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Elevated Preoperative Serum CEA Level Is Associated with
Poor Prognosis in Patients with Hepatocellular Carcinoma
Through the Epithelial-Mesenchymal Transition
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Abstract. Background: Serum carcinoembryonic antigen
(CEA) is used as an indicator of tumor progression in a
variety of carcinomas. A subset of patients with
hepatocellular carcinoma (HCC) exhibit increased serum
CEA level, but the significance of this is unclear. In this study,
we investigated the prognosis of patients with HCC with
increased serum CEA, and explored the correlations with
expression of carcinoembryonic antigen-related cell adhesion
molecule 1 (CEACAMI) and epithelial-mesenchymal
transition (EMT) and tumor angiogenesis. Materials and
Methods: One hundred and twenty-three patients with HCC
who underwent radical resection were divided into two
groups according to a cut-off value of 5.0 ng/ml for serum
CEA: high (n=24) and normal (n=99) groups. We compared
the clinicopathological factors with serum CEA levels and its
correlations with CEACAMI expression, EMT-related factors
and microvessel density (MVD) of tumor tissues by
immunohistochemistry. Results: In the high CEA group, the
disease-free survival (DFS) rate was significantly worse than
in the normal CEA group. Multivariate analysis revealed that
a high CEA level was an independent factor predictive of
recurrence. Furthermore, increased serum CEA levels were
positively correlated with CEACAM1I expression. Moreover,
CEACAM]1 expression was positively correlated with
expression of EMT-related factors and MVD of tumor tissues.
Conclusion: Increased serum CEA level reflected CEACAMI
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expression and was an independent factor predictive of
recurrence in HCC through EMT and tumor angiogenesis.

Hepatocellular carcinoma (HCC) is one of the leading causes
of cancer-related deaths worldwide. Despite improvements
in treatment modalities, including surgical resection,
radiofrequency ablation, trans-arterial therapy and sorafenib,
long-term survival remains dismal, partly because of post-
treatment relapse and distant metastasis (1, 2). Therefore, it
is of great importance to identify novel prognostic markers
of HCC, and further improve diagnostic tools for tumor
relapse in patients with HCC.

Serum carcinoembryonic antigen (CEA) is increased in
various types of adenocarcinoma, such as colon and gastric
cancer, and is associated with tumor progression. However,
in HCC, the level of serum CEA is not a specific marker for
carcinogenesis or recurrence after curative treatment.
Nonetheless, some subsets of HCC demonstrate aggressive
malignant behavior with elevated serum CEA level, although
the significance of this remains unknown.

In recent years, the CEA family of immunoglobulin-
related proteins was classified into several subtypes, known
as carcinoembryonic antigen-related cell adhesion molecules
(CEACAMs). The CEACAMs are encoded by 12 genes, and
show distinct expression patterns in different cell types (3-
5). CEACAM subtypes 1, 5, and 6 are described to be under-
or overexpressed in several tumor types including lung,
colon, and pancreatic cancer, and melanoma (6-11). In
particular, CEACAM1 was found to induce tumor invasion
and transition, and its expression is important for malignant
behavior in HCC (12-14). The epithelial-mesenchymal
transition (EMT) plays an important role in tumor
malignancy including metastasis and invasion. In HCC, it
has been reported that EMT stimulated tumor recurrence
through the transforming growth factor § (TGF@)/SMAD
transcriptional pathway (15).
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In this study, we investigated whether an increased serum
CEA level reflects CEACAMI1 expression, and induces EMT
and angiogenesis to promote the malignant behavior of HCC.

Materials and Methods

Patients and surgical procedures. One hundred twenty-three
patients with HCC who underwent radical resection at Tokushima
University Hospital, Japan, between April 2005 and March 2012,
were enrolled. All 123 patients underwent liver resections for initial
treatment of HCC, and the curative resections were confirmed by
pathological examination. Cases with mixed type liver cancer,
including intrahepatic cholangiocarcinoma, were excluded from
this analysis by pathologist. Staging and curability were defined
according to the Classification of Primary Liver Cancer by the
Liver Cancer Study Group of Japan (16). There were 91 men and
32 women, ranging from 33 to 84 years of age, with a mean age of
66 years. Clinicopathological characteristics, including age, sex,
liver function, hepatitis and pathological tumor status, were
available for all patients. This study was approved by the Ethics
Committee of our hospital (no.2345; Tokushima clinical trial
system), and written informed consent for the use of resected
tissues was obtained from all patients. Preoperative serum CEA
levels were measured and patients were divided into two groups
(high and normal CEA groups) using a cut-off value of 5.0 ng/ml
(upper limit of normal range) to evaluate relationships with
clinicopathological factors and prognosis.

