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INTRODUCTION

In 1959, by means of starch gel electrophoresis, Smithies (l) 

described a protein zone which was found in about 10 per cent 

of serum samples from pregnant women but not in non-pregnant 

women or in men. This O^-Q^bulin, which is referred to as 

"the pregnancy zone protein" or PZ, is the object of this study.

After the original observation further studies on this new elec

trophoretic zone were carried out by Afonso, Farnham and de Alvarez 

(2, 3, 4, 5). The "pregnancy zone" was found in the serum of most 

pregnant women at term but not in non-pregnant women or men. In 

1967 the oral contraceptive drug Enovid (10 mg norethynodrel,

0.15 mg mestranol) was found to cause the appearance of the 

"pregnancy zone" (6). Cooper found probably the same protein 

band to appear in pregnant women but also in one European male 

whose carcinoma of the prostate was treated with oestrogen (7). 

Margolis and Kenrick (8) suggested the appearance of the "pregnancy 

zone" to be oestrogen dependent. Robinson et al. found the " 

globulin of pregnancy" in the sera of some non-pregnant women and 

in increased amounts in women with trophoblastic disease (9, 10).

Parallel to these studies various globulins associated with preg

nancy and with characteristics more or less similar to those of 

the "pregnancy zone" have been described by workers using immunolo

gical methods. Thornes (11) and Hirschfeld and Söderberg (12) found 

some protein components peculiar to pregnancy plasma. Wilken (13) 

used absorbed antipregnancy serum in his studies and suggested the 

"pregnancy zone" to be a lipoprotein. Bayer and Kadach (14, 15) and
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Kuczynski (16) studied C^-globulins associated with pregnancy. 

Hofmann, Straube and their coworkers (l7, 18, 19, 20) found among 

five different pregnancy typical antigens one Q^-globulin, which 

could be detected also in the sera of non-pregnant women, but not 

in men, postmenopausal women or in some pregnant animals. This 

protein was oestrogen dependent.

PAG - the "pregnancy associated globulin" (21, 22, 23, 24) described 

by MacLaren et al. (2l) and Xh (25, 26, 27, 28, 29, 30) f irst re

ported by Bundschuh (25) are two a^-globulins found in increased 

amounts during pregnancy and hormonal treatment. Bohn has studied 

SP^ (31, 32, 33, 34), a pregnancy associated Qc^-glycoprotein and 

found this protein to be immunologically identical to the Xh factor 

(31). Elevated levels of SP^ were found not only during pregnancy, 

but also in patients with malignant tumours (32). Lin, Halbert et al. 

(35, 36, 37) have detected four pregnancy associated plasma proteins 

(PAPP's) by means of rabbit antisera to third trimester pregnancy 

plasma and recently Berne (38, 39, 40) has reported the alpha-2- 

pregnoglobulin (a^P) which is thought to be one of at least two 

(X-macroglobulins of pregnancy.

The relationships between the "pregnancy zone" and the above men

tioned globulins detected by immunological techniques are so far 

rather uncertain, but it seems probable that some of these proteins 

are in fact identical with the "pregnancy zone protein" described by 

Smithies.
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The aims of the present study were:

1. to isolate and characterize PZ.

2. to study its occurrence during pregnancy and hormonal 

treatment.

3. to study PZ in relation to fetal welfare and abortion.

4. to elucidate some physiological aspects of PZ such as 

its steroid binding properties and eventual immuno

suppressive effect.
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PRESENT INVESTIGATION

Isolation and characterization of PZ (il, X)

Purification from retroplacental serum was carried out in three 

steps :

1. Gel filtration on Sephadex G-200. 2. Chromatography on DEAE 

Sephadex. 3. Preparative polyacrylamide gel electrophoresis.

After step three PZ was judged to be pure from the observation 

of a single band on polyacrylamide gel electrophoresis, homo

geneous sedimentation behaviour and a straight line obtained 

when data were plotted after equilibrium sedimentation (il).

The purified protein was subject to analytical ultracentrifugation 

The sedimentation coefficient was found to be 12.0 S and when the 

partial specific volume was calculated from the amino acid composi 

tion (X) the molecular weight from equilibrium sedimentation was 

found to be 359 000. The isoelectric point was determined to 4.7 

(il). PZ was found to be a glycoprotein with a total carbohydrate 

content of 9.9 per cent. PZ was not found to contain any lipids. 

