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Abstract Pregnancy represents the growth of an allare seemingly caused by an enhancement of the maternal
graft where fetal trophoblast cells evade immune rejexqotoxic defence against the fetal allograft.
tion and invade maternal tissue. There should be a bal-
ance between fetal trophoblast and maternal immune-Key words Pregnancy - Placenta - Pre-eclampsia -
sponsive cells and alterations in the proportion of thesgmphocyte - NK ce!
cells may relate to pregnancy disorders. To test this, the
decidual tissue of placental bed biopsies was examined
and trophoblast cells and lymphocytes were quantifibiitroduction
morphometrically; spiral arteries were classified as un-
changed, transformed or affected by acute atheroflsring pregnancy, the specialized tissues of mother and
Normal pregnancy n£19) was characterized by thdetus interact in a specific way. The uterus of a mother
transformation of about one half of all spiral arterieaust undergo rapid adaptive changes as it comes in con-
within the placental bed. We found that 40% of all lymact with the placenta and the membranes containing the
phocytes were CD56uterine NK cells and 60%, CD3 fetus. Between these organs, there is the feto-maternal
T-lymphocytes; about 30% of these were €DOB8cells. interface-often called the decidua-which is infiltrated by
Intrauterine growth retardation in the context of preefetal trophoblast cells [7, 16] and by maternal immune
lampsia f=15) was accompanied by reduced trophoblaslls. Beside macrophages and T lymphocytes, the feto-
numbers within smaller and more tortuous arteries améternal interphase is populated by uterine NK cells,
an increase in the proportion of CD5fterine NK cells whose function is largely unknown [5, 12, 15, 17]. One
and CD8 T lymphocytes in the decidua (70% of alinain outcome of trophoblast invasion is the transforma-
CD3t cells). In the case of pre-eclampsia without fetdbn of maternal spiral arteries, the purpose of this being
growth retardationn=14) no increase in CD56@iterine to supply more blood to the fetus. The destruction of
NK cells was seen, while CD8 lymphocytes were sig- muscle layers of the blood vessels and the replacment by
nificantly increased compared with the normal levah undefined matrix has been described several times
(50% of all CD3 cells). Fetal growth retardation is assand found to depend on the invasive action of the tropho-
ciated with poor transformation of spiral arteries arast cells [4, 9, 10]. However, the large number of ma-
characterized by an increase of uterine NK cells. Syniprnal macrophages and lymphocytes in the surrounding
toms of pre-eclampsia are independently associated wiglsues has not been commented on extensively.
an increase in the cytotoxic T subset of decidual lympho-A biopsy technique to obtain tissue from the feto-ma-
cytes. Pre-eclampsia and related fetal growth retardatiemal interface was introduced in 1958 [2, 11]. The so-
called placental bed biopsy is excised from the inside of
T. Stallmach [(])* - P. Orban - X. Li the uterus during a caesarean section and includes parts
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with special reference to the topograpy of the feto-mateithout knowledge of the clinical diagnosis. Measurements were
nal interface. Maternal blood vessels were evaluaf@en by computer-assisted morphometry on a microscope

. brhar g uipped with a video camera (Zeiss AxioHOME).
morphometrically, and the extent and distribution of fet&f The maximal interior transverse diameter of the lumen of all

trophoblast cells and the infiltration by maternal lympheross sections of all spiral arteries within one block of each biopsy
cytes were quantified using immunohistochemicallyas measured. Owing to the coiling of the “spiral” arteries there
stained serial sections. are always several cross sections of the same artery lying close to
each other; this feature helps to exclude other, so-called basal, ar-
teries from the evaluation. Veins could be excluded from the mor-
phometric analysis since their thin walls and usually slit-like lu-
Materials and methods mens were readily recognizable. The orientation of a cut through
an artery has a great influence on the magnitude of the longitudi-

. . . .nal diameter; the transverse diameter was chosen because it is less
The experimental protocol was approved by the university ethl(él octed

committee. Informed consent was obtained from all the mOtherS’TrophobIast cells and lymphocytes were counted in the wall

and a placental bed biopsy was performed during each of more'inine Vicinity of two sections of each type of spiral artery and
than 50 caesarean sections done in the University Hospital,ghin 5 5 mn? of pure interstitial tissue in each case. Cells were

