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Abstract: This research focuses on the development of a direct technique for isolation and 
immobilisation of cumulus ligands on a plastic surface. After ovum pick up, cumulus cells 
samples from 199 patients, undergoing intracytoplasmic sperm injection (ICSI) were collected 
and stored at -20° C. All samples were thawed, mixed in a pool and stored at -20° C until 
their next application. Forty sperm samples from normozoospermic men were used during 
the process of the optimization of the implemented technique. The maximal number and 
percentage of the attached human spermatozoa were applied as main criteria for successful 
isolation and immobilization of cumulus ligands. During the optimisation process four enzymes 
(collagenase type I, accutase, hyaluronidase and trypsin) were tested for isolation of cumulus 
ligands. The immobilization of cumulus ligands on plastic surface was compared among eight 
concentrations and three different temperature regimes (-20°C, 4°C and 25°C). The obtained 
results showed that the optimal conditions were: (1) digestion of cumulus cells with collagenase 
type I for 20 minutes at 37°C in an incubator, (2) preparation of a pool of samples from donors 
and dilution in carbonate buffer to a final concentration of 0.008 cumulus samples/sample at 
Room Temperature (RT), (3) immobilization (placing) 1µl drops of prepared cumulus solution 
on the plastic surface at RT and (4) storage at 4°C until the addition of human spermatozoa. 
The described method for utilization of cumulus ligands on plastic surface might be very useful 
both for the development of new methods for diagnostics and non-invasive selection of human 
spermatozoa based on their functional characteristics.

INTRODUCTION

About 30% of couples of reproductive age are affected by infertility, with 
the male factor accounting for up to 50% of reduced fertility (Fleming et al., 
1995; Hassan and Killick, 2003). Despite the rapid development of Assisted 
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Reproductive Technologies (ART) over the last few decades, live birth rates 
do not exceed 30% (Neri et al., 2004). A little attention is paid to male factor 
testing and proper sperm selection before intracytoplasmic sperm injection 
(ICSI). Assisted Reproductive Technologies involve a variety of procedures for 
separating spermatozoa from seminal plasma in order to select the most viable 
gametes, capable of fertilizing the eggs. The main purpose of these techniques has 
long been to gain a population of motile spermatozoa with suitable morphology, 
although these parameters are insufficient to evaluate the functional activity of 
male gametes (Henkel and Schill, 2003).

Nowadays, human sperm selection is limited to methods that do not really 
select the best spermatozoa. The most commonly applied methods are swim-
up and density gradient centrifugation (Nadalini et al., 2014). The density 
gradient centrifugation and the swim-up method are used as standard preparation 
techniques (Paasch et al., 2007). These procedures are based on sedimentation 
and migration of spermatozoa, although molecular events such as sperm apoptosis 
are overlooked, which may negatively impact the final outcomes (Makker et al., 
2008). Swim-up is one of the oldest and most commonly used sperm separation 
method which is easy to perform and very cost-effective. However, this method 
is restricted to ejaculates with high sperm count and motility and has relatively 
low yield (Xue et al., 2014). Also, it induces the production of reactive oxygen 
species (ROS) as a result of higher spermatozoa density, thus decreasing the 
percentage of normally chromatin-condensed spermatozoa (Fácio et al., 2016). 
Density gradient centrifugation is relatively easy to perform and eliminates the 
majority of leucocytes in the ejaculate but it also has disadvantages, such as poor 
yield and affected DNA integrity (Beydola et al., 2013).

The aim of our study was to develop an effective sperm selection method 
based on the communication between human spermatozoa and cumulus ligands 
immobilised on a plastic surface. Here, we described a new method based on 
mimicking the selection process observed in physiological conditions.

MATERIALS AND METHODS

The cumulus matrixes (CM) used for the experiment were collected from 
patients at Nadezhda Women’s Health Hospital for the period from January 2018 
until June 2018.

The protocol of the study and the informed consent forms have been approved 
by the IRB committee of the Nadezhda University Hospital and conforms to the 
ethical principles of the Declaration of Helsinki for medical research involving 
human subjects.

