The Present and Future of Micro-assisted Fertilization
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1. Introduction

ICSIE A5k drke] FEaE3 fusion’de] B4 & bypassste] HAE el 4 £
A FAsE WP o2 199249 Dr. Palermo S0 2} sA] A A Th o] 24 Eg ol A sgg
A zona drilling, partial zona dissection (PZD), subzonal sperm injection (SUZI) ¥} 8] & 4=
&5 FESt GAEEH] A= r1HA HE gHA HUu

ICSIg| Mgx

1) No or poor fertilization in previous IVF (conventional insemination) cycles.
2) Epididymal/testicular spermatozoa

3) Teratozoospermia: Globozoospermia, amorphous head and tail

4) Severe asthenospermia, Immotile spermatozoa

5) Frozen-thawed spermatozoa with poor survival

6) Preimplantation genetic diagnosis (PGD)

IVFe} ICSIE ¥ 835l= & E8Z (Split method, half ICSI)

1) Total unfertilization or poor (<15%) fertilization in the first cycle
R IVF F7] oA poor fertilizationo] T4 g B o] ok 2/37} T} & 27| oA &5 3 43 &
< BRIt

2) Oligozoospermia: < 0.8x10° total motile sperm count after preparation

3) Teratozoospermia: < 5% normal sperm morphology

4) Immune factor: High titer of antisperm antibody

2. Outcome of ICSI
2.1. World wide data: ESHRE Task Force {1993-1995), 101 centers

(2 &) 1995'a worldwide ICSI dataol] ©J 3} 9] 8} sperm®] 7] Yol #ARlo] ¥ & &
I YAES AU o719 FAAA Y o] o] 2t FtE AFE HH o} th8) 3] major/
minor 7] g 9] WMk FItHA] Gt 282 A28 W2iald o] 22 datay} 2 5 ojo} 5
W 53] o ool &5 A A= A o] FastA.
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Table 1. ICSI results using ejaculated, epididymal and testicular spermatozoa

Ejaculated Epididymal Testicular

No. of oocytes (MII) injected 143598 9197 7834

No. (%) of oocytes damaged 13374 ( 9.3) 762 ( 8.3) 668 ( 8.5)

No. (%) of ococytes fertilized 91898 (64) 5745 (62.5) 4051 (51.7)

No. (%) of good embryos 62444 (43.5) 4202 (45.7) 3046 (38.9)

(transferred/frozen)

No. (%) of embryo transfers 15407 (86) 952 (88.1) 731 (90)

No. (%) of cycles with freezing 4154 (23.2) 235 (21.8) 216 (26.6)
ESHRE

Table 2. Pregnancy outcome after ICSI using ejaculated, epididymal and testicular spermatozoa in 1995

Source of spermatozoa

Ejaculated Epididymal Testicular
No. of positive B-HCG tests 5012 (28%) 322 (29.8%) 218 (26.8%)
No. (%) of viable pregnancies 3808 (21.3) 236 (21.8) 152 (18.7)
No. of ongoing pregnancies 1508 83 82
No. of delivered pregnancies 1500 153 70
No. (%) of biochemical Preg. 464 ( 9.3) 41 (12.7) 22 (10.1
No. (%) of clinical abortions 723 (14.4) 34 (10.6) 34 (15.6)
No. (%) of ectopic pregnancies 70 ( 1.4) 0 ) 1 (0.5)
ESHRE

Table 3. Congenital malformations in children born after ICSI using ejaculated, epididymal and testicular
spermatozoa

Source of spermatozoa

Ejaculated Epididymal Testicular
No. of children bormn 2486 119 63
No. (%) of malformations
Major 47 (1.9 0 3 (4.8)
Minor 185 (7.4) 3(25) 2 (32)
No. of abnormalities detected by ultrasound 17 0 ]
No. of therapeutic abortions 17 0 0
ESHRE

FHotel 7AZE FH XA
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" Testicular sperm
Epididymal sperm
Ejaculated sperm

