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Age- and Sex- Dependent Changes in Serum Levels of TAS,

TOS, TLR2, TLR4, HSP60, HSP90, and HMGB1

ABSTRACT

Obijective: Cellular and physiological functions may be affected in an age- and sex-specific
manner. The aim of this study is to investigate sex- and age-specific differences in the
serum levels of Total Antioxidant Status (TAS), Total Oxidant Status (TOS), Oxidative
Stress Index (OSI), Toll-Like Receptor 2 (TLR2), Toll-Like Receptor 4 (TLR4), Heat
Shock Protein 60 (HSP60), Heat Shock Protein 90 (HSP90), and High Mobility Group Box
1 (HMGB1) as well as to examine the correlation between them.

Method: Four groups of mice, each including seven animals, were used in the present
study: young males and females (6 months old); old males and females (24 months old).
Blood samples were taken from the heart and serum was used to assay the levels of TLR2,
TLR4, HSP60, HSP90, HMGBL1, TAS and TOS.

Results: HGMB1, TOS and OSI were higher in old females than in young females
(p<0.05). TLR2 and TLR4 levels were higher in young females than in young males;
however, HSP60 was lower in young females than in young males (p<0.01). HSP60 was
lower in old males than in young males (p<0.05). Positive correlations were present
between TLR2, TLR4 and HMGB1 (p=0.001, r=0.096; p=0.012, r=0.867; p=0.002,
r=0.935, respectively) as well as between HMGB1 and HSP60 (p=0.049, r=0.756) in young
females. A negative correlation was detected between HSP90 and TLR4 in young males
(p=0.000, r=-0.982), and between HSP60 and TLR2, OSI in old males (p=0.014, r=-0.856;
p=0.042, r=-0.772, respectively).

Conclusion: The results of present study indicated that age and sex may be important
factors for serum levels of TLR2, TLR4, HSP60, HSP90, HMGB1 and OSI as well as the
correlation between them.

Keywords: Sex, Age, High Mobility Group Box 1, Heat Shock Proteins, Toll-Like
Receptors, Oxidative Stress.

TAS, TOS, TLR2, TLR4, HSP60, HSP90 ve HMGB1 Serum

Diizeylerinde Yasa ve Cinsiyete Bagh Degisiklikler

OZET

Amag: Hiicresel ve fizyolojik fonksiyonlar yasa ve cinsiyete 6zgii bir sekilde etkilenebilir.
Bu galismanin amaci, Toplam Antioksidan Durumu (TAS), Toplam Oksidan Durumu
(TOS), Oksidatif Stres Indeksi (OSI), Toll-Benzeri Reseptér 2 (TLR2), Toll-Benzeri
Reseptor 4 (TLR4), Ist Sok Proteini 60 (HSP60), Is1 Sok Proteini 90 (HSP90) ve Yiiksek
Mobilite Grup Kutusu 1 (HMGBI1) serum seviyelerindeki cinsiyete ve yasa 0zgi
farkliliklar1 ve aralarindaki korelasyonu incelemektir.

Gerec¢ ve Yontem: Bu calismada her biri yedi hayvan igeren dort fare grubu kullanildi:
geng erkekler ve disiler (6 aylik); yasl erkekler ve disiler (24 aylik). Kan 6rnekleri kalpten
alind1 ve TLR2, TLR4, HSP60, HSP90, HMGBI1, TAS ve TOS seviyelerini degerlendirmek
i¢in serum kullanildi.

Bulgular: HGMBI1, TOS ve OSI yash disilerde geng disilere gore daha yiiksekti (p<0,05).
TLR2 ve TLR4 seviyeleri geng disilerde geng erkeklerden daha yiiksekti; ancak HSP60
geng disilerde geng erkeklere gore daha disiiktii (p<0,01). HSP60 yasl erkeklerde geng
erkeklere gore daha diisiiktii (p<0,05). Geng disilerde TLR2, TLR4 ve HMGBI arasinda
(sirasiyla p=0,001, r=0,096; p=0,012, r=0,867; p=0,002, r=0,935) ve HMGBL ile HSP60
arasinda (p=0,049, r=0,756) pozitif korelasyonlar mevcuttu. Geng erkeklerde HSP90 ile
TLR4 arasinda (p=0,000, r=-0,982), yasl erkeklerde HSP60 ile TLR2 ve OSI arasinda
negatif korelasyon saptand (sirasiyla p=0,014, r=-0,856; p=0,042, r=-0,772).

