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Kazuto Morozumi and Ryuzo Yanagimachi
Incorporation of the acrosome into the oocyte during ICSI could be potentially hazardous to embryo development.
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Incorporation of the acrosome into the oocyte during
intracytoplasmic sperm injection could be potentially
hazardous to embryo development
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Preparation of Spermatozea, 1C51, and Examination of IC5] Docytes. A
densa sperm mass from the canda epididymides of the mouse or
hamster was placed ai the botiom of a 15-ml centrfoge mbe
containing 300 pl of CZB medivm. The spermatozoa wene allowed
o awim up into te mediom for 315 min ar 37°C. The supematant
containing actively motile spermatogoa was then trarsfemed o
S)0pl microtubes. A steaw (0.5 ml) of frozen bull spermatomoa was
thawed in a 37°C water bath for 1 min. Thawed bull semen was
placed ar the boteom of a 1.5-ml centrifuge tube conraining 500 pl
of CFB to allow the spermatoma b swim into the medium for 20
min at 37°C. Boar spermatomoa were isolated from ejaculated
semen of fertile males. A S00-pl aliquot of the semen was placed at
thi bomom of & 1.5-mi centrfuge tobe containing 300 plof CZR o
allow spermatozoa 1o swim up for 20 min at 37C, For human
spermatozoa, 15 ml of liquid homan semen was placed at the
bottom of 2 Sml centrifuge wbe conraining 3 ml of CZB. The
spermatozoa we e allowed 1w swim up for &0 min ar 37°C, ICS[ was
cartied out according ro Kimura and Yanagimachi (2) with some
modifications. A small amotnt (25 pl) of the swim-up sperm
suspergion was mixed thomoughly with 50 gl of Hepes-CER con-
taining S-12% (wifvol) polyiving pyreolidone) (PVF) (M,
3400000 A drop of this suspension was transfermed under mineral
ail (Squibt) in a plastic dish (100 mm in diameter and 10 mm in
depth) previowsly placed on the stage of an imessd microscope
equipped with & micromanipulator. A single spermatozoon of the
motss of hamster was drawn tail G ineo an injection pipeme, and
thi head was separated from the tail by applying a few piemo pulses
tothe neck mgion. The Eolated sperm head was injected immedi-
ately into an oocyte. Oaly the sperm head & needed o cbtain
offspring by ICS1115). A single buman, boll, or boar spermatoaoo,
drawn into the pipetie, was immobilized by applying a few piemc
pulses o its midpiece egion before the entire body of the sper-
matoenon was injected into a mouse oocyte. When more than two
spermatozna wers imjected into a single oocyte, care was taken 1o
minimize the wolume of the medinm injected. Approximately 30
oocyies in a group were operated on within 15 min. TCSD was
completed within 2 b after collection of the cocyies from oviducts.
In some experiments, acrosomes were femoved before TCST by
wortexing mongs, bull, boar, of human spermatoeoa for 1 min in
Hepes-CEB containing 1% Trcen X-100 (16} Some porcine
spermatozna were sonicated for 1 min (four 154 bussis ar 108

intervals) by wsing 309 power outpor at °C in Hepes-CZB
containing 2 mg/ml hysolecithin. After washing with Triton-free
Hepes-CFB by contrifugation (2000 x g, 3 min), two of mone
acrognme-less sperm heads were injected into each oocyre. TCSI
oocyles were examined 3-7 h later with an interfenence-contrase
microacope for the presence o absence of promclel and the second
polar body. The cocytes with second polar bodies were recorded
activated. Some cooytes wene compressed between a slide and
coverslip, fixed briafly with 2% glotaraldehyde, stained with ace-
tocarmine, and moonted in acetic glycers] to recon firm the number
and state of pronoced (17). Some other oocytes were culmred
in viro for 3 or more days to see whether they contimes (o survive,
The LIVE/DEAD Call Viability Test Eir (L-7003, Molecular
Probes) was used 1o distinguish Ire and dead cocyres/ embryos

Examination of the Effects of Enzymes Injected Inte Docytes. We
chose trypsin and hyaluronidase 28 enzymes 1o be tested because
Lyt is similar 1o acrosin in is substrare cleavage specificity and
tryaloronidase iscommordy extracted from mammealian testes (sper-
maroeca ). Trypsin (teypsin 2,55 liquid, Invitrogen) and hyaluson-
idase { 300 USF onits)/mg; ICM ) were separately injected into mouse
ococytes. The amounts of trypsin and hyaloronidase injected inm
each oocyte were 1-20 pg and 80-500 pa, respectively. BSA was
also injected into mouse cocytes as a conteol. The amount of BSA
imjected into each oocyte was = 350 pg, Oocytes were examined 5-7
b after injection as described.

