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uM:\IAI^' Pregnanc},-associated it2-glycoproteiiT (, r, -FAG) levels \\, erc measured
in ITUman sura b\, a modification of Laurcll's electroimmunoassa}, using rabbit

anti-(I, -FAG scrum. Sura \\, CTC obtained froin ITcalth\, controls (32 males anti 46
females), naticnts \\, Ith I, cnigil breast diseases (55 cases\, and patients \\, ith breast
(82 cases), gastric (89 catscs), or colorecta1 (22 cases) cancers

TIT healthy, controls, the mealT ,r, -FAG \, aluc for females \\, as it I lier than that for
males (p<0.05), so ,1, -PAG \, alues for males ancl females \\, CTC considerCLI sc aratel
in this stud\.

Scrum (12-FAG levels in patients \\, ith benign breast tunlors were allTiost the same
as those of controls

lit patients with primafj, breast and gastric cancer, ,1, -FAG Ievcls \\, ere higher
than thosc of controls (p < 0005) and tended to increase \\, itIT progress of the dis-

Raised (1, -PAG levels decreased in these patients after curative sur er ,.
These results show that sei. urn it, -PAG is useful as a marker in both the initial

diagnosis and fullo\\,-up of breast and gastric cancer
The reliability of ,1, -PAG as a tumor-associated markci. \\, as reinforced bv coin-

parison of thc positive rates of the three parameters ,1, -FAG, carcinoembryonic
antigen (CEA), and ImnTunosupprcssivc acidic protein (IAP) in patients with breast
and gastric cancer

ease.

INTRODUCTION

The cxistence of a pregnancy-associated serum
protein was first detccted by Smithics using

I A summary of this \\orl< was reported at the 18th
Annual Aleeting of the Japan SOCiet\ for' Cancer
Therapy in Tokyo, in September, 1980

starch gel electrophoresis in 1959 (Smithies,
1959)

In 1971, Bohn detected four different pre. -
nancy-associated proteins by the Ouchterloney
gel diffusion technique \\, ith antisera which
had been prepared by jinmunizing rabbits \\, ith
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protein fractions from human placentas (Bohn,
1971) : These were human placental Iactogen
(HPL), pregnancy-specific 13, -glycoprotein
(SP, ), pregnancy-associated 131-glyCOprOtGin
(SP, ), and pregnan. y ars. .intod ,", -glycop".-
rein (Spar ,",-FAG).

Among these proteins, (1, -FAG is a high ino-
Iecular weight glycoprotein (A1. \V. =300,000-
500,000), with a sedimentation coefficient of
12S and ISOelectric point of pH 4.6-4.7 (Stim-
son at a1. , 1972; Schoultz at a1. , 1973a). It
has been reported to have jinmunosuppressive
properties in vitro (Schoultz at a1. , 1973 ; Than
at a1. , 1975a; Stimson, 1976), but its biological
role in vivo has not yet been clarified.

In pregnant women, the serum level of er, -
PAG begins to rise markedIy from the 16th
wcek pregnancy, rcaches a maximum in the
third trimester, and decreases to the normal
level after delivery (Stimson. 1974; Schoultz,
1974)

An increased serum level of tt, -FAG has
been found in patients with malignancy (Stim-
son, 1975a, b; Than at a1. , 1975b; wood at al. ,
1978a; Cove at a1. , 1979).

we studied the clinical significance of er, -
FAG as a tumor-associated protein by coin-
parison of the serum tr, -FAG levels in healthy
controls, patients \\, Ith benign breast tumors,
and patients with breast, gastric and colorectal

To assess the relative merits of tu-

in or-associated markers, we also compared the
levels of ,I -FAG with those of carcinoem-

bryonic antigen (CEA) and jinmunosuppres-
sit, e acidic plotein (TAP) in cancer patients

used as controls. 'The standard serunt Lised \\,"s

pooled serum from three pregnant \\, omen in the
third trimester. All samples \\, ere stored at -20 C
before assay

IVIETHOD

Quantitative estimations of ,I*-PAG \\, ere performed
by the modification of Laurell's electroimmunoassay
(Laurel1, 1966) using rabbit antiserum to tt*-FAG
(Behring Institute)

