
RESULTS

INTRODUCTION

CONCLUSIONS

METHODS

Azoospermia presents in 1% of men and in 10-15% of men diagnosed with

infertility, categorized as having either obstructive (OA) or non-obstructive

(NOA) azoospermia. Obstructive azoospermia can be due to a congenital

bilateral absence of the vas deferens, anatomical injury, infection, or

vasectomy. The etiology of NOA is often less distinct and 40-60% of patients

that undergo a testicular retrieval such as micro-TESE fail to retrieve

spermatozoa. NOA can be further categorized by hypospermatogenesis

where scant spermatozoa can be retrieved from the testes, maturation arrest

of germ cells, or germ cell aplasia often referred to as sertoli-cell only

syndrome (SCOS). The poor prognosis of NOA often causes residual

damage to a paired ICSI cycle, as these samples that are extensively

searched with no spermatozoa identified often result in a failed ICSI cycle

where oocytes are either frozen, discarded, or injected with donor sperm

while the failed TESE sample is simply discarded with no further

investigation. In this study, we aimed to identify germ cell stages present in

failed TESE samples by specific markers using immunofluorescence and

RNA sequencing which will eventually be used to better understand the

reason for a failed TESE such as maturation arrest or germ cell aplasia and

determine the likelihood of success with a second attempt.

This study was carried out in order to identify markers to assess for germ cell

presence and stages in NOA men that fail TESE. RNA-seq analysis was further used

to validate the specificity and differential expression of the markers between the

patient groups. From this study, we confirmed that the assessment of a testicular

sample that has failed to yield sperm can be of further value to inform on the possible

reason for failure and can be invaluable for counseling purposes, providing

information to the reproductive urologist on whether a second TESE attempt is likely

to be successful.
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TESE samples were prospectively collected from 12 men between August

2016 and May 2017, comprised of 10 OA patients and 2 NOA patients. These

patient samples were used to validate immunofluorescent (IF) markers used to

assess germ cell stages. Samples from failed TESE-ICSI cycles were smeared

onto slides in preparation for immunofluorescent staining. Smeared slides

were air-dried overnight, fixed in 4% paraformaldehyde and left to dry

overnight once more. Samples were then permeabilized in 0.1% Triton X-100

and 0.1% sodium citrate in PBS for 3mins at 4°C, washed thrice in PBS, and

blocked in 3% BSA and 0.1% Tween-20 for 1 hour at room temperature. For

antibody selection, DAZL antibody was used to identify germ cells of all

stages, while BOULE was used as a marker of meiotic germ cells and PNA to

identify acrosomal vesicles forming on round and elongating spermatids.

Slides were then incubated with primary antibodies [1:600] in a humidified

chamber at 4°C overnight. Slides were washed for 5 minutes in PBS and

corresponding secondary antibodies were applied [1:1000] and incubated for 1

hour at room temperature and washed for 5 minutes. DAPI was applied to

slides to counterstain nuclei and slides were visualized using a fluorescent

microscope and cells assessed for the presence of aforementioned

proteins/carbohydrate pattern. Localization of fluorescence, nuclear

morphology, size, and cytoplasmic ratio were used to identify germ cell stages.

A timeline of germ cell progression with marke4rs for identification of each

stage was created according to the data collected (Fig. 1).

After staining validation of IF markers, 6 samples were prospectively collected

for transcriptome analysis. A patient with normal spermatogenesis (OA) was

used as a positive control and compared to 2 NOA patients with a successful

sperm retrieval (NOA+) and three that failed TESE (NOA-) (Table 1). 300µL of

testicular samples were set aside for RNA extraction which was performed

using the RNeasy mini kit (Qiagen, Hilden, Germany) according to the kit

protocol. RNA samples were then sent for QA, sequencing, and comparative

analysis. DAZL and BOLL genes were used to assess expression of DAZL and

BOULE proteins, while ACRBP was used for the formation of the acrosome in

relation to PNA staining.

Testicular samples from a total of 12 men (10 OA, 2 NOA) were assessed for immunofluorescent markers indicative of

several germ cell stages. All markers were positive in the OA controls while the 2 NOA patients appeared to lack markers

for certain germ cell stages. Staining results were used to create a timeline profile of germ cell markers in relation to germ

cell stage (Fig. 1). DAZL, used as a marker of all germ cell stages, was present in the nucleus of spermatogonia and

transitioned to only a cytoplasmic signal in later germ cell stages (spermatocytes and spermatids). BOULE, used to identify

late meiotic stages, was present in the perinuclear cytoplasm of spermatocytes and round spermatids, which were further

identified by nuclear morphology and size. Finally, PNA localization, used to identify the acrosomal cap of round and

elongating spermatids, showed clear stages between round spermatids with an acrosome granule (Fig. 1d, 1e), round

spermatids with a full acrosomal cap (Fig. 1f), and elongating spermatids in which the cap showed a strong nuclear

equatorial signal (Fig. 1g).

Assessment of slides from the two NOA patients yielded fewer, smaller, irregularly shaped cells with a lower nuclear-

cytoplasmic ratio (results not shown). For the NOA(+), DAZL signal was less prevalent and had a weaker signal. No

spermatogonia were identified, however scant numbers of late-stage germ cells were identified although the signals were

also weak. The NOA(-) patient had weak cytoplasmic staining for DAZL but had no definitive signals for other markers.

RNA sequencing revealed significantly reduced gene expression for all NOA groups compared to the control (Fig. 2). All

genes for the markers stained for were most significantly underexpressed in NOA(-), All NOA, and finally NOA(+) compared

to the control.

Table 1. Patient characteristics for RNA-sequencing samples

Patient Age Diagnosis
Sperm

Retrieved?
Sperm concentration (x106/mL)

1 42 OA, CBAVD Yes (Control) 3.00

2 39 NOA, testicular failure Yes (+) 0.002

3 33 NOA Yes (+) 0.000011

4 41 NOA No (-) --

5 30 NOA No (-) --

6 29 NOA No (-) --

Figure 1. Timeline created from validation of immunofluorescent staining of testicular biopsy samples of patients with normal spermatogenesis

(OA). DAZL (green) was seen in all germ cells, moving from the nucleus in spermatogonia (a) to the cytoplasm in all subsequent stages as

can be seen in primary spermatocytes (b). BOULE (orange) stained in a granular, perinuclear fashion around the nucleus of meiotic and post-

meiotic cells, spermatocytes (c) and round spermatids (d). PNA (green) stained the acrosomal caps forming on round spermatids (e, f) and
elongating spermatids (g).
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Figure 2. Differential gene expression of NOA patients where spermatozoa were successfully

surgically retrieved (NOA+), NOA patients that failed a testicular retrieval (NOA-), and all NOA

patients as a group compared to a positive control patient (OA). *P<0.01, **P<0.001
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