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The diagnostic value of serum
Ephrin-Al in patients with
colorectal cancer

Qi-Xin Su¥®, Ze-Jun Zheng'*, Ying-Hua Xie*>, Ling-Yu Chu?3, Yi-Wei Lin3, Yin-Qiao Liu3,
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Colorectal cancer (CRC) is one of the most common malignant tumors worldwide, with a high incidence
rate and mortality. The analysis of serum biomarkers for colorectal cancer diagnosis has attracted more
and more attention because of its low cost, repeatability, and quantification. This study was aimed

to evaluate the diagnostic performance of serum Ephrin-Al in patients with CRC. We retrospectively
analyzed CRC cases in a test cohort (121 patients and 108 controls) and validated them in a validation
cohort (119 patients and 118 controls). The concentration of Ephrin-Al in serum was detected by
Enzyme-linked immunosorbent assay (ELISA) and the diagnostic performance of serum Ephrin-Al

was evaluated by receiver operating characteristic (ROC) analysis. In the test cohort, serum Ephrin-Al
levels in patients with all-stage CRC and early-stage CRC were significantly higher than those in healthy
controls. The area under the ROC curve (AUC), sensitivity and specificity of all-stage CRC and early-
stage CRC were 0.709 (95% Cl 0.644-0.775) and 0.660 (95% Cl 0.530-0.790), 48.76% and 45.00%,
81.48% and 81.48%, respectively. Similar results were observed in the validation cohort. Serum
Ephrin-Al might be served as a potential biomarker in the diagnosis of CRC.
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As a common malignant tumor of the digestive system, colorectal cancer (CRC) was responsible for over
1.9 million new cases and 904,000 deaths in 2022, making it the third most frequently diagnosed cancer and the
second leading cause of cancer death worldwide!. In China, CRC ranks second in the most commonly diagnosed
cancer types and fourth in the most common causes of cancer-related deaths?. The 5-year relative survival rate
for CRC ranges from 90% in patients diagnosed with localized disease to 14% for those diagnosed with distant
metastatic disease®. Therefore, early diagnosis is very important for the treatment and prognosis of patients with
colorectal cancer.

Colonoscopy serves as the gold standard for colorectal cancer screening. Among all screening methods,
colonoscopy is the most sensitive and is the only one that involves the resection of precancerous lesions and/or
the biopsy of neoplastic lesions*. However, invasive, unpleasant bowel preparation, risk of intestinal perforation,
or bleeding limit it to being a regular screening method®. Noninvasive screenings, such as fecal occult blood tests
and stool DNA analyses, are valued for being straightforward and nonintrusive. However, their limited sensitivity
and specificity can lead to misdiagnoses or undetected conditions®. In recent years, the use of protein markers
in serum has been explored as strategies for tumor diagnosis. Serum-based tumor markers are considered to be
simple, relatively cheap, reproducible, quantitative, and objective diagnostic tools. Carcinoembryonic antigen
(CEA) is the only marker recommended by American Society of Clinical Oncology (ASCO) in 2006 for the
management of CRC patients but has insufficient sensitivity and specificity”®. Therefore, it is urgent to explore
new, high sensitivity and specific molecular markers for the early diagnosis of colorectal cancer.

Ephrins (EFNs) are ligands for erythropoietin-producing hepatoma (Eph) receptors, which together
comprise the largest subfamily of receptor protein-tyrosine kinases. Ephrin-A1, a member of the ephrins family,
is upregulated in a variety of tumors, such as esophageal squamous cell carcinoma®!?, cervical cancer!!, gastric
cancer'?, renal cancer'®, and colorectal cancer'. Ephrin-Al is widely involved in tumorigenesis by influencing
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tumor neovascularization, invasion, and metastasis'®>~1”

tumors'®19,

Salem, E. et al. have suggested that the rs12904 A > G polymorphism located in the 3’-untranslated region
(3’-UTR) of the Ephrin-Al gene is pivotal in the pathogenesis and metastatic progression of CRC. This
polymorphism may be utilized as a biomarker for the molecular diagnosis and prognostication of metastatic
potential in CRC?. Furthermore, previous studies have shown that EFNA1 mRNA expression is associated with
poor prognosis of CRC patients, and is considered to be an independent prognostic factor of CRC!*. However,
little is known about the concentration of serum Ephrin-A1 in CRC patients. Here, we compared the serum levels
of Ephrin-A1 between CRC patients and healthy persons and investigated the value of the serum Ephrin-Al as
a potential biomarker for CRC diagnosis.

