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Introduction: DiGeorge syndrome critical region gene 8 (DGCRS) contributes to miRNA
biogenesis, and defects in its expression could lead to defects in spermatogenesis.
Methods: Here, we assess gene and protein expression levels of DGCRS in the testicular
biopsy specimens obtained from men with obstructive azoospermia (OA, n = 19) and various
types of non-obstructive azoospermia (NOA) including maturation arrest (MA, n = 17),
Sertoli cell-only syndrome (SCOS, n = 20) and hypospermatogenesis (HYPO, 18). Also,
samples of men with NOA were divided into two groups based on successful and unsuccess-
ful sperm recovery, NOA+ in 21 patients and NOA— in 34 patients.

Results: Examinations disclosed a severe decrease in DGCRS in samples with MA and
SCOS in comparison to OA samples (P < 0.001). Also, the results showed DGCRS has
significantly lower expression in testis tissues of NOA— group in comparison to NOA+ group
(p<0.05). Western blot analysis confirmed that the DGCRS8 protein was not expressed in
SCOS samples and had a very low expression in MA and HYPO samples.

Discussion: The results of this survey showed that DGCRS is an important gene for the
entire spermatogenesis pathway. Moreover, DGCRS gene plays an important role in the
diagnosis of NOA subgroups, and also the expression changes in it might contribute to SCOS
or MA phenotypes. This gene with considering other related genes can also be a predictor of
sperm retrieval.
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Introduction

Azoospermia is one of the major worldwide problems,'? and commonly cate-
gorized into two groups, including obstructive azoospermia (OA) and non-
obstructive azoospermia (NOA).>® OA, are mainly because of male genital
system blockage, although they usually have normal spermatogenesis in most
cases. NOA, routinely described as a testicular failure, in which condition that
spermatozoa is completely absent in ejaculation due to spermatogenesis defects,
NOA subtypes are categorized into three major classes, Sertoli cell-only syn-
drome (SCOS), meiotic arrest (MA), and hypospermatogenesis (HYPO).” While
SCO defined as a severe spermatogenesis defect and Sertoli cells line the
seminiferous tubules. MA is briefly called incomplete maturation of germ
cells. Hypospermatogenesis is referred to as abnormally diminished and defected
sperm production, the spermatogenesis process in most cases is stopped at either

spermatocyte (SC) or round spermatid stage.® '’
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Despite the efforts of many researchers to clarify the
basic molecular mechanisms of male infertility, the etiol-
ogy of almost 75% of the cases remains obscure and
thought to be genetic.'"" This indicates a lack of
a comprehensive understanding of the underlying molecu-
lar mechanisms and genetic factors involved in infertility.
Unfortunately, due to the lack of suitable biomarkers and
the limited data available for evaluation of sperm recovery,
sometimes a useless surgery is performed on patients.
Therefore, it seems necessary to introduce new and more
favorable methods, as well as the introduction of appro-
priate genes, serum markers, and targeted biomarkers; also
the development of more sensitive and noninvasive tech-
niques for the detection of spermatogenesis in testicular
azoospermic individuals, which in some OA patients can
reduce the request for a diagnostic testicular biopsy. In
NOA patients, a reliable diagnostic test can have many
benefits, such as prepare a more detailed valuation of
histopathological subtypes, prognosis of testicular sperm
extraction (TESE) outcome, and simplify good planning
for assisted reproductive technology (ART).

