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In an attempt to determine whether co-culture could
promote sperm maturation, three patients with non-
obstructive azoospermia, two with maturation arrest at the
level of primary spermatocytes and one patient with<1%

tubules showing complete spermatogenesis, and one patient giagnostic testicle biopsy in the previous history of the patient

with total globozoospermia, gave consent to experimentally
co-culture round spermatids retrieved from the testicle on
Vero cell monolayers. In all azoospermic patients elongating
spermatids could be obtained from round spermatids. In
one case of maturation arrest, of 37 round spermatids co-
cultured for up to 5 days, 30% developed flagella, 46%
matured to elongating and 19% to elongated spermatids,
with one mature spermatozoon also obtained (3%). In the
same patient, primary cultures of three round spermatids
with flagella enabled development of one further mature
spermatozoon. In the case with total globozoospermia, of
six round spermatids co-cultured for up to 5 days, one
mature spermatozoon was obtained, with a flagellum and
normal head morphology. These preliminary findings sug-
gest that it may be possible to overcome the round
spermatid block, and even the triggering of morphological
abnormalities arising at the spermiogenic level, by in-vitro
maturation under special environmental conditions.
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Introduction
After the suggestion made by Edwards al. (1994) on

1997; Vanderzwalmeret al., 1997; Barroset al., 1998a,b;
Bernabetet al., 1998; Kahramast al., 1998; Sofikitiset al.,
1998b; Souseat al., 1999). Of the successful eight cases using
round spermatids, three were retrieved from the ejaculate
(Tesarik et al., 1995, 1996; Tesarik and Mendoza, 1996a;
Baraket al., 1998) and five from the testicle (Antinaet al.,
1997a; Vanderzwalmeat al., 1997; Kahramaet al., 1998),
with one cycle using frozen—thawed cells (Antinai al.,
1997b). However, some other reports showed no success at
all (Hannay, 1995; Cheat al., 1996; Yamanakat al., 1997).

In spite of these achievements, the complete absence of
elongated spermatids or spermatozoa from the ejaculate or

seems to have an adverse effect on the clinical outcome,
with no present pregnancy having been obtained with round
spermatids in these extremely severe cases (Anak., 1997;
Vanderzwalmeret al., 1997; Barro®t al., 1998a,b; Bernabeu
et al., 1998; Kahramaet al., 1998; Sofikitiset al., 1998b).

There are many concerns about the clinical consequences
of using round spermatids in micro-injection treatments, as
well as about the correct recognition of those cells (Tesarik,
1996, 1997a,b; Tesarik and Mendoza, 1996b; Figtedl.,
1996, 1997; Silbeet al., 1997; Aslamet al., 1998a,b; Balet
et al., 1998; Devroey, 1998; Silber, 1998; Silber and Johnson,
1998; Sofikitiset al., 1998a; Sousat al., 1998; Tesarilet al.,
1998a,b; Vanderzwalmeet al., 1998). Some studies tried to
validate the recognition of the round spermatid stage based on
the application of non-vital staining techniques (Mendoza and
Tesarik, 1996; Mendoza&t al., 1996; Angelopoulo®t al.,
1997). Although these methods cannot be applied in effective
treatments, they showed that in the majority of the cases the
correct cellular choice can be made. Simultaneously, others
have described the live characteristics of round spermatids
directly to guide clinical applications (Tesarik and Mendoza,
1996a; Vanderzwalmeet al., 1997; Souset al., 1998; Tesarik
et al., 1998a,b; Verheyeet al., 1998).

In-vitro maturing of round spermatids could be one method
for the study of the round spermatid block and an effective
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the use of spermatids for the treatment of non-obstructivevay to solve the clinical failures. In-vitro culturing with current
azoospermic patients, and the realization that round spermatidsedia has already been evaluated. Baatoal. (1998a,b) and

can effectively fertilize the human oocyte (VanderzwalmenBernabeuet al. (1998) have clinically applied this technique,
et al., 1995; Sousat al., 1996), the intracytoplasmic injection but no morphological changes were observed and no beneficial
of round (Tesariket al., 1995, 1996; Tesarik and Mendoza, effects were noticed on the clinical outcome, except an

1996a) and elongated (Fishet al., 1995, 1996) spermatids

improvement of the fertilization rate. On the contrary, and

on a clinical ground was successful. From the reported casealthough performed outside clinical application, Aslam and
35 pregnancies have already been obtained with spermatieishel (1998) have demonstrated that about 22% of round
injection. Twenty seven were obtained with elongating andspermatids can grow flagella under in-vitro culturing.

