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A B S T R A C T

Background: Lung cancer causes significant mortality, with invasion and metastasis being the main features that 
cause most cancer deaths. Lymph node metastasis is the primary metastatic route in non-small cell carcinoma 
(NSCLC) and influences the staging and prognosis of NSCLC. Cumulative studies have reported that Carci
noembryonic antigen-related cell adhesion molecule 1 (CEACAM1) is involved in the progression of various 
cancers. However, few studies have discussed the function of CEACAM1 in lymphangiogenesis in NSCLC. Here, 
we examined how CEACAM1 influences lymphangiogenesis in NSCLC.
Methods: A total of 30 primary squamous cell carcinoma (LUSC) patients diagnosed with LN metastasis were 
prospectively selected. LUSC tumor tissues, para-cancerous tissues, and positive lymph node tissues were har
vested. The expression and subcellular location of CEACAM1, CD31, and LVYE1 in clinical samples were detected 
by immunohistochemistry. Next, the CEACAM1 and hsa-miR-423-5p expressions were detected by qPCR. The 
protein expression of lymphangiogenesis-associated proteins and critical cytokines of the NF–κB pathway in 
HDLECs was detected by Western blot. A tube formation assay was performed to detect the lymphangiogenesis in 
different groups. The interaction between CEACAM1 and hsa-miR-423-5p was verified using a dual luciferase 
assay.
Results: CEACAM1 was found to be a potential gene associated with lung cancer prognosis. It was positively 
correlated with angiogenesis and lymphangiogenesis. Then, we detected the function of CEACAM1 in lym
phangiogenesis and found that CEACAM1 promoted lymphangiogenesis. hsa-miR-423-5p overexpression 
inhibited lymphangiogenesis via targeting CEACAM1. Finally, we observed that CEACAM1 can activate the 
NF–κB pathway and, therefore, promote lymphangiogenesis.
Conclusion: We found that CEACAM1 enhanced lymphangiogenesis in NSCLC via NF-kB activation and was 
repressed by miR-423-5p. This suggests the value of CEACAM1 as a new therapeutic marker in NSCLC.

1. Introduction

Lung cancer, including small-cell carcinoma and non-small cell car
cinoma (NSCLC), is the second most frequent cancer, following breast 
cancer in women and prostate cancer in men [1–3]. NSCLC is classified 
histologically into bronchial gland carcinoma (<5 %), carcinoid (<5 %), 
adenosquamous carcinoma (<5 %), large cell carcinoma (10 %), squa
mous cell carcinoma (LUSC, 25 %), and adenocarcinoma (LUAD, 40 %) 

[2,4,5]. The treatment of non-small cell lung cancer (NSCLC) represents 
a significant challenge for clinicians, given the disease’s more aggressive 
nature compared to small cell lung cancer (SCLC) and the generally poor 
prognosis for patients with NSCLC [6]. Approximately 57 % of NSCLCs 
are diagnosed at an advanced stage, with corresponding 1-year and 
5-year survival rates of 26 % and 4 %, respectively [5]. Invasion and 
metastasis of lung cancer into vital organs such as the liver, bone, and 
nervous system contribute to significant mortality [7,8]. It is estimated 
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that the majority of deaths in stage III occur as a result of metastatic 
recurrence following surgical resection, and approximately 80 % of 
NSCLC patients are diagnosed after lymph node metastasis or distant 
organ metastasis [5,9,10]. Tumors with similar histopathology appear to 
differ at the molecular level, and these differences can be used to target 
therapies to different tumor types [11]. Therefore, it is important to 
understand the molecular mechanism in lung cancer.

Blood vessels and lymphatic vessels are two significant components 
in tumor metastasis [12,13]. Lymph node metastasis stands out as the 
foremost route of metastasis in NSCLC, significantly influencing its 
staging and prognosis [14,15]. The lymphatic system comprises circu
lating lymphocytes, lymphatic vessels, lymph nodes, and lymphatic or
gans [16,17]. Lymphatic vessels are characterized as thin-walled, 
low-pressure vessels with less dense cytoplasm of endothelial cells and 
discontinuous basement membrane. The antigen-presenting cells, lym
phocytes, proteins, and intercellular fluid are transported to the circu
lation system and lymph nodes via the lymphatic vessels [18,19]. 
Lymphangiogenesis, the generation of new lymphatic vessels [20,21], is 
a crucial process linked to tumor metastasis and a negative prognosis in 
various epithelial cancers. Lymphangiogenesis is involved in colon 
cancer progression [22,23]. Kadota et al. [24] proved that lym
phangiogenesis is independently associated with poor prognoses in 
NSCLC patients. Therefore, a treatment manipulating lymphangio
genesis will undoubtedly remain a novel and appealing strategy.

As a cell surface glycoprotein, carcinoembryonic antigen-related cell 
adhesion molecule 1 (CEACAM1) participates in intercellular binding 
[25,26]. CEACAMs have been found to exert insulin homeostasis [27], 
vascular neogenesis [28], and immune modulation [25]. CEACAM1 is 
found and induced not only on different epithelial cells but also various 
leukocytes [29]. Accumulated research has reported that CEACAM1 
participates in the development of many cancers [30]. Nerbil et al. [29] 
showed that CEACAM1 could promote tumor lymphangiogenesis and 
induce the generation of lymphatic endothelial cells from vascular 
endothelial cells by targeting Prox1 and VEGFR-3. Also, Zhou et al. [31] 
proved that CEACAM1 promoted lymphangiogenesis and angiogenesis 
in oral carcinoma. However, little research discussed the function of 
CEACAM1 on lymphangiogenesis in NSCLC.

