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This dissertation is based on the following publications which
will be referred to in the text by their Roman numerals:

I Damber, M.-G., von Schoultz, B. , Solheim, F. and
Stigbrand, T.: A quantitative study of the pregnancy 
zone protein in sera of women taking oral contraceptives. 
Am J Obstet Gynecol. In press.

II Damber, M.-G., von Schoultz, B. , Stigbrand, T. and
Carlström, K.: A radioimmunoassay for "the pregnancy 
zone protein". Clin chim Acta 66: 85, 1976.

III Damber, M.-G., von Schoultz, B. andStigbrand, T.: Preg
nancy zone protein present during pregnancy and hormonal 
treatment in women previously believed to be "non
inducers". Am J Obstet Gynecol. In press.

IV Damber, M.-G., von Schoultz, B. and Stigbrand, T.: Induc
tion of the "pregnancy zone protein" by conjugated
oestrogens. Acta Obstet Gynecol Scand. In press.

V Damber, M.-G., von Schoultz, B., Stigbrand, T. and
Tärnvik, A.: Inhibition of the mixed lymphocyte reaction 
by the pregnancy zone protein. FEBS Lett 58: 29, 1975-

VI Damber, M.-G., von Schoultz, B. , Stigbrand, T., Carlström,
K. and Furuhjelm, M.: Basic levels of the immuno
suppressive serum protein PZ in women - influence of
age, parity, gonadotrophins and oestrogens. Acta Obstet 
Gynecol Scand. In press.

VII Damber, M.-G.', von Schoultz, B. and Stigbrand, T.: On 
the occurrence of the pregnancy zone protein (PZ) in 
gynaecological cancer. Submitted for publication.
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INTRODUCTION

Since the original observation on starch gel electrophoresis 
(1) different investigators have studied the protein of the 
"pregnancy zone” (2-7) and in the literature PZ is referred 
to by several synonymes (3* 7* 8-10). von Schoultz and Stigbrand 
have purified and characterized PZ (5, 11) and have found it 
to be an a^-glycoprotein with a molecular weight of 359*000,

During pregnancy the serum concentration of PZ rapidly increases 
by the end of the first trimester. In the third trimester the 
concentration is more stable with an average of about 1000 yg/ml 
and after delivery the serum concentration of PZ rapidly de
creases (12). PZ has also been found in increased amounts in. 
women taking combined oral contraceptives (13* 1*0 and oestro
gen treatment of men for prostatic cancer is known to induce 
PZ (15* 16). However, in some pregnant women at term, and in 
some women taking oral contraceptives, PZ has not been found 
in measurable amounts (12-14,17-18). These ”non-inducers” are 
important when discussing the biological role of PZ. PZ has 
not been found in cord blood nor in amniotic fluid (19). Little 
is known about the basic levels of this protein in healthy 
non-pregnant women and men.

Induction of PZ is not a phenomenon peculiar to the human 
species. Animal analogues to this protein have been demon
strated by Bohn (20) and von Schoultz et al (21). The bio
logical role of PZ is still a matter of controversy. Stimson 
has reported PZ synthesis by leucocytes (22). Although PZ
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is induced by oestrogens it is not a steroid carrier (23^
24). PZ has not been found to have any enzymatic activity 
(25). Recently PZ has been suggested to have immunosuppressive 
properties. Originally von Schoultz et al (26) and thereafter 
Straube et al (27) and Than et al (28) have demonstrated that 
this protein could inhibit the PHA-induced transformation of 
T-lymphocytes. Bohn (29) has suggested this protein to be 
a reactant of the acute phase and increased levels of PZ have 
been reported in different malignant conditions and various 
other diseases.
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The aims of the present study were:

1. To develop a sensitive method for measurement of PZ.
2. To reinvestigate the so called "non-inducers" by means 

of this method.
3. To study the basic levels of PZ in healthy individuals, 

and its induction during hormonal treatment.
4. To further study the possible immunosuppressive proper

ties of PZ.
5. To investigate the serum levels of PZ in patients with 

untreated gynaecological cancer.
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PRESENT INVESTIGATION

A radioimmunoassay for PZ and its application on the problem 

of the so called "non-inducers” (II3 III)

Originally Smithies (1) used starch gel electrophoresis for 
the demonstration of the pregnancy zone. Thereafter quantita
tive determination of PZ has been performed by electro immuno
diffusion (8) or by single radial immunodiffusion (12). Using 
the latter technique (30) and with the purified protein (5) 
as a standard it was possible to measure levels above 40 yg/ml. 
This limitation in sensitivity has precluded the demonstration 
of PZ in normal healthy males and non-pregnant females. In 
order to get a highly sensitive method for the determination 
of PZ a radioimmunoassay (RIA) technique was developed. Recently 
Stimson described an enzyme linked immunosorbent assay (ELISA) 
for this protein (31).