elongated spermatids (Fishatlal., 1995, 1996; Mansoet al.,
1996; Ameret al., 1997; Antinoriet al., 1997a; Arakiet al.,
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In the present short report we describe the degree of
maturation of round spermatids under Vero cell co-culture,
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showing that, at least in some cases, maturation blocks can Iy toile, France) diluted in EDTA solution (1:5000; BioMeux
overcome up to the formation of spermatozoa. 89651) (1:48 v/v) or with ax10 trypsin-EDTA solution (Sigma,
T-4174) diluted in Hanks’ balanced salt solution without calcium and
magnesium (Sigma, H-6648) (1:9 v/v), and incubated twice for 2-3
Materials and methods min at 37°C until the cells rounded and detached from the bottom of
Round spermatids were taken for experimental purposes with informethe tissue culture flask (as controlled by inverted microscopy with
consent from patients in whom testicular open biopsy or percutaneousoffman optics). Trypsin was then inactivated by the addition of
testicular sperm extraction was needed for their treatment protocoNCS (1:1 v/v). Cells were then washed with NCS (8010 min),
Testicular spermatid extraction and spermatid isolation were perand cultured as above. Cells PIfl) were cultured in microdrops
formed as previously described (Barres al., 1998a,b; Bernabeu with BM1 supplemented with 10% synthetic serum substitute (SSS-
et al., 1998). 99193, Irvine Scientific, Santa Ana, CA, USA). Cell concentrations
Three patients with non-obstructive azoospermia, two with maturawere adjusted after vital staining with the 0.2% Trypan blue (Sigma,
tion arrest at the level of primary spermatocytes and one patient witIT_8154) exclusion method, using the viability range of 85-98%.
<1% tubules showing complete spermatogenesis, and one patiefficrographs were taken on a Nikon inverted research microscope
with total globozoospermia, gave consent to experimentally co-cultur%quipped with Hoffman optics, temperature controlled stage, and

round spermatids on Vero cells monolayers, in an attempt to see {{jarishige micromanipulators. Freezing of Vero cells was as described
co-culture could promote normal maturation. In no cases were N, Ouhibi et al. (1989).

vitro matured cells used for clinical treatment.

Round spermatids were retrieved from the testicle by open biopsy
(cases with maturation arrest at the primary spermatocyte level) or
percutaneous testicular aspiration. In the case of the patient witRResults

total globozoospermia, the criterion for testicular extraction was th 1
presence of bacteria in the ejaculate. In all cases, the karyotype ) ] ) ) . )
was normal. This patient had a diagnostic testicular biopsy showing matura-

Testicle samples were diluted in a large microdrop containingtion arrest atthe primary spermatocyte level. The open testicular
sperm preparation medium (SPM; with HEPES buffer; Medicult, biopsy enabled us to recover elongated spermatids for injection
Copenhagen, Denmark) on a plastic tissue culture plate covered ynd cryopreservation. We co-cultured 37 round spermatids
light mineral oil (embryo tested, Medicult). Cells were selected with,ithout flagella (Figure 1A) for up to 4-5 days. Overall

a micropipette with 7-8um inner diameter (Swemed, Frolunda, o 0 .
Sweden), washed in SPM and then transferred to microdrops conl-1 (30%) developed flagella, 17 (46%) became elongating

taining Vero cell monolayers. Samples of each group of isolatePPerMatids as shown by the peripheral displacement of the
round spermatids used for co-culture were also transferred to a gla84ICleus, seven (19%) further developed to elongated spermatids
slide, fixed and stained (Schorr) to ensure the proper recognition otith flagella, and in one case a spermatozoon was formed
the round cells. (Figure 1B-F). We also have co-cultured three round sperm-
Isolated round spermatids were in-vitro cultured under co-cultureatids with flagella (Figure 1G), of which two became elongating

conditions using Vero cell (American Type Culture Collection, 81- (Figure 1H) and one, by day 5, reached the form of a mature
CCL, Rockville, MD, USA) monolayers grown in 20 microdrops spermatozoon (Figure 11).

on a plastic tissue culture plate covered by light mineral oil (embryo
tested, Medicult) at 37°C with 5% GOn air.