Molecular weight determination performed by polyacrylamide gel 

electrophoresis in sodium dodecyl sulphate (SDS) gave by straight 

line extrapolation a value of 364 000. When the molecule was re

duced one single band was obtained on electrophoresis with the 

molecular weight of 172 000 (X).

Also other Qr^-globulins have been found in increased amounts 

during pregnancy e.g. PAG, Xh, PAPP's, SP^ and C^-pregnoglobulin.
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None of these proteins has so far been isolated or characterized 

and there are contradictory reports of immunological identity 

(19, 22, 27, 30, 3l). Antisera against PZ, PAPP's and C^-pregno

globulin have been compared and tested against pregnancy serum. A 

reaction of identity was found between PZ and c^-pregnoglobulin 

but not between PZ and PAPP A, PAPP C and PAPP D (41, 42), Stimson 

recently reported the isolation and partial characterization of an 

£^-macroglobulin from human pregnancy serum with the molecular weight 

of 506 000 (43, 44). The amino acid analysis shows that PZ in com

parison with the protein isolated by Stimson contains more leucine 

and valine and comparatively less aspartic acid. There is also a 

marked difference in the molecular weights. The physico-chemical 

characterics of Xh (28) (MV > 200 000, sedi mentation coefficient 

12.2 S and IP = 4.75) are similar to those of PZ. Straube et al. 

working with gel filtration of partially purified protein fractions, 

estimated the molecular weight of their protein to 300 000 (18).

The same molecular weight was suggested by Bohn for SP^ (3l). 

Margolis and Kenrick found the position of the pregnancy zone 

protein in polyacrylamide gradient gel electrophoresis to imply a 

molecular weight of 450 000 (8). Wilken in a previous study postu

lated that the pregnancy zone protein was a lipoprotein (13). This 

has not been confirmed in the present study where no lipid mate

rial was found in the PZ molecule.

The ultimate solution to the problem concerning the identities of 

the various pregnancy associated proteins lies in the physico

chemical characterization of these proteins. Despite several re
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ported discrepancies it seems likely that the pregnancy zone pro

tein (PZ), PAG, Xh, SPg and the O^-pregnoglobulin may turn out to 

be the same protein.

PZ during pregnancy and hormonal treatment and its relation to

fetal welfare and abortion (i, III/ IV/ V/ VI and IX)

Originally Smithies used starch gel electrophoresis for the demon

stration of the pregnancy zone and this method was used in a study 

of women taking oral contraceptive drugs (i). During the purifica

tion procedure polyacrylamide gel electrophoresis according to 

Davis (45) was used for detection of the protein (il).

After the purification of PZ a precipitating monospecific rabbit 

antiserum was prepared (ill). Double diffusion in agar gel according 

to Ouchterlony (46) provided a method for the detection of PZ with 

a higher sensitivity than zone electrophoresis. It was also possible 

with this method to demonstrate immunological identity between the 

pregnancy zone protein occurring in pregnant women and that in women 

taking oral contraceptive drugs and in men treated with oestrogen 

for prostatic cancer. By means of single radial immunodiffusion 

(47, 48) it was also possible to make quantitative measurements 

of the amounts of PZ. A concentration of PZ below 2 mg per 100 ml 

was found to give no visible precipitate. Concentrations of 2 - 4 mg 

per 100 ml gave precipitates mostly to small and faint for accurate 

measurements (IX).
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PZ in primipregnanc^ (XX)

Previously there have been few studies of the absolute concentra

tions of pregnancy associated Q^-Çjlobulins• In a small series of 

eight pregnant women the values for SP^ were estimated by Bohn (3l) 

to range between 15 - 30 mg per 100 ml.

The serum concentration of PZ was measured by means of single radial 

immunodiffusion in 72 primigravidae who were followed during preg

nancy and after delivery. In nine women out of 72 PZ was not found 

in measurable amounts (> 4 mg per 100 ml) during the whole pregnancy 

or after delivery. The other 63 women produced increased amounts of 

PZ during pregnancy and the concentrations begun to rise in gestation 

weeks 8 - 12. The average level of PZ in the third trimester was 

about 100 mg per 100 ml and varied between 50 - 200 mg per 100 ml 

in most women. After delivery there was a rapid decrease and six 

weeks post partum no woman had values exceeding 10 mg per 100 ml.

