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Abstract—The development of a new enzyme-linked immunoassay for pregnancy-
associated alpha-2 glycoprotein (as-PAG) has provided an opportunity to reassess the
value of this protein as a tumour marker. Serum samples from 800 healthy individuals
and patients with various benign and malignant diseases were assayed. There was a very
wide range of as-PAG levels in normal females (1-> 100 mg/l), and although the
levels found in normal males were lower and better defined, this intrinsic variation
between individuals makes a single determination in g tumour-bearing patient mean-
ingless. Also, the levels of a,-PAG in patients with advanced cancer were not
significantly different from levels in localized cancer, benign disease or even healthy
controls, and furthermore, levels before and after successful cancer treatment did not
show a significant change. Our resulls therefore indicate that as-PAG is unsuitable for
use as @ tumour marker as there was no apparent relationship between the levels of
as-PAG and either tumour burden or response to treatment.

INTRODUCTION
PREGNANCY-ASSOCIATED  as-glycoprotein  (as-
PAG), also known as pregnancy-associated
macroglobulin, pregnancy zone protein and
SP3, is a plasma protein with a molecular
weight of 360,000, first described by MacLaren
in 1959 in the serum of pregnant women [1]. Its
serum level rises up to twenty times the normal
level during pregnancy and returns to normal
within 6 weeks after delivery, having a half-life
of 5-6 days [2]. High-dose oestrogen treatment
also increases its serum concentration [3,4].
There is no universal agreement about the
normal range of levels, no doubt reflecting the
standards and method of assay. For instance,
the upper limit of normal for non-pregnant
women has been reported as being from
60 mg/l [5] to values well over 100 mg/l [6, 7).
The levels are sex-dependent and tend to rise
with advancing age (8, 9]. a;-PAG is thought to
have immunosuppressive properties, sum-
marized in a recent review of its clinical and
biological significance [10].

Elevated levels of a-PAG have been reported
in various non-malignant diseases such as
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rheumatoid arthritis [11,12], cirrhosis of the
liver, renal diseases [13], recurrent oral ulcera-
tion and Behget’s syndrome [14]. a,-PAG has
also been found to be raised in various cancers
and its level has been reported by some in-
vestigators to correlate well with stage and
evolution of the disease [15-18]. Opinion varies
about the usefulness of a;-PAG as a tumour
marker. Several workers have reported that its
concentration can increase with tumour pro-
gression even before metastases become clinic-
ally evident, and may decrease on successful
treatment [15,19]. In 1975, cautious optimism
was expressed for the use of ay-PAG as a
monitor of cancer progression [20]. Later this
was questioned, as no significant difference was
observed between serum ay-PAG levels in
patients with disseminated disease compared to
those with localized tumours or apparently
healthy controls [4,8,21]. In view of these
doubts about the potential value of ay-PAG as a
tumour marker, an enzyme immunoassay was
developed to facilitate a wider scale in-
vestigation. This paper reports the observations
of ay-PAG levels in various cancers using this
new assay.

MATERIALS AND METHODS
Serum samples from 800 patients, 322
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females and 478 males with an age range from
18 years to 82 years, were analysed. They
comprised 151 healthy blood donors, 18
patients with benign prostatic hyperplasia
(BPH), 41 patients with benign lung diseases
(emphysema, tuberculosis, chronic bronchitis,
chronic pneumonia, lung abscess) and the fol-
lowing cancers: 41 head and neck (Stages III
and 1V), 43 prostatic, 24 breast (Stages I1-III),
211 lung (Stages I-1V), 78 gastrointestinal, 16
chronic lymphocytic leukaemias, 10 advanced
myelomas, 5 Hodgkin’s disease, 5 non-Hodgkin
lymphomas and 137 post-operative clinically
tumour-free breast cancer patients, 3 months to
5 years after treatment for Stage I or II disease.