For each of the embodiments related to optimizing the steps of the method 
(enzyme treatment of the CM, working concentration, shape of the immobilized 
area, CM storage conditions and immobilization procedure), the binding activity 
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of the sperm to the resulting ligands, after a different type of treatment of the 
ejaculate were compared in 5 to 15 patients/replicates.

Semen samples were obtained from male patients by masturbation after 3-5 
days of sexual abstinence.

Isolation of cumulus-oocyte complex
After ovum pick up, the cumulus-oocyte complexes were incubated for 3-5 

hours in a culture medium Global for fertilization (LifeGlobal®, USA) under 
paraffin. Тhey were stored under controlled conditions (37°C, 5.0% CO2). 
Separation of the cumulus from the cumulus-oocyte complex was performed 
mechanically with a glass needle. The cumulus matrix was then placed in a new 
culture medium Global for fertilization (LifeGlobal®, USA).

Enzyme treatment of the CM 
To determine the decomposition of the cumulus complex to cumulus matrix 

and cumulus cells 4 enzymes treatments were compared. Namely: accutase 
(MDL MFCD01632905), collagenase type I (EC 3.4.24.3), trypsin (EC 3.4.21.4) 
and hyaluronidase (EC 3.2.1.35) (Sigma-Aldrich Corporation, S. Louis).

Separation of the CM from the cumulus cells was performed by centrifugation 
(600G/5min), and then the remaining lumps of cumulus cells were discarded 
(Fig. 1).

Fig. 1. Procedure for cumulus matrix isolation.

Determination of the protein concentration and working cumulus 
concentration
The protein concentration in a pool of 199 CM was determined by a 

colorimetric assay (Bradford et al., 1976).
The optimal ligand concentration for the sperm-adhesion test was determined 

by comparing the quantity and the distribution of the adhered spermatozoa on 
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serial   dilutions of the CM ligands in the range of 2 to 4096 folds. 
The experiment was performed in a 96-well polystyrene plate. After complete 

immersion of the immobilized ligands at 37°C, sperm were placed on them at 
a concentration of 1 mg/ml in DMEM F12 medium + 10% HSA treated by the 
swim-up method (Fig. 2).

Fig. 2. A diagram illustrating how to perform serial dilutions and determination of the 
optimal dilution of the cumulus ligands in carbonate buffer.  

Comparison of the applied sperm preparation procedures on the 
cumulus-binding activity
The cumulus-binding activity was compared among 1x106/ml of: native 

spermatozoa, swim-up treated spermatozoa, density gradient centrifugated 
spermatozoa and centrifugated & washed spermatozoa (Fig. 3). The sperm 
binding capacity was measured as mean number of attached spermatozoa per 100 
µm2 cumulus ligands surfaces (CLS).
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Fig. 3. Description of the compared sperm preparation procedures 
A. Native sperm; B. Swim-up; C. Density Gradient Centrifugation and 

D. Centrifugation with washing.

Determination of ligand storage and immobilization conditions 
To determine the best conditions for immobilizing the ligands on the selected 

surface, droplets with concentration - 0.022 mg cumulus protein/ml were plated 
onto plastic plates and were allowed to dry under different temperatures (4°C, 
37°C and room temperature) for 12 hours.

The optimal storage conditions for the obtained cumulus ligands were 
compared among 4°C, -20°C and room temperature for 3 days.

Sperm analysis
 Spermatozoa characteristics were examined under bright field microscope.
Swim-up 
The semen was centrifuged at 600 g for 5 minutes in a conical tube and the 

pellet was overlaid with DMEM + 10% HSA. After 30 minutes at 37°C the upper 
layer of the solution, containing the motile spermatozoa, was transferred into a 
new tube. 

Density Gradient Centrifugation
Human semen sample was placed on two-layer gradient solution (80% and 

45%) (LifeGlobal, ALLGRAD®), followed by centrifugation at 600 g for 5 
minutes.

