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Abstract
Background:inflammasome protein govern the inflammatory process. The ele-
vation of NLRP3 inflammasome might be related to bad seminal fluid analysis 
results.
Objectives:This study aimed to evaluate seminal plasma NLRP3 protein and its 
relation with seminal fluid analysis parameters before and after in vitro sperm 
activation. 
Patients and Methods: a total of 50 infertile patients were collected form higher 
institute of infertility diagnosis and assisted reproductive technique, there se-
men samples were processed for seminal fluid analysis before and after in vitro 
sperm activation. NLRP3 inflammasome protein were measured in seminal plas-
ma.
Results:the mean level of NLRP3 protein was 5.12 ng/ml. the higher level of 
NLRP3 protein (4.5ng/ml) associated with lower sperm concentration, grade A, 
B, C and higher level of grade D motility. However, 50% of those patients have 
an improvement in their seminal fluid analysis after in vitro sperm activation.
Conclusion:Elevation of NLRP3 protein in seminal plasma may be associated 
with the increased leukocytospermia, bad sperm quality and unresponsiveness to 
in vitro sperm activation among infertile male.
Keywords:NLRP3, Inflammasome,Seminal fluid analysis and Infertility.
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Introduction:
NLRP3 (NOD-like receptor family, pyrin 
domain containing 3) inflammasome is a 
multiprotein complex that orchestrates in-
nate immune responses to infection and 
cell stress through activation of caspase-1 
and maturation of inflammatory cytokines 
(1).NLRP3 has also been implicated in 
the pathogenesis of many diseases includ-
ing arthropathy, ischemic heart and renal 
disease, vascular disease, diabetes and 
obesity, Alzheimer’s dementia, and oth-
ers, which are well-reviewed elsewhere 
(2). It has shown that inflammasome ac-
tivation and the consequent elevation of 
seminal proinflammatory cytokines leads 
to impaired sperm motility in men with 
spinal cord injury (SCI) (3) and non-SCI 
men  (4–6) .Suggesting leukocyte activa-
tion may be key to a relationship between 
inflammation and infertility (7–9) .Cyto-
kines affect Sertoli cell function, and al-
terations in cytokine levels in the testis 
could affect spermatogenesis. One of the 
mechanisms by which leukocytospermia 
may lead to sperm dysfunction is related to 
sperm damage induced by reactive oxygen 
species (ROS) via activated leukocytes 
during or after ejaculation  (7,10) .
The NLRP3 protein in seminal plasma 
may be associated with the increased leu-
kocytospermia, bad sperm quality among 
infertile male and may interfere with preg-
nancy outcome after different methods of 
assisted reproductive technologies like: 
intra-uterine insemination, in vitro fertil-
ization and intra-cytoplasmic insemina-
tion.
This study aimed to, determine the level 
of NLRP3 protein in seminal plasma in 
relation with semen fluid analysis among 
infertile male. Determine NLRP3 associ-
ation with improvement of seminal fluid 
analysis parameters after invitro sperm ac-
tivation.

Materials and Methods:
Infertile patients and sample process-
ing:

The study included fifty men; their ages 
were between 20- 45 years who attended 
the High Institute of Infertility Diagnosis 
and Assisted Reproductive Technologies 
/ AL-Nahrain University. This prospec-
tive study was accomplished through the 
period from December 2016 till March 
2017. 
Seminal fluid analysis done according to 
WHO criteria (2009, 2010), grades of leu-
kocytospermia were evaluated by using 
Endtz test according to standard meth-
od(11) .
Seminal plasma was separated by centrif-
ugation of liquified semen sample at ap-
proximately 1000 × g for 20 minutes then 
aliquots were made and stored at -50°C 
until assay.
Human NACHT, LRR and PYD do-
mains-containing protein 3 (NLRP3) ELI-
SA:
This sandwich ELISA kit was purchased 
from Abbexa company UK (abx516996) 
for quantitative detection of human NLRP3 
with detection range is 0.156 ng/ml - 10 
ng/ml with Sensitivity: 0.156 ng/ml. the 
measurement of plasma NLRP3 were done 
according to manufacturer instruction and 
optical density read at 450 channels. Lin-
ear standard curve was generated, NLRP3 
concentration calculated according to the 
equation of curve. 

