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Abs trac t - - -~2-PAG is a high-mol, wt glycoprotein. It occurs in trace amounts in 
normal human serum. The variations in serum levels of this protein were studied during 
treatment of 32 gTnaecological cancer patients in the course of 2 yr. The periodic c~ 2- 
PAG determinations were done with an electroimmunoassay. A correspondence between 
c~2-PAG serum levels and the clinical course could be found in 60~)~,. In 5 of 13 
patients who did not respond to therapy c~2-PAG levels rose, and 4 had unchanged high 
levels, whereas 13 of 17 patients had significantly decreased levels on successful 
treatment. The relevance of periodic ~2-PAG determinations is discussed. 

I N T R O D U C T I O N  

WHEN speaking of pregnancy-associated (x 2- 
glycoprotein we think of carbohydrate-  
containing ~2-glycoprotein (~2-PAG) having a 
mol. wt of about  360,000. The  molecule is 
composed of two subunits each of a mol. wt of 
180,000 being linked by sulfur bridges. The  
isoelectric point of ~2-globulin is at about  4.7. 
This protein was first described in the sera of 
female patients with pregnancy toxicosis [1]. 

Al though it was at first thought  to be speci- 
fic tbr this condition [2, 3], it was sub- 
sequently detected in the sera of all pregnant  
women [4]. At present, c~2-PAG is considered 
as trace protein in h u m a n  sera. Unti l  agree- 
ment  on a name for this protein [5] it ap- 
peared in the literature under  a variety of 
terms: serum factor Xh [6], pregnancy as- 
sociated (SP3) [7], pregnancy zone protein 
[8], pregnancy associated globulin [9] and ~2- 
pregnoglobulin [ 10]. 

This protein gained growing interest after 
detection of increased concentrat ion levels in 
mal ignant  solid tumours [11 13] and in 1975, 
Stimson observed a correlation between c~ 2- 
PAG values and metastasis of breast car- 
cinoma. A recent study on breast cancer with 
30 patients lead to the result that  continous 
determinat ion of c~2-PAG is superior to other 
parameters like CEA for detecting m a m m a r y  
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micrometastases [14]. We confirmed this [15] 
and we found a relationship between ~2-PAG 
concentrat ion and the actual stage of the 
disease in bronchial carcinoma [16], in mela- 
noma [17] and in laryngeal cancer (Bauer, 
in preparation).  In the present study we have 
the relationship between c~2-PAG concen- 
tration and gynaecological tumours. 

M A T E R I A L S  A N D  M E T H O D S  

Our  examinations were perfi~rmed with a 
group of 32 female patients having different 
gynaecological carcinomae. Table  1 shows the 
various diagnoses as well as the methods of 

Table 1. 
methods 

Summary of the individual diagnoses and the 
of treatment oJ" 32 .wnaecological malignant 

growths 

Diagnosis 

T r e a t m e n t  
No. o f  radi'- Cyto-  
cases Surge ry  a t ion  s ta t ica  

Cervix  c a r c i n o m a  8 3 8 
C o r p u s  c a r c i n o m a  12 12 8 
C a n c e r  of  the  

ovary  7 6 6 
Vag ina l  c a r c i n o m a  1 1 
C a n c e r  o f  the  

vu lva  1 1 
C h o r i o c a r c i n o m a  3 1 1 3 

To t a l  32 

T h e  n u m b e r  o f  cases as of ten several  m e t h o d s  of  
t r e a t m e n t  were appl ied .  
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treatment. In all cases the diagnoses were 
histologically secured. Serum samples tbr the 
determination of the c~a-PAG contents were 
drawn betbre treatment, in the course 
of treatment and also later during after- 
care. The after-care included regular examina- 
tions at 3-month intervals and always in- 
cluded an anamnesis, a detailed gynae- 
cological local finding and a cytologic 
microscopic preparation, a routine control of 
weight, ESR and total number of leucocytes. 
For cases with clinically suspicious signs the 
diagnosis was extended to radiological exam- 
inations, sonography, cystocopy, rectoscopy 
and punctures for drawing cytologic material. 

Alter withdrawal the serum samples were 
coded and stored at - 2 0 ° C  till the end of the 
study. For determination of the ~2-PAG con- 
tent we used a modified electroimmunoassay 
and performed it without knowledge of the 
clinical dates [18]. 

We used an agarose solution of 1°0 (w/v), 
pH8.6,  with an antiserum content of 1~'0 
(v/v). lOP 4501---the anti-O~e-PAG from a 
rabbit was a preparation by Behringwerke 
AG, Marburg.) The applied quantity of anti- 
gen (serum of a patient) was 5/tl. For a period 
of 16hr electrophoresis was executed at a 
voltage of 2V/cm. The detection of :~2-PAg 
was limited to 0.4mg(ll, by this method (see 
Fig. 1). 