Sonug¢: Bu ¢alismanin sonuglari, TLR2, TLR4, HSP60, HSP90, HMGB1 ve OSlI'nin serum
diizeyleri ve aralarindaki korelasyon i¢in yas ve cinsiyetin 6nemli faktdrler olabilecegini
gostermistir.

Anahtar Kelimeler: Cinsiyet, Yas, Yiksek Mobilite Grup Kutusu 1, Is1 Sok Proteinleri,
Toll Benzeri Reseptorler, Oksidatif Stres.
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INTRODUCTION

The issue of age- and sex- related
differences plays a vital role in our understanding
of differences in physiological and
pathophysiological mechanisms. In recent years,
researchers have shown an increased interest in age-
and sex-specific changes in several diseases,
including cancer, cardiovascular, metabolic,
coronavirus disease, and neural diseases (1-4). To
date, however, cellular mechanism(s) underlying
age- and sex-related changes in several diseases has
not been fully elucidated. In addition, under normal
physiological conditions age- and sex- specific
variability in serum biomarkers and/or proteins
such as oxidative stress markers, High Mobility
Group Box 1 (HMGB1), Heat Shock Proteins
(HSPs), and Toll-Like Receptors (TLRs) are likely
to be present. In fact, it should be stated that little is
known regarding differences in them depending on
age and sex.

Oxidative stress can be called as a vital
signaling factor in various cellular pathways, by
which apoptosis or survival is achieved. Oxidative
stress is observed when the antioxidant defense
system is submerged by oxidants. Excess oxidative
stress can alter cellular signaling transduction by
which it can take a part in the process of several
diseases. Oxidative stress degree has linked with
age and sex. It increases with aging (5), and males
have higher oxidative stress than age-matched
females (6).

HMGBL1 and HSPs, which are members of
the protein family known as damage-associated
molecular pattern molecule (DAMP), are released
out of the cell in the presence of intracellular stress
such as oxidative stress. In response to oxidative
stress, activation and/or release of HMGB1 and
HSPs are important to whether a cell goes to
apoptosis or survive (7, 8). HMGB1 and HSPs as
inducers, sensors, and mediators of stress can
mediate their effects via binding to TLRs on the
cell membrane (9, 10). For example, HMGB1 and
HSPs could induce inflammatory cells to active
through TLR2 and TLR4 (11). In addition,
according to the intracellular pathway activated in
this binding, cell death pathway, inflammation, or
cell survival pathways are activated. Of the TLR
receptors, TLR2 is generally associated with cell
survival or regeneration, while TLR4 is reported to
be associated with cell death pathways (12).

With advance age, circulating levels of
DAMP become elevated, which is proposed that
they are likely to be crucial biomarkers to predict or
evaluate the risk for disease (10). However, whether
levels of oxidative stress, TLR2, TLR4, HSP60,
HSP90, and HMGBL1 vary with age and/or sex, and
whether there is a correlation between them is
unclear under normal physiological processes.
Overall, the aim of this study is to explore age- and
sex-specific differences in the circulating levels of
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TAS, TOS, TLR2, TLR4, HSP60, HSP90, and
HMGBL.

MATERIAL AND METHODS

Experimental ~ Animals:  Experimental
protocols were approved by the Local Animal
Ethics Committee of Diizce University, Diizce,
Tiirkiye (Approval no: 2021/03/06). Animals were
exposed to a 12 h- light/dark cycle, and they were
fed with a standard pellet food and water ad
libitium. Four groups of mice (M. musculus), each
including seven animals, were used in the present
study: young males and females (6 months old); old
males and females (24 months old).

Biochemical Analyses

Blood Sample: Experimental animals were
weighted and then anesthetized with a mixture of
ketamine (100 mg/kg, i.p.) and xylazine (10 mg/kg,
i.p.). A blood sample was collected by cardiac
puncture and allowed to clot at room temperature
for 30 min. The samples were then centrifugated at
4000 rpm for 10 min at +4°C. Samples were stored
at -80 until analysis. The serum was used to assay
the levels of TLR2, TLR4, HSP60, HSP90,
HMGB1, TAS and TOS, following the
manufacturer’s instructions.

