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Abstract

BACKGROUND

Colorectal cancer (CRC) has become the second most deadly malignancy in the
world, and the exploration of screening markers and precise therapeutic targets is
urgent. Our previous research identified leukocyte immunoglobulin-like receptor
B2 (LILRB2) protein as a characteristic protein of CRC, but the association
between LILRB2 expression and clinicopathological features, the internal
mechanism related to CRC progression, and screening diagnostic efficacy are not
clear. Therefore, we hypothesized that LILRB2 is significantly highly expressed in
CRC tissues, correlated with advanced stage and a poor prognosis, and could be
used as a therapeutic target and potential screening biomarker for CRC.

AIM

To explore whether LILRB2 can be used as a potential therapeutic target and
noninvasive screening biomarker for CRC.

METHODS

Patients who underwent radical surgery for CRC at China-Japan Friendship
Hospital between February 2021 and October 2022 were included. Cancer and
paracancerous tissues were collected to verify LILRB2 expression, and the
association between LILRB2 expression and clinicopathological features was
analysed. Serum was collected from CRC patients, adenoma patients and healthy
controls during the same period to assess the diagnostic value of LILRB2 as a
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noninvasive screening biomarker, and its diagnostic value was further compared with that of the traditional
markers carcinoembryonic antigen (CEA) and carbohydrate antigen 19-9 (CA19-9).

RESULTS

A total of 58 CRC patients were included, and LILRB2 protein was significantly overexpressed in cancer tissues
compared with paracancerous tissues (P < 0.001). Angiopoietin-like protein 2 (ANGPTL2) protein, as the ligand of
LILRB2, was synergistically overexpressed in CRC tissues (P < 0.001), and overexpression of LILRB2 and
ANGPTL2 protein was significantly correlated with poor to moderate differentiation, vascular involvement, lymph
node metastasis, distant metastasis, advanced tumor-node-metastasis stage and a poor prognosis (P < 0.05), which
suggested that LILRB2 and ANGPTL2 are closely associated with CRC progression. In addition, serum LILRB2
concentrations increased stepwise in healthy individuals, adenoma patients and CRC patients with statistically
significant differences. The sensitivity of serum LILRB2 for the diagnosis of CRC was 89.74%, the specificity was
88.89%, the area under the curve was 0.95, and the diagnostic efficacy was better than that of conventional CEA
and CA19-9.

CONCLUSION
LILRB2 protein can be used as a potential novel therapeutic target and noninvasive screening biomarker for CRC,
which is beneficial for early screening and precise treatment.

Key Words: Colorectal cancer; Leukocyte immunoglobulin-like receptor B2; Angiopoietin-like protein 2; Therapeutic target;
Noninvasive screening biomarker

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Based on prior proteomic research rather than simple data mining, this study innovatively proposed and validated
that leukocyte immunoglobulin-like receptor B2 (LILRB2) and its ligand, the angiopoietin-like protein 2 protein, are
significantly overexpressed in colorectal cancer (CRC) and closely associated with tumour progression and a poor prognosis.
In addition, this study is the first to propose that serum LILRB2 concentration can be used as a novel screening biomarker
with a sensitivity of 89.74%, a specificity of 88.89% and an accuracy rate of 89.63% for the diagnosis of CRC. The
sensitivity and accuracy were significantly higher than those of carcinoembryonic antigen and carbohydrate antigen 19-9.
Therefore, LILRB2 could be a promising therapeutic target and noninvasive screening biomarker for CRC.

Citation: Wang QQ, Zhou L, Qin G, Tan C, Zhou YC, Yao SK. Leukocyte immunoglobulin-like receptor B2 overexpression as a
promising therapeutic target and noninvasive screening biomarker for colorectal cancer. World J Gastroenterol 2023; 29(37): 5313-
5326

URL: https://www.wjgnet.com/1007-9327/full/v29/i37/5313.htm
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INTRODUCTION

The latest cancer statistics show that more than 1.9 million new cases of colorectal cancer (CRC) and 935000 deaths
occurred in 2020, accounting for approximately one-tenth of all new cancer cases and deaths. CRC has become the third
ranked malignancy worldwide in terms of incidence and the second ranked in terms of mortality, second only to lung
cancer[1-3]. The 5-year overall survival (OS) rate for early-stage CRC can be as high as 80%-90%, while the prognosis for
advanced-stage patients is poor, with a 5-year survival rate of less than 20%[4,5]. Although targeted therapy or immuno-
therapy has improved the OS of CRC patients, limited treatment options, moderate response rates and drug resistance
remain major challenges for CRC treatment. Therefore, the exploration of novel therapeutic targets and noninvasive
screening biomarkers is essential to improve the outcomes of CRC patients.

