlsson et al. (2008)
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confirmed that age estimation based on
telomere shortening measured with real-
time PCR is not appropriate for age esti-
mation in forensic practice, as there was a
relatively large variation between individ-
uals, e.g. in the study of Karlsson et al.
(2008), R% = 0.3 with standard error of age
prediction estimated to be much higher as
+22 years, while in the study of Hewaka-
puge et al. (2008), R> value was 0.037
which was significantly low.

In the present work, the correlation co-

"y
T

efficient “r”, the regression (R?) values be-
tween TL and age were higher and the es-
timated standard error of age prediction
was much lower than in some previous
studies, probably due to the inclusion and
exclusion criteria used to eliminate some
factors that may affect TL such as inheri-
tance, ethnicity and chronic diseases. The
present study still detected some inter-
individual variations in telomere lengths
that must be considered when applying
this method of age estimation. For exam-
ple there were inter-individual variations
between individuals of the same age and
some of the older individuals had a
longer telomere length than younger indi-
viduals.

Hewakapuge et al. (2008) in Australia
when they analyzed the TL of non-related
Caucasians to exclude the effects of ethnic-
ity and inheritance on TL, the correlation

“_r5
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coefficient value increased (r = -0.233,
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P < 0.05), and also age prediction accuracy
increased to 5.45%.

Karlsson et al. (2008) stated that factors
causing the variability in the TL among in-
dividuals may arise from the TL at birth,
and many other competing set of positive
and negative factors throughout life, such
as age, gender, race, disease, lifestyle, cig-
arette smoking, stress and an up-
regulation of the immune system (i.e. in-

fection).

Brouilette et al. (2007) and Salpea et al.
(2010) confirmed that oxidative stress con-
ditions has been found to accelerate telo-
mere shortening and has been linked to
psychological disorders, diabetes, inflam-
mation, and vascular diseases.

Saeed et al. (2012) stated that despite
the fact that many pathological diseases
have been found to cause telomere short-
ening, the direct mechanisms for these ef-
fects remain unknown.

Telomerase is a reverse transcriptase
enzyme that elongates telomeres and com-
pensates for the loss of telomeric DNA
during replication (Harley et al., 1990).

Wright et al. (1996) and Ritz-Timme
and Collins (2002) stated that telomerase
activity in forensically relevant biological
samples could potentially impact the via-
bility of TL as a biomarker for age.
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Graakjaer et al. (2006) concluded that
newborn TL is mainly determined geneti-
cally and the variation of TL among popu-
lation reflects its genetic variation even in
adults.

It should be noted that TL is not appli-
cable for old dried biological samples, as
Tsuji et al. (2002) found that dried blood-
stains stored for 5 months revealed a
mean TL 500 bp shorter than that of fresh-
ly drawn blood samples from the same in-
dividuals.

The gender must be considered when
an individual age is estimated based on
telomere shortening; the present study
confirmed that there was a gender-specific
difference in relative TL; it was significant-
ly (p <0.001) longer in females than males
of the corresponding age among all stud-
ied individuals. When the studied indi-
viduals were classified into eight age
groups representing the decades of life,
the mean relative TL was significantly
(p< 0.05) longer in all females than males,
except in age groups (<10 years, 31-40
years and 41-50 years) which was insig-
nificantly (p> 0.05) longer in females
than males.

Hoffmann et al. (2009) found that wom-
en have significantly longer telomeres
compared to the male population, and re-
ferred that to the expression of the estro-
gen receptors in the female cells.
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Ren et al. (2009) reported that TL was
significantly longer in females than in
males, specially, in two age groups (5-14
years old and 55-64 years old). However,
telomere length did not differ between
male and female newborns.

Nordfjall et al. (2005) found that males
lost TL rapidly than females; 25 bp per
year compared to 16 bp per year loss in
women.

Effros et al. (2005) showed that the
treatment of T-lymphocytes with estrogen
enhances telomerase activity in these cells,
and hence prevents telomeres from rapid
shortening, as occurred in females.

On the other hand, Guan et al. (2007)
concluded that the variation in the telo-
mere attrition rates between males and fe-
males beyond age of 50 years cannot be
simply explained by estrogen-related ef-
fects but by other unknown factor(s). As
this tendency was reversed after age of 50
years, as males had a reduced telomere-
shortening rate after 50, however, cannot
be explained by changes in estrogen-
related telomere maintenance.

THE PRESENT STUDY CONCLUD-
ED THAT:

Estimation of human age based on the
relative TL measured by real-time quanti-
tative PCR may be a useful method for age
prediction, especially when there is no
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morphologic information in the biological
sample, although the estimated standard
error of age prediction in this study was
quite high (+10 years) to be used with cer-
tainty in forensic investigations.

Inter-individual variations in TL and
variability among the gender must be also
considered when applying this method.

So, this method could only give a rough
estimation of age and it may be a comple-
mentary method for age estimation in soft
tissues.

RECOMMENDATIONS:

Large scale studies with a big sample
size in population are recommended be-
fore its application in forensic practice.

Multi-generation studies conducted on
shorter-lived animal models such as mice
(as these studies may be difficult to con-
duct in human) may shed light on the
mode of inheritance of telomere lengths.

A study exploring the correlation be-
tween single chromosome TL and age
may better determine the exact strength of
the correlation between age and TL and
may reduce the individual variations.

It is critical to know which cells and
chromosomes are susceptible to telome-
rase activity and the effect of telomerase
activity on TL.
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