The levels of PZ were subject to considerable individual variation 

but in general a successive increase in concentration with gestation 

length was found. The nine women with no detectable increase of PZ 

delivered healthy babies with normal birth weights. In a few women 

with complications or twin pregnancies PZ was found in amounts 

which did not differ significantly from average levels. Most women 

reached their maximal concentration of PZ in the last month of preg

nancy or just after delivery. However, in six women the maximal 

values were obtained in gestation week 30 and in two women as 

early as in the 23rd week of gestation.
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PZ during hormonal treatment (i^ IV)

The pregnancy zone protein can be induced by contraceptive steroids 

and not exclusively by pregnancy. The original observation by de Alva

rez and Afonso (6) concerning the effect of Enovid was confirmed also 

for drugs with a different steroid composition (i). By means of starch 

gel electrophoresis the pregnancy zone protein was demonstrable in 

the sera of 73 out of 145 women taking oral contraceptive drugs. In 

a control group of women not taking pills this zone was found in one 

patient out of 73. Administration of oral contraceptives for a short 

period (less than six months) resulted in about the same frequency 

of the pregnancy zone as administration for a period of more than 

six months. There was also no relationship between previous pregnancy 

and occurrence of the pregnancy zone protein.

Cooper (7) using starch gel electrophoresis detected the pregnancy 

zone protein in a man with prostatic cancer who had been treated 

with oestrogen. In order to confirm this observation using an immuno

logical technique and to examine if the possible induction of PZ was 

due to the presence of prostatic cancer or to the hormonal treatment, 

serum samples from two series of patients with prostatic cancer were 

examined by means of double diffusion (IV).

In one series 18 patients with prostatic cancer were examined during 

treatment with oestrogens and 14 were found to have PZ. In a second 

series 27 patients with prostatic cancer were examined prior to oestro

gen treatment and none of them showed PZ. After 16 of these men had 

been treated with oestrogen for a period averaging four months eight
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v/ere found to have developed PZ. A reaction of immunological 

identity was found between sera from oestrogen treated males, puri

fied pregnancy zone protein, sera from pregnant women and sera from 

women taking oral contraceptive drugs. The duration of treatment 

seemed to have no significant effect of the development of the 

pregnancy zone protein but the type of oestrogen administered 

seemed to be of importance. Thus of 28 patients treated with poly- 

oestradiol phosphate and diethylstilboestrol 22 developed the preg

nancy zone protein while of six patients treated with polyoestra- 

diol phosphate alone, none developed PZ.

It was concluded that the occurrence of this protein was due to 

the oestrogen treatment and not to the prostatic cancer itself.

PZ in relation to fetal welfare and abortion (V, Vi)

In serum samples from 350 pregnant women taken at the time of deli

very PZ was demonstrable by means of double diffusion in 311 (88.9 

per cent ) (V). The la ck of demonstrable PZ in serum was studied in 

relation to factors as birth weight of the child, placental weight, 

gestational age, maternal age, parity and abortion history. No 

statistically significant correlationswere found between the absence 

of demonstrable PZ and placental weight or gestational age, but the 

birth weight was somewhat lower (p < 0.05) among infants of women 

lacking PZ. Mothers lacking PZ did not differ with respect to age, 

parity or abortion history. The 39 infants of women lacking PZ were 

healthy at birth without visible malformations and all but two had 

normal Apgar scores (between 8 and 10 measured 1 and 10 minutes 

after delivery). Thus absence or low levels of PZ in the maternal 

circulation at term of pregnancy was found to be a phenomenon
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compatible with normal pregnancy.

In another study the occurrence of PZ was examined in the sera of 

82 women with incomplete abortion and 272 women with apparently 

normal pregnancies undergoing induced abortion (Vi). A first serum 

sample was collected at the time of admission to the clinic. In 

order to study the rate of disappearance of the PZ protein a second 

serum sample was collected from most of the women. The interval 

between the first and second serum sample varied between 1 and 4 

weeks with a mean of 16 days. The occurrence of PZ in the serum 

samples was tested by means of double diffusion. The precipitation 

reactions were recorded as "absence","week", or "strong".