Proteomics has been widely used in cancer research[6,7]. In preliminary research, we screened leukocyte immuno-
globulin-like receptor B2 (LILRB2) protein as a characteristic protein of CRC[8]. LILRB2 is a transmembrane glycoprotein
with a structure similar to immune checkpoint protein programmed cell death protein-1 (PD-1)/PD-ligand 1; it has four
extracellular immunoglobulin-like structural domains and intracellular tyrosine-based immune receptor inhibitory motifs
(ITIMs); it is widely expressed on the surface of dendritic cells, macrophages, and other myeloid cells and can inhibit
immune cell function and participate in important pathological processes such as tumour immune microenvironment
(TME), immune escape, and promotion of tumour progression[9]. Angiopoietin-like proteins (ANGPTLs) are a family of
seven secreted glycoproteins that play an important role in angiogenesis, the inflammatory response, and tumour
progression[10]. In recent years, it has been revealed that LILRB2 is a receptor for ANGPTLs, with the strongest affinity
for ANGPTL2, ending the status of ANGPTLs as “orphan ligands”[11]. The interaction of the LILRB2 receptor with the
ANGPTL2 ligand has been reported to promote the progression of tumours such as acute leukaemia and non-small cell
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lung cancer (NSCLC)[10,12,13]. However, such interactions have not been reported in CRC.

Therefore, this study hypothesized that LILRB2 could be a potential novel therapeutic target and screening biomarker
for CRC, but validation of LILRB2 and ANGPTL2 protein expression and interaction in CRC tissues is first needed to
further explore the feasibility of LILRB2 protein as a noninvasive screening biomarker.

MATERIALS AND METHODS

Study subjects

Patients who underwent radical surgery for CRC at China-Japan Friendship Hospital between February 2021 and October
2022 were recruited. Inclusion criteria were as follows: patients diagnosed with CRC by the department of pathology who
intended to undergo radical resection. The exclusion criteria were as follows: (1) Patients with familial adenomatous
polyposis, hereditary nonpolyposis CRC (lynch syndrome), synchronous multiple tumours, inflammatory bowel disease-
related CRC; (2) CRC with neuroendocrine manifestations; (3) Patients who received radiotherapy, targeted therapy,
immunotherapy, etc., within 6 mo prior to radical surgery; and (4) Patients who lacked informed consent or patients with
missing information.

Colorectal adenoma patients and healthy controls were recruited at the Endoscopy Center of China-Japan Friendship
Hospital during the same period. Inclusion criteria for adenoma patients were as follows: Patients with pathologically
confirmed colorectal adenoma who were intended to undergo elective endoscopic mucosal resection. The exclusion
criteria were as follows: (1) Severe atypical hyperplasia, high-grade intraepithelial neoplasia or carcinoma in situ; (2)
Familial adenomatous polyposis or inflammatory bowel disease-associated colorectal polyps; and (3) Refusal to sign the
informed consent form. Patients with no abnormalities according to colonoscopy were included in the healthy control
group. The study was approved by the ethics committee of China-Japan Friendship Hospital and conducted in
accordance with the Declaration of Helsinki.

Sample collection

Cancer and paracancerous tissues (> 5 cm from the cancer margin) were collected from CRC patients after surgical
resection, and the samples were rinsed with ice-cold saline, soaked in 10% formalin solution with a volume ratio of 1.7,
fixed for 24 h, rinsed under running water, dehydrated and waxed at 55 °C and embedded in paraffin. The paraffin
blocks were stored at room temperature and subsequently used for immunohistochemical staining.

Fresh whole blood samples were collected from CRC patients before (within 7 d) and after (within 24 h) surgery,
adenoma patients before surgery (within 7 d) and healthy controls and centrifuged at 2-8 °C and 3000 r/ min for 15 min at
room temperature. The supernatant serum was collected into 2 mL freezing tubes, transferred to a -80 °C refrigerator in
liquid nitrogen for freezing and storage, and subsequently used for enzyme-linked immunosorbent assay (ELISA), and
the samples avoided repeated thawing before the examination.

Data collection

In the electronic medical record system, applications were made to view the medical records of the enrolled patients and
collect clinical information (age, sex), tumour markers [carcinoembryonic antigen (CEA), carbohydrate antigen 19-9
(CA19-9)], histopathological features [tumour location, size, pathological type, degree of differentiation, vascular
involvement, nerve involvement, lymph node metastasis, and tumor-node-metastasis (TNM) stage] and molecular
pathology (KRAS, NRAS, PIK3CA, BRAF, MS). The normal reference ranges were CEA <5 ng/mL and CA19-9<30 U/
mL. TNM staging was based on the American Joint Committee on Cancer 8* edition TNM staging system.