The present study identified CEACAM1 as a potential gene associated 
with lung cancer prognosis. A positive correlation was observed be
tween the expression of the gene and the processes of angiogenesis and 
lymphangiogenesis. Subsequently, the function of CEACAM1 in lym
phangiogenesis was investigated, and it was observed that CEACAM1 
promoted lymphangiogenesis. Conversely, overexpression of hsa-miR- 
423-5p inhibited lymphangiogenesis by targeting CEACAM1. Addi
tionally, it was demonstrated that CEACAM1 activates the NF-κB 
pathway, thereby promoting lymphangiogenesis. Based on these find
ings, CEACAM1 can be considered a potential target for clinical appli
cation (Supplement Fig. 1).

2. Materials and methods

2.1. Clinical tissues and tissue microarray construction

Thirty primary LUSC patients with LN metastasis were prospectively 
selected. LUSC tumor tissues, para-cancerous tissues, and positive lymph 
node tissues were harvested from the 920th Hospital of Joint Logistics 
Support Force of the Chinese People’s Liberation Army between 2017 
and 2019. All patients with primary LUSC received total resection. 
However, they did not receive chemotherapy or neoadjuvant radio
therapy. Histological diagnosis [32] and staging [33] were performed 
following the 2004 World Health Organization guidelines [34]. 
Tumor-node-metastasis (TNM) classification [35,36] was performed 
following the guidelines in the 8th edition of the AJCC/UICC TNM 
classification for lung cancer. Before specimen collection, all patients 
were provided with comprehensive information regarding the proced
ures and data retrieval methods and signed the informed consent. This 

study does not disclose any information that could disclose the identity 
of patients or infringe upon individual rights. The human protocols were 
implemented strictly on the basis of the Ethical Guidelines of the 
Declaration of Helsinki and was proven by the ethics committee of First 
People’s Hospital of Yunnan Province (certification no. 2020-013-01).

Tissue microarray was constructed utilizing archival formalin-fixed, 
paraffin-embedded tissue blocks as described before [37,38]. Briefly, 
tissue microarray blocks were cut into serial sections (5 μm), which were 
then dissociated in xylene and rehydrated by grading the alcohol series 
into distilled water. Hematoxylin and eosin staining (Supplementary 
Fig. 2) was subsequently used to select representative pathological 
areas.

2.2. Immunohistochemistry and scores

We conducted immunohistochemistry as previous description [38,
39]. The paraffin section was subjected to deparaffinization, rehydra
tion, and heat-mediated antigen retrieval. After cooled down, sections 
were incubated with a pre-immune serum to block non-specific staining, 
followed by inactivation of endogenous peroxidase with methanol 
containing 0.3 % H2O2. Primary antibodies against CEACAM1 (isotype: 
IgG, 1:50, ab108397, Abcam, UK), CD31 (isotype: IgG, 1:50, ab28364, 
Abcam, UK), and Lymphatic endothelium hyaluronate receptor (LVYE1) 
(isotype: IgG, 1:2000, ab28364, Abcam, UK) were applied to the sec
tions. Following rinsing with PBS, the samples were probed with the 
EnVisionTM + Dual Link System-HRP secondary antibody (Dako North 
America, Inc. Carpinteria, CA, USA) for 30 min at 37 ◦C. Color devel
opment was conducted with a chromogen solution and DAB (3, 3-diami
nobenzidine). Counterstaining was performed using hematoxylin. A 
matched IgG isotype antibody was used as a negative control to deter
mine the antibody specificity. The sections were examined utilizing the 
LSM710 laser scanning confocal microscopy (Carl Zeiss, Germany).

The immunohistochemistry staining score was determined by eval
uating both the intensity and extent of the positive staining [38]. For 
staining intensity, negative staining was scored 0 points, weak staining 
(light brown) was scored 1 point, moderate staining (brown) was scored 
2 points, and strong staining (dark brown) was scored 3 points. For the 
positive staining ratio, 0 % was scored 0 points, 1%–25 % was scored 1 
point, 25%–50 % was scored 2 points, 50%–75 % was scored 3 points, 
and 75%–100 % was scored 4 points. The product of the ratio and in
tensity scores determined the final staining scores. Cut-off values were 
established considering the prognostic significance and distribution of 
the value. An agreement of 95 % was reached between the two evalu
ators, with any discrepancies being resolved by discussion.

2.3. Cell culture and transfection

BeNa Culture Collection (BNCC, Beijing, China) provided the human 
NSCLC cancer cell lines 95-D, A549, and PC-9 as well as the human 
bronchial epithelial cell line (BEAS-2B). The American Type Culture 
Collection (Manassas, VA, USA) provide the human NSCLC cancer cell 
lines A427 and HCC827. XWLC-05 was obtained from The Institute of 
Oncology of Yunnan Provincial Tumor Hospital. Cells were kept at 37 ◦C 
with 5 % CO2 in RPMI 1640 (Hyclone, USA). The 1 % Penicillin/ 
Streptomycin and 10 % fetal bovine serum (FBS) (Hangzhou Sijiqing 
Biotech, Co. Ltd. China) were added to the medium. GenePharma 
(Shanghai, China) synthesized the miR-423-5p mimic, miR-423-5p in
hibitor, and the negative controls. GenePharma also provided the 
CEACAM1 expression plasmid pcDNA-CEACAM1, si-CEACAM1, and the 
negative controls. The plasmids were transfected to 95-D utilizing Lip
ofectamine 2000 (Invitrogen, Carlsbad, CA, USA). The transfection las
ted for 48 h.