Statistical analysis:
Data were analyzed by using statistical 
package for social sciences (SPSS) version 
21. Categorical data described as frequen-
cy and percentage while, numerical data 
described means and standard deviation 
(SD). Chi square test was used to estimate 
the association between two categorical 
variables. Level of significance of ≤ 0.05 
was considered as significant(12) .
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Relationship between result of ELI-
SA and improvement of sperm motil-
ity:
The ratio of positive not improved ELI-
SA was showed (50.00%), the ratio of 
positive improved ELISA was showed 
(50.00%). The ratio of negative not im-
proved ELISA was showed (10.71%), 
the ratio of negative improved ELISA 
was showed (89.29%) and the total ra-
tio showed (93.33%). The odds ratio 
of positive and negative ELISA was 
(8.33) (1.94-35.9). The results can be 
summarized in table 2.

Table 2. Association between NLRP3 
ELISA results and improvement in 
seminal fluid analysis parameters.
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Results:
The mean age of infertile was 29.44 years old and their seminal fluid analysis 
can be summarized in table 1. The results demonstrated that there is significant 
difference found in sperm concentration of positive and negative cutoff values 
NLRP3 ELISA was significant (p =0.047) and sperm motility before and after 
activation (Grade A, Grade B, Grade C, Grade D)   of positive and negative 
cutoff values NLRP3 ELISA were showed significant (p =0.041, 0.005, 0.035 
and 0.004). The morphologically normally sperm of positive and negative cutoff 
values NLRP3 ELISA was showed that non-significant (p= 0.139)(table 1). 

Data presented as mean± standard deviation.
Comparison made by independent sample t-test.
NS: None statistical significant difference (p>0.05).
*: Statistical significant difference (p<=0.05).
**: Highly statistical significant difference (p<=0.001).
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Relationship between result of ELISA and improvement of sperm motility:
The ratio of positive not improved ELISA was showed (50.00%), the ratio of pos-
itive improved ELISA was showed (50.00%). The ratio of negative not improved 
ELISA was showed (10.71%), the ratio of negative improved ELISA was showed 
(89.29%) and the total ratio showed (93.33%). The odds ratio of positive and 
negative ELISA was (8.33) (1.94-35.9). The results can be summarized in table 
2.

Table 2. Association between NLRP3 ELISA results and improvement in seminal 
fluid analysis parameters.

 

Correlation of NLRP3 level with seminal fluid analysis:
The results in table 4 showed that positive RADT and quantitative NLRP3 ELI-
SA test were negatively correlated with Sperm concentration, grade B and C and 
positively correlated with grade D sperm motility indicating that both leukocytes 
and the presence of NLRP3 have adverse effect on seminal fluid analysis by re-
ducing sperm motility, grade B and C sperm motility and higher rate of grade D 
motile sperm. Round cells count was positively related count and grade leucocyte 
indicating that higher rate of false positive round cell count. The results can be 
summarized in table 3

Table 3: correlation among different methods and change in sperm motility after 
in vitro sperm activation.
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Discussion:
The association between inflammation 
of the male reproductive system has 
subsequently resulted in development 
of infertility. It’s more likely described 
as cause and effect relationship. In 
particular, the quality of seminal fluid 
analysis could be reduced in case of in-
flammatory processes through impair-
ment of secretory capacity of sexual 
glands, obstruction of the sperm, in-
creased pro-inflammatory mediators, 
increased oxidative stress and dysreg-
ulated spermatogenesis(13,14)..To the 
best of our knowledge, this is the first 
study that determine the seminal plas-
ma level of NLRP3 protein among in-
fertile men using ELISA method. 
The first one is quantitative method 
performed by Enzyme linked immuno-
sorbent assay (ELISA), the study re-
ported that the mean NLRP3 5.12±1.18 
ng/ml and this might reflect an inflam-
matory state among infertile men. 
Based on the results of improvement 
in in vitro sperm activation the results 
showed that 36 infertile patients (72%) 
were improved in sperm motility and 
only 14 (28%) were not improved. Fur-
thermore, based on this classification 
NLRP3 seminal plasma level found to 
be higher among patients whom not 
improved in their sperm motility than 
that improved ones 6.54±2.31 versus 
3.77±1.31 respectively. In this study, 
the results of receiver operating curve 
showed that 4.5 (ng/ml) as a cutoff 
value discriminating those whom can 
improve their sperm motility or not 
and that 22 (44%) of the patients were 
positive with equal or more than 4.5 
ng/ml and the remainder were negative 
28 (56%). 
This study highlighted the risk of in-
creasing NLRP3 protein in seminal 
plasma was 8.33 much more likely to 
get un improved sperm motility after 
in vitro activation (Table 2). Basical-

