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Learning objectives

To set focus on following aspects:

Indications of environmental and genetic
factors influencing male reproductive
function;

The concept of gene-environment
Interaction:
d ) In classical understanding;

b Specifically in relation to the reproductive
function;

Examples of gene-environment interaction in
k relation to male reproductive disorders. /
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What will be my final
conclusions

~

Genetic factors can modify the impact of
environment on male reproductive
function;

Environmental factors can modify DNA
of the germ cells thereby, such changes
possibly being transmitted to next
generation(s).

/
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Case

Anna — 31 years and Adam — 33 years: 2 years
with unprotected intercourses; no pregnancy;,

Gynecological investigation — no pathology;
Adam:

2 x oligo-astheno-teratozoospermia;

Sperm Chromatin Structure Assay shows a DFI of 35%
FSH1; LH and Testosterone normal;

Testicular volume: 12/12 mL;

Scrotal palpation otherwise OK;

No cryptorchidism; No medication; No other diseases

WHY?
/
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Kl'he majority of male reproductive
disorders are still unexplained

Cryptorchidism > 95%
Testicular cancer > 95%
Male-related infertility > 65%
Prostate cancer > 95%

\_ /
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Genetic cause - Klinefelter
syndrome

47, XXY

The most common
chromosomal
abnormality (1:600)

Serious testicular

atrophy, commonly

associated with:
Azoospermia
Hypogonadism

-
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Environmental cause - DBCP
exposure

Cl\ Cl
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DBCP- anti-fungicide

DBCP exposed| Non-exposed
azoospermia 13% 3%
oligozoospermia 36% 6%

knormozoospermia 51% 91% /

Whorton et al, Lancet 1977




/Gene-environment interaction - \
mechanism behind major diseases

Cancer

Asthma

Diabetes

Cardio-vascular diseases
Neuro-degenerative diseases

\_ /
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What is gene-environment
interaction - classical view

The effects of "environment” in
determining the occurrence of the
diseases are modified by the presence
or absence of a gene or genes




Malaria and sickle cell anemia- \
examples of gene-environment

interaction
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Gene- envwonment mteractlon

~




Testicular dysgenesis syndrome (TDS)?
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Skakkebaek et al, Human Reprod 2001; Sharpe & Skakkebaek, Fertil Steril 2008



Do we have any indication of gene-
environment interaction in relation
to male reproductive disorders?

Age-adjusted incidence of testicular cancer
{per 100 000)
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Androgens and androgen receptor - key
players in the developemnt and function of
male reproductive function

‘ =

Lundberg Giwercman et al, Hum Genet. 1998



/Androgen receptor
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European Commission R&D Projekl:

Human Fertility at ﬂsit from
Biopersistent Organochlorines
in the Environment?
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No effect of PCB on sperm number?

Total sperm number (x 108)
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Toft et al, Epidemiology 2006



/Correlation between CAG number\
and sperm concentration
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Only slight impact of CAG repeat
length on the risk of infertility

A
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Davis-Dao et al. J Clin Endocrinol Metab 2007
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Inuendo - no association between
CAG number and sperm counts
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Giwercman et al, Pharmacogenet Genomics, 2007

total sperm count (millions)




/CAG as modifier of PCB effect on \
sperm number?
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Giwercman et al, Pharmacogenet Genomics, 2007
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Do AR polymorphisms modify the effect of
POPs on male reproductive function?

Effect
Directly through the AR?
Through the aryl hydrocarbon receptor?

Binding of the ligand to the receptor?
Binding of co-activators/co-repressors?

/




/ Another aspect of gene-environment \
interaction in relation to the reproductive

system




ﬁ-\ctions of endocrine disruptors \
through the male germ line

e
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Anway and Skinner, Endocrinology 2006




Sperm Chromatin Structure Ass},
(SCSA)

Flow cytometry SCSA cytogram

'.’ DNA double strand bound Acridine Orange

.. DNA single strand bound Acridine Orange /
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GSTM genotype as modifier of the impact
of air pollution on sperm DNA integrity
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Rubes et al, Mut Research 2007
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PCB exposure and sperm-DNA
integrity
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Rignell-Hydbom et al,Environ Health Perspect,2005



/" Sperm DNA integrity and N
testicular cancer treatment

DNA Fragmentation Index (%)
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Stahl et al, Cancer 2004



/ Odds ratio of in vivo infertility in \
relation to DFI and standard sperm

parameters

All standard parameters normal
DFI:

10-20%

>20°/o

One deviating standard parameter
<10%

10-20%

>20°/o
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Giwercman et al, Int J Androl, in press




/Sperm DNA integrity and \
intrauterine insemination (1Ul)
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Bungum et al, Human Reprod 2007
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Some concluding remarks

There are some indictions of modifying effects
of genetic factors on the sensitivity to the
effects of envoronment/life style on male
reproductive function;