2.4. qPCR

Total RNA was isolated from cells utilizing the TRIzol reagent 
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(Invitrogen). The cDNA was generated utilizing the First Strand cDNA 
Synthesis Kit (Thermo Fisher Scientific, USA), followed by qPCR 
employing TB Green® Fast qPCR Mix (TaKaRa, Dalian, China). The 2- 
ΔΔCt method determined the relative levels. The internal control was 
U6. The primers included:

miR-423-5p forward: 5′-CGAAGTTCCCTTTGTCATCCT-3′
miR-423-5p reverse: 5′-GTGCAGGGTCCGAGGTATTC-3.
U6 forward: 5′-CTCGCTTCGGCAGCACA-3’;
U6 reverse 5′-AACGCTTCACGAATTTGCGT-3’.

2.5. Wound stretch assay

Wound stretch assay assessed cell migration [40]. Briefly, in a 6-well 
plate, cell seeding was conducted at a density of 5 × 105 to 1 × 106 

cells/well. The cells were maintained in DMEM medium without FBS at 
37 ◦C. Until the cells were grown to 80%–90 % confluent, the monolayer 
was made a scratch utilizing a pipette tip and the detached cells were 
removed. After 24 h, the width of the scratch was analyzed by ImageJ 
(version 1.80, National Institutes of Health, Bethesda, MD, USA). The 
migration index was determined using the formula: Migration index (%) 
= [(initial width of the scratch) - (final width of the scratch)]/(initial 
width of the scratch).

2.6. Western blot

Cellular proteins were obtained. The Bicinchoninic Acid Protein 
Assay Kit (KeyGen Biotech, China) measured their concentration. The 
proteins were then separated and transferred onto PVDF membranes, 
followed by blocking with 5 % skimmed milk for 2 h. Subsequent steps 
included primary antibody incubation (Table 1) at 4 ◦C, TBS-T rinsing, 
exposure to secondary antibodies, the application of enhanced chem
iluminescence for color development, and intensity determination uti
lizing NIH Image J software.

2.7. Tube formation and immunofluorescence

Human dermal lymphatic endothelial cells (HDLEC, PromoCell, 
Germany, 1.5 × 104/well) were co-cultured with the A427 and highest 
in 95-D cell lines (7.5 × 103/well) and inoculated on 96-well plates 
previously coated with Matrigel membrane/matrix (BD, USA). After 6 h 
of incubation, micro-lymphatic vessels were observed, and the number 
of tubes was calculated [41].

After fixation in 4 % paraformaldehyde, the cells were probed for 2 h 
with primary antibody against CEACAM1 (isotype: IgG, 1:50, absin, 
China), followed by Alexa Fluor® 594-conjugated goat anti-rabbit IgG 
(Abcam, USA) incubation. DAPI stained the cell nuclei. Fluorescence 
images were observed and the mean intensity of fluorescence was 
analyzed using NIH Image J software.

2.8. Dual luciferase assay

The wild type and mutate type sequences of CEACAMA1 were cloned 
into the pGL3 vector (Promega, WI, USA). The plasmids, negative con
trol oligonucleotides, and miR-146a-5p mimic (GenePharma) were co- 
transfected into 293T cells. After transfection for 48 h, we quantified 
the luciferase activity by utilizing the Dual-Luciferase Reporter Assay 
System (Promega, WI, USA).

2.9. Statistical analysis

Data analysis was carried out uitilizing SPSS version 20.0 (SPSS, 
Chicago, IL, USA). The Kolmogorov-Smirnov test assessed data distri
bution. Continuous data of normal distribution are presented as mean ±
standard deviation (SD). One-way ANOVA and Tukey’s test were 
applied for multi-comparison. The Pearson correlation coefficient and 
chi-square test were used to assess the association of clinicopathological 
factors with CEACAM1, CD31, or LVYE1 expression in tumor, and pos
itive lymph node tissues. P < 0.05 was deemed significant.

3. Results

3.1. CEACAM1 was positively expressed in tissues and exihited positive 
correlation with lymph node metastasis

First, the subcellular distribution and expression of CEACAM1 in 
clinical samples from primary LUSC patients diagnosed with lymph node 
metastasis were detected by immunohistochemistry. The baseline data 
are displayed in Supplement Table 1. According to the results, CEA
CAM1 was expressed in the cytoplasm and membrane. Also, CEACAM1 
was positively expressed in tumor tissues and positive lymph nodes but 
low-positively expressed in corresponding para-cancerous tissues. Also, 
the area of positive CEACAM1 expression significantly increased in 
tumor and positive lymph nodes than in corresponding para-cancerous 
tissues (Fig. 1). Then, the expression of CEACAM1 in pan-cancer was 
predicted by TIMER (ver. 2.0). The analysis showed differential 
expression of CEACAM1 in 19 out of 24 cancer types (Supplementary 
Fig. 3A, Supplementary Table 2), which is higher expressed both in 
LUAD (P＜0.001) and LUSC (P = 0.0102). The KMplot [42] and the 
PrognoScan database [43] were used to evaluate the association of 
CEACAM1 mRNA with prognosis in LUAD and LUSC. There was a sig
nificant correlation between high CEACAM1 expression and poor 
prognosis in LUAD cohorts, while the correlation was not significant in 
LUSC cohorts (Supplementary Figs. 3B–E).

