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Abstract: Aim: Scavenger receptor class B, type I (SR-BI) is an integral plasma membrane protein that has been reported

to be overexpressed in various malignancies, such as renal cancer, breast cancer, and prostate cancer, and is an

independent prognostic factor. However, the clinical value and expression of SR-BI in GC are unknown. Our research

aimed to explore the role of SR-BI in combination with immune markers as a diagnostic and prognostic marker for

gastric cancer (GC). Methods: GC tissues, paracancerous tissues, and clinicopathological data of 149 patients were

collected. The expression level of SR-BI, Tumor-infiltrating lymphocytes (TILs), and PD-L1 were evaluated by

immunohistochemistry (IHC). The associations of the SR-BI staining intensity with clinicopathological features and

immune markers were determined by the chi-square test. Univariate and multivariate COX regression analyses were

used to evaluate independent prognostic factors. Kaplan–Meier analyses were performed to plot the survival curve.

Results: Our results indicated that SR-BI was expressed at higher levels in tumor tissues than in adjacent

paracancerous tissues (p < 0.001), and patients with high levels of SR-BI expression had a worse prognosis. Univariate

and multivariate analyses revealed that high SR-BI expression was an independent factor for poor prognosis. The

chi-square test determined that the expression of SR-BI was negatively correlated with CD4+ T cells and CD8+ T

cells (CD4+ T cells, p = 0.013; CD8+ T cells, p = 0.021), and positively correlated with PD-L1 (p = 0.022). Finally,

survival analysis revealed that CD4+ T cells were associated with the prognosis of GC patients (p = 0.019), and the

combined survival analysis of SR-BI and CD4+ T cells was also statistically significant (p = 0.030). Conclusion: SR-BI

is highly expressed in GC tissue and associated with poor prognosis. Moreover, SR-BI can also regulate the GC tumor

immune microenvironment.

Introduction

Gastric cancer (GC) is one of the most common malignancies
worldwide. According to 2020 data, the incidence and
mortality rates of GC rank 5th and 4th, respectively, among
all cancers. More than 1,000,000 new GC cases and

approximately 769,000 GC deaths were estimated to occur
globally in 2020 (Sung et al., 2021). Early diagnosis of GC
relies primarily on imaging, serum tumor marker profiling,
endoscopy, and tissue biopsy. Current methods for the early
diagnosis of GC are limited, and most GC patients are thus
in advanced stages at the time of diagnosis, resulting in a
poor prognosis (Smyth et al., 2020). At present, surgery
remains the main method of GC treatment. However, due
to the limited means of early screening and diagnosis of GC,
approximately 1/3rd of patients miss the opportunity for
surgery at the first visit. In addition to surgical treatment,
other current commonly used treatment methods, such as
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radiotherapy, chemotherapy, targeted therapy, and
immunotherapy, offer certain benefits for the prognosis of
GC patients. However, the toxic side effects and resistance
of drugs limit their prolonged use. Therefore, improvements
in the early diagnosis of GC and the identification of new
therapeutic targets are urgently needed.

Scavenger receptor class B type I (SR-BI) is an integral
plasma membrane protein (Ryu et al., 2020) that was first
isolated and identified by Calvo and Vega (1993). It
mediates the selective uptake and reverse transport of
cholesterol and plays an essential function in lipoprotein
metabolism (Nakagawa-Toyama et al., 2005; Yang et al.,
2016). Numerous previous studies demonstrated that SR-BI
is expressed at significantly higher levels in tumor tissues
than in paracancerous tissues in solid tumors such as breast
cancer, renal cell carcinoma, prostate cancer, and liver
cancer (Zhu et al., 2021; Traughber et al., 2020; Yuan et al.,
2016; Xu et al., 2017). For instance, a study reported that
low expression of SR-BI inhibited the proliferation and
invasion of clear cell renal cell carcinoma cells and
decreased the expression of Akt pathway components (Xu et
al., 2018). Another study confirmed that knockdown of SR-
BI expression in the MDAMB-468 and MCF-7 breast cancer
cell lines could inhibit tumor cell proliferation and promote
tumor cell apoptosis (Karimi and Karami Tehrani, 2021).
Furthermore, the anti-inflammatory activity of SR-BI could
promote tumor growth while the proinflammatory activity
of SR-B1 could enhance antitumor immune responses (Zhu
et al., 2009). Thus, SR-BI is identified as pro-oncogenic,
highly expressed in a variety of tumors, and associated with
the tumor immune response. However, its expression and
clinical significance in GC are still unclear and deserve
further investigation.