, and it is closely related to the prognosis of many

Materials and methods

Study samples

Totally, 466 serum samples were selected in this study. In the test cohort, 121 serum samples from patients with
CRC and 108 serum samples from normal controls were collected from the First Affiliated Hospital of Shantou
University Medical College, from June 2017 to August 2018. In the validation cohort, 119 serum samples from
patients with CRC and 118 serum samples from normal controls were collected from the Cancer Hospital of
Shantou University Medical College, from January 2019 to January 2021. All participants in the cancer group
were newly diagnosed CRC patients without any anticancer treatment before blood collection, while participants
in the normal controls group were qualified blood donors and all of them have no evidence of cancer. The
peripheral blood of the patients and the normal group were centrifuged at 2500 g for 10 min. The supernatant
was collected as serum samples and stored at -80°C until analysis.

We classified tumor stage aligned with the eighth edition of the American Joint Committee on Cancer
(AJCC) Cancer Staging Manual®! and defined I-IIA AJCC TNM stage as early-stage CRC. All participants
provided informed consent and the study was approved by the Ethics Committee of the First Affiliated Hospital
of Shantou University Medical College and the Ethics Committee of the Cancer Hospital of Shantou University
Medical College, which was undertaken according to the principles of the Helsinki Declaration of 1975 (as
revised 2008).

Enzyme-linked immunosorbent assay (ELISA)

The concentration of Ephrin-Al in serum was detected by ELISA kit (CSB-EL007460HU, Cusabio, Wuhan,
Hubei, China) according to the user manual. Briefly, the Ephrin-A1 protein standard was diluted to 10, 5, 2.5, 1.25,
0.625, 0.315, 0.156, and 0 ng/ml to make the standard curve, while the serum samples were diluted with sample
diluent at the ratio of 1:1. The 96-well microplates were pre-coated with an antibody specific for Ephrin-Al.
100 pl of diluted standard and sample were pipetted into the wells and incubated at 37 °C for 2 h. After removing
any unbound substrates, biotin-conjugated Ephrin-A1 specific antibody was added to the wells and incubated
at 37 C for one hour. After three washes with the automatic plate washer (5165000, Thermo Fisher Scientific),
avidin conjugated Horseradish Peroxidase (HRP) was added to the wells and incubated at 37 “C for one hour.
Following five washes to remove any unbound avidin-enzyme reagent, a substrate solution was added to the
wells and color develops in proportion to the amount of bound Ephrin-A1l. The color development was stopped
after 20 min. The intensity of the color was measured within 5 min, using a microplate reader (ELX800, BioTek’
Instruments, Winooski, VT, USA) set to 450 nm and 630 nm. The optimum cut-off values were obtained from
the Youden’s indexes of the ROC curves, which yield maximum values of sensitivity plus (100%-specificity).

Statistical analysis

Statistical analyses were performed using SigmaPlot 10.0 (Systat Software Inc., San Jose, California, USA), SPSS
Statistics 21.0 (SPSS Inc., Chicago, IL, USA), and GraphPad Prism 7.0 (GraphPad Software Inc., San Diego, CA,
USA). Readings at 630 nm were subtracted from the readings at 450 nm to correct for optical imperfections
in the plat. The corrected optical density value was changed to concentration according to the standard curve.
The differences of Ephrin-A1l level between the normal control group and CRC group or early-stage CRC were
tested by performing Mann-Whitney U test. Receiver operating characteristic (ROC) analysis was performed to
identify the diagnostic value of Ephrin-A1, which was determined by calculating the area under the ROC curve
(AUC) with the 95% confidence interval (95% CI), sensitivity, specificity, and cut-off value. Correlation between
Ephrin-Al and clinical data in CRC patients was evaluated by the chi-square test. P<0.05 was considered
statistically significant. Serum CEA was quantified at the First Affiliated Hospital of Shantou University Medical
College and Shantou University Medical College Cancer Hospital using the UniCel DXi 800 and Roche E601,
respectively. According to the manufacturer’ instructions, the cutoff value for normal CEA was less than 9.7 and
3.8 ng/ml, respectively.

