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Male germ line toxicityMale germ line toxicity
• Concern over the effects of environmental chemicals, particularly endocrine 

disruptors, on the male germ line

• Can reduce male fertility, cause reproductive tract abnormalities and induce 
adult onset diseases in subsequent generations, even those not exposed e.g. 
Vinclozolin

• Endocrine disruptors interfere with the physiologic function of endogenous 
hormones:

Mechanism Example

ER agonists Estradiol, DES, Methoxychlor

AR antagonists Vinclozolin, DES, Methoxychlor

AhR/PPAR/CAR/PXR TCDD, DBP

Hormone synthesis, metabolism, 
secretion or elimination

TCDD, DBP

• Non-genotoxic – inherited epigenetic modifications?



Spermatogenesis, epigenetics & RNAsSpermatogenesis, epigenetics & RNAs

PGCs Spermatogonia Spermatocytes Spermatids Sperm Fertilisation Early 
embryo

Imprints 
erased

Imprints 
established

Imprints 
maintained

• Epigenetic reprogramming is an important event during spermatogenesis:

miRNAs & piRNAs

• Recently shown small non-coding RNAs to be vital for spermatogenesis:

– miRNAs

– piRNAs 

• miRNAs implicated in a variety of toxicological processes and epigenetics
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Evidence for the role of miRNAs in Evidence for the role of miRNAs in 
transgenerational epigeneticstransgenerational epigenetics

Paramutation (silencing) at the Kit locus:

Soloway, 2006, Nature, 5:522

P = paramutagenic allele (white tail)
p = susceptible wild type allele (brown tail)

miR-221 & 222 implicated

Ashe & Whitelaw, 2007, Trends Genet, 23:8



miRNAs, epigenetics & toxicologymiRNAs, epigenetics & toxicology
Chemical

Chemical

Altered translation

Protein

Phenotype

Altered miRNA 
expression

Altered transcription

Epigenetic change



Overview of proposed workOverview of proposed work

Analysis

•miRNA/piRNA expression

•mRNA changes

•Epigenetic reprogramming

Deliverables

•Mechanistic data

•Biomarkers and chemical 
targets

•In vitro assay

Testes

Caudal 
epididymides Spermatozoa

Spermatogonia

Spermatocytes

Spermatids

In Vitro

ES cells PG cells ‘Sperm’

Exposure

In Vivo

Chemicals:
• Vinclozolin
• DES/estradiol
• TCDD
• Di-n-butyl phthalate



Methodologies: Methodologies: In vivoIn vivo
• Testicular cell separation (FACS)

• Mature sperm extraction
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Bastos et al, 2005
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Differential lysis

• Biological cell separation

miRNeasy

AAA

AAA

AAA

AAA

1 week
7 weeks

Sperm: exposed sperm

Sperm: exposed spermatogonia



Methodologies: Methodologies: In vivoIn vivo

• miRNA & mRNA analysis (Microarrays)

• Epigenetic reprogramming (Methyl bisulphite sequencing)
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Methylation change

Bisulphite treatment

Methylation status determined by sequencing

Liver miRNA Sperm miRNA

• piRNA analysis (q-RT-PCR)



Methodologies: Methodologies: In vitroIn vitro

• Perform same analysis: miRNA/piRNA expression

mRNA changes

Epigenetic reprogramming

• Compare with in vivo data

• EG-1 cells

ES differentiation

Exposure

ES cells PG cells ‘Sperm’

Terminal gametogenesis

Robust Inefficient



Work currently underwayWork currently underway

Week 1

In vivo

17ββββ-estradiol 
(400 µg/kg) 

single sc injection

Di-butyl-phthalate
(20mg/g in diet)

7 days

Testes & caudal 
epididymides 

(sperm) removed

Liver & caudal 
epididymides 

(sperm) removed

End of week:
•1 (sperm) 
•7 (stem cells)

Analysis of:
• miRNA expression
• piRNA expression

In vitro

Investigate and decide 
on most appropriate ES 

cell line

Culture ES cell line

Differentiate ES cell 
line along germ cell 

lineage

Confirm presence of 
germ cells using 
specific markers



Preliminary data: Preliminary data: In vivoIn vivo
Mature sperm extraction Amplification step Microarrays
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Arrays qRT-PCR

LMW Amp Kit
(Genisphere)

Marker plate

Before differential lysis

After differential lysis



Preliminary data: Preliminary data: In vitroIn vitro
Method for differentiation

Marker genes

DNA methylation

EG-1 data

EB dissociation

2-12d

PGCs

SSEA1+ selection
Retinoic acid

17ββββ-Estradiol

DBP

• 1, 10 & 100 nM
• 6, 12 & 24 h

• 0.1, 3 & 100 µµµµM
• 6, 12 & 24 h

Up Down

miR-500
miR-470
miR-295
miR-201

miR-7a/b
miR-329
miR-350
miR-881

Up Down

miR-302b
miR-201
miR-470
miR-295

miR-370

Successful differentiation?

Oct4 Tex14



Human samples: SmokersHuman samples: Smokers

Smoker vs Non-smoker

Preliminary results (n=5)

miR-129*
Up Down

miR-1246
miR-1255a



ConclusionsConclusions

• Technical issues resolved:

• In vivo techniques
• In vitro differentiation

• Preliminary data suggests chemical exposure 
alters miRNA expression in male germ cells

• Environmental chemicals
• Smoking



Future WorkFuture Work

Immediate
• Analysis of miRNA expression in vivo
• Differentiation of stem cells in presence of chemicals (miRNA 

expression in vitro)
• Analysis of piRNA expression in same in vivo and in vitro samples
• Full time Research Associate to look at two more chemicals 

(Vinclozolin and TCDD)

Longer term
• mRNA changes
• Identification of miRNAs/piRNAs for further study (targets 

and functions)
• DNA methylation
• Functional studies
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