Vero cell monolayers were prepared as described (Owgtilail., Case 2
1989; Menezo et al., 1990, 1992; Schillagit al., 1994). Briefly, after  This patient also had a diagnostic testicular biopsy showing
thawing at 37°C, newborn calf serum (NCS, Sigma N-4637, Barcelonamaturation arrest at the primary spermatocyte level. The open
Spain) was added to the cell suspension, which was then centrifugqdsticylar biopsy enabled us to recover round spermatids for

for 10 min at 800g. The pellet was resuspended with 7% NCS in. . . . . .
BM1 (Ellios Bio-Media F-75008, Paris, France), and the cells (2510 injection and cryopreservation, with no elongating or elongated

25cn? flask) were cultured at 37°C with 5% G@ air for 2-3 days, spermatids found. We co-cultured ten round spermatids without
with a change of the medium being performed at 24 hours. Aflagella for up to 3 days. Overall, none formed flagella, but

confluence, growth medium was removed and monolayers werfour showed a peripheral displacement (elongation) of the
dispersed with a 2.5% trypsin solution (Biokileux 89651, Marcy  nucleus (Figure 2).
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Figure 1. Case 1. A) Isolated round spermatids without flagella (about @8 in diameter). Note the round nucleus (double arrow) and
acrosomal vesicle (arrow) surrounded by a thin rim of cytopla®nD( Co-culture of the same population of round spermatids without

flagella on a Vero cell monolayer at days 1, 2 and 3, respectively. Spatial changes and confluence of the cells occurred at all times, making
individual follow-up and step characterization difficult. Note development of flagella (arrows), and maturation into elongating (peripheral
displacement of the nucleus) (*) and elongated (**) spermatifls Fj Co-culture of another population of round spermatids without flagella
(arrow), at days 2 and 4, respectively. Note maturation into elongating spermatids (*) and then to an almost mature spermatozoon (**).

(G) Isolated round spermatids with flagella (arrowsj, {) Co-culture of the same round spermatids with flagella at days 2 and 5,

respectively. Note development into elongating (*) and elongated (**) spermatids at day 2, and of the elongated one into a mature
spermatozoon (**) at day 5. Magnification800.

Figures 2 and 3.Cases 2 and 3, respectively. Co-culture of round spermatids without flagella (arrow) on Vero cell monolayers at day 3.
Note maturation into elongating (*) spermatids (loss of the round acrosomal vesicle, decreased size and peripheral displacement of the
nucleus). Magnification<800.
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Figure 4. Case 4. f) Ejaculate sample. Note round-head spermatozoa (arrows), round spermatids (*), leukocytes and lijcteoilatdd
round-head spermatozoa (arrow) from the testicle specin@®nC¢-culture of six round spermatids without flagella and two with flagella
(arrows) on a Vero cell monolayer at day 1. Note that round spermatids without flagella are maturing into elongating (peripheral
displacement of the nucleus) spermatids (B)) Day 2. One elongating spermatid has developed a flagellum (arrow). Of the two round
spermatids originally with flagella, one is now elongating and seems to have lost the flagellum (*), whereas the other has detached and vy@s
lost. (E) Day 4. The remaining round spermatid originally with flagellum has detached and was lost. Of the 5 round spermatids originally 2 S
without flagella, one is still elongating (*), whereas the others developed dense granules in the cytoplashk) P&y 6. The elongating

spermatid that developed a flagellum has matured into a spermatozoon (arrow). The head is slightly out of focus because the flagellum is
attached to a Vero cell (*).Q) The same mature spermatozoon after removal of the Vero cell, showing elongated head morphology (arrow).
Magpnification X800.
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Case 3 Case 4

This patient had a diagnostic testicular biopsy showing fociThis patient had total globozoospermia with numerous bacteria
(<1% tubules) of complete spermatogenesis. Percutaneous the ejaculate on the day of treatment (Figure 4A). Per-
testicular aspiration enabled us to recover spermatozoa fautaneous testicular aspiration enabled us to recover round-
injection and cryopreservation. We isolated 15 round spermhead spermatozoa for injection and cryopreservation (Figure
atids without flagella from the sample where spermatozod@B). Six round spermatids without flagella and two round
were retrieved. After 3 days in co-culture, none developed apermatids with flagella could be isolated for co-culture. Round
flagellum, but most of them changed their internal morphologyspermatids with flagella detached by days 2 and 3 and were
showing loss of the round acrosomal vesicle, decreased didast. Of the round spermatids without flagella, five showed a
meter, and peripheral displacement (elongation) of the nucleysrogressive peripheral displacement of the nucleus (elongation)
(Figure 3). during the first 2 days of culture (Figure 4C, D), followed by

