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SUMMARY

There is a strong correlation between tissue localization and the serum concentrations of
tumor markers such as human chorionic gonadotropin (hCG) and Schwangerschaftsprotein 1
(SPy) in choriocarcinoma. However, in the case of ovarian cancer there is usually a pa-
rtial dissociation between tissue localization and serum levels, with the exception of a-
fetoprotein (AFP). The present study investigated the correlation between the blood le-
vels and tissue localization of cancer antigen 125 (CA 125) and tissue polypeptide antigen
(TPA), tumor-produced markers which are commonly used in clinical practice. The follow-
ing results were obtained :

1. The maximum pretreatment blood concentrations of both CA 125 and TPA (posi-
tivity rates: 68.6% and 54.3 %, respectively) were found in serous cystoadenocarcinoma
(CACa). Since the results for specificity were reversed (62.7 % and 87.3 %), the correlat-

~ion between cancer and blood levels (diagnostic value) was 43.0 % and 47.4 %, respecti-
vely.

2. Positivity for the 2 tumor markers increased with advancing clinical stage, suggest-
ing the relationship between the blood level and the volume of cancer tissue or the ex-
tent of invasion/destruction of the surrounding tissues.

3. In serous.CACa patients with high pretreatment blood levels, they decreased in 96 %
(CA 125) and 93 % (TPA) of the patients undergoing complete resection and they increa-
sed in 100% (CA 125 and TPA) of the patients with recurrence, indicating a strong co-
rrelation between the presence of cancer and blood levels.

4. CA 125 and TPA were respectively localized in the tumors of 86 % and 71 % of

Department of Obstetrics and Gynecology and *Second Department of Biochemistry, School of Medicine,
Chiba University, Chiba 260.

EBEEAE WMEEZ, BR—H, WBEHT, KEIET, SAREFRY BRESRY : NRTMEERCRT 2 EE
< —#h— CA125 R TPA 0N L P EMEECE T 2 BKRe, EERHTZE
THERFEEZMENFARLEE, e e

T260 FEGHPREXZE 1-8-1

(PR 44107 6 A=, ER 44410200 ZH)



334

H. YOSHINO et al

21 patients serous CACa, and in 0% and 75% of 20 patients with mucinous ovarian
CACa.

5. Tissue localization was dissociated from blood levels in 19% (CA 125) and 24 %
(TPA) of serous CACa patients and in 30 % (CA 125) and 0 % (TPA) of mucinous CACa
patients. Nonspecificity of tumor markers is a major reason for such dissociation. Even
in patients with confirmed tumor marker localization in the tumor cells, blood levels were
not necessarily correlated with the proportion of marker-positive cells or the immuno-
histochemical positivity rate.

6. In basic experiments using cultured cell lines, intracellular localization agreed with
the intracellular concentration in all cases, but the intracellular localization was not always
in proportion to the concentration in the culture supernatant.

7. Recovery tests were performed for the 2 tumor markers in various mixtures of se-
rum, culture supernatant, and amniotic fluid of known concentrations. Recovery rates de-
creased significantly to 51.3% for CA 125 and 57.0% for TPA when amniotic fluid was
mixed with human serum, suggesting that tumor markers may be modified or masked dur-

ing the process from production to release into the blood.
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I. Introduction

The tissue localization of tumor markers often
differs from their serum levels under the present
circumstances where no strictly cancer-specific mar-
kers are available. Various pathways and many
bottlenecks need to be negotiated before tumor-pro-
duced substances enter the blood. Apart from te-
chnical limitations including the inadequate sensiti-
vity of immunohistochemical tests and blood level
assays, various problems exist concerning the rela-
tionship of blood levels to the tissue localization
of tumor markers.

Even when the localization of tumor markers in
cancer cells is confirmed, the degree of release into
the blood is variable. Cytoarchitectural proteins
and tissue enzymes, including placental tissue pro-
tein 5 (PPs), PPu?, and P 450 HFLa?, show little
extracellular release, while some tumor markers
like cancer antigen 125 (CA 125)® and tissue poly-
peptide antigen (TPA)Y are readily transferred ex-
tracellularly.