Selection by immobilized cumulus ligands
The native ejaculate was centrifuged at 600 g for 5 minutes and the pellet 

was resuspended in the same volume DMEM + 10% HSA. The obtained 
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spermatozoa were brought to a concentration of 5x106/ml and placed on a plate 
with immobilized cumulus ligands. The immotile and dead sperm were removed 
after 30 minutes. The attached spermatozoa were mechanically collected and 
counted using a MAKLER counting chamber.

RESULTS AND DISCUSSION

Enzyme treatment of the CM 
Among the studied four enzymes, collagenase type I appeared to be the 

most suitable for performing the assay (Fig. 5). The mean number of attached 
spermatozoa was significantly higher (2134 / µm2 CLS, p<0.05) compared to 
those attached after treatment with the other three enzymes. The most effective 
treatment time was 20 minutes. During trypsin treatment of the cumulus (Fig 
4, A), a complete degradation of the cumulus to cumulus cells and matrix was 
observed after a period of 40 minutes. Dissociation with accutase (Fig. 4 B) and 
hyaluronidase (Fig. 4 C) resulted in final decomposition of the cumulus after 30 
minutes.

Accutase and hyaluronidase are often used in cumulus cell isolation 
procedures by other authors (Leese et al., 1985; Joyce et al., 1999; Latham et al., 
1999; Ferrari et al., 2010; Yamatoya et al., 2011). Collagenase type I was isolated 
from Clostridium histolyticums and exhibits collagenase, caseinase, clostripain 
and tryptic activities. Collagenase type I is a protease that cleaves the bond 
between a neutral amino acid (X) and glycine in the Pro-X-Gly-Pro sequence and 
the peptide bonds of native and triple-helical collagen.

Fig. 4. Bright field microscopic images of CM decomposition after: 
A. Treatment with trypsin B. Treatment with Accutase C. Treatment with hyaluronidase 

D. Treatment with collagenase type I. Magnification 40x
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The most optimized CM decomposition was achieved after treatment with 
collagenase type I (Fig. 4D). In this experimental setting complete degradation 
of the cumulus was observed after 20 minutes at 37°C.

	 The choice of collagenase type I was also confirmed by the results from 
the conducted sperm binding assay (Fig. 5).

Fig. 5. Number of attached spermatozoa on a differently treated CM. 

Protein content and determination of working cumulus ligands concentration 
The protein concentration of the CM pool was determined as 2.89 mg/ml 

(Table 1).
Table 1 Protein concentration of the cumulus samples, measured by Bradford method.

Number of cumulus 
samples

Protein concentration
(mg/ml)

Amount of protein in a 
cumulus matrix (µg)

199 2.89 14

In determination of the working concentration of the cumulus ligands the 
number of the attached spermatozoa was taken into account. The optimal dilution 
of the cumulus ligands in coating buffer was 128 folds, which corresponds to 
0.022 mg/ml protein (Fig. 6).

Fig. 6. Number of attached (hatched) spermatozoa on 
serial dilutions of the cumulus ligands. 
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Type of processing Number of attached spermatozoa / 100 µm2 
cumulus ligands surface

Native sperm 34

Density gradient centrifugation 378

Swim-up 3214

Centrifugation with washing 231

Table 2 Number of attached spermatozoa on 100 µm2 cumulus ligands surface (CLS) 
after different type of sperm treatment

Fig. 7. Adhesion of human spermatozoa after different types of treatment: A. Native 
spermatozoa B. Density centrifugation gradient C. Swim-up method D. Centrifugation 

with washing. Magnification 100x

Comparison of the applied sperm preparation procedures on the cumulus-
binding activity