Immunohistochemistry

Paraffin blocks were cut into 4-pm-thick sections, and the sections were sequentially placed in dewaxing solution I for 15
min, dewaxing solution II for 15 min, dewaxing solution III for 15 min, anhydrous ethanol I for 5 min, anhydrous ethanol
II for 5 min, 85% alcohol for 5 min, and 75% alcohol for 5 min and then washed with distilled water. The slides were
placed in a repair box filled with EDTA antigen repair buffer (pH 9.0) in a microwave oven for antigen repair, and after
natural cooling, the slides were placed in phosphate buffered saline (PBS) (pH = 7.4) on a decolorization shaker and
washed 3 times for 5 min each. Sections were placed in 3% hydrogen peroxide solution, incubated for 25 min at room
temperature and protected from light, and the slides were placed in PBS (pH = 7.4) on a decolorizing shaker and washed
three times for 5 min each time to block endogenous peroxidase. The tissue slides were covered uniformly with 3% BSA
in a dropwise manner and then blocked at room temperature for 30 min; the slide was gently shaked to remove the
blocking solution, and a primary antibody (anti-LILRB2, LSBio, Cat No. LS-B9762-50, 1:150; anti-ANGPTL2, Proteintech,
Cat No. 12316-1-AP, 1:200) in a certain ratio of PBS was added dropwise onto the section. Sections were incubated flat in a
wet box overnight at 4 °C. After washing and shaking the slides dry, HRP-labelled goat anti-rabbit secondary antibody
(Servicebio, GB23303, 1:200) was added dropwise in the circle to cover the tissue and incubated at room temperature for
50 min. After washing and shaking the slides dry, freshly prepared DAB colour development solution was added
dropwise, the colour development time was controlled under the microscope, and the positive colour was brownish
yellow. Haematoxylin was used to restain the nuclei for approximately 3 min, and the sections were washed with tap
water. Finally, microscopic examination was performed, and images were acquired for analysis. Image-Pro Plus image
analysis software was used to quantify the immunohistochemical images; five fields of view were randomly selected after
magnification of each section at 200 x to assess the integrated optical density and area, and the average optical density
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value was calculated.

Correlation and survival analysis

The Gene Expression Profiling Interactive Analysis (GEPIA) platform can analyse differentially expressed genes or
mRNAs between normal and cancer tissues online for survival and correlation analysis in a variety of tumours. In this
study, we used GEPIA V2.0 (http://gepia2.cancer-pku.cn/) for survival analysis and correlation analysis of CRC at the
mRNA level as a complement to proteomics and immunohistochemistry (IHC) at the protein level.

ELISA

The assay was performed according to the instructions of the Human LILRB2 ELISA Kit (Abcam, Cat No. ab269551).
Prepare blank wells and wells with multiply diluted standards, add 100 pL of properly diluted serum samples to be
tested in the reaction wells, seal the plate with sealing film and incubate at 37 °C for 1-2 h. Discard the liquid, add 300 pL
of washing solution to each well, soak for 1-2 min, pat dry on absorbent paper and repeat 3-5 times. Then, 100 pL of
diluted biotinylated antibody working solution was added to each well, the plate was sealed with sealing film and
incubated at 37 °C for 1 h. The liquid was discarded, 300 pL of washing solution was added to each well, and the washing
was repeated. Then, 100 pL of diluted enzyme conjugate working solution was added to each well, the plate was sealed
with sealing film and incubated for 30 min at 37 °C, and the washing process was repeated. TMB substrate solution (100
pL) was added to each well and incubated for 10-30 min at 37 °C, protected from light, until a clear colour gradient
appeared in the wells of the standards diluted in multiples. The reaction was terminated by adding 100 puL of 2 M sulfuric
acid to each well, and the colour changed from blue to yellow. The OD value of each well, including wells with enzyme
standards and blank wells, was measured at 450 nm. The blank control wells were adjusted to zero. A standard curve was
made according to the concentration and OD value of the standards, and then the sample concentration was calculated
according to the equation of the standard curve, and the result was multiplied by the dilution factor for the sample.

Statistical analysis

SPSS 25.0 was used for statistical analysis. Quantitative data are expressed as the mean + SD, and an independent sample
t test was used for comparisons between two groups. If the quantitative data did not obey a normal distribution or the
variance was not uniform, the median (quartiles) was used, the Mann-Whitney U test was used for two-group
comparisons, the Kruskal-Wallis H test was used for multigroup comparisons, and the Bonferroni method was required
to correct the significance level for multiple two-group comparisons. Categorical data were expressed as percentages, and
two or more groups were compared using the y? test or Fisher’s exact test. Quantitative data correlation analysis was
performed using Pearson correlation or Spearman correlation analysis (nonnormally distributed). OS curves and
progression-free survival (PFS) curves were constructed using the Kaplan-Meier method and analysed using the log rank
test. P < 0.05 was considered to indicate a significant difference.

RESULTS

LILRB2 and ANGPTL2 protein expression in CRC tissues and paracancerous tissues

From February 2021 to October 2022, a total of 58 CRC patients met the criteria, and 58 pairs of tissues were successfully
collected. Figure 1 demonstrates the actual expression of LILRB2 and ANGPTL2 proteins in primary CRC tissues and
paracancerous tissues. Figure 1A shows that LILRB2 protein expression significantly higher in CRC tissues than in
paracancerous tissues (P < 0.001), and ANGPTL2 protein was significantly overexpressed in CRC tissues compared with
paracancerous tissues (P < 0.001) (Figure 1B).

Association between LILRB2 and ANGPTL2 protein expression and clinicopathological features of CRC

The associations between LILRB2 and ANGPTL2 protein expression and clinicopathological characteristics of CRC are
shown in Table 1. The results showed that the overexpression of LILRB2 protein and ANGPTL2 protein was significantly
correlated with poor to moderate tumour differentiation, vascular involvement, lymph node metastasis and advanced
TNM stage. In addition, high LILRB2 protein expression was significantly correlated with nerve involvement (P = 0.019),
confirming that LILRB2 and ANGPTL2 protein are closely associated with the progression of CRC.

