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In vitro culture facilitates the selection of
healthy spermatids for assisted
reproduction
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Objective: To evaluate the potential usefulness of in vitro culture of germ cells for distinguishing between
healthy and apoptotic spermatids.

Design: Prospective study.
Setting: Private assisted reproduction laboratories and a university department.
Patient(s): Men with secretory azoospermia who were candidates for assisted reproductive treatment.

Intervention(s): Testicular biopsy samples were cultured in the presence of FSH and testosterone for 4&
hours. Germ cell apoptosis before and after culture was evaluated by terminal deoxyribonucleotidyl trans
ferase—mediated deoxyuridine triphosphate nick-end labeling.

Main Outcome Measure(s): The percentage of germ cells at different stages of spermatogenesis that showec
apoptosis-related DNA damage.

Result(s): In fresh samples, high levels of apoptosis were detected at those stages of spermatogenesis
which major developmental blocks occurred, with a maximum at the most advanced stage detected. |
contrast, apoptotic cells were considerably less well represented at the most advanced stage after culture

Conclusion(s): In addition to the previously described facilitation of spermatid recognition and the progres-
sion of cytoplasmic maturation, in vitro culture of germ cells is useful to overcome the danger of inadvertent
use of apoptotic spermatids for assisted reproduction. (Fertil $t&9i99;72:809-13. ©1999 by American
Society for Reproductive Medicine.)
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After the first reported birth of a child re- with complete spermiogenesis failure and dem-
sulting from fertilization with a round sperma- onstrated recently that apoptosis-related DNA
tid (1), several other successful round spermafragmentation is markedly more frequent in
tid injection (ROSI) treatment cycles have beengerm cells recovered from men with complete
reported (2—6). However, in contrast to the first spermiogenesis failure compared with those in
published series, in which ROSI was impro- whom late elongated spermatids or spermato-
vised in situations of unexpected sperm ab-zoa can occasionally be found (8). Because
sence when intracytoplasmic sperm injectionround spermatids carrying this kind of DNA
was planned (1), ROSI outcomes were lessdamage often have most of the characteristics
encouraging in those cases in which no pro-of living cells and cannot be distinguished from
duction of late elongated spermatids or sper-healthy round spermatids at the time of ROSI,
matozoa was ever detected in the patients'the risk of inadvertent use of such apoptotic
histories (5, 7). The condition in which sper- cells is high in patients with complete spermio-
matogenesis is blocked at the round spermatidgenesis failure. This can explain the low suc-
stage has been called complete spermiogenesisess rate of ROSI in this category of patients.

failure (7). Preliminary experiments conducted in our

We investigated the possible causes of thelaboratories showed that germ cells from some
unexpectedly low efficacy of ROSI in patients men with complete spermiogenesis failure
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have a good survival rate during 1-2 days of in vitro culturedyl transferase—-mediated deoxyuridine triphosphate nick-
in media supplemented with high concentrations of FSH an@&nd labeling (TUNEL) is combined with immunocytochem-
testosterone. Moreover, round spermatids from these paeal visualization of the specific germline marker proacrosin.
tients can even resume morphologic changes that are charhe commercially available In Situ Cell Death Detection
acteristic of spermiogenesis and develop into functionallyKit, Fluorescein (Boehringer, Mannheim, Germany), con-
competent gametes that, after microinjection into oocytestaining fluorescein isothiocyanate—labeled deoxyuridine
give rise to viable embryos and term pregnancies (9). triphosphate, was used for TUNEL, whereas the proacrosin

This contrasts with the presumed inability of supraphysi-immunmytOChemical analysis was performed with 4D4

ologic concentrations of FSH and testosterone to stimuIatgwnoclon"le a”“t_’Ody (,11) as the primary .ant|body apd tet-
spermatogenesis in vivo. The mechanism that enables i;"flmethylrhodamlne B isothiocyanate—conjugated antimouse

vivo arrested germ cells to overcome the developmentfﬂnmunogbtJUIIn G (Sigma) as the secondary antibody.