In the sera of women with apparently normal pregnancies (to be 

legally aborted) the frequency of women showing the pregnancy zone 

protein increased from about 25 per cent in gestation weeks 7-8 

to 88 per cent in gestation weeks 17 - 18. There was also an increase 

in women showing a "strong" PZ reaction with gestation length. In 

the group of women with incomplete abortion no such time trend was 

found. The lowest frequency of PZ (8 - 9 per cent) was found in 

weeks 9 - 12. Furthermore "strong" PZ reactions with one exception 

were lacking in this group.

Out of the 134 women who were PZ positive before induced abortion 

81 showed the PZ protein also in the second serum sample. This re

presented a 40 per cent decrease in the number of PZ positive women 

during a period of approximately 16 days. The rate of disappearance 

of PZ was found to be rather slow which was further supported by an 

estimation of the half time value after normal delivery of 3 - 4 weeks
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(iX). This could imply that most women with early incomplete abor

tion never develop PZ.

PZ is found in most women during pregnancy and in concentrations 

increasing with gestation length. The same protein is found in the 

sera of women taking oral contraceptive drugs and in males when 

treated with oestrogen for prostatic cancer. PZ is not found in 

amniotic fluid or in cord blood (ill) and thus it does not seem 

to be produced by the feto-placental unit.

It is of interest that a certain fraction of women and males in 

the studied materials fail to develop PZ in amounts measurable 

with the techniques used (> 4 mg per 100 ml). Whether some indi

viduals really lack this protein or if it is present in small amounts 

is not known so far.

There seem to be an individual variation in the ability to produce 

increasing amounts of PZ during pregnancy and hormonal treatment.

Also the presence in sufficient amounts of an inducing agent 

seems to be important for the production of PZ. During early nor

mal pregnancy such an inducing agent is apparently present. Early 

fetal death or defects of the ovum are therefore a priori expected 

to lead to an impaired development of the PZ protein. Oestrogen is 

probably acting as a "trigger" but according to preliminary data 

there is no correlation between the oestrogen levels and the con

centration of PZ.
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Absence or low levels of PZ at term of pregnancy does not seem 

to interfere with fetal welfare while absence of PZ during 9 -12 

weeks of pregnancy may be associated with abortion. It is notable 

that in the period when spontaneous abortions are frequent a rapid 

increase in the serum level of PZ was observed. The present in

formation of the lack of PZ during pregnancy can be interpreted 

as follows: Lack of PZ at term of pregnancy may be due to an in

ability of the mother to produce PZ, while lack of PZ in early 

pregnancy may be due to one of at least two different mechanisms 

(a) inability to produce PZ or (b) the inducing effect of a normal 

pregnancy is lacking. If this interpretation is correct the lack 

of PZ in early pregnancy is more informative than at term. Pro

spective studies of the possible predictive value of PZ determina

tions in early pregnancy are under way.

Physiological aspects of PZ (VII, Vili)

Lack of steroid binding properties (Vii)

The stimulation of the formation of PZ by steroids has led other

authors to postulate that PZ has steroid binding properties (2, 3, 6,

13). SP^ was reported by Bohn (33) to bind oestriol and this protein

was suggested to be named oestriol binding ^“S^obulin or steroid

binding BQyer Qnd Kadach (15) reported that their

pregnancy associated a^-globulin was a steroid carrier. Contro-

versly Hofmann et al. (20) using radioimmunological methods were
3unable to show binding or H-oestriol to the "C^-glycoprotein of 

the pregnancy zone".
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To study the possible steroid binding properties of PZ a new method 

developed by Shanbhag, Södergård, Carstensen and Albertsson was used 

(49, 50).

By this method the association constant for PZ to oestrone, oestriol,

oestradiol, progesterone, testosterone and cortisol was found to

be low and there was no evidence for specific binding of these

steroids to PZ. All the steroids studied are known to bind non-

specifically to human serum albumin with an association constant
4 5of approximately 10 - 10 . A protein with a specific binding func

tion for a particular steroid should bind that steroid with an 
association constant of the order of 10^ or higher. This could not 

be demonstrated for PZ and it was concluded that although being 

steroid inducible, PZ was not a steroid carrier.

Inhibition of PHA-induced lymphocyte stimulation (Vili)

Mother and child are genetically different and the fetus could be 

looked upon as an allograft. The reason why this allograft is accepted 

is unknown. A new approach to this problem has been introduced by the 

reports of Kasakura (5l) that pregnancy plasma has immunosuppressive 

properties and could inhibit the mixed lymphocyte reaction (MLC).