Correlation of LILRB2 and ANGPTL2 expression at the mRNA and protein levels in CRC

Figure 2 demonstrates the correlation between LILRB2 and ANGPTL2 expression at the mRNA and protein levels in
primary CRC tissues. The correlation between LILRB2 and ANGPTL2 expression at the mRNA level was first analysed
using the GEPIA database, and the results showed that LILRB2 mRNA expression was significantly and positively
correlated with ANGPTL2 mRNA expression in CRC tissues (r = 0.63, P = 0) (Figure 2A); similarly, LILRB2 protein
expression was significantly and positively correlated with ANGPTL2 protein expression (r = 0.63, P < 0.0001)
Figure 2B).

( (O)bserveztion of IHC images showed that LILRB2 protein was expressed in the cell membrane, cytoplasm or both in
CRC cells, and inflammatory cells also showed brown staining/positive expression, while ANGPTL2 protein was mainly
expressed in the cytoplasm of CRC cells. LILRB2 protein was highly expressed in 67.2% of CRC tissues, and ANGPTL2
protein was highly expressed in 48.3% of CRC tissues. However, in the paracancerous tissues, LILRB2 protein and
ANGPTL2 protein expression was significantly lower or not detected (Figures 2C-H).
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Table 1 Associations between leukocyte immunoglobulin-like receptor B2 and angiopoietin-like protein 2 protein expression and

clinicopathological features of colorectal cancer

LILRB2 ANGPTL2
P value P value
Low (n=19) High (n = 39) Low (n = 30) High (n = 28)

Clinical features

Age (yr) 0.670 0.986
<50 4 (21.1%) 5 (12.8%) 14 (46.7%) 13 (46.4%)
> 50 15 (78.9%) 34 (87.2%) 16 (53.3%) 15 (53.6%)

Sex 1.000 0.473
Male 10 (52.6%) 21 (53.8%) 24 (80.0%) 25 (89.3%)
Female 9 (47.4%) 18 (46.2%) 6 (20.0%) 3 (10.7%)

Histopathological features

Location 0.737 0.065
Right-side colon 2 (10.5%) 7 (17.9%) 2 (6.60%) 7 (25.0%)
Left-side colon 6 (31.6%) 9(23.1%) 11 (36.7%) 4 (14.3%)
Rectum 11 (57.9%) 23 (59.0%) 17 (56.7%) 17 (60.7%)

Size (cm) 0.224 0.436
>49 7 (36.8%) 21 (53.8%) 13 (43.3%) 15 (53.6%)
<49 12 (63.2%) 18 (46.2%) 17 (56.7%) 13 (46.4%)

Pathological type 0.287 0.589
Ulcer 12 (63.2%) 29 (74.4%) 23 (76.7%) 18 (64.3%)
Bulge 6 (31.6%) 5(12.8%) 5(16.7%) 6 (21.4%)
Mix 1 (5.20%) 5 (12.8%) 2 (6.60%) 4 (14.3%)

Differentiation 0.009 0.013
Poor 0(0.00%) 10 (25.6%) 1 (3.40%) 9 (32.1%)
Moderate 15 (78.9%) 27 (69.2%) 25 (83.3%) 17 (60.7%)
High 4 (21.1%) 2 (5.20%) 4 (13.3%) 2 (7.20%)

Vascular involvement 0.001 0.016
Yes 1(5.30%) 19 (48.7%) 6(20.0%) 14 (50.0%)
No 18 (94.7%) 20 (51.3%) 24 (80.0%) 14 (50.0%)

Nerve involvement 0.019 0.754
Yes 7 (36.8%) 27 (69.2%) 17 (56.7%) 17 (60.7%)
No 12 (63.2%) 12 (30.8%) 13 (43.3%) 11 (39.3%)

Lymph node metastasis <0.001 0.008
Yes 2 (10.5%) 29 (74.4%) 11 (36.7%) 20 (71.4%)
No 17 (89.5%) 10 (25.6%) 19 (63.3%) 8 (28.6%)

Molecular pathology

KRAS 0.186 0.249
+ 6 (31.6%) 19 (48.7%) 11 (36.7%) 14 (50.0%)
- 13 (68.4%) 20 (51.3%) 19 (63.3%) 14 (50.0%)

NRAS 0.594 0.613
+ 2 (10.5%) 2 (5.10%) 3 (10.0%) 1 (3.60%)
- 17 (89.5%) 37 (94.9%) 27 (90.0%) 27 (96.4%)
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PIK3CA 1.000 1.000
+ 0 (0.0%) 1 (2.60%) 1 (3.30%) 0 (0.0%)
- 19 (100%) 38 (97.4%) 29 (96.7%) 28 (100%)
BRAF 0.548 1.000
+ 0 (0.0%) 2 (5.10%) 1 (3.30%) 1 (3.60%)
. 19 (100%) 37 (94.9%) 29 (96.7%) 27 (96.4%)
MS 1.000 1.000
MSS 18 (94.7%) 37 (94.9%) 28 (93.3%) 27 (96.4%)
MSI-H 1 (5.30%) 2 (5.10%) 2 (6.70%) 1 (3.60%)