é%r\'lce%‘ Hgmeg]'gtelﬁleaféirsldem’::zegf;ng glfafﬁemal'atc'sé?]‘:gl Vt‘;gzr sunted in immunohistochemically stained sections; densities
P M p re calculated as cells per square millimetre. The level of signifi-

means of a large curette. Although no incisions were made into ; : :
deeper layers of the uterine wall, fragments of the myometri i;ggﬁt]g?rg'%ﬁggggﬁ ?ebstfuned was determined by the use of the
) .

were usually contained in the biopsy material. About one quarte

of the material was snap-frozen in liquid nitrogen, while the rest

was fixed in formalin.
Caesarean section was performed either as an emergency iResults

vention because of severe fetal distress or for obstetrical reasons in

a planned way; the latter group served as contme#49). The L . .

mean gestational age in the group of controls was 36 weeks. Sé:véﬁmmat'on of the multiple tlss_ue fragr_nent_s_ fro_m the

women had established labour with regular contractions and fMacental bed always started with the identification of

cervix had already opened more than 4 cm; in most of these cdsephoblast infiltration of the decidua, as this gives evi-

surgical intervention was neces-sary because of a small pelvis gafhce of the placental bed proper. With the biopsy tech-
antecedent caesarean section. Twelve women had no signs of? Ue used an average of 6.2 spiral arteries were ob-

ine contraction at the time of caesarean section, and in mos : o
these the section was performed because of breech presentatié@!Bed from each patient. In control cases, about 40% of
antecedent caesarean section. the spiral arteries remained in an unchanged state (intact

_ The disease states requiring surgery were defined as followgngscle coat), while about 40% were transformed physio-
diagnosis of intrauterine growth retardation was made if du”%%gically (disappearance of muscle). The ratio of trans-

the course of pregnancy fetal growth had declined and fallen un . .
the 5th percentile on ultrasound examination, compared with fqemed to unchanged arteries was thus about 1:1. Un-

percentile curves based on a survey of the local populatihanged arteries had a lumen of 22 pm in diameter and
Growth had to be classified as asymmetrical, and malformatiagere devoid of trophoblast. In physiologically trans-
or chromosomal abnormalities should not be present.

The diagnosis of pre-eclampsia required hypertension and pro-
teinuria in the mother as minimum clinical criteriz=15). Dia-
stolic blood pressure had to exceed 90 mmHg during pregnape

with normal blood pressure previously in the nonpregnant stgigy-) 5 Maternal vascular system injected with a white dye. The
proteinuria had to be at least 0.5 g/l within 24 h. Cases of pre-g6s jjicates decidua and inner layer of myometrium with a large

lampsia with fetal growth retardation were grouped separately. uous spiral arterp The myometrial segment of the arteay-(
our series, this was always associated with a small placenta exf:a ) usually is not present in a specimen taken with a curette. x20

iting signs of circulatory disturbance=14). The mean gestationalc In' normal pregnancy, the physiologically transformed spiral arte-

age in both these groups of women with pre-eclamptic Pregnangl&s are surrounded and infiltrated by fetal trophoblast visualized

was 33 weeks. ; : : : ; ;
For immunohistochemistry, formalin-fixed tissue was embegpmunohlstochemlcally with cytokeratin antibody LuS. 20

ded in paraffin and 5-um-thick serial sections were cut from oR&. 2a b Lack of trophoblast invasion into spiral arteries.
block per case. One slide was stained with haematoxylin-eosinComplete loss of muscle tissue within vessel walls occurs in
and the next slide was stained immunohistochemically with Lp8ysiological transformation; however, the deposition of eosino-
(BMA, dilution 1:250). The cytokeratin antibody Lu5 marks thehilic material (in the haematoxylin-eosin stain) and the occur-
epithelial lining of maternal endometrial glands (internal positivence of foam cells is a pathological finding termed acute athero-
control) (Fig. 3) and stains fetal trophoblast cells very strongly [§is.b The cytokeratin stain demonstrates trophoblast, which is of-
7, 16]. Snap-frozen tissue was used for immunohistochemical t# multinucleate and has failed to invade vessel walls. 100

tection of T lymphocyte surface markers CD3 (Dako M756; dil i . . . . .
; . . -ig. 3a, b Decidual inflammation associated with severely re-
tion 1:200), CD8 (Dako M707; 1:40) and CD4 (Dako MO718) ceq toa) trophoblasa Spiral artery in a curettage biopsy from

