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=초록=

본 연구는 체외수정 프로그램에 참여하는 환자에 있어서 난자회수 이틀째의 자궁내막의 발

달상태를 알아보기 위하여 pinopode의 발달상태, 에스트로젠 및 프로제스테론 수용체의

발현을 관찰하였다. 생검한 자궁내막 조직을 양분하여, 절반은 전사전자 현미경(sca nning

e lectron microscope )으로 pinopode를 관찰하기 위하여 2 .5% gluta ra lde hyde와 2%

pa raforma lde hyde로 고정하였고, 나머지 절반은 dating 및 스테로이드 수용체의 면역조

직화학적 측정(immunocytochemistry)을 위하여 10% forma lin으로 고정하였다. 모두 12

명의 환자중 8명에서 pinopode가 관찰되었으며, pinopode 발달이 관찰되지 않은 환자들

은 hCG 주사를 맞는 날의 estradiol(E2)의 혈중농도가 600pg/mL 이하로 낮았다. 본 연

구의 결과로부터 자궁내막의 발달상태를 알아 보기 위해서는 지금까지 일반적으로 사용되

어 오던 dating이나 스테로이드 수용체의 면역조직화학적 측정법 이외에도 pinopode를 관

찰함으로써 조금 더 정확한 진단을 할 수 있으리라고 사료되며, pinopode의 발달은 E2의

혈중농도와 관계가 있을 것으로 추정된다.

2



INTRODUCTION

The re a re three factors for s uccessful impla ntation. These a re e mbryo

qua lity, ute rine rece ptivity, a nd synchronization betwee n e mbryonic a nd

e ndometria l deve lopme nt. Des pite re marka ble progress in investigating e mbryos

in huma n IVF, the re has bee n s low progress in exploring the impla ntation

process . It may be due to two reasons as follow. First, it is difficult to directly

investigate the mecha nism of impla ntation in the huma n, beca use of ethica l

cons ide rations . Second, the re is no se ns itive a nd wide ly acce pted ma rke r for

assess ing e ndometria l deve lopme nt. S ince the finding of a nove l sta nda rd for

dating e ndometria l biopsy by Noyes et a l. in 1950, the re have bee n ma ny

atte mpts to ide ntify s uita ble ma rke rs for ute rine rece ptivity. Those include

ultrasonogra phic changes (Ue no et a l., 1991; Grunfe ld et a l., 1991), three

dime ns iona l morphologica l cha nges of the e ndometrium s uch as pinopode

formation (Ma rte l et a l., 1987; Ma rte l et a l., 1991; Nikas et a l., 1995;

Psychoyos & Nikas , 1994), integrin express ion (Ile sa nmi et a l., 1993; Lessey et

a l., 1992 ; Lessey, 1994), a nd meas ure me nt of e ndometria l prote ins (Be ll, 1986 ;

Fay & Grudz ins kas , 1991).

Investigations in the rat (Ma rte l et a l., 1991) a nd human (Marte l et a l., 1987;

Nikas et a l., 1995; Psychoyos & Nikas , 1994) s uggested the prese nce of

pinopodes as a ma rke r for the rece ptive phase . A chronologica l ba rrie r in

ute rine rece ptivity could be one of the major factors limiting IVF pregna ncy

ra te s . If we we re able to manage the 'implantation window' we may be a ble to
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improve impla ntation a nd pregna ncy rates in the huma n IVF progra m. In 1987,

Ma rte l et a l. found ea rly a ppea ra nce of pinopodes in stimulated cycles for IVF

compa red to natura l cycles in huma ns (Ma rte l et a l., 1987). This effectwas

found in patients stimulated with clome phe ne citrate/hMG/hCG. The purpose of

the prese nt study was to eva luate the e ndometria l deve lopme nt in IVF patie nts

stimulated with e ithe r by FSH/hMG/hCG or with GnRH agonist down regulation.

MATERIALS AND METHODS

Patie nts

Patie nts we re stimulated with FSH/hMG or GnRHa/FSH/hMG a nd

administe red 10,000 IU hCG whe n the re were at least two leading follicles at

the s ize of >18 mm in dia mete r a nd/or se rum E2 conce ntrations >600 pg/mL.