Purified PZ (5) was used as measuring standard and for the
125preparation of ìodmated tracer. I PZ was prepared by the

Chloramin-T technique according to Hunter and Greenwood (32).
The procedure usually yielded preparations with a specific
activity of approximately 50 yCi/yg protein. A monospecific
precipitating rabbit antiserum (19) was used in a dilution of
I/15O.OOO. Solutions of PZ in buffer according to Wide (33)
were used as standards in the concentration range 15.6-2000 ng/ml 
125I PZ was used in a concentration of approximately 50 ng/ml. 
The bound and free PZ were separated using the double antibody 
solid phase (DASP) technique (34). The bound radioactivity was
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measured in a well type gammacounter for 60-120 s. The 
conditions described for the radioimmunoassay gave a steep 
dose-response-curve over the concentration range 50-2000 ng/ml. 
When a serum-sample with a PZ concentration of 1800 ng/ml was 
assayed at 8 different dilutions a dose-response-curve of 
similar shape was obtained. The least detectable dose as 
defined by Feldman and Rodbard (35) was 32-3 ng/ml. The errors 
of the method were tested and found moderate. The radioimmuno
assay was compared to single radial immunodiffusion. The 
methods were in good agreement when measuring levels above 
100 yg/ml, but below this level the radioimmunoassay was more 
accurate.

Some individuals have been found not to induce PZ in measurable 
amounts during pregnancy or hormonal treatment (12, 133 17~19)- 
These TTnon-inducersTT are important when discussing the physio
logy of pregnancy and the biological role of PZ. Thus, it 
has not been clear whether some individuals really lack the 
pregnancy zone protein or if it is present in very low concen
trations. Furthermore it has not been known whether these 
individuals really do not react during pregnancy or hormonal 
treatment with induction of PZ.

In a previous study of 72 primigravidae the serum concentration 
of PZ was followed during pregnancy and after delivery (12).
As measured by single radial immunodiffusion 9 women did not 
show measurable amounts of PZ. From another group of 103 women 
taking oral contraceptive drugs (I) l8 individuals previously
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classified as "non-inducers" were reinvestigated.

All nine primigravidae were found to have measurable amounts 
of PZ. The concentration was found to increase with the 
gestational length with a considerable individual variation. 
During the third trimester values between 30-200 yg/ml were 
recorded. After delivery a rapid decrease was found. 8 weeks 
post partum no values exceeding 40 yg/ml were obtained.

In the group of "non-inducing" women taking oral contraceptives, 
all women were found to have measurable amounts of PZ prior 
to treatment (7±1 yg/ml). After one month of treatment a 
significant increase was observed with the mean value reaching 
17±3 yg/ml. The mean value 28±5 yg/ml after three months of 
treatment indicates a further not statistically significant 
increase from one to three months. Thereafter the PZ concentra
tion was more stable with a mean value of 25±8 yg/ml after 
six months of treatment.

In five samples of amniotic fluid measurable amounts of PZ 
could be detected with a mean concentration of 1.3 yg/ml (II).

Thus, all "non-inducers" were found to have measurable amounts 
of PZ and all these women were found to have increased amounts 
of PZ during pregnancy and hormonal treatment. The average 
concentrations were low but the relative increase and the 
shape of the curves were quite similar to the results obtained 
for women producing higher amounts of PZ. The previously 
reported fraction of individuals, the "non-inducers", should



better be referred to as "low-inducers".

Basic levels of PZ in healthy individuals (VI)

The serum level of PZ was measured by the radioimmunoassay 
technique in 270 healthy non-pregnant women of different age 
and parity. The results indicate an age dependent increase 
in the PZ levels with the lowest mean value (9-9±1.5 yg/ml) 
recorded for young women (15-24 years) and the highest mean 
value (93.1±7.4 yg/ml) for women 55-64 years of age (p <0.001). 
There was no correlation between levels of PZ and low polar 
oestrogen concentration. In order to study the influence of 
parity on the PZ level the correlation between PZ concentration 
and parity was calculated. Within the different investigated 
age groups no significant correlation between PZ level and 
parity could be found. The serum levels of LH and FSH were 
determined in the postmenopausal women (>55 years). No signi
ficant correlation between levels of PZ and the gonadotrophins 
could be found.

Recent studies on males have shown the same age dependent 
increase in the serum concentration of PZ with the lowest mean 
value 8 yg/ml in younger men (15-24 years) increasing to 
levels of about 20 yg/ml (>45 years) (37). In women no signi
ficant variation of PZ during the normal menstrual cycle has 
been found (36).