Tumor-infiltrating lymphocytes (TILs), including CD3+
T cells, CD4+ T cells, and CD8+ T cells, represent the host’s
immunological response to cancer cells. Several studies have
reported that they may play differential roles in different
types of tumors (Liu et al., 2022; Uppal et al., 2020).
Programmed Cell Death Ligand 1 (PD-L1) is a cancer cell
surface marker that, when overexpressed, avoids T-cell-
related targeting and leads to the evasion of GC by the
immune system surveillance. According to a recent analysis,
approximately 40% of patients with gastric tumors that
express PD-L1 have a lower rate of metastasis but worse
overall survival (OS) outcomes, and immunotherapy may be
a better treatment option for this population (Sexton et al.,
2020). Clinical trials have used multiple PD-L1
immunohistochemical assays to assess the use of PD-L1
expression on tumor cells, immune cells, or both as a
biomarker for predicting immunotherapeutic responses
(Paver et al., 2021). In a study on whether TILs can predict
clinical prognosis in GC, CD3+ T cells and CD8+ T cells
remained independent prognostic factors in multivariate
survival analysis (Lee et al., 2008). Therefore, in this study,
immunohistochemical staining of CD3+ T cells, CD4+ T
cells, CD8+ T cells, and PD-L1 in tissue specimens from
149 patients with GC who underwent radical surgical
resection was performed to quantify the numbers of
infiltrating cells in the tumors and to explore the role of SR-
BI in the GC tumor immune microenvironment.

To elaborate, this study aimed to explore the differential
expression of SR-BI through tissue microarray analyses of 149
GC patients and to analyze the correlations of both TILs (CD3+
T cells, CD4+ T cells, and CD8+ T cells) and PD-L1 to further
explore the diagnostic and prognostic value of SR-BI in GC
and its role in the GC immune microenvironment. This
study found that SR-BI is an oncogenic driver that can
predict patient survival time in our dataset and regulate the
tumor immune microenvironment in GC. SR-BI may be
important for guiding immunotherapy in GC patients.

Materials and Methods

Patient details
One hundred forty-nine patients with GC who underwent
surgical resection between January 2013 and December 2017
in the Cancer Hospital of the University of Chinese
Academy of Sciences (Zhejiang Cancer Hospital) were
recruited for this study. The patient inclusion criteria were
as follows: (I) pathological diagnosis of GC; (II) complete
clinical data; (III) did not receive anticancer therapy
(radiotherapy, chemotherapy, or biotherapy) before surgery;
and (IV) complete survival follow-up data. The patient
exclusion criteria were as follows: (I) occurrence of other
types of malignant tumors within 5 years and (II)
metastases from other tumor types. Survival information
was obtained by telephone follow-up and medical records.
OS was defined as the duration from surgery to death or last
follow-up.

Immunohistochemistry (IHC)
The tumor tissues and paracancerous tissues were surgically
resected, fixed in formalin, and paraffin-embedded. Two
pathologists independently screened and selected
representative tumor tissues and adjacent paracancerous
tissues to construct tissue chips. The slices were dewaxed,
rinsed three times with PBS (biosharp, Guangzhou, China)
for 5 min each, rinsed twice with distilled water, and then
subjected to antigen retrieval. Then, the slices were
incubated overnight with the primary antibodies (SR-BI
(21277-1-AP, Proteintech, Chicago, IL, USA); CD3
(ab16669, Abcam, Cambridge, MA, USA); CD4 (ab133616,
Abcam, Cambridge, MA, USA); CD8 (ab17147, Abcam,
Cambridge, MA, USA); PD-L1 (SK006, DAKO, Glostrup,
Denmark)) at 4°C and washed with PBS 3 times for 5 min
each. Then, goat anti-rabbit IgG H&L (Biotin) (1:1000,
Abcam, Cambridge, MA, USA)/goat anti-mouse IgG H&L
(Biotin) (1:500, Abcam, Cambridge, MA, USA) was added
to the tissue chip for 30 min, and the chip was then washed
with PBS thrice for 5 min for each wash. Then, nuclei were
counterstained with a DAB chromogenic and hematoxylin
kit (ZSGB-BIO Corp., Shanghai, China), after which the
tissue chip was dehydrated and sealed with neutral gel.

