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Figure 2 World map containing percentages of infertility cases per region that are due to male factor. This figure demonstrates rates of infertility cases in

each region studied (North America, Latin America, Africa, Europe, Central/Eastern Europe, Middle East, Asia, and Oceania) due to male factor involvement.
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Total Fertility Rate (per woman)
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MALE REPRODUCTIVE DISORDERS AND FERTILITY
TRENDS: INFLUENCES OF ENVIRONMENT AND
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Incidéncia de Criptorquidia
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FIGURE 7. Incidence of cryptorchidism at birth on the basis of

prospective clinical studies from the 1950s to the 2000s in Den-
mark, Finland, and United Kingdom. The data points are marked on
the year of the publication of the study which represents the preced-

ing incidence rate (3, 47, 61, 184, 377).
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Incidéncia de Cancer de Testiculo

Northern Europe The Americas Asia

10 12
!

- Zeelsnd

/\_/ Australia

/hrsel
o]
1 Japan®

China® Singapore
] Philippines®

India*

wn ite”

w
/ Ecuador*
Rlc.a

Canada”
/\/_/E\)oomba‘
\\/‘ usa
’\/\/BM.

1960 1970 1980 1990 2000 2010 1960 1970 1980 1990 2000 2010 1960 1970 1980 1980 2000 2010
Year Year Year
*: Regional registries

15

07

Age-standardized (World) incidence rate per 100000

Age-standardized (World) incidence rate per 100000
2

Age-standardized (World) incidence rate per 100000
2
I

0.5
05
0

- Eastern, Southem and Western Europg ——————

10 12
10 12

Switzerland*®
Germany*

The
~ Netherlands
UK,

Slovenia

~ Czech -
Republic

/" Slovakia

v
LR / oland”
e

Belarus

Croatia

italy*

Spain®

Russian
Federation

07

Age-standardized (World) incidence rate per 100000
2
|

Age-standardized (World) incidence rate per 100000
2

Age-standardized (World) incidence rate per 100000
07 2

05
05

—
(‘ FERTILITY e 160 ek o0z 2010 Tk a0 i o0 a0 0T 570" 0 b0 " 20
Year Year Year
*: Regional registries
FIGURE 4. Trends in testicular cancer; age-standardized (world) incidence (regional or national), all ages.
[Modified from Znaor et al. (481). Courtesy of Dr. Arinana Znaor and statistician Mathieu Laversanne, M.Sc.,
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FIGURE 8. Recent changes in male pubertal timing. Testicular
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Human and Experimental Toxicology
-9

Decline in sperm count in European o2 The Author(y 2017
men during the past 50 years DO 10.117710960327 1 17703690
journals.sagepub.com/home/het

®SAGE

P Sengupta'?, E Borges Jr’, S Dutta® and E Krajewska-Kulak?

Purpose: To investigate whether the sperm concentration of European men is deteriorating over the past

50 years of time.
Materials and Methods: We analysed the data published in English language articles in the past 50 years in

altering sperm concentration in European men.
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Sperm concentration (millions/ml)
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Figure 2. Box and whisker plot of sperm concentration data of European men of the past 50 years.

(r=

de 1965 to 2015

-0.307, p<0.02; diminuicao de 32.5%)

Declinio tempo-dependente na concentracao espermatica observada
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Decline in semen quality among infertile men in Brazil
during the past 10 years

Edson Borges Jr. 2 Amanda Souza Setti 12 Daniela Paes de Almeida Ferreira Braga'2, Rita de Cassia Savio
Figueira !, Assumpto lacanelli Jr. 12

[ M
150
e
% 100
== [ |
S0 \
Za T
o oty ———— T
2000 -2002 Z2010-2012
Perocd of time
Total spaerm conceaentraticon (mmillicm]
—_—
‘a I:ER | “_l 1 Y —— Speerm concentraticorndml (rmillicnl
Mormal sz = morphaolos oy (5]