1290


http://humrep.oxfordjournals.org/

Round spermatid in-vitro maturation

formation of dense granules in the cytoplasm by day 4 (Figurglobozoospermia, and included as an internal control (presence

4E). One of the round spermatids without a flagellum becamef complete spermatogenesis), also gave surprising results, as

an elongating spermatid with a flagellum on the second dagp normal headed spermatozoon could be obtained from round

of culture (Figure 4D), and finally matured into a normal- spermatids without flagella after 5 days of co-culture. Although

headed spermatozoon (Figure 4F, G). preliminary, this finding suggests that in-vitro maturing might
also be used to overcome abnormal spermiogenesis.

] . Many concerns have been raised about the correct recogni-
Discussion tion of round spermatids and also about the possibility of
In cases of non-obstructive azoospermia showing in theifinding such cells in cases where elongating or elongated
previous history a complete absence of spermatozoa either Bpermatids are not simultaneously found (Silbeml., 1997;
the ejaculate or testicular biopsy, the recovery of only roundSilber and Johnson, 1998; Verheyenal., 1998). As round
spermatids for in-vitro fertilization is a frequent finding. The spermatids can now be matured fully vitro, our present
use of such round cells has a very poor outcome, with neesults demonstrate that it is possible to recognise such round
pregnancy having been obtained up to the present time in sudatells correctly, even in those severe cases. In support of our
extreme cases (Amet al., 1997; Vanderzwalmest al., 1997;  findings, recent studies on rat in-vitro spermatogenesis have
Barroset al., 1998a,b; Bernabeat al., 1998; Kahramaat al.,  also shown that maturation block at the round spermatid level
1998; Sofikitiset al., 1998b). can occur (Hueet al., 1998).

In-vitro maturing of round spermatids could be a powerful In mammals other than the human, studies using long-term
way for studying this round spermatid block and to try to seecultures of mixed spermatogenic populations in hormone
if it can be overcome so as to solve the present clinical failuressupplemented media have also recently shown that meiosis
In-vitro culturing with conventional media of isolated round can be completeth vitro. However, maturation then became
spermatids (Aslam and Fishel, 1998; Baretsal., 1998a,b; arrested at the round spermatid step (Hael., 1998). Our
Bernabetlet al., 1998) or of mixed spermatogenic populationspresent preliminary results now show for the first time that
containing Sertoli cells, primary spermatocytes, and round ando-culture on Vero cell monolayers can support full maturation
elongating spermatids (Aslam and Fishel, 1998) was recentlgf human round spermatids.
evaluated in humans. Barras al. (1998a,b) and Bernabeu  Although encouraging, these results should be interpreted
et al. (1998) have clinically applied this technique to thoseas preliminary and are not intended to be directly applied to
cases where there was no history of the presence of elongatédte treatment of infertile couples. In fact, studies are needed
spermatids or spermatozoa in previous ejaculates and it further evaluate and improve the present system. First, the
diagnostic testicular biopsies, and for whom only round spermlow success rate of sperm production in the present report
atids could be retrieved at treatment. After 1-3 days of culturenay be related to the fact that we have cultured spermatids at
no morphological changes were observed, and although th#&7°C, the ideal temperature for Vero cells. The ideal temper-
micro-injection of those cells elicited a much higher fertiliza- ature for normal spermatogenesis is 32-34°C, and higher
tion rate, no pregnancies could be obtained. On the contrarygmperatures were shown to inhibit amino acid incorporation
and although being performed outside clinical applicationand tubulin polymerization (Nakamurat al., 1978). It is
Aslam and Fishel (1998) have demonstrated, in non-obstructivgenerally assumed that the monolayer system in co-culture
and obstructive azoospermic patients, that about 22% of rounidhproves cell quality by removing toxic compounds from
spermatids begin to grow flagella very early under in-vitrothe culture medium, by supplying small molecular weight
culturing, although primary spermatocytes and elongatingnetabolites or by providing growth factors. Probably due to
spermatids did not show any maturation progression for up tthese factors, morphological changes were observed in round
4 days. spermatids during co-culture with Vero cells even at 37°C.

