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Background: Although obesity may affect reproductive functions, the molecular mechan-
isms of apoptosis-related biomarkers remain uncertain.

Objective: To examine the effects of body mass index on sperm quality and apoptosis-
related factors in seminal plasma of men.

Methods: Data for 54 subfertile men were collected at our reproductive medical center. The
men were divided into normal weight, overweight, and obese groups based on their body
mass index (BMI). Sperm DNA fragmentation (sperm chromatin structure analysis), sperm
apoptosis (annexin V), and sperm apoptosis-related factors (antibody array assay) were
assessed and their relationships with BMI were analyzed.

Results: BMI was not significantly related to age, duration of infertility, duration of sexual
abstinence, semen volume, sperm concentration, or rate of normal sperm morphology (p >
0.05). However, progressive sperm motility was significantly reduced and the rates of sperm
DNA fragmentation index (DFI) and sperm apoptosis were significantly increased in over-
weight and obese men compared with men with normal BMI. Fas/Fasl, Bcl-2/Bax, caspase-3,
caspase-8, pS3, and p21 were all upregulated in the overweight and obese groups. Protein
function annotation by Gene Ontology analysis and Kyoto Encyclopedia of Genes and
Genomes pathway analysis revealed that apoptosis-related factors were enriched in
a network associated with activation of apoptotic signaling pathways, such as apoptosis
and p53 signaling.

Conclusion: These data suggest that increased BMI is associated with increased sperm
apoptosis and sperm DNA damage, as well as accelerated expression of apoptosis-related
factors via the activation of apoptotic signaling pathways.
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Introduction
Overweight and obesity have become major public health concerns worldwide as
a result of changes in current lifestyles, with alarming increases in the numbers of
overweight and obese individuals in developed countries.'* Increased body weight
has been associated with multiple inter-related disorders, including hypertension,
cardiovascular disease, type 2 diabetes, and other metabolic syndromes.** Obesity
may also affect reproductive functions. For example, previous studies reported an
association between body weight and various standard semen-analysis parameters,
although these findings have been inconsistent.® There is limited information to
date on the effect of body weight on the integrity of sperm DNA and apoptosis.’
Levels of inflammatory cytokines in seminal plasma are known to be altered in
overweight and obese men. Specifically, obesity has been associated with elevated
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levels of inflammatory adipocytokines, such as interleukin
6 (IL-6) and tumor necrosis factor alpha (TNF-a), which
can cause sperm cell apoptosis. However, the exact role of
altered apoptosis-related protein expression in male repro-
ductive potential remains unknown. In addition, sperma-
togenesis may be affected by upstream and/or downstream
changes in seminal plasma in obese males. Based on these
facts, we aimed to explore the relationships between sperm
apoptosis and sperm DNA damage and apoptotic signaling
pathways in obese men.

Methods
Study Population

Males ranging in age from 22 to 40 years who presented for
evaluation at the Reproductive Center of Jiaozuo Women
and Children’s Hospital over the period between July and
December of 2019 were matched as based on their subfertile
status. Three groups of males (normal weight, overweight
and obese) based upon BMI levels were compared in this
study.®® All participants were asked to provide detailed
information on occupation, medical and reproductive history
and lifestyle. Inclusion criteria is the age from 22 to 40
years, the BMI>18.5 and they had normal sexual life without
contraception and had not given birth for at least 1 year.
Exclusion criteria included regular alcohol drinkers, heavy
smokers, chronic diseases, azoospermia and any other dis-
eases which might lead to dysspermia. The study was
approved by the Institutional Ethical Committee of Jiaozuo
Women and Children’s Hospital. The study was in compli-
ance with the Declaration of Helsinki for clinical research.
All participants provided written informed consent before
participating in the study.

Sample Collection

Semen specimens were collected by masturbation after a -
2-7 day period of sexual abstinence and were maintained
to liquefy at 37°C for 30 min. After liquefaction, semen
volume was measured by weighing the sample, while
sperm concentration, total motility and progressive sperm
motility were analyzed using a computer-aided sperm
analysis (CASA) system (WLJY-9000; Sperm color ana-
lysis system, Beijing, China).'®

Determination of Morphology

A minimum of 200 motile spermatozoa per sample were
obtained for evaluation and determination of percent of
normal spermatozoa.