The suppressive effect of pregnancy plasma was more pronounced with 

gestation length and disappeared after delivery. The nature of the 

immunosuppressive serum factor(s) is not known.

Lymphocytes were prepared from healthy non-pregnant blood donors 

and cultured according to Törnvik (52). To such cultures was added 

respectively purified PZ protein, albumin and saline controls and
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sera from pregnant women with high and low concentrations of PZ as 

measured by radial immunodiffusion.

After incubation at 37°C for two hours the lymphocytes were sti

mulated by adding 2 jag of PHA (Bacto-phytohemaglutinin P). The in-
3

corporation of H-thymidine into DNA was measured in a liquid 

scintilation spectrometer. The purified PZ protein and sera with 

high amounts of PZ were found to inhibit the lymphocyte response 

to PHA. The mechanism behind this effect of PZ on the lymphocyte 

response to PHA is unknown.

Various human glycoproteins are known to inhibit the PHA induced 

lymphocyte stimulation. However, none of these glycoproteins seems 

to be identical with PZ. The immunoregulatory alpha globulin de

scribed by Copperband et al. (53) occurs in non-pregnant healthy 

subjects and can be distingquished by electrophoresis from PZ.

A placental glycoprotein (54) and a factor in amniotic fluid (55) 

which both suppress the lymphocyte response to PHA are different 

from PZ which is not found in cord blood, nor in amniotic fluid. 

Recently HCS and HCG were reported to have a similar effect to 

the PHA induced lymphocyte transformation (56). On the other hand 

Horne et al. were unable to demonstrate a suppressive effect of 

sera containing measurable amounts of PAG (24). An interesting 

observation in this context is the recently reported supressed 

lymphocyte response in women taking oral contraceptives (57).

If PZ has immunosuppressive properties and there is in fact new 

experimental evidence that this protein inhibits also the mixed
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lymphocyte reaction (58) one might expect a higher serum level of 

PZ in mothers with a genetically incompatible fetus. Recently a 

relationship between the PZ concentration in mothers serum and 

mother-child incompability for the genetic systems ABO and acid 

phosphatase (AcP) was reported (59).

Bohn has recently reported the occurrence of a protein analogous 

to SPg in pregnant monkeys (34). According to preliminary data 

the rabbit antiserum against PZ precipitates an analogous protein 

occurring in the sera of pregnant beagle dogs and rhesus monkeys 

(60). This observation provides possibilities to study experimen

tally the biological role of PZ.
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GENERAL SUMMARY

1. PZ was found to be a glycoprotein with a molecular weight of 

359 000. The sedimentation coefficient was 12.0 S and the isoelec

tric point 4.7. Amino acid analysis was performed and the total 

carbohydrate content was found to be 9.9 per cent. PZ was not found 

to contain any lipids.

2. In 10 per cent of pregnant women at term PZ was not found in 

measurable amounts (> 4 mg per 100 ml). In most pregnant women 

the serum concentration of PZ was found to increase rapidly by

the end of the first trimester. In the third trimester the concentra

tion varied between 50 - 200 mg per 100 ml in most women with an 

average of about 100 mg per 100 ml. After delivery and legal ter

mination of pregnancy PZ decreased with an approximate half time 

of 3 - 4 weeks.

3. PZ was found in increased amounts also in most women taking oral 

contraceptive drugs and in men when treated with oestrogen for 

prostatic cancer. PZ has not been found in cord blood and amniotic 

fluid and the placenta is not vital for it is production.

4. Lack of PZ at term did not seem to interfere with fetal welfare.

In women with incomplete abortion PZ was found more rarely than in 

a group of women with apparently normal pregnancies of comparable 

gestation length. Thus absence or low levels of PZ in gestation 

weeks 9-12 may be associated with an increased risk of spontaneous 

abortion.
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5, Among the factors of importance for the production of PZ are 

individual variations in the ability to produce PZ and the pre

sence of an inducing agent most likely oestrogen. The postulated 

steroid binding function of PZ has not been supported by experi

mental evidence.

6. The purified PZ protein was found to inhibit PHA-induced 

lymphocyte stimulation.
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