é212707) ﬁh%ﬁﬂﬁoﬂa{?{% lfr;l lg;ﬁ;”;g;?éﬁrs %395_643?%??”1%'&5:2‘?“ e placental bed, with acute atherosis and heavy infiltration of the
tochemical staining was performed with standard PAP and _c!?ua by mﬁterr;atlhlym?hqcytdxi.'l'hde c(ytokgi_r atin ?taln ;S onlty )
ositive in cells of the uterine glands (positive internal contro
@@Pdgrdojgtcig:f' O-If—hces:ggmg c?cf)&lz‘g:gs(ggg Otoptée_'\(/:lggggeg fg?nd thus reveals the complete absence of trophoblast. X100
which also express CD4. Immunhistochemical staining of B lyrRig. 4a b Lymphocytes within the decidua of a growth retarded
phocytes was always done concomitantly with CD 19 (Dalktetus.a In this section spiral arteries have not been transformed,;
M740;1:80) but revealed only single cells in decidual tissue.  trophoblast is reduced and lymphocytes augmented. Typing of
The dimensions of the spiral arteries and the densities of vdymphocytes is achieved immunohistochemically on frozen sec-
ous cells in the placental bed were measured in sections cut ftmns with anti-CD56, showing an increased number of uterine NK
the block with the most representative tissue; evaluation was doals.b Serial sections are used to count GD&ells. x25(:

la— Uterus, placenta and feto-maternal interface (“placemwtal
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formed arteries, the diameter of the lumen was incre: ¢cps+ 0?'553* 2
by 5 times to a median of 110 pm and trophoblast ¢ celsimm? celsmm
were abundant within the walls (Fig. 1c). i . 100 -

With pre-eclampsia, the diameters of unchanged 6w -
transformed spiral arteries did not differ from those ] .
normal pregnancy. However, there was more variatiol ] 300
the diameter of arteries with segmental widening i 400 .
characteristic narrowing by eosinophilic refractile depc A T 20 | T
tions (Fig. 2). This acute atherosis affected less than ] 1
of all cross sections of spiral arteries found within the 200 1

. il 100 T
sue of a placental bed biopsy from a normal pregna - T 1 o I
With pre-eclampsia, acute atherosis affected up to 30¢ °
all cross sections, in addition to which, the number of 0 . " . y

. . . preeclampsia  control preeclampsia  control
terial cross sections lying closely together and thus , + _ b) + ~
longing to one artery was increased (6.9 cross sectior growth retardation growth retardation
average, compared with 3.5 in normal pregnancy). T
indicates a more tortuous course of such arteries in  ¢ps+ %CD4 *
eclampsia. The ratio of transformed to unchanged sj cellsimm ?
arteries was reduced, the difference reaching significe “° 3 % T
(P<0.05) once pre-eclampsia was associated with int ]
terine growth retardation. Within the walls of trar s
formed arteries, trophoblast cells were always sigr ] ° %0
cantly reduced H<0.05). Specifically, the trophoblas ., ] T 1 e
was either completely absent or only segmentally ir 1 . 40
trating about one quarter to a half of the vessel circurr T
ence, while in a normal pregnancy trophoblast infiltrat ' 3 — I T 207 T l
is found in the full circumference of spiral arteries. ] I?
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o
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More distant from the arteries two patterns of tropl o - .
control preeclampsia  control

blast behaviour could be seen, featuring either nor o preecampsia 9 ceclampst

numbers with an increased percentage of multinucle growth retardation growth retardation
trophoblast cells (Fig. 2) or severe reduction and cui-

comitant inflammation (Fig. 3). Fig. 5a-d Lymphocyte numbers in the deciduBogesshow me-

In normal pregnancies the placental bed Containﬁ?%n and contain 50% of all measuremerayD3* T cells do not

; w a difference between healthy pregnancy and disease.
macrophages and lymphocytes, which were not eveplipnge erine NK cells are increased<0.05) with fetal

distributed, but accumulated focally. The proportion @fowth retardation but not with pure pre-eclampsi@D8 T cells
decidual macrophages to total lymphocyte numbers veéas significantly increased€0.05) in the preeclamptic state com-