In recent years, abundant evidence has shown the key
of miRNAs kinds
processes such as cell growth, apoptosis, differentiation, and
1213 it is reported that more than 30% of
genes are regulated by miRNAs and they are conserved in

role in different of biological

spermatogenesis,

different species.'* Furthermore, some of miRNAs show high
levels of expression in certain stages of spermatogenesis.'>'®
DGCRS plays a crucial role in the biogenesis and maturation
of miRNAs."” The biogenesis of miRNA is a two-step pro-
cess, miRNAs genes are generally transcribed by RNA pol 11,
termed primary miRNA transcripts (pri-miRNA). In a first
step, the pri-miRNAs are processed in the nucleus by a set
of proteins includes DGCR8 and DROSHA, to form into ~70-
nt miRNA stem-loop precursor (pre-miRNA), which is
a faulty structure. The pre-miRNAs are then transmitted to
the cytoplasm by a complex of Exportin 5 and Ran-GTP. In the
cytoplasm, where the pre-miRNAs undergo cleavage by cyto-
plasmic RNase III enzyme, DICERI, to give rise to double-
stranded RNA of ~22-nt long, called the miRNA:miRNA*
duplex. This duplex is then separated by a helicase and the
miRNA strand is loaded into ribonucleoprotein complex
known as the miRNA-induced silencing complex (miRISC),
holding members of the Argonaute protein family, and this
complex can bind to partial or complementary sequences of
their target mRNAs, in most cases, inhibit the expression of
target genes by posttranscriptional mechanism and promoting
mRNA decay, whereas the miRNA* is usually degraded.'®>°

In this regard, several experiments of knockout mouse models
have shown the role of Dgcr§ in mice infertility. For instance,
conditional deletion of Dgcr8 in Sertoli cells or early stages of
germ cell maturation in mice lead to adult infertility or sub-
fertility cause of spermatogenesis failure.' In Dgcr8 -deleted
testis, the spermatogenesis process was stopped at an any early
stage of proliferation or differentiation.*

As discussed above, regarding the importance of
DGCRS8 in male infertility, we designed the study in
azoospermic individuals to measure expression levels of
the DGCRS gene at mRNA level using quantitative real-
time polymerase chain reaction (RT-qPCR), and assess the
protein level of DGCRS by immunohistochemistry and
Western blot techniques.

Patients and Methods

Patients

Seventy-four NOA and OA men admitted to the Abortion
Research Centre, Yazd Reproductive Sciences Institute, were
entered into this study. All subjects were undergoing bilateral
testicular tissue micro-dissection (mTESE) operations to
attain spermatozoa for intracytoplasmic sperm injection
(ICSI). The study was approved by the local Ethics
Committee and written informed consent was obtained
from all subjects. Preoperative tests included karyotyping
and Y chromosome microdeletion analysis, and the levels
of serum follicle-stimulating hormone (FSH), luteinizing
hormone (LH) and testosterone. Patients were not receiving
hormone therapy and all had primary infertility. No history of
TESE and cryptorchidism was reported for any of the parti-
cipants. Patients with cystic fibrosis, chromosomal abnorm-
alities and Y chromosome microdeletion were omitted from
the study. Subjects with normal spermatogenesis were
included as the control group. Following TESE, testicular
samples were split into three; one was fixed in Bouin’s
solution for histological examination and two other sections
instantly frozen in liquid nitrogen for RNA extraction and
Western blot assay. Histological examination was carried out
with hematoxylin and eosin (H&E) and interpreted by
a trained pathologist to classify the samples with normal
spermatogenesis (OA, n = 19), lack of germ cells (SCOS,
n = 20), declined number of spermatozoa (HYPO, n = 18),
and incomplete maturation of germ cells (MA, n=17). Also,
samples of men with NOA were divided into two groups
based on successful and unsuccessful sperm recovery, NOA+
in 21 patients and NOA— in 34 patients, Table 1.
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Table | Number of Specimens Included in NOA+ and NOA—
Groups

Groups NOA+ NOA-
HYPO 15 3

MA 4 13
SCOs 2 18

Abbreviations: HYPO, hypospermatogenesis; MA, meiotic arrest; SCOS, Sertoli
cell-only syndrome.