2o o]gtx HALE APt 19913 49 €] 1997 8% A}o]o] ejaculated, epididymal
testicular spermatozoa® ICSIE A] & 3to] efolt o}ri& 2z} 1699, 91, 1189 o) 9 t}. ICSIE J
T Hud SR 7990 AT 1082 0] AP AL A A A BA L AgE 2
7}, 189 o] u]FF# o] de novo (1.66%: 9 autosomal, 9 sex chromosomal aberrations), ~12] 31
10 (0.92%)°] 48 7524 o] AL BYn 0F 99 & BAo2RE AU 10 L A
A FHA S 3 Ay vgdoz gy o] YA AT 4 Al major congenital
anomaly= 467 (2.3%)°|A5L, 789 71¥ols A 2 &9ZAIZ BA=o AL 2aAH
o 205 o] F o] ARYE A5 210U EH (L1%), ©] T 4HoM e 4% 71¥o] ButEY
o gl fAlE 713Ee D 7L 38.7F, AElolr) 365, AElotE 32F otk oW & group
AXME FolstA 718 o] F71H X+ Zskot.

I B2 ICSIE A3 &tr]e] g By e 44 doles g4 oo} 22 Y
A ) A BB S de novo G A o], 281 BYEAI G2 AE 5 9l ssA
of diaf &ejFojor g} aela A3 718 &9 S-S ICSIF 23%2A 1A AA]
o) M & FASIE A FX A A} &2}

2.2, MMM 29| ICSI Zt X2 (Table 4~86)

3. Limitation and Concerns of ICSI

AL #3} viol dAe] ado g M, AR Fele LEA O] Fxeta YAl
Frdiol F35 5 glojo} 3% acrosome reactiono} Yojvtir, WR}A Eutne} S8 2 g
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Table 4. Overall outcome of ICSI treatments (1994-1999)

1994 1995 1996 1997 1998 1999
half
No. of cycles 211 544 579 666 690 457
Female' age 32.1+4.6 33.4+4.0 33.8+45 335+4.6 333448 33.6+4.6
Retrieved oocytes 2564 6495 6755 7195 7492 5097
(mean+SD) 12.216.8 119179 11.7%£7.8 10.8+7.6 10.8+8.0 112483
Injected oocytes 1941 5214 5537 5915 5957 4010
(mean + SD) (75.7%) (80.3%) (82.0%) (82.2%) (79.9%) (78.7%)
92+53 9.6+6.4 9.61+6.6 89+6.3 8.7+6.4 8.8+6.8
Fertilized oocytes 1103 3963 3854 3844 4058 2788
(mean + SD) (56.8%) (76.0%) (69.6%) (65.0%) (68.1%) (69.55%)
52+58 73+52 6.7+4.9 5.8+4.5 59+4.9 6.1+53
Transferred embryos 993 2804 2461 2183 2161 1704
(mean+SD) (90.1%) (70.8%) (63.9%) (56.8%) (53.3%) (61.1%)
47+28 52426 43+22 33+1.6 31%16 37+23
Unfert cycles 8 8 16 26 26 22
(3.9%) (1.5%) (2.8%) (3.5%) (3.8%) (4.8%)
Transfer cycles 203 534 551 637 646 428
(96.2%) (98.2%) (95.2%) (95.6%) (93.6%) (93.7%)
Positive hCG 78 164 203 222 226 132
(38.4%) (30.7%) (36.8%) (34.9%) (35.0%) (30.8%)
Abortion 19 35 65 51 39 33
(24.4%) (21.3%) (32.0%) (23.0%) (17.3%) (25.0%)
Delivery 59 129 138 171 187 99
(29.1%) (24.1%) (25.0%) (26.8%) (28.9%) (23.1%)
GH3AILE )

ook @eh. @H, YA A&E 0] 23 A4 EY F710) amest Holok 3o} Wabske] FE G
S A2 A o8 F8)sladol T} (Navar, et. al, 1997). A ICSIZ| &2 AL}t FALe] AFs 2t
439 §F] £AE bypass A7) AT 23 & F3 ok 22 ICSIE A FAT}F A
ol AEF Y Eorigats a1 Fol 23 B o] Y& o] FolHodt A Ho| HA4H
oz wAstA drt.

