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. ABSTRACT 
Serum pregnancy associated a 2-glycoprotein levels in 51 IgA nephropathy patients 

(28 males and 23 females) and 46 healthy subjects (31 males and 15 females) were 
determined by enzyme-immunoassay. The results showed the serum pregnancy asso­
ciated a 2-glycoprotein levels to be significantly increased in the IgA nephropathy patients 
over the healthy subjects in both sexes (males: p<O. 01, females: p<O. 001). Further, 
in the male patients, the level was significantly increased in those with proteinuria, also 
there was a significant negative correlation between the concentration and PSP 15 
minute value and GFR. On the other hand, in the female patient group there was a 
significant positive correlation between serum total cholesterol level. 

On the basis of these findings, we presume that the determination of serum pregnancy 
associated a 2-glycoprotein level may be useful in assuming the prognosis of IgA 
nephropathy. 
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INTRODUCTION 
Pregnancy associated a 2-glycoprotein (refer­

red to here after as a 2-PAG) is a glycopro­
tein with a molecular weight of approximately 
360, 000 which increases in serum during preg­
nancy, and has been reported to increase also 
in patients with malignant tumors14 -1s,~o,22>, 

Behc;et's disease24>, rheumatoid arthritis11• 13> etc .. 
However, reports on the serum a 2-PAG behav­
iour in chronic glomerulonephritis are still rare. 
Thus, we undertook review of the serum a 2-

p AG behaviour in IgA nephropathy which is 
said to have the highest frequency among chron­
ic glomerulonephritis patients. 

malignant tumors. The ages were males 26. 2 ± 
12. 6 and females 22. 5±10. 1. As controls, a 
group of 46 healthy subjects (31 males and 15 
females) whose ages were males 21. 3±2. 6 and 
females 20. 1±1. 7 was selected. 

MATERIALS AND METHODS 
The subjects were 51 IgA nephropathy pa­

tients (28 males and 23 females), excluding those 
currently pregnant or who had complication of 

Determination of serum a2-P AG level was 
made by enzyme-immunoassay (Fig. 1), and 
standard curve was shown (Fig. 2). The lower 
limit of determination was 0. 1 µg/ml. 

RESULTS 
As there is a sex difference in a 2-PAG level, 

all subsequent review was made by sex. 
The serum a 2-P AG level in male IgA nephro­

pathy patients was 0. 93±1. 20 µg/ml, while that 
for healthy subjects was 0. 23±0. 57 µg/ml, thus 
indicating a significant increase (p<O. 01). The 
same for female patients was 14. 48±12. 92 µg/ 

· ml, while that for healthy females was 1. 99 ± 
1. 93 µg/ml, indicating a significant increase (p< 

*) **~=. ~1:::q~*1ij, *°III~~. :ll1I1~3l§, ;f;t:!Juffr, 1JIIl~~T. ~j:\:1}~. ~III~~~. JliJ{FidJ:fj:tE, Jll;;f(p~ 
~~' rffi;ifs:'¥=~, ~P.IX;:;t~~: IgA ~:/lE,llf;~·fC:fovt.Qlfn.m Pregnancy associated a 2-glycoprotein 
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Mix together O.Olml of test sample or standard 
a2-PAG solution and 0.5rnl of PBS. 

Add immtinobead and incubate at room temperature 
for 2 hr. 

i 
Wash bead with PBS-Tween 20. 

i 
Add 0.5ml of HRPO labelled anti-human a2-PAG 
antibody solution. 

~ 
Incubate at 4'C over night. 

i 
Wash bead with PBS-Tween 20. 

i 
Add 0.5ml of substrate solution. 

i 
Add 2ml of lN HCL. 

i 
Centrifuge. 

i 
Measure absorbance of supernatant at 492nm. 