"l'he reproduction of the employed method 
was checked by repcated analyses of coded 
reference sera. The rate of deviation in intra- 
assay reproduction was 30o and in interassay 
the rate of deviation was between 5 and 10~,,. 
The latter is permissablc in electroim- 
munoassay. It is of no importance for our 
examinations as we are concerned with the 
interpretation of long period examinations of 
each individual patient. 

R E S U L T S  

Before treatment of 32 female patients the 
~2-PAG concentrations ranged from non- 
detectable, i.e., below 0.4mg°i,, to 14mg(~i, 
with a mean value of 6.25mg% and a 
median value of 4 .5mg%. A relationship of 
the pretherapeutical values to age, pregnan- 
cies or histological type of the neoplastic 
changes could not be proved. But there was a 
tendency towards lower a2-PAG values in 
early stages and higher a2-PAG in more pro- 
gressed stages. The female patients with cervix 
carcinoma [8] and corpus carcinoma [12] 
tended to lower c~2-PAG values than the 
patients with cancer of the ovary [7]. But 

then the observation of the course of develop- 
ment of ~2-PAG concentration in these pa- 
tients was of greater diagnostical or prognosti- 
cal value. A summary of the rcsults is shown 
in Table 2. In 13 out of 17 female patients, 

Table 2. Summar}' o/ the correlalion o/ lke %-PAl;  
return levels ~*,ith lhe clinical course 

Corre la t ion  positive* 18 ( 13 -- 5 ) 
False-negat ive  I ( + 4 u n c h a n g e d  high values 
rcsuhs + 3  in the final stage with 

decreas ing values)  
Falsc-posit ixe t 
~2-PA(;  not  de tec tab le  1 

*As a positive corre la t ion  we chose I]~e decrease of the 
levcl in suctessful t r e a t m e n t  as well a s  [}l(' increase or 
invar iab i l i ty  of the level in unsucccssful t r ea tment .  

with until now succcssful treatment {surgical 
intervention or surgical intervation and cyto- 
stasis) showing no signs of further progression 
of the disease, the :~2-PAG concentration fell 
in the first months of treatment and then 
remained at a significantly low level com- 
i)ared with thc initial values (example see Fig. 
2). Thirteen patients, however, who showed a 
progression in the course of disease during the 
ot)servation period showed fiw" times rising 
values (see as example Fig. 3) and tbur times 
constant high values compared with the pre- 
therapeutic concentration values. The ~2-PAG 
level of the other tonr ti:male patients 1i'11 
continuously in spite of progression in the 
disease and exitus. At the beginning of the 
supervision period three female patients wcrc 
already in an advanced stage of the diseasc. 
Ahhough rcpeated a2-PAG tests were pcrtbr- 
mcd no provat)le concentration of this sub- 
stance could bc detected in the seruin of a 
(bmale patient who died of tumour/cachexy. 
An influence bv tclc-cobah radiation and 
radium deposits could n o t  be proved ab- 
solutely without being able to blame other 
factors for this. Five t[-malc patients showed 
increased ~2-PAG levels at tit(" beginning of 
tcle-cobalt radiation (example: see Fig. 4). 
In contrast to this the radiation showed no 
changes in the ~2-PA(; levels of eight tiqnale 
patients. Cystostatic administration, i.e., as 
applied in thc combination of 5-tluorouracil 
and endoxan in carcinoma of the ovar>, did 
I IOt  have any direct etlcct as the c~2-PAG 
values remained unchangcd betbre and after 
the cytostatic application. In all the 32 ti, male 
carcinoma patients who were reviewed, the 
results represent a correlation of 60°o between 
the course of the disease and the ~2-PAG 
concentration detected in the serum. The 
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Fig. 1. 

? 

QC O 
Plate qf an elechoimmunoas.~a_~' jot tlze determi,ation ~j" c~z-PA(;. 7he ,~': co,tai,.~ 1% I',/v) 

rclbbit anti-~z-PAG (OP 4501, Behri,gwerke, Marburg,). 
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Fig. 2. Female patient E. R., age: 68yr. Diagnosis: corpus carcinoma. Histological 
finding: highly differentiated adenocarcinoma. Therapy: abdominal hysterectomy including 

adnexa. Without any further treatment the fimale patient is without relapse. 
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Fig. 3. Female patient A. G., age: 41 yr. Diagnosis: collum 
carcinoma I, intraoperative collum carcinoma III. Histological 
finding: non-hornifying squamous cell carcinoma. Therapy: 
surgical intervention after Wertheim-Meigs. Intraoperative a 
more advanced turnout stage was noticed. The surgical 
intervention had to be incomplete. Post radiation with tele-cobalt 
in two series total 3000 rad focus dosage. Further progression of 
the tumour. Five months aJ'ter beginning of therapy exitus. The 
female patient showed a continous increase of the ~2-PAG. The 
brief decrease compared with the pretherapeutical value on the 2 
post operative days is obviously due to the diluting effect of 

transfusions and infusions. 

results were distinctly less false-negative [1 (1 
+4 )  of 13] than false-positive (4 of 17) and 
allowed a more favourable association with 
adenocarcinoma. 

