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We present the results of comparative ELISA of the concentration of soluble form of im-
munity checkpoint B7-H3 (sB7-H3) in the serum of patients with colorectal cancer (CRC) at 
different stages before treatment and healthy control donors. The analysis revealed a statis-
tically significant difference between the median levels of sB7-H3 in the blood serum of CRC 
patients (19.66  ng/ml) and healthy donors (16.76  ng/ml) (p=0.0025). ROC analysis showed 
62.9% sensitivity and 56.7% specificity for CRC patients (cut-off 17.62 ng/ml; p=0.0028). An 
association of sB7-H3 levels with tumor progression was revealed. We demonstrated that 
sB7-H3 levels were significantly lower in patients with regional metastases than in patients 
without metastases (p=0.039) and that sB7-H3 concentration tends to decrease at the late 
stages of the disease. Thus, high serum level of sB7-H3 in CRC patients can be a favorable 
prognostic factor in future.
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B7-H3, also known as CD276, is an immunoregulatory 
molecule with costimulatory/coinhibitory effects [1]. It 
was first cloned in 2001 from a human dendritic cell 
(DC) cDNA library [2]. The B7-H3 protein exists as a 
transmembrane or soluble isoform. Membrane-bound 
B7-H3 is a type  I transmembrane protein comprising 
316  amino acids and having a molecular weight of 
~45-66 kDa [3]. It consists of an extracellular domain, 
a transmembrane domain, and a short intracellular 
domain. Soluble B7-H3 (sB7-H3) can be formed by 
cleavage from the cell surface by MMP or by alterna-
tive splicing. sB7-H3 can be detected in human sera 
[4] and in extracellular vesicles [5].

In most normal human tissues, B7-H3 is widely 
expressed at the mRNA level, while B7-H3 protein is 
relatively rare detected, suggesting a tight post-tran-
scriptional regulation mechanism [5]. In tumor cells, 
B7-H3 is highly expressed at both mRNA and protein 
levels. Its expression can be regulated by various mi-

croRNAs such as miR-199a, miR-128, and miR-187 [6]. 
In addition, BRD4, ILT-4, and ELK1 regulate B7-H3 
expression via the PI3K/AKT/mTOR signaling pathway 
and modulate its content at the transcriptional or 
epigenetic level [7].

Tissue expression of B7-H3 has been widely stud-
ied in various types of malignancies, including breast, 
lung, ovarian, gastric, and other cancers. Its expression 
level often correlates with unfavorable prognosis and 
higher recurrence rate [8]. For some types of tumors, 
an increase in sB7-H3 content during their invasion 
and metastasis has also been described. Numerous 
studies on both model systems and clinical samples 
show that B7-H3 is a promising target for the devel-
opment of new immunotherapeutic agents.

This paper focuses on the study of sB7-H3 levels 
in serum samples from colorectal cancer (CRC) pa-
tients by ELISA.

MATERIALS AND METHODS
The study included 71  patients aged 27-83  years 
(median age 60  years) treated at the N. N.  Blokhin 
National Medical Research Center for Oncology with 
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a verified diagnosis of CRC. All procedures comply 
with the standards of the Ethical Committee of the 
N. N. Blokhin National Medical Research Center for 
Oncology and the Declaration of Helsinki. Informed 
voluntary consent was obtained from each partici-
pant included in the study. Clinical diagnosis in all 
patients was confirmed by data of morphological 
examination of the tumor according to the WHO 
Classification of Tumours: Digestive System Tumours 
(2019). In all patients, adenocarcinoma of the colon 
was detected. The control group consisted of healthy 
donors (20  women and 10  men) aged 23-71  years 
(median age 47 years).

The concentration of sB7-H3 protein was mea-
sured in the serum obtained according to the stan-
dard procedure before specific treatment using the 
Human B7-H3 Quantikine ELISA Kit (cat.#  DB7H30, 
R&D) according to the manufacturer’s instructions. 
Measurements were performed on a BEP  2000 Ad-
vance automated immunoassay (Siemens Healthcare 
Diagnostics). The content of the marker was expressed 
in ng/ml blood plasma.