Patient follow-up. We followed-up all patients in the outpatient
clinic according to a standard protocol (22). Briefly, patients were
followed-up every 2 months during the first year after surgery and
at least every 3-4 months thereafter. Both a-fetoprotein (AFP) and
protein-induced vitamin K absence or antagonist-II (PIVKA-II)
were evaluated each time. Abdominal dynamic computed
tomography was performed every 6 months. A diagnosis of
recurrence was made based on the typical imaging appearance in
computed tomography or magnetic resonance imaging (23-25).
Intrahepatic recurrence of HCC was diagnosed when the following
two criteria were met: the lesion was enhanced during the arterial
phase and was hypoattenuating or hypointense relative to the
surrounding liver during the venous or delayed phases. Additional
imaging findings regarded as suggestive but not diagnostic of
intrahepatic recurrence of HCC included lesions that had arterial
enhancement or were hypoattenuating or hypointense relative to the
surrounding liver during the venous or delayed phases, had
peripheral rim enhancement (suggesting a capsule or pseudocapsule)
during the delayed phase, showed decreased signal intensity during
the liver-specific hepatobiliary phase, or showed moderately
increased signal intensity on T2-weighted magnetic resonance
imaging. An elevated level of AFP or PIVKA-II was also taken into
consideration for confirmation of recurrence.

Immunohistochemistry. For each patient, we chose the most typical
hematoxylin and eosin (H&E)-stained tumor slide for
immunostaining. Specimens were fixed in 10% formaldehyde,
embedded in paraffin, and cut into 4 pm-thick sections.
Immunostaining was performed as previously reported (17-21).
Sections were deparaffinized with xylene, followed by rehydration
in an ethanolic series. Sections were treated with 3% hydrogen
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peroxide in methanol for 10 min to block endogenous peroxidase
activity. Antigen retrieval was performed by boiling in 10mM citrate
buffer (pH 6) using a microwave. After incubation with 1% bovine
serum albumin to block nonspecific antibody binding, sections were
incubated with primary antibodies against CEACAMI1 (1:100;
ab49510; Abcam, Cambridge, UK), E-cadherin (1:50; M3612;
Dako, Tokyo, Japan), vimentin (undiluted solution; IR630; Dako),
and CD34 (1:50; M7165; Dako) for 60 min at room temperature.
After washing with phosphate-buffered saline, sections were
subjected to the Dako REAL EnVision/HRP detection system
(Dako) for 60 min at room temperature. The peroxidase reaction
was developed with 3,3’-diaminobenzidine as the chromogen.
Sections were counter-stained with 10% Mayer’s hematoxylin,
dehydrated in a graded series of ethanol, treated with xylene, and
mounted in a synthetic resin.

Immunohistochemical evaluations were performed by a
pathologist who was blinded to information for each patient.

Immunohistochemical staining and assessment. CEACAMI: To
evaluate CEACAMI1 expression, the staining score was
semiquantitatively calculated by the percentage of stained areas and
intensities of tumor tissues. CEACAMI expression was scored by
intensity (1-3+), area (%) in cytoplasm, and grade: low: 1+, <70%
or 2+, <30%; high: 1+, =70% or 2+, =30% or 3+, any (6).

E-Cadherin and vimentin: To evaluate E-cadherin and vimentin
expression, the staining score was semiquantitatively calculated by
the percentage of stained areas of tumor tissues. E-Cadherin
expression was scored by staining area: grade 1, 0-25%; grade 2,
26-50%; grade 3, >51%. Vimentin expression was scored by
staining area: grade 1, 0-25%; grade 2, >26% (19).

CD34: To determine CD34 expression, after selecting the best
five fields at x40 the field of view, microvessels with CD34 staining
were counted at X200 the field of view, and their average value was
defined as the MVD (18, 20).

Statistical analysis. All statistical analyses were performed using
JMP 10.0.2 statistical software (SAS, Cary, NC, USA). All results
are expressed as the mean+standard error. The Mann—Whitney test
was used to compare continuous variables. The chi-squared test was
applied for categorical data. The patient survival rate after 5 years
from surgery was calculated by the Kaplan—-Meier product limit
method. Differences in survival between groups were compared
using the log-rank test. Prognostic factors were examined using
univariate and multivariate analyses (Cox proportional hazards
regression model). Continuous variables were generally classified
into two groups according to the median value of each variable. A
value of p<0.05 was considered statistically significant.

Results

Serum CEA and clinicopathological features. The patients
were divided into two groups: high (n=24) and normal
(m=99) according to serum CEA expression (5.0 ng/ml cut-
off). In the analysis of CEA level, there was a significantly
higher number of patients with hepatitis C, however, no
other significant differences in clinicopathological and
tumor-related factors, such as age, liver function, tumor
marker, were identified between the high and normal CEA
groups (Table I).
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Table 1. Clinicopathological factors according to serum

carcinoembryonic antigen (CEA) level.

