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Introduction

Esophageal cancer, one of the leading causes of cancer 
death in the world, is a complex disease with sophisticated 
etiology in human digestive system (1). The two major 

histological sub-types of esophageal cancer are esophageal 
adenocarcinoma and esophageal squamous cell carcinoma 
(ESCC) and the latter is predominant. ESCC is the 4th 
leading cause of cancer-related death in China (2), which 
is among the countries with a high incidence of esophageal 
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cancer. It is even the leading cause of death in Taihang 
Mountain area of North-Central China, where ESCC 
occurs at the highest rate. Therefore, there is an urgent 
need to better understand the mechanism of esophageal 
cancer development and progression, and provide new 
options for early diagnosis, treatment, and prognosis.

Carcinoembryonic antigen-associated cell adhesion 
molecule 1 (CEACAM1) is a member of the immunoglobulin 
superfamily and carcinoembryonic antigen (CEA) family. 
In human beings, the CEACAM1 gene is about 1.48 kb and 
encodes 12 different splice variants. CEACAM1 is expressed 
by certain epithelial, endothelial, lymphoid, and myeloid 
cells. Previous literatures have been implicated in the 
functions of CEACAM1 in cell adhesion, immune response, 
insulin action and angiogenesis. In recent years, there is 
an increasing number of studies showing that CEACAM1 
plays an important role in tumorigenesis by regulating 
tumor progression, invasion, metastasis, and tumor  
angiogenesis (3). However, the correlation between 
esophageal cancer angiogenesis and CEACAM1 is remains 
unknown. 

In this study, we evaluated the protein expression of 
CEACAM1 and MVD, and then explored the correlation of 
angiogenesis and CEACAM1 in ESCC.

We present the following article in accordance with the 
REMARK Reporting Checklist (available at http://dx.doi.
org/10.21037/tcr-19-2039).

Methods

Patients

This study was approved by the Ethics Committee of 
Zhangjiagang Hospital of Traditional Chinese Medicine 
affiliated to Nanjing University of Chinese Medicine, 
Suzhou, China (No. 2018-S1072) and conducted in 
accordance with the Declaration of Helsinki (as revised in 
2013). We also received the informed consent of patients. 
Between January 2010 and January 2016, 80 previously 
untreated patients of histologically proved ESCC with no 
distant metastasis were eligible for our study. Cancer stage 
was recorded based on the International Union Against 
Cancer (UICC) TNM classification. The median age of the 
patients at the time of surgery was 63 years, ranging from 
50 to 75 years. Fresh primary ESCC tissue samples were 
derived from patients undergoing surgical procedures. All 
patients underwent radical esophageal cancer surgery. The 
clinical features of the patients are listed in Table 1. After 

completion of primary treatment, patients were followed 
up every 3 months in the first 2 years, every 6 months in 
2–5 years and every year after 5 years. Follow-up evaluation 
included physical examination, chest radiography, 
gastroscopy, blood examination and computed tomography 
scan of chest and abdomen. Within the 40-month median 
follow-up, the local recurrence, distant metastasis of ESCC 
and the survival status of patients were verified by clinical 
records and direct telecommunication with patient or their 
family. 

Immunohistochemistry (IHC)

CD-105 is considered as a marker of angiogenesis in 
solid tumors, therefore we used CD105 to evaluate the 
microvessel density (MVD) (4). Immunohistochemical 
staining was performed according to standard protocols on 
formalin fixed paraffin-embedded (FFPE) sections of biopsy 
samples of ESCC and controls. Slides were incubated 
with anti-CD105 SN6 (abcam, London, UK) and anti-
CEACAM1 (Abnova Biotech Co, Taiwan, China) primary 
antibody. Then the slides were incubated with Rabbit Anti-
Mouse IgG H&L (Biotin) (ab97044) (abcam, London, UK). 
Antibody binding was visualized using aminoethyl carbazole 
(AEC) (Biolab, Beijing, China). Immunohistochemical 
staining was evaluated independently by two pathologists 
blind to the clinical data.