block during in vitro culture is not known. Because apoptosis The use of glutaraldehyde instead of formaldehyde as the
is expected to produce an irreversible arrest of cell differenfixative in the TUNEL protocol augments the specificity of
tiation, it can be hypothesized that, despite the high degree dhe test for apoptotic DNA fragmentation as opposed to
apoptosis among germ cells from men with complete sperDNA damage caused by necrosis, and obviates the require-
miogenesis failure, some healthy germ cells can still begment for an additional supravital stain (8, 12). The 4D4
recovered by testicular biopsy, and these cells can be seronoclonal antibody previously had been shown to react
lected by allowing them to resume differentiation during in with human germ cells from the pachytene stage onward
vitro culture in media with supraphysiologic hormone con-(11). The green fluorescence of TUNEL-positive cell nuclei
centrations. resulting from the addition of fluorescein isothiocyanate—
labeled deoxyuridine triphosphate to exposed free ends of

This study was undertaken to confirm this hypothesis . :
Apoptosis-related DNA fragmentation was evaluated in dif—DNA fragments then was evaluated 3|mulitar'1eously with Fhe
ed fluorescence resulting from proacrosin immunolabeling

ferent stages of germ cells freshly recovered from patientg .

with different types of spermatogenesis arrest and compare'H double fluorescence preparations (8).

with that of germ cells from the same patients after in vitro  The second part of each homogenized sample was not

culture. Data show that in vitro culture of testicular cells caneéxposed to any enzymatic treatment. Instead, it was resus-

be used to select healthy spermatids for ROSI. pended in 2 mL of Gamete-100 medium supplemented with
50 IU/L of recombinant FSH (Puregon; Organon, Oss, the

Netherlands) and with .M of testosterone added in the

MATERIALS AND METHODS form of a water-soluble complex (Sigma). The cells were

Samples of seminiferous tubules were obtained by opefultured for 2 days at 30°C as described previously (13). No
testicular biopsy from 11 men with different types of sper- additional cent_rn‘ugatlon or medium change was done during
matogenesis arrest as determined by previous histologic eX?€ culture period. At the end of the culture period, the cells
amination (see Results). The experiments described in thigere disintegrated with collagenase | and elastase and then
study were approved by the Ethical Committee of the Europroces_sed for T_UNEL and proacrosin immunocytochemical
pean Hospital. Testicular biopsy samples were disintegrate@nalysis as outlined earlier.
mechanically by stretching tissue pieces between two sterile Fluorescence microscopy preparations were evaluated in
microscope slides followed by subsequent repeated aspira- Leica DMRXA fluorescence microscope (Leica France,
tion into a 1-mL tuberculin syringe. After homogenization, Rueil-Malmaison, France). Postzygotene germ cells were
each sample was divided into two parts; one was used fadetected based on the presence of proacrosin immunoreac-
immediate analysis and the other was allocated to in vitrgivity in developing proacrosomal granules that gave rise to
culture. The part of each sample that was destined for iman acrosomal vesicle or in a fluffy reticular area that corre-
mediate analysis was centrifuged at 50@ for 10 minutes, sponded with the Golgi apparatus in which the proenzyme is
resuspended in 1 mL of Gamete-100 medium (Scandinaviaprocessed before passage to the acrosomal structures.
IVF, Gothenburg, Sweden) containing collagenase | (1,0008mong proacrosin-positive cells, individual stages of sper-
U/mL; Sigma, St. Louis, MO) and elastase (10 U/mL; Sig- matogenesis were distinguished according to the cell size
ma), and incubated for 30 minutes at 37°C as described (1@nd shape and the distribution of proacrosin immunoreactiv-
to achieve disintegration of cell clusters into single cells. ity as described previously (11, 14, 15).

After further centrifugation, the resulting cell pellet was  The percentage of TUNEL-positive (apoptotic) and
used to prepare smears that were allowed to air-dry and theRUNEL-negative (healthy) cells was determined for individ-
were fixed with 5% glutaraldehyde in 0.05 M of cacodylateual stages of germ cells, including postzygotene primary
buffer (pH 7.4). Fixed smears were stored-at0°C for up  spermatocytes, secondary spermatocytes, round spermatids
to 2 weeks before further processing using the previouslySa stage), and elongating spermatids (grouping together the
described protocol (8) in which terminal deoxyribonucleoti- Sb1, Sb2, and Sc stages of nhormal spermiogenesis as well as
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Incidence of apoptotic DNA fragmentation at different stages of germ cell development in fresh and cultured samples from
patients with predominant meiotic maturation arrest.