Clinical stage

pT 0.001 0.006
T1 0(0.0%) 0 (0.0%) 0(0.0%) 0(0.0%)
T2 7 (36.8%) 1(2.60%) 7 (23.3%) 1 (3.60%)
T3 11 (57.9%) 27 (69.2%) 21 (70.0%) 17 (60.7%)
T4 1(5.30%) 11 (28.2%) 2 (6.70%) 10 (35.7%)

pN <0.001 0.001
NO 19 (100%) 11 (28.2%) 22 (73.3%) 8 (28.6%)
N1 0(0.0%) 15 (38.5%) 6 (20.0%) 9 (32.1%)
N2 0(0.0%) 13 (33.3%) 2(6.70%) 11 (39.3%)

rM 0.044 0.002
MO 19 (100%) 31(79.5%) 30 (100%) 20 (71.4%)
M1 0(0.0%) 8 (20.5%) 0(0.0%) 8 (28.6%)

pTNM stage <0.001 <0.001
I-II 18 (94.7%) 10 (25.6%) 22 (73.3%) 6 (21.4%)
I-1v 1(5.30%) 29 (74.4%) 8 (26.7%) 22 (78.6%)

LILRB2: Leukocyte immunoglobulin-like receptor B2; ANGPTL2: Angiopoietin-like protein 2; CRC: Colorectal cancer; MS: Microsatellite state; MSS:
Microsatellite stability; MSI-H: Microsatellite instability-high.

Associations between LILRB2 and ANGPTL2 expression and the prognosis of CRC

ANGPTL2 mRNA was significantly negatively correlated with the OS (P = 0.0042) and PFS (P = 0.0013) of CRC patients,
while no association was found at the protein level (Figures 3A and B). In contrast, LILRB2 mRNA expression was not
associated with the OS or PFS of CRC patients (P > 0.05) (Figure 3C), while LILRB2 protein overexpression was
significantly associated with reduced OS (P = 0.045) (Figure 3D), suggesting a poor prognosis in CRC patients and
indicating the procancer role of LILRB2 protein in CRC progression.

Screening and diagnostic efficacy of serum LILRB2 concentration

From February 2021 to October 2022, 313 serum samples were collected, including 117 preoperative and 85 postoperative
serum samples from CRC patients, 93 serum samples from adenoma patients and 18 serum samples from healthy
controls.

Comparison of the differences in serum LILRB2 concentrations among CRC patients, adenoma patients and healthy
controls showed that serum LILRB2 concentrations were not identical in the three groups, and the differences were
statistically significant (H = 75.25, P < 0.001). The Bonferroni method was used to correct for significance levels, and a
two-by-two comparison showed that serum LILRB2 concentrations in patients with CRC (7074.69 pg/mL vs 3931.33 pg/
mL, adjusted P < 0.001) and in adenoma patients (4855.88 pg/mL vs 3931.33 pg/mL, adjusted P = 0.036) were
significantly higher than those in healthy controls (Figure 4A). The serum LILRB2 concentration in CRC was again
significantly higher than that in the adenoma group (7074.69 pg/mL vs 4855.88 pg/mL, adjusted P < 0.001). When
compared before and after CRC radical surgery, postoperative serum LILRB2 concentrations were significantly lower
than preoperative concentrations (5665.30 pg/mL vs 7074.69 pg/mL, adjusted P < 0.001) (Figure 4B), and this result was
consistent with the analysis of 50 paired serum samples (5431.44 pg/mL vs 6579.17 pg/mL, P = 0.002).
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Figure 1 Leukocyte immunoglobulin-like receptor B2 and angiopoietin-like protein 2 protein expression in colorectal cancer tissues and
paracancerous tissues. A: Comparison of leukocyte immunoglobulin-like receptor B2 protein expression in colorectal cancer (CRC) and paired normal tissues; B:
Comparison of angiopoietin-like protein 2 protein expression in CRC and paired normal tissues. Quantification of protein expression using immunohistochemistry and
Image-Pro Plus software. LILRB2: Leukocyte immunoglobulin-like receptor B2; ANGPTL2: Angiopoietin-like protein 2; CRC: Colorectal cancer; AOD: Average option
density. 2P < 0.001.

Further stratified analysis of CRC patients showed significant differences in serum LILRB2 concentrations between
tumours with different infiltration depths (H = 42.13, P < 0.001). Compared with those in healthy controls, serum LILRB2
concentrations at pT2 (adjusted P = 0.004), pT3 (adjusted P < 0.001) and pT4 (adjusted P < 0.001) were significantly higher
(Figure 4C). LILRB2 concentrations were significantly higher in pT1-T2 stage (adjusted P = 0.002) and pT3-T4 stage
(adjusted P < 0.001) patients than in healthy controls (Figure 4D). There was also a significant difference between samples
with different degrees of differentiation (H = 38.525, P < 0.001), with significantly higher serum LILRB2 concentrations in
both the poor differentiation (adjusted P < 0.001) and moderate differentiation groups (adjusted P < 0.001) than in the
healthy controls (Figure 4E).