Immunolocallzation of Microtubules and MicroTllaments In Oocytes
After [C51 and Enzyme Injection. Immuncstaining of microtubules
and mizrofilaments was performed as desceibed (18-21) with
some maodifications. In brief, the oocytes wene fived at room
temperaturs for 40 min with 2% {wijwol) formaldehyde in
Dulbecen’s PBS containing both 0.1% FVA and 0.2% Triton
X-1000 Afrer washing theee imes in PBS with FVA (PBS-FVA),
they were stored in FBS-FVA containing 1% BSA (FBS-PVA-
BSA) for up to £ days at 4°C. For immuonodetection of micro-
tubules and microfilaments, the oocyies were incubated for 30
min ar room temperarne with monoclonal anti-e-tubolin anti-
body prodoced in monse (T-9026, Sigma), which was diluted
1:500with PBS-FV A-BSA. After three washings with PBS-PVA-
BSA containing 0.5% Triton X-100, occyteswere incubated with

Table 1. Response of MoUse 00cytes to the Injection of a single and multple mouss spermatolos

Mo, of sperm heads Total no. of No. of oocytes He. of oooytes Mo, of eggs developed to
injected into & single oncytes injectad sureived 151 and deformed extenshely —_—
Exp. eacyte (ne. o reps.) activatzd (%) T h after 151 %) 2cell (%) Blastacyst (%)
Acrosomme-intact
A 1 197 (%) 168 (85} O 160 a5y 126 (&P
B 2 24.11) 3 (58) O T1{BEF a1 (4o
C ] o3 (15) 49 (53} 16 (33} 1935 1
o a7 @113 66 (73} Enl ] 040y 0
E 12 21 14T 14100} 040y 0
Agrosome-less
F 1 4305 39 (80) i 36000 24(82)
@ 2 42 (5 29 (59) i 27183) 19 (88}
H 2 13 (5 10 (BE} i E(E0) 320
1 7 ERNc] 25 (58} 0 10400 2(8)
] =B - - - - -
K ot LT - i 00y 0
L 1 =0T 7E (83) 0 E1(81) Ak 1)

Suparscrpt latiers: P < 001 for avs.c, @ vs. & and boen d; £ < 0001 for bes, ©

*Arrosome-keas spamn hasds wera 5o “sticky” 1o sach athar that Injaction of mars than svsn

sparm head was tedhinically Imposdble.

*tham oparation: 2 « 10-F ul of Hapas CZE contalring PP {100 mg,/mil was Injscied Inko sachocgyts, Thisvolumeof the medium correspended roughlyte that

of tha madium Injectsd with 2-12 sparm heads.

Fifiyy-twe {3 1% ] 0ogpbas surdved, but all of the sunvking cogrbes did not ackhvata.
84 singla spamn haad in 2« 195 4l of Hapas CZ8 comtaining PP {190 mg/mi was Ifjsctad into sach aoots.

14210 | wew priasongy/cgly dol/ 101073/ pas 2507005 102
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Fig. .  Mows cogytes sach Injectadwith 3 srgle or multiple mouse spam
heads. (&) & deformed cogyte 7 h after Infection of four acrosome-Intac
sparm haads (8] 4n oogyte gpbolyzed after Injection of 10 acrosome-Intad:
sparm heads. (C) An oooyts Injectsd wth 4 acrasomadass sparm haads. This
cogyta did net deform and comtaingd & fow large pronuclal. (00 Confocal
Imags of an oooyta 7 hafter nermal WF. Neta many asterous tubule in the
coplasm. Pronudsl ara shown as large red spherical strochures. 81 Confocal
Imags of an ooyt Injscted with six acrosome-Intact sparm heads. Mots that
microtubinles ars ling near tha cortax ofthe defamed cocyts and ars absant
In thairtsricr partof theooogte. Pronudal arenot inthis cptical section. [Seaks
biars: 10 pm L4~C), 10,m 45, and 10 g (£)]

Adexa Fluor 488-1abeled goat anti-mouse [oG (A-11029, Molec-
ulas Probes), at a dilution of 1:200, in PBS-PVA-BSA for 20min
at room temperatume of Cy-3-abeled goat anti-mouse antibody
Tackson ImmuonoFesearch) at a difoticn of 1:200 in PBS-PVA-
A for 200min at soom temperature. After thres washings with
PBS-PVA-BSA containing 0.5% Triton X-100, actin distribarion
was analyzed by using phalloidin-fluorescein isothicoyanate (P-
5282, Sigma). Oocyes were incubared for &0 min ar room
temperature with antibody dilored 1:250 in PBS. After thees
washings with PBS-FVA-BSA, oocyte muclei were labeled with
10 mg/ml propidinm jodide (PT) (P-4170, Sigma) in PBS for 90
min at room emperature. After three washings with PBS-PVA-

BSA, they were mounted berween a slide and covesslip. Alexa
Fluce £88 and PI emitted green and red fluctescence, respac-
tively. Oy originally gensrated a red fluorescence signal (670
nmj, bat this red fluomescence was comverted to blue in images.
This conversion allowed us o distingnish berween Cy3 and PL
Preparations were viewed by using a Bio-Fad MRC-1024 con-
focal scanning laser miceoscope. At least 25 oocytes from mone
than four animals were used for each experiment.

In Vrtre Fertiiizatian (WF). Comuios-e nclossd oocytes, collected from
aviducts = 15h after human chorionic gonadotropin injection, were
imseminated in Toyoda, Yokoyama and Hoshi ) mediom
(22). Sperm concentration af irsemination was 2-4 = 10°/mi.
Uloytes were examined for evidence of fertilmation 2 h later &=
already described for ICSI cocytes. The conditions we used nestlied
in nomal festilization in 73.3% (151 of 206) of the oocytes. In a
separate seres of expedments, 1.4 pg of trypsin or 100 pg of
Trralopomidase was injected into the cytoplasm of a fertilized egg ar
the early pronuclear stage (=6 h after IVF).