Total Antioxidant Status (TAS): Total
antioxidant status (TAS) was measured using
commercially available kits (Rel Assay Diagnostic,
Ankara, Turkey) with Mindray's BS-300 auto
chemistry analyzer according to the manufacturer's
instructions. The results were expressed as mmol
Trolox equivalent/L (13).

Total Oxidant Status (TOS): TOS levels
were measured using commercially available kits
(Rel Assay Diagnostic, Ankara, Turkey) with
Mindray's BS-300 auto chemistry analyzer
according to the manufacturer's instructions. The
assay was calibrated with hydrogen peroxide and
the results were expressed in terms of micromolar
hydrogen peroxide equivalent per liter (umol H20,
equivalent/L) (14).

Oxidative Stress Index (OSI): The ratio of
TOS to TAS was accepted as the oxidative stress
index (OSI) (15, 16). For calculation, the resulting
unit of TAS was converted to umol/L, and the OSI
value was calculated according to the following
Formula: OSI (arbitrary unit) = TOS (pumol H20;
equivalent/L) / TAS (umol Trolox equivalent/L).

Measurement of Circulating TLR2,
TLR4, HSP60, HSP90 and HMGB1: TLRZ2,
TLR4, HSP60, HSP90, HMGB1 levels were
measured using commercially available enzyme-
linked immunosorbent assay (ELISA) Kkits
(Elabscience, USA) with Biotek ELx800 microplate
reader according to protocols provided by the
manufacturer.

Statistical Analyses: Data was analyzed
with either the Statistical Package for Social
Sciences (SPSS: version 21.0; SPSS Inc., IL, USA)
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or GraphPad Prism (Version 9.3.1, La Jolla, CA).
Comparisons between groups for the serum levels
of TLR2, TLR4, HSP60, HSP90, HMGB1, TAS,
TOS and OSI were performed using two-way
ANOVA with age, sex as main factors, and age-by-
sex interactions. A Bonferroni post-hoc. test was
used when the effect of factor(s) and/or interactions
on the dependent variables were significant.
Relationships between TLR2, TLR4, HSP60,
HSP90, HMGB1, TAS, TOS, and OSI in young
males and females, and old males and females,
separately were analyzed with Pearson’s r test for
correlation. Results were expressed as the mean +
standard deviation (mean + SD). p values less than
0.05 were considered as statistically significant.

RESULTS
TAS, TOS and OSI: Although the overall
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(Table 1; p <0.05), the individual comparisons
between sexes and ages were not. This means that
TAS did slightly higher in young females (1.23 +
0.12 mmol/L) than in young males (1.11 £ 0.19
mmol/L), and it did slightly lower in old males
(0.88 = 0.18 mmol/L) and females (1.07 + 0.12
mmol/L) when compared to young groups (1.11 +
0.19 mmol/L and 1.23 £ 0.12 mmol/L, respectively;
Figure 1A). There was also a significant age-
specific difference in TOS and OSI (Table 1; p
<0.001) such that TOS and OSI was significantly
higher in old females (20.32 = 9.97 pumol/L for
TOS, and 1.65 £ 0.75 for OSI) than in young
females (5.90 + 2.77 umol/L for TOS, and 0.50 +
0.22 for OSI; Figure 1B and C; p <0.01). TOS and
OSI tended to be higher in old males than in young
males; however, it did not reach statistically a
significant level. Taken together, these results

effects of sex and age on TAS were significant, indicate that oxidative stress was markedly
with no significant sex-by-age interaction effects observed in old females.
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Figure 1. TAS, TOS and OSI in young and old males and females. (Abbreviations: TAS, Total Antioxidant
Status; TOS, Total Oxidant Status; OSI, Oxidative Stress Index. Young male, n = 7; old male, n = 7; young
female, n = 7; old female, n = 7. Values were expressed as mean + SD (**p <0.01) and analyzed with two-way
ANOVA with a Bonferroni post-hoc. test.)
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Table 1 Effects of sex, age and sex-by-age interaction on parameters.

