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Effect of Pronase Treatment on Mouse Embryos:
Improving Hatching and Hatched Rates
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- Objective: Hatching of the blastocyst from the zona pellucida (ZP) is a key event in mammalian
implantation. In vivo, two factors have been identified as possible mediators of hatching: lysis of
the ZP by substances elaborated either from the embryo or female reproductive tract and pressure
exerted on the zona by expansion of the blastocyst. Two methods of zona manipulation were
already in use to enhance the ability of embryos to hatch: mechanical PZD and chemical ZD by
acidic Tyrode's solution. But several controversies of each method have been reported. The
purpose of this study was to investigate the effect of pronase for mouse embryo hatching.

Methods: Mouse embryos were obtained following ovulation induction of F; animals. Fresh and
cryo-thawed morula embryos were exposed to 0.5, 1.0, 2.0, 5.0 pg/ml pronase in Ham's F10 for 72
hrs. Main outcome measures were the rates of partial hatching and completely hatched blastocysts,
and cell number of it.

Results: In fresh and cryo-thawed group, the rates of completely hatched blastocyst were
significantly higher in 5 pg/ml pronase treatment group than control group. There was no difference
in completely hatched blastocyst total cell number between pronase treatment group and control
group. This suggest that pronase treatment did not harmful in mouse embryo development. In
pronase treatment group, zona pellucida were thinner than control group.

Conclusion: The addition of pronase to culture media may accelerate the hatching of embryo.
So, enzymatic treatment of the zona may provide a valuable and effective assisted hatching
technique for human in-vitro fertilization-embryo transfer.
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Table 1. The effect of development and hatching rate of fresh mouse morulae treated with pronase

Pronase (pg/ml) < BL (%) Partial HA (%) Com. HA (%) Shrink or deg (%) - Total
Control 5(3.8) 34 (25) 75 (57.3) 17 (13) 131
0.5 2(1.5) 24 (18.1) 91 (68.9) 15 (11.4) 132
1 3(2.3} 21 (15.9) 91 (68.9) 17 (12.9) 132
2 4 (3.0) 20 (15.2)" 91 (68.9) 17 (12.9) 132
5 1(0.7) 10 (7.3)" 110 (80.3) 16 (16.7) 137
BL; blastocyst, HA; hatched blastocyst, deg; degeneration
*p<0.05, ~'p<0.01 ‘

Table 2. The effect of development and hatching rate of cryo-thawed mouse morulae treated with pronase

Pronase (ug/ml) Partial HA (%) Complete HA (%) Frag, shrink or deg (%) Total
Control 113 (19.7) 45 (68.2) 8(12.1) 66
0.5 7(10.6) 52 (78.8) 7(10.6) 66
1 6(5.1) 53 (80.3) 7 (10.6) 66
2 10(15.4) 46 (79.8) 9(13.8) 65
5 1(La™ 61 (87.1) 8(11.4) 70
E*{A; éla(x)t;:hed blastocyst, frg; framentation, deg; degeneration
p<0.

Table 3. The cell number of complete hatched mouse fresh and cryo-thawed embryos treated with pronase at day 5 and

day 6
Pronase (ug/mi) Fresh embryo Cryo-thawed embryo
Day 5 Day 6 Day 5 Day 6
Control 105.8 (£17.5) 114.4 (£20.5) 106.8 (£17.3) 107.0 (£19.9)

0.5 110.0 (£23.2) 111.6 (£19.1) 109.7 (£18.6) 107.8 (£25.9)
1 119.8 (£21.4) 107.6 (£23.4) 106.4 (£16.2) 104.8 (£15.3)
2 113.0 (£26.8) 110.5 (£18.1) 102.7 (£19.8) 104.5 (£17.6)
5 117.1 (£20.1) 109.6 (£18.5) 105.4 (£18.7) 110.3 (£22.7)

Day 0; IVF day
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B-1 ; The embryos treated with pronase (5 pg/ml)
atDay 5

A-2; control at Day 6

B-2; The embryos treated with pronase (5 pg/ml)
atDay 6

Figure 1. The morphology of hatching and hatched blastocysts at Day 5 and Day 6 (><200)
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4. Pronase X&|
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5. Cell Number Counting
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Kt} (Figure 1).

Mzt

il

ATB AN G AJPA] A A&l AU
714 FSH X7} #& W, &3 Auegte e A
9 MgE Fo2 A3 dal FHg Ay
(zona hardening)e] F+EFHE Ho=w daA gl
olg) g Tt AstddE FE3}] A3 B
steo] =YUHUTE MAEAVIE ARSI Ba
Rabeo] WL Fyge] dFE veR o
= E2]3e]l W (PZD; Partial Zona dissection)?
acidic Tyrode 8H4-& AMGE] BHY UFE H5H9F
T 3¢l WY (ZD; zona drilling)o] ARE-E L
30 o) FUx) wylE Fudle] dRE 2AA
U ose dioz A dojus &zt
71Z3E B2 Ael7h Ak Aol e female
reprodutive tract®} wjobzbAlOl A EH|EE trypsin-
like proteinasecl] £j3] FE7F gFolA ALt Hujje]
Aeoll o# FHuirt 4Ee ol Fslago] o
ofub Ao E & k!