Results

The level of serum Ephrin-Al in normal controls and CRC patient

The pathological data of patients in the test cohort (121 patients and 108 controls) and the validation cohort (119
patients and 118 controls) were summarized in Table 1. In the test cohort, the mean age of CRC patients and
normal controls was 64 years (range 26-85 years) and 50 years (range 25-83 years), respectively. The subjects in
the validation cohort had a similar mean and range of age. Focused on the Ephrin-A1 concentration distribution
of CRC and controls, we found that the CRC group accounted for more histogram volume at high concentration,
while the normal group accounted for more at low concentration (Fig. 1a). This result was confirmed in the
validation cohort (Fig. 1b). In the test cohort, the mean concentration of serum Ephrin-Al (mean+SD) in
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Test cohort Validation cohort
Variable CRC patients (n=121) | Normal control (n=108) | CRC patients (n=119) | Normal control (n=118)

Age (years)

Mean+SD | 64+12 50+15 65+11 51+11
Range 26-85 25-83 33-88 36-82
Gender

Male 69 (57.02%) 70 (64.81%) 72 (60.50%) 77 (65.25%)
Female 52 (42.98%) 38 (35.19%) 47 (39.50%) 41 (34.75%)
Location

Colon 83 (68.60%) 65 (54.62%)

Rectum 38 (31.40%) 54 (45.38%)

Tumor size

<=5cm 64 (52.89%) 55 (46.22%)

>5cm 51 (42.15%) 28 (23.53%)

Unknown | 6 (4.96%) 36 (30.25%)

Grade

Low 0 (0%) 11 (9.24%)

Moderate | 98 (80.99%) 59 (49.58%)

High 2 (1.65%) 3 (2.52%)

Unknown | 21 (17.36%) 46 (38.66%)

Invasion depth

Tis 0 (0%) 1(0.84%)

T1 2 (1.65%) 5 (4.2%)

T3 12 (9.92%) 10 (8.40%)

T3 10 (8.26%) 28 (23.53%)

T4 93 (76.86%) 62 (52.10%)

Unknown | 4 (3.31%) 13 (10.92%)

Lymphatic metastasis

NoO 61 (50.41%) 49 (41.18%)

N1 36 (29.75%) 31 (26.05%)

N2 16 (13.22%) 15 (12.61%)

N3 2 (1.65%) 1 (0.845%)

Unknown | 6 (4.96%) 21 (17.65%)

Distant metastasis

Mo 102 (84.30%) 77 (64.71%)

M1 14 (11.57%) 20 (16.81%)

Unknown | 5 (4.13%) 22 (18.49%)

TNM stage

I-TTIA 20 (16.53%) 32 (26.89%)

1IB-IV 97 (80.17%) 72 (60.50%)

Unknown | 4 (3.31%) 15 (12.61%)

Table 1. Patient demographics and clinical characteristics. CRC, colorectal cancer; SD, standard deviation.

the normal group, CRC group and early-stage CRC group was 0.646+0.217 ng/ml, 0.989 +0.598 ng/ml and
0.803 +-0.287 ng/ml (Table 2). These values in the validation cohort were 0.494 +0.150 ng/ml, 0.841 +0.554 ng/
ml and 0.816 +0.560 ng/ml, respectively (Table 2). When the two cohorts of data were combined, the serum
concentration of Ephrin-Al in the control group, CRC group, and early-stage CRC group were 0.567 +0.200
ng/ml, 0.916 +0.580 ng/ml, and 0.811 +0.471 ng/ml, respectively. Serum Ephrin-A1l in patients with CRC and
early-stage CRC was significantly higher than that in normal controls (Fig. 2a). This result was verified in the
validation cohort and the combination cohort (Fig. 2b and c).