CA 125 and TPA have been extensively used
as tumor markers for ovarian cancer and are relea-
sed into the blood in high concentrations. In this
study, we investigated the following points:

(1) The percentage of patients with high pretre-

atment blood levels (positivity rate, sensitivity, and
diagnostic value).

(2) The percentage of patients with high pretreat-
ment blood levels in relation to clinical stage.

(3) Changes in tumor markers in patients with
complete resection, incomplete resection, and tumor
recurrence.

(4) The localization of the markers in cancer tis-
sues.

(5) The correlation between blood levels and
tissue localization.

In addition, a fundamental study was carried out
on masking phenomena cccurring during the re-
lease of tumor markers into the blood which involved
the following experiments :

(1) Determination of the intracellular localization
and concentrations of these tumor markers as well
as their release into culture medium using 3 cultured
ovarian cancer cell lines.

(2) Recovery tests for CA 125 and TPA that in-
volved comparing the measured and theoretical tu-
mor marker levels in various mixtures of serum,
amniotic fluid, and culture medium of known initial

concentrations.
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II. Materials and Methods

Serum and tissue samples

Serum samples were pretherapeutically obtained
from 35 patients with serous ovarian cystadeno-
carcinoma (CACa), 31 patients with mucinous ova-
rian CACa, and 102 patients with other gynecolo-
gic diseases including endometriosis. Serum sa-
mples were also collected before treatment from
135 patients with ovarian malignancies; 64 in sta-
ge 1, 23 in stage II, 33 in stage III, and 15 in st-
age IV. In addition, serum was obtained at one
month after operation or at the time of that recu-
rrence was suspected in 34 patients with serous ova-
rian CACa, in whom the CA 125 and TPA levels
were elevated preoperatively. Serum samples we-
re stored at —80 °C until use.

Tissue specimens were obtained at operation
from 21 patients with serous ovarian CACa, 20 with
mucinous ovarian CACa, and 11 with benign
gynecologic diseases. These specimens were im-
mediately cut into small cubes and embedded in
paraffin after fixation in a mixture of 90 % ethanol
and acetic acid®.

Measurement of CA 125 and TPA levels

The CA 125 level was measured by a radioim-
munoassay (RIA) employing the sandwich solid-
phase method. The antibody applied was a mo-
use anti-human CA 125 monoclonal antibody (Cen-
tocor, Pennsylvania, USA). TPA levels were me-
asured using a double-antibody RIA ; the first anti-
body was horse anti-TPA (Sangtec Medical, Bro-
mma, Sweden) and the second was rabbit anti-
horse IgG (Sangtec Medical). The normal upper
levels were set at 35u/ml (CA 125) and 110 U/L
(TPA).

Immunohistochemistry of CA 125 and TPA

CA 125 and TPA were demonstrated in the 3
to 4 pm sections by the avidin-biotin immunoper-
oxidase (ABC) technique® with a VECTASTA-
IN™ ABC kit (PK-4001, 40002, Vector Labora-

tory, California, USA). To unmask tissue anti-

gens, the sections were briefly exposed to 0.1%

trypsin after deparaffinization”. The sufficient blo-

cking of endogenous peroxidase activities was achi-

eved by pretreatment of the sections with 1.0 %
hydrogen peroxide in phosphate-buffered saline
(PBS, pH 7.2) for 60 min at room temperature®.
Murine monoclonal antibodies against CA 125 and
TPA were kindly donated by Dr RC Bast (Duke
University, North Carolina, USA) and Dr B Wi-
klund (Sangtec Medical), respectively, and were
used as the primary antibody. The reagents
contained in the ABC kit were diluted as in-
dicated. The substrate solution contained 0.015 %
3, 3’-diaminobenzidine tetrahydrochloride (Riedel
de Haen AG, Hannover, Germany) in PBS. The
solution was prepared fresh each time and 5l of
30 % hydrogen peroxide was added to 5ml of the
solution immediately before use. Specimens were
incubated with the substrate for 5-10 min at room
temperature.

Control sections were incubated with PBS or
normal nonimmune mouse IgG (NMI, Miles Labo-
ratories, Illinois, USA) in place of the first spe-
cific murine monoclonal antibodies.

