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Abstract 

Few robust biomarkers are available for distant metastatic colorectal cancer (CRC) patients. Aberrant 
high expression of CDH3 has been reported in advanced CRC patients, but the value of CDH3 as a 
biomarker for the diagnosis and prognosis of distant metastatic CRC patients remains to be evaluated. In 
this study, we explored the serum levels of CDH3 in different stages of CRC patients and sought to 
determine whether serum CDH3 serves as an independent biomarker for distant metastatic CRC 
patients. We analyzed the serum CDH3 levels by ELISA in a cohort of CRCs (n=96) and normal controls 
(n=28). We compared the serum CDH3 levels between normal controls and different stages of CRCs. As 
a potential diagnostic marker of distant metastatic CRC, the specificity and sensitivity of serum CDH3 
were evaluated. Multivariate analysis was also performed to determine whether serum CDH3 was an 
independent risk factor. Moreover, the changes of serum CDH3 levels were monitored and analyzed 
before and after palliative chemotherapy. Serum levels of CDH3, CA24-2, CA19-9, CA72-4, and CEA 
were significantly elevated in distant metastatic CRCs. CA24-2 (r=0.24, P=0.01), CA19-9 (r=0.20, 
P=0.03), CA72-4 (r=0.64, P<0.0001), and CEA (r=0.31, P=0.0012) all had a certain correlation with 
CDH3. After three cycles of palliative chemotherapy, levels of CDH3, CA24-2, CA19-9, CA72-4, and 
CEA of partial response CRCs were reduced to 38.8% (95% confidence interval [CI]: 30.95%–53.77%), 
57.73% (95% CI: 2.085%–73.83%), 50.33% (95% CI: 9.935%–79.42%), 74.74% (95% CI: 25.21%–88.00%), 
and 59.16% (95% CI: 12.65%–83.56%) of baseline, respectively. The areas under the receiver operating 
characteristic curves of CDH3, CA24-2, CA19-9, CA72-4, and CEA with chemotherapy response were 
0.900, 0.597, 0.635, 0.608, and 0.507, respectively. Serum CDH3 is an effective serum biomarker for the 
diagnosis of distant metastatic CRCs and monitoring response to palliative chemotherapy in distant 
metastatic CRCs. 
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Introduction 
Colorectal cancer (CRC) is the third most 

common cancer type and the second leading cause of 
cancer-related mortality worldwide [1]. An aging 
population, poor diet, and unhealthy lifestyle are all 
associated with increased risk of CRC. High 
recurrence and metastasis rates are the main reasons 
for the high mortality rate of CRC. Studies have found 

that approximately 50% of primary CRCs eventually 
develop metastatic disease, with 25% being 
synchronous metastases and another 25% developing 
metastases throughout the disease course [2,3]. 
According to current recommendations, CRCs 
without distant metastasis can be treated with 
multiple therapies, resulting in a good 5-year survival 
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rate. Given the lack of surgical intervention, CRCs 
with distant metastasis have a poor prognosis, with a 
5-year survival rate of less than 10% [2,3]. 
Unfortunately, the underlying mechanisms of CRC 
metastasis have not been completely elucidated, and 
there is a lack of clinical biomarkers for the diagnosis 
of colorectal cancer distant metastasis and the 
monitoring of chemotherapy efficacy. 

A key mechanism by which cancer cells 
strengthen their ability to invade and metastasize is 
the dissolution of intercellular adhesions and the 
acquisition of a more aggressive mesenchymal 
phenotype as part of epithelial–mesenchymal 
transition [4,5]. Cadherins are a family of 
transmembrane glycoproteins that mediate 
calcium-dependent cell adhesion and have important 
functions in maintaining normal tissue structure. 
P-Cadherin (CDH3) is one of the lesser-known 
cadherins. CDH3 is encoded by the CDH3 gene in 
humans, initially discovered in the placenta, and 
involved in embryonic development [6]. CDH3 plays 
an important role in the regulation of cell 
differentiation, shape, polarity, growth, and migration 
[7,8]. Moreover, the association between abnormal 
expression of CDH3 and cancer prognosis has been 
reported in many cancers, such as pancreatic cancer 
[9], thyroid cancer [10], tongue squamous cell 
carcinoma [11-13], liver cancer [14], gastric cancer [15], 
esophageal cancer [16,17], cholangiocarcinoma [18], 
renal cell carcinoma [19], breast cancer [20-22], 
prostate cancer [23], lung cancer [24] and glioblastoma 
[25]. Besides, CDH3 has been identified as a 
susceptibility gene for CRC [26]. Demethylation of the 
CDH3 gene locus and subsequent upregulation of its 
expression are frequently detected in advanced CRC 
[27,28]. Interestingly, aberrant high expression of 
CDH3 is associated with good prognosis in colon 
adenocarcinoma [29]. The research by Sharma G 
emphasizes the crucial role of CDH3 in regulating cell 
proliferation, migration, and apoptosis in colorectal 
cancer [30]. However, limited effort has been devoted 
to defining the prognostic value of CDH3 as a 
biomarker for CRC, especially metastatic CRC.  

In our previous study, we analyzed the 
Oncomine and TCGA databases and discovered a 
significant increase in the level of CDH3 in CRC 
tissues compared to normal tissues. In this study, we 
first explored the serum levels of CDH3 in different 
stages of CRCs. Using well known biomarkers 
(CA24-2, CA19-9, CA72-4, and CEA) of CRC as 
benchmarks, serum CDH3 demonstrated superior 
performance than CA24-2, CA19-9, and CEA for 
distant metastatic CRCs. Our results proposed serum 
CDH3 as an effective serum biomarker for the 
diagnosis of distant metastatic CRCs and monitoring 

response to palliative chemotherapy in distant 
metastatic CRCs. 