Diagnostic value of Ephrin-Al in CRC

ROC curve was established to assess the diagnostic value of Ephrin-Al in CRC. CEA is the most common
diagnostic marker for CRC. In order to visually compare the differences between Ephrin-Al and CEA, we
integrated clinical data and conducted a joint analysis of both. The cutoff value for distinguishing between CRC
and normal controls using Ephrin-A1 was determined to be 0.836 ng/ml, and this same cutoff value was applied
in the validation cohort. For CEA, the cutoff value in the test cohort was 9.7 ng/ml, while in the validation
cohort, it was adjusted to 3.8 ng/ml. The combined diagnostic efficiency of serum Ephrin-A1l and CEA (AUC
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Fig. 1. A distribution bar charts of the predicted probability of serum Ephrin-A1 in CRC patients and normal
control. (a) The lowest concentration was 0.2119 ng/ml in normal control and the highest one was 3.6531
ng/ml in normal control in the test cohort. The concentration between 0.2119 ng/ml and 1.5051 ng/ml was
divided equally for 20 sections, and the concentration higher than 1.5051 ng/ml was classified as one section.
(b) The lowest concentration was 0.1726 ng/ml in normal control and the highest one was 2.8508 ng/ml in
normal control in the validation cohort. The concentration between 0.1726 ng/ml and 1.3856 ng/ml was
divided equally for 20 sections, and the concentration higher than 1.3856 ng/ml was classified as one section.
CRC, colorectal cancer.
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Serum Ephrin-A1 (ng/ml)

‘ No. ‘ Mean+SD | Pvalue*

Test cohort

Normal control | 108 | 0.646+0.217 | —
CRC 121 | 0.989+0.598 | <0.001
Early-stage CRC | 20 | 0.803+0.287 | 0.023

Validation cohort

Normal control | 118 | 0.494+0.150 | -

CRC 119 | 0.841+0.554 | <0.001

Early-stage CRC | 32 | 0.816+0.560 | 0.003

Combination cohort

Normal control | 226 | 0.567 +0.200 | -
CRC 240 | 0.916+0.580 | <0.001
Early-stage CRC | 52 | 0.811+0.471 | <0.001

Table 2. Comparison between groups. CRC, colorectal cancer; SD standard deviation. * Compared with the
matched normal control group.
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Fig. 2. The concentration of serum Ephrin-A1 in CRC patients, early-stage CRC patients, and normal control.
(a) The concentration of serum Ephrin-A1l in the test cohort. (b) The concentration of serum Ephrin-A1l in the
validation cohort. (c) The concentration of serum Ephrin-A1 in combination cohort. The lines in the scatter
plot represented mean and SD. P < 0.05 was considered statistically significant. CRC, colorectal cancer.

0.795, sensitivity 52.85%, specificity 95.37%) for CRC patients outperformed the individual tests (Ephrin-Al
(AUC 0.709, sensitivity 48.76%, specificity 81.48%), CEA (AUC 0.697, sensitivity 52.00%, specificity 83.30%))
(Fig. 3a). Notably, the diagnostic performance of Ephrin-Al was comparable to that of CEA. In patients with
early-stage CRC, the diagnostic ability of serum Ephrin-A1l combined with CEA to distinguish cancer patients
from normal controls (AUC 0.771, sensitivity 80.95%, specificity 70.37%) (Fig. 3a). Similar results were obtained
in the comparison between CRC patients, early-stage CRC patients, and normal controls in the validation cohort
(Fig. 3b). To better explain the clinical value of Ephrin-A1l, more relevant indicators such as false-positive rate
(FPR), false-negative rate (FNR), positive predictive value (PPV), negative predictive value (NPV), positive
likelihood ratio (PLR), and negative likelihood ratio (NLR) had been calculated and shown in Table 3. These
data suggest that the combination of Ephrin-Al with CEA can improve the clinical diagnostic performance
for early-stage CRC patients. Furthermore, Ephrin-A1 may serve as a potential clinical biomarker for the early
diagnosis of CRC.

Correlation between serum concentration of Ephrin-Al and clinical data

The correlation analysis of pathological data and serum Ephrin-A1l in patients with CRC was shown in Table 4.
There was no significant correlation between Ephrin-Al and gender, tumor size, degree of differentiation,
lymphatic metastasis, TNM stage in both test and validation cohorts. In the test cohort, serum Ephrin-A1l was
not related to age and invasion depth. However, the expression of Ephrin-A1 was affected by age and invasion
depth in the validation cohort.