Interpretation of staining results
The immunohistochemical staining results were interpreted
by two experienced physicians from the pathology
department. The formula for the H-score was as follows: H-
score = ∑ (IS × AP), where IS represents the staining
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intensity and AP represents the percentage of positively
stained tumor cells, producing a membrane score ranging
between 0 and 12. The intensity of tumor cell staining was
determined based on an IS value between 0 and 3 (0, no
staining; 1, weak staining; 2, intermediate staining; 3, strong
staining). The AP value depended on the percentage of
positively stained cells as follows: 0 (0%), 1 (1%–25%), 2
(26%–50%), 3 (51%–75%), and 4 (76%–100%). The median
H-score (H-score = 6) was set as the cutoff value, and SR-BI
expression was divided into high and low groups. The
expression of PD-L1 was expressed by the combined
positive score (CPS) as follows: CPS = [PD-L1-positive cells
((tumor cells, lymphocytes, macrophages)/total tumor cells)]
* 100. Among them, CPS ≥ 10 was regarded as positive
(Schoemig-Markiefka et al., 2021). Pathologists assessed

TABLE 1

Clinicopathological features of GC patients in our study (n = 149)

Clinicopathological features Number (%)

Age (year)# 62 (53, 69)

Sex

Male 106 (71.1%)

Female 43 (28.9%)

Family history (GC)

Yes 23 (15.4%)

No 126 (84.6%)

Smoking history

Yes 52 (34.9%)

No 97 (65.1%)

Drinking history

Yes 38 (25.5%)

No 111 (74.5%)

Weight loss

Yes 55 (36.9%)

No 94 (63.1%)

Tumor location

Proximal 46 (30.9%)

Distal 93 (62.4%)

Total 10 (6.7%)

Borrmann type

I 3 (2.00%)

II 84 (56.4%)

III 44 (29.5%)

IV 18 (12.1%)

Lauren type

Intestinal 72 (48.3%)

Diffuse 52 (34.9%)

Mixed 25 (16.8%)

Tumor size (cm)

>5 98 (65.8%)

≤5 51 (34.2%)

Grade of differentiation

Poor 72 (48.3%)

Moderate-poor 51 (34.2%)

Moderate 25 (16.8%)

Well 1 (0.7%)

Pathological type

Adenocarcinoma 133 (89.3%)

Mucinous adenocarcinoma 11 (7.4%)

Signet ring cell carcinoma 5 (3.4%)

T stage

1 2 (1.3%)

2 6 (4.0%)

3 14 (9.4%)

(Continued)

Table 1 (continued)

Clinicopathological features Number (%)

4 127 (85.2%)

N stage

0 12 (8.1%)

1 32 (21.5%)

2 42 (28.2%)

3 63 (42.3%)

M stage

0 135 (90.6%)

1 14 (9.4%)

TNM stage

I 1 (0.7%)

II 20 (13.4%)

III 114 (76.5%)

IV 14 (9.4%)

Nerve invasion

Yes 110 (73.8%)

No 39 (26.2%)

AFP (ng/ml)

≤8.1 142 (95.3%)

>8.1 7 (4.7%)

CEA (ng/ml)

≤5 111 (74.5%)

>5 38 (25.5%)

CA199 (U/ml)

≤37 103 (69.1%)

>37 46 (30.9%)

CA724 (U/ml)

≤6.9 120 (80.5%)

>6.9 29 (19.5%)

CA125 (U/ml)

≤35 137 (91.9%)

>35 12 (8.1%)
Note: #, the parameter is stated as M (P25, P75); AFP, alpha fetoprotein; CEA,
carcinoembryonic antigen; CA199, carbohydrate antigen 199; CA724,
carbohydrate antigen 724; CA125, carbohydrate antigen 125.
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TILs by observing and recording the number of all
corresponding lymphocytes in the entire magnification field
of view. The median was used as the cutoff value to stratify
patients into high and low-expression groups.

Statistical analysis
Statistical Analysis SPSS 25.0 software was used to perform
statistical analyses of the collected results. Continuous
variables were summarized as medians and quartiles, while
categorical variables were presented as counts and
percentages. Differences in SR-BI expression and
clinicopathological features, TILs, and PD-L1 expression
were analyzed using the chi-square test or Fisher’s exact test.
Survival curves were drawn by the Kaplan–Meier method,
and effects were determined by univariate and multivariate
COX regression analyses. Prognostic factors in GC patients
as well as hazard ratios (HRs) and their corresponding 95%
confidence intervals (CIs) were calculated simultaneously. A
p-value < 0.05 indicated a statistically significant difference.

Results

General clinicopathological data
The median age of the study population was 62 years; 106
(71.1%) males and 43 (28.9%) females were included. The
distribution of tumor sites was analyzed, revealing 93 cases
(62.4%) of distal GC, 46 cases (30.9%) of proximal GC, and
only 10 cases (6.7%) of total GC. Among the 149 patients,
85.9% were classified as TNM stage III-IV, and 21 cases
(14.1%) were classified as stage I-II. All GC patients were
followed up until August 2021, during which 81 patients

died. More general clinicopathological data are shown in
Table 1.