To further investigate the correlation of CEACAM1 with blood and 
lymphatic vessels, the expression and subcellular location of CD31, a 
regarded marker of vascular endothelial cell [44], and LVYE1, a regar
ded marker of the lymphatic vessel [12], was also detected. CD31 
expression was found in the membrane and cytoplasm, while LVYE1 was 
found in the nucleus, membrane, and cytoplasm. CD31 and LVYE1 were 
low-positively expressed in tumor and positive lymph nodes while 
negatively expressed in para-cancerous tissues. The positive expression 
area of CD31 and LVYE1 was significantly elevated in corresponding 
para-cancerous tissues (Fig. 1). Based on the final staining scores, the 
relationship between clinicopathological status and CEACAM1, CD31, 
or LVYE1 expression in tumor and positive lymph node tissues. The 
CEACAM1 expression in tumor tissues was associated with the patho
logical stage (Table 2). Also, the correlation of CEACAM1 with CD31 or 
LVYE1 expression was analyzed using the Pearson chi-square test. It is 
observed that, CEACAM1 expression was positively correlated CD31 and 
LYVE1 in both tumor tissues (CD31 vs. CEACAM1: P = 0.0113, r =
0.4559; LYVE1 vs. CEACAM1: P = 0.0029, r = 0.5243) and positive 
lymph node (CD31 vs. CEACAM1: P = 0.0117, r = 0.4541; LYVE1 vs. 
CEACAM1: P = 0.0008, r = 0.5778) (Table 3). Which indicated that 
CEACAM1 was positively correlated with angiogenesis and 
lymphangiogenesis.

Table 1 
Primary antibodies used in Western blot.

Primary Company Catalog 
number

Dilution Molecular 
weight

Species

CEACAM1 abcam ab108397 1:10000 58 Rabbit
VEGF-C abcam ab83905 1:1000 46 Rabbit
VEGF-D abcam ab103685 1:1000 40 Rabbit
VEGFR3 abcam Ab243232 1:1000 146 Rabbit
P65 NF-kB abcam ab32536 1:1000 65 Rabbit
p-P65 NF- 

kB
abcam ab76302 1:1000 65 Rabbit

P50 NF-kB abcam ab32360 1:1000 44 Rabbit
P-p50 abcam ab209765 1:1000 105 Rabbit
GAPDH abmart P30008 M 1:1000 37 Rabbit
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3.2. CEACAM1 promoted lymphangiogenesis

Next, six NSCLC cell lines were selected, and a wound-healing assay 
was conducted to select the high- and low-metastatic cell lines. The 
results showed that 95-D exhibited a higher migration index than the 
other cell lines, while A427 exhibited the lowest (Fig. 2A). Also, the 
mRNA and protein expression of CEACAM1 was detected, and the 
expression was lowest in A427 and highest in 95-D (Fig. 2B and C). 
Therefore, A427 was defined as a low metastatic cell line, and 95-D was 
defined as a highly metastatic cell line for subsequent experiments. 
Then, si-NC and si-CEACAM1 were transfected into 95-D, and CEACAM1 
was evaluated by Western blot (Fig. 2D). The protein expression of 
CEACAM1 in 95-D was higher than that in A427, while the transfection 
of si-CEACAM1 deprived the expression. Then, to detect the function of 
CEACAM1, NSCLC cell lines were co-cultured with HDLEC, and a tube 
formation assay was conducted. The protein expression of 
lymphangiogenesis-associated proteins in HDLEC, i.e., VEGFR3, VEGFC, 
and VEGFD, was also detected. The expression of VEGFR3, VEGFC, and 
VEGFD was higher in 95-D compared to A427, while the downregulation 
of CEACAM1 reduced the lymphangiogenesis-associated proteins 
(Fig. 2E) and suppressed tube formation (Fig. 2F). These results sug
gested that CEACAM1 potentially promoted lymphangiogenesis.

3.3. CEACAM1 was a target of hsa-miR-423-5p

Next, we predicted the miRNAs that target CEACMA1 by ENCORI 
[36], and hsa-miR-423-5p was selected as the supposed target due to 
putative binding region between the seed sequence of hsa-miR-423-5p 
and the 3′-UTR of CEACAM1 (Fig. 3A). The relative luciferase activity 
in the 293T cell line transfected with luciferase reporters containing the 
wild-type CEACAM1 was suppressed upon hsa-miR-423-5p up-regula
tion. However, no significant decrease was observed after transfection 
with mutant CEACAM1 (Fig. 3B). Also, the hsa-miR-423-5p was detec
ted with qPCR, which revealed that the hsa-miR-423-5p level was lower 
in A427 than in Beas-2B and further lower in 95-D (Fig. 3C). Next, TCGA 
data also predicted that hsa-miR-423-5p expression was lower in tumor 

tissues than in normal lung tissue (Fig. 3D), which was coincident with 
the result in vitro. To evaluate the regulation of CEACAM1 by 
hsa-miR-423-5p, plasmids were transfected into 95-D. Western blot 
revealed that CEACAM1 expression was decreased after the upregula
tion of hsa-miR-423-5p, whereas when the hsa-miR-423-5p inhibitor 
was transfected, CEACAM1 expresion was increased (Fig. 3E). There
fore, hsa-miR-423-5p may target CEACAM1 and can negatively regulate 
the expression of CEACAM1.