Materials and Methods 
Studied Population 

A total of 124 subjects were enrolled in this 
study, including 96 CRCs and 28 normal controls 
(NCs). CRCs were diagnosed at the Tianjin Medical 
University Cancer Institute and Hospital (Tianjin, 
China) between August 2020 and December 2020. The 
inclusion criteria were as follows: (1) patients who 
met the diagnostic criteria for CRC and confirmed by 
pathological examination, (2) CRCs did not undergo 
chemotherapy or radiotherapy, and (3) clinical and 
pathological data of CRCs were complete. The 
exclusion criteria were as follows: (1) CRCs with 
hypertension, heart disease, diabetes, glaucoma, or 
other underlying diseases; (2) patients with other 
tumors; (3) CRCs with intellectual disability or other 
serious mental illness; and (4) CRCs with liver, 
kidney, or other gastrointestinal diseases. The NCs 
were individuals who underwent physical 
examination at Tianjin Medical University Cancer 
Institute and Hospital (Tianjin, China) from August to 
December 2020. The inclusion criteria were people 
aged ≥ 18 years, and the exclusion criteria were the 
same as described above. The clinical features of the 
study subjects (28 NCs and 96 CRCs) were shown in 
Table 1.  

 

Table 1. Clinical features of the study subjects. 

Clinical features NCs 
(n=28) 

Non- 
metastasis 
(n=35) 

Regional lymph 
node metastasis 
(n=37) 

Distant 
metastasis 
(n=24) 

Age (median (25th - 75th 
percentiles)) 

58.00 
(45.75- 
65.00) 

62.00 
(52.00-66.00) 

61.00 
(54.00-68.50) 

59.50 
(52.50-65.50) 

Gender (Male/Female) 13/15 22/13 30/7 14/10 
Tumer size (> 2 cm) / 35 35 24 
Lymph node metastasis / 0 37 24 
Distant metastasis / / / 24 
Liver / / / 18 
Lung / / / 1 
Peritoneum and pelvis / / / 2 
Multiple metastases / / / 3 
Chemotherapy / / / 24 
XELOX / / / 5 
XELOX+bevacizumab / / / 14 
FOLFOX+bevacizumab / / / 1 
FOLFOX+cetuximab / / / 1 
FOLFIRINOX / / / 1 
FOLFIRINOX+ 
bevacizumab 

/ / / 1 

FOLFIRINOX+ 
cetuximab 

/ / / 1 

XELOX (capecitabine and oxaliplatin); FOLFOX (5-fluorouracil [5FU], folinic acid 
[LV], and oxaliplatin); FOLFIRINOX (5FU/LV, irinotecan and oxaliplatin) 

 
All procedures involving human participants in 

this study complied with the Declaration of Helsinki 
(2013 revision). The study was approved by the 
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Tianjin Medical University Cancer Institute and 
hospital ethics committee (bc2021223), and informed 
consent was obtained from all patients. 

Blood Sample Collection and Storage 
The subjects were required to fast overnight 

(minimum of 8 h), and venous blood samples were 
collected from 7 AM to 8 AM the following morning 
using a 5 ml ethylenediamine tetraacetic acid 
vacutainer and centrifuged at 3,000 × g for 15 min at 
4 °C within 2 h. The supernatant (serum) was split 
into two tubes and immediately stored frozen at 
−80 °C until use. 

Serum CDH3 Assays 
The serum levels of CDH3 were determined via 

enzyme-linked immunosorbent assay (ELISA) 
according to the manufacturer’s protocol, in duplicate 
samples, using a human CDH3 ELISA duo set kit 
(R&D Systems, Minneapolis, MN, USA) and 
microplate reader (Thermo Scientific™ Multiskan™ 
FC, USA). 

Database Analysis 
In the Oncomine database (www.oncomine.org), 

we entered the cancer type “CRC” and chose the 
differential gene analysis module (cancer vs. normal 
analysis) to retrieve the results. In this study, 
a P-value < 0.01, a log2(Fold Change) of 5, and a gene 
rank in the top 10% were set as the significance 
thresholds. 

The data of CDH3 expression levels of CRC were 
downloaded from The Cancer Genome Atlas data 
portal (TCGA). The gene CDH3 expression units of 
the TCGA-COAD datasets were log2[FPKM] + 1.  

The Human Protein Atlas (HPA, 
https://www.proteinatlas.org) is a publicly available 
database containing antibody‐based localization data 
for human proteins. We analyzed CDH3 protein 
expression in CRC via immunohistochemistry (IHC) 
analysis. 

Evaluation of the Efficacy of Palliative 
Chemotherapy in distant metastatic CRCs 

We thoroughly tracked the course of three cycles 
of palliative chemotherapy in 24 distant metastatic 
CRCs. For distant metastatic CRCs enhanced 
computed tomography (CT) scan was performed to 
detect tumor size prior to the first chemotherapy 
treatment. CA24-2, CA19-9, CA72-4, CEA, and CDH3 
were detected after the end of a chemotherapy cycle 
and prior to the next chemotherapy cycle. At the end 
of three cycles of chemotherapy, enhanced CT scan 
was performed on stage IV CRCs again, and the 
specialists assessed the response to chemotherapy 
based on Response Evaluation Criteria In Solid 

Tumours (RECIST) v1.1 [31]. Complete response (CR) 
was defined as the disappearance of all tumor lesions. 
Partial response (PR) was a reduction in total tumor 
size of > 30%. Stable disease (SD) was a reduction of < 
30% or a growth of < 20%. Progressive disease (PD) 
was a growth of > 20% or occurrence of new lesions. 
All changes were relative to baseline imaging. 

Statistical Analysis 
Statistical analyses were performed using SPSS 

software (version 22.0; IBM Corp, Armonk, NY, USA). 
Continuous data were tested for normality and 
reported as mean and standard deviation (SD) or 
median (25th–75th percentiles). Differences between 
groups were assessed for significance using Student’s 
t-test or Wilcoxon rank-sum test for continuous 
variables, as appropriate. The enumeration data were 
expressed as n (%). 