Synthesis of CA 125 and TPA by cultured tumor
cell lines

Three cultured ovarian carcinoma cell lines
(HAC 2: mesonephroid Ca, SHIN 3: serous
CACa, HOC 21: serous CACa) were used to eva-
luate the production of these two tumor markers
by cultured cells and their release into culture medi-
um. These cell lines were cultured in Eagle’s mi-
nimal essential medium (MEM) supplemented with
10 % fetal calf serum (Gibco, New York, USA)
and were incubated in Falcon tissue culture dishes
(60 mm) at 37°C in 5% CO: in air. The con-
centrations of CA 125 and TPA in the culture
medium were below the cutoff levels (8 ¢/ml and
5 U/L) of the used RIA kits used. When the cul-
tured cells reached 10Xx10¢ in number, the cells
attached to the dishes were treated with 0.25 %
trypsin, and the resulting cell suspensions were cen-
trifuged at 1,000 rpm for 5min. These cells were
then subjected to the immunohistochemical investiga--
tion and to sonication. The culture medium super-
natant and 1 ml of PBS containing 107 cells sonica-
ted for 30 sec were prepared for tumor marker ass-

ays using the above-mentioned RIA kits. The cell
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Table 1. Pretherapeutic positvie rates of CA 125 and TPA in ovarian neoplasms

n CA 125 TPA CA 125/TPA
Carcinoma
Serous CACa 35 24 (68.6) 19 (54.3) 28 (80.0)*!
Mucinous CACa 31 12 (38.7) 10 (32.3) 14 (45.2)
"Total 66 36 (54.5) 29 (43.9) 42 (63.6)
Benign disease*? 102 38 (37.3) 13 (12.7) 38 (37.3)

*1: positive cases (%) (upper limits, CA 125 ; 35u/ml, TPA ; 110U/L)

*2 : include ovarian adenomyosis
CACa : cystadenocarcinoma

Table 2. Diagnostic values of CA 125 and TPA in ovarian malignacies

n CA 125 TPA CA 125/TPA
Serous CACa 35 69/63/43 54/87/47 80/63/50*
Mucinous CACa 31 49/63/25 32/87/28 45/63/28
Total 66 55/63/35 44/87/38 64/63/40

* 1 sensitivity/specificity/diagnostic value

suspension was centrifuged at 500 rpm for 5 min
and the sediment was fixed in the mixture of 90 %
ethanol and acetic acid®. Using the rapid cell
block method of Fukushima?, cultured cells were
embedded in paraffin, cut into 3-4 ym sections, and
prepared for immunocytochemistry by the ABC
method.

Recovery of CA 125 and TPA from various mix-
tures

Three different sera (CA 125/TPA ; 19u/ml/25
U/L, 32/25, 63/35), amniotic fluid (2 300/9 200)
and culture supernatant (OMC 3 ; mucinous CACa,
11/5 100) were mixed with each other at dilutions
of 1:1,1:3,1:7and 1:15. The concentrations
of CA 125 and TPA were then measured in each
mixture, and were compared with the values calcu-
lated based on the original concentrations and dilu-

tions of the mixtures.

III. Results

Table I shows the pretreatment CA 125 and
TPA levels in 66 patients with CACa (35 serous
and 31 mucinous), who accounted for the majority
of the patients with malignant ovarian tumors, and
102 patients with benign ovarian disease including
endometriosis. Positivity for e ther of the markers
is indicated as CA 125/TPA. Although positivity

for CA 125 was only 38.7 % in patients with muci-
nous CACa, it was 68.6 % in serous CACa, with
an overall positivity rate of 54.5%. The pretreat-
ment positivity rate for TPA was 32.3 % in patients
with mucinous CACa, while it was 54.3 % in serous
CACa. With simultaneous measurement of the 2
tumor markers, positivity for TPA increased from
32.3% so 45.2% (a rise of 12.9%) in mucinous
CACa and that from CA 125 increased from 68.6
% to 80.0% (a rise of 11.4%) in serous CACa,
with the overall increase being 9.1 %. However,
the pretreatment posivity rate for CA 125 was 37.3
% in benign disease, and the rate was higher in
endometriosis. On the other hand, 12.7 % of pat-
ients with benign ovarian disease were low positive
rate for TPA and the false positivity rate for the
marker did not increase with simultaneous measure-
ment, resulting Iin a pretreatment positivity rate
of 37.3% for CA 125.