3.4. Aberrant overexpression of hsa-miR-423-5p suppressed 
lymphangiogenesis via targeting CEACAM1

To examine the regulatory role of hsa-miR-423-5p in lymphangio
genesis through targeting CEACAM1, 95-D cells were transfected with 
plasmids designed to modulate the hsa-miR-423-5p and CEACAM1 ex
pressions. The transfection effectiveness was validated through qPCR 
and Western blot analyses (Fig. 4A and B). The hsa-miR-423-5p mimics 
increased hsa-miR-423-5p expression while decreasing CEACAM1 
expression. This decrease was reversed by subsequent transfection with 
the pcDNA-CEACAM1. These results indicated the successful trans
fection of plasmids. After co-culturing, the protein expression of 
lymphangiogenesis-associated proteins. i.e., VEGFR3, VEGFC, and 
VEGFD in HDLECs were decreased in HDLECs when hsa-miR-423-5p 
was upregulated in 95-D, while the increase of CEACAM1 expression 
reversed the result (Fig. 4C). Similarly, the tube formation was sup
pressed when hsa-miR-423-5p was overexpressed in 95-D, while the 
CEACAM1 overexpression reversed the suppression (Fig. 4D). Therefore, 
the hsa-miR-423-5p overexpression suppressed lymphangiogenesis via 
targeting CEACAM1.

3.5. CEACAM1 regulated the lymphangiogenesis via activating the NF–κB 
pathway

Then, we examined whether CEACAM1 can regulate the NF–κB 
pathway and therefore regulate lymphangiogenesis. First, the levels of 
key cytokines in the NF–κB pathway in HDLEC were analyzed with the 

Fig. 1. CEACAM1 is positively expressed in LUSC tumor tissues and positive lymph node tissues. Immunohistochemistry staining and percentage of the 
positive area of CEACAM1, CD31, and LYVE1 in 30 LUSC tumor tissues and their corresponding para-cancerous tissues and positive lymph node tissues (*40, with *5 
in the left corner). Error bars represent SD. *, p < 0.05; **, p < 0.01; ***, p < 0.001; ****, p < 0.0001.
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Table 2 
Clinicopathological parameters of patients with CEACAM1, CD31and LYVE1 expression.

Category No. of 
case

Expression

Tumor Positive lymph node

CEACAM1 CD31 LYVE1 CEACAM1 CD31 LYVE1

Low, n 
(%)

High, n 
(%)

P Low, n 
(%)

High, n 
(%)

P Low, n 
(%)

High, n 
(%)

P Low, n 
(%)

High, n 
(%)

P Low, n 
(%)

High, n 
(%)

P Low, n 
(%)

High, n 
(%)

P

Total 30, 
(100 %)

20, 
(66.67 
%)

10, 
(33.33 
%)

​ 29, 
(96.67 %)

1, 
(3.33 
%)

​ 28, 
(93.33 
%)

2, (6.67 
%)

​ 14, 
(46.67 
%)

16, 
(53.33 
%)

​ 22, 
(73.33 
%)

8, 
(26.67 
%)

​ 22, 
(73.33 
%)

8, 
(26.67 
%)

​

Gender ​ ​ ​ 0.942 ​ ​ 0.658 ​ ​ 0.658 ​ ​ 0.485 ​ ​ 0.179 ​ ​ 0.244
Male 27, 

(90.00 
%)

18, 
(66.67 
%)

9, 
(33.33 
%)

​ 26, 
(96.30 %)

1, 
(3.70 
%)

​ 25, 
(92.59 
%)

2, (7.41 
%)

​ 12, 
(44.44 
%)

15, 
(55.56 
%)

​ 19, 
(70.37 
%)

8, 
(29.63 
%)

​ 19, 
(70.37 
%)

8, 
(29.63 
%)

​

Female 3, 
(10.00 
%)

2, 
(66.67 
%)

1, 
(33.33 
%)

​ 3, (100 %) 0, (0 
%)

​ 3, (100 
%)

0, (0 %) ​ 2, 
(66.67 
%)

1, 
(33.33 
%)

​ 3, (100 
%)

0, (0 %) ​ 3, (100 
%)

0, (0 %) ​

Age ​ ​ ​ 0.434 ​ ​ 0.362 ​ ​ 0.362 ​ ​ 0.832 ​ ​ 0.259 ​ ​ 0.728
≥60 15, 

(50.00 
%)

8, 
(53.33 
%)

7, 
(46.67 
%)

​ 14, 
(93.33 %)

1, 
(6.67 
%)

​ 13, 
(85.67 
%)

2, 
(13.33 
%)

​ 6, 
(40.00 
%)

9, 
(60.00 
%)

​ 11, 
(73.33 
%)

4, 
(28.57 
%)

​ 10, 
(66.67 
%)

5, 
(33.33 
%)

​

<60 15, 
(50.00 
%)

12, 
(80.00 
%)

3, 
(20.00 
%)

​ 15, (100 
%)

0, (0 
%)

​ 15, 
(100 %)

0, (0 %) ​ 8, 
(53.33 
%)

7, 
(46.67 
%)

​ 11, 
(73.33 
%)

4, 
(25.00 
%)

​ 12, 
(80.00 
%)

3, 
(20.00 
%)

​

Stage ​ ​ ​ 0.044 ​ ​ 0.362 ​ ​ 0.728 ​ ​ 0.176 ​ ​ 0.295 ​ ​ 0.527
I-II 28, 

(93.33 
%)

20, 
(100 %)

8, 
(28.57 
%)

​ 27, 
(96.43 %)

1, 
(3.57 
%)

​ 26, 
(92.86 
%)

2, (7.14 
%)

​ 14, 
(50.00 
%)

14, 
(50.00 
%)

​ 20, 
(71.43 
%)

8, 
(28.57 
%)

​ 21, 
(75.00 
%)

7, 
(25.00 
%)

​

III-IV 2, (6.67 
%)

0, (0 %) 2, (100 
%)

​ 2, (100 %) 0, (0 
%)

​ 2, (100 
%)

0, (0 %) ​ 0, (0 %) 2, (100 
%)