Factors Serum CEA level  p-Value

Normal High

(n=99) (n=24)
Age (years) 66.2+1.1 66.8+2.2 0.81
Sex: Male/female 72/27 19/5 0.51
HBs Ag: —/+ 75124 18/6 0.94
HCV Ab: —/+ 60/39 8/16 0.02
Child Pugh: A/B, C 92/7 23/1 0.59
T-Bil (mg/dl) 0.9+0.1 0.9+0.1 0.74
Alb (g/dl) 3.8+0.1 3.8+0.1 0.87
ICGR 15 (%) 142+1.1 164+22  0.38
Tumor number (single/multiple) 74/25 18/6 0.98
Tumor size (cm) 52404 3.8+0.7 0.09
vv: —/+ 77122 16/8 0.27
vp: —/+ 77/22 1717 048
im: —/+ 89/10 22/2 0.76
Differentiation: Well/mod, poor 15/84 3/21 0.74
Stage: I, I/III, IV 61/39 15/8 0.60

HBs Ag: Hepatitis B virus antigen, HCV Ab: hepatitis C virus antibody,
T-Bil: total bilirubin, Alb: albumin, ICGR 15: indocyanine green
retention test at 15 min, vv: venous invasion, vp: port vein invasion, im:
intrahepatic metastasis.

Serum CEA and overall survival/disease-free survival rates.
For overall survival, there was no significant difference
between the high and normal CEA groups (5-year survival
rate: 70.8% vs. 68.8%, respectively, p=0.33) (Figure 1A). In
disease-free survival, the high CEA group had significantly
worse prognosis compared to the normal CEA group (5-year
disease-free survival rate: 16.0% vs. 66.5%, respectively,
p<0.01) (Figure 1B).

In univariate analysis of risk factors for tumor recurrence,
the presence of multiple tumors, high preoperative PIVKAII
level (>400 mAU/ml) and high preoperative carbohydrate
antigen 19-9 (CA19-9) level (>37.0 ng/ml) were determined
to be significant risk factors for tumor recurrence, along with
high CEA level (Table II). In multivariate analysis, high CEA
level (hazard ratio=4.40, 95% confidence interval=2.24-8.46,
p<0.01), and multiple tumors (hazard ratio=2.27, 95%
confidence interval=1.16-4.36, p=0.02) were identified as
independent factors predictive of recurrence (Table II).

Correlation between elevated serum CEA level and
CEACAM]1 expression. Firstly, regarding overall survival,
there was no significant difference between the high and low
CEACAMI1 groups (5-year survival rate: 80.4% vs. 83.4%,
respectively, p=0.27) (Figure 1C). In disease-free survival,
the high CEACAM!1 group had significantly worse prognosis
compared with the low CEACAMI group (5-year disease-
free survival rate: 29.7% vs. low 58.1%, respectively,

p=0.04) (Figure 1D). Next, we examined the correlation
between tumor CEA level and CEACAMI expression.
Representative staining of CEACAMI according to each
staining score is shown in Figure 2A. CEACAMI1 expression
was found to be significantly higher in the high CEA group
than in the normal CEA group (p<0.01) (Table III).

Correlation between expression of CEACAMI and EMT-
related factors and tumor angiogenesis. To confirm whether
CEACAMI1 expression regulates EMT and tumor
angiogenesis, we examined the correlations between
expression of CEACAMI1 and E-cadherin, vimentin and
CD34. Figure 2 shows representative staining of E-cadherin,
vimentin and CD34. CEACAMI1 expression was inversely
correlated with E-cadherin expression (p<0.05), and was
positively correlated with vimentin expression (p=0.06)
(Table IV). In addition, the MVD of the low (n=69)
CEACAMI1 group was and significantly lower than that of
the high CEACAM1 group (n=54) (p<0.01) (Table IV).
There was a significant positive correlation between
CEACAM1 expression and MVD (p<0.01).