Table 2 shows the sensitivity determined from
the percentage of patients with high pretreatment
blood levels (positivity rate) and specificity deter-
mined from the false positive rate in patients with
benign disease. The specificity of CA 125, TPA,
and CA 125/TPA was respectively 63 %, 87 %,
and 63% as determined from the false positive

rates in benign disease, resulting in diagnostic va-
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Table 3. Positive rates of serum CA 125 and TPA levels in relation to clinical stagings

) CA 125 TPA
Staging
n Range*!  Mean*! PR (%) n Range*? Mean*2 PR (%)
I 64 8- 180 46 16/64 (13) 64 25- 90 51 19/64 (30)*3
I 23 15- 170 38 9/23 (39) 23 47-310 95 14/23 (61)
m 33 18-16000 4986 26/33 (79) 33 55-770 328 20/33 (61)
I\ 15 34- 2200 1580 11/15 (73) 15 25-928 188 12/15 (80)

x1: u/ml #2: U/L, =3: No-positive/No-examined (%)

PR : positive rate (CA 125> 35u/ml, TPA>110U/L)

Table 4. Postoperative fluctuation of serum CA 125 and TPA in the clinical courses

CA 125 TPA
n <35u/ml =35u/ml Increased n <35u/ml = 35u/ml Increased
Post CO*1 23 22 (96) 1 15 14 (93)*3 1 —
Post ICO*! 7 6 (86) 4 4 (100) —
Recurrence*? 4 — 4 4 — 4 —

1 : evaluated at one month after operation *2: evaluated at the point of suspicious diagnosis of the
recurrence based on clinical symptoms, medical electronics or serum tumor markers, +*3: cases/No-
examined (%), CO: complete operation, ICO : incomplete operation

lues for all ovarian cancer of 35%, 38 %, and 40
9%, respectively. A diagnostic value of 50 % was
only achieved for CA 125/TPA in serous CACa.

Table 3 shows the relationship between the cli-
nical stage (I-IV) and the pretreatment positivity
rates of the 2 tumor markers. Positivity rates for
both markers increased as the clinical stage advan-
ced, and reached 79 % for CA 125 in stage III and
80 % for TPA in stage IV. Changes in the blood
tumor marker levels with surgery or recurrence
were investigated in 34 patients with serous CACa
who showed high pretreatment blood levels (Table
4). Postoperative blood levels decreased in 96 %
(CA 125) and 93 % (TPA) of the patients with co-
mplete resection, while they increased in 100 %
of the patients with recurrence, indicating a strong
correlation between the presence of cancer and the
blood level of each marker.

Immunohistochemical detection of CA 125 and
TPA was performed in 41 cancer patients (21 with
serous CACa and 20 with mucinous CACa) as well
as 11 patients with benign ovarian tumors. The
findings shown in Figs. 1 and 2 were defined as

positive for tumor marker localization. CA 125

Fig. 1. Lecalization of CA 125 in serous
cystadenocarcinoma (10X 25, under
interference phase contrast)

and TPA were respectively detected in 86 % and 71
% of serous CACa and in 0% and 75 % of muci-
nous CACa (Table 5). Positivity was also noted
in 1 patient each with serous cystadenoma and lu-
teal cyst.

Table 6 shows the relationship between tissue
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localization of tumor markers and blood levels in
these patients. Patients with an increased blood
level despite the absence of tissue localization were
defined as showing dissociation. All other cases,
including those of confirmed tumor marker loca-

lization with increased or normal blood levels and

Fig. 2. Localization of TPA in serous
cystadenocarcinoma (10X 25, under
interference phase contrast)

those of no localization with normal blood levels
were defined as showing accordance. A high per-
centage (81 %) of accordance was observed for CA
125 in serous CACa, while the accordance for this
marker was 70 % in mucinous CACa. Although
accordance for TPA was 76 % in serous CACa, it
was 100 % in mucinous CACa, with a high overall
rate of 88 %.