Results 
CDH3 was significantly elevated in distant 
metastatic CRCs 

Analysis of the Oncomine and TCGA databases 
indicated that the level of CDH3 was significantly 
increased in CRC tissues compared with that in 
normal tissues, as evidenced by expression profiling 
(Figures 1A–1C). In agreement with this, IHC staining 
demonstrated higher expression of CDH3, as 
indicated by brownish yellow staining, in normal 
tissue than tumor tissue (Figure 1D). 

According to the tumor metastatic status, CRCs 
were divided into non-metastatic CRCs (n=35), 
regional lymph node metastatic CRCs (n=37), and 
distant metastatic CRCs (n=24). Systemic 
chemotherapy regimens of capecitabine + oxaliplatin 
(XELOX) or the combination of XELOX + 
bevacizumab were the mainstay of treatment for stage 
IV CRCs. To further gain insight into the association 
between CDH3 expression and prognosis of CRC, we 
explored the distribution of CDH3 in the serum of 
NCs versus different stages of CRCs. Surprisingly, no 
significant difference in serum CDH3 distribution was 
found between NCs and non-metastatic CRCs or 
regional lymph node metastatic CRCs. Notably, the 
level of serum CDH3 in distant metastatic CRCs was 
significantly higher compared to NCs (Figure 2A), 
pointing to serum CDH3 as a potential biomarker for 
distant metastatic CRCs. 

CDH3 can be used as a serum biomarker of 
distant metastatic CRCs 

Given its high serum levels in distant metastatic 
CRC, we moved forward to benchmark the 
performance of serum CDH3 against four existing 
serum biomarkers of CRC. We assessed the serum 
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levels of carbohydrate antigen 24-2 (CA 24-2), 
carbohydrate antigen 19-9 (CA 19-9), carbohydrate 
antigen 72-4 (CA 72-4), and carcinoembryonic antigen 
(CEA) in different stages of CRCs. As expected, CA 
24-2, CA 19-9, CA 72-4, and CEA were significantly 
elevated in distant metastatic CRCs (Figures 2B–2E). 
In addition, the area under the receiver operating 
characteristic curves (AUCs) was 0.852 for both CDH3 
and CA 72-4 in the diagnosis of distal metastatic 
CRCs, superior over CA 24-2 (0.745), CA 19-9 (0.779), 
and CEA (0.818) (Figures 2F). According to the 
maximum principle of Jordan's index, when the 
concentration of serum CDH3 was 17.245 ng/ml, the 
sensitivity was 0.72, and the specificity was 0.938. The 
sensitivities of CA 24-2, CA 19-9, CA 72-4, and CEA 
were 0.522, 0.625, 0.833, and 0.75 respectively, while 
the specificities were 0.965, 0.881, 0.761 and 0.921. 
Interestingly, CDH3 showed a strong correlation 
(r=0.64, P<0.0001) with CA 72-4, and to a lesser extent, 
with other markers (Figure 3). To further assess 
whether serum CDH3 is an independent factor, we 

performed binary and multivariate logistic regression 
analyses. Age and gender were not associated with 
the occurrence of distant metastasis of CRC (P>0.05). 
In contrast, CDH3 and the tumor markers CA 24-2, 
CA 19-9, CA 72-4, and CEA (P<0.001) were associated 
with the occurrence of distant metastasis of CRCs 
(Table 2). Multivariate logistic regression analysis 
revealed that elevated serum levels of CDH3, CA19-9, 
and CA724 were identified as independent risk 
factors for distant metastasis of CRCs, with odds 
ratios of 34.852, 12.298, and 1.039 respectively (Table 
3). The accuracy rates of CDH3, CA 24-2, CA 19-9, CA 
72-4, and CEA were as follows: 95.16% (118/124), 
80.64% (100/124), 81.45% (101/124), 80.64% 
(100/124), and 68.55% (85/124) respectively (Table 2). 
This indicates the strong predictive power of high 
CDH3 expression in predicting distant metastasis in 
colorectal cancer. Therefore, CDH3 shows the 
potential to be a serum biomarker of distant 
metastatic CRCs. 

 

 
Figure 1. Database analysis. (A) Heatmap of differential gene expression in CRC and normal tissue in the Oncomine database. (B) Volcano plot of the top 100 differentially 
expressed genes in CRC and normal tissue in the Oncomine database. (C) Relative CDH3 expression in TCGA including 454 CRC samples and 41 normal tissues (unpaired t-test, 
P<0.0001). (D) Representative immunochemistry staining of CDH3 in COAD and normal tissues from the HPA database (magnification unavailable). (* P < 0.05, ** P < 0.01, *** P 
< 0.001, ****P < 0.0001). 
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Decreased serum CDH3 levels were consistent 
with the PR of chemotherapy response 

The key to making a correct treatment plan is to 
monitor and judge the efficacy of chemotherapy in 
patients with distant metastatic CRCs. By evaluating 
the treatment response, 14 distant metastatic CRCs 
reached PR, and the remaining CRCs were classified 
as non-PR (including CRCs evaluated as PD or SD on 
chemotherapy). Apparent decrease of tumor size was 
observed at the site of liver metastasis from colorectal 
cancer (n=3) after three chemotherapy treatments in 
the PR group (Figure 4). Our follow-up test found that 

the serum CDH3 level in the PR group gradually 
decreased with the increase of numbers of 
chemotherapy sessions, which was not observed in 
non-PR. CA 24-2, CA 19-9, CA 72-4, and CEA in the 
PR group also showed a decrease in overall 
chemotherapy, while strong fluctuations were noted 
in the levels of these biomarkers in the non-PR group 
(Figures 5 and 6). However, no significant differences 
were observed in the serum levels of these markers 
between PR group and non-PR group after 
chemotherapy, except for CDH3 (Table 4). 

 
 

 
Figure 2. Expression of CDH3, CA24-2, CA19-9, CA72-4, and CEA in NCs and CRCs. (* P < 0.05, ** P < 0.01, *** P < 0.001, ****P < 0.0001). 
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Figure 3. Correlation analysis of CDH3, CA24-2, CA19-9, CA72-4, and CEA.    