ly, a lot off researchers highlighted the 
impact of inflammation on the seminal 
fluid analysis parameters (reviewed by 
15). Several parameters have been ap-
plied as indicators for semen inflam-
mation reviewed by La Vignera, et al., 
2013. They depend on enzymes(16) 
and cytokines(17) that participate in 
inflammatory process of male genita-
lia(14) .
Group of researchers highlighted the 
importance of inflammasome protein 
NLRP3 as a “physiological low lev-
el of inflammation” for fertility(6).It 
had been suggested that low level of 
NLRP3 is essential for Sertoli cell pro-
duction of low levels of IL1B to main-
tain IL1 alpha (18) but higher rate of 
inflammasome expression will results 
in higher level of inflammasome acti-
vation cytokines such as IL-1B and IL-
18(19)  and served as a proinflammato-
ry signals generating an inflammatory 
process in the testis such as leucocyte 
infiltration and cell death signaling 
and caspase 1 activation(20–22) .Also, 
it might activate ASC adaptor protein 
in both sperm cell and leucocytes in 
semen resulting in inflammatory cell 
death(23) .
To date, the primary focus of inflam-
masome research has been anchored 
by NLRP3, which is a cytoplasmic 
protein that is primarily expressed in 
monocytes, macrophages, granulo-
cytes, dendritic cells, epithelial cells 
and osteoblasts(24). NLRP3 expres-
sion in myeloid cells is highly induc-
ible(25)  and other epithelial and Serto-
li cells(6). So, the leukocyte counting 
is not always giving a true picture of 
inflammation, because of wide range 
of cells have the ability to respond and 
considered as a source of inflammatory 
mediators. This gives an advantage of 
measurement of NLRP3 as a biomark-
er for inflammatory processes 
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and its targeting is crucial for im-
provement in sperm cell quantity and 
quality(26).
The developed kit is user friendly, 
simple to use and interpret, no anti-
gen extraction procedure is needed. 
The sample (seminal plasma) was di-
luted 1:1 with buffer in order to di-
lute the sample and reducing its vis-
cosity. The reduction of viscosity will 
facilitate sample absorption and flow 
across membranes.

Conclusion:Elevation of NLRP3 
protein in seminal plasma may be 
associated with the increased leuko-
cytospermia, bad sperm quality and 
unresponsiveness to in vitro sperm 
activation among infertile male.

References:
1. Elliott EI, Sutterwala FS. Initiation 
and perpetuation of NLRP3 inflam-
masome activation and assembly. Im-
munol Rev. 2015;265(1):35-52.
2. Guo H, Callaway JB, Ting JP-Y. 
Inflammasomes: mechanism of ac-
tion, role in disease, and therapeutics. 
Nat Med. 2015;21(7):677-687.
3. Ibrahim E, Zhang X, Aballa T, et al. 
INFLAMMASOME INACTIVATION 
IMPROVES SPERM MOTILITY IN 
MEN WITH SPINAL CORD INJU-
RY. JURO. 2013;189(4):e773.
4. Jurewicz M, Ibrahim E, Attia G, 
Roberge S, Lynne C, Brackett N. In-
flammasome activation in men with 
abnormal semen quality. Fertil Steril. 
2014;102(3):e9.
5. Travis A, Cardona C, Moody M, 
Simpson A, Ostermeier GC. INDI-
CATORS OF INFLAMMASOME 
ACTIVATION IN MEN WITH AB-
NORMAL SEMEN PARAMETERS. 
J Urol. 2016;195(4):e909.
6. Hayrabedyan S, Todorova K, Jabeen 
A, et al. Sertoli cells have a functional 
NALP3 inflammasome that can mod-
ulate autophagy and cytokine produc-

tion. Sci Rep. 2016;6(1):18896.
7. Omu AE, Al-Qattan F, Al-Abdul-
Hadi FM, Fatinikun MT, Fernandes S. 
Seminal immune response in infertile 
men with leukocytospermia: Effect on 
antioxidant activity. Eur J Obstet Gy-
necol Reprod Biol. 1999;86(2):195-
202.
8.Fraczek M, Sanocka D, Kamieniczna 
M, Kurpisz M. Proinflammatory cy-
tokines as an intermediate factor en-
hancing lipid sperm membrane per-
oxidation in in vitro conditions. J 
Androl. 2008;29(1):85-92.
9.Fraczek M, Szumala-Kakol A, 
Dworacki G, Sanocka D, Kurpisz M. 
In vitro reconstruction of inflammato-
ry reaction in human semen: Effect on 
sperm DNA fragmentation. J Reprod 
Immunol. 2013;100(1):76-85.
10. Jiang L, Zheng T, Huang J, et 
al. Association of semen cytokines 
with reactive oxygen species and his-
tone transition abnormalities. J As-
sist Reprod Genet. 2016;33(9):1239-
1246.
11. Shekarriz M, Sharma RK, Thom-
as AJ, Agarwal A. Positive myelop-
eroxidase staining (Endtz test) as an 
indicator of excessive reactive ox-
ygen species formation in semen. J 
Assist Reprod Genet. 1995;12(2):70-
74.
12.Matthews DE, Farewell VT. Using 
and Understanding Medical Statis-
tics. S. Karger AG; 2015.

