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SUMMARY

Using a radial immunodiffusion technique the serum levels of pregnancy-associ-
ated globulin (PAG) have been measured in eighteen females before and during
administration of combined oestrogen/progestogen oral contraceptives, in
twenty-eight females before and after the oestrogen or progestogen component of
oral contraceptives and in ten males before and during stilboestrol therapy for
prostatic carcinoma. Significant increases in PAG levels were observed during
administration of (1) combined oestrogen/progestogen oral contraceptives, (2) the
oestrogen component of the oral contraceptive and (3) stilboestrol. No change
was observed after administration of the progestogen component.
The serum PAG levels have also been determined in seventy-three patients

with primary biliary cirrhosis, seventy-three hospital in-patients and forty-six
patients with various malignant diseases. A marked increase in the percentage of
PAG positive sera was observed in all disease groups, particularly in malignant
disease. However, compared with late pregnancy, the serum levels in all three
groups were low. Preliminary experiments have failed to show that this globulin
possesses immunosuppressive properties.

INTRODUCTION

There is now a considerable body of evidence to suggest that serum oc2-globulins both from
normal and pathological sera can depress immune responses as assessed by skin allograft
survival (Mannick & Schmid, 1967), lymphocytic responsiveness to phytohaemagglutinin
stimulation (Cooperband et al., 1968) and electrophoretic mobility of macrophages (Field
& Caspary, 1971). Recent work has also shown that in pregnancy there is a plasma factor
which can suppress the reactivity of mixed leucocyte cultures (Kasakura, 1971), and in
addition Smith, Caspary & Field (1972) have described in pregnancy a serum factor which
depresses lymphocytic responsiveness to purified protein derivative (PPD). The suggestion
by Stimson (1972) that a serum macroglobulin present in pregnancy sera and sera from
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patients with malignant disease may be an immunosuppressive globulin has prompted us to
describe our own findings concerning a little known serum x2-macroglobulin (MacLaren &
Alper, personal communication), sometimes referred to as pregnancy associated globulin
(PAG). This globulin, originally thought to be peculiar to pregnancy, has been shown to
be present in 18% of sera from normal males and females (MacLaren et al., 1966). It has
also been found in the sera of a series of women taking combined oestrogen/progestogen
oral contraceptives (MacLaren et al., 1966). There are, however, no studies to show
whether the oestrogen or progestogen component of such preparations is responsible for
increases in serum PAG levels, nor have serum PAG levels been estimated in disease
processes.
We report here the serum levels of PAG, as determined by radial immunodiffusion assay,

(1) in women before and during administration of combined oestrogen/progestogen oral
contraceptives, (2) in normal females taking either the oestrogen or the progestogen com-
ponent of an oral contraceptive, (3) in males before and during stilboestrol therapy for
prostatic carcinoma, (4) in patients with primary biliary cirrhosis and in age/sex matched
hospital in-patients and (5) in patients with malignant disease. Preliminary attempts to
demonstrate an immunosuppressive role for PAG are also reported.

MATERIALS AND METHODS

Serum samples, which were stored at - 200C, were obtained from the following groups of
subjects.

Combined oestrogen/progestogen-treatedfemales
A group of eighteen healthy females attending a Family Planning Clinic (mean age 23-8

years, range 18-47) who were given combined oestrogen/progestogen oral contraceptives.
Six received Ovulen-I00, four received Volidan and eight received Norinyl (mean duration
of treatment 9 3 weeks, range 2-26 weeks). Serum samples were obtained before and during
administration of these preparations.

Oestrogen andprogestogen-treatedfemales
Two groups of fourteen healthy females (mean ages 20-6 and 20-9 years, ranges 17-28 and

17-30) who were given respectively either 50Mpg of mestranol (oestrogen) or 1 mg ethynodiol
diacetate (progestogen) daily for a 3-week period beginning on day 5 of the menstrual
cycle. Serum samples were obtained on day 3 of the cycle and once per week during treat-
ment and for the 3 subsequent weeks. All of these subjects have been included in a previous
study (Horne et al., 1971).