In a smaller group of patients, pre- and
post-treatment samples were obtained: 19 with
gastrointestinal tract cancers (the second sam-
ple taken 3 months after potentially curative
surgery, when there was no evidence of recur-
rence), 5 lung cancer patients (post-operative
sample taken 7-11 days after radical resection),
12 patients with advanced cancers of head and
neck, each sampled before and 3-6 months
after radiation therapy producing tumour
remission, and 19 patients with prostatic cancer
from whom samples were taken before and
2-12 months after bilateral orchiectomy.

In normal women a comparison of the levels
of a,-PAG and sex hormone-binding globulin
(SP2) was made. The SP2 was measured by
radial immunodiffusion [22] using specific
antisera and standards provided by Dr. H.
Bohn, Behringwerke AG, Marburg/Lahn.

The sera were separated and frozen at
—20°C until assayed.

Immunoassay for ay- PAG

An enzyme-linked immunoassay devised by
Behringwerke AG for research purposes was
used in this study. The immunoassay is similar
to that described for the assay of prostatic acid
phosphatase (Enzygnost PAP) [23, 24] and uses
the following principle: the sample is incubated
together with antibodies to a,-PAG raised in
sheep and covalently attached to the wall of
polystyrene tubes. a,-PAG in the sample is
bound to the solid-phase anti-a,-PAG. Un-
bound material is removed by washing. Anti-
as-PAG (from rabbit) conjugated with horse
radish peroxidase is incubated with the pre-
viously formed solid-phase antibody-antigen
complex forming a ‘sandwich’. Unbound
material is removed by washing. The
chromogen (o-phenylenediamine), together
with the substrate (hydrogen peroxide) in
buffer solution, is added. A vyellow colour
develops if a;-PAG is present in the sample.

The enzyme reaction is stopped by the addition
of 0.5 N sulphuric acid.

In addition, many sera were assayed for as-
PAG by radial immunodiffusion (RID) [22]
using a specific antisera and standards supplied
by Behringwerke AG, Marburg/Lahn, W.
Germany. There was a very good correlation
between values obtained using the RID method
and those obtained using the new enzyme im-
munoassay for values of a,-PAG>20mg/l (r =
0.94), but below this level the correlation broke
down due to the insensitivity of RID when
measuring low serum levels.

RESULTS

The results are summarized in Table 1. Since
the distributions are not normal, the median
values, interquartile ranges and whole ranges
are given to help in comparison of the results.
Figures 1 and 2 show the distribution of a,-
PAG values in each of the patient groups.

Blood donor controls

The median concentration in 63 healthy
males was 2 mg/l, with a range of 1-55 mg/l.
The levels reveal a very weak relationship be-
tween age (range 18-65 years) and ay-PAG
concentration (r =0.14). The median concen-
tration in females was 26 mg/l, with a range
from 1 to > 100 mg/l for the same age group,
and there was no relationship between the a,-
PAG levels and age.

Benign diseases

There was a slight difference between heal-
thy males (median 2 mg/l) and male patients
with benign lung disease (median 10 mg/l) and
benign prostatic hyperplasia (median 4.6 mg/1).
This may be partly due to the higher average
age of the patients compared with the blood
donors. The distribution of levels in females
with benign lung diseases did not differ
significantly from healthy controls (median
26 mg/1 vs 30 mg/l).

Cancer patients

Male patients did not show significantly
higher values compared with males with benign
diseases. In females the levels were again
similar to the control group. The weak cor-
relation between age and as-PAG concentration
in healthy males (r = 0.14) and in male patients
with benign diseases (r = 0.33) was not present
in cancer-bearing males who were about the
same age group (r = 0.017).