Parameters pvalue
Sex Age Sex X Age

TAS 0.0130 0.0035 0.5511
TOS 0.2454 0.0001 0.1471
oSl 0.6094 0.0003 0.0784
TLR2 0.0294 0.0035 0.0762
TLR4 0.0038 0.2964 0.0160
HSP60 0.0020 0.3583 0.0025
HSP90 0.4542 0.9946 0.0091
HMGB1 0.5269 0.0965 0.0167

Abbreviations: TAS, Total Antioxidant Status; TOS, Total Oxidant Status; OSI, Oxidative Stress Index; TLR2, Toll-like Receptor 2; TLR4,
Toll-Like Receptor 4; HSP-60, Heat Shock Protein 60; HSP90, Heat Shock Protein 90; HMGB1, High Mobility Group Box 1. Bold values

denote significance at p < 0.05.

TLR2, TLR4, HSP60, HSP90, and
HMGBL1: A significant effect of sex and age, with
no sex-by-age interaction effect was observed on
TLR2 (Table 1; p <0.05), where serum TLR2 level
was significantly higher in young females (0.47 +
0.05 ng/ml) than in young males (0.41 + 0.04
ng/ml; p <0.05; Figure 2A). In addition, old females
had significantly low level of TLR2 (0.39 + 0.03
ng/ml) when compared to young females (0.47 +
0.05 ng/ml; p <0.01; Figure 2A). There were a
significant effect of sex (p <0.01) and sex-by-age
interaction (p <0.05) on TLR4 levels (Table 1),
such that TLR4 level was significantly higher in
young females (0.54 + 0.02 ng/ml) than in young
males (0.51 £ 0.01 ng/ml; p <0.01; Figure 2B).
There was also a significant sex-specific effect on
HSP60 level, with a significant sex-by-age
interaction effect (Table 1; p <0.01). HSP60 level
was significantly lower in young females (0.39 +
0.10 ng/ml) than in young males (1.08 + 0.47
ng/ml; p <0.001; Figure 2C). Besides, although
there was no significant difference in HSP60 level
between young and old females, HPS60 level was
significantly lower in old males (0.64 + 0.17 ng/ml)
than in young males (1.08 + 0.47 ng/ml; p <0.05).

Although the overall effect of sex-by-age
interaction on HSP90 was significant (Table 1; p
<0.05), post-hoc analyses did not show a significant
difference in the individual sex and age groups.
This means that HSP90 level was slightly lower in
old males (82.90 + 34.21 pg/ml) than in young
males (117.40 + 31.05 pg/ml); however, it was
slightly higher in old females (108.10 + 35.69
pg/ml) than in young females (73.75 + 26.74 pg/ml;

Figure 2D). In addition, young females had a
modest low level of HSP90 when compared to
young males.

The overall sex- and age- related differences
in serum HMGB1 level were no significant;
however, a significant sex-by-age interaction was
observed (Table 1; p <0.05), where serum HMGB1
level was significantly higher in old females (45.64
+ 15.07 pg/ml) than young females (30.71 = 6.77
pg/ml; p <0.05; Figure 2E). By contrast, serum
HMGB1 level was slightly lower in old males
(34.48 £ 5.60 pg/ml) than in young males (37.41 =
576 pg/ml; p <0.05), with not statistically
significance.

Correlation Analysis: Pearson Correlation
Analysis was used to determine the relationship
between TLR2, TLR4, HSP60, HSP90, HMGBI,
TAS, TOS, and OSI. The investigated correlation
may be of different size and shape in different
subgroups. If the factors such as age and sex were
not separately examined in the correlation analysis,
a high correlation would be obtained. Therefore, the
correlation analysis was performed separately in
young males and females, and in old males and
females.

In young males, the results of the correlation
analysis are set out in Figure 3A. A strong negative
(r = -0.982) and significant (p <0.01) correlation
were found between TLR4 and HSP90 in young
males. This means that while TLR4 level increased,
HMGB1 level decreased or vice versa. Besides,
there was a strong positive correlation with high
significance between TOS and OSI (r =0.940; p
<0.01).
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Figure 2. Serum levels of TLR2, TLR4, HSP60, HSP90, HMGBL1 in young and old males and females.
(Abbreviations: TLR2, Toll-like Receptor 2; TLR4, Toll-Like Receptor 4; HSP60, Heat Shock Protein 60;
HSP90, Heat Shock Protein 90; HMGB1, High Mobility Group Box 1. Young male, n = 7; old male, n = 7;
young female, n = 7; old female, n = 7. Values were expressed as mean = SD (*p <0.05; **p <0.01; ***p
<0.001) and analyzed with two-way ANOVA with a Bonferroni post-hoc. Test).

