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Figure % Spermatogenesis is a cyclic developmental process by which spermatogonia cells generate the mature sper-
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Figure 2. A putative model attempting to depict different levels of genomic organization that may be associated with
specific acquired spermatozoal defects.'
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Figure 3. DNA packaging structures in somatic vs. sperm nuclei,”*

IIl. Sperm DNA integrity analysis technigues
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2} DNA integrity 37PH S 2% terminal deoxynucleotidyl transferase mediated deoxyuridine tripho-
sphate nick end labeling (TUNEL), sperm chromatin structure assay (SCSA), comet assay, in situ nick translation
o] 9lal, AR} chromatin integrity (chromatin packaging) ¥ 7['H S 2% methyl green, Giemsa stain,
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Hol ATt (Table D).
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Table 1. Studies from the literature using different tests of sperm DNA damage analysis in assisted reproduction18

Technique

IVF

ICSI

Chromomycin Az

Aniline blue

TUNEL

SCSA

In situ nick translation

Comet

Acridine orange

Miscellaneous

Bianchi et al., 1996
Tomlinson et al., 2001
Esterhuizen et al., 2000

Haidl et al., 1994
Liuetal, 192
Hammadeh et al., 1998

Sun et al., 1997
Duran et al., 2002
Marchetti et al., 2002
Henkel et al., 2004
Seli et al., 2004
Henkel et al., 2003

Larson et al., 2000
Larson-Cook et al., 2003
Saleh et al., 2003
Bungum et al., 2004
Gandini et al., 2004
Virro et al., 2004

Sakkas et al., 1996
Tomlinson et al., 2001

Tomsu et al., 2002 (16)

Claassens et al., 1992
Duran et al., 1998
Duran et al., 2002
Katayose et al., 2003
Hoshi et al., 1996

Host et al., 2000
Filatov et al.,1999

Sakkas et al., 1996
Sakkas et al., 1998
Razavi et al., 2003

Hammadeh et al., 1999
Hammadeh et al., 1996
Varian-Klun et al., 2002

Lopes et al., 1998
Benchaib et al., 2003
Henkel et al., 2003
Henkel et al., 2004 (14)
Seli et al., 2004

Greco et al., 2005

Larson et al., 2000
Larson-Cook et al., 2003
Saleh et al., 2003
Bungum et al., 2004
Gandini et al., 2004

Sakkas et al., 1996
Sakkas et al., 1998

Chan et al,, 2001
Morris et al., 2002

Variant-Klun et al., 2002
Angelopoulos et al., 1998
Hammadeh et al., 2001

Host et al., 2000

Note: IVF=1In vitro fertilization; ICSI = intracytoplasmic sperm injection; TUNEL = terminal deoxynucleotidyl

transferase-mediated deoxyuridine triphosphate-nick end labeling; SCSA = Sperm Chromatin Structure Assay

-B3 -



Symposium + Human Sperm DNA Integrity

Figure 4. Results of the TUNEL assay. (A) Spermatozoa with DNAfragmentation showing intense green fluore-
scence in the nuclear region, in contrast to the negative results without green fluorescence; (B) The spermatozoa (at
same field as A} with combined green fluorescence and DAPI, showing the same TUNEL- posmve signals (with
abnormal morphology) and several TUNEL-negative spermatozoa with only DAPI as counterstain.” »
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(2) Sperm chromatin structure assay (SCSA)

Sperm chromatin structure assay (SCSA)E 19703t 7ieksl ol & zldle] whi4 /AL A3l -
ol flow cytometryE ©]-83te] Algiatar lth o] WE-& DNA WA s Vg & :
i AEE

o= wj2- 7@2} =1l H}E}ﬂﬁ. Z¥51 Q= u]xh%:x% HhH o zgz}L}] DNA AFE &4

ol ALsie] Fe winE gy oAl Aol APS 45T 4 ok

1S 3= DNA fragmentation index (% DFI)E ¥7)3} DFIE o] 83l DNA AR €45 A
BNt vjds 3o v]&S At n]Ad< AANA nuclear chromatin®] 27} ¥4 dolH
DNA A4& (% HDS)°] YebdT} (Figure 5).