RNA [solation and cDNA Synthesis

Frozen testis tissues were homogenized, and total RNA
extracted using the miRNeasy Micro Kit (Qiagen,
Germany), according to the manufacturer’s protocol.
Then, on-column DNase digestion and in-solution DNase
digestion were accomplished to eliminate DNA contami-
nation. The purity and concentration of RNA were speci-
fied by spectrophotometer (NanoDrop, Thermo Fisher)
and OD 260/280. Complementary DNA (cDNA) of
DGCRS8 was synthesized using RevertAid First Strand
c¢DNA Synthesis Kit (Thermo Scientific, C.N: 4368813,
4368814, 4374966, and 4374967) according to the manu-
facturer’s instructions.

Real-Time Quantitative PCR (RT-qPCR)
RT-RT-qPCR was performed on a Real-Time PCR System
(Applied Biosystem, ABI, Step One Plus, USA) by 1.0 pL
of produced cDNA, 10 pL of the SYBR Green master mix
(AB Applied Biosystems), 1 uL of each primer and 7.0 pL
of DNase/RNase-free water for the gene expression pro-
file. B-actin was used as the reference gene and DGCRS
also as the target gene, and with designed primers listed in
Table 2. The reactions were performed with initial dena-
turation at 95°C for 8 min, followed by 40 cycles of
denaturation at 95°C for 10 sec, annealing at 60°C for 30
sec, extension at 72°C for 30 sec, and a final extension at
72°C for 10 min. The relative gene expression was calcu-
lated by using 2 **“" quantitative method.

Table 2 Real-Time RT-PCR Primers Applied in This Experiment

Gene Primers (5'—3’) Product ™
Size (bp) | (°C)
DGCR8 | F: GAAACACGACCCTCCTCTGA | 183 60
R: GGGTCAGCACCCATAGAGTC
ACTB F: CCAACCGCGAGAAGATGA 167 60
R: AGGGCATACCCCTCGTAGAT

Abbreviations: bP, base pairs; F, forward; R, reverse; TM, melting temperature.

Immunohistochemistry

Bouin’s fixed paraffin-embedded biopsies at 5-um thickness
deparaffinized in fresh xylene for 10 minutes. Then rehy-
drated in a series of decreasing ethanol concentrations.
Slides were put into a microwave container and exposed
to Citrate buffer (pH 6.0) and heated for 10 minutes. Slides
were cooled in the Citrate buffer for 35 minutes. Slides
were washed four times with 1x TBS for 3 minutes. For
quelling endogenous peroxidase function, slides were incu-
bated with 3% H202 for 10 minutes. Use 5% BSA in 1x
TBS for blocking for 1 hour. Incubate sections with primary
antibody against DGCR8 (ProteinTech, 10996-1-AP) pro-
tein diluted 1:100 in 1x TBS for overnight at 4°C.
Following primary antibody, incubated slides were washed
three times with 1x TBS for 3 minutes. Then subsequently
incubated with secondary goat anti-human-IgG-(H-L) anti-
body conjugated with horseradish peroxidase (HRP)
(ProteinTech, SA00001-17) (diluted 1:150 in 1x TBS) at
room temperature (RT) for 30 minutes. As a negative con-
trol, a section on each slide was incubated with 1x TBS
instead of primary antibody in each experiment. Then, the
sections were stained with Liquid DAB at RT for 10 min.
And rinse sections gently with sufficient distilled water.
Following staining, slides were counterstained with haema-
toxylin (30 s at 25-30 °C) and transferred slides into a 1%
HCI, 95% ethanol solution for 10 seconds; and instantly
transferred to distilled water. Slides were immersed sequen-
tially into 60%, 80%, 95% and 100% ethanol baths for 5
minutes each. Ultimately, slides were submerged in xylene
(5 min at 25-30 °C) and mounted on microscope slides for
evaluation by light microscopy.