 

 
Figure 4. The comparison of tumor size at the site of liver metastasis from colorectal cancer before and after three chemotherapy treatments for three 
patients in the PR group.    
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Figure 5. Tracking data of CDH3, CA24-2, CA19-9, CA72-4, and CEA in 14 CRCs with PR response to chemotherapy. C0, received no chemotherapy; C1, 
received one cycle of chemotherapy treatment; C2, received two cycles of chemotherapy treatments; C3, received three cycles of chemotherapy treatments. 

 
Figure 6. Tracking data of CDH3, CA24-2, CA19-9, CA72-4, and CEA in 10 CRCs with non-PR response to chemotherapy. C0, received no chemotherapy; C1, 
received one chemotherapy treatment; C2, received two chemotherapy treatments; C3, received three chemotherapy treatments. 

 
We then focused on patients receiving three 

cycles of chemotherapy treatments and compared the 
serum levels of CDH3, CA 24-2, CA 19-9, CA 72-4, 
and CEA before and after three cycles of 

chemotherapy treatments. Serum levels of CDH3, CA 
19-9, CA 72-4, and CEA were all reduced in the PR 
group after three cycles of chemotherapy except for 
CA 24-2 (Figure 7). In the non-PR group, serum levels 
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of CDH3, CA 24-2, CA 72-4, and CA 19-9 showed no 
significant difference before and after three cycles of 
chemotherapy, whereas CEA decreases significantly 
in the non-PR group (Figure 7).  

 

Table 2. Relationship between the expression of CDH3, CA24-2, 
CA19-9, CA72-4, CEA and CRCs (Distant metastasis) [n (%)] 

Feature NCs and CRCs  
(Non-distant metastasis) 

CRCs  
(Distant metastasis) 

X2 P 

Gender   0.293 0.588 
Male 65 (52.4) 15 (12.1)   
Female 35 (28.2) 9 (7.2)   
Age (Year)   2.407 0.121 
≤50 26 (21.0) 3 (2.4)   
>50 74 (59.7) 21 (16.9)   
CDH3 (ng/ml)   30.88 0.000 
0-17.245 94 (75.8) 10 (8.1)   
>17.245 6 (4.8) 24 (19.4)   
CA24-2 (U/ml)   15.974 0.000 
0-20 88 (71.0) 12 (9.7)   
>20 12 (9.7) 12 (9.7)   
CA19-9 (U/ml)   22.373 0.000 
0-27 86 (69.4) 9 (7.3)   
>27 14 (11.3) 15 (12.1)   
CA72-4 (U/ml)   24.675 0.000 
0-6.9 83 (66.9) 7(5.6)   
>6.9 17 (13.7) 17 (13.7)   
CEA (ug/ml)   14.407 0.000 
0-5 67 (54.0) 6 (4.8)   
>5 33 (26.6) 18 (14.5)   

 

Table 4. Relationship between the expression of CDH3, CA24-2, 
CA19-9, CA72-4, CEA and CRCs (PR) [n (%)]. 

Tumor markers Non-PR PR X2 P 
CDH3 (ng/ml)   3.703 0.054 
0-17.245 4 (16.7) 11 (45.8)   
>17.245 6 (25.0) 3 (12.5)   
CA24-2 (U/ml)   0.064 0.801 
0-20 5 (20.8) 6 (25.0)   
>20 4 (16.7) 6 (25.0)   
CA19-9 (U/ml)   0.087 0.768 
0-27 4 (16.7) 6 (25.0)   
>27 6 (25.0) 7 (29.2)   
CA72-4 (U/ml)   1.180 0.277 
0-6.9 8 (33.3) 7 (29.1)   
>6.9 2 (8.3) 5 (20.8)   
CEA (ug/ml)   0.007 0.932 
0-5 2 (8.3) 3 (12.5)   
>5 8 (33.3) 11 (45.8)   

 
The reduction degrees of CA24-2, CA724, 

CA19-9, CEA, and CDH3 before and after three cycles 
of chemotherapy were analyzed in the PR group. 
After three cycles of palliative chemotherapy, CDH3, 
CA24-2, CA19-9, CA72-4, and CEA of CRCs in the PR 
group were reduced to 38.8% (95% confidence 
interval [CI]: 30.95%–53.77%), 57.73% (95% CI: 
2.085%–73.83%), 50.33% (95% CI: 9.935%–79.42%), 
74.74% (95% CI: 25.21%–88.00%), and 59.16% (95% CI: 
12.65%–83.56%) of the baseline, respectively (Figure 
8A). We defined C3/C0<1 in the PR group or C3/C0≥ 
1 in the non-PR group as consistent with the 
chemotherapy response. Table 5 showed that 
C3/C0<1 for CDH3 can be an important criterion for 

achieving PR with three cycles of palliative 
chemotherapy in distant metastatic CRCs. The areas 
under the receiver operating characteristic curves 
(AUCs) of CDH3 response to palliative chemotherapy 
was 0.900, and those of CA 24-2, CA 19-9, CA 72-4, 
and CEA were 0.597, 0.635, 0.608, and 0.507, 
respectively (Figure 8B). Collectively, CDH3 as a 
promising serum biomarker for monitoring the 
response to chemotherapy in distant metastatic CRCs 
was superior to CA 24-2, CA 19-9, CA 72-4, and CEA. 

Table 5. Relationship between the expression of CDH3, CA24-2, 
CA19-9, CA72-4, CEA (C3/C0) and CRCs (PR) [n (%)]. 