For poor res ponde rs , who had <600 pg/mL se rum E2, the decis ion to

administe r hCG was based on follicula r a nd e ndometria l deve lopme nt rathe r

tha n only on E2 leve ls . Oocytes we re retrieved transvagina lly with ultrasound

guides 34-36 hours afte r the hCG administration. All patie nts we re administe red

doxycycline monohydrate (Vibra mycin, Pfize r, Korea ) in da ily doses of 200 mg,

beginning one day before oocyte retrieva l for four days , a nd 25 mg

progeste rone i.m. (Progest, Sa mil Pha rm. Co., Ltd, Korea ) from the day of

oocyte retrieva l. Endometria l biops ies we re ta ken from 12 patie nts who had no

e mbryos ava ila ble for tra nsfe r on the scheduled day, 2-days afte r oocyte

retrieva l. Biops ies we re ta ken by P ipe lle or Novak curette . All patie nts we re

infe rtile due to tuba l factor, ma le factor, or unexpla ined infe rtility. Wome n
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included in this study had s imila r hormona l profile s a nd length of follicula r

phase compa red with those of patie nts who had s uccessful fe rtilization.

S c anning Ele c tro n Mic ro s c o py

Ha lf of the biops ied e ndometrium was rinsed thoroughly with sa line a nd

immediate ly imme rsed in 2.5% (w/v) gluta ra lde hyde conta ining 2%

pa raforma lde hyde solution in PBS . The s pecime n was fixed in 1% (w/v)

os mium tetroxide , de hydrated in etha nol, a nd dried in a critica l-point drie r

(E3000, Pola ron, Watford, Engla nd). Specime n was mounted, coated with gold

pa lladium by ion s putte r (J FC 1100, Jeol, Ja pa n), a nd examined unde r a

sca nning e lectron microscope (Jeol, Ja pan).

Dating and Immuno cyto c he mis try

The re ma inign ha lf of the biops ied e ndometrium was rinsed in sa line , the n

fixed in 10% forma lin solution in PBS for furthe r pre pa ration for pa raffin section.

Histologica l assess me nt was pe rformed by dating the endometrium according to

sta nda rd crite ria afte r hematoxylin a nd eos in sta ining. Immunocytoche mica l

a na lys is of ER a nd PR was pe rformed with comme rcia lly ava ila ble a ntibodies .

Technicia ns a nd pathologists a na lyzed samples in a blind fas hion re lative to

patie nts ' de mogra phic cha racte ristics .

Ho rmo nal Ev aluatio n

Se rum E2 was meas ured by radioimmunoassay. Radioimmunoassay was

conducted according to procedures described in the instruction of Spectria kit

(Orion Diagnostica , Es poo, Finland). The inte r-assay a nd intra -assay coefficie nts
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of va riations we re 5.2% a nd 5.8%, res pective ly.

RES ULTS

Patie nts

Demogra phic cha racte ristics of the included patie nts we re as follows . Mea n E2

leve l was 395±66 pg/mL in the poor res ponde rs a nd 1328.03±2 15.18 pg/mL

in the good res ponde rs , a nd mea n age was 34 .5±2 .2 a nd 33.6±0.9,

res pective ly. Le ngth of folliculoge nes is in the two groups was statistica lly not

diffe rent. The mea n numbe r of leading follicle s ize ove r 18mm in dia mete r was

statistica lly diffe re nt as 2 .5 in the poor res ponders ve rs us 5 in the good

res ponde rs (p<0.05).

Pino po de Fo rmatio n

We class ified e ndometrium with long, e rect microvilli a nd no pinopodes as

grade 0, with the sta rting point of pinopodes as +, and with a ppare nt round

swolle n microvillous ce lls with s hort microvilli a s +++. Ta ble I s ummarizes

res ults of the S EM obse rvation of pinopode deve lopme nt. We a na lyzed our

data in re lation to ova ria n stimulation protocols first, a nd found no cons iste nt

res ults (left s ide of Ta ble 1). We observed various stages of pinopode

formation from 0 to +++ in patients stimulated with e ithe r FSH/hMG or

GnRH/FSH/hMG. Five out of 7 patie nts stimulated with FS H/hMG and 3 out of

5 patie nts stimulated with GnRH/FSH/hMG had deve loped pinopodes 2-days

afte r oocyte retrieva l.

Whe n we rea na lyzed the e ndometria l biops ies in re lation to se rum E2
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conce ntrations on the day of hCG administration (right s ide of Ta ble 1), we

found s ignifica nt res ults . Poor res ponde rs with lowe r se rum E2 leve ls had

de layed pinopode formation with long, e rect microvilli compared to the good

res ponde rs . Sca nning e lectron microscopic pictures of the poor res ponde rs a re

s hown in Figure 1. Four out of 6 patie nts s howed grade 0. Whe reas ,

we ll-deve loping pinopodes we re found in patie nts with highe r E2 va lues . We

obse rved round lumpy pinopodes with s hort microvilli in 4 out of a nothe r 6

patie nts with highe r E2 leve ls (Figure 2).