I—ﬂ m
J{‘ o
oxl Ok
S rf

Mo ol

ol

-54 -



£
0o
=

Symposium

120 -
100 ~
80 ~ ] 80 ~
Z 2
~ 60 9
{12
ES' Ly N ! 1 g #
Z 40 - y § Z 40+
20 ~ 2
0~ ‘ oo ' y . v ' .
0 20 40 60 80 100 120 60 80 100 120
Fragmented DNA Fragmented DNA
—

Figure 5. Fragmented DNA (red fluorescence) cytograms showing the two SCSA parameters of interest. Left: semen
sample with a high percentage of sperm with hlgh levels of DNA fragmentation (%DFI). Right: semen sample with a
high percentage of sperm with HDS (%HDS). >
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{3) Acridine Orange test
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Figure 6. Acridine orange staining of spermatozoa. Immature spermatozoa displaying red or orange fluorescence and
mature spermatozoa displaying green fluorescence are observed.”

Figure 7. DNA migration patterns from four sperm cells of an oldcr subject. Two sperm cells with highly damaged
DNA and two sperm cells with significant DNA damage are shown.®

+=t} (Figure 7). Comet assay™ 8-> 9 A XE A3}
of Adatxgk vl$ B& =¥S Far 3 Papgelnk”

2) Chromatin integrity (chromatin packaging) &7t

(1) Toluidine Blue cytometry

u g Azl e A AAbel 27 histoneo] A&H o2 EAEC Toluidine blue® 44351
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(2) Chromomycin A; (CMA;) fluorochrome
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X
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Table 2. Correlation between sperm DNA damage and the outcome of various assisted reproductive techniques®

Stud T Qutcome”
tudy AR . -
Reference population ()" procedure Technique ~ Parameter gepilization Embryo Pregnancy
rate cleavage rate
Sunet al. Semen samples IVF TUNEL DF -016 -0.20 (0.02) -
(1997) (298) (0.05)
Lopes et al. 150 ICSI1 TUNEL DF -0.23 No correlation
(1998b) 0.0117)
Larson et al. 24 ICSI SCSA DF1 - - 154+4.6vs. 31.313.2;
(2000) p=0.0015,
no pregnancies if >27%
Host et al. Oligo (50 IVF TUNEL DF -0.61 - -
(2000) (<0.01)
Otligo (50} icsl 0.06 - -
(>0.05)
Tomlinson 140 IVF NT DF - -0.20 (0.004) 2.040.3 vs. 4.010.7%,
etal. (2001) p=0.02
Raman et al. 15 IVF Comet DF 0.567 - -
(2001) (<0.05)
Duran et al. 119 Ul TUNEL DF 7.3%£3.5vs 13.9+10.8"%
(2002) p=0.044,
no pregnancies if >12%
Tomsu et al. 40 IVF Comet DF - -0.567 (<0.044) -
(2002)
Morris et al. 60 ICSI Comet DF - -12.77 (0.003) with _
(2002) 100% embryo
cleavage rate
Saleh et al. 33 U9y SCSA DF1 -0.70 -0.70 (0.03) p<0.0001
(2003) IVF (10 (0.03)
ICSI (4)

“ Unless stated otherwise, indicates number of male patients included in the ATR programme

®Unless stated otherwise, results are expressed as r = correlation coefficient, p-values in parentheses

¢ Pregnant group compared with non-pregnant group

ART = assisted reproduction technique; DF = DNA fragmentation; DFI= DNA fragmentation index; ICSI = intracytoplasmic injection;
IUI = intrauterine insemination
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Table 3. Development to the blastocyst stage of patients assessed for low (<20%) and high (>20%) TUNEL positivity™