Tumor markers Non-PR PR X2 P 
CDH3 (C3/C0)   16.800 0.000 
<1 2 (8.3) 14 (58.3)   
≥1 8 (33.3) 0 (0.0)   
CA24-2 (C3/C0)   0.875 0.350 
<1 5 (20.8) 9 (37.5)   
≥1 4 (16.7) 3 (12.5)   
CA19-9 (C3/C0)   0.087 0.768 
<1 5 (20.8) 10 (41.7)   
≥1 5 (20.8) 3 (12.5)   
CA72-4 (C3/C0)   1.721 0.190 
<1 7 (29.2) 11 (45.8)   
≥1 3 (12.5) 1 (4.2)   
CEA (C3/C0)   0.137 0.711 
<1 8 (33.3) 12 (50.0)   
≥1 2 (8.3) 2 (8.3)   

 

Discussion 
Palliative chemotherapy is the mainstay of 

treatment for distant metastatic CRCs due to the lack 
of surgical conditions for radical cure. The purpose of 
palliative chemotherapy is to extend overall survival, 
improve disease symptoms, and maintain quality of 
life as long as possible [32]. Chemotherapeutic drugs 
are cell-killing drugs that are “indiscriminating 
between enemies and friends.” While acting on tumor 
cells, they also harm normal cells, especially those 
cells rapidly growing, such as hair follicle cells, bone 
marrow hematopoietic cells, and gastrointestinal 
mucosa cells. The side effects of the combined 
chemotherapy regime are severe, including bone 
marrow suppression (leukopenia and red blood cell 
reduction) and gastrointestinal reactions (nausea, 
vomiting, poor appetite, diarrhea, and constipation) 
[33]. Oxaliplatin will have neurotoxic reactions, 
mainly manifested as numbness of the extremities, 
pain, and numbness around the lips [34]. In addition, 
about 54% of patients were unable to work during 
therapy. In 74% of patients, chemotherapy caused 
severe or moderate impairment of daily activities and 
negatively affected their financial situations [35]. 
Clinical decision-making for palliative chemotherapy 
in distant metastatic CRCs is sophisticated because of 
multiple options and multidisciplinary approaches. 
The effective way to ascertain the efficacy of 
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chemotherapy is to observe the changes in tumor size 
by enhanced CT, but it cannot be executed frequently, 
considering the risk of radiation exposure and high 

economic and time costs. Therefore, convenient, 
economical, and minimally harmful biomarkers for 
chemotherapy monitoring are urgently needed. 

 

Table 3. Logistic regression analysis of Tumor markers expression and CRCs (Distant metastasis). 

Tumor markers B SE Wald P OR 95% CI 
CDH3 3.551 0.951 13.955 0.000 34.852 5.408-224.58 
CA24-2 0.119 1.223 0.01 0.922 1.127 0.102-12.392 
CA19-9 2.509 1.118 5.037 0.025 12.298 1.374-110.046 
CA72-4 2.133 0.766 7.757 0.005 8.437 1.881-37.841 
CEA 0.039 0.926 0.002 0.967 1.039 0.169-6.389 

 

 
Figure 7. Comparison of CDH3, CA24-2, CA19-9, CA72-4 and CEA before and after three chemotherapy treatments in PR group and non-PR group. C0, 
received no chemotherapy; C3, received three cycles of chemotherapy. 

 
Figure 8. Reduction in CDH3, CA24-2, CA19-9, CA72-4, and CEA in the PR group after three chemotherapy treatments was consistent with 
chemotherapy response. (A) Changes in CDH3, CA24-2, CA19-9, CA72-4, and CEA before and after three chemotherapy treatments in the PR group. (B) The consistency 
of CDH3, CA24-2, CA19-9, CA72-4, and CEA response to chemotherapy. 
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The analysis of the Oncomine and TCGA 
databases demonstrated that CDH3 levels in CRC 
tissues were significantly increased compared with 
those in normal tissues. CDH3 emerges as an expected 
serum biomarker for CRC. In this study, no significant 
difference was found in the serum CDH3 levels 
between NCs, non-metastatic CRCs and regional 
lymph node metastatic CRCs, but the serum CDH3 
level of distant metastatic CRCs significantly 
increased. This result indicated that CDH3 could be a 
unique serum biomarker for distant metastatic CRCs. 
CA 24-2, CA 19-9, CA 72-4, and CEA are common 
diagnostic and prognostic serum tumor markers for 
CRCs but lack specificity for CRCs [36-40]. CA 24-2, 
CA 19-9, CA 72-4, and CEA were significantly 
increased in distant metastatic CRCs. We verified that 
CA24-2 (r=0.24, P=0.01), CA19-9 (r=0.20, P=0.03), 
CA72-4 (r=0.64, P<0.0001), and CEA (r=0.31, 
P=0.0012) were associated with CDH3. Statistically 
significant differences in CA72-4 values were 
observed between early and late-stage diseases (P < 
0.001), as well as between patients with and without 
distant metastases (P < 0.001). This indicates a strong 
association between elevated CA72-4 levels and 
advanced disease status, highlighting its potential as a 
biomarker for disease progression and metastatic 
spread in colorectal cancer [41]. CA72-4, a 
glycoprotein, is overexpressed in various cancers, 
including CRC, and serves as a diagnostic and 
prognostic marker [41]. The strong association 
between CDH3 and CA72-4 implies that alterations in 
cell adhesion may contribute to the upregulation of 
CA72-4, potentially facilitating tumor spread. 

The patients with distant metastatic CRCs 
included in this study were all treated with palliative 
chemotherapy, with good compliance and complete 
clinical data. During our assessment of distant 
metastatic CRCs, we found that CDH3 gradually 
declined in the PR group after three chemotherapy 
treatments, which was not reflected in the non-PR 
group. The numerical changes in CA 24-2, CA 19-9, 
CA 72-4, and CEA were also studied. CA242, CA72-4, 
CA19-9, and CEA showed a decrease in the PR group. 
Different from CA72-4 and CA19-9, CEA still 
exhibited a significant decrease in the non-PR group. 
P Byström et al. evaluated the changes in tumor 
markers such as CA 24-2, CA 19-9, CA 72-4, and CEA 
during palliative chemotherapy in advanced upper 
gastrointestinal adenocarcinoma (UGIA). Their 
research showed that baseline tumor marker levels 
provide prognostic information for patients with 
UGIA receiving palliative chemotherapy, but early 
tumor marker changes often fail to provide accurate 
information on tumor response and survival [42]. 
CEA and CA 19-9 have been verified to exhibit 

synchrony with chemotherapy response and can be 
used as biomarkers for palliative chemotherapy 
monitoring in advanced gastric cancer [43,44]. An 
increase in CEA or CA 19-9 is only conditionally 
appropriate for recording progression. A progression 
can be excluded with declining levels with high 
diagnostic accuracy, in which CEA offers a greater 
degree of certainty than CA 19-9 [45]. CA72-4 was a 
statistically significant independent risk factor for the 
prognosis of CRC patients [46]. The above findings 
were consistent with our findings. 