     Iraqi Journal O
f Em

bryos and Infertility R
esearches Vol.(8) Issue (2) (2018)

41

IJEIR 
ISSN: 2616-6984



   
  I

ra
qi

 Jo
ur

na
l O

f E
m

br
yo

s a
nd

 In
fe

rti
lit

y 
R

es
ea

rc
he

s V
ol

.(8
) I

ss
ue

 (2
) (

20
18

)

13.La Vignera S, Vicari E, Condorel-
li RA, D’Agata R, Calogero AE. Male 
accessory gland infection and sperm 
parameters (review). Int J Androl. 
2011;34(5 PART 2).
14.La Vignera S, Condorelli RA, Vicari 
E, et al. Markers of semen inflamma-
tion: Supplementary semen analysis? 
J Reprod Immunol. 2013;100(1):2-
10.
15.Azenabor A, Ekun AO, Akinloye 
O. Impact of inflammation on male 
reproductive tract. J Reprod Infertil. 
2015;16(3):123-129.
16.Atig F, Raffa M, Habib BA, Kerkeni 
A, Saad A, Ajina M. Impact of seminal 
trace element and glutathione levels 
on semen quality of Tunisian infertile 
men. BMC Urol. 2012;12:2-9.

17. Havrylyuk A, Chopyak V, Boyko 
Y, Kril I, Kurpisz M. Cytokines in the 
blood and semen of infertile patients. 
Cent Eur J Immunol. 2015;40(3):337-
344.
18.Fettelschoss A, Kistowska M, Lei-
bundGut-Landmann S, et al. Inflam-
masome activation and IL-1  target 
IL-1  for secretion as opposed to sur-
face expression. Proc Natl Acad Sci. 
2011;108(44):18055-18060.
19.Martinon F, Burns K, Tschopp J. 
The inflammasome: a molecular plat-
form triggering activation of inflam-
matory caspases and processing of 
proIL-β. Mol Cell. 2002;10(2):417-
426.
20.Inoue M, Williams KL, Gunn MD, 
Shinohara ML. NLRP3 inflammasome 
induces chemotactic immune cell mi-
gration to the CNS in experimental 
autoimmune encephalomyelitis. Proc 
Natl Acad Sci. 2012;109(26):10480-
10485.
21.Abal M. Characterizing the con-
tribution of inflammasome-derived 
exosomes in the activation of the 
immune response. Ann Transl Med. 

2017;5(7):172-172.
22.Minutoli L, Antonuccio P, Irrera 
N, et al. NLRP3 Inflammasome In-
volvement in the Organ Damage and 
Impaired Spermatogenesis Induced 
by Testicular Ischemia and Reperfu-
sion in Mice. J Pharmacol Exp Ther . 
2015;355(3):370-380.
23. 	 Miao EA, Rajan J V, Aderem 
A. Caspase‐1‐induced pyroptotic cell 
death. Immunol Rev. 2011;243(1):206-
214.
24.Feldmann J, Prieur A-M, Quartier 
P, et al. Chronic Infantile Neurologi-
cal Cutaneous and Articular Syndrome 
Is Caused by Mutations in CIAS1, a 
Gene Highly Expressed in Polymor-
phonuclear Cells and Chondrocytes. 
Am J Hum Genet. 2002;71(1):198-
203.
25. Guarda G, Zenger M, Yazdi AS, et 
al. Differential Expression of NLRP3 
among Hematopoietic Cells. J Immu-
nol. 2011;186(4):2529-2534.
26.Ibrahim E, Castle SM, Aballa 
TC, et al. Neutralization of ASC im-
proves sperm motility in men with 
spinal cord injury. Hum Reprod. 
2014;29(11):2368-2373.

IJEIR 
ISSN: 2616-6984

42