Embryo Transfer After 1051 Two-cell embryos developed from
mormally fertilized oocytes were transferned into oviduces of peeu-
dopregnant CI {albino) females that had been mated during the
previcus night with vasectomized maks of the same strain. After
embrys transfer, the surmogate females were killed on day 19 of
pregnancy, and their nteri were examined for the presence of live
fetuses. Live femses, if any, were collected by Caesarian section and
raked by lactating CD1 foster mothers.

Statistlcal Analysts. The difference berween the experimental group
and matched control group was compared by using Fisher's exact
probabdlity test. Differences were considered significant ar the P =
QU5 lewe.

Results

Response of Mowse Docytes to the Injectlon of a Single or Multiple
Maouse Spermatozoa. Ordinarily for mouse [CS1, a single sperma-
oE0on lgj] or single olated sperm head (15) ks injected into each
oocyte. In this study, the majodity of mouse oocyies injected with
a single sperm head were activated normally and developed into
‘Hastocysts (Table 1, Exp. A). When 2 acrosome-intact sperm heads

Table 2. Response of MoUse 00cytes 1o e Injectlon of a single and multple hamster, boving, and pordne spermatozoa

No. of No. of oocytes
aeytes deformed No. of aocyt=s
survhed I aepeively (3] cytolyzed (%)
Ha. of sperm Total no. of and No. ef egas
njected into Status of oooybes incted  activated  Thatter 2Mhbafter Thafter 24 hafter  developed to
Species  Exp.  =ach cocybe ST . of reps) (L8] [[a7] =l [} 1=l 2-cell (%)
Hamster & 1 Acrosome-intact 47 (6} i) IO(I0N 30 (10 o o im L]
B 3 Acrosome-intact 10(3) A (40 4{1050 410 4 (150 4 (150 L]
C 1 Acrosome-les EO(E} 2578 o0y 0 LRI 0 35 (100}
Baowire ] 1 Acrosome-intact 1005} &L IEL) 18(28) 30 4E) o 120 EE]
E 2 Acrosome-intact ERNCH] 15 48] £i33) 173 10 17 L]
F -7 Acrosome-intact 17 (4 el S{1000 2100 EYEE] 4 4" L]
] 1 Acrosome-les E1(4y 17 (33 o0y 0 LRI 0 1y
H 2 Acrosome-les 21E) 18 o) Ly ] o Ly ] 18
! -7 Acrosome-less T3 243 (E1{1}] o im o o im L]
Porire ] 1 Acrosome-intact 105 (4) D45 44 {88) 44 i 102 33 (85) 2
K 3 Acrosome-intact 18(3) 15 (52 1000 15100 1R {100 15 (100 L]
L 1 Acrosome-lesst TG () 30 4 o) 4011 o Ly ] Fmt

Suparscrpt letters: P < 0001 for cvs s avs b, and dws. £,

*In|uction of mars than three acrosome Jess spermiatozea was difficult dus to adheslon of spamatozea.

HTiten X100 01 %) was used to removs acrasamas of hamater and boire spammatozea This wias not 5t

ancugh 1o remove sToscmes from all pordre

spamnatozes, and therafors we used lysolectthinretesd (me Matarals 2o e thods), Ibwas pessibla that, sesnwith lysalecithing acoso maswiars notramoead
completaly In zomae sparmatezea as suggested by defommation of zoma oocytes 24 h after IC51.
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Fig.2. Mowssacojtss Injachsdwith hamster or human spermatazaa. (41 An
cogpta Injactad with & singls scrcsome-intact harretar spamn head, 4 b aftar
1051, with axtarates daformatan. (&) An cocyte injetad with a singla aro-
semi-dritact hamster spam head, 24 h after 1C51, with sstenshe defomation,
) Anocoyba Injected wiih 3 single acrosome-less hamstar spamm head, 4 h
after K28, whhout deformation. 5] An cooyte Injectsd with 2 dngle aoro-
sttt humar spe matozcon, 6 Rafter ICS1 without deformatior (21 An
cogfta Injectadwdth six acrosome-Intact human spermatezoa, 20 h after 1051,
withirregular sppearancs of the oytoplasm. (F) Confocal section of an cooyts
Injacted with slx arescms-intac human sparmatozoa, 20 h after K5, show-
Ing miany “vacuelss” withinthe cytoplasm. Sperm pronudsl anashown as red
sphirical structures. (& -F] Interferanca-contrast microsoopy. (F) Confoca san.
rirg laser micreseopy. [Scaks bars 10 um (&-E] and 10 um 7]

were injected into each oocyne, the proportion of the cocytes
reaching the bilastocyst stage was drastically reduced (Tabde 1. Exp.
B When theee o more aciossme-intact spesm beads wese in-
jected, increasing proportions of the oooyies became deformed
(Takde 1, Bxps. C-E and Fig. L4 ) starting from several hooes after
ICSL Although deformed cocyies were alive (determined by the
cell viability test), a few or none reached the blastocyss stage. When

& of more acrosome-intact sperm heads were injected inio each
oocyte, all cocytes became deformed and femained in the same
state for 3 days. Injection of 10 or more acrosome-intact sperm
heads resultad in oocyte deformation, edema, and evenroal cytol-
yais of all cocytes (Fig. 18). Mone of the cocyres became deformed
when acrosome-less sperm heads were injected, irmespective of the
mumber of the heads injected (Table 1, Exps. F, and Fig. 1C).
Deformation of the coplasm after injection of mul tiple sperm heads
wasnot due to the introduction of an excess volume of the mediom
injected becauss the introduction of a large volume of the medinm
itsedf did ot deform cocytes (Table 1, Exps. K and L) In normally
fertilized oocytes, many astral micrombules were distribuned
throaghout the coplasm (Fig. 10, In the cocytes that became
deformed after injection of several acrosome-intact sperm heads,
fibrous microtubules were lying near the oocyte cortex (Fig. 1E).
Distribution of actins in the cocye was the same in both single-
sparm-injected and multiple-sperm-injected cocytes (data not
shown).