Dating

We obse rved s imple tube s ha pe of gla nds a nd less edema in stroma in

poor res ponde rs (Figure 3A, B); while more adva nced form of gla nds with

promine nt s ubnuclea r vacuoles in gla ndula r e pithe lium in the good res ponders

(Figure 3C, D). Although we we re a ble to find some cons iste ncy in the

gla ndula r deve lopment according to E2 leve ls , it was difficult to judge the

status of the e ndometrium by dating a lone due to the dyssynchrony betwee n

the gla ndula r a nd stroma l deve lopme nt.

Immuno cyto c he mis try fo r Ste ro id Re c e pto rs

Gla ndula r a nd endometria l e pithe lia l ce lls sta ined more strongly with ER

a ntibody tha n stroma l ce lls . Sta ining in stroma ce lls was wea k for ER.

Howeve r, in the case of PR sta ining, stroma ce lls were sta ined equa lly as

strongly as the e pithe lia l ce lls . Sta ining patte rns we re s imila r for ER and PR in

a ll patie nts (data not s hown).
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DIS CUS S ION

The major findings of the prese nt study we re : 1) most of the patie nts

stimulated with FS H/hMG/hCG or with GnRH down regulation (8/12) had

deve loping pinopode formation 2-days afte r oocyte retrieva l, 2) good res ponde rs

in te rms of follicle growth a nd estradiol secretion had more advanced

pinopodes whe n compa red to the poor res ponde rs , 3) it was poss ible to predict

the deve lopme nt of pinopodes from the estradiol va lue on the day of hCG

administration, and 4) ne ithe r dating nor express ion of ste roid rece ptor was a

se ns itive ma rke r for assess ing status of the e ndometrium biops ied at the ea rly

lutea l phase . Howeve r, res ults of dating a nd immunocytoche mica l sta ining of

the ste roid receptors we re informative whe n a na lyzed togethe r with the

e ndometria l morphologica l cha nges obse rved by sca nning e lectron microscopy.

It is importa nt to know the e ndometria l deve lopme nt in the huma n IVF

progra m. In 1987, Marte l a nd co-worke rs found an adva nced deve lopme nt of

the pinopodes in the 4 out of 9 endometria l sa mples take n from the patie nts

stimulated with clomiphe ne citrate/hMG/hCG. They s uggested that the hormona l

treatme nt a pplied to induce ovulation ca n modify the norma l deve lopme nt of the

pre nidatory endometrium, a nd may have a negative effect on the rate of egg

impla ntation (Ma rte l et a l., 1987). We a lso obse rved the adva nced deve lopment

of the pinopodes in the e ndometrium of patie nts stimulated with the diffe rent

hormona l treatme nts , FSH/hMG/hCG or with GnRH agonist long protocol. It

may be concluded that the endometria l deve lopme nt in the stimulated patie nt is
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more adva nced tha n the norma l cycles .

We found more adva nced pinopode formation in the good res ponde rs with

highe r se rum E2 leve ls on the day of hCG administration. Whe n we grouped

patie nts by the ir se rum conce ntrations of estradiol, the cut off va lue was 600

pg/mL. Our rationa le for us ing this va lue was that poor res ponde rs have fewe r

tha n two leading follicles 18 mm in dia mete r, a nd one leading follicle secretes

a round 300 pg/mL estradiol. In 1991, Ma rte l a nd co-workers found that in the

rat the a ppeara nce of pinopodes was strictly progeste rone-de pe nde nt a nd a lso

re lative to the timing of estradiol administration a nd the dose administe red

(Ma rte l et a l., 1991). Induction of e ndometria l rece ptivity requires a minimum of

3 days of priming of the e ndometrium with progeste rone , and with minute

a mounts of estrogen at the e nd of this pe riod (Ma rte l et a l., 1991; Psychoyos ,

1993). Howeve r, it may be difficult to a pply these res ults to the huma n s ince

those previous res ults we re obta ined in rats by administe ring exogenous

progeste rone a nd estradiol to ova riectomized a nima ls . Unfortunate ly, it was not

poss ible to eva luate biopsy res ults in re lation to the se rum progeste rone leve ls

in the prese nt study. We a lso cons ide r the ste roid conce ntrations a nd ste roid

rece ptor express ion at the tiss ue leve l would be more importa nt tha n the

circulating leve ls . Based upon our res ults , we only ca n s uggest that the highe r

conce ntration of estradiol priming before progeste rone s upple ment e nha nces

e ndometria l deve lopme nt as we ll as pinopode formation in stimulated cycles .

