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Complete globozoospermia associated with DPY19L2 
mutation treated with calcium ionophore ionomycin and 
ICSI results in live birth
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Abstract
The successful outcome of intracytoplasmic sperm injection (ICSI) with round-headed spermatozoa (globozoospermia) and ionomycin assisted activation oocytes 
is reported. A 30-year-old man with 100% globozoospermia underwent ICSI treatment. Real-time Polymerase Chain Reaction (PCR) detection indicates that 
the patient was DPY19L2 homozygous deletion. Nine metaphase II oocytes were injected with round-headed sperms. After ICSI, the oocytes were activated with 
ionomycin. Two out of 9 metaphase II oocytes were fertilized after ICSI and ionomycin activation. One embryo was transferred and a singleton pregnancy was 
obtained that ended in the delivery of a healthy child. Our case reports demonstrate that artificial oocyte activation using calcium ionophore ionomycin is beneficial 
in patients with globozoospermia associated with DPY19L2 mutation, and the method of oocyte activation does not affect the normal growth of preimplantation 
embryos. Further studies are needed to confirm the safety of oocyte activation in born babies.
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Introduction 
Globozoospermia is a rare type of monomorphic teratozoospermia 

characterized by the absence, or reduced activity of acrosin and of 
calicin resulted in fertilization impaired due to absence of oocyte 
activation, the incidence is lower than 0.1%. The mode of inheritance 
for this condition has not yet been established. Dominant inheritance, 
homozygous autosomal gene defect, and a possible environmental 
effect have been suggested. So far, three genes have been described 
as responsible for this phenotype: spermatogenesis associated 16 
(SPATA16), protein interacting with PRKCA 1 (PICK1) and DPY19L2 
[1-3].

Fertilization and pregnancies of globozoospermia can be achieved 
with ICSI, the first livebirth was reported in 1994 [4]; however, the 
success rates are generally very [5-8]. Several studies suggest that the 
low rate of fertilization in globozoospermic patients is partially caused 
by a decrease in the level or a defect in the oocyte activation factor, 
the phospholipase C ζ (PLCζ), assumed to be the main physiologic 
factor responsible for oocyte activation [9-11]. It was shown that ICSI 
combined with assisted oocyte activation overcomes this fertilization 
failure for globozoospermic patients [12]. Oocyte activation is 
characterized by two main molecular events including an increase in 
intracellular Ca2+ concentrations followed by meiotic promoting factor 
inactivation for M-G1 transition. There are numerous approaches to 
overcome the problem of fertilization failure after ICSI. Among others, 
application of calcium ionophore has proved particularly advantageous 
because of their ease of operation. The primary role of the calcium 
signal is to down regulate the activity of the cell cycle regulatory protein 
M-phase promoting factor (MPF) that leads to exit from the metaphase 
arrest [13]. Several methods have been used to induce oocytes 
activation, including electric current and various chemical agents.

We report a case that to our knowledge, is the first report of 

pregnancy and delivery in couples with globozoospermia associated 
with DPY19L2 mutation after ICSI using ionomycin for oocyte 
activation.

Case report
A 30 year old man and his 29 year old partner who had not been 

pregnant for 4 years. They had gone through one ICSI cycle without 
oocyte activation with no embryo to transfer. A semen sample revealed 
the following characteristics: volume 2.8ml; sperm concentration 
100×106/ml; sperm vitality: progressive motility 35%, non- progressive 
motility 5%, immotility 60%, sperm morphology: All of the sperm were 
round-headed (Figures 1). His karyotype revealed a normal 46 XY and 
Y chromosome microdeletion assay had not displayed microdeletions 
in the AZFa, AZFb, or AZFc regions. His hormonal level was within 
normal range. Real-time PCR detection indicates that the patient 
was DPY19L2 homozygous deletion, and his parents are carriers of 
DPY19L2 deletion.

His partner’s history was unremarkable. She had regular menstrual 
cycle, her body mass index was 24.6 kg/m2, FSH 5.65 IU/L, LH 1.63 
IU/L, E2 18.21 ng/L, PRL 11.99 μg/L, T 0.19μg/L, P 0.52μg/L and antral 
follicle count 6-7. 
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Materials and methods
Sperm morphology assessment and analysis of gene 
expression