Fig. 1. Method for determination of serum a2-

PAG level by enzyme-immunoassay 
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Fig. 2. Standard curve for determination 
serum a 2-P AG level 
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Fig. 3. Serum a 2-PAG levels in healthy subjects and IgA nephropathy patients 

0. 001) (Fig. 3). 
Next, comparison of serum a 2-PAG levels 

was made between the proteinuria positive and 
negative groups in male IgA nephropathy pa­
tients. Results showed that there was a signifi-

cant increase in the positive group as compared 
with the negative group (p<O. 05). However, 
no significant differcence could be demonstrated 
between the positive and negative groups in 
the female patients (Fig. 4). 
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Fig. 4. Serum a 2-PAG levels in IgA nephropathy patients with proteinuria and without proteinuria 
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Fig. 5. Serum a 2-PAG levels in lg A nephropathy patients with hypertension and without 
hypertension 

Further, comparison of serum a 2-PAG levels 
between hypertensive and normotensive individ­
uals among IgA nephropathy patients, showed 
the hypertensives tended to show higher levels 
in both sexes, but the values were not signifi­
cant (Fig. 5). 

On the other hand, study of the relationship 
with renal function showed that there was a 
significant negative correlation between PSP 15 
minute value and GFR in male patients (PSP: 
p<O. 02, GFR: p<O. 05) (Fig. 6). However, no 

such significant correlation was observed in 
female patients. 

Although a significant correlation between 
serum a 2-P AG and total cholesterol levels could 
not be demonstrated in male patients, there 
was a significant positive correlation in female 
patients (p<O. 05) (Fig. 7). 

Further, no significant correlation between 
serum a 2-PAG and BUN, serum creatinine, 
serum uric acid and immunogloblin levels could 
be found in both male and female patients. 
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Fig. 6. Correlation between serum a 2-PAG levels and PSP, GFR in IgA nephropathy patients 
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Fig. 7. Correlation between serum a 2-PAG and total cholesterol levels in IgA nephropathy patients 

DISCUSSION 
Serum a 2-PAG is a glycoprotein with a mo­

lecular weight of approximately 360,000, glucose 
content of 12. 2% and belongs to the a 2-globulin 
zone by electrophoresis with isoelectric points 
ranging from 4. 5 to 4. 7, and was first reported 
by Smithies19>. He made electrophoretic studies 
of serum of pregnant women using starch gel, 
and discovered a specific band which was not 
observed in non-pregnant women or males, 
and thus named this protein "pregnancy zone 
protein" (PZP). Subsequently, many researchers 
have reported on pregnancy proteins under a 
variety of names3• 7• 12>, In 19711 Bohn6> carried 

out studies on serum of pregnant women and 
succeeded in isolating four different types of 
pregnancy associated proteins. He named them 
1) human placental lactogen (HPL), 2) pregnan­
cy specific a 1-glycoprotein (SP1), 3) pregnancy 
associated a 1-glycoprotein (SP2) and 4) preg­
nancy associated a 2-glycoprotein (SP3). HPL 
and SP1 appear only during pregnancy and are 
considered pregnancy specific, but SP2 and SP3 

are present in minute volumes in the serum of 
non-pregnant women and in males. Moreover, 
as they show marked increases with pregnancy, 
they were called "pregnancy associated pro­
teins". Subsequent study revealed that SP3, 

that is pregnancy associated a 2-glycoprotein 
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(£X2-PAG), was the protein, PZP, discovered by 
Smithies19'. 

Quantitation of £t2-P AG can be done by 
1) single immunodiffusion13', 2) Laurell's immu­
noelectrophoresis method2', 3) radioimmunoas­
say8', 4) enzyme-immunoassay21l, 5) solid-phase 
fluoroimmunoassay4> etc., and basic and clinical 
studies on it are being performed. 

The clinical implications of £X2-PAG have 
not been established, but many reseachers have 
reported on its behaviour in a variety of dis­
eases. MacLaren et al. 12> have reported that 
this protein increases with the use of oral 
contraceptives. It is also reported to be in­
creased in serum of patients with Behc;et's 
desease24' and rheumatoid arthritis11 ' 13>. There 
are also reports that it is increased in patients 
with malignancies such as breast cancer16' 21>, 
ovarian cancer17', choriocarcinoma5>, gastric 
cancer15', urinary bladder cancer15' and malig­
nant melanoma1,m. £X2-PAG has become one 
of the many tumor markers, and much attention 
is now being focussed upon it. 

On the other hand, reports on its behaviour 
in renal diseases are rare. In 1972, Horne et 
al.9' determined the £X2-PAG concentration in 
53 patients with renal deseases, and reported 
that the level was significantly higher in patients 
with proteinuria than in those without it. In 
1983, we reported that the level was higher than 
healthy subjects in patients undergoing chronic 
hemodialysis26' and those with nephrotic syn­
drome27', and also noted that there was a cor­
relation with the clinical activity in the latter. 
However, no reviews have been made of the 
relationship between the serum £X2-PAG level 
and histological type of glomerulonephritis. 