The MVD in tissues was determined following the 
previous study of Weidner (5). In brief, the most vascularized 
areas (hot-spots) within tumor were located under low-
power optical magnification (×25) and then microvessels 
were counted in at least three random microscope fields 
(×400 magnification) and the average of these fields was 
recorded. The MVD in tumor samples was classified as low 
levels (<30 microvessels) and high levels (≥30 microvessels)  
at ×400 magnification respectively. 

The expression of CEACAM-1 was assessed in the same 
field of MVD. The expression of CEACAM1 in tumor 
samples was classified as low (<66% positive tumor cells) or 
high expression (≥66% positive tumor cells) (6) respectively.

Statistical analyses

Statistical analysis was performed using SPSS 22.0 software. 
All variables were statistically analyzed using crosstab 
and chi-square test or Fisher’s exact test. For survival 
analyses, overall survivals stratified by MVD or CEACAM1 

http://dx.doi.org/10.21037/tcr-19-2039
http://dx.doi.org/10.21037/tcr-19-2039


4764 Qian et al. CEACAM1 and microangiogenesis in ESCC

© Translational Cancer Research. All rights reserved.   Transl Cancer Res 2020;9(8):4762-4769 | http://dx.doi.org/10.21037/tcr-19-2039

expression were presented as the Kaplan–Meier plots and 
were compared for significance using log-rank testing. 
Factors such as MVD level, CEACAM1 expression level, 
pT (pathologic tumor) status, pN (pathologic node) status, 
tumor histological grade, patient age and gender were 
analyzed by Cox proportional hazard model to assess 
the correlation between these variables and MVD or 
CEACAM1 expression. The P-value lower than 0.05 was 
considered statistically significant.

Results

Expression analysis of CEACAM1

To investigate the clinical significance of CEACAM1 
expression in patients with ESCC, we first examined 
CEACAM1 in human ESCC tissues by IHC. In normal 
esophageal tissues and stromal cells in ESCC tissues, 

CEACAM1 was undetectable. Using the criteria described 
above, high and low expression of CEACAM1 in ESCC 
was in 35 of 80 (43.8%) (Figure 1A) and 45 of 80 (56.2%)  
(Figure 1B, Table 1), respectively.

MVD analysis

CD105 was used as a vascular endothelial marker to evaluate 
MVD in ESCC tissues. The median of microvessels 
density in ESCC tissues was 30 (ranging from 15 to 55), 
at ×400 magnification microscope field. Therefore, those 
ESCC tissue samples were classified as high MVD and low 
MVD respectively according to the median. High and low 
MVD was in 35 (43.8%, ≥31 microvessels) and 45 (56.2%,  
<30 microvessels), respectively, of the ESCCs in the whole 
cohort at ×400 magnification microscope field (Figure 1C,D, 
Table 1).

Table 1 Correlation of patient clinicopathological features with microvessel density (MVD) and carcinoembryonic antigen-associated cell 
adhesion molecule 1 (CEACAM1) expression in tumors

Variables
No. of 

patients 

MVDa CEACAM1 expressionb

High MVD (%) Low MVD (%) P-valuec High expression (%) Low expression (%) P-valuec

Total 80 35 (43.8) 45 (56.2) 35 (43.8) 45 (56.2)

Tumor staging

pT1–pT2 58 23 (39.7) 35 (60.3) 0.23 24 (41.4) 34 (58.6) 0.49

pT3–pT4 22 12 (54.5) 10 (45.5) 11 (50.0) 11 (50.0)

Lymph node involvement

pN0 56 22 (39.3) 34 (60.7) 0.22 17 (30.4) 39 (69.6) 0.01

pN+ 24 13 (54.2) 11 (45.8) 18 (75.0) 6 (25.0)

Tumor grading

G1 49 17 (34.7) 32 (65.3) 0.04 18 (36.7) 31 (63.3) 0.11

G2–G3 31 18 (58.1) 13 (41.9) 17 (54.8) 14 (45.2)