Response of Mouse Oocytes to the Injsctlon of Hamster, Bovine, and
Porcine Spermatozoa With or Without Acresomes. The obssrvation
that the injection of a single acrosome-intact hamster sperm head
cauzes a drastic deformation of a mouse ooyt (16) was confirmed
by the present study (Table 2, Exp. A, and Fig 2.4 and B). In
deformed oocytes, microtubules were heavily concentrated in the
cortent of the cocyte. Oocytes did not deform when an acmsome-
less hamete s sperm head was injected (Fig. 20 and Table 2, Exp. C).
Similar results were obtained after injection of bovine and podcine
spermatogoa. Injection of a single acroenme-intact speANa Do
deformed nearly half or more of the cocyies (Table 2, Exps. D and
Ti. Three or more acrosome-infact spermatcana cytolyzed one-
third or all of the cocyies (Table 2, Exps. F and K), whereas
acrosome-less spermatoeoa did oot (Table 2, Exp. 1and L),

Response of Mouse Oooytes to the Injectlon of Human Spermatezoa.
Ulnlike other spermatozoa, & single human sperma tomoon injected
int an oogyte did not deform the oocyie (Fige 200, However,
injection of four or more huoman spermatozoa produced “vacoole-
like” strucmures within the ooplasm (Table 3, Exps. B-I, and Fig.
2 E and Fy. Mo vacuoles wee formed when acrmsome-less sper-
matozca were injected (Table 3, Exp. E). None of the mouse
oocyies injected with a single or multiple human spermatoeoa
developed beyond the two-cell sage.

Response of Mouse Oocytes to the Injection of Enzymes, Reactions of
mouse oocyies o the injection of various enzymes are sommarized

Tablz 3. Response of MoUSe 0oCyEes to the Injectlon of a single or multiple human spermatezosa

Na. of huraan Ma. of cocyteswith
spe=rm injected Tortal rec, of Mo, of coytes mare waruleliks No. of egas developed (%)
into & single oooytes injected aurefeed 15 and structures 20 b
Esp. ousE oooyte Status of acrosome ina. of reps) actieated (45) after 1C5] (#2) To 2zl Beyord 2-cell
A 1-2 Aosome-intact 102 () G2 (R0} o LRt gin]
B 4 Acrasorme-intact ELYI ) 17 (49} 4{24)% 105} Q@
[ L Acrasorme-intsct LY 16 (Rdy 11{REF FEINS a0
] T8 Acrosome-intact 11 &) Tiedy T cim Q0@
E T-E* Acosomeles 10z (50} oy oqny gin]
F at — 40 {4y — o) oy Q@
[ 1% Acrasorme-intsct SOy 34 (RE} ooy 27{79) a0

Suparscipt lattars: # < 005 for bws ¢ F < 0.001 foraws. d.
*Egwmn to eight acrosomeless spamm were Injectsd Inka each cogte.

*sham operation. A tokal of 2 105 ul of HEFES-CZR contalning FYP (100 moy ml} was Injected Into sach oocybe. This woluma of the medium corresponided

roughly tothat of the medium Injsctad with tao 1o sight spamatezca.
Farty (100%) codytes sundved, but all suriving cooytas did net adtivate.

84 singla spammatozcon in 2 10°F ul of HEPES-ACZE cortaining PYF {100 ma/mi) wae Injacted Into aach cooyta,
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Table 4. Response of mouse oocytes to the Injection of trypsin or hyaluranidase

Totsl rex. of State of cocyies, mmamired E=7 h after injection

Arnourits injscted oocytes injectad
intoeschoooyte Bp. o ofreps)  MNoosurviesd (95) Moo sctivated® (%) Moo deformed (%)
Trypsin

1dpg A ZE (3 24(%5) L] oy

1.4-40 pg B &1 (8) a (] 75 (1000

¥ pg (heatsd)t C 203 20 (5T (] o)
Hys uronidase

80-250 pg &} 203 3257 ] (1))

2E0-ENCpg E EE (3 £ 50) Eo {100} A0 (B0
ES4

=EE0pg F 25(2) 20080 (] oy

*ocyies with one pronuckes and the sscond polar body.

*Haated at 100°C far 2 min.

in Table 4. The oocyies each imjected with =14 pg of wrypsin
deformed within 5 min and then cyolyed (Table £, Exp. B).
Microtubules wers accomulated extersivaly in the cocyte cortex of
these deformed cocyies. Heated trypsin did not deform the cocyies
{Table 4, Exp. C). Oocytes injected with =250 pg of hyalurcnidase
activated within 2 b and then deformed within 5 h (Table 4, Exp.
E). Injection of BSA (=350 pg) had no effects (Table 4, Exp. F).