Agarose \\, as diluted (to I%) in Veronal buffer
(pH 8.6, r=0.05) and anti-tt*-PAG serum was Lised
at a concentration of 350 111 per 25 inI of agarose
containing 0.1% NaN, . Gel plates of 2 mm thicl<-
ness were made on glass plates, and \\, GIIs of 2.5 mm
diameter were cut in the gel. Samples of 5111 \\, ere
introduced into wells tinder 8 Vjcm, and electro-
jinmunoassay \\, as performed at a constant voltage
of 30 Vlcm for 3 h. A standard curve was obtained
by rtinning standard serLim (a pooled pregnant se-
rum) \\, ith test salnples at appropriate dilutions
The precipitated antigen-antibody, complex
stained with Coomassie Brilli"Ilt Blue 1<-250 and

the distance from the center of the \\, ell to the tip
of the rocket-shaped precipitate was measured.

The concentration of tr, -FAG \\, as calculated from
a standard curve obtained by testing 2.5,5.10 and
20 U of ,12-FAG prepared by dilutions of the stand-
ard serum (pooled pregnant serum) that \\, as assumed
to contain 100 U ,",-FAGI"I.

The Lipper limit of the normal range for' tie-PAG
was defined as the ritean \, alue of controls plus 2
times the deviation (x+217)in each sex groLip. with
this definition, there \\. ere only 2 false-positive cases
among 32 males (6.25%) and 2 among 46 females
(+. 3+%)

Serunt CEA \\. as determined in duplicate b\, the
sandwich method using a Dinabot RIA Itit, original-
Iy devised by Nishi and Himi (HimI, 1977). The
upper limit of the normal range for CEA was 2.5
rigjml

The serum jinmunosupprcssive acidic protein
(IAP) level was measured by single radial jinntuno-
difftision (it{ancmi at a1. , 1965) Lising agarose gel
plates involving rabbit anti-IAP serum willch were
supplied by Kayakti Antibiotics Research Co. The
upper limit of normal for. IAP was 500 11glml

The Student's t-test was Lised for statistical analy-

cancers.

A{ATERIALS

Sera of patients with benign breast tumors (55 cases),
breast cancers (82 cases), gastric cancers (89 cases)
and colorectal cancers (22 cases) were obtained at
the Hospital of the Research InstitLite for A, Iicrobial
Diseases of Osaka University. Histological diagno-
ses \\, ere made in all cases. The stages of cancer
were determined according to the TNNl classifica-
tion.

Sera obtained from 32 health^ males (25-50 I. ears

old) and +6 healthy females (20-50 years old) were
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RESULTS

I. Hed/t/Ij, colltroA' (F1^. I)
,I*-FAG was found in sera of 11 of 32 male

cont", I, (34.4%) and 26 of 46 fomal" cont", I^
(56.6%). The mean serum level of o, -FAG
of f, init .. ntr01^ (26.300 UN) un* am-
hati. ally higher (p < 005) than that of init
.. nt". I^ (0.6 t1.01 Ulpl)

2. Belli^11 b, errst twillors (F1:g. I)
The mean value of serum er, -FAG in pa-

tients with benign breast tumors was 2.94t
2.47 Ulpl, and there was no difference between
the values in these patients and female con-
trois

3 . Pi I'M!n, J, ca"cei pdi!'e, ,is (F1:g. I)
The mean value for patients \\, ith primary

breast cancer was 7.86 LSI4 Ulpl, \\, hich \\, as
statisticalIy higher (p < 0005) than that of fc-
male controls

Primar\, gastric cancer patients sho\\, ed sta-
tistically ITigher (p < 0005) mean \, alues of ,r2-
PAG than those of controls wheiT the \, alues

for males and females \\, ere compared separate-
Iy

Female patients witlT colorcctal cancer show-
,d statisti. "11y higher. (p < 0.05) monn relu, * of
,12-PAG than female controls, but male pa-
tients did not show significantly different val-
ues from male controls.