The aim of this study was to find an indicator 
that would respond to the effect of palliative 
chemotherapy. The expression of CDH3, CA 24-2, CA 
19-9, CA 72-4, and CEA after three times treatments in 
CRC patients with distant metastases weren’t 
associated with the response to chemotherapy (Table 
4). Measurements of serum tumor markers CA 24-2, 
CA 19-9, CA 72-4, and CEA were of interest during 
palliative chemotherapy for distant metastatic CRCs. 
The ratio of CDH3 after the third chemotherapy to the 
initial CDH3 (C3/C0) was significant for the response 
to chemotherapy. (P<0.05, Table 5). The AUCs of 
CA24-2, CA19-9, CA72-4, and CEA (C3/C0) in 
response to palliative chemotherapy in distant 
metastatic CRCs were 0.597, 0.635, 0.608, and 0.507, 
respectively. CA24-2, CA19-9, CA72-4, and CEA of 
CRCs in the PR group were reduced to 57.73% (95% 
CI: 2.085%–73.83%), 50.33% (95% CI: 9.935%–79.42%), 
74.74% (95% CI: 25.21%–88.00%), and 59.16% (95% CI: 
12.65%–83.56%) of baseline, respectively. The AUCs 
of the CDH3 response to chemotherapy was 0.900, 
and the serum CDH3 of distant metastatic CRCs in 
the PR group reduced to 38.8% (95% CI: 30.95%–
53.77%) of baseline. Compared with serum tumor 
biomarkers CA24-2, CA19-9, CA72-4, and CEA in 
CRCs, CDH3 exhibited superior potential as a serum 
biomarker for monitoring chemotherapy response in 
distant metastatic CRCs. Our findings emphasize the 
potential of cadherin 3 (CDH3) as a dynamic 
biomarker for monitoring chemotherapy response. 
The observed correlation between CDH3 expression 
dynamics and treatment effect suggests that CDH3 
can serve as a non-invasive tool for real-time 
evaluation of chemotherapy interventions, providing 
clinicians with a valuable resource for personalized 
treatment adjustments.  

Conclusion 
Serum CDH3 is an effective serum biomarker for 

the diagnosis of distant metastatic CRCs and 
monitoring response to palliative chemotherapy in 
distant metastatic CRCs. 
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carcinoembryonic antigen; CI: confidence interval; 
CR: complete response; CRC: colorectal cancer; CT: 
computed tomography; ELISA: enzyme-linked 
immunosorbent assay; EMT: epithelial-mesenchymal 
transition; HPA: Human Protein Atlas; IHC: 
immunohistochemistry; NC: normal control; PD: 
progressive disease; PR: partial response; RECIST: 
Response Evaluation Criteria In Solid Tumours; SD: 
stable disease; TCGA: The Cancer Genome Atlas; 
UGIA: upper gastrointestinal adenocarcinoma. 

Acknowledgments 
The authors thank all patients for their important 

contributions and all public databases for providing 
data. 

Funding 
This study was supported by the Natural Science 

Foundation of Tianjin (No.19JCQNJC11200), the 
Science & Technology Development Fund of Tianjin 
Education Commission for Higher Education (No. 
2020KJ138), the National Natural Science Foundation 
of China (No. 81802432), and the Tianjin Key Medical 
Discipline (Specialty) Construction Project (No. 
TJYXZDXK-009A). 

Availability of data and materials 
The data that support the findings of this study 

are available on reasonable request from the 
corresponding author. 

Ethics approval and consent to participate  
All applicable international, national, and/or 

institutional guidelines for the care and use of animals 
were followed. All procedures involving human 
participants in this study complied with the 
Declaration of Helsinki (2013 revision). The study was 
approved by the Tianjin Medical University Cancer 
Institute and hospital ethics committee (bc2021223), 
and informed consent was obtained from all patients. 

Author contributions 
L.R., J.S., S.F., Y.J., Y.W., D.D., L.J., S.F., A.Z., 

W.Z., and W.J. had full access to all the data in the 
study and took responsibility for the integrity of the 
data and the accuracy of the data analysis. All authors 
approved the final manuscript as submitted and 
agreed to be accountable for all aspects of this work. 
Study concept and design: L.R., J.S. and Y.J. 
Acquisition of clinical samples and completion of 

experiments: Y.J., J.S., and Y.W. Acquisition, analysis, 
or interpretation of data: D.D., Y.W., W.Z., A.Z. and 
S.F. Drafting of the manuscript: L.R., Y.J. and J.S. 
Statistical analysis: Y.J. and S.F. Obtained funding: 
L.R., L.J., and W.J. Administrative, technical, or 
material support: L.R., J.S., S.F., and Y.J. Study 
supervision: L.R., J.S., and Y.J. contributed equally to 
this work. All the authors have read and agreed to the 
published version of the manuscript. 

Jiayin Song and Yu Jin contributed equally to 
this work. 

Competing Interests 
The authors have declared that no competing 

interest exists. 

References 
1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. 

Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence and 
Mortality Worldwide for 36 Cancers in 185 Countries. Ca-Cancer J Clin. 2021; 
71: 209-49. 

 2. Siegel RL, Miller KD, Goding SA, Fedewa SA, Butterly LF, Anderson JC, et al. 
Colorectal cancer statistics, 2020. Ca-Cancer J Clin. 2020; 70: 145-64. 