High expression of SR-BI in GC tissues
As shown in Fig. 1A, SR-BI was mainly expressed on the cell
membrane. In tumor tissues, 107 of the 149 samples (71.81%)
exhibited SR-BI expression. According to the H-score
formula, 3 cases had 2 points, 7 cases obtained 3 points, 14
cases got 4 points, 19 cases had 6 points, 62 cases obtained
8 points, and 2 had 12 points. According to the median SR-
BI expression score of 6 points, an H-score = 6 points was
set as the cutoff value. A score <6 points was used to define
the low SR-BI expression group and a score ≥6 points was
used to define the high-expression group. The specific
expression levels of SR-BI in tumor tissues are shown in
Table 2. Moreover, we found that SR-BI had a certain
expression pattern in paracancerous tissues, among which
131 samples had a low expression, and only 18 samples had
a high expression. SR-BI expression was significantly
different in tumor tissues (55.7% vs. 12.08% p < 0.001). The
specific distribution is shown in Table 3 and Fig. 1B.

FIGURE 1. SR-BI is highly expressed in GC tissues. Immunohistochemical staining of SR-BI in tumor tissues and paracancerous tissues (scale
bars: ×200 and 1:20 μm) (A). Differential expression of SR-BI in tumor tissues and paracancerous tissues (B).

TABLE 2

Expression of SR-BI in tumor tissues

Parameters N 0
score

<6
score

≥6
score

Expression
%

High
expression
%

SR-BI 149 42 66 83 71.81% 55.70%
Note: Expression, score ≥1; High expression, score ≥6.
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Relationships between SR-BI expression and clinicopathological
features
The correlations between SR-BI expression and
clinicopathological characteristics in GC were statistically
analyzed using the chi-square test or Fisher’s exact test, as
shown in Table 4. Only the carcinoembryonic antigen
(CEA) (p = 0.027) levels were found to differ between the
two groups, while the other parameters (such as age, sex,

TABLE 3

Differential expression of SR-BI in tumor tissues and
paracancerous tissues

Parameters N SR-BI
expression

Positive
rate

χ2 p-value

High Low

Tumor tissue 149 83 66 55.70% 7.955 <0.001***

Paracancerous
tissue

149 18 131 12.08%

Note: ***p < 0.001.

TABLE 4

Correlations between SR-BI expression and the
clinicopathological characteristics of GC patients

Parameters SR-BI
expression

Total Positive
rate

χ2 p-value

Low High

Age (year)

≤60 35 35 70 50% 1.741 0.187

>60 31 48 79 60.8%

Sex

Male 47 59 106 55.7% 0.000 0.986

Female 19 24 43 55.8%

Family history(GC)

No 58 68 126 54.0% 0.997 0.318

Yes 8 15 23 65.2%

Smoking history

No 43 54 97 55.7% 0.000 0.991

Yes 23 29 52 55.8%

Drinking history

No 50 61 111 55.0% 0.099 0.753

Yes 16 22 38 57.9%

Weight loss

No 39 55 94 58.5% 0.813 0.367

Yes 27 28 55 50.9%

Tumor location

Proximal 17 29 46 63.0% 1.710 0.425

Distal 45 48 93 51.6%

Total 4 6 10 60.0%

Borrmann type

I/II 41 46 87 52.9% 0.679 0.410

III/IV 25 37 62 59.7%

Lauren type

Intestinal 31 41 72 56.9% 0.533 0.766

Mixed 25 27 52 51.9%

Diffuse 10 15 25 60.0%

Tumor size (cm)

(Continued)

Table 4 (continued)

Parameters SR-BI
expression

Total Positive
rate

χ2 p-value

Low High

>5 22 29 51 56.9% 0.042 0.837

≤5 44 54 98 55.1%

Grade of differentiation

Poor/
Moderate-poor

56 67 123 54.5% 0.434 0.510

Moderate/well 10 16 26 61.5%

T stage

T1/2 6 2 8 25.0% 3.230 0.072

T3/4 60 81 141 57.4%

N stage

N0/1 17 27 44 61.4% 0.810 0.368

N2/3 49 56 105 53.3%

M stage

M0 60 75 135 55.6% 0.013 0.909

M1 6 8 14 57.1%

TNM stage

I/II 12 9 21 42.9% 1.635 0.201

III/IV 54 74 128 57.8%

Nerve invasion

No 15 24 39 61.5% 0.729 0.393

Yes 51 59 110 53.6%

AFP (ng/ml)

≤8.1 65 77 142 54.2% 2.681 0.102

>8.1 1 6 7 85.7%

CEA (ng/ml)

≤5 55 56 111 50.5% 4.870 0.027*

>5 11 27 38 71.1%

CA199 (U/ml)