Stilboestrol-treated males
Ten males subjects (mean age 68-9 years, range 58-78) with histologically proven

prostatic carcinoma who were treated with stilboestrol (25 mg b.d. for first 3 months, then
25 mg/day for further 3 months) or Honvan (given i.v. 250 mg day 1, 500 mg i.v. day 2,
1 g i.v. days 3-7, then stilboestrol as previously detailed). The main duration of treatment
was 8-6 weeks, range 1-16 weeks. Serum samples were obtained before and during therapy.

Normal pregnancy
A group of thirty-seven normal pregnant patients (mean age 27 5 years, range 18-41;
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mean duration of pregnancy 37-3 weeks, range 30-41 weeks). Most of these patients have
been included in a previous study (Horne, Howie & Goudie, 1970).

Primary biliary cirrhosis and hospital in-patients
(1) A group of sixty-seven females and six male patients (mean age 57 8 years, range

41-79) who had clinical, biochemical and serological findings consistent with the diagnosis
ofprimary biliary cirrhosis (Goudie, MacSween & Goldberg, 1966; Scheuer, 1967; Sherlock,
1968). In twenty-seven cases liver biopsy evidence of this disease was also available. All of
these subjects had been included in a previous study (MacSween et al., 1972).
Serum was also obtained from age/sex matched hospital inpatients who had a variety of

diseases (joint disease-osteoarthritis, psoriatic arthropathy, thirty-one; non-toxic goitre,
twenty-one; miscellaneous skin diseases, five; neurological and/or muscular disorders,
five; diabetes mellitus, four; miscellaneous group, seven). Both test and control sera were
obtained from the files of the regional diagnostic immunopathology laboratory, care being
taken to ensure that the test and its control serum had been stored at - 20'C for a similar
period + 2 months.

(2) A further group of twelve primary biliary cirrhosis patients previously shown to have
serum factors inhibitory to lymphocyte transformation induced by PHA and PPD (Mac-
Sween et al., in preparation).

Malignant disease
Twenty-four male, twenty-two female hospital in-patients (mean age 55 6 years, range

20-85) who had a variety of malignant diseases (malignant lymphoid neoplasms, fourteen;
carcinoma of gastrointestinal tract, fourteen; carcinoma of bronchus, twelve; carcinoma of
breast, three; carcinoma of female genital tract, three). Of these 330 were untreated.

Serum PAG assay
Sera were screened for the presence ofPAG by double immunodiffusion in agar gel at room

temperature, and serum PAG concentration was measured on duplicate specimens by
radial immunodiffusion, using a specific rabbit antiserum (Fahey & McKelvey, 1965;
Mancini, Carbonara & Heremans, 1965). Antiserum to PAG was prepared by immunizing
rabbits with whole pregnant human serum in Freund's complete adjuvant, the resultant
antiserum being absorbed with a normal serum known not to contain this protein. The
antiserum obtained was monospecific and gave a reaction of complete identity with an
antiserum provided by Dr C. A. Alper, Boston, U.S.A., when tested against pregnant
human serum. Multiple sera from any one subject, and paired test and control sera, were
always tested on the same assay plate to minimize interplate variation (Thompson et al.,
1969), and concentration was expressed as a percentage of a standard pooled pregnant
human serum sample.

Effect of serum PAG on lymphocyte transformation and leucocyte migration
Sera obtained before and during stilboestrol treatment from four patients with prostatic

carcinoma with no measurable PAG before treatment were used to determine their effects on
(i) lymphocyte transformation induced by PHA and PPD and (ii) leucocyte migration
inhibition.

(i) These were carried out on lymphocytes from a single normal individual known to be
Mantoux-positive using PHA and PPD as transforming agents. The method used was
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similar to that described previously (Yeung Laiwah, 1971). Transformation was carried
out in pooled AB serum (West of Scotland Regional Blood Transfusion Service) as control,
and compared with tests using sera obtained before and during stilboestrol treatment.