Genética e Infertilidade Masculina
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ANORMALIDADES CROMOSSOMICAS EM HOMENS INFERTEIS

CROMOSSOMOS

REFERENCIAS N° SEXUAIS AUTOSSOMOS TOTAL
KOULISCHERE
SCHOYSMAN (1974) 1000 27 (2.7) 6 (0.6) 33 (3.3)
CHANDLEY (1979) 2372 33 (1.4) 18 (0.7) 51 (2.1)
ZUFFARDI E
TIEPOLO (1982) 2542 175 (6.9) 40 (1.6) 215 (8.6)
ABRAMSSON eta/ (1982) 342 6 (1.8) 4 (1.2) 10 (2.9)
de GARDELLE eta/ (1983) 318 13 (4.1) 7 (2.2) 20 (6.3)
MATSUDA et al (1989) 295 0 (0) 5 (1.7) 5 (1.7)
YOSHIDA et al (1995) 1007 41 (4.1) 24 (2.4) 65 (6.5)
a -
TOTAL 7876 295 (3.8) 104 (1.3) 399 (5.1)
NASCIDOS 94.465 131 (0.14) 232 (0.25) | 366 (0.38)
/_Q= FERTILITY - r




Alteracoes cromossomicas maiores
&

densidade espermatica

Frequency of
genetic anomalies

Azoospermia Cryptozoospermia Oligozoospermia Normozoospermia
(no sperm in the ejaculate) (<1 million sperm per ml) (<15 million sperm per mil) (>15 million sperm per ml)

OO0 O

g Gekas et al. Human Reprod 16:82-90, 2001
v‘ FE R I I I-—' I Y Crausz et al. Nat Ver Urol, 15:369-84, 2018



Investigacao Geneética em Infertilidade Masculina

» alteracoes cromossomicas
(Klinefelter / translocacoes)

» delecoes genicas (cromossomo Y)
» mutacoes geneéticas (CFTR)

» outras doencas genéticas
(polimorfismos, mutacoes, gens de expressao testicular)
» doencas do /imprinting

» ICSI - criancas diferentes??
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Sindrome de Klinefelter

1/500 homens

1- 2 % homens inférteis
2 - 5% oligo graves

>

>

>

» 5-10% azoospérmicos

> 47, XXY =90% 46, XY /47, XXY =10 % (+ 30 caridtipos)
=

nao disjuncao meiodtica do cromossomo X
(40 % paterna/ 60 % materna)

— fenotipo: alta estatura, obesidade, diminuicao da inteligéncia,
acondroplasia, ginecomastia, testiculos diminuidos / normais

> probabilidade de gerar prole c/ alteraces genéticas

-
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Outras alteracoes no cariotipo

Normal male karyotype (46,XY)

Y g )

Klinefelter syndrome (47 ,XXY) * 46,XX male syndrome (SRY+)

46,X isoYq
qE B | EMiCEN | TR B B
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Translocacao Robertsoniana

Pareamento na meiose

» Os bracos curtos de dois
% ~ 5 o QEUS, : cromossomos hao-homologos
K¢ Do sao perdidos e os fundem no
| U %5 centromero, formando um sé
e ,UE..?‘Q, v it Cromossomo.
Segregacio na prole » Confinado aos cromossomos
| (alanceado) £y  (ciobsiancesds) 13, 14,15, 21 e 22
M () l
\ g U . » Espermatozoides alterados:
| ﬂ | | ﬂ | ﬁ abortamento / sindrome Down
" / -

14 21 H144921q)

i e e e e ween @) 0,8% homens inférteis

wansiocacao
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— MicroDelecao do Cromossomo Y

» 1:10.000 nascidos

mm > 3-13% homens inférteis

» 5-20% oligo grave / azoospérmicos
» braco longo do cromossomo Y

~ AZF a = ScOS syndrome (tipo )

7~ AZF b = maturation arrest

~ AZF ¢ (daz) =scosc/ focos espermatogénese (tipo Il)
7~ DAZ h = delecao no cromossomo 3

FERTILIDADE FUTURA DO FILHO ?