Thus, we made a study of the £X2-PAG behav­
iour in IgA nephropathy patients. The results 
showed the level in IgA nephropathy patients 
was increased as compared with healthy sub­
jects. Also in male patients the level was sig­
nificantly higher in those with proteinuria in 
comparison with those without it, and further 
there was a negative correlation between renal 
function. Care must be exercised in the inter­
pretation of these results, but as there are 
reports that £X2-P AG has some sort of immuno­
suppressive substance10123125', we presume £t2-
P AG is involved in some form in the develop­
ment of IgA nephropathy which is induced by 
abnormalities in the immune system. Further, 

it is considered possible that the determination 
of serum £X 2-PAG may be useful in assuming 
the prognosis of IgA nephropathy. However, 
there are yet many unknown aspects of £t 2-

p AG such as in what organ it is produced 
and its role. Thus, it is considered further 
study is required. 

ACKNOWLEDGEMENT 
We would like to express our appreciations 

to Reseach Laboratory of Diagnostic Reagents 
in Mochida Pharmaceutic Co. Ltd. for its coop­
eration in serum £X 2-PAG determinations and 
also to Dr. H. Bohn who so generously pro­
vided us with standard £t2-P AG serum. 

REFERENCES 
1. Bauer, H. W., Deutschmann, K. E. M., Peter, 

H. H. and Bohn, H. 1979. Pregnancy-associated 
a 2-glycoprotein in malignant melanoma. Eur. J. 
Cancer 15 : 123-126. 

2. Bauer, H. W. and Kraus, H. 1980. Variations 
in the level of the pregnancy-associated a 2-glyco­
protein in patients with gynaecologic cancer. Eur. 
J. Cancer 1o : 1475-1481. 

3. Berg, K. and Bearn, A.G. 1966. An inherited 
X-linked serum system in man. The Xm system. 
J. Exp. Med. 123: 379-397. 

4. Berg, 0. and Hemmingsen, L. 1981. Fluoroim­
munoassay of pregnancy zone protein. Scand. J. 
Clin, Lab. Invest. 41 : 323-326. 

5. Berne, B. H. 1973. Alpha-2 pregnoglobulin 
(pregnancy-zone protein)-An estrogen-dependent 
macroglobulin elevated in pregnancy and oral 
contraception. Clin. Chem. 19 : 657. 

6. Bohn, H. 1971. Nachweis und Charakterisierung 
von Schwangerschaftsproteinen in der mensch­
lichen Placenta, sowie ihre quantitative immuno­
logische Bestimmung im Serum schwangerer 
Frauen, Arch. Gynak. 210 : 440-457. 

7. Bundschuh, G. 1966. ,,Xh"-ein genetisch deter­
miniertes a 2-Globulin. (moglicherweise Xm(a) in 
Verbindung mit einem weiteren noch unbekan­
ntem, vielleicht geschlechtsbegrenztem Antigen) 
Acta Biol. Med. Ger. 17 : 349-356. 

8. Damber, M., von Schoultz, B., Stigbrand, T. 
and Carlstrom, K. 1976. A radioimmunoassay 
for "the pregnancy zone protein". Clin. Chim. 
Acta 66 : 85-88. 

9. Horne, C.H. W., Briggs, J. D., Howie, P. W. 
and Kennedy, A. C. 1972. Serum a-macroglob­
ulins in renal disease and preeclampsia. J. Clin. 
Pathol. 25 : 590-593. 

10. Kasukawa, R., Ohara, M., Watanabe, K., Ma· 
saki, M. and Murai, T. 1978. Cancer-associated 
proteins (CEA and P AG) and their immune-inhib-



136 S. Toi et al. 

itory function, Clin. Immunol. 10: 911-916. 
11. Kasukawa, R., Ohara, M., Yoshida, H. and 

Yoshida, T. 1979. Pregnancy-associated a 2-glyco­
protein in rheumatoid arthritis. Int, Arch, Allergy 
Appl. Immunol, 58: 67-74. 

12. MacLauren, J. A., Reid, D. E., Konugres, A. 
A. and Allen, F. H. 1966. Pal, a new inherited 
alpha-2-globulin of human serum. Vox. Sang. 
11 : 553-560. 