​ 2, (100 
%)

0, (0 %) ​ 1, 
(50.00 
%)

1, 
(50.00 
%)

​

Tumor 
Position

​ ​ ​ 0.653 ​ ​ 0.728 ​ ​ 0.244 ​ ​ 0.104 ​ ​ 0.146 ​ ​ 0.280

Left lung 
lobe

18, 
(60.00 
%)

12, 
(66.67 
%)

6, 
(33.33 
%)

​ 18, (100 
%)

0, (0 
%)

​ 17, 
(94.44 
%)

1, (5.56 
%)

​ 7, 
(38.89 
%)

11, 
(61.11 
%)

​ 11, 
(61.11 
%)

7, 
(38.89 
%)

​ 11, 
(61.11 
%)

7, 
(38.89 
%)

​

Right lung 
lobe

12, 
(40.00 
%)

8, 
(66.67 
%)

4, 
(33.33 
%)

​ 11, 
（91.67 
%）

1, 
(8.33 
%)

​ 11, 
(91.67 
%)

1, (8.33 
%)

​ 7, 
(58.33 
%)

5, 
(41.67 
%)

​ 11, 
(91.67 
%)

1, (8.33 
%)

​ 11, 
(61.11 
%)

1, (8.33 
%)

​

N stage ​ ​ ​ 0.803 ​ ​ 0.391 ​ ​ 0.850 ​ ​ 0.962 ​ ​ 0.236 ​ ​ 0.709
N1 13, 

(43.33 
%)

9, 
(69.23 
%)

4, 
(30.77 
%)

​ 13, (100 
%)

0, (0 
%)

​ 12, 
(92.31 
%)

1, (7.69 
%)

​ 6, 
(46.15 
%)

7, 
(53.85 
%)

​ 11, 
(84.62 
%)

2, 
(15.38 
%)

​ 10, 
(76.92 
%)

3, 
(23.08 
%)

​

N2 17, 
(56.67 
%)

11, 
(64.71 
%)

6, 
(35.29 
%)

​ 16, 
(94.12 %)

1, 
(5.88 
%)

​ 16, 
(94.12 
%)

1, (5.88 
%)

​ 8, 
(47.06 
%)

9, 
(52.94 
%)

​ 11, 
(64.71 
%)

6, 
(35.29 
%)

​ 12, 
(70.59 
%)

5, 
(29.41 
%)

​

Total number 
of lymph 
nodes

​ ​ ​ 0.908 ​ ​ 0.244 ​ ​ 0.478 ​ ​ 0.868 ​ ​ 0.263 ​ ​ 0.808

≥17 18, 
(60.00 
%)

12, 
(66.67 
%)

6, 
(33.33 
%)

​ 17, (94.4 
%)

1, 
(5.56 
%)

​ 17, 
(94.44 
%)

1, (5.56 
%)

​ 8, 
(44.44 
%)

10, 
(55.56 
%)

​ 13, 
(72.22 
%)

5, 
(27.78 
%)

​ 15, 
(83.33 
%)

3, 
(16.67 
%)

​

<17 12, 
(40.00 
%)

8, 
(66.67 
%)

4, 
(33.33 
%)

​ 12, (100 
%)

0, (0 
%)

​ 11, 
(91.67 
%)

1, (8.33 
%)

​ 6, 
(50.00 
%)

6, 
(50.00 
%)

​ 9, 
(75.00 
%)

3, 
(25.00 
%)

​ 7, 
(52.33 
%)

5, 
(41.67 
%)

​

Number of 
positive 
lymph 
nodes

​ ​ ​ 0.236 ​ ​ 0.478 ​ ​ 0.685 ​ ​ 0.626 ​ ​ 0.942 ​ ​ 0.879

≥3 18, 
(60.00 
%)

13, 
(72.22 
%)

5, 
(27.78 
%)

​ 17, 
(94.44 %)

1, 
(5.56 
%)

​ 17, 
(94.44 
%)

1, (5.56 
%)

​ 8, 
(44.44 
%)

10, 
(55.56 
%)

​ 13, 
(72.22 
%)

5, 
(27.78 
%)

​ 13, 
(72.22 
%)

5, 
(27.78 
%)

​

<3 12, 
(40.00 
%)

7, 
(58.33 
%)

5, 
(41.67 
%)

​ 12, (100 
%)

0, (0 
%)

​ 11, 
(91.67 
%)

1, (8.33 
%)

​ 6, 
(50.00 
%)

6, 
(50.00 
%

​ 9, 
(75.00 
%)

3, 
(25.00 
%)

​ 9, 
(75.00 
%)

3, 
(25.00 
%)

​
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Western blot. The ratio of P50, P65, and their phosphorylation was 
higher expressed in 95-D compared with A427. The hsa-miR-423-5p 
overexpression inhibited the ratio of P50 and P65, and their phosphor
ylation, and the overexpression of CEACAM1 reversed the results 
(Fig. 5).

To further verify the result, the 95-D transfected with si-CEACAM1 
was treated with 10 nM BAY11-7085, a specific activator of NF–κB 
[45], and the effect of NF–κB pathway on lymphangiogenesis was 
observed. First, the expression of CEACAM1 and the ratio of P65 and its 
phosphorylation were detected (Fig. 6A–B), which revealed decreased 
expression of lymphangiogenesis-associated proteins in co-cultured 
HDLECs when the expression of CEACAM1 in 95-D was 
down-regulated. Interestingly, these effects were reversed by 
BAY11-7085 (Fig. 6C). Also, the stimulation of BAY11-7085 has no 
significant effect on CEACAM1 expression, but significantly increased 
the tube number of lymphatic vessels. These results proved that CEA
CAM1 can activate the NF–κB pathway and, therefore, promote 
lymphangiogenesis.