Konuralp Medical Journal 2023;15(1): 105-115
109



Kaya ST

B) Young females

A) Young males
w~ v 3 8 B
J ¢ oo o 9 o 0o -
wn n = [72]
E 22 25 2L 8 10
TRL2 029 | 0.01 | 0.34 0.34 | -0.50 | -0.40
TLR4|-0.29 -0.06 0.23 |-0.29 | -0.50 [ -0.56
- 0.5
HSP60| 0.01 | -0.06 0.23 | 0.12
HSP90| 034 0.23 -0.19
0
HMGB1 0.23 [ 0.12 [-0.19 0.04 -0.49
TAS| 0.34 | -0.29 [V 0.45 | 0.04 -0.35 | -0.32
-0.5
TOS|-0.50 | -0.50 | -0.45 | 0.36 -0.35 0
OSI|-0.40 | -0.56 | -0.33 [ 0.42 | -0.49 | -0.32 0
i
_ -1.0
C) Old males
1.0
0.5
1.00
1 0
022|012 | 021 |RRS
-0.5
EOXl 100 094
BOOCN 094 1.00
-1.0

~ v+ 3 8 B
J ¢ o a 9 o o -
n 0 = 7]
E 2 22 3F 220 10
TRL2 -0.33 [V 0.37 | -0.15 | -0.09
TLR4 KSR 00 0 -0.27 042 | -0.13 [ -0.08
0.5
HSP60 0 -0.01 ¥ 041 | 0.03 | 0.07
HSP90| -0.33 | -0.27 | -0.01 (Ul -0.49 0.13 | 0.07
0
HMGB1 X1y Rl -0.49 G -0.01 | 0.04
TAS| 037 | 042 | 0.41 0.6 0.08 | 0.22
-0.5
TOS|-0.15 [-0.13 | 0.03 | 0.13 | -0.01 | 0.08
OSI|-0.09 [-0.08 | 0.07 [ 0.07 | 0.04 | 0.22 JKEEEEKY
-1.0
D) Old females
=
~ v 8 8 9
J ¢ & o 9 v »o =
x O 0w »u = 7]
= i~ I I T 5 2 o
TRL2 i .28 | -0. .42 | -0.40 | -0.04 | -0.04

-0.47 | 0.26 | 0.32

HSP60 0.21 | -0.15 [ -0.12

100
m 1

HMGB1|-0.42 | -0.42 | -0.33

HSP90| -0

0.19 | 0.11 | 0.13

m,
100 :
1

0.74

TAS|-0.40 | -0.47 | 0.21 | 0.19

TOS|-0.04 | 0.26 | -0.15

OSI|-004 | 0.32 |-0.12

Figure 3. The Pearson correlation matrix of variables. (Abbreviations: TAS, Total Antioxidant Status;
TOS, Total Oxidant Status; OSI, Oxidative Stress Index; TLR2, Toll-like Receptor 2; TLR4, Toll-Like Receptor
4; HSP60, Heat Shock Protein 60; HSP90, Heat Shock Protein 90; HMGB1, High Mobility Group Box 1. Young
male, n = 7; old male, n = 7; young female, n = 7; old female, n = 7. The color scale bar shows the Pearson r
value: the more positive the correlation (closer to 1), the darker the shade of blue; the more negative the

correlation (closer to —1), the darker the shade of red).

In young females, the results of the
correlation analysis are presented in Figure 3B. The
results displayed that a strong positive correlation
with high significance was present between TLR2
and TLR4 in young females (r =0.960; p <0.01),
which means that TLR2 increased when TLR4
increased or vice versa. Similarly, there were
significantly strong correlations between HMGB1
and TLR2 (r =0. 960; p <0.05), TLR4 (r =0.935; p
<0.01), and HSP60 (r =0.756; p <0.05). In addition,
there was a strong positive correlation with high
significance between TOS and OSI (r =0.979; p
<0.01), like observed in young males.

In old males, the results of the correlation
analysis are shown in Figure 3C. A strong negative
(r = 0.856) and significant (p <0.05) correlation was
found between TLR2 and HSP60 in old males. This
data demonstrates that TLR2 level increased with

HSP60 or vice versa. In addition, there was
significantly a high correlation between HSP60 and
OSI (r =0.772; p <0.05). This finding shows that
HSP60 level increased with an increase in OSI.
Like data obtained in young males and females,
there was significantly a strong correlation between
TOS and OSlI in old males (r =0.942; p <0.01).