The recommended cut-off value of serum LILRB2 concentration for screening CRC was 5256 pg/mL, with a sensitivity
of 89.74% (105/117), a specificity of 88.89% (16/18), an accuracy rate of 89.63% (121/135), an area under the curve (AUC)
of 0.95 (0.89, 1.00) and P < 0.0001 (Figure 4F). The diagnostic efficacy of LILRB2 was superior to that of the traditional
serum markers CEA and CA19-9 (Figure 4G).

DISCUSSION

The high morbidity and mortality of CRC has created a more urgent clinical need for novel therapeutic targets and
screening biomarkers. Preliminary high-throughput proteomics research identified LILRB2 as a signature protein for
CRC. In this study, IHC was used to confirm that LILRB2 protein was significantly highly expressed in CRC and that
increased LILRB2 protein expression was significantly associated with clinicopathological features such as poor to
moderate degree of differentiation, lymph node metastasis, advanced TNM stage and poor prognosis. ANGPTL2, as the
ligand for LILRB2, was significantly highly expressed in CRC tissues and synergistically overexpressed with LILRB2 at
both the mRNA and protein levels, suggesting that their overexpression and interaction are associated with CRC
progression. In addition, serum LILRB2 concentrations increased in healthy controls, adenoma patients and CRC patients
sequentially with statistically significant differences; the sensitivity for the diagnosis of CRC was 89.74%, the specificity
was 88.89%, and the AUC value was 0.95, and these results were superior to those of traditional CEA and CA19-9 in
terms of diagnostic efficacy. Therefore, we believe that LILRB2 protein can be used as a potential therapeutic target and
noninvasive screening biomarker for CRC; the biomarker could facilitate early screening and precise treatment and
improve the prognosis of CRC patients.

At present, there are relatively few basic experimental or clinical studies on the relevance of LILRB2 to CRC. One study
explored the expression of LILRB2 in human normal colorectal mucosal cells and various CRC cell lines, and the results
showed that LILRB2 was significantly highly expressed in CRC cell lines, and the malignant biological behaviour of
cancer cells was inhibited after blocking LILRB2, suggesting that LILRB2 is involved in and regulates the proliferation,
migration and invasion of CRC cells and promotes cancer development[14,15]. The results of this cellular assay
complement and validate the results of our clinical study. In addition to the basal cell assay, another study analysed
clinical samples from CRC patients, but unlike our study using IHC, the researchers prepared cell suspensions from
frozen CRC tissues and analysed the immune checkpoint protein LILRB2 by flow cytometry; the results showed that
LILRB2 expression was associated with distant lymph node metastasis, advanced stage, and shorter survival and that
LILRB2 overexpression may be an independent prognostic risk factor for CRC patients[15]. This study used flow
cytometry analysis, and the study technique is innovative, but because flow cytometry requires fresher of tissue samples,
prolonged cryopreservation may affect the accuracy of LILRB2 expression detection by flow cytometry. Our used
traditional immunohistochemical staining, and the findings with the two study methods corroborated each other.
Ultimately, the findings further supported that LILRB2 promotes colorectal carcinogenesis and development.
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Figure 2 Correlation of leukocyte immunoglobulin-like receptor B2 and angiopoietin-like protein 2 expression at the mRNA and protein
levels in colorectal cancer. A: Correlation at the mRNA level in colorectal cancer (CRC); B: Correlation at the protein level in CRC; C: Immunohistochemical
staining of leukocyte immunoglobulin-like receptor B2 (LILRB2) in paracancerous tissue; D: Low expression of LILRB2 in CRC tissue; E: High expression of LILRB2
in CRC tissue; F: Immunohistochemical staining of angiopoietin-like protein 2 (ANGPTL2) in paracancerous tissue; G: Low expression of ANGPTL2 in CRC; H:
Overexpression of ANGPTL2 in CRC. LILRB2: Leukocyte immunoglobulin-like receptor B2; ANGPTL2: Angiopoietin-like protein 2; CRC: Colorectal cancer.

Since the discovery of the LILRB2 receptor, ANGPTLs have lost their designation as “orphan ligands”; the LILRB2
receptor interacts with the highest affinity with ANGPTL2 to support the development of a variety of malignancies, such
as CRC, acute myeloid leukaemia (AML)[12] and NSCLCJ[13]. The present study confirmed the synergistic expression of
LILRB2 and ANGPTL2 in CRC: There was a significant positive correlation between their expression at both the mRNA
and protein levels and a significant association with clinicopathological parameters, suggesting that LILRB2 receptor and
ANGPTL2 ligand interactions are closely associated with the development of CRC. A study analysing more than 9000
human leukaemia samples revealed that LILRB2 mRNA levels could be elevated several-fold in human AML cells. In a
mouse leukaemia model, defects in the mouse immunoglobulin-like receptor (PirB), a homologue of human LILRB2, led
to increased differentiation of leukaemic stem cells and significant downregulation of the expression of many pro-
oncogenes, suggesting that PirB promotes leukaemia development[10]. Another study further indicated that the LILRB2
receptor accelerated leukaemia development by binding to overexpressed ANGPTL2, and the binding of both induced
activation of tyrosine phosphatases SHP-1/SHP-2 and calmodulin-dependent protein kinase downstream of iTIMs,
stimulating leukaemia development, and suggested that targeting ANGPTL2 ligands could serve as a certain type of
AML as a potential disruption strategy[12,16]. LILRB2 is significantly highly expressed in NSCLC tissues and correlates
with a poor prognosis[17]. There have been corresponding advances in the study of the mechanisms by which LILRB2
promotes NSCLC development and immunotherapy tolerance, which are expected to bring new therapeutic
opportunities to NSCLC patients. On the one hand, tumour cell-derived ANGPTL2 overexpression, by acting on LILRB2
receptors, promotes increased tumour angiogenesis, epithelial mesenchymal transition, reduced intercellular adhesion,
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Figure 3 Association between leukocyte immunoglobulin-like receptor B2 and angiopoietin-like protein 2 expression and the prognosis
of colorectal cancer. A: Angiopoietin-like protein 2 (ANGPTL2) mRNA expression and overall survival of colorectal cancer (CRC); B: ANGPTL2 mRNA expression
and progression-free survival of CRC; C: Leukocyte immunoglobulin-like receptor B2 (LILRB2) mRNA expression and overall survival of CRC; D: LILRB2 protein
expression and overall survival of CRC. LILRB2: Leukocyte immunoglobulin-like receptor B2; ANGPTL2: Angiopoietin-like protein 2; CRC: Colorectal cancer.