Hormonal induction of PZ (I3 IV)

In earlier investigations (15* 16) increased levels of PZ has 
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been demonstrated for women taking oral contraceptives. In 
order to measure quantitatively the variation of PZ in women 
treated with different oral contraceptive drugs, serum samples 
from 103 women were analyzed before and during treatment with 
oral contraceptives (I). The serum concentration of PZ was 
measured by means of single radial immunodiffusion (12, 19)-

80 of the 103 women were specially selected according to cer
tain criteria. They were all healthy and were not taking other 
drugs. They had not been pregnant and they had never been 
treated with oral contraceptives before the investigation.
These 80 women were devided in two groups: 22 women were 
treated with a combination of 1 mg norethisterone and 0.1 mg 
mestranol (Conlunett) and 58 women were treated with 0.5 nig 
norgestrel and 0.05 mg ethinyloestradiol (Follinyl). Blood 
samples were obtained before treatment and then after one, 
three and in some women also after six months of treatment.

A third group of 23 women were examined during treatment with 
low dose progestin contraceptives. They had previously tried 
combined oral contraceptives and wanted to change for various 
reasons. Pills containing 0.3 mg norethisterone (Mini-Pe) 
were used and blood samples were obtained after one and three 
months of treatment.

Of the 80 women taking combined oral contraceptives 54 were 
found to respond with elevated serum levels of PZ (>100 yg/ml). 
The remaining 26 women on combined pills and the group of 23 
women treated with progestin pills only showed no increase in
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the PZ concentration during the period of treatment. The 
frequency of individuals with increased amounts of PZ was 
91? for women taking Conlunett while the corresponding figure 
for Follinyl was 59? (p <0.01). The mean values for the con
centration of PZ were higher in women taking Conlunett than 
in women taking Follinyl. The significance of difference after 
one, three and six months was p <0.05, p <0.05, p <0.05 
respectively. In both groups the increase of PZ was most 
pronounced during the first month of treatment. The further 
increase was less pronounced. The results indicate that the 
induction of PZ is significantly affected by the type and 
dosage of the drug.

The concentration of PZ was measured by the radioimmunoassay 
in climacteric women before and during treatment with conju
gated oestrogens (Prdmarit) for two months (IV). The mean 
serum concentration of PZ in 3̂  women before treatment was 
53±6ug/ml. After oestrogen therapy for two months the mean 
serum concentration for 31 women was 139±17 yg/ml (p <0.01).

Women treated with conjugated oestrogens for climacteric 
symptoms induce PZ in concentrations which are in the same 
range as observed for young women treated with combined oral 
contraceptives. Native conjugated oestrogens act in this 
respect similar to synthetic oestrogens.

Oestrogen seems to be important for the induction of PZ. The 
increase of this protein during hormonal treatment is affected 
by the type and dosage of the drug. Also during pregnancy a
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marked increase with gestational length is observed. This 
observation suggests a straigt oestrogen dose-response- 
relationship for the induction of PZ. However, the high 
oestrogen level during pregnancy do not always elicit high 
concentrations of PZ. On the other hand comparatively low 
levels of oestrogen i.e. during hormonal treatment can induce 
high concentrations of PZ. Thus, the individual response to 
oestrogen stimulation with respect to the induction of PZ 
seems to be as important as the concentration of oestrogen.
No correlation between low polar oestrogen level and basic 
PZ concentration could be found (VI). The role of oestrogen 
as a direct trigger in the induction of PZ should therefore 
be modified. Oestrogen must still be regarded as an inducing 
factor for the synthesis of PZ but there might excist some 
kind of physiological treshhold level for the action of oestro
gen in this respect. Also an interaction between oestrogen and 
other hormones must be considered. The nature of the possible 
other factors responsible for the induction of PZ synthesis is 
at present unknown and so are the mechanisms for its induction 
and regulation.

On the biological vote of PZ - evidence for immunosuppression (V)

Mother and child are genetically different and the fetus could 
be looked upon as an allograft. The reason why the fetal allo
graft is not rejected is unknown. One important mechanism could 
be a physiological reduction of maternal immunoreactivity. The 
reactivity of T-lymphocytes is vital for the rejection of an 
allograft. A depressed reactivity of T-lymphocytes in pregnant
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women has been demonstrated in several investigations(38-42). 
Also sera from pregnant women ̂ Inhibit PHA-stimulated lympho
cytes- and the MLC-reaction of lymphocytes from non-pregnant 
donors (43-45). Thus, serum factors in the pregnant woman 
are able to depress her cell mediated immunresponse during 
pregnancy. This is probably of vital importance for the 
development of the fetal allograft.