,r, -FAG could not be detected in sera from
6 of 10 patients with colorectal cancers
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4. ,I, -pHG letie/s 1117 elation to chnicul stages of
CONcei (Fig. 2.3)

In patients with breast cancer, o:,-FAG Ie\, els
tended to rise with increase with the clinical

Recurrent cases showed statisticalIystage

higher. (p<0.05) relu. ^ of ,"*-FAG than thus.
of cases at stage I (Fig. 2). This tendency was
not so clear in patients \\, ItIT gastric cancer as
in those \\, ith breast cancer (Fig. 3). ,1, -FAG
could not be detected in 5 of 14 male patients
with gastric cancer of stage I\' (Fig. 3)
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In most cases of both breast and gastric
cancer, tr -FAG levels decreased within a
month or two after removal of the tumor.

,

o

.

*.-4

\

.\ if. ill!'. S

IV

o

o

, ;,.,!!:.to, . I
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indicated by the arto\\

6. ,I, -pHG Ie, e/s ill I. e/oti'o71 10 1113/010gj, (Fig.
6)

In patients with gastric cancer, no difference
in it2-FAG levels was found bets, eel} the group
witl\ poorly differentiated adenocarcinoma and
that with tubular adenocarcinoma.

Among breast cancer patients, (r, -PAG levels
were IlIgh in those with the scirrhous type and
low in those with the medullary tubular type
But the deviations of values in each group
were \, ery \\, Ide and there was no statistical dif-
forence between values in different groups.
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during pregnancy, and decreases to a coinpara-
tively, Insignificant \, alue with 11T 6 \\, ecks after
delivers, (Sch. urn. 1974), but it has born re-
ported that very small amounts of it, -PAG can
be detected even in non-pregnant \\, Qinen and
hcalthy males. Than at al. reportcd that ,r, -
PAG was founcl in the sera of 8 of 30 health ,
non-pregnant \\, omen and I of 10 male con-
trols (Than at a1. , 1975b). In our study, , fi, -
PAG \\, as found in 26 of 46 non-pregnant
female controls and 11 of 32 male controls
The mean \, alue of serum tr"-PAG of female

control^ (2.6t3.00 UN) w"* statisti, "My high-
a' (p < 0.05) than that of ,nth .. nom1* (0.6 t
1.01 Un, I)

Raised scrum levels of ,r, -FAG have been
found in females taking oral contraceptives
contain!rig estrogen components (Home et al. ,
1973), but the concentration of estrogen and
that of tr, -FAG in the scrum \\, CTC not cor-
related (Schoultz at all. , 1973c; Bohn at al
1973). At lirescnt, the reason why, ri, -PAG
Ie\, GIS of female controls are significantly ITigher
than those of males is unknown

It is possible that the scrum it, -FAG changcs
during thc menstrual cycle In \\, oman. So no\\,
we arc me astiring it2-FAG levels serial Iy in
sera of health\, adult females \\, it!t a regular
meltstrual cycle. Results suggest that the cx-
tcnt of change Is not too \\, idc to inHuencc tllc
initial diagnosis of cancer patients

Owing to the sexual diffcrencc, we con-
SIdcrcd the it, -FAG levels EQi. Inaries and fe-
males separately

Filmary breast cancu' patients sho\\, ed sta-
hatic"by highc, (p < 0005) unlu. * of ,",-FAG
than controls (Fig. I) anti ^aiscd ,1, -FAG levels
\\, CTC lowei'ed by removal of tumor (Fig. 4),
but they wcre marked Iy elevated in recurrent
cases (Fig. 2)

Anderson and Stimson reported similar re-
SUIts to ours on breast calTcer patients (Stim-
son, 1975 ; Anderson at a1. , 1976). Patients
with benign breast tumors showed almost the
same us-FAG levels as female controls.

These results clearly showed that er, -FAG
is a reliable marker for not only initial diagno-
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I. Coinj>di'I'$011 of the ,d/Mes of it, -pHG, GE, ,
tt, !of 1.4P 111 cancel'I'dtrellis (Table I, 2, .3)

Table I shows that thc positivity of ,r, -PAG
was significantly highcr than those of thc other
two parametcrs at all stages in bi'east cancer.

TIT patients \\, Ith gastric canccr, ,12-FAG
positivity \\, as higher than thc other paramctcrs
at an carly stage, but almost the same as those
of the other parameters at an advanced stage
(T"b1.2).