Gordon®} Dapunt* microneedled ©}-§3}]
T 4FE HH3E W Folvle ETES
Hof ¢rolA AZE 2u|E AR, g7k
o3 A AsE Ethal gt oW FEohe
Bas sl FAAANN G g ol HES T3
A tef] goiFox GZE2 N H A ARt
EHE acidic Tyrode §HOE A HojFA e
W FEde] We FHE Eal vielrt ¥zbE
g2t E-e E71He B9 zona lysis7} @dol] #-9
3 43S v)H-E HaEgith Ty acidic Tyrode
= wjolrbAlel] R FFE v F gLl B
SRR =

B A M= proteinase?] YE2) pronaseE 7}
ZF 0.5, 1.0, 20, 5.0 pg/mi®] FEZ o] 72
AlZE At atEd gz a8|al Y 2
oke] Wzly: WA T3 FEFEE vjolol
% 2 ot Ak Attt Fakgs g7t
9] ApelE Hlaste] Hotrh

Pronase 0.5, 1.0, 2.0, 5.0 pg/ml X &]itofl A #-a1&
& qzTd Aot (A, e4Ee] dEary
= YeEPT} (Table 1). 3] 5.0 pg/ml pronase
Y dxzei g8 wo3tA =%
(p<0.05). =8 277} pronase MY IS
£ ¥uEde W 1 {9 Ze]7t ¢lol pronase
7¢ wjoli ol e AES vAA @i BH4EY F

Ho - ngk

- 349 -



ANAE & & Tk ol AL Lee T AF
24 Edol-E 1.0 ug/ml pronase (PE)S}F 0.1 pg/ml
proteinase K (PK)oll 72417k X2ls1oi g w wjole)
Bl ALE VAR EARE GES F938
A F7AAGE Bast §A18 A9E 290k
FAFse ARG Fud AeEde o
oA FAES F2A7E Rog BuHan Yyt
et wfole] A9 Tucker 5% Check B9&
T viote] A Fud Agdd wiel <
A go] wolA o|F wlolo] BFEIES A}

RE W Algo] Frbacky Ruspich zev)
Matson 52'¢] a-chymotrypsing 71X RS
woled del AIbe BEsle o F464
gk oo} diZTel A Ao} GlEE Ho] 9
viole] o] dEE FAE ¥ Ao Hu
B £ dydAm gzt 4§83 o}
9] Day 69419} EZtgo) vl&3 Aoz Uelgo.
™ (57.3% vs 68.2%) pronase®] FUF FER EU
AT wE28%S W 4 2T 848 2
o] & HolX YD TAFITE vRTM
2ol pronase XeFolM ©zbgo] Holxion] 5
3] 5.0 ug/ml pronase Mzl A F3tA w4
et weba BA-g8E A ulelol A5 pronase
AejAl Fagy @8] gRTRTG £ et
L 5Z-gslg vlolol M pronase”} H3he} w7}
of YL & 5 UK

B, Gonzales® Bavister'*7} #48] Zuje] &
ZE2E in vivost in vitrool| A BlwEte B 1slgd
ol in vivod] A5 FEUYE HAHR gho}
A dhafol AdE wiol: w3 AxHoz By
)7t gholzl RE BAFE ¥ in viodME F
W7 intactBl L A A A Q) lysis BFe Kol
2] Raha gAe] Add wjole B74E shx] %3t
3 BAESITH B APAME Day 60l ETY
ARl gZbEo] 25%%1 HHA 5.0 pg/ml pronase
JeFoll M 73%E 2T RY H2de] fos
A5 gold g & 4 ik w3 gwitE
9] Y% 5.0 ug/ml pronase Heldto] AA|FH o2
SF gzbe 297k WA sl glo) Aol A
g7zo] ol FHujel Zof gheld A& #Ad
T ALk ol AL pronaseE H7MEHLEM fernale
reproductive tract®} +-AFSE $H4 - wjjololl A A38}
t Ao® Rojyr)

oliat o] A FAole] pronaseE #2jsle]
FAHR H5igy) IS dgomM 7|E) A}

Jo &

f

{

=
2
=4

-350-

£5 3 91 PZDY zona drilling #H 3 tlEo] ¢l
URxPNE A AMEEE BREFSIEEN F

gste)z AaEn

F

il
Ho
o

—

. Cohen J, Inge KL, Suzman M, Wiker SR, Wright G.
Videocinematography of fresh and cryopreserved
embryos: a retrospective analysis of embryonic
morphology and implantation. Fertil Steril 1989;
51: 820-7.