Development of IVF-Fertillzed Egos Injected with Trypsin er Hyaluron-
Idase. Sperm acrosome extract (1.2-3.6 pg) and Hepes-CEZB me-
divm irjectad into the cytoplasm of normally ferrilized eggs did not
distusty pre- and postimplantation development of embryos (Table
5, Bxps. A and D, bae trypein (1.4 pg) and hyaloronidase (100 pg)
significanty affected toth pre- and postimplantation development
of embryos (Table 5, Exps. B and C).

Di .
In the tuman and monse, injection of a single spermamEoon inw
an oocyte can st inthe birth of 8 heal thy offspring (1, 2, 23). This
B oot the case for the Syrian hamster. Injection of a single
AcHosHME-INIact spermatoecon ini each oocyie inevitably canses
Iysis of all cocytes within 2 b (3). Removal of acrosaomes is a key oo
success of hamster ICS1 Although ICS1 has been successfil for
manty other species ( 24), no systematic smdy has been conducted o
determing whether the presence or absence of the acfosomes in
spermatoroa affects the outcome of ICST

Here, we report that mouss cocytes became deformed and
cytnlyzed when three or more ACroE0me-in 20 Mot ss spermatogog
wete injected into each cocyte. However, they did not deform when
injected spermatoeoa (sperm heads) were free of acrosomes (Tabla
13 Abtnormal accumulation of microtubales in the cortex of cocyte
(Fig. 1E) could be a cause of the deformation and subsequent
cymlysis of cocyies. Becanse acroenme-intact bovine and porcine
spermatoeoa cytolyped monse oncytes, wheress acrosome-less sper-
matozna did not (Table 2), it must be the acrosome, 0ot sperma-
wozca per 5e, that camsed the problem. The minimuom aomber of
acfoanme-intact spermatorca (or sperm heads) thar deformed
100% of mouse oocytes by IOS] werne as follows: one (hamster), two
{porcine), thiee (boving), seven (homan, and eight (movse ). This
order (hamster, porcine, bovine, human, and mouse) seems to be
cormelated to the volume of the acrosome, with thar in hameter
spermatoeoa being the largest. The components of the acrosome
harmful 1o the oocyte are likely 1o be acrozomal enzymes such as
rypsir-like acrosin and hyaluronidase becanse injection of com-
mercially available trypsin and hyaluronidase mimicked the effecis
of superumerary acrosome-intact spermatceoa (Table 4] Wea
prefiminarity wested mouse sperm acrosome exiracts prepated
acoodding to Baba e all (25) and foond thar they indoce oocyie
activation withour deforming the oocytes (data not shown). Wea

Morozumi and Yanagimachi

sEpect that the concentration of acfosin in the sperm extracts was
1o low o defiorm the cocytes. Oocyte activation could be due o
either acrosomal hyaluronidase or contamination of calciom oo
phore veed for the indoction of the sperm acreome feaction.
Mulecolar mechanisms by which acrosomal materials and exoge-
nous enzymes damage the oocyte’s cytoskeletal system and dismrt
embrys development must be the subject of furure investigation.

Becanse a single spermatogoon & injected durng homan and
miomse TCSTL its acrosomal enzypmes melezsed into the cocyte woald
ot impose a serious problem. Formne hes smiled on homan and
mouse 1CS] becanse the acrosomes of these species happen o be
rather small {24, If homan sperm acrosomes wene as large a5
hamster or ball sperm acrosomes and if human cocyies (=7 = 107
) were as small as mouse oocyies (=217 = pm), human
ICS] could have been problematic from its inception. Even though
removal of the acrosome from an individoal spermatozoon befone
TCAEL s not essential in the buman of the mouse, it is theoretically
preferable becanss the acrosome and its contents never enter the
caocyte under natursl conditicrs. It is expectad that spermatozoa of
infertile men have either nommal or below normal levels of acmo-
somal engymes such as acrosin (26-28). However, spermatozoa of
some infertile men may have excess amounts of acPosomal enEymes.
It & poesible that oocytes of some infertile women have cyioplasm
extremely walnerable w the damage cansed by exogencus Irdeo-
Iyzing ereymes. In such cases, ICSI may result in abnormal devel-
opment or even death of embryos. Such abnomal development
could be avoided by selecting a few normal-looking motile sper-
matopoa, memoving their acrosomes by a bref treatment with a
membEne-disfpting agent (such 28 nonionic detergent of lysc-
lecithiny, followed by thorough rinsing and immediate 1051 The
report that emibryo development and pregnancy are beer after the
injectinn of acfoenme-feacted himan spesmatozoa than scosome-
intact spermatoenal & consitent with the notion described in this
paper and deserves reconfirmation.