Fraction (%) of germ cells that showed TUNEL positivity

Blocking stage Fresh samples Cultured samples
Patient
no. Primary* Secondaryt Scyte | ROS ELS Scyte | ROS ELS
1 Scyte | ROS 136/200 (68) 20/24 (83) — 157/200 (79) 3/30 (10) 0/13 (0)
2 Scyte | ROS 122/200 (61) 56/70 (80) — 115/200 (58) 14/56 (25) 1/24 (4)
3 Scyte | ROS 151/200 (76) 33/35 (94) — 153/200 (77) 28/49 (57) —
4 Scyte | Scyte II 45/100 (45) 20/33 (61) — 31/100 (31) 2/50 (4) 1/10 (10)
5 Scyte | ROS 81/200 (41) 15/22 (68) — 92/200 (46) 3/63 (5) 0/27 (0)
6 Scyte | ELS 32/200 (16) 31/100 (31) 8/9 (89) 41/200 (21) 14/50 (28) 17/100 (17)

Note: If possible, 100 or 200 cells were evaluated in each group. WHEDD cells were available, all cells at the given stage that could be identified on two
microscope slides were included. ELS elongating spermatid; ROS round spermatid; Scyte & primary spermatocyte; TUNEL= terminal
deoxyribonucleotidyl transferase—mediated deoxyuridine triphosphate nick-end labeling.

* The most represented stage among germ cells from fresh samples.

t The most advanced stage among germ cells from fresh samples.

Tesarik. Healthy spermatids. Fertil Steril 1999.

the Saf, Sbp, and Scp abnormal forms). The previoushhistologic findings indicative of germinal aplasia (Sertoli
described terminology (10) is used to denote different norcell-only syndrome).

mal and abnormal spermatid forms. Patients With Predominant Meiotic

The statistical significance of differences in the percent\jaturation Arrest
age of TUNEL-positive cells at individual stages of sper-  Among the six patients in the group with predominant
matogenesis between fresh and cultured samples was ev@feiotic maturation arrest, round spermatids were the most

uated with the use of thg? and Kruskal-Wallis tests. advanced germ cells detected in fresh samples from four
patients and secondary spermatocytes were the most ad-
RESULTS vanced cells from one patient. Despite their paucity, the

secondary spermatocytes could be identified in this patient
ccording to their nuclear size and the typical partitioning
attern of 4D4 immunoreactivity into two distinct acrosomal
recursors (11, 14, 15). In one patient in this group, rare elon-
ating spermatids (up to the Sc stage) were found (Table 1).

By analyzing the prevalence of individual germ cell
stages, identified with the use of the previously describe
criteria based on the size of the nucleus and the specifi
staining patterns with 4D4 antibody (11, 14, 15), the patient

involved in this study were divided into two groups. In the . _
first group (n= 6), testicular cell preparations showed an Atthe end of the culture period, variable numbers of germ

overwhelming majority of meiotic cells, mainly primary Cells from five patients in this group showed morphologic
spermatocytes, with only a few, if any, postmeiotic roundProgression up to elongating spermatids, mostly the Sbp and
spermatids. This condition is referred to as predominanBCcP atypical forms. However, rare Sd elongated spermatids
meiotic maturation arrest. Patients in the second group (n (Fig. 1) also were detected in the culture sample from one of
5) had overall low numbers of all types of germ cells, these men (patient 5, Table 1). The mean percentage of
sometimes with a slight accumulation of round spermatidsT UNEL-positive cells was high (79%) at the most advanced

This condition is referred to as predominant postmeioticStages detected in fresh samples. On the other hand, it was
maturation arrest. low (15%) at the most advanced stages detected after in vitro

The distinction between the two types of maturation arresgUIture (Table 1). This difference was highly statistically

was based on the results of the cytologic analysis performe jgnificant ©<.001).