and enhanced cell motility, thus conferring high invasive and metastatic potential to tumour cells[18]. On the other hand,
in NSCLC cells, activation of epidermal growth factor receptor-protein kinase B and extracellular signal-related kinases 1
and 2 signalling induces LILRB2 production, and LILRB2 overexpression reprograms the TME, recruits tumour-
associated macrophages of the M2-like phenotype, inhibits dendritic cell maturation and antigen presentation, and
promotes the progression of NSCLC[13]. In addition, LILRB2 expression was also significantly increased in hepatocellular
carcinoma and breast cancer, but the underlying mechanisms by which LILRB2 regulates the progression of hepato-
cellular carcinoma and breast cancer need to be further investigated[19,20].

In the last three years, several LILRB-targeted therapies have entered clinical trials, but most are in phase I and phase II
clinical trials. JTX-8064 is a specific antibody targeting LILRB2 that exerts antitumour effects by blocking the binding of
the receptor to MHC-I class molecules, ANGPTLs and other relevant ligands in the TME, and its combination therapy
with the PD-1 inhibitor pablizumab has also been conducted in clinical trials[21]. IO-108 is a novel inhibitory antibody
that specifically binds LILRB2 with high affinity and blocks the binding of the receptor to ligands in the TME while
reprogramming immunosuppressed myeloid cells to exhibit a proinflammatory phenotype, thereby enhancing the
antitumour effects of both intrinsic and adaptive immunity[22]. In addition to LILRB2, the targeting of other LILRB
family members has been a hot topic of research in recent years. For example, BND-22, a new class of humanized
immunoglobulin G4 monoclonal antibodies targeting the LILRB1 receptor, can be targeted for the treatment of solid
tumours; this blocks immunosuppression caused by the binding of the LILRB1 receptor and HLA-G ligand, which in turn
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Figure 4 Screening and diagnostic efficacy of serum leukocyte immunoglobulin-like receptor B2 concentration. A: Comparison of serum
leukocyte immunoglobulin-like receptor B2 (LILRB2) concentrations among colorectal cancer (CRC) patients, adenoma patients and healthy controls; B: Comparison
of serum LILRB2 concentrations before and after radical surgery; C and D: Comparison of serum LILRB2 concentrations between samples with different infiltration
depths; E: Comparison of serum LILRB2 concentrations between samples with different degrees of differentiation; F: Sensitivity, specificity and accuracy of serum
LILRB2, carcinoembryonic antigen (CEA), and carbohydrate antigen 19-9 (CA19-9) for the diagnosis of CRC; G: The receiver operating characteristic curve and area
under the curve of serum LILRB2, CEA and CA19-9 concentrations in the diagnosis of CRC. LILRB2: Leukocyte immunoglobulin-like receptor B2; CRC: Colorectal
cancer; CEA: Carcinoembryonic antigen; CA19-9: Carbohydrate antigen 19-9; ROC: Receiver operating characteristic curve; AUC: Area under the curve. 2P < 0.05;
°P < 0.01; °P < 0.001.