L RA ¢ AZIN A

2.2x FA7F BEH 2 @A s d

3. AAe) 37 Fzte] A7} decondensation® ©

4. male¥} female pronucleus’} @A € o}

5. A A}+2] centrosomeo] L}E}L}A] male, female pronucleus?} A 2 % 3171 %] & microtubule©]

A4 €t
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Table 5. Outcome of COH-ICSI cycle related with etiology of infertility (1994-1999)

Etiology of Infertility

Male Non-male Combined
No. of cycle 1680 966 162
Female' age 31.9:£35 34.1+£4.6 38.6£4.5
Retrieved oocytes 23296 10062 1330
13.9+7.6 104+7.1 8.2+69
Injected oocytes 18715 (80.3%) 8023 79.7% 1098 (82.6%)
111462 83458 574638
Fertilized oocytes 12559 (67.1%) 5756 71.7% 742 (67.6%)
75+49 6.0+4.6 4.6+45
Transferred embryo 7566 (60.2%) 3701 64.3% 516 (69.5%)
45+21 38+2.1 32423
Unfertilized cycle 26 1.5% 24 2.5% 16 9.9%
Transfer cycle 1635  97.3% 924 95.7% 145 89.5%
Pregnancy 654  40.0% 293 31.7% 27 18.6%
Abortion 140 21.4% 79 27.0% 7 259%
Ongoing pregnancy 514 314% 214 232% 20 13.8%
(A dH )

Table 6. Qutcome of COH-ICSI cycle related with origin of injected sperm

1994-1999

Bjaculated Epididymal Testicular
No. of cycle 2076 191 154
Female' age 333+44 31.6+38 325141
Retrieved ococytes 24532 2567 7589

118475 134+£72 14.0+7.9
Injected oocytes 19684 (80.2%) 2070 (80.6%) 6082 (80.1%)

9.5+6.2 108+6.0 11.3+6.3
Fertilized oocytes 13535 (68.8%) 1444 (69.8%) 4078 (67.1%)

6.5:+4.8 7.6:+5.2 7.5+4.9
Transferred embryo 8500 (62.8%) 931 (64.5%) 2352 (57.7%)

41422 49+24 431420
Unfertilized cycle 54 (2.6%) 1 (0.5%) 11 (2.0%)
Transfer cycle 1991 (95.9%) 189 (99.0%) 524 (96.9%)
Pregnancy 680 (34.2%) 79 (41.8%) 215 (41.0%)
Abortion 166 (24.4%) 18 (22.8%) 43 (20.0%)
Ongoing pregnancy 515 (25.9%) 61 (32.3%) 172 (32.8%)

(AL 9)
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3.1.1CSI B2 £ Auji} u|EHAFel £

Yol 291 - ICSIF £ o] A3 IE B+ 3% (134357) 5 371577)) A= LA} &
Aol A3t 10057 FAE Hoechst G £ A3} 828 (82%)7}+ metaphase o] 177
(18%)70 = activation®] Q1 t}. th 2] datolld HA7F B ol A2 F571 FE2
T $7 9] decondensations] 1T wHErA ICSIF 3 0] Aafdte diFE9 94U A9 &
q3hgel BA7 7] W Eole A2En 2 W, At B 9o S0 e 2
#& metaphase 119 H}a}A] H2F o] F5E ol Sle B-¢7F Btk 22l 43519 dAY
56% A A F4-7} &-5-% (decondensation) =] %} A] ¥+ male pronucleus® e 3}x] £33} v}

oF - ICSIz 3o A3 A5 vF F7AA dFe Audrp? o4 iy
Moomjy & (1998)2 ICSIgH & F7go] &¥ <¢H AT jA o5 ICSI F7]o A 4oy &
wto] ¢ dojdtia B 4 glvka vt Devioey 5 (1998)% A IVF F7] ¢ A] poor fertilization
o] MAIG H-7o] ¢ 2/37t thE FU|AN F5d &S YEiTh B st

a2} ICSIY QM vtEAHo R o] A AF Ee FAH S ¥ ASE ¢S
2 SEejof & FAlojt}.

32 REX 2Eo| wuEE= 24

FadAE o871 @89 microdeletione] de novo2 LAY T}, o] A pachytene stageo]
A] mismatching®] % 7] wfj&ol @AIgtctn H&d], 41§ oligozoospermia W} FA AF& ol A Yq
o] R AEEL 8~10%) 2ET}. o3 BalolA TSI Y GMA T gene T A
AZF, RBM, DAZ So} Ru5Jth 18 spermatogenesisE A 3w A} E Y g4 3
o}] &} autosomal geneo| = Q6] DAZS} 22 FAH o] EolA Dazla (DAZ-like autosomal)
gene o] 21 HYHA} o] FHAE chromosome 3p240) 9] X3} autosomal recessive mode 2
Uehts GAAE Y candidate geneo 2 AJzts a1 it 19943 Lilford 2 32U 847}
gol A JHAE BadyEd ojA R Hol JA) 9 subfertilitye] 2F 60% 7}A] autosomal
gene transmissionS o} E}.