Discussion

CEA is a glycoprotein comprised of 50-60% sugar chains with
a molecular weight of approximately 180,000 Da and was first
revealed to be expressed in human colon cancer tissues and in
fetal gut (26). CEA is increased in carcinomas of endodermal
origin, particularly in adenocarcinomas. In addition, CEA is
also known to act as a cell adhesion factor, and is increased in
the bloodstream as a result of a weakness of cell adhesion
during tumor growth, a known mechanism of increasing CEA
level (27). In previous reports, Lens culinaris agglutinin
reactive a-fetoprotein isoform (AFP-L3) (28) and PIVKA-II
(29), specific HCC markers, have been reported as
postoperative recurrence prognostic factors. However, there are
few reports on the relationship between postoperative
recurrence of HCC and the CEA level, despite its status as the
most widely used tumor marker. Meanwhile, some subsets of
HCC demonstrate aggressive malignant behavior with elevated
serum CEA level, although the significance remains unclear.
Recently a number of subtypes of CEACAMSs have been
identified, and CEACAM1I, 5, 6 were shown to be factors
predictive of recurrence in pancreatic cancer (6).
Furthermore, CEACAMI1 expression was associated with
reduced survival and metastasis in lung cancer (21), and
the relationship between CEACAMs and tumor
malignancy have been reported in various cancer types,
such as colon cancer and malignant melanoma (30, 31). In
HCC, although the relationship between CEACAMI
expression and tumor malignancy is controversial, several
reports indicated that CEACAMI1 expression is associated
with tumor malignancy by changing the isoform balance
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Figure 1. Kaplan—-Meier overall (A, C) and disease-free (B, D) survival curves for patients according to low (open symbols) and high (closed
symbols) expression of carcinoembryonic antigen (CEA) (A, B) and carcinoembryonic antigen-related cell adhesion molecule 1 (CEACAMI) (C,
D). Low CEA group: n=99, high CEA group: n=24; low CEACAMI group: n=69, high CEACAMI group: n=>54.

of CEACAMI1-L and S (13) and subcellular CEACAM1
expression localization (14, 32).

In our study, patients with HCC with high cytoplasmic
CEACAM1 expression had significantly worse prognosis,
and expression of E-cadherin, a down-regulator of EMT, was
significantly reduced, while vimentin, an up-regulator of
EMT, had a tendency to increase. Moreover, tumor MVD of
high CEACAMI-expressing patients was significantly
increased. This suggests that CEACAMI induces HCC
malignancy through EMT and angiogenesis.

It is unclear whether serum CEA exerts any effects in the
tumor microenvironment; however, a recent report indicated
that CEA-expressing cells obtain malignant behavior, such
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as increased proliferation, and exhibit tumor angiogenesis
and invasion through endothelial cell activation in vitro (33).
This reveals that increased serum CEA is not just a
biomarker of tumor progression, but also an upstream factor
in a mechanism of tumor malignancy.

In conclusion, the preoperative serum CEA level
significantly reflects CEACAMI1 expression, and CEACAM1
appears to induce EMT and tumor angiogenesis. This suggests
that serum CEA may be a reliable biomarker of recurrent HCC.
To our knowledge, this is the first report to demonstrate the
relationship between postoperative recurrence of HCC and
preoperative serum CEA level, and the mechanism of
recurrence through EMT and angiogenesis.
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Figure 2. Representative staining of according to staining score (A), and representative staining of E-cadherin, vimentin and CD34 for microvessel
density (MVD).

1173




ANTICANCER RESEARCH 37: 1169-1176 (2017)

Table II. Predictive factors for disease-free survival (DFS).

Factor Univariate Multivariate
5-Year DFES (%) p-Value HR (95% CI) p-Value

Age: <65/>65 Years 61.2/47.1 0.76

Gender: Male/female 50.6/56.4 0.14

HBs Ag: —/+ 55.1/52.7 0.72

HCV Ab: —/+ 60.8/44.5 0.39

Tumor size: <3 cm/>3 cm 54.7/51.8 0.52.

Tumor number: Single/multiple 59.9/32.0 <0.01 2.27 (1.16-4.36) 0.02
Differentiation: Well/mod, poor 78.8/47.8 0.08

vv: —/+ 54.2/51.5 0.20

vp: —/+ 54.2/51.5 0.22

im: —/+ 57.1/30.0 0.06

PIVKAIL: <400/>400 57.5/44.2 0.03 1.71 (0.91-3.32) 0.10
AFP: <200/>200 58.9/51.5 041

CA19-9: <37/>37 57.3/35.7 0.02 1.30 (0.62-2.57) 0.47
CEA: <5/>5 66.5/16.0 <0.01 4.40 (2.24-8.46) <0.01
CEACAM1: Low/high 58.1/29.7 0.04 2.03 (0.97-4.37) 0.06

vv: Venous invasion, vp: port vein invasion, im: intrahepatic metastasis, PIVKAIIL protein induced by vitamin K absence or antagonists-II, AFP:
alpha-feto-protein, CA19-9: carbohydrate antigen 19-9, CEA: Carcinoembryonic antigen, CEACAMI: carcinoembryonic antigen-related cell
adhesion molecule 1, HR: hazard ratio, CI: confidence interval. Significant values are shown in bold.
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