4. Discussion

Although remarkable advances have been made in understanding the 
risk, progress, and treatment options of lung cancer, its mortality re
mains high [46]. Distant metastasis of lung cancer is the main cause that 
induces an unfavorable prognosis, during which cancer cells secrete 
soluble mediators and spread to a distant organism through the blood
stream or lymphatic systems [47,48]. Here, our results observed that 
CEACAM1 was positively expressed in positive lymph nodes and tumor 
tissues from the LUSC patients who were diagnosed with lymph node 
metastasis. Moreover, CEACAM1 was found as a potential gene linked to 
lung cancer prognosis and positively correlated with angiogenesis and 
lymphangiogenesis. Then, we detected the function of CEACAM1 in 
lymphangiogenesis and found CEACAM1 promoted lymphangiogenesis 
through the NF–κB pathway, while the aberrant overexpressed of 
hsa-miR-423-5p suppressed the lymphangiogenesis by targeting 
CEACAM1.

The lymphatic vessels are essential and play a critical role in main
taining tissue fluid balance, transporting immune cells, and absorbing 
dietary fats [49]. In the early stage, the metastasis of lung cancer mainly 
depends on the lymphatic system [50]. Lymphangial capillaries are not 
encapsulated by smooth muscle cells or pericytes, and the ECM networks 
of the perineural lymphatic vessels are less dense than around the 
intratumoral vessels [51]. The lymphatic vessels’ structure inevitably 
reduces the tumor invasion barrier and allows the entrance of ameboid 
and mesenchymal cells into the lymphatic circulation [52]. was posi
tively correlated CD31 and LYVE1 in both tumor tissues is the growth 
process of lymphatic vessels, which occurs during inflammation, wound 
healing, and tumor metastasis [49]. Recent reports indicated that lym
phangiogenesis involved pathological processes and was Closely asso
ciated with clinical prognosis in multiple cancers. Maria et al. [53] 
evidenced lymphangiogenesis-inducing vaccines elicit T cell immunity 
against melanomas and provide lymphangiogenesis induction as a po
tential immunotherapeutic strategy in melanoma treatment. Hwang [9] 

and Liu [54] proved that lymphangiogenesis could serve as a distinct 
prognostic indicator for NSCLC survival. The molecular mechanism of 
angiogenesis, the process of blood vessel growth, has been intensely 
discussed over the past few decades. Still, there is much more to be 
explored in the investigation of the molecular mechanisms of lym
phangiogenesis. A significant obstacle to lymphangiogenesis research is 
up to the absence of specific monoclonal antibodies that selectively 
identify the lymphatic vascular endothelium [18]. Vascular endothelial 
growth (VEGF)-C and VEGF-D are prevalent and participate in lym
phangiogenesis through enhancing the migration and growth of 
lymphatic endothelium cells [55]. Vascular endothelial growth factor 
receptor 3 (VEGF3R) belongs to the IIIrd class of tyrosine receptors [18] 
and is the primary receptor of lymphatic endothelium [56]. As a re
ceptor of VEGF-C and VEGF-D, it is activated by its ligands, and tyrosine 
kinase in its intracellular domain stimulates the lymphatic endothelial 
cell proliferation [38]. Lymphatic endothelial hyaluronan receptor 
(LYVE-1), a hyaluronan receptor located in the endothelium of 
lymphatic vessels, has recently been implicated as a selective marker of 
lymphatic endothelium, presumably attributable to the critical role of 
the lymphatic system in hyaluronan metabolism [49]. It was found that, 
the expression of CEACAM1 was positively correlated CD31 and LYVE1 
in both tumor tissues. This indicated the correlation of CEACAM1 in 
lymphangiogenesis. Also, when the expression of CEACAM1 decreased, 
the expression of VEGFC, VEGFD, and VEGFR3 was also decreased, so as 
the number of neoplastic lymphatic vessels, which proved the function 
of CEACAM1 in lymphangiogenesis in NSCLC.

Consistent with the notion in this manuscript, CEACAM1 is proven to 
correlate with the prognosis [37] and participates in including inflam
mation, angiogenesis, tumor progression, and metastasis [38]. Thus, it is 
considered a potential target of clinical treatment. An increase in CEA
CAM1 expression and CEACAM1-S/CEACAM1-L ratio promotes the 
progression of NSCLC [39]. In contrast, the restoration of CEACAM1 
expression in some tumor lines has been found to abolish their onco
genicity. Therefore, CEACAM1 is considered a tumor suppressor [21], 
which reflects the intricate complexity of the role of CEACAM1 in cancer 
progression. CEACAM1 was upregulated in NSCLC cell lines, tumors, 
and positive lymph node tissues. Also, CEACAM1 exhibited a positive 
correlation with the CD31 and LVYE1 expression in both tumor and 
positive lymph node tissues, indicating that CEACAM1 was correlated 
with angiogenesis and lymphangiogenesis. Also, our results proved that 
CEACAM1 could promote the expression of 
lymphangiogenesis-associated proteins and, therefore, promote lym
phangiogenesis in highly metastasis NSCLC cell lines. Also, we found 
that CEACAM1 promoted the activation of the NF–κB pathway, thereby 
regulating lymphangiogenesis. Prangsaengtong [57] et al. found that 
shikonin played an inhibitory role in lymphangiogenesis via negatively 
regulating the NF-κB/HIF-1α axis, which is consistent with our results.