Determination of Sperm DNA

Fragmentation

Sperm chromatin structure analysis (SCSA) and flow cyto-
metry were used to detect the sperm DNA fragmentation
(SDF). After acid treatment of semen, the resultant struc-
tural damage would enable the double-stranded sperm
DNA to unwind. BD flow cytometry was then used to
detect the fluorescent signal, with the degree of red fluor-
escence providing an index of the degree of sperm
damage. The DNA fragmentation index (DFI) value was
then calculated with use of CASA-WLJW-9000 according
to the following formula: DFI value of single sperm = red/
(red + green) *100%. This value represented the ratio of
denatured sperm DNA/total DNA."

Determination of Sperm Apoptosis

Sperm suspensions (1 x 10° cells/mL) were incubated at
room temperature for 15 min in the dark within an appro-
priate binding buffer containing 1 pL annexin V (green), 1
pL propidium iodide (PI) (red) and 1 pL of cell-permeable
DNA stain Hoechst 33,342 (blue). The PI dye was
impermeable to live cells. With this procedure, subpopula-
tions of spermatozoa could be identified such that, annexin
V(-)/PI(-) indicated live intact sperm, annexin V(+)/PI(-)
- early apoptotic cells and annexin V(+/—)/PI(+) - necrotic
cells. The percent of early apoptotic cells were determined.
At least 200 spermatozoa were evaluated within each
slide, as achieved with use of an appropriate filter.

Antibody Array Assay

With this assay it was possible to simultaneously detect 43
separate cytokines. According to the internal positive con-
trols provided by the RayBiotech analysis tool, signal
values were read and normalized.

Statistical Analysis

All data analyses were performed using SPSS 21.0 software
(SPSS Inc., Chicago, IL, USA). Data are presented as mean
+ standard deviation (SD). A one-way ANOVA followed by
the Newman-Keuls post hoc test were used to analyze
differences among the groups. A P-value <0.05 was
required for results to be considered statistically significant.

Results

Table 1 contains a summary of the characteristics and
semen quality parameters of the 54 men recruited for this
study. The data from these participants were allocated into
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Table 1 Characteristics of the Study Population by Body Mass Index (N=54)

Group (N) 18.5<BMI<24 (16) 24<BMI<28 (17) BMI>28 (21) P value
Age (yr) 29.38+3.57 30.29+5.43 32.38+5.26 0.164
Infertility time (yr) 2.69+1.08 2.06+0.90 3.52+3.14 0.111
Abstinence time (days) 4442103 4.88+1.93 5.00£1.79 0.576
Semen vol (mL) 3.06£1.19 2.49£1.03 3.06+0.79 0.156
Sperm conc (x 106/mL) 36.5019.62 42.17+35.65 52.08+36.32 0332
Progressive motility (%) 48.92+15.7| 42.36+16.00 32.75:14.80% 0.009
Normal morphology (%) 2.06+1.69 2.65£2.13 3.00+2.07 0372
Sperm DFI (%) 12.49+7.28 12.89:+9 48+ 30.9718.10% <0.001
Sperm apoptosis (%) 2.98+2.01 6.02+4.82% 9.3545.72* 0.001

Notes: *Significant difference was found compared with 18.5<BMI<24. **Significant difference was found compared with BMI=28.

one of the three groups as based upon their BMI levels as
described above. Our results revealed that BMI did not
show any significant relationship as related to age of the
participants, infertility time, time of sexual abstinence,
sperm volume, sperm concentration and rate of normal
morphology (p > 0.05). However, sperm progressive moti-
lity, sperm DFI and sperm apoptosis were all found to be
altered as a function of increased BMI values (p < 0.05).

Representative images of sperm DFI and sperm apop-
tosis are shown in Figures 1 and 2, respectively.

Expression Characteristics of apoptosis-related factors
in seminal plasma of men, Figure 3A contains a map of the
apoptosis-related antibody array G series I including the
43 cytokines detected. Figure 3B, the array distribution of
positive correlation between fluorescent intensities and
expression levels, further revealing the variations of these
proteins as observed in the three BMI groups.