In old females, the results of the correlation
analysis are displayed in Figure 3D. A strong
correlation with high significance was only
observed between TOS and OSI in old females (r
=0.986; p <0.01).

DISCUSSSION

To investigate age- and sex-specific changes
in possible biomarkers or differences in cellular
signaling pathways under physiological and
pathophysiological processes is vitally important to
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modulate and/or develop new therapeutic
approaches. To this end, this study set out to assess
changes in circulating levels of TLR2, TLR4,
HSP60, HSP90, HMGBL, TAS, and TOS as well as
to explore the correlation between them in different
sex and age groups. The main findings of the study
were (I) TOS, OSI, and HGMB1 were higher in old
females than in young females, (1) TLR2 and
TLRA4 levels were higher in young females than in
young males, (I11) HSP60 and HSP90 levels were
lower in young females than in young males, (IV)
HSP60 was lower in old males than in young males,
(V) Positive correlations was present between
TLR2, TLR4, and HMGBL1 as well as between
HMGB1 and HSP60 in young females (VI) A
negative correlation between HSP90 and TLR4 was
found in young males, and also a negative
correlation between HSP60 and TLR2, OSI was
detected in old males.

Age- and sex-related differences in oxidative
stress and the role of such differences in the
mechanism underlying the physiological and
pathophysiological processes take great attention
for a long time (5, 6). In the present study, the
findings showed that oxidative stress increased with
aging, markedly in the females, evidenced by the
fact that TOS and OSI was higher in the old
females than in the young females. Contrary to
expectations, this study did not find a significant
difference TAS, TOS and OSI in the young and old
females when compared to age-matched males,
which means that oxidative stress is likely to be
independent of sex in normal physiologic
conditions. It is important to mention that a
significant difference in TOS and OSI was
observed only between young and old females,
rather than in the males, suggesting that the effect
of aging on oxidative stress may be more dominate
or evident in the females. In accordance with the
present results, a previous study indicated that no
differences in antioxidant barrier efficacy and
oxidative index in rats as well as between age-
matched males and females from healthy subjects
were obtained, however, oxidative stress in females,
but not in males was reported to increase as age
increased (17). However, it should be stated that
there are some experimental and clinical studies
showing a marked significant alternation in
oxidative stress between males and females, which
are contrary to the results of present study and the
mentioned investigation. This conflicting evidence
may partly be explained by differences in oxidative
stress measurements, methods, markers studies, and
samples (18).

HMGBL1 is highly conserved protein, which
exists from yeast to human. It has been known that
circulating level of HMGB1 has changed in several
physiological dysfunctions such as in stress induced
depression (19), epilepsy (20), and cardiovascular
dysfunctions (21). However, very little was present
in the literature on the question of does serum
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HMGB1 levels changes depending on sex and age
as a normal biological process. In a recent clinical
study, it has been indicated that HMGBL1 levels
show differences depending on sex, age, and race,
such as its levels are higher in females than in
males, and in Blacks than in White. In addition,
HMGB1 levels rise with increasing age (22).
Similarly, the findings of the present study
indicated that circulating levels of HMGB1 was
affected by sex-by-age interaction, such as its level
was higher in old females than in young females. In
addition, it should be indicated that there was no
difference in HMGB1 between young and old
males, unlike females. On the contrary, there are
conflicting evidence in the literature as to age- and
sex- specific changes in the circulating levels of
HMGB1. Data from a previous study stated that
circulating level of HMGBL1 exerted age-dependent
change, indicated by the fact that serum HMGB1
levels was lower in healthy old human when
compared to healthy young human (23). However,
another clinical study has showed that HMGB1
levels do not show sex- and age-specific differences
in healthy control (24).