Statistical analysis of the results was performed 
using GraphPad Prism 9 (GraphPad Software). Mann—
Whitney and Kruskal—Wallis tests were used to de-
termine statistically significant differences in the in-
dependent groups. Analysis of the informativity of 
diagnostic method by evaluating its sensitivity and 
specificity was performed by plotting ROC curves and 
calculating the area under them (AUC). Analysis of 
overall survival was performed by plotting survival 
curves according to the Kaplan—Meier method. To 
analyze long-term results of treatment (overall survi
val rate), the patients were divided into 2 comparison 
groups depending on the sB7-H3 content in blood 
plasma above or below the median. Comparison of the 

statistical significance of differences was performed 
using the log-rank criterion. The differences were con-
sidered statistically significant at p<0.05.

RESULTS
At the first stage of the study, we evaluated the level 
of sB7-H3 in the control group and in patients with 
CRC. In addition, we analyzed the information value 
of the diagnostic method by evaluating its sensitivity 
and specificity by ROC curves and AUC (Fig. 1).

The analysis revealed a statistically significant 
difference between the median levels of sB7-H3 in the 
serum of CRC patients and healthy donors. The me-
dian sB7-H3 content was 16.76 (11.08-20.58) ng/ml in 
the control group and 19.66 (16.08-25.04) ng/ml in the 
group of patients with CRC (p=0.0025). ROC analysis 
showed a sensitivity of 62.9% and specificity of 56.7% 
(cut-off 17.62 ng/ml; p=0.0028) for CRC patients.

Analyzed of serum sB7-H3 levels with consider-
ation for the main clinical and morphological charac-
teristics of the disease showed that sB7-H3 content 
is associated with tumor progression (Table  1). The 
content of sB7-H3 in the group of patients with re-
gional metastases was lower than in patients without 
metastases (p=0.039). A tendency to a decrease in this 
parameter at the late stages of the disease was also 
revealed (p=0.069).

Evaluation of prognostic significance of sB7-H3 
showed that high serum levels of this protein in CRC 
patients can be a promising favorable prognostic fac-
tor (p=0.05; Fig. 2).

Published reports on the sB7-H3 protein are 
scanty. It was found that the content of this protein 
in patients with CRC was higher than in healthy do-
nors [9], which is consistent with our findings. Several 

Fig. 1. Comparative analysis of sB7-H3 content in the serum of CRC patients and healthy donors (control) (a) and ROC analysis 
for sB7-H3 in CRC patients (b): AUC=0.689 (0.0028).
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recent studies have focused on the tissue expression 
of B7-H3 in CRC. For example, B7-H3 expression was 
detected in 50.8% of a large cohort of primary CRC 
samples and was associated with advanced stage, de-
creased recurrence-free survival rate, and increased 
tumor infiltration with T cells [10]. It was also reported 
that increased B7-H3 expression was associated with 
tumor involvement of regional lymph nodes and low 
tumor differentiation [11]. However, it should be noted 
that these findings do not necessarily contradict our 
results, because our study specifically investigated the 
soluble form of this protein.

Our findings suggest that serum sB7-H3 con-
tent increases during the development of malignant 
colorectal tumors, but as the tumor progresses, its 
concentration begins to decrease, which ultimately 
becomes an unfavorable prognostic factor for this 
disease. It is possible that sB7-H3 plays a critical role 
during the initiation of tumor development, but its 
production decreases as the tumor progresses. Sim-
ilar results confirming the favorable prognostic sig-
nificance of the sB7-H3 were recently reported [12]: 
high blood content of this protein was a favorable 
prognostic factor in non-small cells lung cancer. How-

ever, for many other tumor types, e.g. ovarian cancer, 
unfavorable prognostic significance of high content of 
this protein in the blood has been shown [13]. Recent 
studies have demonstrated that the resident microbio-
ta can affect B7-H3 expression. For example, H. pylori 
induces expression of this protein on gastric epithelial 
cells [14]. In the CRC model, a microbiota-dependent 
cross-interaction pathway between myeloid cells, T 
cells, and tumor cells has been recently demonstrat-
ed. Bacteria recognized by myeloid cells contribute to 
the release of calcineurin and NFAT-dependent IL-6, 
the latter in turn promotes the expression of B7-H3 
by tumor cells and suppresses the T-cell anti-tumor 
immune response [15]. The interaction between B7-H3 
and the microbiota is currently an understudied area, 
but it could potentially explain the opposing effects 
observed in CRC and other tumor types.
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