Altered Apoptosis-Related Factor Levels
in the Overweight versus Normal Weight
Group

The parameter used for evaluating statistical signifi-
cance involved that of determining the fold change.
For this analysis, results included (log2) fold changes
for each protein and for each individual contrast.
Differentially expressed proteins (DEPs) were defined
as those demonstrating a fold change of <0.83 or >1.2
(absolute logFC >0.263). Based on this analysis, we
found that cytoC, IGFBP-4, Fas, IGFBP-3, DR6, bcl-2,
IGFBP-2, TRAILR-2, HTRA, bad, caspase-8, CD40L,
Caspase-3, SMAC, BID, FasL, BIM, bcl-w, CD40,
TRAILR-1, XIAP, Survivin, HSP60, IGFBP-6, cIAP-
2, IGFBP-1, IGFBP-5, IGF-1, IGF-II, sTNF-R1, bax,
HSP27, p27, p53, TNF-B, HSP70, IGF-1sR, livin,
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Figure | Sperm DFl as determined using flow cytometry and assessed with use of a sperm chromatin structure assay (SCSA). Three different levels of sperm DNA

fragmentation rate are shown.
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Figure 2 Sperm apoptosis as determined using flow cytometry. (A and B) Lower levels of apoptosis (2.82% and 3.02%, respectively). (C) Higher levels of apoptosis
(17.46%).
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Figure 3 Antibody array profiles and expression levels of apoptosis-related factors. (A) A Map of mouse inflammation antibody array G series | including 43 cytokines. (B)
The levels of cytokines are proportional to their fluorescent intensities.

sTNF-R2, TNF-a, TRAILR-4, TRAILR-3 and p21 (Figure 4A and B, P < 0.05). In contrast, none of these
were all significantly upregulated in the overweight proteins was significantly downregulated in the over-

group as compared with that in normal weight group  weight group (P>0.05).

1046  submit your manuscript Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2021:14

Dove!


http://www.dovepress.com
http://www.dovepress.com

Dove Zhu et al
Overweight vs Normal weight group
S u
e S |
c (S
© % ANANB “—
< 3 218 AN ? = ‘ H S
© R 7 NUIIE 2
O 2 2 § ? E 5 : q;,) 12. 2. color
z -
2 HUEHHNANE = "
Z18 2z )
i, NN £
71 7 N} S
0 AR ZI18 N =
ST EPE TRESPNT LTS, a 10 .
QA& Qaaaku < .
& @4 S VCE o
e Qo @ Qe o
~ ) <>: 7
12 14 16
regulation of peptidase activity Ave Exp X Ove rwe |g ht group
C regulation of extrinsic apoptotic signaling pathway [ p.adjust D
regulation of endopeptidase activity 4e-12 o padjust
lation of cysteine-type activity involved in apoptotic process . . varicosity .
regulation of cysteine-type endopeptidase activity o 3e-12 side ort:embralne 1 0.006
) N \ receptor complex
regulation of. ?poplonc s.lgnalmg palhwa_y D\ 612 pore complex { . 0.004
positive regulation of proteolysis () plasma membrane protein complex 1 -
positive regulationof peptidase activity (@) 1e-12 outer membrane : 0.002
positive regulation of endopeptidase activity O = organellue 0“‘9f|"19m|bf3"e 1 4
it i ine - i vty i i i organelle envelope lumen 4
positive regulation of cysteine lype sndoplep.lldase actlv.lly involved in apoPtollc prctot.ess o mitochondral outer membrane | @
positive regu f”m" of cy.stelne-type enldop.eptn?ase activity o mitochondrial intermembrane space 1 @ count
negative regulation of apoptotic signaling pathway count membrane region - .
mononuclear cell proliferation e 10 membrane raft <
lymphocyte proliteration o " o mer.nbfans microdomain - ® 3
leukocyte proliferation 4 (@) insulin-like growth factor binding poten complex 1 o o ¢
- o . o growth factor complex < O
intrinsic apoptotic signaling pgth_wa\_y in response to QNA damage external side of plasma membrane | @ ® 5
» ~ intinsic apoplotic signaiing pathway 4 () @ death-inducing signaling complex 1 ° Qs
extrinsic apoptotic signaling pathway via death domain receptors . () . " CD95 deam-inducin% signaling complex T . 7
extrinsic apoptotic signaling pathway. . CD40 receptor complex [ ]
activation of cysteine-type endopeptidase actvity nvolved in appptors process Bcl-2 family protein complex L . 8
20 30 40 50 60 0 10(%3 |éoot' 300
GeneRatio enerauo
p.adjust
ubiquitin protein ligase binding
E ubiquitin-like protein ligase binding F Viral protein interaction with cytokine and cytokine recepter 1 X
tumor necrosis factor receptor superfamily binding o Tuberculos‘is p.adjust
tumor necrosis factor receptor binding ) Te-04 smal lolfloplasmosm :
TRAIL binding Y mall cell lung cancer 7508
protein serine/threonine kinase inhibitor activity 5e-05 Platinum drug resistance ..
protein kinase regulator activity { @ ) p§3 sig_naling pathway 5.0e-8
protein kinase inhibitor activity 1 @ [r—] Non-alcoholic fatty liver d|ssase(NAFLI:?)
protease binding { @ Necroptosis { @ 25e-8
kinase inhibitor activity { @ comt I"ﬂ’::::':z o [ |
insulin-like Il bindir w
i;gilljirlar!lil:eeggrowv%hhigac%?l binlgﬁ:g Y 3 Human immunodeficiency virus 1 infection | (]
insulin-like growth factor binding °® e 4 Human mee@ia'“'“": '“fz_""g' - count
growth factor binding { @ o5 Hepamis ile ® 100
indi lepatitis
%:‘3, iﬁ?&:gg&:‘g ¢ ®s ~ Epstein-Barrvirus infection @ ® 125
cytokine receptor binding [ X Cytokine-cytokine mg?:;g:;?;’:" | @ 150
ycli protein kinase regulator activity . . 8 Apoplosis-multple species 9 . 175
ycli protein kinase inhibitor activity ® P A:op?osis °® 20-0
BH domain binding 9 Amyotrophic lateral scleros (ALS) ° '
0 100 200 300 20 5 75
GeneRatio