≤37 45 58 103 56.3% 0.050 0.824

>37 21 25 46 54.3%

CA724 (U/ml)

≤6.9 53 67 120 55.8% 0.004 0.949

>6.9 13 16 29 55.2%

CA125 (U/ml)

≤35 62 75 137 54.7% 0.636 0.425

>35 4 8 12 66.7%
Note: *p < 0.05; AFP, alpha fetoprotein; CEA, carcinoembryonic antigen;
CA199, carbohydrate antigen 199; CA724, carbohydrate antigen 724; CA125,
carbohydrate antigen 125.
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smoking history, drinking history, family history, TNM stage,
Lauren type, Borrmann type, tumor size, and tumor location)
did not vary between the groups. These results indicated that
the expression of SR-BI was associated with the CEA level but
not with the patient’s age, sex, smoking history, drinking
history, family history, TNM stage, Lauren type, Borrmann
type, tumor size, or tumor location, among other parameters.

SR-BI expression is negatively correlated with CD4+ T cells and
CD8+ T cells and positively correlated with PD-L1
The numbers of TILs (CD3+ T cells, CD4+ T cells, CD8+ T
cells) and PD-L1 expression in tumor tissues were
determined by IHC staining (Fig. 2). The median number of
TILs was set as the cutoff value for division into high and
low groups. The chi-square test was used to compare
the correlations between the above indicators and the
expression of SR-BI. As shown in Fig. 3 and Table 5, the

expression of SR-BI was negatively correlated with the CD4
+ and CD8+ T cell numbers (p = 0.013, p = 0.021) but not
with the number of CD3+ T cells (p = 0.052). The
expression of SR-BI was positively correlated with PD-L1,
and the PD-L1 positivity rate was higher when SR-BI was
highly expressed; the difference was statistically significant
(p = 0.022).

SR-BI and CD4+ T cells are key prognostic factors in GC
As shown in Fig. 4A, Kaplan–Meier survival curves indicated
that compared with that of patients in the low expression
group, the prognosis of patients with high expression of SR-
BI was worse (p = 0.021). The 3-year OS of patients in the
low SR-BI expression group was 68.1%, while that of
patients in the high SR-BI expression group was only 49.2%.
Similarly, Kaplan–Meier survival analysis was performed to
compare the OS rates according to the levels of CD3+ T

FIGURE 2. Immunohistochemical staining of TILs and PD-L1 in GC tissues (scale bars: ×200 and 1:20 μm). The Immunohistochemical
staining of CD3+ T cells (A); The Immunohistochemical staining of CD4+ T cells (B); The Immunohistochemical staining of CD8+ T cells
(C); The Immunohistochemical staining of PD-L1 (D).

FIGURE 3. Correlations between SR-BI Expression and the levels of TILs and PD-L1 in GC. The expression of SR-BI was not correlated with
the numbers of CD3 T+ cells (A); The expression of SR-BI was negatively correlated with CD4 T+ cells (B); The expression of SR-BI was
negatively correlated with CD8 T+ cells (C); The expression of SR-BI was positively correlated with PD-L1 (D).
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cells, CD4+ T cells, CD8+ T cells, and PD-L1 (Figs. 4B–4E).
The results suggested that only the number of CD4+ T cells
affected the prognosis of patients (p = 0.019). The 3-year OS
of the group with high CD4+ T cell numbers was 66.6%,
while it was only 48.3% in the group with low CD4+ T cell
numbers. Finally, SR-BI and CD4+ T cells were combined
to generate a survival curve and all patients (n = 149) were
divided into four groups according to their expression. As
shown in Fig. 4F, the group with the high expression of SR-
BI combined with low CD4+ T cell numbers had the worst
prognosis while the group with low expression of SR-BI
combined with high CD4+ T cell numbers had the best
prognosis. The differences in OS among the four groups
were statistically significant (p = 0.030).

Furthermore, the general data, pathological data, and
immune-related indicators were included in the univariate
COX regression analysis (Table 6). The results suggested
that the SR-BI expression level (p = 0.024), number of
CD4+ T cells (p = 0.021), GC family history (p = 0.001),
Borrmann type (p = 0.002), tumor size (p = 0.025), N stage
(p < 0.001), M stage (p < 0.001), CEA level (p = 0.005),
CA199 level (p = 0.045), CA125 level (p < 0.001) and
Lauren type (p = 0.017) are prognostic factors for OS.
Subsequently, according to the results of univariate analysis,
we selected the indicators with p < 0.05 and included them
in the multivariate COX regression analysis (summarized in
Table 7). A high expression of SR-BI (p = 0.034), a family
history of GC (p = 0.049), a high N stage (p = 0.001), the
M1 stage (p = 0.012), and low CD4+ T cell numbers (p =
0.039) were independent factors for poor GC prognosis.
Thus, both the univariate and multivariate analyses
indicated that SR-BI expression and CD4+ T cell numbers
were key prognostic factors for GC patients.