Discussion

CRC is one of the leading causes of cancer-related death worldwide. More than 80% of the CRC patients
were over 60 years old when they were diagnosed with colorectal cancer, and over 20% of the patients had
distant metastasis with a five-year survival rate of less than 15%3?2. Early screening of colorectal cancer is very
important for the treatment and survival rate of patients. Fecal immunochemical test (FIT), sigmoidoscopy, and
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Fig. 3. ROC curve analysis of the diagnostic performance of Ephrin-A1 for CRC. (a) The ROC curves for
serum Ephrin-A1l, CEA and combination of Ephrin-A1l and CEA for patients with CRC and early-stage CRC
in the test cohort. (b) The ROC curves for serum Ephrin-A1l, CEA and combination of Ephrin-Al and CEA
for patients with CRC and early-stage CRC in the validation cohort. The area under the black line is 0.5, for
reference. ROC curve, receiver operating characteristic curve; CRC, colorectal cancer.

| AuC (95%CD) | Sensitivity (%) | Specificity (%) | FPR (%) | FNR (%) | PPV (%) | NPV (%) | PLR | NLR
CRCvs.NC
Test cohort 0.709 (0.644-0.775) | 48.76 81.48 2532|4133 |7468 |58.67 263 | 0.63
Validation cohort | 0.706 (0.638-0.773) | 36.13 99.15 227 3938|9773 | 6062 | 42.64 | 0.64
Early-stage CRC vs. NC
Test cohort 0.660 (0.530-0.790) | 45.00 81.48 6897 |11L11  [31.03 |88.89 243 ] 0.68
Validation cohort | 0.670 (0.543-0.796) | 34.38 99.15 833 |1522 | 8478  |8540 | 40.56 | 0.66

Table 3. Results for measurement of Ephrin-Al in the diagnosis of CRC. AUC, area under the curve; 95%
CI, 95% confidence interval; FPR, false positive rate; FNR, false negative rate; PPV, positive predictive value;

NPV, negative predictive value; PLR, positive likelihood ratio; NLR, negative likelihood ratio; CRC, colorectal
cancer; NC, normal controls.

colonoscopy (offered if FIT or sigmoidoscopy positive) are recommended for CRC screening in asymptomatic
subjects 50 years or older?>?4,

Ephrin-Al was originally separated from human umbilical vein endothelial cells as a secretory protein
induced by tumor necrosis factor (TNF)?. Ephrin-Al and its most common receptor, Eph receptor 2, were

Scientific Reports|  (2024) 14:31194 | https://doi.org/10.1038/s41598-024-82540-2 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Test Cohort Validation Cohort
Variable Total | Positive P Total | Positive P
Age
<64 54 23 (42.59%) | 0.223 | 51 13 (25.49%) | 0.036
>=64 67 36 (53.73%) 68 30 (44.12%)
Gender
Male 69 36 (52.17%) | 0.387 | 72 26 (36.11%) | 0.995
Female 52 23 (44.23%) 47 17 (36.17%)
Location
Colon 83 43 (51.81%) | 0.322 | 65 27 (41.54%) | 0.178
Rectum 38 16 (42.11%) 54 16 (29.63%)
Tumor size
<=5cm 64 26 (40.63%) | 0.069 | 55 18 (32.73%) | 0.098
>5cm 51 28 (54.90%) 28 7 (25.00%)
Unknown 6 5 (83.33%) 36 18 (50.00%)
Grade
Low 0 0(0.00%) | 0.365 | 11 4(36.36%) | 0.366
Moderate 98 48 (48.98%) 59 19 (32.20%)
High 2 0 (0.00%) 3 0 (0.00%)
Unknown 21 11 (52.38%) 46 20 (43.48%)

Invasion depth

Tis +T1+T2+T3 | 24 9(37.50%) | 0.296 | 44 11 (25.00%) | 0.046

T4 93 47 (50.54%) 62 24 (38.71%)
Unknown 4 3 (75.00%) 13 8 (61.54%)
Lymphatic metastasis

NoO 61 31 (50.82%) | 0.104 |51 18 (35.29%) | 0.663
N1 36 18 (50.00%) 31 10 (32.26%)
N2+N3 18 5(27.78%) 16 5(31.25%)
Unknown 6 5 (83.33%) 21 10 (47.62%)
Distant metastasis