 3. Siegel RL, Wagle NS, Cercek A, Smith RA, Jemal A. Colorectal cancer statistics, 
2023. Ca-Cancer J Clin. 2023; 73: 233-54. 

 4. Vu T, Datta PK. Regulation of EMT in Colorectal Cancer: A Culprit in 
Metastasis. Cancers. 2017; 9: 171. 

 5. Shin AE, Giancotti FG, Rustgi AK. Metastatic colorectal cancer: mechanisms 
and emerging therapeutics. Trends Pharmacol Sci. 2023; 44: 222-36. 

 6. Nose A, Takeichi M. A novel cadherin cell adhesion molecule: its expression 
patterns associated with implantation and organogenesis of mouse embryos. J 
Cell Biol. 1986; 103: 2649-58. 

 7. Gloushankova NA, Rubtsova SN, Zhitnyak IY. Cadherin-mediated cell-cell 
interactions in normal and cancer cells. Tissue Barriers. 2017; 5: e1356900. 

 8. Kourtidis A, Lu R, Pence LJ, Anastasiadis PZ. A central role for cadherin 
signaling in cancer. Exp Cell Res. 2017; 358: 78-85. 

 9. Imai K, Hirata S, Irie A, Senju S, Ikuta Y, Yokomine K, et al. Identification of a 
novel tumor-associated antigen, cadherin 3/P-cadherin, as a possible target 
for immunotherapy of pancreatic, gastric, and colorectal cancers. Clin Cancer 
Res. 2008; 14: 6487-95. 

10. Zhou Y, Chi Y, Bhandari A, Xia E, Thakur PC, Qu J, et al. Downregulated 
CDH3 decreases proliferation, migration, and invasion in thyroid cancer. Am J 
Transl Res. 2020; 12: 3057-67. 

11. Wang H, Yu T, Mao L. Placental-Cadherin, a biomarker for local immune 
status and poor prognosis among patients with tongue squamous cell 
carcinoma. Eur Arch Oto-Rhino-L. 2022; 279: 3597-609. 

12. Wu T, Xiao Z, Li Y, Jiao Z, Liang X, Zhang Y, et al. CDH3 is associated with 
poor prognosis by promoting the malignancy and chemoresistance in oral 
squamous cell carcinoma. Asian J Surg. 2022; 45: 2651-8. 

13. Seppala M, Jauhiainen L, Tervo S, Al-Samadi A, Rautiainen M, Salo T, et al. 
The expression and prognostic relevance of CDH3 in tongue squamous cell 
carcinoma. Apmis. 2021; 129: 717-28. 

14. Li L, Yu S, Wu Q, Dou N, Li Y, Gao Y. KLF4-Mediated CDH3 Upregulation 
Suppresses Human Hepatoma Cell Growth and Migration via GSK-3beta 
Signaling. Int J Biol Sci. 2019; 15: 953-61. 

15. Hibi K, Kitamura YH, Mizukami H, Goto T, Sakuraba K, Sakata M, et al. 
Frequent CDH3 demethylation in advanced gastric carcinoma. Anticancer 
Res. 2009; 29: 3945-7. 

16. Han S, Wang Y, Ma J, Wang Z, Wang HD, Yuan Q. Sulforaphene inhibits 
esophageal cancer progression via suppressing SCD and CDH3 expression, 
and activating the GADD45B-MAP2K3-p38-p53 feedback loop. Cell Death Dis. 
2020; 11: 713. 

17. Liu D, Wu K, Yang Y, Zhu D, Zhang C, Zhao S. Long noncoding RNA 
ADAMTS9-AS2 suppresses the progression of esophageal cancer by 
mediating CDH3 promoter methylation. Mol Carcinogen. 2020; 59: 32-44. 

18. Baek S, Lee YW, Yoon S, Baek SY, Kim BS, Oh SO. CDH3/P-Cadherin 
regulates migration of HuCCT1 cholangiocarcinoma cells. Anat Cell Biol. 
2010; 43: 110-7. 

19. Faraj TP, Peters I, Schimansky I, Dubrowinskaja N, Reese C, Tezval H, et al. 
Alteration of Cadherin 3 Expression and DNA Methylation in Association 
with Aggressive Renal Cell Carcinoma. Int J Mol Sci. 2023; 24: 16476. 

20. Albergaria A, Resende C, Nobre AR, Ribeiro AS, Sousa B, Machado JC, et al. 
CCAAT/enhancer binding protein beta (C/EBPbeta) isoforms as 
transcriptional regulators of the pro-invasive CDH3/P-cadherin gene in 
human breast cancer cells. Plos One. 2013; 8: e55749. 



 Journal of Cancer 2024, Vol. 15 

 
https://www.jcancer.org 

5229 

21. Hwang PY, Mathur J, Cao Y, Almeida J, Ye J, Morikis V, et al. A 
Cdh3-beta-catenin-laminin signaling axis in a subset of breast tumor leader 
cells control leader cell polarization and directional collective migration. Dev 
Cell. 2023; 58: 34-50. 

22. Lapcik P, Sulc P, Janacova L, Jilkova K, Potesil D, Bouchalova P, et al. 
Desmocollin-1 is associated with pro-metastatic phenotype of luminal A 
breast cancer cells and is modulated by parthenolide. Cell Mol Biol Lett. 2023; 
28: 68. 

23. Hurwitz LM, Beane FL, Andreotti G, Hofmann JN, Parks CG, Sandler DP, et 
al. Joint associations between established genetic susceptibility loci, pesticide 
exposures, and risk of prostate cancer. Environ Res. 2023; 237: 117063. 

24. Ma W, Hu J. Downregulated CDH3 is correlated with a better prognosis for 
LUAD and decreases proliferation and migration of lung cancer cells. Genes 
Genom. 2024; 46: 713-31. 

25. Martins EP, Goncalves CS, Pojo M, Carvalho R, Ribeiro AS, 
Miranda-Goncalves V, et al. Cadherin-3 is a novel oncogenic biomarker with 
prognostic value in glioblastoma. Mol Oncol. 2022; 16: 2611-31. 