In breast cancer, no difference was found
between preoperative samples taken from
patients with Stage I-III disease and patients
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Table 1. The distribution of as-PAG levels in normal controls and various
benign and malignant diseases
Inter-
No. of quartile
Disease patients Median range Range
Males
Normal 63 2 <1-11 <1- 55
Ca. head & neck 41 7 2-28 <1->100
BPH 18 5 3-12 <l- 7
Ca. prostate Mo 28 14 7-21 <l- 47
M+ 37 10 5-23 <1- 55
Benign lung disease 31 10 2-26 <1->100
Ca. lung 168 11 9-20 <l- 77
Ca. G.L tract 27 8 2-21 <1- 58
Lymphoid malignancies 36 10 4-20 <1->100
Females
Normal 88 26 7-65 <1->100
Ca. breast 24 17 10-30 <1l- 76
Benign lung disease 10 30 24-46 10- 80
Ca. lung 43 42 20-54 2->100
Ca. G.I. tract 23 44 15-61 5->100
Ca.: cancer.
Medion who had been disease-free for 3 months to 5
Disease % MALES «oPAG .
- , years after treatment (median 17 mg/l vs
ormal (8 166 pemevedd 20 mg/l). Nor was there any difference between
g y
B Kl L R localized and advanced lung cancer median
8PH (1) 12 |ee 3 . . 5 values: Stages I and II, 13 mg/l; Stage III,
o 12.5 mg/l; Stage IV, 18 mg/l. The prostatic
My | 12 fpomithee . . n g g g p
Ca. Prostate ™ cancer patients shown in Fig. 1 had all been
Mg 19 [Bedem et © treated by bilateral orchiectomy, and again
T Ll . <] 10 there was no difference between those with
£a. Lung (18] | 102 k Aafte o oo o . " metastases, w1thou-t metastases and benign
AP . prostatic hyperplasia. Furthermore, there was
L' 'h'_u: no correlation between ay-PAG levels and dis-
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Fig. 1. The distribution of ay-PAG levels in normal and
diseased males.
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Fig. 2. The distribution of ayPAG levels in normal and

diseased females.

phosphatase levels determined by enzyme
immunoassay. When carcinoma of the prostate
was treated with oestrogens, the patients had,
as expected, very high levels of ay-PAG (177-
1532 mg/l) and were not included when the
different groups were compared.

Figure 3 summarizes the change in ay,-PAG
levels in patients who had had at least two
samples tested, one before and one after
treatment. The lung and gastrointestinal
cancer patients were treated by radical excision
and were considered clinically disease-free at
the time of the second sample. The patients
with head and neck tumours received radiation
therapy and their responses were reported to
be good to excellent. There was no significant
difference between the pre- and post-treatment
values. The post-operative samples from lung
cancer patients do not support the view that
a3-PAG is an acute-phase reactant protein [25],
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Fig. 3. The change in ay-PAG levels in three types of cancer
following potentially successful treatment.

since the second sample was taken 6-12 days
after surgery when other acute phase reactants
such as a;-acid glycoprotein were still elevated.
The before- and after-orchiectomy paired
samples also showed no significant change in
as-PAG concentrations.

SP2 is a very sensitive indicator of oestrogen
levels, and even the weak oestrogenic stimulus
found in tamoxifen treatment for breast cancer
causes an increase in the level of this protein
[26]. When the levels of as-PAG in the normal
females were compared to those of SP2 (Fig. 4)
there was no correlation, making it improbable
that the higher levels of a;-PAG were the result
of an excessive oestrogenic stimulus.

DISCUSSION
Several investigators have reported ay,-PAG
to be a useful tumour marker and have stres-
sed its potential importance as a biochemical
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Fig. 4. The relationship between ay-PAG and sex hormone-
binding globulin (SP2) levels in normal females.

aid in monitoring response to cancer therapy.
We have not been able to reproduce their
promising results. It appears that a,-PAG is
unsuitable as a tumour marker for several
reasons.

The normal range is different in males and
females [8,9]. Females show a wide individual
variability whose basis is uncertain except that
an elevation of ay-PAG invariably occurs in
pregnancy. The levels in healthy women and
female patients with various benign diseases do
not differ markedly from cancer-bearing
women. The stage of the tumour does not
seem to influence the level of serum ay-PAG
and after potentially successful treatment no
decrease can be observed. The same applies to
male patients, with the exception that our con-
trol group had lower levels than any of the
male patient groups included. This could pos-
sibly be due to the large differences in age
between the groups as we have already shown a
correlation between ay-PAG and age in the
normal and benign groups of males. We were,
however, unable to show this age-dependent
variation of a,-PAG levels in women as pre-
viously reported [8,9], possibly due to an
insufficient number of samples from disease-
free females in the older age group (65-95
years).