3.3 Foreign DNAJ} FMutgl 7=

Chan % (2000)2- green fluorescence protein (GFP)-& encoding3}t+= rhodamine-tagged plasmid
DNAE E3A17] spermatozoad o] 8-3}e] ICSIE A8 3l 3 rhesus macaques®] 7% @ol|A] o]
transgene®] UElUE A& BAFJT F, ICSI F GAZ T Zujrjo] ol 27] 74A] &3A
vjolo| X GFPE REste A& & 5 It o8& @42 ICSI Foll 7k velta §742<

E AP B5oe dehdA] @& Mol 5218 W3t} T $FTE o) 2ske A%
3ute] A7 E EteH o] AF}E Hol, 7 A FE2E DNAE 713 spermatozoaE A}
23t ICSIE AP A5 44 2o FEeAAT ICSI A 749l FH1EEDE 3
ol A F e ABAH S AR Ytte 3 & Aol A ot

3.4 L1X}; 9| cytoskeleton} spindie2| i1 7isA
ICSI 37 & date] A A A Aoz FAE vA FHBE ol FUstes AFoln
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2 Ao X4 S g9 E 5 low, gAY olFo] Fad IS Fdeta U= spin-
dled]] +ZA Q] H3LE F4 4 U}, & Lol Wang 5 (1999)e] X 118 LC Polscope & o] &3}
H, ICSI A] 3§ A} o] spindle #& e = glof o] g &4 AT 4 & Aoz A4d.

4. Future Direction of Microfertilization

A7 A= ICSIE A E & JE EHHQ dH L gt 23y 717k vlegd e o9
22 e AME L gRo= ICSIY A E FEY FHEE ST ok HAAHQ
T &S Y ¥ o}y g} transgene model-Z g0l 8A /e 5 YA

4.1. Sperm factor injection

Sperm factor hypothesis: F &7} datu 2 Eoj7bd Wzke] A EZ A Y] calciumo
o] calcium 019——4 Fr7l F714 o5 HEgstE A% 84 (calcium oscillation)o] 2] 3]
g43HE Aoz geiA ok a2y 3 ofd EAo] calcium X9 A EE L
ox] &4 x| eath. o] M H e} Aol F3F Fo| AR AxFe] Gl oH EFo
Zte] MEA 2 gitE]o] E07tA dAte calciums £ o] 1 E & Y oFitts Ao} ICSIFof
AZAIRte] Bk & date] 43t He A2 AL 9F A AXHA EFe] 415
=d 285 Azte] Bady] dfFo = 2t 12 sperm factor®] A 4-& H4l 8] 1 = A
°L9&1’Jr A A Yol & c¢GMP, IP3, nicotinamide, nucleotide metabolites, calcium ion 5] @O} o]

E AAI7F =3 Al dojy & calcium 2 Fo)] #AE G X7l = €5} 3 Z S50 Pamingion §
(1996)2 hamster Yx}ol| A calcium A E& 2107 = ol a-& Fx =2 HE sequencing 3HH T}
a8y dAE @A = 222 O Yox 9L HsAdel U IP3 induced calcium
release (IICR)®} calcium induced calcium release (CICR)2| 27}%] 74 29t EZ o] &x¢tim B
3 gl t}h (Wilding et. al., 1997).

FAA ot calcium A F & FUse Bdo] Yo 2 FHITH o] A& ICSIAI &Y Ao
injectiond}< ICSIZ o] unfertilizationo] WA 3l FA| S 422 A& & YA

—_

4.2. Sperm Centriole donation

A7 GAE 1 Eojzpd AlZF H o] sperm centrosome°ﬂ A -2 42] microtubule 7}
o] 35 7] A=t Mlcrotubule array 7} VENE A& syngamyrt doju}y] Ao AAE
o] association® = A3} #A U}, 19963 Van Blerkom-S severe oligoteratozoospermic patientsol]
A 427 o) A 3} 8} A 1} pronuclear-arrested © 4% 2] sperm centrosomed]] 4] microtubule?] 33}
3} aster development?} B2 0 2 o] Zo]x]2] ¢&7] wF-of PN stageo|A] +=3 go] W&o] &
A9 27 e 27 B 2L A9 AP LR T Aok s