HSPs are critical chaperon proteins induced

by several factors, such as oxidative stress,
inflammation, which play a crucial role in
homeostasis, cell survival etc. Among HSPs,

HSP72, HSP27, HSP90 and HSP60 are of great
interest in extracellular compartment as alarmins.
That means they take a part in the transmission of
signal about alarm (25). Their cellular functions
show differences; for example, HSP90 may exert
anti-apoptotic features although HSP60 may be
important in pro-apoptotic process (26). Their
circulating levels may be assessed to be a potential
marker for some diseases, including diabetes (27)
and acute lymphoblastic leukemia (28). Therefore,
it is important to identify age- and sex-specific
alternation in circulating levels of HSPs for
clarifying their role in health and disease. For
example, as organism is getting older, decreased
levels of HSPs may make maintaining homeostasis
to difficult, resulting in biological dysfunctions-
cancer and cell senescence etc. (29). In addition,
several cellular process such as cell differentiation
and cell cycle regulate HSPs synthesis under
normal physiological function (30). In aging,
circulating HSP70 became decrease in healthy
population and with advance in age, it was found a
positive association between HSP70, inflammation
and frailty in older patients (30). A previous study
indicated that circulating levels of HSP60 decreased
as getting older (31), which supports available data
emerging from the present study. In young males,
circulating HSP60 levels were higher than in old
males, and young females also had lower HSP60
levels than in young males. These results indicate
that an effect of sex and sex-by-age interaction on
circulating HSP60 levels exists in the current study,
wherein circulating levels of HSP60 declined as
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males got older. What is curious about this result is
that age-related changes in circulating HSP60 was
not observed in females. Akin to HSP60, a sex-by-
age interaction had a significant effect on
circulating HSP90, which indicated that circulating
HSP90 appeared to decrease with age in males
although it tended to increase with age in females.
It should be emphasized that pair-wise comparison
between groups did not reach a statistically
significant level. Similarly, circulating HSP60
levels become increase after menopause in healthy
women and no correlation between HSP60 and age
as well as with how much years pass following
menopause was observed. In addition, HSP60
levels were found to be increased in the situation of
estrogen deprivation or deficiency following
ovariectomy (32, 33). In peripheral blood cells, age-
specific increase in the basal levels of HSP90 was
obtained under normal physiological conditions
(30). Circulating HSP90 levels showed a significant
positive correlation with age in healthy subject
while HSP90 showed a weak negative correlation
with age in patients subjects regardless of sex (27).
However, controversy data are present. In healthy
young age-matched men and women, circulating
levels of HSP60, HSP70 and oxidative stress
markers such as reduced glutathione and
thiobarbituric acid reactive substance did not
indicate sex-dependent differences (34). Although
tissue specific differences in the protein expression
of HSP90 and HSP60 have been obtained (35), age-
and sex-specific alteration in circulation HSP90
levels in healthy conditions has not yet been exactly
clarified. As far as the author knows, it is the first
study to explore this issue.

TLRs, found in almost all cells, are crucial
proteins that recognize DAMPs. Based on their
location in the cell, TLRs can be divided into two
types, including cell membrane TLRs (TLR1,
TLR2, TLR4, TLR5, and TLR10) and intercellular
TLRs (TLR3, TLR7, TLR8, and TLR9). A surge in
their expression results in excess activation of the
inflammatory process (36). TLR2 and TLR4 have
been suggested as a biomarker for many diseases,
such as breast cancer (37), colorectal cancer (38),
multiple sclerosis (39), acute aortic dissection (40),
and diabetes (41). TLR2 and TLR4 are known as
the soluble form of TLRs, which may act as an
inhibitor for excessive TLR activation (36). In
addition, signaling pathways initiated by TLRs
activation might be negatively regulated by soluble
form of TLRs found in the circulation. In other
words, circulating TLRs or soluble TLRs act as a
receptor for ligands which induces activation of
TLRs, thereby limiting binding of the ligands to
TLRs (42). This means that the inflammatory
process mediated by TLRs might be prevented by
soluble TLRs in the circulation. In the skin sample,
the expression profile of TLRs has shown
differences depending on age, indicated that TLR2
and TLR4 expression in adult skin specimen was
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lower than in embryonic and fetal one (43).
Salivary concentration of TLR2 decreased with age,
as evidenced by healthy individuals aged 30-39
years having lower TLR2 levels than those aged 6-
15 years (44). It should be emphasized that it was
not focused on sex-related changes in salivary
concentration of TLR2 in the mentioned study.
Overall, these results state importance of age and
sex in the levels of TLR2 in different body fluid. In
support of these results, the result of the current
study indicated that a sex- and age-specific
differences in TLR2 and a sex- and age-by-sex
interaction in TLR4 levels was observed, wherein
circulating TLR2 level was lower in old females
than in young females, and TLR2 and TLR4 in
young females was high compared to young males.
Interestingly, age-related decrease in TLR2 and
TLR4 were not markedly observed in males.
Females have higher TLRs expression on
macrophage, estrogen deficiency  following
ovariectomy results in decreased expression of
TLR2 and TLR4 on macrophages (45). In another
study, it has been showed that expression of TLRs
on platelet was higher in women than in men (46).
In contrast, conflicting evidence is also present on
sex-specific differences in circulating TLR4 level,
indicated by a clinical study reported that serum
TLRA4 levels did not exert difference between males
and females from control groups (40).However, it
has been unknown whether estrogen levels can
modulate cleavage and/or ectodomain shedding of
surface TLRs, resulting in increased serum TLRs
levels. Although serum estrogen levels were not
measured in the present study, it may be speculated
that estrogen may be responsible for higher
circulating levels of TLRs because 24 months old
female mice had lower serum TLR2 than 6 months
old female mice. Further study is required to assess
the role of estrogen level in circulating TLRs and
their association in health and disease state. In
addition, age-specific changes in the function of
TLRs are not exactly clarified (47); however,
changes in circulating levels of TLRs may be given
as a possible explanation for such alteration in their
function.