The efficiency of ICSI {the proportion of live offspring
developed from all ICS] cocytes) in species other than humans
and mice & rather low: =15% at best (24). The removal of
acroeomes before ICS] may increase its efficiency. It is very
impaortant o keep sperm nuclei ondamaged doring or after the
removal of the acrosomes. Bxcess exposore of demembranated
(acrosome-less) spermatomoa to hamsh reagents or prolonged
maintenance of demembranated spermatozoa in an inappropri-
ate medinm may damage sperm muclel, thus mesulting in the
failore, rather than the improvement, of ICSL

fLaa, O. R, UM, . L, Lag, J. E., KIm H.J., Joon, H. 5 & Aok, 5.1, 52nd Annual Mssting of
tha Amed an Sockiy ol Reproduciag Medidng, Mo, 2-8, 1956, Bosion, absir. pd0&
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Table 5. Effects of trypsin. hyaluronidase, and sperm aoroseme extract (SPA) Injected Into IVF-Tertllized

pronuckear eggs on embrya development

Total ro. of Ha. of Tygetes developsd to Ho. of 2-o=ll
Material injected irbo zygotes aultursd —p-cd transferred N af e
Exp. each Zygote: {no. of reps) Zecmll (%) Blastooyst (%5) (o, of recipients) offspring (%)
A Mouse SPA (1.2-3 £ pa) ELF] 2597 Z(EM E2 &) A0 (54
E Trypsin (1.4 pa) AT 35 (44 23 (28 28 4433p
[ Hyslurenidass (160 pg) CEil 3 (5E 21 (38 36 () 61Ty
&) HEPES-CZR* 2047 20 {100 18 (20} 52 20077
E None {contral) 143 81 140 (98) 126 (35 7 1 (7ay

Suparscrpt latters: P < 001 farave & cvs g bs. §, and dvs. f.

*shiam cpsration: 2 = 107 ul of HEPESSCZE wias Injacted Irto sach IWF-fartiizad ygats.
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Hyaluronidase
Acrosin
Proacrosin

Acid proteinase
Esterase
Neuraminidase
Phosphatase
Phospholipase A
N-Acetylglucosaminidase
Arylsulfatase
Arylamidase
Collagenase

N-Acetylexosaminidase
Galactosidase
Glucuronidase
L-Fucosidase
Phospholipase C
Cathepsin D
Cathepsin L

Ornithin decarboxylase
Calpain I
Metalloendoprotease
Caproyl esterase
Peptidyl peptidase

Yanagimachi (1994)
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 Thanks. It is very interesting that older
women may be more affected by acrosomal

enzymes which never enter the egg during
normal fertilization.  Yana
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Lysolecithin: LL

0O Phospholipases of the A class

| specifically hydrolyze the fatty acid from
CH,O — C— CH,(CH,),CH;, the 2 position.

The resulting product is called a

CHOH lysophosphatide.

O CH, _

I | + Lysophosphatides are not normally
CH,O — FI’ - OCH2CH2N|CH3 found in cells and toxic and injurious to

O~ CH, membranes

Lysophosphatide=lysophosphalipid

_ lysolecithine

Although Triton and LL equally disrupt sperm plasma membrane very
effectively, LL is preferable to use as it is not “alien” to spermatozoa
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A review of factors influencing the
iImplantation of euploid blastocysts
after in vitro fertilization

Evan A. Reshef, M.D., Alex Robles, M.D., JennaS. Hynes, M.D., Jenna M. Turocy, M.D., and EricJ. Forman, M.D.

Columbia University Fertility Center, Columbia University Medical Center, New York, New York

Fertil Steril Rev® Vol. 3, No. 2, May 2022



Summary of evidence by subcategory for factors influencing implantation of euploid blastocysts.

Category

Embryonic
factors

Uterine
factors

IVF protocols

Patient factors

Embryology
protocols

Subcategory
Blastocyst morphology
Blastocyst expansion stage
Timing of blastocyst

formation
Mitochondrial DNA

Endometrial appearance

Endometritis

History of cesarean section

Presence of adenomyosis
and endometriosis

Arcuate uterus

Ease of transfer

Endometrial disruption

Ovarian stimulation and
trigger

FET protocols

Timing of transfer

Progesterone level

Being from a previously
vitrified egg

Fresh vs. frozen transfer

Maternal age

Paternal age

Sperm DNA fragmentation

BMI

MTHFR gene mutation
Vitamin D level
TSH

Timing of embryo biopsy

Size of biopsy

Type of culture media
Culture temperature
Dynamic vs. static embryo

culture
Number of vitrification cycles

Summary statement

There is fair evidence to suggest that an increasing morphological grade of the ICM and
trophectoderm has a positive impact on the implantation potential of euploid blastocysts.

There is fair evidence that nonfully hatched euploid blastocysts have a higher chance of
implantation than fully hatched euploid blastocysts.

There is fair evidence that the implantation rates of euploid day 7 blastocysts are lower than those
of day 5 and 6 euploid blastocysts.

There is insufficient evidence to determine whether testing mitochondrial DNA content in
euploid blastocysts has an impact on the implantation potential.

There is insufficient evidence to determine whether endometrial compaction after the start of
progesterone in embryo transfer cycles impacts the implantation potential of euploid
blastocysts.

There is fair evidence that the treatment of chronic endometritis can increase the likelihood of
successful implantation in patients with a history of recurrent implantation failure, although
further studies are needed in euploid blastocysts.

There is fair evidence that a history of a prior cesarean lowers the implantation rate of euploid
blastocysts after single embryo transfer.

There is insufficient evidence to suggest whether the presence of adenomyosis or endometriosis
impacts the implantation of euploid blastocysts.

There is fair evidence that a diagnosis of an arcuate uterus does not impact the implantation rate
of euploid blastocysts.

There is fair evidence that a difficult embryo transfer does not lower the implantation rate of
euploid blastocysts.

There is fair evidence that endometrial disruption before the transfer of a single euploid embryo
does not improve the implantation rates.