RTILITY
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Image of ¥ chromosome displaying AZF regions and associated genes. Enlarged portion of AZFc region highlights discussed microdeletions.
(A) Normal AZFc region; (B) gr/gr deletion; (C) b1/b3 deletion; (D) g1/g3 deletion; (E) gr/gr duplication.
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O'Flynn O'Brien. Generic causes of MF infertility. Fertil Steril 2010,




Microdelecoes no cromossomo Y

fo) AZFa - 5%

AZFb - 15%
= AZFc - 60%
| = L

|
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Microdelecoes no cromossomo Y

AZFa ( °* 5%
 Auséncia completa de células
germinativas

\_ °* Sindrome de células de Sertoli

|

RTILITY



UL yaoialay 7 Lh,

Microdelecoes no cromossomo Y

e 15%
AZFb e Parada de maturacao

|
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Microdelecoes no cromossomo Y

~ * 60%
AZFc e Amplo espectro

e oligozoospermia grave

\— e azoospermia

|
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Delecao parcial Y (gr/grdelecao)

a
PAR1 Cen

PAR2

v G .

-

L
-

AZFa AZFb  AZFc
Azoospermia- Semen phenotype-
variable (Mb) testis histology
AZFa | o ] 0.8 Azoospermia—SCOS
AZFb | |ecccsacciannas I | 6.2 Azoospermia—SGA
AZFb plus AZFc | Jseresnncnnannnas | ] 7.0-7.7 Azoospermia—SGA
Oligozoospermia or
e l 135 azo%spern‘ﬁa—variable
gr/gr | 1° %] ] 1.6—1.8 Dligozoosp_ermia_or
azoospermia—variable
b Deletion Frequency (%)
Azoospermic Oligozoospermic  Controls
patients patients
AZF deletions 5-10 2-5 0
gr/gr deletions* 3.5 0.9 0.9
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MicroDelecao parcial do Cromossomo Y

Uma relacao entre delecoes terminais AZFb+c e disturbios anormais
do crescimento e disturbios neuropsiquiatricos foi descrito.

A exclusao de dois genes que sao expressos ho sistema nervoso
central, NLGN4Y e KDM5&D, pode ser responsavel pela fenétipo
neuropsiquiatrico.

=RTILITY Castro, A. et al. Pseudoautosomal abnormalities in terminal AZFb+c deletions are associated
— with isochromosomes Yp and may lead to abnormal growth and neuropsychiatric function.
Hum. Reprod. 32, 465-475 (2017).
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Agenesia Congenita Bilateral dos Ductos
Deferentes

> 1/1.000 homens
> 1-2% homens inférteis
> 10 % azoospermias obstrutivas

> autossomica recessiva (CFTR gen ) m» braco longo do cromossomo 7

— forma minima da fibrose cistica (60-70%)
— agenesia bilateral / unilateral dos deferentes

— obstrucao epididimaria idiopatica (47 %)

@ = FERTILITY + 2.000 MUTACOES
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Associate Editor

Edward E. Wallach, M.D.
Fertility and Sterility® Vol. 93, No. 1, January 2010

The genetic causes of male factor infertility: A review

Katherine L. O'Flynn O’Brien, B.A.," Alex C. Varghese, Ph.D.,b and Ashok Agarwal, Ph.D.”

Prevalence and phenotypes of common chromosomal abnormalities associated with male infertility.