The cellular mechanism underpinning
HMGBL release and/or activity have not yet exactly
clarified. Oxidative stress may be an important
factor for the functions of HMGB1 (48, 49).
Treatment of experimental animals  with
lipopolysaccharide resulted in increased reactive
oxygen generation, which in turn induced the
release of HMGBL1 into circulation. That means a
link between oxidative stress and HMGBL release
(50). In old females, there was a likely positive
correlation between TOS and HMGB1. However,
the observed difference between TOS and HMGB1
in this study was not significant (r = 0.740, p =
0.057). HMGB1 is also crucial in depressive
behavior. Serum levels of HMGB1 increased in
stress induced depression. It has been proposed that
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the underlying mechanism of HMGB1 in
depressive behavior might be mediated via TLR4,
which led to cytokine induction (19). In epilepsy
patients, there was a positive correlation of
HMGB1, TLR4 with epilepsy seizure as well as
higher serum HMGB1 and TLR4 levels than
healthy subjects (20). In addition, a current study
has been set out to determine whether circulating
levels of HGMBL is an important factor in epilepsy
patients’ resistance to drugs (51). With respect to
the question, it is found that serum levels of
HGMBL1 increase in patients with drug resistance
although there is no association between HMGB1
and seizures, by which it is suggested that targeting
circulating HMGB1 may be a good point for
evaluating the therapy efficacy in the epilepsy
treatment. It should be mentioned that age- and sex-
specific differences in this correlation were not
evaluated in these clinical studies. In reviewing the
literature, no data was found on the association
between HMGB1 and age and sex under normal
physiological conditions. In the present study, a
significant positive correlation between HMGB1
and TLR2, TLR4 and HSP60 only in young
females was observed. In accordance with a
previous study, there was a significant correlation
between TLR2 and HMGB1 levels and a trend
towards a positive correlation between TLR4 and
HMGBL1 with no reaching significant levels (52).
HSPs can circulate throughout the body via
bloodstream, and they exert cellular effects via cell
surface receptors. HSPs are known as endogenous
ligands for TLRs, especially TLR2 and TLR4 (53).
For example, HSP60 induced NF-«B signaling
pathway by binding to TLR2 or TLR4, resulting in
production of cytokines and chemokines (54, 55).
In addition, HSP60 induced expression of TLR2
(33). In old males, a negative correlation was found
between HSP60 and TLR2 in the present study. In
addition, a negative correlation was found between
HSP90 and TLR4 in young males. In contrast, it
was found that HSP60 was positively correlated
with TLR4 and a correlation between TLR2 and
HSP60 levels with no reaching significant levels
(52). The negative correlation between HSP60 and
OSI in old males is interesting because general
knowledge is that oxidative stress result in
expression of HSPs, especially HSP90 and HSP60.
The reason for such controversy may arise from
that in response to oxidative stress, circulating
levels of HSPs may differently change when
compared to their protein expression in a cell or
tissue.

In the current study, the mechanism by
which age and sex leads to changes in the serum
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their interaction under normal biological process as
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ameliorate disease and/or to clarify differentiation
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