Mo 102 46 (45.10%) | 0.146 | 77 27 (35.06%) | 0.639
M1 14 9 (64.29%) 20 9 (45.00%)
Unknown 5 | 4(80.00%) 22 7 (31.82%)

TNM stage

I-TIA 20 9 (45.00%) | 0.544 | 32 11 (34.38%) | 0.662
1B-1V 97 | 47(48.45%) 72 | 25(34.72%)
Unknown 4 3 (75.00%) 15 7 (46.67%)

Table 4. Correlation between Ephrin-A1l and clinical data in CRC patients. CRC, colorectal cancer.

associated with various types of cancer, including breast cancer and gastric cancer?®?’. Although Ephrin-Al is
upregulated in a variety of cancers, its expression pattern may differ across different tumor types. Studies have
shown that Ephrin-A1 expression is higher in the advanced stages of gastric tissues®® and renal cell carcinoma
tissues compared®® to the early stages. In contrast, in colorectal cancer tissues exhibit higher Ephrin-Al
expression in the early stages, suggesting that Ephrin-A1 may have specificity for the early detection of colorectal
cancer?®. However, the role of Ephrin-A1 as a biomarker for cancer diagnosis is rarely studied.

The development of liquid biopsy-based biomarker detection screening methods has emerged as an
alternative to traditional screening approaches®’. Although there is not sufficient evidence to suggest the analysis
of biomarkers such as DNA, RNA, or protein in the blood, with the rapid development of molecular biological
technology tools, the improvement of sensitivity, and the reduction of cost, these tools will be gradually applied
to clinical practice, and will probably be developed on a large scale®!. In recent decades, more and more studies
are looking for ideal blood biomarkers for CRC with the characteristics of easy quantification, high specificity
and sensitivity, reliability, and good repeatability. Previous studies have shown that circulating cell-free DNA-34,
microRNAs (e.g., miR-21, miR-24)%>-¥, long noncoding RNAs (e.g., HIF1A-AS1, CCAT1, HOTAIR)**3° and
protein (e.g., IGFBP2, LICAM, KT1)%-*2 can be considered as potential biomarkers for the diagnosis of CRC.

The mSEPT9 assay is the first blood test approved by the FDA for colorectal cancer screening®’. However,
studies have found that it excels in late-stage diagnosis but lacks sensitivity in early-stage detection***>. Kemal,
Y. et al. found that HE4 can be used as a diagnostic marker for CRC, but its detection efficacy also mainly targets
patients with advanced stages*®. The currently used clinical serum diagnostic markers such as CEA and CA19-9,
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have limitations in the early diagnosis of CRC, and their combined analysis does not increase the sensitivity of
CEA, which is commonly employed for prognostic analysis in CRC patients*”%.

In our study, serum Ephrin-A1 was significantly elevated in CRC patients versus that in healthy controls and
showed a good diagnostic ability for CRC. Considering that serum biomarker test is a kind of screening requiring
high sensitivity to reduce false negatives, the sensitivity of the Ephrin-A1 test might limit the clinical application
in screening purposes in general or high-risk individuals. The combination of multiple biomarkers has been
proved to improve the specificity and sensitivity of diagnosis*>*°. Our combined analysis of CEA and Ephrin-Al
showed an AUC of 0.849, with a sensitivity of 87.50% and a specificity of 72.07%, demonstrating excellent early
diagnostic capability. Nevertheless, the sample size in our study was limited, necessitating an expansion of the
sample size for subsequent validation. This indicates that Ephrin-A1 may be a potential diagnostic biomarker
for CRC, and its combined analysis with CEA has shown good early diagnostic efficacy. In future studies, we will
seek biomarkers of high sensitivity and specificity for further optimization with the test of serum Ephrin-Al.

Conclusion

We confirmed that the serum level of Ephrin-A1 protein in patients with CRC was significantly higher than that
in normal subjects, and was the first to evaluate serum Ephrin-A1l as a potential biomarker for the diagnosis of
CRC.

Data availability
The data that support the findings of this study are available from the corresponding authors upon reasonable
request.
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