Genetic abnormality

Phenotype

Prevalence, %

Chromosomal abnormalities
Klinefelter syndrome
RBobertsonian translocation

Y chromosome microdeletions
AZFa deletion
AZFb deletion
AZFc deletion

Partial AZF-c deletions

Azoospermia to nommozoospermia
Azoospermia to severe oligozoospemmia
Azoospermia to normozoospermia

Azoospermia to oligozoospermia

Azoospermia, Sertoli cell-only syndrome

Azoospermia, spermatogenic arrest

Severe oligozoospermia to nonobstructive
azoospermia

From azoospermia to nommozoospenmmia

5 (total infertile population); 15 (azoospermic)

5 (severe oligozoospemmia); 10 (azoospermic)

0.8 (total infertile population); 1.6 (ocligozoospermic);
0.09 (azoospermic)

10-15 (azoospemmic); 5-10 (oligozoospemic)

0.5-1.0 (2)

0.5-1.0 (2)

612

3-5(2)

FERTILITY

© Klinefelter:
© MicroDelelecdo Y-

© cBAvD:

7 - 13% azoospérmicos
2 - 20% oligo grave | azoospérmicos

1 - 2% homens inférteis
10% azoospermias obstrutivas




Mutacao no gen receptor de androgeno
(Sindrome de Morris)

** ligado ao cromossomo X, recessiva (Xq11-12)
s ~2% homens inférteis
“* consequéncia: sindrome da insensibilidade androgénica

*» alteracao na espermatogéenese

» Incidéncia ~ azoospermia, oligo moderada ou grave
» criptorquidia / hipospadia / ginecomastia (eventual)

» Sindrome de Kennedy (doenca neurodegenerativa)

—
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Outras alteracoes geneticas

Spermatogenic Globozoospermia DPY19L2 First step: detection of homozygous
qualitative defects or heterozygous deletion of the gene
based on quantitative PCR™

Second step: direct sequencing of the
entire gene

Sperm macrocephaly AURKC First step: mutation panel including
the most frequent AURKC mutations
(exons 3 and 6)

Second step: direct sequencing of the
entire gene (Sanger)

MMAF DNAH1 Direct sequencing of the entire gene
(Sanger or NGS)
PCD 26 candidate Screening of a panel of candidate
genes®+DNAH1 genes (NGS-based)

Aetiological categories are listed according to their frequency (from the most frequent to the least frequent). AZF, azoospermia factor;
CBAVD, congenital bilateral absence of the vas deferens; EAA, European Academy of Andrology; EMQN, European Molecular Genetics
Quality Network; FSH, follicle-stimulating hormone; LH, luteinizing hormone; MMAF, multiple morphological abnormalities of the
sperm flagella; NGS5, next-generation sequencing; PAIS, partial androgen insensitivity; PCD, primary ciliary dyskinesia. “Two different

—
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Human Reproduction, Yol.2T, No.l pp. 36-43, 1011
Advanced Access publication on MNewermber 19, 2001 dei 191993 hureepd derd74

human
Ireprnducliun ORIGINAL ARTICLE Andrology

The prevalence of chromosomal
abnormalities in subgroups
of infertile men’

E.C. Dul'#*, H. Groen?, C.M.A. van Ravenswaaij-Arts®, T. Dijkhuizen?,
J. van Echten-Arends', and J.A. Land'

O 1.223 homens candidatos ICSI: 79 azoospérmicos (6,5%)

O 3,1% com anormalidades cromossomicas

© 15,2% dos azoo (OR=7,70 — p<0,001)

O FSH alto e anormalidade cromossomica (OR=2,96 — p=0,013)

Q Azoospérmicos com histéria andrologica positiva < incidéncia de anormalidade

cromossomica (OR=0,28 — p=0,047)
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Riscos epigenéticos
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Human Reproduction Update, Vol.20, No.6 pp. 840-852, 2014
Advanced Access publication on June 24, 2014 doi: 10.1093/humupd/dmu033
uman
reproduction
pdate

A systematic review and meta-analysis

of DNA methylation levels and

imprinting disorders in children

conceived by IVF/ICSI compared with

children conceived spontaneously

Gabija Lazaraviciute', Miriam Kauser!, Sohinee Bhattacharya',

Paul Haggarty?, and Siladitya Bhattacharya'"