The regulation of the pinopode formation in the huma n e ndometrium by
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estradiol and progeste rone requires furthe r investigation.

Endometria l estroge n a nd progeste rone rece ptors a re regulated by estradiol

a nd progeste rone , thus the meas ure me nt of its rece ptors could be useful in

eva luating the hormona l milie u in the e ndometrium. The patte rn of ste roid

hormone rece ptor distribution has previous ly bee n defined by ma ny investigators

in norma l me nstrua l cycles by us ing immunocytoche mistry (Be rgeron et a l.,

1988; Ga rcia et a l., 1988; Lessey et a l., 1988; Snijde rs et a l., 1992). Our

res ults we re compara ble to those of previous studies in that the gla ndula r a nd

e ndometria l e pithe lia l ce lls sta ined more strongly for the estroge n rece ptor tha n

stroma ce lls , whe reas the stroma ce lls sta ined equa lly as strong as the

e pithe lia l ce lls for the progeste rone rece ptor. We could not discriminate betwee n

good a nd poor res ponde rs by immunocytoche mica l sta ining only.

The most importa nt finding in the prese nt study was that we we re a ble to

predict the deve lopme nta l status of the e ndometrium, histology as we ll as

pinopode formation, from the estradiol va lue on the day of hCG administration.

Roge rs a nd co-worke rs s uggested that pinopode formation, previous ly thought

to indicate ute rine rece ptivity, may not a lways do so (Roger et a l., 1989). They

found no corre lation betwee n pinopode formation and the circulating plas ma

estradiol and progeste rone leve ls on the day of biopsy. Howeve r, the big

diffe rences betwee n that re port a nd the present study are , 1) biops ies were

ta ke n during the second ha lf of the cycle in that study, a nd 2) plas ma ste roids

were meas ured on the day of biopsy ta ke n. Thus , the ir conclus ion is not
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s uita ble for a ll cases .

Based on our res ults , we concluded that pinopode deve lopment s hows a

good corre lation with res ults of dating a nd se rum estradiol conce ntrations on

the day of hCG administration. Time diffe re nce in e ndometria l deve lopme nt

betwee n the poor a nd good res ponde rs may have importa nt implications for the

s uccessful impla ntation of the tra nsfe rred e mbryos in the huma n IVF program.
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Ta ble 1. Pinopode formation in patie nts stimulated by FSH/hMG/hCG (CB) or

with GnRH agonist down regula tion (LA). Left column of the ta ble was sorted

by induction methods a nd listed according to age , while right column was

sorted by se rum E2 leve l on the day of hCG administration.

sorted by induction method sorted se rum E2 leve l

Patie nt's Patie nt's

IND* ID Age E2
P inopod

e
E2 ID IND* Age

P inopod

e

CB 1 30 965.7 +++ 131.2 5 CB 38 0

CB 1 30 965.7 +++ 131.2 5 CB 38 0

CB 2 32 2308.4 +++ 316 .6 7 CB 36 +

CB 3 34 874 .5 ++ 392 .9 6 CB 4 1 0

CB 4 37 776 .9 +++ 407.6 9 LA 30 +~++

CB 5 38 131.2 0 544 .0 12 LA 34 0

CB 6 41 392 .9 0 578.9 8 LA 28 0

CB 7 36 316 .6 + 776 .9 4 CB 37 +++

LA 8 28 578.9 0 874 .5 3 CB 34 ++

LA 9 30 407.6 +~++ 965.7 1 CB 30 +++

LA 10 32 1531.0 +~++ 1531.0 10 LA 32 +~++

LA 11 34 1797.2 +++ 1797.2 11 LA 34 +++

LA 12 34 544 .0 0 2308.4 2 CB 32 +++
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IND* : Induction methods

FIGURE LEGENDS

Figure 1. Sca nning e lectron microscopy of the biops ied sa mples obta ined

2-days afte r oocyte retrieva l from the s ix diffe re nt poor res ponde rs (x3,500).

Patie nts A to D s howed e ndometrium with long, e rect microvilli a nd no

pinopodes formation, while patie nts E a nd F s howed ea rly deve loping stage

of pinopodes .

Figure 2. Sca nning e lectron microscopy of the biops ied sa mples obta ined

2-days afte r oocyte retrieva l from the s ix diffe rent good res ponders (x3,500).

Most of patie nts (A to D) s howed swolle n microvillous ce lls with s hort

microvilli. Patie nts E a nd F s howed de layed formation of pinopodes

compa red to patie nts A to D.

Figure 3. Typica l microphotogra phs of the e ndometrium from poor res ponders

(A, B) a nd good res ponders (C, D). A, C: x100; B, D: x1,000.
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