Sperm morphology was assessed by Papanicolaou staining; all 
sperm analyses were performed at least three times in accordance 
with the recommendations of the World Health Organization (WHO). 
DPY19L2 expression was detected by Real-time PCR, the 2-△△Ct method 
was applied with the formula: relative amount of target gene mRNA= 
2-△△Ct, where CT is the threshold cycle for the gene amplification, △Ct 
= CTtarget gene - CTendogenous reference, and △△Ct = △Ct sample - CTcalibrator [14]. 
The primer (Supplementary Table 1) was used in Real-time PCR. 
The amplification conditions were preincubation for hot-start DNA 
polymerase activity at 95°C for 30 seconds, followed by 45 amplification 
cycles at 95°C for 10 seconds, 61°C for 20 seconds, and 72°C for 20 
seconds. The fluorescence values were collected after each elongation 
step to determine the threshold cycle and the cycle during the log-
linear phase of the reaction at which fluorescence increased above 
background. At the end of the amplification cycle, a melting curve 
analysis was performed to determine the specificity of amplification 
(Supplementary Figure 1).

Controlled ovarian stimulation

Patient was stimulated using a long protocol of triptorelin and 
follicle stimulating hormone (FSH, MetrodinSerono, Welwyn Garden 
City, Herts, UK). 36 hours ovum pick up after hCG injection. Twelve 
oocytes were retrieved, and the luteal phase was supported by crinone 
(90 mg/d).

Intracytoplasmic sperm injection and assisted oocyte 
activation

Because all sperm were globozoospermic, those having the best 
motility were selected for injection. Right after ICSI, oocytes were 
activated with 5 μM ionomycin solution for 10 minutes at 37°C in 6% 
CO2, 5% O2. After that the oocytes were thoroughly washed in fresh 
culture medium free of calcium ionophore and cultured in the same 
medium. The fertilization was evaluated after 18 hours after ICSI.

Results
Of 12 oocytes retrieved, 9 were injected with globe-headed 

spermatozoa. Seven oocytes remained intact and two fertilized 
normally. On the morning of day 3, one 8-cell embryo was transferred. 
A singleton clinical pregnancy resulted, caesarean delivery of a live 
male infant in September 2015. The infant’s weight was 4.0 kg.

Discussion
Globozoospermia, meaning round-headed spermatozoa, is a rare 

type of teratozoospermia first documented in 1965 [15]. In 2007, a 
homozygous mutation in exon 4 of SPATA16 was identified in three 
affected brothers from an Ashkenazi Jewish family. However, this 
mutation was not detected in 29 other globozoospermic patients 
including 6 familial cases [1]. In 2010, a homozygous missense 
mutation in exon 13 of PICK1 was identified in a Chinese patient with 
total globozoospermia and no other PICK1 mutations were identified 
in two additional unrelated globozoospermic patients [3]. The study 
of DPY19L2 knockout mice, reproducing the human globozoospermia 
phenotype, showed that DPY19L2 is expressed predominantly in 
spermatids with a very specific localization restricted to the inner 
nuclear membrane facing the acrosomal vesicle. In the absence of 
DPY19L2, the inner nuclear membrane becomes separated from the 
outer nuclear membrane, leading to the detachment of the acrosome 
associated with the outer nuclear membrane and therefore to the 
absence of acrosomes [16]. It has been shown that DPY19L2 is the 
major gene responsible for human globozoospermia [2,17,18]. In this 
case, the result indicated a homozygous deletion of the DPY19L2 gene 
in our patient.

Before 1994, patients with complete globozoospermia have no 
options for bearing a child other than using donor sperm or adoption. 
The first pregnancy in globozoospermia patient using ICSI method was 
described in 1994 [4]. Since then, numerous reports have described 
successful attempts to achieve either fertilization or pregnancy following 
ICSI with round-headed sperm [6,19,20]. In general, ICSI with round-
headed sperm is less successful compared with ICSI. In some cases ICSI 
is not always overcome the infertility associated with globozoospermia 
[21,22]. Some reports indicated that induction of oocyte activation 
using calcium ionophore was necessary after ICSI in some patients with 
globozoospermia [12,20], strongly pointing to an absence of putative 
oocyte-activation factor. To date, only calcium ionophore A23187 and 
injection of CaCl2 were used for globozoospermia patient. At least one 
report indicated that the fertilization rate obtained with ionomycin was 
higher than the activation rate using calcium ionophore A23187 on 
fresh oocytes after ICSI in teratozoospermic patients [23]. In the study, 
we used ionomycin for oocyte active after ICSI in globozoospermia 
patient, and a healthy male baby was delivered.

Our results indicated that ionomycin as an efficient calcium 
ionomycin is beneficial in patients with globozoospermia associated 
with DPY19L2 mutation. This study showed that the method of oocyte 
activation does not affect the normal growth of preimplantation 
embryos. Further studies are needed to confirm the safety of oocyte 
activation in born babies.
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Figure 1. Morphology of round-headed sperm by Papanicolaou staining.
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