Western Blot

Western blot examination was conducted as formerly
explained.”® Briefly, equal amounts of proteins (35mg)
obtained from testis samples were separated with 12%
SDS-PAGE and
paper. The membranes were blocked with (2-5%) non-fat
dry milk in 1x TBST (10 mM/L Tris-HCI, pH 8.0; 150
mM/L NaCl, 0.1% Tween 20) for 1 hour at 25-30°C, and
then incubated with primary DGCRS8 (1:300; ProteinTech,
10996-1-AP), ACTB (1:300; ABIN4284408) antibody at
4°C overnight, then with secondary goat anti-human-IgG

electrotransferred onto nitrocellulose

-(H-L) antibody conjugated with horseradish peroxidase
(HRP) (1:500; ProteinTech, SA00001-17) for 1 hour at
25°C. At the end, the immunoreactive signals were deter-
mined via the ECL kit (Thermo Scientific).
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Statistical Analysis

Statistical comparisons between the groups were deter-
mined using a ONE WAY ANOVA followed by
Dunnett’s multiple comparison post-test. Also, statistical
comparisons between two groups (NOA+, NOA—) were
determined by independent samples f-test. P-values less
than 0.05 were deemed to be statistically significant. All
analyses were executed using GraphPad Prism 6 software.

Results

Clinical Characteristics of Patients

No significant differences were indicated in age, LH, FSH,
and testosterone serum concentrations between the four
groups (OA [n = 19], HYPO [n = 18], MA [n = 17], and
SCOS [n = 20]) (Table 3). Also, the results showed no
significant differences in these parameters between the
successful and unsuccessful TESE groups (NOA+ and
NOA- respectively) (Table 4).

Expression Analysis of DGCR8 Gene

There was a significant difference in the expression of the
DGCRS gene in the four groups. As shown in Figure 1, the
expression of DGCRS was significantly lower in the MA
(n = 17) and the SCOS (n = 20) than the positive control
(OA, n = 19) (P < 0.001, Dunn’s post-test). While, HYPO
samples did not show a significant difference with the control
group (Figure 1). Also, the results of the RT-qPCR analysis
between NOA+ and NOA-— testicular samples showed
a significantly lower expression of DGCRS gene in testis
tissues of NOA— group in comparison to NOA+ group
(Figure 2). The significance was calculated at p<0.05 level.

Immunohistochemical Analysis of
DGCR8 Protein

To analyze the role of DGCRS in men with azoospermia,
we examined DGCRS8 expression by THC in testicular

Table 3 The Clinical Features of Patient Groups

Table 4 The Clinical Features of Patients with NOA+ and NOA
— Groups

Groups NOA+ NOA-

Number of patients 21 34

Age (years)® 32,19 £29 31.56 £ 1.09
Genetic analysis 46XY/normal AZF 46XY/normal AZF
Serum LH (mlU/mL)? 8.11 £0.79 7.84 £ 0.74
Serum FSH (mIU/mL)* 9.35+ 097 943 +0.75
Serum testosterone (ng/mL)* 4.55 + 031 439 + 037

Notes: Values are mean # standard deviation. *Non-significant difference, indepen-
dent samples t-test.

biopsies from men with OA (n = 3), HS (n = 3), MA
(n=3), and SCO (n = 3). The DGCRS protein was seen in
spermatocytes (with a higher intensity than other stages),
round spermatids, and spermatozoa. While relatively weak
staining was observed in spermatogonia. IHC results of
DGCRS8 expression in the testis tissues displaying the
negative staining of this protein in Sertoli cells. This
protein also has low expression in MA and HYPO speci-
mens (Figure 3).

Western Blot Analysis of DGCRS8 Protein
To confirm the results of RT-RT-qPCR Western blotting
and THC, we performed the Western blotting. As shown in
Figure 4, DGCRS8 protein was not expressed in SCOS
samples and had a very low expression in MA and
HYPO samples.