2. Cohen J, Malter H, Elsner C, Kort H, Massey
J, Mayer MP. Immunosuppression supports
implantation of zona pellucida dissected human
embryos. Fertil Steril 1990a; 53: 662-5.

3. Cohen J, Elsner C, Kort H. Impairment of the
hatching process following IVF in the human and
improvement of implantation by assisted hatching
using micromanipulation. Hum Reprod 1990b; 5:
7-13.

4. Cohen ], Feldberg D. Effects of the size and
number of zona pellucida openings on hatching and
trophoblast outgrowth in the mouse embryo. Mol
Reprod Dev 1991; 30: 70-8.

5. Cohen J, Alikani M, Trowbridge J, Rosenwaks Z.
Implantation enhancement by selective assisted
hatching using zona drilling of human embryos
with poor prognosis. Hum Reprod 1992; 7: 685-91.

6. Bider D, Livshits A, Yonish M, Yemini Z,
Mashiach S, Jehoshua D. Assisted hatching by
zona drilling of human embryos in women of
advanced age. Hum Reprod 1997; 12: 317-20.

7. Nichols J, Gardner RL. Effect of damage to the
zona pellucida on development of preimplantation
embryos in the mouse. Hum Reprod 1989; 4: 180-7.

8. Antinori S, Panci C, Selman HA, Caffa B, Dani G,
Versaci C. Zona thinning with the use of laser: a
new approach to assisted hatching in humans.
Hum Reprod 1996; 11: 590-4.

9. Khatlifa EA, Tucker MJ, Hunt P. Cruciate thinning
of the zona pellucida for more successful en-
hancement of blastocyst hatching in the mouse.
Hum Reprod 1992; 7: 532-6. '

10. Malter HE, Cohen J. Blastocyst formation and

hatching in vitro following zona drilling of mouse



11.

12.

13.

14.

15

16.

and human embryos. Gamete Res 1989; 24: 67-80.
Perona RM, Wassarman PM. Mouse blastocysts
hatch in vitro by using a trypsin-like proteinase
associated with cells of mural trophectoderm. Dev
Biol 1986; 114: 42-52.

Sawada H, Yamazaki K, Hoshi M. Trypsin-like
hatching protease from mouse embryos: evidence
for the presence in culture medium and its en-
zymatic properties. J Exp Zool 1990; 254: 83-7.
Gordon JW, Dapun£ U. A new mouse model for
embryos with a hatching deficiency and its use to
elucidate the mechanism of blastocyst hatching.
Fertil Steril 1993; 59: 1296-301.

Gonzales DS, Bavister BD. Zona pellucida escape
by hamster blastocysts in vitro is delayed and
morphologically different compared with zona
escape in vivo. Biol Reprod 1995; 52: 470-80.

Lee DR, Lee JE, Yoon HS, Lee HJ, Kim MK, Roh
SI. The supplementation of culture medium with
protease improves the hatching rate of mouse
embryos. Hum Reprod 1997; 12: 2493-8.

Fong CY, Bongso A, Ng SC, Anandakumar C,
Trounson A, Ratnam S. Ongoing normal pregnancy
after of zona-free blastocysts: implications for
embryo transfer in the human. Hum Reprod 1997;

17.

18.

19.

20.

21,

12: 557-60.

Fong CY, Bonso A, Ng SC, Kumar J, Trounson
A, Ratam S. Blastocyst transfer after enzymatic
treatment of the zona pellucida: improving in-vitro
fertilization and understanding implantation. Hum
Reprod 1998; 13: 2926-32.

Carroll J, Depypere H, Matthews CD. Freeze-thaw-
induced changes of the zona pellucida explains
decreased rates of fertilization in frozen-thawed
mouse oocytes. J Reprod Fert 1990; 90: 547-53.
Tucker M, Cohen J, Massey J, Mayer MP, Wiker
S, Wright G. Partial dissection of the zona pellucida
of frozen-thawed human embryos may enhance
blastocyst hatching, implantation, and pregnancy
rates. Am J Obstet Gynecol 1991; 165: 341-5.
Check JH, Hoover L, Nazari A, O'Shaughnessy A,
Summers D. The effect of assisted hatching on
pregnancy tates after frozen embryo transfer. Fertil
Steril 1996; 65: 254-7.

Matson PL, Graefling J, Junk SM, Yovich J,
Edirisinghe WR. Cryopreservation of oocytes and
embryos: use of a mouse model to investigate
effects upon zona hardness and formulate treatment
strategies in an in-vitro fertilization programme.
Hum Reprod 1997; 12: 1550-3.

-351 -