There is fair evidence that ovarian stimulation and trigger type do not impact the implantation
rate of euploid blastocysts.

There is good evidence that the type of FET preparation protocol does not impact the
implantation rate of euploid blastocysts.

There is insufficient evidence to determine whether adjusting the timing of the embryo transfer
based on endometrial receptivity testing impacts the implantation rate of euploid blastocysts.

There is fair evidence to suggest that the implantation of euploid blastocysts is improved when
the progesterone level is >20 ng/mL on the day of embryo transfer.

There is insufficient evidence to determine whether the implantation rates are altered if euploid
blastocysts are derived from previously vitrified oocytes.

There is fair evidence to suggest an improvement in the implantation rates of vitrified-warmed
blastocysts compared with those of fresh blastocysts.

There is fair evidence that extremes of maternal age can negatively impact the implantation
potential of euploid blastocysts.

There is fair evidence to support that an advanced paternal age of 41-50 years impacts the
fertilization rates but not the implantation or clinical pregnancy rates of euploid blastocysts.

There is fair evidence to suggest that sperm DNA fragmentation index does not impact the
euploidy rates or pregnancy outcomes.

There is good evidence that an increased maternal BMI leads to worse pregnancy outcomes after
the transfer of euploid blastocysts, including increased miscarriage rates and decreased live
birth rates.

There is fair evidence to suggest that MTHFR homozygosity in euploid blastocysts may negatively
impact the implantation rates.

There is fair evidence that low vitamin D levels do not negatively impact pregnancy outcomes in
patients undergoing euploid blastocyst transfer.

There is fair evidence that the TSH levels of <2.5 mIU/L do not impact pregnancy outcomes after
a euploid blastocyst transfer.

There is good evidence that cleavage-stage biopsy negatively impacts the euploid embryo clinical
pregnancy rate, whereas blastocyst-stage biopsy does not appear to have the same negative
impact.

There is fair evidence that a larger biopsy size can negatively impact the euploid embryo
pregnancy rates.

There is good evidence that culturing euploid blastocysts in sequential media over monophasic
media does not improve the implantation rates, although blastocyst progression is improved.

There is good evidence that lowering the embryo culture temperature to 36°C from 37°C does
not improve the embryo implantation rates.

There is good evidence that dynamic embryo culture does not yield better blastocyst or
implantation rates when compared with static embryo culture.

There is fair evidence that double vitrification and double biopsy of a blastocyst can negatively
impact the implantation potential of euploid blastocysts.

Note: BMI = body mass index; DNA = deoxyribonucleic acid; FET = frozen-thawed embryo transfer; ICM = inner cell mass; IVF = in vitro fertilization; MTHFR = methylenetetrahydrofolate
reductase; TSH = thyroid-stimulating hormone.

Reshef. Implantation of euploid blastocysts. Fertil Steril Rev 2022.



Blastocyst morphology There is fair evidence to suggest that an increasing morphological grade of the ICM and
trophectoderm has a positive impact on the implantation potential of euploid blastocysts.

Blastocyst expansion stage There is fair evidence that nonfully hatched euploid blastocysts have a higher chance of
implantation than fully hatched euploid blastocysts.

Timing of blastocyst There is fair evidence that the implantation rates of euploid day 7 blastocysts are lower than those
formation of day 5 and 6 euploid blastocysts.
Mitochondrial DNA There is insufficient evidence to determine whether testing mitochondrial DNA content in

euploid blastocysts has an impact on the implantation potential.
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Ovarian stimulation and There is fair evidence that ovarian stimulation and trigger type do not impact the implantation

trigger rate of euploid blastocysts.
FET protocols There is good evidence that the type of FET preparation protocol does not impact the
implantation rate of euploid blastocysts.
Timing of transfer There is insufficient evidence to determine whether adjusting the timing of the embryo transfer
based on endometrial receptivity testing impacts the implantation rate of euploid blastocysts.
Progesterone level There is fair evidence to suggest that the implantation of euploid blastocysts is improved when
the progesterone level is >20 ng/mL on the day of embryo transfer.
Being from a previously There is insufficient evidence to determine whether the implantation rates are altered if euploid
vitrified egg blastocysts are derived from previously vitrified oocytes.
Fresh vs. frozen transfer There is fair evidence to suggest an improvement in the implantation rates of vitrified-warmed

~ blastocysts compared with those of fresh blastocysts.
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Endometrial appearance

Endometritis

History of cesarean section
Presence of adenomyosis

and endometriosis
Arcuate uterus

Ease of transfer

Endometrial disruption

IEEEDZHEIC

There is insufficient evidence to determine whether endometrial compaction after the start of
progesterone in embryo transfer cycles impacts the implantation potential of euploid
blastocysts.

There is fair evidence that the treatment of chronic endometritis can increase the likelihood of
successful implantation in patients with a history of recurrent implantation failure, although
further studies are needed in euploid blastocysts.

There is fair evidence that a history of a prior cesarean lowers the implantation rate of euploid
blastocysts after single embryo transfer.

There is insufficient evidence to suggest whether the presence of adenomyosis or endometriosis
impacts the implantation of euploid blastocysts.

There is fair evidence that a diagnosis of an arcuate uterus does not impact the implantation rate
of euploid blastocysts.

There is fair evidence that a difficult embryo transfer does not lower the implantation rate of
euploid blastocysts.