DISCUSSION 

Another 2-yr study of 30 patients with 
bronchial carcinoma revealed in the course of 
the disease a confirmity between ~2-PAG va- 
lues and the clinical data. Also here the 
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Female patient M. 0., age: 68yr. Diagnosis: corpus 
carcinoma. Histological finding: adenocarcinoma. Therapy: 
abdominal hysterectomy including adnexa. First 
continuation of the administration of Gestagen (Depostat) 
200mg/week. Tele-cobalt radiation, in two series, total 
5000 rad focus dosage. Clinically and cytologically the female 

patient is free of relapses. 

results were that 2/3 of the patients showed a 
correlation between e2-PAG and therapy re- 
sponse. Except for the prefinal days the 0~ 2- 
PAG values increased continously in pro- 
portion to the growth of the tumours [16]. A 
second bronchial carcinoma study led to the 
result that simultaneous determination of CEA 
and 0~2-PAG are superior to other parameters 
and represent for the time being the most efficient 
control of therapeutical effects in this sort of 
cancer,[19]. In this connection it would be 
advisable to point out that there could not be 
a connection with the hormone dependence of 
different tumours. All bronchial carcinoma 
patients for example were male patients. 
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Addit ional ly we de termined  in parallel the oes- 
trogen fractions (oestron, oestriol, oestradiol)  
in three patients of this study, and did not find 
any correlat ion with e2-PAG. A recent  study 
on breast cancer  with 30 patients led to the 
result that  continous de te rmina t ion  of  ~2-PAG 
is superior to o ther  parameters ,  like CEA, for 
detect ing m a m m a r y  Inicrometastases 114]. 

Very early on, considerable a t tent ion was 
given to the glycoprotein in case of  mal ignant  
neoplasm [20, 21]. Due to the lack of detailed 
studies, these positive earlier results and sub- 
sequent a t tempts  at in terpreta t ion soon disap- 
peared again from the scene [221 . Wha t  re- 
mained was thc question about  the part some 
glycoproteins had as so-called "acute." phase 
reactants" .  In case of  inf lammatory  disease 
the concent ra t ion  of  these factors rises sud- 
denly and intensively, but, as yet, little is 
known about  their biological fhnctions. T h a t  
c~2-PAG is not 'acute  phase'  protein could be 
proved by compar ing  studies of ~2-PAG and 
two acute phase p ro te ins - - the  acid glyco- 
protein and the :~-ainichymotrypsin in a group 
of  20 patients over a period of  2 y r  (Bauer el 
al., in prepara t ion) .  

On the basis of  its immunosuppressivc pro- 
perties [23, 24] the ~2-PAG is regarded as the 
inhibi tory factor of the antigen diagnosis of  
sensitised lymphocytcs  [25]. The  presence of  
such an element  indeed prontotes l['tal or 
mal ignant  growth.  Thus  the c~2-PAG cannot  
be a c a r c inoma-embryona l  antigen. The  site 
of origin of" this protein is still unknown.  In 
analogy to other  proteins it would seem po- 
ssible that  the liver is the site of  synthesis. 

The  biological function of  c~2-PAG and its 

absence in tumours  cannot  be already as- 
sociated to c~2-PAG increases and neoplastic 
growth, but  allow the consideration of  multi- 
thctoral dependencies.  Th e  results of  the sub- 
mit ted 2-yr study of  a group of" 32 tkmale 
patients with gynaecological  carc inoma have 
to be interpreted on this background.  Th en  
the missing correlat ion of ~2-PAG and the 
tumour  size, tumour  site and histological dif- 
tk'rentiatiug is not at all surprising. The  greater  
number  of" false-positive results compared  
with false-negative results is more easily 
understood,  except  for the [inal stages [3]. 
According to its function as a pioneer  for fetal 
and mal ignant  growth c~2-PAG increases in- 
evitably occur before possible tumour  re- 
cidivcs. This, howevcr,  does not nccd to bc an 
automat ic  mechanism. Dur ing  post-care c~ 2- 
PAG increases help to select the risk patients. 

Th e  findiug of one ti:male pat ient  will 
remain vague, as she showed no other  specific 
signs. In her case nei ther  in the early stagc 
nor in the final stage a2-PAG could hc de- 
tected. Th e  ett'ects of cytostasis on c~2-PAG, 
which had been described by other  authors, 
could not be observed by us. This will be 
sut3ject of further  investigations. Regular  c~ 2- 
PAG detection in gynaecological carcinomae 
dur ing post-care could be, if these results 
contbrm with those of  other  authors, a con- 
siderable help in judgiug  the therapeutical  
rcsuhs. 
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