26. Carvajal-Carmona LG, Cazier JB, Jones AM, Howarth K, Broderick P, Pittman 
A, et al. Fine-mapping of colorectal cancer susceptibility loci at 8q23.3, 16q22.1 
and 19q13.11: refinement of association signals and use of in silico analysis to 
suggest functional variation and unexpected candidate target genes. Hum Mol 
Genet. 2011; 20: 2879-88. 

27. Milicic A, Harrison LA, Goodlad RA, Hardy RG, Nicholson AM, Presz M, et 
al. Ectopic expression of P-cadherin correlates with promoter 
hypomethylation early in colorectal carcinogenesis and enhanced intestinal 
crypt fission in vivo. Cancer Res. 2008; 68: 7760-8. 

28. Wang G, Wang F, Meng Z, Wang N, Zhou C, Zhang J, et al. Uncovering 
potential genes in colorectal cancer based on integrated and DNA methylation 
analysis in the gene expression omnibus database. Bmc Cancer. 2022; 22: 138. 

29. Xu Y, Zhao J, Dai X, Xie Y, Dong M. High expression of CDH3 predicts a good 
prognosis for colon adenocarcinoma patients. Exp Ther Med. 2019; 18: 841-7. 

30. Sharma G, Mo JS, Lamichhane S, Chae SC. MicroRNA 133A Regulates Cell 
Proliferation, Cell Migration, and Apoptosis in Colorectal Cancer by 
Suppressing CDH3 Expression. J Cancer. 2023; 14: 881-94. 

31. Lenz HJ, Van Cutsem E, Luisa LM, Wong K, Hendlisz A, Aglietta M, et al. 
First-Line Nivolumab Plus Low-Dose Ipilimumab for Microsatellite 
Instability-High/Mismatch Repair-Deficient Metastatic Colorectal Cancer: 
The Phase II CheckMate 142 Study. J Clin Oncol. 2022; 40: 161-70. 

32. Gomez-Espana MA, Gallego J, Gonzalez-Flores E, Maurel J, Paez D, Sastre J, et 
al. SEOM clinical guidelines for diagnosis and treatment of metastatic 
colorectal cancer (2018). Clin Transl Oncol. 2019; 21: 46-54. 

33. Johdi NA, Sukor NF. Colorectal Cancer Immunotherapy: Options and 
Strategies. Front Immunol. 2020; 11: 1624. 

34. Salat K. Chemotherapy-induced peripheral neuropathy-part 2: focus on the 
prevention of oxaliplatin-induced neurotoxicity. Pharmacol Rep. 2020; 72: 
508-27. 

35. Sierko E, Werpachowska MT, Wojtukiewicz MZ. Psychological, physical, and 
social situation of Polish patients with colorectal cancer undergoing first-line 
palliative chemotherapy. Oncol Nurs Forum. 2011; 38: E253-9. 

36. Gong Q, Zhang X, Liang A, Huang S, Tian G, Yuan M, et al. Proteomic 
screening of potential N-glycoprotein biomarkers for colorectal cancer by TMT 
labeling combined with LC-MS/MS. Clin Chim Acta. 2021; 521: 122-30. 

37. Dai C, Zhang X, Ma Y, Chen Z, Chen S, Zhang Y, et al. Serum macrophage 
inhibitory cytokine-1 serves as a novel diagnostic biomarker of early-stage 
colorectal cancer. Biomarkers. 2021; 26: 598-605. 

38. Bjorkman K, Mustonen H, Kaprio T, Kekki H, Pettersson K, Haglund C, et al. 
CA125: A superior prognostic biomarker for colorectal cancer compared to 
CEA, CA19-9 or CA242. Tumour Biol. 2021; 43: 57-70. 

39. Yanqing H, Cheng D, Ling X. Serum CA72-4 as a Biomarker in the Diagnosis 
of Colorectal Cancer: A Meta-analysis. Open Med-Warsaw. 2018; 13: 164-71. 

40. Gao Y, Wang J, Zhou Y, Sheng S, Qian SY, Huo X. Evaluation of Serum CEA, 
CA19-9, CA72-4, CA125 and Ferritin as Diagnostic Markers and Factors of 
Clinical Parameters for Colorectal Cancer. Sci Rep-Uk. 2018; 8: 2732. 

41. Zhu Z, Chen Z, Chen C, Yang Z, Xuan W, Hou Y, et al. Opposite variation 
tendencies of serum CA724 levels in patients with colon and rectal carcinoma. 
Mol Clin Oncol. 2014; 2: 139-45. 

42. Bystrom P, Berglund A, Nygren P, Wernroth L, Johansson B, Larsson A, et al. 
An explorative study on the clinical utility of baseline and serial serum 
tumour marker measurements in advanced upper gastrointestinal cancer. 
Oncol Rep. 2010; 24: 1645-52. 

43. Abbas M, Ahmed A, Khan GJ, Baig M, Naveed M, Mikrani R, et al. Clinical 
evaluation of carcinoembryonic and carbohydrate antigens as cancer 
biomarkers to monitor palliative chemotherapy in advanced stage gastric 
cancer. Curr Prob Cancer. 2019; 43: 5-17. 

44. Liu J, Huang XE. Clinical application of serum tumor abnormal protein from 
patients with gastric cancer. Asian Pac J Cancer Prev. 2015; 16: 4041-4. 

45. Hanke B, Riedel C, Lampert S, Happich K, Martus P, Parsch H, et al. CEA and 
CA 19-9 measurement as a monitoring parameter in metastatic colorectal 
cancer (CRC) under palliative first-line chemotherapy with weekly 24-hour 
infusion of high-dose 5-fluorouracil (5-FU) and folinic acid (FA). Ann Oncol. 
2001; 12: 221-6. 

46. Kuang J, Gong Y, Xie H, Yan L, Huang S, Gao F, et al. The prognostic value of 
preoperative serum CA724 for CEA-normal colorectal cancer patients. Peerj. 
2020; 8: e8936. 


