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� Spermatozoa

� Proteins, amino acids, enzymes, 
fructose and other carbohydrates, 
lipids, major minerals and trace 
elements

� Proteasomes -small membrane 
bound vesicles (exosomes) of 
approximately 100 nm containing 
proteins and miRNA

� Cell-free circulating nucleic acids

mRNA, miRNA, DNA  



JUSTUS-LIEBIG-

UNIVERSITY
GIESSEN

Spermatogenesis
o Disruption of the miRNA synthesis pathway 

in Dicer knockout mice led to abnormal 
colonisation of gonad and diminished 
number of primodial germ cells (Hayashi et 
al., 2008)

o miRNA mediated control of gene 
transcription/translation:
- during meiosis pychtene spermatocytes
- postmeiotically prior to nuclear silencing

Hypothesis: The source of free circulating spermatid/sertoli cell specific 
miRNA in semen may provide valuable information about quality of 
spermatogenesis/inflammatory process in urogenital tract

miRNA-physiology and disease

Wiemer, 2004 (modified)
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hsa-miR-32-5p
hsa-miR-32-3p
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miRNA Biosynthesis
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Translational repression of mRNA by miRNA
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• miRNA impact on spermatogenetic impairments is still unknown

• Bioinformatics based alignment of miRNAs sequence to their 
target sequence may unravel complex mechanism of mRNA 
interference for silencing of gene key factors of spermatogenesis.

• There is no none invasive diagnostic method predicting successful 
sperm retrieval (mTESE/TESE).

• There is an ongoing debate that a positive sperm retrieval in 
NOA patients is influenced significantly by a clinical non-detected 
obstruction.

Clinical background
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Testis and Epididymis 
(Sperm 10%)  

Vesicula seminalis      
(50-80%)

Prostate (15-30%)

Cowper Glands 5%

Vasectomy-the model for the study of miRNA

Vasectomy

No sectretions from 
testis and epididymis
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� Comparative analysis of miRNAs of healthy donors and vasectomized  
men in order to identify miRNA of testicular origin

� Target Prediction of miRNAs and their function for spermatogenesis or  
epididymal sperm maturation

�Investigations of miRNAs in semen of patients miRNAs mit different
forms of infertility (mixed atrophy, hypospermatogenesis,
spermatogenetic arrests, Sertoli-Cell-Only Syndrom)

�Validation of potential miRNA marker in a group of obstructive
azoospermia vs. non obstructive azoospermia.

Tasks towards miRNA biomarker discovery 
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Vincentini et al., 2014

Molecular techniques for the study of miRNA
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Workflow of miRNA biomarker discovery

Sequence 
to genome 
alignment

Biomarker

Functional studies:
Transfection of mimics, 
Transfection of inhibitors 

Data Validation 
qPCR, custom 
PCR arrays

miRNA target 
prediction, gene 
regulatory pathways

„Barcoding“
Blunting ligation 
and sequencing

cDNA library 
preparation 

High quality mRNA
-Enriched miRNA fraction

Microarray

Next generation sequencing
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miRNAs in cluster

miRNA-seq of seminal plasma samples

Candidates miRNA lacking                                    
in seminal plasma after 
vasectomy

mir-122
mir-221
mir-222
mir-24-1
mir-22-3
mir-25
mir-30b
mir-331
mir-339
mir-33b

mir-320a
mir-342
mir-34a
mir-361
mir-362
mir-425
mir-4419a
mir-484
mir-486
mir-486-2

mir-500a
mir-502
mir-5100
mir-629
mir-660
mir-664a
mir-6821
mir-744

Common miRNAs in 
seminal plasma and 
sperm
mir-100
mir-10a
mir-10b
mir-122
mir-125b-2
mir-191
mir-200b
mir-200c
mir-21

mir-23a
mir-23b
mir-26a-1
mir-26a-2
mir-26b
mir-30a
mir-30d
mir-375
mir-3960

mir-423
mir-4532
mir-5588
mir-566
mir-7641-1
mir-7641-2
mir-99a

miRNAs exclusive for 
seminal plasma from 
patients with

MA: SCO:

mir-145          mir-23c
mir-16-1
mir-202
mir-20a
mir-509-3
mir-513b
mir-514a-1
mir-514a-2
mir-514a-3

SP before 
vasectomy

SP after 
vasectomy

SP donor 
Sperm 
donor 

SP donor 

SP SCO SP mixed 
atrophy
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qPCR based miRNA Analysis

1.miRNA of men before vasectomy 
2.miRNA of same patient after vasectomy
3.SCO Patient
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miRNA level after Vasectomie vs. control 
bevor vasectomy

hsa-miR-320a

hsa-miR-222-3p

hsa-miR-155-5p

hsa-miR-146a-5p

hsa-miR-181a-5p

miRNA level  in seminal plasma of SCO 
patient vs. control prior vasectomy

hsa-miR-320a

hsa-miR-222-3p

hsa-miR-155-5p

hsa-miR-146a-5p

hsa-miR-181a-5p

hsa-miR-223-3p

miRNA level in seminal plasma
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Cluster Diagramm of miRNA -PCR array

Potential germ cells specific miRNAs that 
expression was more than 3 fold 
downregulated in seminal plasma after 
vasectomy and in SCO patient 
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� Seminal plasma samples of vasectomized men revealed as 
useful source for investigation of testis specific miRNA

� Due to high miRNA heterogeneity and functions investigations 
with larger cohort of patients (min. 20 patients) is required. 

� miRNA candidates as for instance hsa-miR-122-5p (sperm 
specific protamine 1 mRNA target) could possible serve as a 
diagnostic marker for sperm retrieval.

Conclusions and future perespectives
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84 known 
miRNAs

1.miRNA of men before vasectomy 
2.miRNA of same patient after vasectomy
3.SCO Patient

miRBase: the miRNA database
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