Our present preliminary results using round spermatid coThe importance of the action of the monolayer system in the
culture on Vero cell monolayers show that it is possible topresent report is further supported by the previous work of
mature these cells up to the elongating/elongated step armklam and Fishel (1998) who could only obtain growth of
even to mature spermatozoa. In all three azoospermic patientiagella despite having added serum to the culture medium
studied, round spermatids without flagella could give rise tcand working at 32°C. Future studies should ascertain whether
elongating spermatids. However, the growth of a flagellumVero cells can grow normally at lower temperatures. If this
and maturation through the elongation step of spermiogenesisill not inhibit monolayer formation and maintenance, then
up to mature spermatozoa could only be achieved in onenaybe the success rate of the system can be improved. Second,
patient with maturation arrest (primary spermatocyte level@a high number of non-obstructive azoospermic patients should
from whom elongated spermatids were recovered. Becausele studied to determine the real percentage of cases in whom
complete maturation progression was not observed in the casee early spermatid block can be effectively overcome. Third,
of a patient in whom only round spermatids could be retrievedthe intriguing observation that morphologically normal sperma-
we cannot presently conclude that co-culture is effective fotozoa can be obtained from round spermatids in about half of
cases with a very severe spermiogenic block. However, as the time that they are normally produced in the testicle (Heller
same disappointing results were obtained in a patient in whorand Clermont, 1963), suggests either that spermiogenesis can
spermatozoa were retrieved, no final conclusions can be takdye accelerated if cells are cultured isolated in special media,
before further cases are studied. One fourth patient, with totadr that an abnormal maturation is taking place. In support of
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a normal accelerated process is the fact that Aslam and Fishgfen. S-U., Ho, H-N., Chen, H-fet al. (1996) Fertilization and embryo

. . .., Cleavage after intracytoplasmic spermatid injection in an obstructive
(1998) have also found a better maturation progression with azoospermic patient with defective spermiogenesisrtil. Steril., 66,

isolated round spermatid culture than with culturing the whole 157-160.
seminiferous cell population_ Furthermore, in the presenpevroey, P. (1998) Are spermatid injections of any clinical value? Testicular

results, maturation followed the morphological features ;gi;mz‘fﬁgamon and intracytoplasmic sperm injectidom. Reprod. 13,

descnbed_for the_test|s, which included: (i) for _the c_ytoplasm:EdwardS’ R.G., Tarin, J.J., Dean, Bt al. (1994) Are spermatid injections
decrease in the diameter of the round spermatid, tail extrusion, into human oocytes now mandatoryfeim. Reprod.9, 2217-2219.
elongation, and formation of a morphologically normal middleFishel, S., Green, S., Bishop, It al.(1995) Pregnancy after intracytoplasmic

piece by loss of the residual cytoplasm at the nuclear basc?:"”‘e‘:t'o” of spermatidLancet,345, 1641-1642. .

. L . . ishel, S., Aslam, I. and Tesarik, J. (1996) Spermatid conception: a stage too
and (ii) for the nucleus: decrease in diameter, migration towards capiy, or a time too soonAum. Reprod.11, 1371-1375.
the pole opposite tail extrusion, elongation and condensatiofkishel, S., Green, S., Hunter, At al. (1997) Human fertilization with round

However, matured cells will have to be tested for viability, and elongated spermatidsum. Reprod.12, 336-340. _ _
developmental potential, and genetic integrity. Fourth, althougl'i'a“”ayv T. (1995) New Japanese IVF method finally made available in Japan.

- _ Nature Med.,1, 289-290.
the monolayer system enabled us to demonstrate for the flrﬂeller, C.G. and Clermont, Y. (1963) Spermatogenesis in man: An estimate

time that it is possible to support full maturation of human of its duration.Science 140, 184.
round spermatidsn vitro, co-culture may be considered a Hue, D., Staub, C., Perrard-Sapori, M-ét.al. (1998) Meiotic differentiation
drawback for clinical application because of the inherent risks of germinal cells in three-week cultures of whole population from rat

ft it infecti ts. For thi fut ffort seminiferous tubulesiol. Reprod.,59, 379-387.
oftransmiting Infectious agents. For this reason, future efior ‘T’(aharaman, S., Polat, G., Samli, bt.al.(1998) Multiple pregnancies obtained

should lead to the establishment of efficient specially-supple- by testicular spermatid injection in combination with intracytoplasmic sperm

mented free cell culture media. injection. Hum. Reprod.13, 104-110.

Mansour, R.T., Aboulghar, M.A., Serour, Gét al. (1996) Pregnancy and
delivery after intracytoplasmic injection of spermatids into human oocytes.
Middle East Fertil. Soc. J.1, 223-225.
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