'Division of Applied Health Sciences, University of Aberdeen, Foresterhill, Aberdeen AB25 27D, UK *Division of LlfOIV

Rowett Institute of Nutrition and Health, University of Aberdeen, Greenburn Road, Bucksburn, Aberdeen AB21 95B, UK

IVF/ICSI children  Spontaneous Od 36

Study or Subgroup Events Total Events Total Weight 2 c3
Halliday 2004 4 5 33
King 2010a 4 22
Lidegaard 2005a 0 6052
Sanchez-Albisua 2007a 1 -

Total (95% ClI)
Total events

Heterogeneity: Chi? =

Test for overall

Fig

i
0.01 0.1 10 100
Higher in Spontaneous Higher in IVF/ICSI

rder between IVF/ICSI versus spontaneously conceived children.

n syndrome (BWS), Angelman syndrome (AS),
i syndrome (PWS), and Silver-Russell syndrome (SRS).
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Hattori et al. Clinical Epigenetics (2019) 11:21

https:/doi.org/10.1186/s13148-019-0623-3 CI | nica | E p |ge neti cS

RESEARCH Open Access

Association of four imprinting disorders ~ ®~*
and ART o

Hiromitsu Hattori'", Hitoshi Hiura'™, Akane Kitamura', Naoko Miyauchﬂ, Norio Kobayashﬂ, Soutg . 6.3 2
Hiroaki Okae', Koichi Kyono?, Masayo Kagami®, Tsutomu Ogata* and Takahiro Arima’ W)

e frequéncias aumentadas de 4.4 é,(\ca% associadas a ART,
respectivamente; ) e‘)\%e“ %e‘aqao
Beckwith-Wiedemap» ) “a(‘\a‘sao “Russell syndrome (SRS).

ot
e o0e \N srTer logo apos a fertilizacao em um momento
. -‘QJ\Q eravel e pode ser afetado pelas técnicas de

ara FIV ou ICSI e pelo meio de cultura do dvulo fertilizado.
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ANDROLOGY

ISSN: 2047-2919 Andrology, 2018, 6, 635-653 AN DROLOGY
g:rrar::focr::firdc,e;udson Institute of Medical Long-term fOIIow-up Of ICSI-

27z mentsy cenvie s e gniceived offspring compared with
E-mail: sarah.catford@monashhealth.org spontaneously conceived offspl'ing:
— a systematic review of health

children, follow-up, ICSI, intracytoplasmic sperm

inection, ofispring T outcomes beyond the neonatal

Received: 4-Jun-2017 pe riOd

Revised: 13-Jun-2018
Accepted: 19-Jun-2018

1235, R. Catford (1), '?R. I. McLachlan, *“M. K. O’Bryan and >-°J. L. Halliday

"Hudson Institute of Medical Research, Clayton, VIC, Australia, 2Department of Obstetrics and
Gynecology, Monash University, Clayton, VIC, Australia, >Public Health Genetics, Murdoch Childrens
Research Institute, Parkville, VIC, Australia, “The School of Biological Sciences, Monash University,
Clayton, VIC, Australia, *Department of Paediatrics, University of Melbourne, Parkville, VIC, Australia

doi: 10.1111/andr.12526

Espermatogénese prejudicada em homens adultos jovens concebidos por ICSI, como
indicado pela reducao da qualidade do sémen, e possivelmente maiores niveis de FSH e
menores niveis de inibina B, em comparacao com seus pares de CN
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INVITED SESSION
SESSION 01: KEYNOTE SESSION
Monday 2 July 2018 Forum (Auditorium) 08:30-09:30

O-001 Human Reproduction Keynote Lecture - Semen quality of
young adult ICSI offspring: The first results

F. Belva', M. Bonduelle', M. Roelants?, D. Michielsen?, A. Van
Steirteghem®, G. Verheyen®, H. Tournaye®*

© UZBrussel, entre 03/2013 - 04/2016, 54 jovens

e Saude reprodutiva e metabdlica de jovens 18-22 anos, nascidos de ICSI com
espermatozoéide ejaculado x concepgéo natural (CN)

