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Abstract 

Background:  A complex of effector and predominant regulatory immune responses are induced in the female 
reproductive tract (FRT) due to insemination that is necessary to achieve pregnancy. The expression of immune regu-
latory molecules by spermatozoa indicates the significance of the interaction between spermatozoa and immune 
cells recruited to the FRT in the preparation of appropriate immunity for pregnancy occurrence. One of the immune 
regulatory molecules is CD5 whose expression by spermatozoa has not yet been investigated. Therefore, the aim of 
this study is to investigate the expression of CD5 on the surface of human spermatozoa. Semen samples were col-
lected from 30 healthy men with normal semen status. CD5 expression on purified spermatozoa was evaluated by 
flow cytometry methods.

Results:  The results showed the mean ± SD percentage of CD5 positive spermatozoa was 49.41 ± 8.73.

Conclusion:  CD5 is expressed on spermatozoa.
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Background
A complex of effector and predominant regulatory 
immune responses are induced in the female reproduc-
tive tract (FRT) due to insemination that is necessary to 
achieve pregnancy [1–3]. Semen is composed of semi-
nal fluid, spermatozoa and non-spermatozoa cells which 
include round cells and immune cells [4]. Seminal fluid 
contains immune regulatory factors such as prostaglan-
dins, transforming growth factor β (TGF-β), IL-10, and 
others [5]. In addition to seminal fluid immune regula-
tory factors, spermatozoa also express immune regu-
latory molecules. Human leukocyte antigen (HLA)-G 
[6], HLA-E [7], and Fas-ligand [8] are some examples of 
immunoregulatory molecules expressed by spermatozoa. 
The expression of such immune markers by spermatozoa 
indicates the significance of the interaction between sper-
matozoa and immune cells recruited to the FRT in the 

arrangement of proper immunity for pregnancy occur-
rence. It also raises the possibility of the presence of other 
immune molecules on spermatozoa. There is a variety of 
immune regulatory molecules such as cytotoxic T lym-
phocyte-associated protein 4 (CTLA-4), programmed 
cell death protein 1(PD1) and its ligand (PD-L1), T cell 
immunoglobulin mucin-3 (tim3) [9], and CD5 [10] whose 
expression by spermatozoa, to the best of our knowledge, 
has not yet been investigated.

Given the great importance of the regulatory immune 
response to spermatozoa for a successful pregnancy and 
the obvious relationship between the immune dysregu-
lation in the FRT and pregnancy disorders [11], elucida-
tion of the immune molecules expressed by spermatozoa 
is necessary. Expanding our knowledge about the mol-
ecules involved in reproductive immunity can empower 
us to propose therapeutic interventions in immune 
dysregulation.

Among the above mentioned molecules, CD5 has par-
ticular importance because of its specific impact on the 
survival and receptor signaling of T and B lymphocytes, 
being the central cells in immune reactions [12]. CD5 is 
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a scavenger receptor that is expressed by lymphocytes, 
primarily thymocytes, mature T cells, a subset of B cells 
(in mice B1a cells), and also by dendritic cells which 
are interacting with lymphocytes [13]. CD5 has a func-
tional role in immune tolerance, modulating T helper 
differentiation as well as Tregs and regulatory B cells 
(Breg) homeostasis [13]. For example, a high expression 
of CD5 on T cells results in the induction of Treg cells. 
In contrast, lack of CD5 on T cells is accompanied with 
elevated activation and increased “activation-induced cell 
death” and anergy [14]. Development and function of B1a 
cells is dependent on CD5 expression [13]. CD5-positive 
dendritic cells lead to decreased activation of CD4- and 
CD8-positive T cells [14]. Accordingly, we supposed 
that CD5 may be one of the immune molecules which is 
expressed by spermatozoa to regulate T and B cell pene-
tration to the FRT following insemination. Therefore, the 
aim of this study is to investigate the expression of CD5 
on the surface of human spermatozoa.

Methods
Subjects
Thirty healthy volunteers aged 20–56 years entered the 
study. Semen samples were collected by masturbation 
after 2–3 days of sexual abstinence. After semen analy-
sis according to the WHO standard guidelines (WHO, 
2010), samples with normal quality (according to WHO 
reference intervals for values of semen parameters) were 
selected for the assessment of CD5 expression.

Sperm purification
Density-gradient centrifugation technique was used 
for purification of spermatozoa. We used All Grad (Life 
Global® Group, Canada) solution. All Grad effectively 
separates the spermatozoa from debris, seminal plasma, 
epithelial cells, leukocyte, bacteria, and immature and 
abnormal spermatozoa [15]. The procedure of purifica-
tion is described in more detail elsewhere [15]. In brief, 
1 ml of the spermatozoa suspension was carefully layered 
over a discontinuous gradient made by All Grad 95% and 
45%. After centrifugation at 400g for 18 min, the sper-
matozoa pellet at the bottom of the centrifuge tubes was 
washed and re-suspended in All Grad Wash. The purified 
spermatozoa were assessed by microscopic visualization 
for lack of non-spermatozoa cell contamination and also 
viability.