in this study, and the allocation of individual patients into Patients With Predominant Postmeiotic

both groups was only partly in agreement with previousMaturation Arrest

histologic diagnoses. In fact, meiotic maturation arrest had Three of the five patients in the group with predominant
been diagnosed correctly in only four of the six patients inpostmeiotic maturation arrest had complete spermiogenesis
the first group, and postmeiotic maturation arrest had beefailure, with round spermatids (Sa stage) being the most
detected histologically in only one of the five patients in theadvanced stage detected in fresh samples. The other two
second group. The remaining patients in both groups hagatients had rare elongating spermatids (up to the Sc stage)
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cells at those stages at which spermatogenesis is blocked (8).
_ In another study (9), the possibility of obtaining in vitro
Elongated (Sd) spermatid observed in a Papanicolaou- develqpment (.)f spermatids from some men with complete
stained smear of in vitro cultured testicular cells from aman  SPermiogenesis failure was demonstrated. The present study
with meiotic maturation arrest with a complete absence of ~ confirms these observations. The possibility that the cells
elongating and elongated spermatids in the fresh sample with a higher degree of maturity observed at the end of in
(patient 5). vitro culture might already be present in the samples before
culture is unlikely; if this were the case, such cells could
hardly escape detection in the fresh samples in which the
seminiferous tubules are disintegrated completely by the
enzymatic treatment.

The results of the present study thus support the working
hypothesis that only nonapoptotic germ cells can undergo in
vitro postmeiotic morphologic differentiation. Thus, the use

‘ of in vitro culture, in addition to yielding spermatids with a
higher degree of cytoplasmic maturation compared with
fresh samples (10), provides a means for easy distinction of
healthy spermatids from apoptotic ones. Such a distinction is
hardly possible in fresh samples without the use of invasive
methods of examination.

The selection of healthy spermatids in cultured samples is
Tesarik. Healthy spermatids. Fertil Steril 1999. based on morphologic criteria that reflect individual changes
that occur during spermiogenesis (nuclear condensation and
in their fresh samples (Table 2). All but one of these patientsprotrusion, cell body elongation, flagellar growth) and whose
however, had elongating spermatids by the end of the in vitr@pplication does not demand a special skill. The risk of a
culture period (Table 2). Also in this group, the percentage omistake in the distinction of living round spermatids in fresh
TUNEL-positive cells was significantly higheP&.001) at  testicular biopsy samples from non-germ cells thus also is
the most advanced stage of germ cell development detecteifcumvented by in vitro culture. The unusual rapidity of
in fresh samples (65%), whereas it was low (10%) at thegerm cell in vitro development observed in this study con-
most advanced stage after in vitro culture (Table 2). firms the previous observations (9, 10, 13) and other inves-

tigators (16—18).
DISCUSSION It is of interest that the frequency of apoptotic germ cells

A previous study showed that patients with spermatogeneletected after culture was lower than before culture even in
esis arrest usually have high percentages of apoptotic gerthose patients in whom no morphologic progression of germ

Incidence of apoptotic DNA fragmentation at different stages of germ cell development in fresh and cultured samples from
patients with predominant postmeiotic maturation arrest.

Fraction (%) of germ cells that showed TUNEL positivity

Blocking stage Fresh samples Cultured samples
Patient
no. Primary* Secondaryt Scyte | ROS ELS Scyte | ROS ELS
1 ROS — 15/50 (30) 96/100 (96) — 78/100 (78) 55/100 (55) 2/23 (9)
2 ROS — 85/100 (85) 21/50 (42) — 26/52 (50) 11/48 (23) —
3 ROS — 47/100 (47) 56/100 (56) — 55/100 (55) 21/100 (21) 3/50 (6)
4 ROS ELS 24/100 (24) 23/100 (23) 9/14 (64) 28/100 (28) 39/100 (39) 2/54 (4)
5 ROS ELS 35/100 (35) 39/100 (39) 25/36 (69) 41/100 (41) 21/100 (21) 5/50 (10)

Note: If possible, 100 or 200 cells were evaluated in each group. WHEDD cells were available, all cells at the given stage that could be identified on two
microscope slides were included. ELS elongating spermatid; ROS round spermatid; Scyte k primary spermatocyte; TUNEL= terminal
deoxyribonucleotidyl transferase—mediated deoxyuridine triphosphate nick-end labeling.

* The most represented stage among germ cells from fresh samples.

T The most advanced stage among germ cells from fresh samples.

Tesarik. Healthy spermatids. Fertil Steril 1999.
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