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Mutual Relations of Serum Carcinoembryonic Antigen (CEA)

Levels to Tumor Volume and Proliferative Activity of Tumor

Cells: An Experimental Study

Yoshiteru Iwatanil, Takeshi Nakamura® and Yoshiki Tabuchi?

Carcinoembryonic antigen (CEA) producing tumor, MKN45, cells were trans-
planted into 15 nude mice, and the mutual relations of serum CEA levels to tumor
volume and proliferative activity of tumor cells were analyzed. @ The prolifera-
tive activity was evaluated by proliferating cell nuclear antigen (PCNA) labeling
index (LI, %). Respective 2 or 3 mice were sacrificed 1, 2, 3, 4, 5, 6 and 7
weeks after transplantation under etherization. Transplanted tumors grew
semi-logarithmically during the experimental period. Correlations represented
by the formulas, Y (CEA, ng/ml) = 0.002X (tumor volume, mm3) + 1.515 (r =
0.745, P < 0.01) and Y (log CEA, ng/ml) = 0.026X (PCNA LI) —0.26 (r =
0.543, P<0.08), were found among serum CEA levels, tumor volume and PCNA
LI. A formula, Y (log tumor volume, mm3) = 0.031X (PCNA LI) + 2.052 (r =
0.582, P<0.06), was found between tumor volume and PCNA LI. The results
suggest that serum CEA levels, tumor volume and proliferative activity of tumor
cells are mutually correlated in the genetically identical tumors and that the

biological malignancy of tumor increases in proportion as tumor grows.
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INTRODUCTION

Carcinoembryonic antigen (CEA) is
widely used as one of the indispens-
able tools for the management of
various cancer patients, because the
antigen has been found to be useful as
a monitor for detection, staging, iden-
tifying recurrence, determining the re-
sponse to therapy and estimating the

First Department of Surgeryl and Faculty
of Health Sciencez, Kobe University School
of Medicine, Kobe, Japan.

Vol.13, 1997

survival or prognosis. The elevation
mechanism in the peripheral venous
blood has been gradually clarified by
the precise clinical and experimental
studies.}-14) Recently, we have re-
ported that the positive relation of
serum CEA levels to the proliferative
activity of cancer cells or lesions are
found in the human gastrointestinal
cancer patients.1418) However, the
gastrointestinal cancer patients
and/or lesions consisting of CEA pro-
ducing ability, tumor volume and pro-
liferating activity are different in each
of the clinical cases. Mutual re-
lations of CEA producing ability to
tumor volume and proliferative activ-
ity of tumor cells have not yet been
examined in the animal models.

Therefore, it is not proved whether
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the positive relation of serum CEA
levels to proliferative activity in can-
cer lesions are true, even though the
relation is theoretically thought to be
true.

In the present study, in order to
analyze and prove the aforementioned
phenomena, the mutual relations of
serum CEA levels to tumor progres-
sion and proliferative activity of the
tumor cells were examined using an
animal model transplanted a CEA pro-
ducing tumor cell line with a geneti-
cally same biological property.

MATERIALS AND METHODS

1. Gastric cancer cell line
Human gastric cancer cell line with
CEA producing ability, MKN#45.19)

supplied by the Japanese Cancer Re-

search Resources Bank (Tokyo,
Japan) was used in this study. Cells
were propagated in RPMI1640

medium (Nihonseiyaku. Inc. Tokyo,
Japan) supplemented with 10% heat-
inactivated fetal bovine serum and
maintained at 37 C in a humidified
atmosphere consisted of 5% CO2 and
95% air.  Single-cell suspension was
obtained by trypsinization.
2. Xenotransplantation of MKN45
cells

Five-weeks-old female athymic nude
mice (BALB/cAJcl, nu/nu) weighing
approximately 20g were purchased
from Clea Japan, Inc. (Osaka, Japan) ,
and employed for the experiments.
They were maintained under the
pathogen-free conditions on a stan-
dard diet and water throughout the
experiments. Xenotransplantation was
initiated by the subcutaneous injection
of 106 cancer cells into the right

flank of the nude mouse. Five weeks
later, the subcutaneous tumor was re-
sected from the flank under etheriza-
tion, and then 3 mm pieces of the
tumor were transplanted sub-
cutaneously by 14G trocar into the
right flanks of 15 nude mice respec-
tively. Respective 2 mice were sacri-
ficed at intervals of 1 week up to 7
weeks after transplantation but 3
mice were sacrificed only six weeks
after transplantation under etheriza-
tion. The whole blood was collected
from the heart by a syringe (1 ml)
with 25 G needle. Immediately after
the measurement of length and width
of the resected tumors, they were fix-
ed in 10% buffered formalin for 24
hours and embedded in paraffin.
Tumor volume (V) was calculated by
the formula according to Tibbetts and
co-worker,20) V= (a X b2) /2, where
"a” and "b” are the measurements
(mm) of "length” and "width” respec-
tively.
3. Determination of serum CEA

Serum CEA levels were determined
by two-site immunoradiometric assay,
CEA-Kit "Daiichi II” (Daiichi Radio-
isotope Institute, Co., Ltd., Tokyo) .