Table 7 shows the relationship of the intracellular
localization and concentration of the tumor markers
in 3 cultured ovarian cancer cells lines as well as
the concentrations in culture supernatant. The pro-
duction of CA 125 was observed in SHIN 3 and
HOC 21 cells and that of TPA was confirmed in
all 3 cell lines. The intracellular concentration of
CA 125 was relatively high (190 u/ml) in SHIN 3
cells, while it was low (21 u/ml) in HOC 21 cells.
The intracellular concentration of TPA was very
high in all 3 cell lines, ranging from 320,000 to
940,000 U/L. Regarding culture supernatant, CA
125 was only detected in SHIN 3 supernatant and
TPA was measurable in all 3 supernatants at le-
vels from 19 to 14,600 U/L.

Mixtures of human serum (CA 125/TPA ; 19u/

Table 5. Immunohistochemical detection rates of CA 125 and TPA in ovarian neoplasms

CA 125
Carcinoma
Serous CACa 18/21 (86)
Mucinous CACa 0/20
Total 18/41 (44)

Benign neoplasm

1*2/11 (18)

TPA CA 125/TPA
15/21 (71) 19/21 (90)*t
15/20 (75) 15/20 (75)
30/41 (73) 34/41 (83)
1*3/11 (18) 2/11 (18)

*1: No-positive/No-examined (%),

*2 : serous cystadenoma *3: lutein cyst

Table 6. Correlation between tissue localization and serum levels of
CA 125 and TRA in ovarian carcinoma

CA 125 TPA
Concordance Separation Concordance*! Separation™?
Carcinoma
Serous CACa 17/21 (81) 4/21 (19) 16/21 ( 76) 5/21 (24)%*3
Mucinous CACa 14/20 (70) 6/20 (30) 20/20 (100) 0/20
Total 31/41 (76) 10/41 (24) 36/41 ( 88) 5/41 (12)

*1: localization (+)/serum levels (normal or {), lacalization (—)/serum levels (normal),
*2: lacalization (—)/serum levesf', #3: cases /No-examined (%)
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Table 7. CA 125 and TPA-intracellular localization and concentrations,
and release into the medium

HAC 2 SHIN 3 HOC 21
CA 125 -/ -/ — +/ 190/ 30 */ 21/ —
TPA +/940 000/14 600 +/320 000/2 200 +/600 000/19

«: intracellular localization/intracellular concentration (per 107 cells in 1 ml of PBS)/

levels in the medium with 107 cells, —, =%, -+, -+ : negative and graded positive
laocalization, units: u/ml(CA125), U/L(TPA)

Table 8. CA 125 and TPA-recovery tests in various mixtures

Culture medium
added human serum

Amniotic fluid
added human serum

Culture medium
added amniotic fluid

CA 125 99.0
TPA 97.1

51.3 98.7*
57.0 83.0

+: measured concentrations/calculated concentrations (mean %)

ml 25U/L, 32/25, 63/35), amniotic fluid (2,300/
9,200), and culture supernatant (OMC 3; 11/5,100)
were analyzed and the measured values were com-
pared with the theoretical values. The tests were
performed at 4 different mixture ratios and repeated
a mumber of times. Results were expressed as the
mean recovery rate (%) (Table 8). The recovery
rate was 83 % when culture supernatant was di-
luted with human serum or amniotic fluid, but the
rate fell to about 50 % for both tumor markers when

amniotic fluid was diluted with human serum.

IV. Discussion

In this study, the diagnostic values of CA 125,
TPA, and CA 125/TPA were respectively 35 %,
389%, and 40% for all CACa, and a diagnostic
value of 50 % was achieved only for CA 125/TPA
in serous CACa (Table 2). The correlation of
these tumor markers with ovarian cancer thus app-
ears comparable with those of ferritin, carbohydrate
antigen 19-9 (CA 19-9), SPs, and carcinoembryonic
antigen (CEA)%:1%_, In contrast, alpha-fetoprotein
in yolk sac tumor'® and human chorionic gonado-
tropin (hCG) and Schwangerschaftsprotein 1 (SP1)
in choriocarcinoma!” show higher correlations.
Positivity rates for both CA 125 and TPA increased
- with advancing clinical tumor stage and reached
79 % in stage III for CA 125 and 80 % in stage
mlV for TPA (Table 3). This finding was confirm-