Figure 4 Protein function annotation GO and KEGG pathway analysis in the overweight versus normal weight group. (A) DEPs. (B) Scatter plot of apoptosis-related factors
with red indicating upregulation, blue downregulation and gray no difference. (C) Biological process (D) Cellular component and (E) Molecular function. (F) KEGG analysis
of protein functions, linking genomic information with higher-order functional information.

In order to better understand the role of apoptosis-

related factors in seminal plasma as related to body mass

index, protein function annotation gene ontology (GO) and

the KEGG pathway were analyzed with the use of the

R package “clusterProfiler.” GO analysis included three

subtypes: BP (biological process, Figure 4C), MF (mole-

cular function, Figure 4E) and CC (cellular component,

Figure 4D). KEGG involved a systematic analysis of

protein functions, linking genomic information with

higher-order functional information (Figure 4F). When

comparing apo

ptosis-related factors between the over-

weight and normal weight group, we found that those of

the overweight

group were enriched in a network asso-

ciated with activation of apoptosis-related pathways such

as cytokine-cytokine receptor interaction and the p53 sig-

naling pathway.
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Altered Apoptosis-Related Factor Levels in
the Obesity versus Normal Weight Group

As shown in Figure 5A, livin was significantly downregulated
in the obesity as compared with the normal weight group
(Figure 5B, P<0.05). In contrast, CD40, TRAILR-2, CD40L,
SMAC, bad, sTNF-R2, IGFBP-3, IGFBP-4, Fas, Caspase-3,
IGFBP-2, TNF-B, FasL, BID, DR6, HSP60, cytoC, BIM, bcl-
w, HTRA, bcl-2, p53, TRAILR-1, XIAP, HSP70, HSP27, bax,
p27, caspase-8, cIAP-2, TRAILR-3, TNF-q, IGF-1sR, IGF-II,

A

IGF-1, IGFBP-6, TRAILR-4, Survivin, sSTNF-R1, IGFBP-5,
IGFBP-1 and p21 were all significantly upregulated in the
obesity group (P < 0.05). Protein function annotation GO
(Figure 5C-E) and KEGG pathway (Figure SF) results
showed that apoptosis-related factors within both the obesity
and normal weight groups were enriched in a network asso-
ciated with activation of apoptosis-related pathways, for exam-
ple, cytokine-cytokine receptor interactions, the p53 signaling

pathway, necroptosis and apoptosis.