Discussion

The development of molecular biology and genomic
techniques has gradually provided new opportunities to
elucidate the mechanisms underlying tumorigenesis and
development. It is now possible to prevent, diagnose and
treat malignancies through the discovery and intervention of
new molecular targets. GC, especially advanced GC, has
limited treatment strategies and a dismal prognosis. Since
early gastroscopic screening in China is not as popular as in
Japan, South Korea, or Western countries, most patients are
already in advanced stages when they consult a doctor and
have thus missed the best treatment opportunity. The
current conventional treatment strategy for GC is surgery
and perioperative chemotherapy (Smyth et al., 2020; Thrift
and El-Serag, 2020). In recent years, immunotherapy has
also shown good therapeutic value in GC in various studies
(Xie et al., 2021).

SR-BI is a multiligand membrane receptor, and an
increasing number of studies have confirmed that it is
highly expressed in solid tumors, such as breast cancer (Li et
al., 2016) and lung cancer (Feng et al., 2018), and is
associated with poor prognosis. In addition, SR-BI is
involved in tumor proliferation, invasion, angiogenesis, and
signal regulation. Danilo et al. (2013) found that high-
density lipoprotein (HDL) and SR-BI in combination could
activate the PI3K/Akt and MAPK signaling pathways. This
PI3K/Akt activation is an important signaling mechanism
for tumor angiogenesis (Xue et al., 2021). Furthermore,
another study confirmed that SR-BI was upregulated in
hepatocellular carcinoma that enhanced the proliferation
and invasion of hepatocellular carcinoma cells through miR-
497 (Zhu et al., 2021). In this context, we designed this
study to investigate the differential expression of SR-BI in
GC and its correlation with the tumor microenvironment.

In this study, the expression of SR-BI in GC and
paracancerous tissues was assessed by IHC, revealing a
higher SR-BI expression in GC tissues compared with
paracancerous tissues. Among the 149 cases of GC, 83 had
high SR-BI expression (55.7%) as opposed to only 18
(12.08%) that had high SR-BI expression in the
corresponding adjacent tissue. The differential expression of
SR-BI in GC was consistent with breast cancer and prostate
cancer (Li et al., 2016; Schorghofer et al., 2015), which both
showed high expression in tumor tissues, suggesting that
SR-BI may be a cancer driver gene. Further, survival
analysis showed that the 3-year OS of patients with high
SR-BI expression was significantly lower than that of
patients with low SR-BI expression. Both univariate and
multivariate analyses indicated that high expression of SR-
BI was an independent factor for poor prognosis in GC
patients. The resulting association of SR-BI expression with
poor prognosis is even more consistent with that in other
cancers and is even more indicative of the possible
involvement of SR-BI in the development of cancer, leading
to a poor prognosis.

Previous studies have shown that members of the
scavenger receptor (SR) family can control the activation of
homeostatic immune responses and function as coreceptors
in initiating effector immune responses when

TABLE 5

Correlations between SR-BI expression and the levels of TILs and
PD-L1 in GC

Parameters SR-BI
expression

Total Positivity
rate

χ2 p-value

Low High

PD-L1

Negative 50 48 98 49.0% 5.248 0.022*

Positive 16 35 51 68.6%

CD3+ T
cells

Low 26 46 72 63.9% 3.782 0.052

High 40 37 77 48.1%

CD4+ T
cells

Low 20 42 62 67.7% 6.235 0.013*

High 46 41 87 47.1%

CD8+ T
cells

Low 24 46 70 65.7% 5.361 0.021*

High 42 37 79 46.8%
Note: *p < 0.05.
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macromolecules are exposed to threats that may disrupt host
homeostasis (Yu et al., 2015). Shetty et al. (2011) showed that
Stablin-1 (a member of the SR class H family) in hepatic
sinusoidal endothelial cells could preferentially promote
CD4+FoxP3+ regulatory T cells (Tregs) in the liver tissue of
patients with hepatocellular carcinoma to recruit immune
effectors, and thereby inactivate immune effector functions
and promote tumor escape. Another study found that the
lentiviral vector-mediated siRNA-mediated knockdown of
SRA/CD204 enhanced the ability of wild-type dendritic cells
(DCs) to stimulate the expansion and activation of ideal or
established melanoma antigen-specific CD8+ T cells. SRA/
CD204-silenced DCs were used to produce antigen-targeted
vaccines, and the antitumor immune activity against tumor
formation and metastasis was significantly improved (Yi et
al., 2011). In addition, SR-BI-mediated signaling could
induce the release of potent proinflammatory cytokines and
chemokines, such as TNF-α, IL-1β, and IL-8, which activate
monocytes, neutrophils, and T cells, thereby contributing to