Sex

Male 53 25 (47.2) 28 (52.8) 0.39 22 (37.7) 31 (62.3) 0.57

Female 27 10 (37.0) 17 (63.0) 13 (55.6) 14 (44.4)

Age

≤63 years 42 20 (47.6) 22 (52.4) 0.46 18 (42.9) 24 (57.1) 0.86

>63 years 38 15 (39.5) 23 (60.5) 17 (44.7) 21 (55.3)
a
, MVD was categorized according to the median MVD of all tumors into low (< 30 microvessels/400× microscopic field of view) and high 

(≥30 microvessels/400× microscopic field of view); 
b
, CEACAM1 expression was categorized into low (<66% of CEACAM1 positive tumor 

cells) and high (≥66% of CEACAM1 positive tumor cells); 
c
, two-sided P-values were calculated by Pearson’s Chi-square test or Fisher’s 

exact test to evaluate significance of correlations.
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CEACAM1 expression, MVD and correlations with 
clinicopathologic characteristics

The data analysis showed that MVD and the expression 
level of CEACAM1 were correlated with lymph node 
metastasis, depth of tumor invasion, and tumor grade. 
However, neither MVD nor CEACAM1 was found to be in 
significant correlation with gender or age (Table 1).

CEACAM1 expression, MVD and their correlations with 
recurrence, metastasis, and survival

The results of data analysis showed that the expression level 
of CEACAM1 was positively correlated with the level of 
MVD (Table 2). 

The median post-intervention follow-up time was 
40 months, ranging from 6 to 90 months. Recurrences 
occurred in 77.5% of patients during the observation 
period and all these patients suffered cancer-related deaths 
at the last clinical follow-up. Local recurrence occurred in  
20 patients (25%), metastasis in 12 (15%), and synchronous 

local recurrence and metastasis in 30 (37.5%). 
Kaplan-Meier analysis did not show significant 

correlation between local recurrence and distant metastasis 
in high MVD and high CEACAM-1 expression groups 
(Table 3). The Kaplan-Meier survival analysis showed that 
ESCC patients with high MVD and high CEACAM1 
expression had shorter overall survival (P=0.001 and 0.048, 
respectively; log-rank test, Table 3). These results indicated 
that high MVD and high CEACAM1 expression level 
correlate with poor prognosis in ESCC. 

Kaplan-Meier survival curve analysis showed that in 
high MVD group, 85.7% of the patients died, and in low 
MVD group 48.9% of the patients died (Figure 2); in high 
CEACAM1 expression group, 88.5% patients died, while 
in low CEACAM1 expression group 44.4% of the patients 
died (Figure 3).

Then we analyzed the correlations of the clinicopathologic 
factors, such as pT status, pN status, histological grade, age, 
and gender, with MVD level and CEACAM1 expression 
level, respectively. The univariate analysis results showed 

Figure 1 Immunohistochemical staining of carcinoembryonic antigen-associated cell adhesion molecule 1 (CEACAM1) and microvessels 
(MVD) in esophageal squamous cell carcinoma (ESCC) tissues. Low expression (A) and high expression (B) of CEACAM1 were detected in 
ESCC tissues (×200). ESCC tissues showed low level of MVD (C) and high level of MVD (D) at ×400 magnification microscope field.
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Table 2 Microvessel density compared to Carcinoembryonic antigen-associated cell adhesion molecule 1 (CEACAM1) expression in tumors

CEACAM1 expression No.
MVDa

Low MVD (% per group) High MVD (% per group) P-valuec

Total 80 45 (56.2) 35 (43.8)

CEACAM1 low expressionb 45 33 (73.3) 12 (26.7) 0.001

CEACAM1 high expressionb 35 12 (34.3) 23 (65.7)
a
, MVD was categorized according to the median MVD of all tumors into low (< 30 microvessels/400× microscopic field of view) and high 

(≥30 microvessels/400× microscopic field of view); 
b
, CEACAM1 expression was categorized into low (<66% of CEACAM1 positive tumor 

cells) and high (≥66% of CEACAM1 positive tumor cells); 
c
, two-sided P-values were calculated by Pearson’s Chi-square test to evaluate 

significance of correlations. 