-
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O-001 Human Reproduction Keynote Lecture - Semen quality of
young adult ICSI offspring: The first results

F. Belva', M. Bonduelle', M. Roelants?, D. Michielsen?, A. Van
Steirteghem?, G. Verheyen®, H. Tournaye*

ICSI:
e = menor concentracao espermatica/mL, total, TMSC (17,7 mil/ml, 31,9 mil e 12,7 mil)
gue os nascidos por CN (37 mil/ml; 86.8 mil; 38.6 mil)

= CN: dobro na concentracao espermatica/mL (ratio 1.9, 95% CI 1.1-3.2)

= |CSI: duas vezes menor concentracao espermatica total (ratio 2.3, 95% Cl 1.3-4.1)
e TMSC (ratio 2.1, 95% CI 1.2-3.6)
© icst:

= 3X menor chance de ter concentracao espermatica/mL (15 mil/mL) abaixo OMS

(AOR 2.7; 95% C1 1.1-6.7)

= 4X menor chance de ter concentracao espermatica total (39 mil)
(AOR 4.3; 95% CI11.7-11.3)

_
w = FERTILITY



Human Reproduction, Vol.34, No.5 pp. 932-941, 2019
Advanced Access publication on March 13,2019 doi:10.1093/humrep/dez022

human
reproduction

A systematic review and standardized
clinical validity assessment of male
infertility genes

Manon S. Oud ', Ludmila Volozonoka®?, Roos M. Smits?,
Lisenka E.L.M. Vissers', Liliana Ramos*, and Joris A. Veltman'%*

‘Deparr.ment of Human Genetics, Donders Institute for Brain, Cognition and Behavior, Radboud University Medical Centre, 6500 HB,
Nijmegen, The Netherlands Hnstitute of Genetic Medicine, Newcastle University, NEI 3BZ Newcastle, United Kingdom Iscientific
Laboratory of Molecular Genetics, Riga Stradins University, LV-1007, Riga, Latvia *Department of Obstetrics and Gynecology, Division of
Reproductive Medicine, Radboud University Medical Centre, 6500 HB, Nijmegen, The Netherlands

>

250
225
E 200 I Karyotype ag ® Karyotype anomaly
3 17
E 150 AZF rearrangement
5 1 . .
5 100 CNV affecting multiple
£ 75 genes
E Genetic association or risk
® = factor
- m Monogenic cause
0 = = .
— 200
£
w 180
o
29 $ 180
n O a0 Current classification:
o c
'-§ g 12 Limited evidence
% Sanger sequencing g s
-_g B Next-generation E 80 mCurrent classi‘ﬁ.catinn:
sequencing .E &0 Moderate or higher
£ 2% — S w evidence
o =
: -
o0 2011 2012 013 2014 2005 2016 2007 2018 SRERFASRERABE SE3g8a98s8
2222222222%%%%2%2%%2232822&22
_— Figure 2 Genetic studies in male infertility between 1958 and 2018. (A) Graphical overview of genetic studies in male infertility. (B) Graphical representation of type of genetic research in
" male infertility. (C) The use of Sanger sequencing and next-generation sequencing for the discovery of genes in male infertility. (D) Increase of genes linked to human male infertility. AZF, azoospermia

factor; CNV, copy number variants.



Investigacao Genética em Infertilidade Masculina
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» Caridtipo com banda G no sangue
* Microdelecao Y (AZF)
* Pesquisa Fibrose Cistica (CFTR)

aSNP (exoma), aCGH / NGS
» Painel geneético

%

o

S

%

o

—
w = FERTILITY



“A selecdo natural é o principal
agente responsavel pelas
modificagcoes das populagcoes em
resposta as alteragcoes
ambientais”.
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“Risco potencialmente
aumentado para a
transmissao de doencas
genéticas que estariam
bloqueadas pela
infertilidade ”
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