Studying gene-environment interaction is a
new challenge in epidemiological studies;

May also become of clinical relevance:
In diagnosis;
k In targeting protective measures




[ Acknowledgements

Molecular biology Inuendo
Yvonne L. Giwercman Jens Peter Bonde
Kristina B. Lundin Gunnar Toft
Hamideh Rasthkani Anna Rignell.Hydbom
Christel Bjork Bo J6nsson
Hannah Nenonen Marcello Spano
Pal-Andre Skjaerpe Henning Petersen
Elin Aschim Jan Ludwicki
Clinicial work Valentina Zvezaday
Jonas Richthoff Statistics
Yasir Ruhayel Lars Rylander
Olof Stahl

k Jakob Eberhard




List of references

Anway, M. D., Cupé), A. S., Uzumcu, M. & Skinner, M. K. (2005) Epigenetic transgenerational actions of endocrine disruptors
and male fertility. Science, 308, 1466-1469.

Bungum, M., Humaidan, P., Axmon, A., Spano, M., Bungum, L., Erenpreiss, J. & Giwercman, A. (2007) Sperm DNA integrity
assessment in prediction of assisted reproduction technology outcome. Human Reproduction, 22, 174-179.

Davis-Dao, C. A., Tuazon, E. D., Sokol, R. Z. & Cortessis, V. K. (2007) Male infertility and variation in cag repeat length in the
androgen receptor gene: A meta-analysis. J Clin Endocrinol Metab, 92, 4319-4326.

Giwercman, A., Rylander, L., Rignell-Hydbom, A., J’nsson, B. A. G., Pedersen, H. S., Ludwicki, J. K., Lesovoy, V., Zvyezday, V.,
Spano, M., Manicardi, G. C., Bizzaro, D., Bonefeld-J>rgensen, E. C., Toft, G., Bonde, J. P. & Giwercman, Y. L. (2007) Androgen
receptor gene cag repeat Ien%th as modifier of the association between per3|stent organohalogen poIIutant exposure markers
and semen characteristics. Pharmacogenetics and Genomics.

Giwercman, Y. L., Kleist, K. E., Giwercman, A., Giwercman, C., Toft, G., Bonde, J. P. & Pedersen, H. S. (2006) Remarkably low
incidence of hypospadias in greenland despite high exposure to endocrine disupters; possible effect of androgen receptor
genotype. Pharmacogenetics and Genomics, 16, 375-377.

Lundin, K. B., Giwercman, A., Dizeyi, N. & Giwercman, Y. L. (2006) Functional in vitro characterisation of the androgen
receptor ggn polymorphism. Molecular and Cellular Endocrinology.

Lundin, K. B., Giwercman, A., Dizeyi, N. & Giwercman, Y. L. (2007) Functional in vitro characterisation of the androgen receptor
ggn polymorphism. Mol.Cell Endocrinol, 264, 184-187.

Lundin, K. B., Giwercman, A., Richthoff, J., Abrahamsson, P. A. & Giwercman, Y. L. (2003) No association between mutations
in the human androgen receptor ggn repeat and inter-sex conditions. Mol.Hum.Reprod., 9, 375-379.

Rignell- |\/Iydbom A., Rylander, L., Giwercman, A., Jonsson B. A., Lindh, C., Eleuteri, P., Rescia, M., Leter, G., Cordelli, E.,

Sp gno & Hagmar L. (2005) Exposure to pcbs and p,p'-dde and human’ sperm chromatin mtegnty Environ.Health Perspect
113, 175-179.

Skakkeb’k, N. E., Rajpert-De Meyts, E. & Main, K. M. (2001) Testicular dysgenesis syndrome: An increasingly common
developmental disorder with environmental aspects. Human Reproduction, 16, 972-978.

Stahl, O., Eberhard, J., Jepson, K., Spano, M., Cwikiel, M., Cavallin-Stahl, E. & Giwercman, A. (2004) The impact of testicular
carcinoma and its treatment on sperm DNA integrity. Cancer, 100, 1137-1144.

Toft, G., Rignell-Hydbom, A., Tyrkiel, E., Shvets, M., Giwercman, A., Lindh, C. H., Pedersen, H. S., Ludwicki, J. K., Lesovoy, V.,
Hagmar, L., Spano, M., Manicardi, G. C., Bonefeld-Jorgensen, E. C., Thulstrup, A. M. & Bonde, J. P. (2006) Semen quality and
exposure to persistent organochlorine pollutants. Epidemiology, 17, 450-458.

Whorton, D., Krauss, R. M., Marshall, S. & Milby, T. H. (1977) Infertility in male pesticide workers. Lancet, 1259-1261.

von Eckardstein, S., Syska, A., Gromoll, J., Kamischke, A., Simoni, M. & Nieschlag, E. (2001) Inverse correlation between
sperm concentration and number of androgen receptor cag repeats in normal men. JCEM, 86, 2585-2590.