Variable Low TUNEL High TUNEL P value

n 28 21

Age 34510 35.0%1.0 3
No. of oocytes 204+14 192121 6
No. of embryos 13.6+0.9 12.1£1.2 3
Percentage blastocyst development (mean £ SEM) 441149 29.916.3 06
No. of embryos transferred 2,602 3.11+0.2 05
Clinical pregnancy rate (%) 50 43 A5

Note: Data are mean 1+ SEM unless otherwise noted
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Table 4. Acridine orange staining and ART results*

IVF cycles (n=32) ICSI cycles (n=31)
Pregnancy No pregnancy Pregnancy No pregnancy
(n=21) (65.6%) (n=11) (n=17) (54.8%) (n=14)

2PN/oocytes inseminated or injected (%) 733 £328 537+ 1117 660+ 42 642 £ 59
Mature nuclei before separation (%) 76.1 £ 32 712 £ 5.2 670 + 4 686 = 3.1
Mature normal nuclei before separation (%) 91.1 £ 22 947 + 26 892 £ 36 96.0 = 1.6
Mature nuclei after separation (%) 859 £ 32 894 = 23 806 t 45 816 £ 4.1
Mature normal nuclei after separation (%)" 940 *+ 2.1 9.8 £ 1.5 93.0 £ 29 953 £ 1.8
ESC (mature nuclei before separation) (1105 69.6 % 9.8 802 = 176 281 £ 128 215 £ 59
E?IC;%%;ure normal nuclei before separation) 163 £ 25 146 £ 3.0 21 £ 06 25 £ 06
ESC (mature nuclei after separation) (1X10% 305 £ 4.1 256 £ 4.0 98 £ 23 80 x 13
E?lcx(?z)%t)ure normal nuclei after separation) 11.8 £ 23 83 + 18 19 £ 03 1.9 £ 04

Note: Values are mean = SEM. ESC = effective sperm count (percentage of mature or mature normal nuclei in the
specimen X concentration)/100, according to Tejada et al. (8)

" Percentages represent mature normal heads on total number of normal heads

¥5<0.05 (detemiced by the paired #-test)
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Table 5. Percentage of couples with low fertilization rates (<25% and <50%) in DNA fragmentation index (DFI) and
high DNA stainability (HDS) groups®'

Fertilization rate <25% Fertilization rate <50%
IVF ICSI  IVFand ICSI IVE ICSI  IVFand ICSI
DFI
X 9 4 2 28 12 8
<309 - 0
Group 1, DFI <30% (n=13/144) (n=4/114) (n=4/178)  (n=40/144) (n=14/114) (n=32/178)
. 24 7 7 2 23 21
. 0,
Giroup 2, DFT 230% (M=834)  (=4/60) (n=570)  (n=1134) (n=14/60) (n=15/70)
HDS
8 5 3 25 16 17
0,
Group I, HDS <I5% \ _13157) (=7/138) (n=6/206) (n=40/I57) (n=22/138) (n=236/206)
b
Group 2, HDS >15% & 3 7 32 17 26

(n=821) (=136) (=342 (@=1121) (n=0/36) (n=11/42)

Note: Values within a column and within sperm chromatin structure assay variable (DFI or HDS) with different super-
scnpts are stgmf' cantly different. Values are percents.
2p<.001, Pp<0l

B35k oh

Evenson %QQ DNA £4 A o) tha]l DNA fragmentation index (DFDE Aslo] 749) 7beid& o=
3ttt DRI 23k 47te] MHE Hshd 10% vvdd 73—‘% S, 10~24%E UE, 25~50%E B
%, 30% o13d A AF2E B7|Fh SCSA testE ARk g Al dute) s 5w
g loug B Aul A2} DNA fragmentation (DFI)O) 30/03‘2 Wow wiwky whgy) glalgo] 28}
I fAFgol Fr)eeh? 2l 2R SCSA testE £ 30% o149 DFRIE YERW ¢l 7hsAdol

AA3) e T ASE diFsllo} ) (Figure 9, Table 5).
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