MicroRNAs are non-coding RNAs that include approximately 22 
nucleotides [58,59]. With considerable attention paid to their function 
in different biological processes over the past few decades, the deregu
lation of miRNA expression has been proven to be correlated with 
developmental defects and tumor progression [50,58]. Chen et al. [58] 
has proved that miRNA-148a was a prognostic factor for NSCL and 

Table 3 
Association between CEACAM1 and CD31 or LYVE1 in NSCLC patients with LN metastasis.

CEACAM1 expression

Tumor Positive lymph node

Low, n (%) High, n (%) Odds ratio (95 % CI) P Low, n (%) High, n (%) Odds ratio (95 % CI) P

CD31 ​ ​ 0.4559 (0.1145–0.7010) 0.0113 ​ ​ 0.4541(0.1122–0.6999) 0.0117
High 9 1 ​ ​ 10 6 ​ ​
Low 20 0 ​ ​ 12 2 ​ ​

LYVE1 ​ ​ 0.5243(0.2023–0.7440) 0.0029 ​ ​ 0.5578(0.2747–0.7765) 0.0008
High 0 2 ​ ​ 9 7 ​ ​
Low 20 8 ​ ​ 13 1 ​ ​
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inhibited its invasion and migration by Wnt1. The miRNA microarray 
analysis from Wu et al. suggested that miR-422a participated in 
lymphatic metastasis [60]. Meng et al. [61] also proved that 
microRNA-31 had potential as a predictive indicator for the survival and 
lymph node metastases in LUAD patients. We selected hsa-miR-423-5p 

as an upstream gene to target and regulate the CEACAM1. Several re
searchers have made progress on the function of hsa-miR-423-5p in 
cancers. Sun et al. [62] reported that breast cancer progression was 
suppressed by LINC00968 and the mechanism was through PROX1 in
hibition medicated by hsa-miR-423-5p. Tian et al. [63] identified MYC 

Fig. 2. CEACAM1 promoted the lymphangiogenesis. (A) NSCLC cell lines 95-D, A427, A549, HCC827, PC-9, and XWLC-05 were selected, and a wound healing 
assay was performed to select the highly and low metastatic cell lines (*10). The migration indexes were also calculated. (B) The mRNA expression of CEACAM1 in 
the NSCLC cell line was detected by qPCR. (C) The protein expression of CEACAM1 in the NSCLC cell line was detected by Western blot. (D) Western blot was used to 
verify the transfection efficiency. (E) The protein expression of lymphangiogenesis-associated proteins in HDLEC was detected by Western blot. (F) Tube formation 
assay was conducted, and Immunofluorescence detected the expression of CEACAM1. Error bars represent SD. *, p < 0.05; **, p < 0.01; ***, p < 0.001; ****, p 
< 0.0001.
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Fig. 3. CEACAM1 promoted the lymphangiogenesis. (A) Structure of human CEACAM1 gene and location of hsa-miR-423-5p. (B) Relative luciferase activity of 
different groups. (C) Relative expression of hsa-miR-423-5p was detected by qPCR. (D) TCGA data predicted the expression of hsa-miR-423-5p. (E) the protein 
expression of CEACAM1 regulated by hsa-miR-423-5p. Error bars represent SD. *, p < 0.05; **, p < 0.01; ***, p < 0.001; ****, p < 0.0001.

Fig. 4. Aberrant overexpression of hsa-miR-423-5p suppressed Lymphangiogenesis via targeting CEACAM1. (A) The relative expression of hsa-miR-423-5p 
was detected by qPCR after plasmid transfection. (B) The protein expression of CEACAM1 was detected by Western blot after plasmid transfection. (C) The pro
tein expression of lymphangiogenesis-associated proteins in HDLEC was detected by Western blot. (D) Tube formation assay was conducted, and Immunofluorescence 
detected the expression of CEACAM1. Error bars represent SD. *, p < 0.05; **, p < 0.01; ***, p < 0.001; ****, p < 0.0001.
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and has-miR-423-5p as critical factors in nasopharyngeal carcinoma 
through miRNA-mRNA-pathway network analysis. Our results demon
strated that aberrant hsa-miR-423-5p overexpression suppressed 

lymphangiogenesis via targeting CEACAM1.
In conclusion, we found that CEACAM1 increased lymphangio

genesis through NF- kB pathway activation and inhibited miR-423-5p in 

Fig. 5. CEACAM1 regulated the activation of the NF–κB pathway. (A) the protein expression of p50 and p65 and their phosphorylation were detected by Western 
blot. Error bars represent SD. *, p < 0.05; **, p < 0.01; ***, p < 0.001; ****, p < 0.0001.

Fig. 6. CEACAM1 can activate the NF–κB pathway and promote lymphangiogenesis. (A) The expression of CEACAM1 and p65 and its phosphorylation was 
detected by Western blot. (B) The protein expression of lymphangiogenesis-associated proteins in HDLEC was detected by Western blot. (C) Tube formation assay was 
conducted, and Immunofluorescence detected the expression of CEACAM1. Error bars represent SD. *, p < 0.05; **, p < 0.01; ***, p < 0.001; ****, p < 0.0001.
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NSCLC. This indicated the value of CEACAM1 as a new therapeutic 
target targeting lymphangiogenesis in NSCLC. However, more re
searches, such as the role of CEACAM1 in lymphangiogenesis in primary 
lung cancer model, need further discussion. Also, the downstream of 
CEACAM1 should also discussed with the help of high-throughput 
detection to further understand the mechanism of CEACAM1 in lym
phangiogenesis in NSCLC.
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