2bout L1 10 o, Al o e SO e erca petween hre oo -
\(/je&!‘,%g utgﬁ:]edlslf(ldcueﬁllls g’:&pgg% tgng;_N I(;rr(:]pf?g(?;ttesff Ca}ﬁ{)gio\{\g? associated fetal growth retardation is again signifi-
about 30% of these were CDB cells (Fig. 4). ’

With pre-eclampsia (maternal symptoms, normal fetidlat are physiologically transformed, remain unchanged,
growth) there was no difference in the total numbers af exhibit degeneration in the form of acute atherosis.
uterine NK cells (CD59 and lymphocytes (CD3. With an average of 6.2 spiral arteries in our biopsy mate-
However, CD8 T cells were increased to about 50% afal, we were surprised to note that in a normal pregnan-
all CD3t cells. Pre-eclampsia with fetal growth retarday about 40% of the spiral arteries remain in an un-
tion was accompanied by an increase in the total numbkanged state. This might constitute a reserve pool,
of uterine NK cells and CDST cells. The ratio of decid- which can be used for compensation in cases of circula-
ual CD8& T cells increased further, to 70% (Fig. 5). tory deficiencies. We furthermore found up to 10% of
degenerated spiral arteries, either featuring foam cells or
exhibiting acute atherosis even in normal pregnancies.
Discussion Thus, the finding of a single artery with acute atherosis

is not pathognomonic for pre-eclampsia. Our study also
About 40 years ago, pathological changes in spiral arskows that tissue obtained with a curette from the pla-
ries were described as diagnostic for and causally relatedtal site exhibits distinct differences between normal
to pre-eclampsia [2]. The studies were done on excisemd disease states and is thus a suitable material for fur-
biopsies from the placental bed, and on average othgr studies.
about one artery per case was examined. Since about 100he trophoblast content within spiral arteries leading
arteries lead to a fully grown placenta, no informatido the placenta of growth retarded fetuses was found to
could be gleaned on the relative proportions of arteries severely reduced. This was correlated with significant
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differences in the architecture of these vessels; arteigeferences
had a smaller diameter and followed a more tortuous

course than the physiologically transformed arteries. cross Jc, Werb z, Fisher SJ (1994) Implantation and the pla-
This was revealed by a greater number of cross sectionsenta: key pieces of the development puzzle. Science

per artery, as has also recently been reported by otherg66:1508-1518

: 2. Dixon HG, Robertson WB (1958) A study of the vessels of the
[14]. There are two different patterns of trophoblast bez placental bed in normotensive and hypertensive women. J Ob-
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i i ithi Obstet Gynecol Reprod Biol 44:85-90
creased numbers in the decidua, but not within the waljs Khong TY, De Wolf F, Robertson WB, Brosens | (1986) Inad-

of spiral arteries. The second pattern is a severe reduCeqqyate maternal vascular response to placentation in pregnan-

tion of trophoblast cells in combination with a strong in- cies with preeclampsia and with small-for-gestational-age in-
crease of maternal lymphocytes and uterine NK cells. In fants. Br J Obstet Gynaecol 93:1049-1059 _

this instance, some sort of ‘inflammatory reaction’ seem King A, Loke YW (1991) On the nature and function of hu-
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atherosis, which occurs in poorly transformed vessels, Kiiman HJ (1993) The placenta revealed (commentary). Am J

may be a secondary phenomenon related to the lack ofPathol 143:332-336

trophoblast invasion. 7. Kurmann RJ, Main CS, Chen HC (1984) Intermediate tropho-

; blast: a distinctive form of trophoblast with specific morpho-

It IS noteworthy that each and every placental bed logical, biochemical and functional features. Placenta

contains a large number of lymphocytes and macro- 5:349 369

phages. The cellular composition of this physiologica. Labarrere CA (1988) Acute atherosis. A histopathological

inflammation is perhaps essential for the temporal accep-hallmark of immune aggression? Placenta 9:95-108

tance of the fetal allograft. Pre-eclampsia exhibits a sig: Meekins JW, Pijnenborg R, Hanssens M, McFadyen IR, Van

.o . . . Asshe A (1994) A study of placental bed spiral arteries and
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ens the concept of preeclampsia as an immunologicalnancies. Br J Obstet Gynaecol 101:669—674
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