In colorectal cancer patients, CEA showed
the highest positive ratio at all stages (Table
3)

o
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o

Breast cancer

Stillh, us

DISCUSSION

The serum level of n, -FAG rises remarkably

,
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TABLES I-3. Resw/ts are expressed as total WWIIibei's of patie"Is lid"Ing hi^her t!a/Mes Ihrr" I re MPPe,
Jimz't of normalItoldl it""16e^ of patients studied.
TABLE I. Comparison of Domes of c"2-pHG, CEA, und JAP t'" 61.8nst cancer pollents

Clinical stage

11

111

R

Total

TABLE 2.

Clinical stage

11

111

IV

R

Total

PAG

219 (22.2%)

14132 (43.8%)

8119 (42.1%)

12/18 (66.7%)

36178 (46.2%)

Coinpa, 'is on of caines of CT2-pHG, CEA, o71d JAP i?I gast, 'IC cancer' pane"Is

TABLE 3.

CEA

2119 (10.0%)

3129 (10.3%)

6120 (30.0%)

6115 (40. 0%)

17183 (20.5%)

FAG

319 (33.3%)

4111 (36.4%)

10/14 (71.4%)

10/23 (43.5%)

9113 (662%)

36170 (51.4%)

Clinlcal stage

11

111

IV

V. R

Total

Coinpnrt'son of o01ttes of tt2-PAG, CEA, and Jap in colo, .ectol cancer potaents

-- ---- - ----- ---- - -- - ------

IAP

119 (11.1%)

4132 (12.5%)

3119 (15.8%)

5116 (31.3%)

13176 (17.1%)

CEA

019 ( 0%)

115 (20.0%)

017 ( 0%)

12/20 (60.0%)

619 (66.7%)

19151 (37.3%)

sis of breast cancer but also follow-up of can-
The Tell-CGr patients undergoing surgery

ability of ,r2-FAG as a cancer-associated marker
was reinforced by, comparison of rt, -PAG levels
with those of CEA and IAP in breast cancer

patients (Table I)
Than reported that none of the 6 patients

with gastric cancer they, examined had high
"*-FAG relne^ (Than at a1. , 1975b). On th.

found that the mean tr, -FAGcontrary, we
levels of primary gastric cancer patients were
statisticaly higher. (p < 0005) than thus, of
cont". I^ (Fig. I) and that th, ruts"d ,",-FAG

PAG

013 ( 0%)

113 (33.3%)

5112 (41.7%)

113 (33.3%)

7110 (70.0%)

14131 (45.2%)

TAP

017 ( 0%)

2110 (20.0%)

7112 (58.3%)

'119 (47.4%)

6/11 (54.5%)

24/59 (40.7%)

CEA

016 ( 0%)

113 ( 0%)

5111 (45.5%)

213 (66.7%)

12/14 (85.7%)

20137 (54.1%)

100

levels decreased after curative surgery (Fig.
5). It should be emphasized that rise in the
co- FAG level occurred at earlier stages than
mus in CEA and IAP I'M^ (T, b1,2). It I^,
therefore, concluded that r",-FAG may also be
a reliable marker of gastric cancer of all clinical
stages as well as of breast cancer.

In case of colorectal cancer, elevated er, -
FAG levels \\, ere also detected, indicating that
tr -FAG may be useful for Initial diagnosis of
colorectal cancers. But CEA and TAP were
more reliable than ,r, -FAG as indicators of
these tumors and CEA was the best Inarker in

Bii<EN JOURNAL \;o1.2+ No. 31981

IAP

012 ( 0%)

012 ( 0%)

5112 (41.7%)
313 ( 100%)

519 (55.6%)

15129 (51.7%)



detecting recurrenq, (Table 3). wood at al
also reported that serum tr, -FAG Ievcls \\, ere
increased in advanced cases of colorectal can-
cers, but that this protein \\, as less reliable than
CEA for detccting recurrent tumors (\\'o0d
at a1. , 1978b)

The above findings indicate that tr"-FAG
was not a specific n)acher for one 1<1nd of can-
cer, but a common marker of several kinds of
cancers

it Is concluded that the accuracy, of diagno-
SIS of cancers Ina}, be improved by adding
measurements of thc ITe\\, cancel'-associated

marker, (1, -PAG, to the convcntional diagnostic
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