13. Ohara, M., Kasukawa, R., Yoshida, H. and 
Yoshida, T. 1976. Pregnancy-associated a 2-glyco­
protein in rheumatoid arthritis sera, Igaku no 
Ayumi 99 : 553-554. 

14. Onami, K., Ohara, M., Yoshida, H. and Kasu­
kawa, R. 1979. Pregnancy-associated alpha-2 
glycoprotein (PAG) in patients with carcinoma. 
Clin. Immunol. 11 : 307-314. 

15. Porr, P. J., Abrudan, O. and Dejica, D. 1979. 
Demonstration of alpha2-pregnancy associated­
glycoprotein (alpha2-P AG) in serum of men with 
different localization of cancer. Neoplasma 26 : 
325-328. 

16. Sarcione, E. !., Delluomo, D. and Zloty, M. 
1983. Pregnancy-associated alpha2 glycoprotein 
(a2PAG) synthesis by human breast cancer tissue 
and cultured cell lines. Int. J. Cancer 31 : 143-147. 

17. Sawada, M., Shimizu, Y., Okudaira, Y., Ma­
tsui, Y., Nishiura, H. and Hayakawa, K. 1982. 
Diagnostic significance of pregnancy-associated 
a 2-glycoprotein in patients with ovarian cancer. 
Gynecol. Oncol. 13: 229-236. 

18. Shimizu, Y., Oshima, K., Nakano, Y., Fujita, 
M. and Tagu~hi, T. 1981. Significance of preg­
nancy-associated a 2-glycoprotein (a2-PAG) in pa­
tients with breast, gastric and colorectal cancer, 
Eiken J. 24 : 95-102. 

19. Smithies, O. 1959. Zone electrophoresis in starch 
gels and its application to studies of serum pro­
teins, Adv. Protein Chem. 14 : 65-113. 

20, Stimson, W. H. 1975. Correlation of the blood-

level of a pregnancy-associated a-macroglobulin 
with the clinical course of cancer patients, Lancet 
1 : 777-779. 

21. Stimson, W. H. and Sinclair, J.M. 1974. An 
immunoassay for a pregnancy-associated a-ma­
croglobulin using antibody ·enzyme conjugates 
FEBS Lett. 47 : 190-192. 

22. Than, G. N., Csaba, I. F., Szab6, D. G., Karg, 
N. J. and Novak, P. F. 1975. Quantitative serum 
levels of pregnancy associated a 2-globulin in pa­
tients with benign and malignant tumours. Arch. 
Gynak. 218 : 125-130. 

23. Than, G. N., Csaba, I. F., Karg, N. J., Szab6, 
D. G., Ambrus, M. and Bajtai, G. 1975. Im­
munosuppressive effect of pregnancy-associated 
alpha2-glycoprotein. Lancet 2 : 515, 

24. Thomson, A. W., Lehner, T., Adinolfi, M. 
and Horne, C.H. W. 1981. Pregnancy-associated 
alpha2-glycoprotein in recurrent oral ulceration 
and Behc;et's syndrome. Int. Arch. Allergy Appl. 
Immunol. 66 : 33-39. 

25. von Schoultz, B., Stigbrand, T. and Tamvik, 
A. 1973. Inhibition of PHA-induced lymphocyte 
stimulation by the pregnancy zone protein. FEBS 
Lett. 38 : 23-26. 

26. Yorioka, N., Maruishi, H., Hamaguchi, N., 
Wada, K., Toi, S., Hata, J., Kobayashi, M., 
Shigemoto, K., Hirabayashi, A., Yamakido, 
M. and Nishimoto, Y. 1983. The serum preg­
nancy associated a 2-glycoprotein level in patients 
undergoing chronic hemodialysis. Hiroshima J. 
Med. Sci. 32 : 179-185. 

27. Yorioka, N., Hirabayashi, A., Kobayashi, M., 
Shigemoto, K., Hata, J., Toi, S., Miyamori, S., 
Toyota, T ., Okushin, S., Maruishi, H., Yama­
ki do, M. and Nishimoto, Y. 1983. The serum 
pregnancy associated a 2-glycoprotein level in pa­
tients with nephrotic syndrome. Hiroshima J. Med. 
Sci. 32 : 273-276. 