FIGURE 4. Survival analysis of SR-BI and TILs. Kaplan–Meier OS analyses of SR-BI in tumor tissues (A); The 3-year OS is 68.1% and 49.2%.
Kaplan–Meier OS analyses of CD3 T+ cells in tumor tissues (B); The 3-year OS is 58.4% and 56.7%. Kaplan–Meier OS analyses of CD4 T+ cells
in tumor tissues (C); The 3-year OS is 66.6% and 48.3%. Kaplan–Meier OS analyses of CD8 T+ cells in tumor tissues (D); The 3-year OS is
58.5% and 56.9%. Kaplan–Meier OS analyses of PD-L1 in tumor tissues (E); The 3-year OS is 60.2% and 56.7%. Kaplan–Meier OS analyses of
SR-BI combined with CD4+ T cells in tumor tissue (F); The 3-year OS is 59.6%, 71.7%, 37.8% and 61.0%.

TABLE 6

Univariate COX regression analysis of 149 GC patients

Parameters Univariate COX regression
analysis

p-value HR (95% CI)

Sex

Female vs. Male 0.984 0.995 (0.614–1.613)

Age (year)

≤60 vs. >60 0.900 0.972 (0.628–1.504)

SR-BI expression

Low vs. High 0.024* 1.681 (1.071–2.637)

Family history(GC)

No vs. Yes 0.001** 0.645 (0.495–0.841)

Smoking history
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fine-tuning of the immune response (Vasquez et al., 2017;
Zheng et al., 2014).

Despite the close correlation between the SR family and
the immune microenvironment, SR-BI has received little
attention in this context. Thus, this study further explored
the correlation between SR-BI and the immune
microenvironment. Current immunotherapeutic approaches
are aimed at stimulating or inhibiting lymphocyte activity
based on observed lymphocyte–tumor interactions. This
confirms that TILs and the expression of PD-L1 and
receptors such as HER2, ER, and PR affect the responses of
patients to immunotherapy (Nelson et al., 2021). In this
study, we evaluated the levels of CD8+ T cells, CD3+ T
cells, CD4+ T cells, and PD-L1 in GC tumor tissue by
immunohistochemistry and found that the PD-L1 positivity
rate was higher when SR-BI was highly expressed. At the
same time, the numbers of CD4+ T cells and CD8+ T cells
decreased significantly when SR-BI was highly expressed.
Based on this, we speculate that the expression of SR-BI
impacts the GC immune microenvironment. The increase in
the expression of SR-BI may inhibit the numbers of CD8+
T cells and CD4+ T cells and increase the expression of PD-
L1, which would ultimately affect a patient’s response to
immunotherapy.

Table 6 (continued)

Parameters Univariate COX regression
analysis

p-value HR (95% CI)

No vs. Yes 0.395 0.907 (0.723–1.137)

Drinking history

No vs. Yes 0.814 0.971 (0.757–1.244)

Weight loss

No vs. Yes 0.090 0.827 (0.663–1.030)

Tumor location

Proximal vs. Distal vs. Total 0.585 1.125 (0.737–1.719)

Borrmann type

I, II vs. III, IV 0.002** 0.706 (0.567–0.879)

Lauren type

Intestinal vs. Diffuse vs. Mixed 0.017* 1.417 (1.063–1.887)

Tumor size (cm)

≤5 vs. >5 0.025* 1.756 (1.075–2.868)

Grade of differentiation

Poor/moderate-poor vs.
Moderate/well

0.986 1.005 (0.574–1.761)

T stage

T1, T2 vs. T3, T4 0.097 3.291 (0.808–13.413)

N stage

N0, N1 vs. N2, N3 <0.001*** 3.115 (1.686–5.756)

M stage

M0 vs. M1 <0.001*** 3.667 (1.994–6.742)

TNM stage

I, II vs. III, IV 0.125 1.751 (0.521–1.082)

Nerve invasion

No vs. Yes 0.061 0.769 (0.585–1.012)

AFP (ng/ml)

≤8.1 vs. > 8.1 0.816 1.114 (0.450–2.757)

CEA (ng/ml)

≤5 vs. > 5 0.005** 1.936 (1.215–3.086)

CA199 (U/ml)

≤37 vs. > 37 0.045* 1.589 (1.011–2.496)

CA724 (U/ml)

≤6.9 vs. > 6.9 0.913 0.969 (0.553–1.698)

CA125 (U/ml)