The variability of a,-PAG levels in healthy
controls means that comparison of an in-
dividual patient level to a mean or median
value in a control group has little meaning, and
so percentage change was introduced [15, 19].
In this way each patient serves as his own
control. This is a good theoretical approach,
but examination of the published examples
show there can be marked fluctuations in the
levels, making it unlikely to be useful in clinical
routine; it also seems to be prone to pitfalls,
especially in the low ranges which are now
easily detectable by enzyme immunoassay, as a
small actual change in ay-PAG would appear as
a large percentage change.

a-PAG has been shown to have an im-
munosuppressive effect on T-lymphocytes in
vitro, but the pathophysiological effects of this
action in pregnancy and disease are unknown.
It would be very interesting to know whether
patients with high @,-PAG levels carry a
different prognosis compared to those with
normal levels; we are studying this prospec-
tively in the lung cancer patients. However, in
prostatic carcinoma, patients treated with oes-
trogens have very high levels of a,-PAG (range
177-15632 mg/l) which can be sustained for
many years, and these patients do not show
signs of marked immunosuppression. On the
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other hand, in the haematological malignancies
in the series, which are known to be associated
with immunosuppression, the a;-PAG levels
were within the normal limits for elderly males.
Further knowledge of the normal function of
as-PAG is needed before the reason for its
elevation in some diseases can be elucidated.

Acknowledgments—Dr. T. Miiller was supported by the
Swiss Cancer League, Mrs. Margaret Bowen is supported
by the Yorkshire Cancer Research Campaign, and Dr. ]. de
Mello is supported by a scholarship from the Brazilian
Government. We wish to thank Miss Helen ]. Swiercz for
typing the manuscript. The ay-PAG ELISA kits were a gift
from Behringwerke AG, Marburg Lahn, W. Germany.

REFERENCES

1. MACLAREN JA, THORNES RD, RoBY CC, REID DE. An immunologic characteristic
of the serum of normal pregnancy. Am J Obstet Gynecol 1959, 78, 939-946.
2. BoHN H. Immunochemical determination of human pregnancy proteins. Arch

Gynaekol 1974, 217, 219-231.

3. BERNE BH. Pregnancy-associated alpha-2-glycoprotein levels in pregnancy,
oral contraception and choriocarcinoma. In: PEETERS H, Ed. Protides of
Biological Fluids. Oxford, Pergamon Press, 1976, Vol. 24, 165-179.

4. LANSON Y, LANSON M, GUTMAN N, MUH JP. Dosage de la “pregnancy alpha 2
glycoprotein’ dans le sérum de cancéreux prostatiques et évolution au cours du
traitement oestrogénique. J Urol Nephrol 1979, 85, 399-407.

5. Woob CB, HORNE CHW, TOWLER CM, BURT RW, RATCLIFFE G, BLUMGART LH.
A critical comparison of the value of pregnancy-associated alpha-2-glycoprotein
and CEA assays in patients with colorectal cancer. J Clin Pathol 1978, 31, 1065

1067.

6. DAMBER MG, VON SCHOULTZ B, STIGBRAND T. Pregnancy-associated as-gly-
coprotein and cancer. Lancet 1976, i, 307.

7. STIMSON WH. Protein markers in disease (2). Pregnancy-associated alpha 2-gly-
coprotein and cancer. J R Coll Surg Edinb 1978, 23, 253-259,

8. VON SCcHOULTZ B, DAMBER MG, STIGBRAND T. Biological and clinical significance
of the immunosuppressive pregnancy zone protein (PZ) In: PEETERS H, Ed.
Protides of Biological Fluids. Pergamon Press, Oxford, Vol. 24, 1976, 189-192,

9. FOLKERSEN J, TEISNER B, GRUNNET N, GRUDZINSKAS JG, WESTERGAARD ]G,
HINDERSSON P. Circulating levels of pregnancy zone protein: normal range and
the influence of age and gender. Clin Chim acta 1981, 110, 139-145.