Flow cytometry
The presence of CD5 on the surface of spermatozoa 
was measured by direct immunofluorescence using a 
BD FACS Calibur (BD Biosciences, USA) flow cytom-
eter. Tubes containing 1 × 106 spermatozoa were stained 
with phycoerythrin (PE) mouse anti-human CD5 (clone: 

MCD5, IQ Products, Groningen, Netherlands) at room 
temperature for 30 min. The samples were run on flow 
cytometry, and data from at least 100,000 events were 
collected using Cell Quest software (Becton Dickinson). 
Antibody titration was performed, and the optimal titer 
with the minimal background was selected. Unstained 
control was used as a negative control. Noteworthy, cell 
viability tests were not performed because abnormal and 
dead spermatozoa were removed by All Grad solution 
before staining. Fluorescence data were obtained with the 
logarithmic amplifier. We used a Flow Jo software version 
X for the data analysis.

Results
Flow cytometric assay was used for evaluating CD5 
expression by spermatozoa. Due to the size of human 
spermatozoa, which are smaller than many other human 
cells, an appropriate semi-logarithmic setting was applied 
on the flow cytometer. In the setting, a logarithmic mode 
of the side scatter (SSC) parameter versus a liner mode of 
the forward scatter (FSC) parameter was used to detect 
spermatozoa, and a suitable gate was set around them. 
The corresponding histogram was used to determine the 
expression of CD5. The results clearly show the expres-
sion of CD5 on the surface of purified spermatozoa 
(Fig. 1). The mean ± SD percentage of CD5 positive sper-
matozoa was 49.41 ± 8.73.

Discussion
The expression of CD5, an immune-associated molecule 
with immunomodulatory properties, has been demon-
strated by some immune cells [12, 13]. The finding of this 
study is noteworthy because, for the first time, it has been 
shown by the flow cytometry method that human sper-
matozoa display CD5 on their surface. A simple search in 
the Human Protein Atlas (https://​www.​prote​inatl​as.​org/​
ENSG0​00001​10448-​CD5/​tissue) reveals CD5 expression 
in different tissues, including male and female repro-
ductive tissues. However, the type of cells in the tissues 
which express CD5 molecules remains to be determined. 
Although the expression of CD5 by resident immune 
cells in the tissues can underlie the positivity for CD5, the 
results of the current study propose spermatozoa, in male 
reproductive tracts, as another possible CD5-expressing 
cell.

We do not know whether the flow cytometric detec-
tion of CD5 on the spermatozoa cell surface is due to 
CD5 mRNA translation or alternatively results from the 
acquisition of CD5 from other nearby cells through a 
mechanism called trogocytosis (already shown regarding 
CD9 acquisition of spermatozoa [16]). Further studies are 
needed to determine this. However, the presence of CD5 
on spermatozoa, whether by the gene expression or by a 
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trogocytosis process, can have important immune out-
comes. As mentioned earlier, CD5 is generally known as 
an immunomodulatory molecule on T and B cells, and, 
like other immunoregulatory markers on lymphocytes 
such as PD1 and CTLA4, CD5 has the ability to modulate 
different signaling pathways in lymphocytes after activa-
tion through its extracellular domains [13]. Moreover, it 
is shown that some lymphocyte-interacting cells such as 
dendritic cells (DCs) express CD5 and this expression 
is related to their capacity of lymphocyte activation [12, 
14]. Consequently, it is proposed that CD5 on the surface 
of DCs act through a homophilic interaction with CD5 
on lymphocytes to regulate their functions [12]. There-
fore, we suggest that CD5 in sperm plays the same role as 
it does in DCs. In the other words, spermatozoa, through 
presentation of CD5, may induce a regulatory phenotype 
on TCD4 and TCD8 cells and also B cells recruited to the 
female reproductive tract upon insemination, since, as 
stated previously, the semen-triggered immune reactions 
in the FRT need to be dominated by immunoregulatory 
mechanisms to culminate in normal pregnancy occur-
rence. Perhaps one of the reasons for hyper-immunity 
and excessive effector response in women suffering from 
recurrent spontaneous abortion (RSA) is due to distur-
bance in CD5 expression or signaling in the husband’s 
spermatozoa.

Conclusions
This paper shows, for the first time, that spermato-
zoa express CD5 that is an immune regulator mole-
cule. This result suggests that CD5 from spermatozoa 

may have some role in the induction of the regulatory 
immune response required for pregnancy occurrence.
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Fig. 1  Representative flow cytometry gating plots and histogram of unstained control and sample. Unstained control was used to differentiate the 
negative and positive population
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