(ii) A modified version of the technique used by Bendixen & S0borg (1969) was employed.
Peripheral leucocytes from a known strongly Mantoux-positive volunteer were incubated
at 37TC for 1 hr in paired tubes containing normal serum or serum from patients with
prostatic carcinoma. PPD was then added to one test tube of each pair to a final concentra-
tion of 100 jug protein/ml while a corresponding volume of Eagle's medium was added to the
other tube. The cells were further incubated for 2 hr. They were subsequently put in capillary
tubes, spun down and allowed to migrate in culture chambers containing Eagle's medium
enriched with 10% foetal calf serum. Leucocyte migration was measured by planimetry
under a projection microscope by an observer who did not know the details of the test
samples. Results were expressed as a migration index (MI):

MI Mean migration of leucocytes incubated in patient's serum
Mean migration of leucocytes incubated in normal serum.

240 -6
(a) ( (c)

220

200

180

160

140-
o

120-
C0

0~~~~~~~~~~~~~

60

480

40 -00

0

Before During Before During

FIG. 1. Serum PAG levels in healthy females before and during administration of (a) combined
oestrogen/progestogen oral contraceptives and in males before and during (b) stilboestrol
therapy for prostatic carcinoma. The serum levels of PAG in (c) normal pregnancy are shown
for comparison.
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The mean migration of four to six capillary tubes was measured for each serum and each
serum was examined in duplicate in each experiment.
The Student's (-test and x2 tests were used for statistical analysis where appropriate.

RESULTS
Serum PAG concentration

Individual serum PAG levels before and during administration of combined oestrogen/
progestogen oral contraceptives are shown diagrammatically in Fig. 1 with the levels in
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FIG. 2. Serum PAG levels in two groups of healthy females who received ( --- ) oestrogen or
( ) progestogen. Mean concentration ( ± SD) is shown. The serum lev -,s are expressed as
a percentage of a pooled pregnant human serum.

normal pregnancy (mean concentration 117.4%) shown for comparison. The mean con-
centration before treatment is 2.8%0 and during treatment 10.5% (P<0025). However,
only nine out of the eighteen females have measurable quantities of this globulin during
treatment compared with five before treatment (P <0 50).

It is clear from Fig. 2 that administration of mestranol (oestrogen) leads to a marked
increase in serum PAG concentration (P<0 0005), maximal after 3 or 4 weeks of therapy.
Of the fourteen females taking this preparation only three had detectable levels of this
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FIG. 3. Serum PAG levels in patients with (a) primary biliary cirrhosis, in (b) hospital in-
patients (matched for age and sex with primary biliary cirrhosis patients) and in (c) patients
with various malignant diseases. The serum levels of PAG in (d) normal pregnancy are shown
for comparison.

TABLE 1. Effect of serum from patients with prostatic carcinoma, before and during stilboestrol
therapy on lymphocytic responsiveness and leucocyte migration

PHA PPD
Serum PAG response response Migration

Patient (0 concentration) (0 control) (% control) Index

Before During Before During Before During Before During

1 0 80 58 60 18 16 45 71
2 0 64 60 42 9 13 49 61
3 0 21 55 154 17 24 46 43
4 0 16 42 31 9 41 66 46
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protein before therapy compared with twelve after therapy (P<0-01). Those females who
received ethynodiol diacetate (progestogen) do not show any increase in the numbers
having detectable levels of this protein (four out of fourteen).
A highly significant increase in PAG concentration (P<0-01) is observed in the stilbo-

estrol-treated males during treatment (see Fig. 1), mean concentration before treatment
being 2.0% and during treatment 35.900. Of the ten patients two had detectable levels of
PAG before treatment while during treatment a further five were found to have measurable
PAG levels (P< 0-10).

In Fig. 3 serum PAG levels in primary biliary cirrhosis (mean 6.4%)0 hospital in-patients
(mean 7.30/a) and malignant disease (mean 9.40%) are shown. The serum PAG concentra-
tion in all these groups is considerably less than that found in late pregnancy. Measurable
quantities ofPAG were present in 63% of patients with primary biliary cirrhosis, 7400 of the
hospital in-patients and 87% of the malignant disease patients.