10. THOMSON AW, HORNE CHW. Biological and clinical significance of pregnancy-
associated as-glycoprotein (ao-PAG)—a review. Invest Cell Pathol 1980, 3, 295-309.
11. HORNE CHW, THOMPSON AW, HUNTER CB]J, TUNSTALL AM, TOWLER CM, BIL-
LINGHAM ME]. Pregnancy associated as glycoprotein (ws-PAG) and various acute
phase reactants in rheumatoid arthritis and osteoarthritis. Biomedicine 1979, 30,

90-94.

12. KASUKAWA R, OHARA M, YOsHIDA H, YOsHIDA T. Pregnancy-associated a;-
glycoprotein in rheumatoid arthritis. Int Arch Allergy Appl Immunol 1979, 58, 67-74.

13. HORNE CHW, BRIGGS JD, HOWIE PW, KENNEDY AC. Serum as-macroglobulins in
renal diseases and pre-eclampsia. J Clin Pathol 1972, 25, 590-593.

14. THOMSON AW, LEHNER T, ADINOLFI M, HORNE CHW. Pregnancy-associated
alpha-2-glycoprotein in recurrent oral ulceration and Behget’s syndrome. Int Arch

Immunol 1981, 66, 33-39.

15. STIMSON WH. Variation in the level of a pregnancy-associated as-macroglobulin in
patients with cancer. J Clin Pathol 1975, 28, 868-871.

16. Woop CB, HORNE CHW, TOWLER CM, BLUMGART LH. Pregnancy-associated
ax-glycoprotein as a tumour marker in patients with colorectal cancer. (Abstract)

Clin Oncol 1977, 3, 396.

17. BAUER HW, GROPP C, SIEBER A, BOHN H. Alpha-2-Schwangerschaftsassoziiertes
Glykoprotein (alpha-2-PAG) Bestimmungen zur Verlaufskontrolle des Bronchi-
alkarzinoms. Thoraxchirurgie 1977, 25, 139-145.

18. BAUER HW, DEUTSCHMANN KEM, PETER HH, BOHN H. Pregnancy-associated
alpha-2-glycoprotein in malignant melanoma. Eur J Cancer 1972, 15, 123-126.

19. ANDERSON JM, STIMSON WH, KELLY F. Preclinical warning of recrudescent
mammary cancers by pregnancy-associated alpha-macroglobulin. Br J Surg 1976,

63, 819-822.

20. Pregnancy-associated macroglobulin. (Editorial) Lancet 1975, ii, 1192.
21. BURNETT D, BOOTH SN, COVE DH, HOWELL A, STURDEE D, BRADWELL AR.
Pregnancy-associated as-glycoprotein. Lancet 1977, i, 257-258.



332

22.

23.

24.

25.
26.

T. Miiller, M. Bowen, J. de Mello, N. B. Pidcock and E. H. Cooper

MANCINI G, CARBONARA A, HEREMANS JF. Immunochemical quantification of
antigens by single radial immunodiffusion. Immunochemistry 1965, 2, 235-254.
CooPER EH, GLASHAN R, ROBINSON MRG, MORGAN DB, TRAUTNER K. The
evaluation of a new enzyme-immunoassay for the measurement of prostatic acid
phosphatase. Clin Chim Acta 1981, 113, 27-34.

GRENNER G. Determination of prostatic acid phosphatase (PAP) by enzyme im-
munoassay. Clin Chem 1980, 26, 987.

KEYSER JW, WARD AM. Pregnancy-associated as-glycoprotein. Lancet 1977, i, 258.
BOWEN M, WARD AM, HUMPHREYS ], COOMBES RC. Sex hormone binding globulin
in breast cancer. Ric Clin Lab 1980, 10, 591-595.