Discussion

Sperm production has been reported in approximately 60%
of men with NOA.** If Testicular tissue micro-dissection
(mTESE) procedure is able to retrieve sperm, men with
NOA could have their biological offspring via intracytoplas-
mic sperm injection (ICSI). Undoubtedly the only reliable
predictor of sperm recovery in mTESE is histopathological

examination. Failure to sperm retrieval may bring

Patient Number of Genetic Age of Patients LH FSH Testosterone
Groups Patients Analysis (Years) (mIU/mL) (mIU/mL) (ng/mL)

OA 19 46XY/normal AZF | 324 £22 827 + 0.8 941 = 1.19 4.52 +0.32
HYPO 18 46XY/normal AZF | 32.7 £ 2.1 792 £0.79 9.1 £0.63 446 +0.29
MA 17 46XY/normal AZF | 31.04 £ 1.6 7.72 £ 0.54 9.33+0.73 4.56 + 0.31
SCOs 20 46XY/normal AZF | 32.4 £33 831 £0.82 9.17 £ 0.73 4.39 +0.37
P-value NS NS NS NS

Note: Values are mean * standard deviation.

Abbreviations: NS, non-significant; OA, obstructive azoospermia; HYPO, hypospermatogenesis; MA, meiotic arrest; SCOS, Sertoli cell-only syndrome.
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Figure | Relative mRNA expression of the DGCR8 gene normalized to B-actin in
samples with OA (n = 19), MA (n = 17), SCOS (n = 20) and HYPO (n = 18). OA =
obstructive azoospermia; SCOS = Sertoli cell-only syndrome; MA = maturation
arrest; HYPO = hypospermatogenesis. Data are shown as mean + SEM and were
analyzed by a one-way ANOVA test with Dunnett’s post hoc test. **P < 0.001.
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Figure 2 Gene expression DGCR8 in NOA+ and NOA~— groups. Data are shown as

mean * SEM and statistical comparisons were determined using independent
samples t-test. NOA, non-obstructive azoospermia. **P < 0.001.

unfortunate outcomes for couples who will not want to
undergo sperm or embryo donation. The second surgery
after the first mTESE is good manner for detection of the
possible spermatogenic locus for these couples. So it is
indispensable to specify reliable factors that can be applied
to anticipate the sperm retrieval rate (SRR) of mTESE.>> %’

To the best of our knowledge, our work was the first
that appraise the expression of DGCRS gene in NOA and
OA tissue samples. The results of this experiment indi-
cated no significant differences in age, LH, FSH, and

testosterone serum concentrations between the four

parameters. Also, the results showed no significant differ-
ences in these parameters between the successful and
unsuccessful mTESE groups (NOA+ and NOA- respec-
tively). The results also showed that the DGCRS gene
expression in MA and SCOS testicular tissues were sig-
nificantly lower than those of samples with OA (control
group), while HYPO samples had no significant difference
with the control group.

It seems logical that finding sperm in a small number
of testicular tissue samples of SCOS and MA by RT-RT-
gPCR technique. Because there have been many studies in
which patients with SCOS and MA histology have suc-
ceeded in recovering sperm. Likely demonstrate the pre-
sence of cryptic foci of spermatogenesis in these
specimens or mixed patterns in NOA subtypes (HS with
SCO and MA with SCO).*® Success rates of sperm recov-
ery by mTESE depend on histopathological subtypes and
are appraised to be 79% for HS, 47% for MA, and 24% for
sco.”

Yeon Sun Kim et al reported that a defect in the Dgcr§
gene leads to infertility in mice.’® In another study,
researcher observed that DGCR8 germ cell deficient in
mice result in accumulative errors in meiotic and post-
meiotic stages as well as non-functional and atypical sper-
matozoa that ended up with complete infertility.>' Ce’line
Zimmermann et al in Dgcr8 mutant mice reported that
dysfunction of the normal Dgcr8 gene could lead to sper-
matid without function or azoospermia.?’