activates T-cell-mediated innate and adaptive immunity and acts as a tumour killer[23,24]. IO-202 is a monoclonal
antibody targeting the inhibition of LILRB4 for the indications of AML and chronic granulocytic leukaemia and has been
granted orphan drug status by the United States Food and Drug Administration for the treatment of AML[25]. In terms of
the latest progress of several clinical trials, the indications are broad, and no drugs targeting LILRBs have had
breakthrough therapeutic effects in tumours; the present study provides a theoretical basis for assessing LILRB2
expression in CRC to guide immune checkpoint blockade therapy to achieve early screening and precision medicine.
Based on this study, we proposed for the first time that serum LILRB2 concentration could be used as a noninvasive
screening biomarker for CRC with better diagnostic efficacy than traditional serum tumour markers to facilitate early
diagnosis and treatment of CRC[26,27]. We analysed the source of serum LILRB2, since LILRB2 molecules are expressed
on the surface of myeloid cells and tumour cells, and we hypothesized that serum LILRB2 may originate from circulating
exfoliated cells of CRC, inflammatory cells or immune cells associated with CRC. Postoperative serum LILRB2 concen-
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trations were significantly lower than preoperative serum concentrations in CRC, indicating a strong association between
serum LILRB2 source and CRC; to further verify the relationship, a comparison of paired serum from 50 patients before
and after surgery was performed and revealed that serum LILRB2 concentrations were significantly lower after surgery
than before surgery, confirming that serum LILRB2 level is associated with tumour burden in CRC. It was hypothesized
that serum LILRB2 might originate from circulating tumour cells shed in the blood and that the decreased LILRB2
concentration is associated with a reduced CRC cell load in the blood after surgery. Another source is hypothesized to be
CRC-associated immune cells because tumorigenesis is closely related to the chronic inflammatory state in the body and
during tumour development, chemotaxis and infiltration of myeloid cells, including neutrophils, dendritic cells, and
tumour-associated macrophages, which are common cell types with LILRB2 expression[28,29]. There are no relevant
studies on the source of serum LILRB2 globally, this study can only make reasonable speculations on its source. However,
considering the half-life of protein, the time is not long enough to detect the serum LILRB2 concentration only 24 h after
operation, and this is also not long enough for the immune cells to disappear gradually from circulation. Therefore,
follow-up after the surgical removal, including measurements of the serum LILRB2 concentration, circulating tumor cell
load and immune cell infiltration, is necessary. It is more meaningful that the serum LILRB2 decreases after 2 wk or
longer of follow-up and increases when the tumor progresses or recurs.

There are advantages but also limitations to this study. The advantages are as follows: First, this study is based on the
results of preliminary high-throughput proteomics screening and further protein expression validation and correlation
analysis, with a solid prior experimental foundation, rather than through mere database mining. Second, this study
confirms that LILRB2 can be a novel therapeutic target for CRC with high potential for clinical translation, providing new
therapeutic opportunities for CRC. Third, this study is the first to suggest that ELISA of serum LILRB2 concentration can
be used as a noninvasive screening method for CRC, with better diagnostic efficacy than traditional serum tumour
markers. The shortcomings of this study are that further testing and analysis of circulating tumour cell load and immune
cell infiltration in the blood of CRC patients are needed in the future to clarify the source of serum LILRB2. Furthermore,
LILRB2 levels could be confounded by the presence of other tumors concurrently, such as NSCLC, hepatocellular and
breast cancer, which needs to be excluded. In addition, although the results of this study corroborate those of previous
basic studies, the single center study type and small sample size are still limitations of this study, and more efforts are
needed in the future to eventually achieve the goal of translation to clinical treatment.

CONCLUSION

In conclusion, LILRB2 protein is significantly highly expressed in CRC tissues, and high LILRB2 protein expression is
significantly correlated with tumour progression and a poor prognosis. The LILRB2 receptor is synergistically expressed
with the ANGPTL2 ligand, and their binding and interaction are closely related to CRC development. Serum LILRB2
concentration showed higher diagnostic efficacy than traditional markers, highlight its potential as an innovative
screening marker for CRC. Therefore, LILRB2 protein is a potential novel therapeutic target and noninvasive screening
biomarker, which could be beneficial for early screening and precise treatment and is important for the development of
new therapeutic strategies for CRC.

ARTICLE HIGHLIGHTS

Research background
The incidence and mortality of colorectal cancer (CRC) have been rising continuously. CRC has become the second

leading cause of cancer-related death worldwide, and the 5-year survival rate of patients with advanced CRC is below
20%.

Research motivation
Early screening and precise targeted therapy are very important to improve the prognosis of CRC patients. Therefore,
identifying novel therapeutic targets and early screening biomarkers is urgent for clinical practice.

Research objectives
To explore whether leukocyte immunoglobulin-like receptor B2 (LILRB2) can be used as a potential therapeutic target
and noninvasive screening biomarker for CRC.

Research methods

On the basis of previous proteomics, immunohistochemical staining was used to verify the expression of LILRB2 protein
and its ligand angiopoietin-like protein 2 (ANGPTL2) protein in CRC cancer tissues and paired paracarcinoma tissues,
and to explore the association between their expression and the clinicopathological features. Enzyme-linked
immunosorbent assay was used to detect serum LILRB2 concentration and explore the diagnostic efficacy for CRC.

Research results
LILRB2 protein is significantly overexpressed in CRC cancer tissues and is closely associated with peritumoral infilt-
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ration, distant metastasis and poor prognosis. LILRB2 may bind to the ligand ANGPTL2 protein, and the synergistic
expression and interaction of the two proteins promotes CRC progression and metastasis. Serum LILRB2 concentration
has high sensitivity, specificity and accuracy in screening CRC, which is better than traditional carcinoembryonic antigen
and carbohydrate antigen 19-9.

Research conclusions
Therefore, LILRB2 protein can be used as a potential novel therapeutic target and noninvasive screening biomarker.

Research perspectives
Novel LILRB2 protein is beneficial for early screening and precise treatment, which provides new opportunities to
improve the prognosis of CRC patients.
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