W

. . o
® 2 Obesity vs Normal weight group 3"
[=2] = -
& 7 2
15 7 =
S 7 E=2)
o 7 2 .
o 10 g = 12 . . color
L é © . + down
V %
5 7 £ o . w
1L-f 1 ANE NARARAME £ 1 : . XX
oGk : i £ HiZINIgil= 2 / g. 10. ot
SISO REIT S NIHOLS O 2INS TSN KN SNDIEST O ¥ SL O v H.g ;
SORFS I {RC IR SFASR DR IETRR' T oI ICE R E S q
OYQS @@ " gael Ry 398K S WRG % IS s QLRI SK Q@ >
85 £68 54T 29 TR0 5N FSpETES 568 < :
F97 566 J¢ g5 JEEET 6Nt -
i 10 12 14 16
regulation of peptidase activity 4 .
c regulation of extrinsic apoptotic signaling pathway [ ] p.adjust D AVe EXp . oVe rWe'g ht g rou p
regulation of endopeptidase activity . 4e-12 adiust
regulation of cysteine-type endopeptidase activity involved in apoptotic process 4 @ . varicosity p2d
regulation of cysteine-type endopeptidase activity - o 3e-12 side of'membralne 0.006
" N » receptor complex
regulation of. ?poplonc s.lgnallng pathwavy 1 2612 pore complex % 0004
positive regulation of proteolysis plasma membrane protein complex
positive regulationof peptidase activity @] 1e-12 outer membrane - (%) 0.002
positive regulation of endopeptidase activity O | 0’95"9""3 outer memlbrane (.)
it ion of cysteine - i ivity involved i 0 ’ organelle envelope lumen |
positive regulation of cysteine ty.ple endopep}ldase acﬁw{lty involved in apo?tolm prolcfess () mitochondral outer mambrane | @
posiive reguiation of cystelne-{ype endopepiidase acivly 1 ® mitochondrial intermembrane space { ® count
negative regulation of apoptotic signaling pathway < count membrane region .
mononuclear cell proliferation e 10 membrane raft
lymphocyte proliteration = o membrane microdomain ® 3
leukocyte proliferation 4 @ insulin-like growth factor binding poten complex o @ 4
- o . | [ R growth factor complex {
intrinsic apoptotic signaling pathway in response to DNA damage extenal side of plasma membrane | @ [
intinsic apoptotc signaling pathway . . 16 death-inducing signaling complex ® ®;
extrinsic apoptotic signaling paﬂ)w?y via dsa.th df)ma}n receptors 4 [ ] . 18 D95 death-inducin % signaling complex . 7
extrinsic apoptotic signaling pathway- . CD40 receptor complex ® .
activation of cysteine-type endopeptidase actvity nvolved in appptors process @ Bcl-2 family protein complex L 8
20 30 40 50 60 0 100G RZ)OO X 300
GeneRatio eneRatio
p.adjust
E ubiquitin protein ligase binding. F
ubiquitin-like protein ligase binding Viral protein interaction with cytokine and cytokine recepter | X
tumor necrosis factor receptor superfamily binding [ ) Tuberculos_is 4 p.adjust
tumor necrosis factor receptor binding o Te-04 smal fﬂﬁ(lﬂP'aSMOSls 1 :
TRAIL binding o mall cell lung cancer - 7508
protein serine/threonine kinase inhibitor activity 5e-05 Plaﬁnum dmg resistance 4 O
protein kinase regulator activity 1 @ X p_53 S|g_nalmg pathway 4 L ] 5.0e-8
protein kinase inhibitor activity { ® — Non-alcoholic fatty liver disease(NAFLD) -
protease binding 1 @ Necroptosis { @ 25e-8
kinase inhibitor activity { @ count Measles { @ -
insulin-like growth factor I bindin . 3 )  InfluenzaA1 @
insulin-like growth factor | binding o Human mmunodeﬁmency ;/m_ls 1 m:ﬂon 1®
insulin-like growth factor binding ) o 4 uman cytomegal °"'":f int i °(’:‘ 1 count
growth factor binding { @ o HePaﬁﬁs . 1 : ® 100
i ° lepatitis B -
o o s " EpstenBarrvinis fecion | @ ® s
cytokine receptor binding o Cytokine-cytokine rsceyiutor |nt|eract|on » @ 150
yoli protein kinase regulator activity . P4 ) ‘_3° lorectal cancer 4
ki i i inhibi ivil 8 Apoptosis-multiple species - . 175
y protein kinase inhibitor activity . Apoptosis . .
A 1 200
BH domain binding S Amyotrophic lateral scleros (ALS)+ ]
0 100 200 300
. 25 50 75
GeneRatio
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Discussion

This study evaluated the associations between BMI and multi-
ple parameters of male semen quality in a fertility clinic in
China. The results suggested that progressive sperm motility
was decreased in obese men compared with men with a normal
BMI, with no significant difference between overweight and
obese men. This was in accord with the results of other studies
that found a significant reduction in total and/or progressive
sperm motility in parallel with increases in BMI>*'"
Furthermore, the percent of sperm DNA fragmentation index
and sperm apoptosis (early apoptotic spermatozoa) were both
significantly increased in overweight and obese men, consis-
tent with previous studies reporting increased sperm DNA
fragmentation in obese patients.>'*'* In contrast, some pre-
vious studies found that obesity had little or no influence on
either sperm apoptosis or sperm DNA integrity.'>'®'* On the
other hand however, the current results found no significant
relationship between BMI and sperm volume, sperm concen-
tration, or rate of normal sperm morphology. This was in
agreement with some previous studies, which failed to demon-

strate any significant effect of BMI on semen volume,'”'®

13,1921

or
on sperm concentration or morphology.