Table 3 Correlation of microvessel density (MVD) and Carcinoembryonic antigen-associated cell adhesion molecule 1 (CEACAM1) expression 
with local recurrence, metastasis, and cancer-related survival

MVD and CEACAM1 expression No. local recurrence (P-value
c
) Metastasis (P-value

c
) Cancer-related survival (P-value

c
)

Low MVD
a

45 0.089 0.112 0.001

High MVD
a

35

CEACAM1 low expression
b

45 0.563 0.21 0.048

CEACAM1 high expression
b

35
a
, MVD was categorized according to the median MVD of all tumors into low (< 30 microvessels/400× microscopic field of view) and high 

(≥30 microvessels/400× microscopic field of view); 
b
, CEACAM1 expression was categorized into low (<66% of CEACAM1 positive tumor 

cells) and high (≥66% of CEACAM1 positive tumor cells); 
c
, P-values of follow-up analyses were determined by log-rank test. 

Figure 2 Kaplan-Meier survival analysis of microvessel density 
(MVD) in esophageal squamous cell carcinoma (ESCC) patients 
(P=0.001; log-rank test).

Figure 3 Kaplan-Meier survival analysis of CEACAM1 expression 
in ESCC patients (P=0.048; log-rank test).
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that MVD levels, CEACAM1 expression, lymph node 
and age could serve as independent prognostic factors for 
postoperative ESCC. The results of multivariate analysis 
using Cox proportional hazard regression model indicated 
that the significance of the prognostic effect of CEACAM-1 
expression observed by univariate analysis disappeared when 
it was analyzed together with MVD, suggesting that the 
prognostic impact of CEACAM1 expression was dependent 
on MVD level, while MVD was still a significant prognostic 
factor for adverse cancer-related survival (P=0.001, Table 4).

Discussion

The 1.48 kb in length CEACAM1 gene, with 9 exons, 
produces 12 alternatively spliced isoforms of CEACAM1. 
The seventh exon, 53 bp long, is located at the intracellular 

end of CEACAM1. The protein sequences encoded by 
the 7th exon can be removed through selective splicing, 
generating two transcription products, CEACAM1-L and 
CEACAM1-S (3).

The roles of CEACAM1 in tumorigenesis and cancer 
progression are still unclear. CEACAM1 is down-regulated 
in breast cancer, colorectal cancer, hepatocellular carcinoma, 
renal cell carcinoma, prostate cancer, and bladder cancer 
(7-13). However, in pancreatic cancer, gastric cancer, 
malignant melanoma, thyroid cancer, and lung cancer, 
CEACAM1 is up-regulated (14-18). CEACAM1 expression 
is associated with an adverse prognosis in SCC of larynx and 
tongue (19,20).

To the best of our knowledge, the expression of 
CEACAM1 in esophageal cancer tissues and its relationship 
with MVD has not been investigated before. Our results 
suggest that up-regulation of CEACAM1 is associated with 
high level of MVD, and CEACAM1 can be a prognostic 
factor when associated with MVD. High expression of 
CEACAM1 is correlated with deeper infiltration depth, 
extensive lymph node metastasis, higher histological grade, 
advanced tumor stage and poorer survival rate in ESCC.

Therefore, the above data indicate that CEACAM1 
might be a useful diagnostic and prognostic molecular 
marker in ESCC. 

What is more, CEACAM1 has a promoting effect on 
tumor angiogenesis (21). Angiogenesis is a key process 
in tumorigenesis and progression which is delicately 
regulated by angiogenic activators and inhibitors (22,23). 
In this process, cell adhesion molecules play important 
roles in vascular morphogenesis and endothelial signaling 
transduction (24). CEACAM1 is one of the adhesion 
molecules with pro-angiogenic activity. As a major effector 
of vascular endothelial growth factor (VEGF), CEACAM1 
acts as pro-angiogenic factor and supports VEGF-
induced endothelial tube formation. Overexpression of 
CEACAM1 expression induces up-regulation of angiogenic 
factors such as VEGF, angiopoietin-1 and -2, and this 
effect can be abolished by application of CEACAM1 
antibody, illustrating the pro-angiogenic activity of  
CEACAM1 (25,26).