There is fair evidence that endometrial disruption before the transfer of a single euploid embryo
does not improve the implantation rates.
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Maternal age There is fair evidence that extremes of maternal age can negatively impact the implantation
potential of euploid blastocysts.

Paternal age There is fair evidence to support that an advanced paternal age of 41-50 years impacts the
fertilization rates but not the implantation or clinical pregnancy rates of euploid blastocysts.

Sperm DNA fragmentation There is fair evidence to suggest that sperm DNA fragmentation index does not impact the
euploidy rates or pregnancy outcomes.

BMI There is good evidence that an increased maternal BMI leads to worse pregnancy outcomes after
the transfer of euploid blastocysts, including increased miscarriage rates and decreased live
birth rates.

MTHFR gene mutation There is fair evidence to suggest that MTHFR homozygosity in euploid blastocysts may negatively
impact the implantation rates.

Vitamin D level There is fair evidence that low vitamin D levels do not negatively impact pregnancy outcomes in
patients undergoing euploid blastocyst transfer.

TSH There is fair evidence that the TSH levels of <2.5 mIU/L do not impact pregnancy outcomes after

a euploid blastocyst transfer.
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Timing of embryo biopsy

Size of biopsy

Type of culture media
Culture temperature

Dynamic vs. static embryo

culture

Number of vitrification cycles

impact.

There is fair evidence that a larger biopsy size can negatively impact the euploid embryo

There is good evidence that cleavage-stage biopsy negatively impacts the euploid embryo clinical
pregnancy rate, whereas blastocyst-stage biopsy does not appear to have the same negative

pregnancy rates.

There is good evidence that culturing euploid blastocysts in sequential media over monophasic
media does not improve the implantation rates, although blastocyst progression is improved.
There is good evidence that lowering the embryo culture temperature to 36°C from 37°C does

not improve the embryo implantation rates.

There is good evidence that dynamic embryo culture does not yield better blastocyst or

implantation rates when compared with static embryo culture.

There is fair evidence that double vitrification and double biopsy of a blastocyst can negatively

impact the implantation potential of euploid blastocysts.
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Does maternal age affect assisted
reproduction technology success
rates after euploid embryo transfer?
A systematic review and meta-analysis

Amerigo Vitagliano, M.D., Ph.D.,? Alessio Paffoni, Ph.D.,° and Paola Vigano, Ph.D.¢

D epartment of Wome d Ch Idren’s Health, Unit of Gynecology and Obstetrics, University of Padua, Padua, Italy;
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<35yearsold >35years old Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Harton et al 2013 134 233 209 424 18.7% 1.39[1.01, 1.92] I
Irani et al 2019 125 227 296 558 19.6% 1.08 [0.80, 1.48] -
Munne et al 2019 75 152 62 122 10.9% 0.94 [0.59, 1.52] "
Reig et al 2020 2368 3789 2488 4386 41.8% 1.27 [1.16, 1.39] L
Whitney et al 2014 45 B3 88 118 4.0% 1.92[0.81, 4.53] .
Yan et al 2021 452 SIT 16 29 5.0% 2.94 [1.38, 6.27] = ’
Total (95% Cl) 5031 5637 100.0% 1.29 [1.07, 1.54] E 2
Total events 3199 3159
Heterogeneity: Tau? = 0.02; Chi? = 8.40, df = 5 (P = 0.14); I2 = 40% =0. > o? E 3 2 "

Test for overall effect: Z=2.74 (P = 0.006)
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Study or Subgroup

Odds Ratio
IV, Random, 95% CI

Harton et al 2013
Irani et al 2019
Munne et al 2019
Reig et al 2020
Whitney et al 2014

Total (95% Cl)
Total events

Heterogeneity: Tau? = 0.00; Chi? = 2.94, df =4 (P = 0.57); I? = 0% v

<35years old =35 years old Odds Ratio
Events Total Events Total Weight IV, Random, 95% CI
192 413 276 638 10.7% 1.14 [0.89, 1.46]
144 255 345 615 7.6% 1.02 [0.76, 1.36]
92 152 73 122 2.8% 1.03 [0.63, 1.67]
2592 3789 2778 4386 77.9% 1.25 [1.14, 1.37]
64 78 132 161 1.0% 1.56 [0.70, 3.50]
4682 5922 100.0% 1.22 [1.12, 1.32]

3084 3604

—_——g

c
4

0.2

Test for overall effect: Z =4.74 (P < 0.00001)
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<35yearsold =35 years old Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Harton et al 2013 14 148 19 228 5.4% 1.15[0.56, 2.37] -
Irani et al 2019 12 136 32 324 5.8% 0.88 [0.44, 1.77] -
Munne et al 2019 17 92 11 73 4.1% 1.28 [0.56, 2.93] .
Reig et al 2020 224 2592 290 2778 83.7% 0.81[0.68, 0.97] = B
Whitney et al 2014 2 47 4 95 1.1% 0.56 [0.11, 2.80] ¢ .
Total (95% CI) 3015 3498 100.0% 0.84 [0.71, 1.00] ‘
Total events 269 359

Heterogeneity: Tau? = 0.00; Chi?=2.10, df =4 (P = 0.72); 1?= 0% '

Test for overall effect: Z =2.00 (P = 0.05) 02 2350-5ears old 1 <35 yearg old °
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