AA AHEHE T e AR Hrbe £84, g9 181 3o Hote A5 Edd & A
o NxZe] Py #Eo «12&0}‘7 UAtt. Centrosomeo]] o} 2§ 7] 54 Agte] e 7
¥ B2 A TG Fole FF o] ke AY wlote] xU|GA A HEo] FAHE Aog B
of to = AR} datel] g A2 EAHgo] /i ool & Ro = AYHEr)
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4.3. Cytoplasmic donation

EFHFAA GRS AEHo] G A& S X e 9FS F A A} 19983
Coheng & A FH oA wtEH o2 45g 792 8%F7]9| A metaphase 112] donor ooplasm
&2 %-E $2}2) metaphase I W}A}ol]l <] (coplasmic injection) 8t AV A7|AF oz FHAI7]
F 298 A Z24E B A7 $/A AFEG ¢ 982 S A FAF A5
AN A FREE B (63% vs. 23%), 578 F 27 o)A o] A KT} Hljo} W&ol ZH 1 QA
At E2} Al £ & Metaphase 11 stageol] A 0]2) = o] W 2 ulo} wh-§o] &A@ $2}ol A
Tg°] 8 22 AAtdth 22y ooplasm®] Yo $o] &3t mitochondria o] o]t 7]
=2 HAHsLE 78] gaiM e o A7 adAd.

4 4. Mammalian fransgenesis by ICSI

A 9] transgenesisA] 7= WH S 1 E&o] Bkl 19993 Anthony & A xle] FHd
exogenous DNAE F-2A| A ICSIZE Al 8)3to 24 transgeneS X H 8l wlolE 64~94%2 4
2 4 A3, 9 20%2) A7) 7} integrated transgene2 X A TH o] AL ICSIE o] &8} ex-
ogenous DNAE dxlo] gxpx o2 Aad 4 gote AL £33

4.5. Germ line gene therapy

A 7} A gene therapy= somatic cell & W AT 1A} 3t A2/} gREo|H, 1 7l&x
otz A dAdd HEH dn dFAPA #x7} Adste T AT EE&A o8&
BAAE 7HA 3 itk v ke g o] 23 BAlde] fAd T £4 o] nEoAlE ¢
Aol A 9] 9] transgenesis® o] 2] g germ line gene therapyZ} 7158 +£5 i ojA 2 N
dELEZY T AT AAREE ABY F e "ol 4E Ao}

5. Conclusion

A EQY EAE 1992 ICSI 71 go] AME o2 Fr3Q A7 E 2A = ICSIY
AgFol = oA IVF 7)o M F7 &o] o}F WAV 3 o] A3 3¢, Fndol} n¥y
g o] &3t AY, AR A FEA o), 4% AA B4 Al Tol Ak AN &
A %A & acrosome reaction, A AF¢] A E, calcium®] W3} dAle] 8A1%, A9 wrE, PNEA],
d& T A2 SAE AA o] FoAXY, ICSI 9] FH o bty = g o] BIE 7123 o))
€ ob4 &3t oz E7stn Q3 E e 4 Yol XF7A] AAle B center
(ESHRE Task Force)5 7 299 datao] 9J3}™ 418 A 23S 717 G ELY TR A ICSI
E ANAPE W FA9 sourced] #AIGlO] T2 £ LY YAEES A E F U Hojd o}
719 A F LA o] o] It FrHE LS HFP 2} tha) 3] major, minor 718 9] ¥l

€ Ad Al sty FUbEA] e Ao R Btk aey ol 4% e drlde
ol2w o B 9 4o adin. W, I JAF A R AIRELAS FA
o B&A1Z] 7% #F A wolo A transgeneo] X E Ao YFHLEHN ICSIZ A&
ZEED Ao # 2 E AE F FATh =3 wFGEQ] H8-E ke dAl e} vjole
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152 3 EA717] 93 229 A= 2 4] donor ooplasm transfere= 7142 ¢ A 312 98 &
T ¥ ol EAY AT BA3 HFdtodol & Aot o2 axg A §AA
X ¥ & spermS A £3}] germ line therapy £ 3}+ ¥*H ol = micro-assisted fertilization 7]
ol 1 Y& @stela B} a2y ICSI 7l &0 et Blold ofr| & o] Fr)H e &
A #BEetd gaee EA8te Ao daslt). £, gameteE TFEE R E procedures &2
A el gt bHAd & At oAl A& Jelor & Aot
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