Lymphocyte transformation and migration inhibition studies
Of the twelve sera from patients with primary biliary cirrhosis which had previously been

shown to have serum inhibitory factors to lymphocytic transformation induced by PHA
and PPD, eleven contained measurable quantities of PAG. No correlation, however, was
found between serum PAG levels and the degree of depression of lymphocytic transforma-
tion by PHA and PPD.
The results of detailed studies in four stilboestrol-treated patients are summarized in

Table 1. With one exception, there is marked depression of both PHA and PPD responses by
sera obtained both before and during treatment, but no significant difference is observed
between the two groups of sera. In the migration test there is no significant difference
between the mean migration index with sera obtained before and during stilboestrol
treatment.

DISCUSSION

MacLaren et al. (1966) have shown that PAG is present in the serum of 18% of normal
males and females and that the serum levels are inherited. They have also shown that of
twenty-four females taking combined oestrogen/progestogen oral contraceptives all had
demonstrable levels ofPAG, the levels in these subjects being of a similar order ofmagnitude
to that found in late pregnancy. In our study only nine out of the eighteen females receiving
similar combined oestrogen/progestogen oral contraceptives have demonstrable PAG
after therapy, and the serum levels are only of the order of 10% of that found in late
pregnancy. It is possible that duration of treatment might explain such a difference.
Our results also show that only the oestrogen component of the oral contraceptive

preparation is responsible for increases in serum PAG, and are in keeping with previous
findings of increases in other serum proteins, including thyroxine-binding globulin, cerulo-
plasmin and corticosteroid-binding globulin (Musa, Doe & Seal, 1967) and OC2-macroglob-
ulin and transferrin (Horne et al., 1971). It is of some interest however that the males on
stilboestrol therapy show a more striking increase in serum PAG levels.
Although MacLaren et al. (1966) have demonstrated that serum PAG levels are inherited,

it is clear that oestrogen containing preparations can lead to the appearance of detectable
amounts of this protein in the serum. It would therefore seem likely, as suggested by these
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authors, that those normal subjects who do not have measurable PAG in their serum
probably have trace amounts which cannot be detected by conventional techniques, the
oestrogen merely increasing the production of PAG.
To our knowledge there are no studies of PAG levels in disease states. In all the disease

groups we have studied so far, namely primary biliary cirrhosis, hospital in-patients with
miscellaneous diseases and a variety of malignant diseases, there is a marked increase in the
incidence of PAG compared with sera from normal males and females. It is of special
interest that the highest percentage of PAG positive sera (87%) is found in malignant
disease, although the mean concentration is only slightly above that of the other two groups.
Increased serum oc2-globulins are known to occur in tumour bearing hosts (Ashikawa et al.,
1971) and raised serum PAG levels could at least in part explain such an increase. Although
our series is small there is a suggestion that the presence of PAG in malignant disease is
associated with disseminated rather than localized tumours.

It is now well established that serum from a variety of conditions including malignant
disease (Trubowitz, Masek & Del Rosario, 1966; Gatti, Garrioch & Good, 1970; Whittaker,
Rees & Clark, 1971), secondary syphilis (Levene et al., 1969), multiple sclerosis (Burns et al.,
1971) and severe tuberculosis (Heilman & McFarland, 1966) can depress the PHA response
of human lymphocytes. However, it is not clear whether one or more serum factors are
involved. In preliminary experiments using four paired PAG negative and PAG positive
sera from stilboestrol-treated males, we have been unable to demonstrate that sera con-
taining measurable quantities of PAG have a depressive effect on the mitogenic response
following PHA or PPD stimulation of lymphocytes. In addition, no correlation was
observed between serum PAG level and the degree of depression of lymphocyte trans-
formation of PHA or PPD in a small series of primary biliary cirrhosis patients. In the
leucocyte migration test while there is no difference in the mean migration index with sera,
before and during stilboestrol treatment, it is perhaps noteworthy that the two sera con-
taining the largest amounts of PAG (Table 1) interfere with the inhibition of leucocyte
migration. Further studies are in progress to clarify these observations.
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