The prognostic  role of  MVD in cancer is  st i l l 
controversial. However, a recent meta-analysis by Ma et al.  
showed that high MVD correlate with poor prognosis in 
ESCC, and a study by Wu et al. revealed that MVD was 
associated with the T-stage of ESCC (27), suggesting 
that MVD could be a reliable prognostic factor of ESCC, 
consistent to the result of our study (28). 

Table 4 Univariate and multivariate analysis of cancer-related 
survival

Risk factor

Univariate 
analysis

multivariate analysis

P-value
a Relative risk 

(95% CI)
P-value

b

MVD
e
 low vs. high 0.001 1.8 (1.0–3.2) 0.001

CEACAM1
f
 expression 

low vs. high
0.048 c 0.362

d

pT1–pT2 vs. pT3–pT4 0.064 c 0.089

pN0 vs. pN+ 0.045 c 0.115

G1 vs. G2–G3 0.229 c 0.325

male vs. female 0.354 c 0.562

≤63 years vs.  
>63 years

0.031 c 0.052

a
, P-values of univariate analyses were determined by log-rank 

test; 
b
, Stepwise multivariate analysis was performed using the 

Cox proportional-hazard model; 
c
, no estimate of relative risk 

is given, since the variable was not significant on multivariate 
analysis; 

d
, the prognostic impact of CEACAM1 expression is 

dependent on the prognostic impact of MVD, because when 
CEACAM1 expression enters multivariate analysis with MVD, 
the significance of CEACAM1 expression observed by univariate 
analysis disappears significantly. While MVD itself was still a 
significant prognostic factor for adverse cancer-related survival; 
e
, MVD was categorized according to the median MVD of all 

tumors into low (<30 microvessels/400× microscopic field of 
view) and high (≥30 microvessels/400× microscopic field of 
view); 

f
, CEACAM1 expression was categorized into low (<66% 

of CEACAM1 positive tumor cells) and high (≥66% of CEACAM1 
positive tumor cells).
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In our study, the Kaplan-Meier survival analysis showed 
that high MVD and high CEACAM1 expression were 
associated with low survival rate. To verify the effect of 
CEACAM1 expression on the prognosis of ESCC, we 
used a multivariate Cox regression model to analyze the 
clinicopathologic characteristics of patients. The results 
showed that the effect of CEACAM1 on prognosis 
depended on MVD, because when analyzed together with 
MVD, the significant effect of CEACAM1 expression 
observed by univariate analysis disappeared.

CEACAM1 represents a novel multi-purpose therapeutic 
target for cancer immunotherapy (29,30). CEACAM1 
serves as a heterophilic ligand for TIM-3 that is required 
for its ability to mediate T-cell inhibition. Co-blockade of 
CEACAM1 and TIM-3 leads to the enhancement of anti-
tumour immune responses with improved elimination of 
tumours in mouse colorectal cancer models (30). Ortenberg 
R (31) found that the monoclonal antibody (MRG1) could 
block CEACAM1 function in vivo. CEACAM1 blockade 
efficiently decreases the growth of melanoma xenografts by 
induction of specific T-cell–mediated tumor cell apoptosis.

Conclusions

CEACAM1 was reported as a strong clinical predictor 
of poor prognosis in tumor, since it promoted tumor 
angiogenesis. Meanwhile, CEACAM1 involves in tumor 
immune regulation. Identification of CEACAM1 as a 
prognostic factor in ESCC will provide new insights 
for diagnosis and prognosis. The results of our study 
demonstrated a critical role of CEACAM1 in angiogenesis 
of ESCC progression, thus suggesting that CEACAM1 
could be a potential therapeutic target for ESCC.
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