‘CEA values under 0.5 ng/ml could

not be correctly determined, because
of the limit in this Kkit.
4. Immunohistochemical
PCNA

The proliferative activity of the
tumor cells was immunohistochemical-
ly evaluated by proliferating cell nuc-
lear antigen (PCNA) labeling index
(L1), as already reported by us.15-16)
In brief, 4 um sections were made
from paraffin embedded specimens.
The paraffin embedded sections were
dewaxed and dehydrated, and then en-

analysis of
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Serum CEA levels and tumor progression

Log tumor volume (mm3)
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Figure 1. Growth of tumors. Transplanted tumors grow semi-logarithmically.

dogenous peroxidase was blocked
with 3% hydrogen peroxide. Nonspe-
cific bindings were blocked by pre-
incubation with normal bovine serum.
PCNA was stained with monoclonal
antibody PC10 (Nichirei, Tokyo)
overnight at 4°C using modified avi-
din biotin method. The specimens
were counter-stained with hematoxy-
lin. A minimum of 1000 cancer cells
were microscopically examined in
each of the invasive parts into the
muscle layers of the lesions. PCNA
LI was expressed as the percentage
(%) of PCNA positive tumor cell nuc-
lei to all of the examined nuclei.
5. Statistical analysis of regression
scattergrams

The regression scattergrams among
CEA levels, tumor volume and PCNA
LI were analyzed using a personal
computer software ("Stat View SE +
Graphics”, Abacus Concepts Inc., Ber-
keley, CA) . The relationships be-
tween tumor volume and growth after
transplantation, between CEA levels
and PCNA LI and between tumor
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volume and PCNA LI were analyzed
after the logarithmical exchange of the
tumor volume and CEA values, be-
cause their relationships showed con-
cave or convex curves and the statis-
tical analyses were very difficult even
by the aforementioned software.
Growth curve of the transplanted
tumors was also examined using the
same computer software. P values
less than 0.05 were taken to be signi-
ficant, and the values less than 0.1
were estimated to have a tendency to
be significant.

RESULTS

1. Growth of transplanted tumors

All of the transplanted tumors grew
almost  semi-logarithmically - after
transplantation. = A formula repre-
sented by Y (log tumor volume, mm3)
= 0.252X (days after transplantation)
+ 1.804 (r = 0.986, P<0.01) was
found, as shown in Figure 1 (Fig. 1).
Tumor doubling time of the trans-
planted tumors was 8.362 days.
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Figure 2.

2. Relationship between CEA levels
and tumor volume

The whole blood could not be col-
lected in 2 mice sacrificed 1 and 3
weeks after transplantation. Serum
CEA level in 1 mouse sacrificed 1
week after transplantation was not de-
termined, because of the level under
the determinative limit of the diagnos-
tic kit. Thus, these mice were ex-
cluded following analyses of the data.

A significant correlation repre-
sented by the formula, Y (CEA, ng/
ml) = 0.002X (tumor volume, mm3)
+ 1515 (r = 0.754, P<0.01), was
found between them (Fig. 2).
3. Relations of CEA levels to PCNA
LI and of tumor volume to PCNA LI

As shown in Figure 3, formulas
represented by Y (log CEA, ng/ml) =
0.026X (PCNA LI) — 026 (r =
0.543, P<0.08) and Y (log tumor
volume, mm3) = 0.031X (PCNA LI)
+ 2.052 (r = 0.582, P < 0.06) were
found in the relationships between
tumor volume and PCNA LI and be-
tween tumor volume and PCNA LI

Relationship between serum CEA levels and tumor volume.

(Fig. 3).
DISCUSSION

Close correlations between serum
CEA levels and tumor volume or
depth of cancer invasion have shown
by many investigators.}-14) Significant
correlations between serum CEA
levels and proliferation activity of
tumor cells represented by PCNA LI
and/or between the proliferative
activity and tumor progression have
also been reported by some
investigators.14-18) However, relation-
ships among the CEA levels, prolifera-
tive activity and stage of tumor
growth have not yet been simul-
taneously examined in human malig-
nant tumors and also in animal models
transplanted CEA producing tumor
cell lines. Thus, it remains unclear
how serum CEA levels and prolifera-
tion activity of tumor cells change
according to the stage of tumor
growth. In the present study, in
order to analyze and prove the
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aforementioned unclear phenomena,
the mutual relations of serum CEA
levels to tumor progression and pro-
liferative activity of the tumor cells
were examined using an animal model
transplanted a CEA producing tumor
cell line with a genetically same biolo-
gical property.

The result obtained in this study
clearly demonstrates that serum CEA
levels increase in parallel with tumor
volume, as already suggested in hu-
man gastrointestinal cancer by many
investigators.1-14) Furthermore,
serum CEA levels and tumor volume
had a tendency to increase semi-
logarithmically in parallel with PCNA
LI of the invasive parts of tumors.
This result suggests that proliferative
activity in the tumor lesions may
change due to the stage of tumor
growth. Since it has also been con-
firmed that PCNA LI is one of the in-
dicators of the malignancy of gastroin-
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testinal cancer,15.16.21-22) these re-
sults and reported facts strongly sug-
gest that the biological malignancy of
tumors increases in proportion as
tumors grow.

In conclusion, analysis of the
mutual relations of serum CEA levels
to tumor volume and proliferative
activity of tumor cells in an animal
model reveals that serum CEA levels
increases in parallel with tumor
volume and that serum CEA levels
and tumor volume increase semi-
logarithmically in parallel with prolif-
erative activity. From the results, it
may be concluded to be true that the-
biological malignancy of tumor in-
creases in proportion as tumor grows.
Therefore, the determination of serum
CEA and/or PCNA LI of tumor tis-
sues seems to be clinically useful for
the evaluation of tumor progression
and extension.
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