Obesity has been closely related to male subfertility;*
however, the molecular basis for this negative influence of
obesity on semen quality remains unclear.”*** In this study, we
used a relatively novel approach involving antibody microar-
ray technology. This technique can be applied for the simulta-
neous detection of multiple proteins, and has the advantage of
high-throughput applicability.”> We accordingly used this
advanced antibody array detection chip technology to identify
protein markers associated with sperm apoptosis and sperm
damage, and showed that Fas/Fasl, Bcl-2/Bax, caspase-3,
caspase-8, p53, p21, TNF-a, TNF-f3, sTNF-R1, and sTNF-
R2 were all significantly upregulated in line with increasing
BMI in men. Interestingly, livin, which was upregulated in the
overweight group, was significantly downregulated in the
obese group. These results reveal some of the apoptosis-
related factors that are activated in response to sperm apoptosis
and sperm damage.

Previous clinical and animal studies have shown that obe-
sity is correlated with male subfertility.***” Adipokines such
as TNF-a and IL-1, IL-6, and IL-18, which are produced by
adipose tissue, have been reported to induce severe
inflammation.”® The current results showed that STNF-R2,
TNF-B, and TNF-a were all significantly upregulated with
increasing BMI. These findings were similar to those of pre-
vious studies that showed increased TNF-a and IL-6 levels in

serum, testicular tissue, and seminal plasma in obese men. >

Obesity is associated with a chronic inflammatory state and is
accompanied by increased formation of reactive oxygen spe-
cies (ROS) in testicular tissue, the reproductive tract, and
semen. ROS represent normal products involved in cellular
metabolism; however, excessive levels can induce oxidative
stress resulting in DNA damage in sperm and increasing stress
within the testicular environment.*'

To clarify the role of these apoptosis-related factors in
sperm apoptosis and sperm damage, we carried out GO
protein function annotation and KEGG pathway analyses
using the R package. The results revealed that apoptosis-
related factors within the overweight and obese groups
were enriched in a network associated with the activation
of apoptosis-related signaling pathways, such as apoptosis
and the p53 signaling pathway.

Apoptosis is an autonomous programmed cell death pro-
cess that is stimulated under specific conditions and which is
regulated by various genes. Apoptosis of testicular sperma-
togenic cells represents one of the main causes of male
subfertility.>> The obese group in the current study showed
increased rates of sperm DNA fragmentation and sperm
apoptosis, while apoptosis-related proteins, notably Fas/
Fasl, Bcl-2/Bax, caspase-3, and caspase-8, were also signifi-
cantly upregulated in obese and overweight men. Another
recent study found that a high-fat diet, which can result in
apoptosis, was associated with increases in Bax and caspase-
3 expression and reductions in Bcl-2 expression within the
testis, resulting in apoptosis.>> The apoptotic pathway can
also be initiated by caspase-8, culminating in the activation
of caspases-3, —6, and —7.3435 Interestingly, livin, as an
apoptosis inhibitor, was significantly upregulated in the over-
weight group but significantly downregulated in the obese
group. This downregulation of livin in obese men may con-
tribute to activation of the apoptotic pathway.

The p53 signaling pathway is inactivated in most
human tumors, demonstrating its critical function as
a tumor suppressor gene. This pathway is normally acti-
vated by cellular stress and mediates a growth-suppressive
response involving cell cycle arrest and apoptosis. In the
current study, apoptosis-related proteins, such as p27, p53,
and p21, were all significantly upregulated in overweight
and obese men. These findings indicated that DNA
damage in adipocytes in obese individuals could trigger
p53-dependent signals involved in the alteration of adipo-
cyte metabolism and secretory function, potentially con-
tributing to adipose tissue inflammation and eventual

induction of apoptosis.>®
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In conclusion, the results of this study indicate that
progressive sperm motility is decreased in obese men,
while sperm DFI and sperm apoptosis (early apoptotic
spermatozoa) were increased in overweight and obese
men relative to that in normal-weight men. Moreover,
Fas/Fasl, Bcl-2/Bax, livin and p53 may all serve as sig-
nificant biomarkers in response to sperm apoptosis and
sperm damage. Finally, activation of the signaling path-
ways of apoptosis and p53 likely play key roles in sperm
apoptosis and sperm damage within obese men.
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