The applied treatment procedures resulted in different mean number of 
attached spermatozoa on the immobilized cumulus ligands (Table 2). Untreated 
spermatozoa showed less adhesion in comparison to the applied three preparation 
methods (34 / 100 µm2 CLS in a drop). In addition, both centrifugation procedures 
led to significantly lower number of attached spermatozoa compared with the swim-
up isolated cells (3214 vs. 213 and 378 spermatozoa / 100 µm2 CLS respectively). 
The observed lower spermatozoa adhesion abilities after centrifugation could be 
due to the sperm cell damage during the process of centrifugation (Zini et al., 
2000) or the lack of ready-to-use receptors to capture the cumulus-matrix ligands 
(Lin et al., 1994; Kim et al., 2005). Our results revealed that the swim-up sperm 
separation procedure ensures not only motile but functionally active spermatozoa 
that are able to attach to the cumulus matrix ligands as in vivo conditions (Fig. 7).
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An optimal sperm processing technique aims to obtain vivid and functional 
spermatozoa (Henkel et al., 2003). The centrifugation of the semen induces 
production of harmful reactive oxygen species (Zalata et al., 1995; Aitken et 
al., 1988). Therefore, more gentle sperm selection techniques such as density 
gradient centrifugation and swim-up could be a better choice (Mortimer et al., 
1991; Aitken et al., 1995; Oehninger et al., 1995), especially in combination with 
the following cumulus binding procedures.

Storage conditions
In this study the storage of the cumulus at room temperature resulted in the 

lowest number of attached spermatozoa – 112 / 100 µm2 CLS (Table 3). A slightly 
higher result was observed after storage of the ligands at 4°C whereas storage at 
-20°C leads to ten folds more attached spermatozoa (1204 / 100 µm2 CLS) (Fig. 
8).The extracted cumulus matrix proteins were allowed to interact interfering 
with sperm-binding cites at room temperature and at 4°C. The collagenase type I 
optimal temperature was 37°C but it was also active at room temperature and at 
4°C. Its action could also impair the sperm-binding cites of the cumulus derived 
ligands.

Table 3. Number of attached spermatozoa / 100 µm2 cumulus ligands surface (CLS), 
stored at RT, 4°C and 20°C. 

Storage conditions

Conditions Room 
temperature, RT 4oC -20oC

Number of 
attached 
spermatozoa /  100 
µm2 CLS

112 202 1204

Fig. 8. Distribution of the attached spermatozoa / spermatozoa / 100 µm2 cumulus 
ligands surface (CLS) stored at room temperature (RT), 

4°C and 20°C. Magnification 100x
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Conditions of immobilization

Conditions 4oC 37oC Room 
temperature

Number of 
attached 
spermatozoa /  100 
µm2 CLS

1324 432 84

Table 4 Number of attached spermatozoa spermatozoa / 100 µm2 cumulus ligands surface 
(CLS) in different conditions of immobilization 

Fig. 9. Number of attached spermatozoa / 100 µm2 cumulus ligands surface (CLS) after 
the applied conditions of immobilization. Magnification 100x

Optimization of immobilization condition
At this stage of the study the immobilization was performed on a polystyrene 

plate by pipetting 1 μl droplets at final concentration - 0.022 mg cumulus protein/
ml. Plates were kept at 4°C for 2-10 days (Fig. 9). The lowest number of attached 
spermatozoa to the cumulus ligands was observed on immobilized cumulus 
ligands at room temperature (Table 4) and stored at 4°C. 

The obtained results showing the optimal immobilization procedure steps for 
assessment of human spermatozoa cumulus binding capacity are presented on 
Figure 10.
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Fig. 10. Schematic representation of the developed method for sperm selection trough 
cumulus ligands. A. Treatment with collagenase type I (Dissociation of the cumulus 
complex). B. Dilution of cumulus ligands in coating buffer (0.022 mg cumulus protein/
ml, 128x) C. Storage of the ligands. C1-C2. Immobilization of ligands D. Adding 1x106/
ml spermatozoa in the well. E. Detachment and counting of the spermatozoa using 

MAKLER counting chamber.

CONCLUSION

The described method for utilization of cumulus ligands on plastic surface 
is simple technique that provides an accurate non-invasive selection of human 
spermatozoa based on their functional characteristics.
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