Kasakura (44) was the first to show that plasma from pregnant 
women inhibits the mixed lymphocyte reaction. The inhibitory 
effect increases during pregnancy to reach a maximum at 
delivery and to disappear a few days post partum. Several 
factors in plasma from pregnant women as different hormones 
and plasma proteins have been suggested to exert this immuno
suppressive effect.

HCG and HCS have been reported to inhibit the PHA induced 
lymphocyte stimulation (46). In studies of the mixed lympho
cyte reaction the inhibitory effect of HCG was confirmed 
only at concentrations above those normally present throughout 
most of pregnancy (47). In animal experiments HCG-treatment 
did not significantly prolong the survival of skin transplants 
(48). Such a prolonged survival of transplant has been re
ported for oestrogen and progesterone (49-50). Corticosteroids 
are used clinically after transplantation and have been shown 
to prolong the survival of transplants (51). However, Kasakura 
could not find any close correlation between cortisol con
centration and inhibitory effect on the mixed lymphocyte 
reaction concluding that cortisol alone was not responsible
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for the inhibitory effect of pregnancy plasma (52). Apart 
from hormones plasma proteins and especially a0-globulins 
(53-54) have also been suggested to have immunosuppressive 
properties. In a previous study PZ was found to inhibit the 
lymphocyte response to PHA (26).

Experiments with the "mixed lymphocyte reaction" were per
formed to further investigate the immunosuppressive properties 
of PZ. Thus the specific effect of this protein in physio
logical concentrations was studied in a system with no

14exogenous stimulants involved. The incorporation of C thymi
dine into DNA was lower in the presence of I6O-17O jjg of 
highly purified PZ per ml of culture than in control cultures 
containing bovine serum albumin or saline. In cultures con
taining 35”40 yg of PZ per ml the incorporation was decreased 
only slightly or not at all. The frequency of blastlike cells 
in a culture containing 170 yg of PZ per ml of culture was 
16% compared to 35% in a culture absent of PZ. PZ had no 
demonstrable cytotoxic effect on the lymphocytes. When a PZ 
containing solution was absorbed by incubation with immobilized 
anti-PZ immunoglobulin its effect on the mixed lymphocyte 
reaction was reduced. Thus the specificity of the inhibitory 
effect was confirmed. Although PZ was found to have an immuno
suppressive effect in vitro its remains to show whether it 
has such an effect also in vivo. If so PZ may be a factor 
of importance for the acceptance of the fetus by the mother. 
Such studies are under way.
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On the occurrence of the pregnancy zone protein (PZ) in 

gynaecological cancer (VI3 VII)

Reports have been made that PZ is found in increased amounts 
not only during pregnancy and hormonal treatment but also in 
various diseases and malignant conditions (9* 29, 55, 56).
In fact Bohn (29) described this protein as a reactant of 
the acute phase and thereafter Bundschuh et al (9), Stimson 
(55) and Than et al (56) have found increased levels in patients 
with malignant tumors.

The occurrence of a new serum factor with possible immuno
suppressive properties in cancer patients might involve 
diagnostic and prognostic possibilities. Therefore a comparison 
between levels of PZ in healthy individuals and in patients 
with cancer was made. PZ was measured by radioimmunoassay 
in 83 women with newly detected untreated cancer and values 
were compared to the reference group of healthy women at 
various age (VI). No obvious influence of PZ concentration of 
type or stage of the tumor was found. Mean values for the 
different types of gynaecological cancer were in the same 
range between 80-110 yg/ml. Most values were within ±2 SD 
of the mean with a tendency to higher values in aged women.
PZ determination for the diagnostic use in detection of 
cancer are probably of little value. Maybe prospective longi
tudinal studies may give some prognostic informations. Stimson 
(55) has reported fluctuations of this protein during treat
ment for carcinoma of the breast. Prospective longitudinal 
studies are necessary and under way.
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GENERAL SUMMARY

1. A highly sensitive solid phase radioimmunoassay is 
described for the assay of the pregnancy zone protein.

2. With this technique all investigated sera were found to 
have measurable amounts of PZ. During pregnancy or oestrogen 
treatment all individuals reacted with increased levels of 
PZ. The so called ”non-inducers” should better be referred 
to as ”low-inducers".

3. The basic serum concentration of PZ was found to increase 
with age till 60 years. There was no correlation to low polar 
oestrogen, parity or gonadotrophins.

4. PZ was found to inhibit the mixed lymphocyte reaction.

5. There was no support for previous data of increased levels 
of PZ in cancer patients, when the age dependent increase of 
this serum factor was considered.
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