≤35 vs. > 35 <0.001*** 3.908 (2.051–7.445)

PD-L1

Negative vs. Positive 0.442 1.196 (0.758–1.886)

CD3+ T cells

Low vs. High 0.837 1.047 (0.677–1.619)

CD4+ T cells

Low vs. High 0.021* 0.597 (0.386–0.926)

CD8+ T cells

Low vs. High 0.756 1.072 (0.693–1.658)
Note: *p < 0.05; **p < 0.01; ***p < 0.001; HR, hazard ratio; CI confidence interval;
AFP, alpha fetoprotein; CEA, carcinoembryonic antigen; CA199, carbohydrate
antigen 199; CA724, carbohydrate antigen 724; CA125, carbohydrate antigen
125.

TABLE 7

Multivariate COX regression analysis of 149 GC patients

Parameters Multivariate COX regression
analysis

p-value HR (95% CI)

SR-BI expression

Low vs. High 0.034* 1.721 (1.042–2.843)

Family history(GC)

No vs. Yes 0.049* 1.833 (1.003–3.347)

Borrmann type

I, II vs. III, IV 0.128 1.476 (0.894–2.438)

Lauren type

Intestinal vs. Diffuse vs. Mixed 0.457 1.120 (0.830–1.511)

Tumor size (cm)

≤5 vs. >5 0.207 1.420 (0.824–2.450)

N stage

N0, N1 vs. N2, N3 0.001** 2.956 (1.534–5.694)

M stage

M0 vs. M1 0.012* 2.540 (1.230–5.247)

CEA (ng/ml)

≤5 vs. >5 0.120 1.569 (0.890–2.768)

CA199 (U/ml)

≤37 vs. >37 0.970 1.012 (0.552–1.855)

CA125 (U/ml)

≤35 vs. >35 0.271 1.598 (0.694–3.680)

CD4+ T cells

Low vs. High 0.039* 0.588 (0.355, 0.974)
Note: *p < 0.05; **p < 0.01; HR, hazard ratio; CI confidence interval; CEA,
carcinoembryonic antigen; CA199, carbohydrate antigen 199; CA125,
carbohydrate antigen 125.
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Wang et al. (2018) evaluated the levels of PD-L1 and T-cell
infiltration in advanced GC and found that PD-L1 expression
and increased CD8+ T-cell density were associated with
improved prognosis. Further, multivariate COX regression
analysis showed that CD8+ T cells were independent
predictors of OS. In addition, a meta-analysis found that high
levels of CD8+ T, CD3+ T, and CD4+ T-cell infiltration in
tumor tissue were correlated with a better OS for GC patients
(Zhang et al., 2020). However, the prognostic value of PD-L1
and GC is still controversial, with some studies documenting
that PD-L1 expression is associated with good prognosis
while others report that PD-L1 expression is associated with
poor prognosis or has no correlation at all with prognosis
(Qiu and Du, 2021; Pereira et al., 2021; Fang et al., 2017; Gu
et al., 2017). Therefore, this study investigated the prognostic
significance of PD-L1 and TILs. Kaplan–Meier analysis was
used to plot the survival curves of CD3+ T cells, CD4+ T
cells, CD8+ T cells, and PD-L1 expression. Patients with high
CD4+ T cell numbers had a better prognosis, while the
numbers of CD3+ T cells and CD8+ T cells and the level of
PD-L1 had no effect on prognosis. Finally, we analyzed the
survival curve of patients generated by SR-BI and CD4+ T
cell numbers in combination and found that patients with low
SR-BI expression combined with high CD4+ T cell numbers
had the best prognosis, while those with high SR-BI
expression combined with low CD4+ T cell numbers had the
worst prognosis. This result indicated that the co-interaction
of SR-BI and CD4+ T cells may have some influence on the
prognosis of GC. While this further confirms that SR-BI may
be involved in the regulation of GC tumor microenvironment,
the specific mechanism still needs further study.

Nevertheless, this study has some limitations. Firstly, the
sample size was not sufficiently large, and all GC patients were
from one medical center. The sample size can be further
expanded in the future. Secondly, this study analyzed only
the expression differences in SR-BI in tumor tissues and the
correlations with prognosis at a superficial level and did not
involve in-depth mechanistic research. Subsequently, cell
line and animal experiments must be designed to explore
the mechanism underlying the impact of SR-BI on
tumorigenesis and the specific role of SR-BI in the immune
microenvironment.

Conclusion

SR-BI is highly expressed in GC tissue and is associated with
poor prognosis. Moreover, SR-BI can regulate the GC tumor
immune microenvironment and has the potential as a
diagnostic, immunotherapeutic, and prognostic marker in GC.
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