Immunohistochemistry results of DGCR8 expression
in the testis tissues displaying the negative staining of
this protein in Sertoli cells. Also, this protein has low
MA HYPO

Immunohistochemical staining in the control specimens

expression  in and specimens.
represented that DGCR8 was expressed in stages from
early meiosis spermatocytes up to postmeiotic spermatids.
Secondary spermatocytes in histological studies either
absent or hardly detectable, due to they do not have
much time to enter the next stage. In contrast, DGCR8
was hardly identifiable in spermatogenic cells and sperma-
tids of the HYPO and MA samples. These results are
indicative of this fact that the DGCRS is likely play
a more significant role in the meiotic and post-meiotic
stages and it points out that the DGCRS is more likely to
be transcribed in the germ cells. Because SCOS samples
have no germ cells, the expression of the DGCRS8 was not
detected.

Interestingly, the results of the RT-RT-qPCR technique
showed a clear difference with the immunohistochemical

International Journal of General Medicine 2020:13
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Figure 3 (A-D) Immunohistochemical analysis of adult testis sections with anti- DGCR8 antibody. (A) Testicular segments of samples with OA (obstructive azoospermia).
(B) Testicular segments of samples with HYPO (hypospermatogenesis). (C) Testicular segments of samples with MA (maturation arrest). (D) Testicular segments of samples

with SCOS (Sertoli cell-only syndrome).
Note: Scale bar, 20 pm.

Abbreviations: RS, round spermatids; SP, spermatocytes; MS, mature spermatids; SC, Sertoli cells; SG, spermatogonia.

OA HYPO MA SCOS

DGCR8 == wmm —

B-Actin "= CGEb aE> D P au® T

Figure 4 Western blotting test results for protein expression of DGCR8 in HP,
MA, SCOS, and OA samples compared to control group.

results, in the HYPO samples, compared with the control
samples. There was no significant difference in the RT-RT-
gPCR technique, but in the immunohistochemistry assay,
there was a difference in the intensity of staining. Some

experiments illustrate that mRNA levels of a gene cannot
always anticipate protein levels. Schwa Nhausser et al.*
Found that the main regulators of the cell cycle and
growth have a poor relationship between mRNAs and
protein levels. Western blot analysis confirmed that the
DGCRS protein was not expressed in SCOS samples and
had a very low expression in MA and HYPO samples. The
results suggest that the DGCRS transcript may be affected
by post-transcriptional regulation (eg miRNAs) and that
its expression in HYPO samples is reduced.

In sum, it can be guessed that the expression of
DGCRS follows a three-step pattern. First, it helps to
mitotic division in spermatogonium, and then plays an
important role in the meiosis stage, which seems to be
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more effective than the other stages, it has also been
reported that the removal of the DGCRS8 causes a halt in
meiosis I due to disarrange spindles and fault in chromo-

somal alignment,**?

third in the final stages of spermato-
genesis in elongated spermatids.

Our results also showed a significant difference in the
expression of the DGCR8 among those whose sperm was
successfully recovered and those that were not (NOA+ and
NOA- groups, respectively), recoveries had much higher
expression than unrecovered ones. This result suggests that
the use of DGCRS along with other predictor genes which
identified in researchers’ study can be a potential sperm
recovery biomarker. Probably, patients showing high levels
of DGCRS8 expression have a greater chance of successful
sperm recovery than those have low expression. We did not
notice any significant difference in levels of clinical hormo-
nal parameters consist of testosterone, FSH and LH among
NOA+ and NOA- individuals. This finding brings this doubt
closer to reality, which uses DGCRS as a predictive biomar-
ker for sperm retrieval.

The results of this study showed that DGCRS is an
important gene for the entire spermatogenesis pathway.
Moreover, the DGCRS gene plays an important role in
the diagnosis of NOA subgroups, also expression changes
in it might contribute to SCOS or MA phenotypes. This
gene can also be a predictor of sperm retrieval. However,
more studies with more patients are indispensable for
confirming the results of this experiment.

Abbreviations

DGCRS, DiGeorge syndrome critical region gene 8; NOA,
non-obstructive azoospermia; OA, obstructive azoosper-
mia; HYPO, hypospermatogenesis; MA, maturation arrest;
SCOS, Sertoli cell-only syndrome.
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