ed by the changes in blood levels after surgery
and recurrence in patients with high pretreatment
tumor marker levels. Blood levels decreased in 96
% (CA 125) and 93 % (TPA) of patients undergo-
ing complete resection and increased in 100 % (bo-
th markers) of patients with recurrence (Table 4),
indicating a strong correlation between the presence
of cancer and the blood level of markers. This
finding supported the report'? that tumor size co-
rrelated well with the tissue localization of tumor
markers and the blood levels in mice with ovarian
cancer. These results confirmed that tumor mar-
kers can play an important role in the monitoring
of treatment or the early detection of recurrence!®,
and they suggest the existence of a strong correla-
tion between tumor volume and blood levels in
patients with increased pretreatment blood levels
of tumor markers!®.

In our study of the correlations between tissue
localization and blood levels, it was impossible to
examine all tissues removed. However, specimens
subjected to the study were examined for the dete-
ction of tumor marker localization as extensively
as possible so as not to miss any positive tissues. A
high rate of concordance (81 %) was found for CA
125 in serous CACa and a rate of 100 % was noted
for TPA in mucinous CACa, with the overall con-
cordance rate being 88 % (Table 6). The dissociat-
jon rate in benign tumors was 64 % (CA 125) and
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45 % (TPA), suggesting that the production of these
markers also cccurs in normal tissues. These resu-
Its indicate that, under the current circumstances
where there are no true cancers-pecific markers,
tumor marker blood levels do not always agree
with tissue localization, even if the markers are
produced by tumors. We should bear this in mind
when clinically applying immunodetection!®  and
immunochemotherapy!® utilizing tumor markers.

Our study of the intracellular localization and
concentration of CA 125 and TPA as well as the
concentration of each marker in culture supernatant
utilized 3 ovarian cancer cell lines. No dissociation
was noted between the intracellular localization
and the concentration of each marker, and the in-
tracellular concentration generally agreed with the
concentration in culture supernatant (Table 7).
However, there were significant differences between
the 2 markers and among the cultured cell lines in
relation to extracellular release. The intracellular
concentration of CA 125 in SHIN 3 cells was 6.3
times higher than the concentration in the culture
supernatant. That of TPA was 64.4 times in HAC
2 cells, and was 145.5 and 31,578.9 times in SHIN
3 and HOC 21 cells, respectively. Thus, there
were considerable differences of tumor marker re-
lease between the various cell lines.

The mechanism of the release of tumor markers
into the blood is much more complex in cancer ti-
ssue due to (1) the variable distribution of tumor
markers in cancer cells (e. g., polarity), (2) the
variations of tumor vascularity, and (3) differences
in the extent of invasion/destruction of surrounding
tissues'”. Thus, all these factors need considera-
tion in addition to the intrinsic properties of the
cancer cells and the tumor markers themselves.
Furthermore, (4) the masking of tumor markers in
blood and other body fluids can create further pro-
blems. A basic study was conducted to assess the
effect of masking. Amiotic fluid contains a large
amount of CA 125 and TPA, and the maternal
blood levels of these substances increase slightly
immediately after delivery while fetal blood levels

stay within normal limits!®., Since amniotic CA

125 and TPA would be expected to cause the sli-

. ght increase in maternal blood levels immediately

after delivery!®, it appears strange that there is
no influence on fetal blood levels. We also had
the impression that the change in maternal blood
levels was too small considering the very high amni-
otic concentrations of these markers. Accordingly,
we performed experiments using mixtures of human
serum, amniotic fluid, and culture superantant con-
taining known concentrations of CA 125 and TPA,
and compared the measured and theoretical values
(Table 8). There was no difference between the
measured and theoretical values when culture super-
natant was diluted with human serum or amniotic
fluid. However, when amniotic fluid was diluted
with human serum, the measured value decreased
to about 50 % of the theoretical value. This mas-
king phenomenon may occur under a variety of
conditions and would further complicate the rela-
tionship between the intracellular concentrations and

blood levels of tumor markers.
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