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Background: In recent years, immune checkpoint inhibitors have shown significant
effects in a variety of solid tumors. However, due to the low incidence of small cell lung
cancer (SCLC) and its unclear mechanism, immune checkpoints in SCLC have not been
fully studied.

Methods: We evaluated the expression of PD-L1, B7-H3, and B7-H4 in 115 SCLC tissue
specimens using immunohistochemistry. The clinical data of patients with SCLC were
retrospectively reviewed to investigate three negative co-stimulatory B7 family molecules’
ability to affect the prognosis of SCLC.

Results: Among the SCLC patients with complete follow-up data (n = 107), sixty-nine
(64.49%) expressed moderate to high B7-H3 levels, which correlated positively with
tumor sizes (P < 0.001). Eighty (74.77%) patients expressed moderate to high B7-H4
levels, which correlated positively with metastases (P = 0.049). The positive expression of
B7-H3 and B7-H4 correlated significantly with shortened overall survival (OS) (B7-H3, P =
0.006; B7-H4, P = 0.019). PD-LL1 was positively expressed only in 13.08% of cancer
tissues, and there was no significant correlation with prognosis. The Cox proportional
hazards regression showed that B7-H3 was an independent prognostic indicator of OS
(P =0.028; HR = 2.125 [95% Cl = 0.985-4.462)).

Conclusions: Our results suggest that B7-H3 has a negative predictive effect on SCLC.
This outcome provides a theoretical basis for the subsequent research on immune
checkpoint inhibitors targeting B7-HS.
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B7-H3 and B7-H4 Correlate With Prognosis in SCLC

INTRODUCTION

With changes in the living environment and lifestyle, malignant
tumors have become the leading cause of death for most people
in the world (1). Among tumors, lung cancer is the most
commonly diagnosed cancer and the leading cause of cancer
death. Small cell lung cancer (SCLC) accounts for about 15% of
lung cancers, has a high degree of malignancy, and is highly
invasive (2). Although early SCLC is relatively sensitive to
chemoradiotherapy, only a small proportion of patients
achieve complete remission. Most patients are prone to drug
resistance and relapse, and the treatment is poorly effective on
patients in the later stages (3). The mechanism of the
occurrence and progression of SCLC is complicated, and
knowledge on the corresponding driving genes is lacking. In
addition, due to the long-term invasion of SCLC by tobacco
carcinogens, its genome is susceptible to complex changes, such
as mutations, insertions, deletions, copy number changes,
and chromosomal rearrangements, which result in high
immunogenicity and high mutation load of SCLC (4-6).
Normally, the body’s immune system plays a role in identifying
and clearing tumor cells. While protecting the host from pathogens
and cancer, the immune system also plays a vital role in maintaining
autoimmune tolerance. The activation of T lymphocytes is the core
of the immune response. To induce T cell activation, proliferation
and differentiation require dual signal stimulation. First, T cell
receptors (TCR) specifically bind to antigen peptide-major
histocompatibility complex (MHC) complexes on the surface of
antigen presenting cells (APCs) to provide the first signal; Second,
the co-stimulatory CD28 receptor on T cells binds to the ligands
(B7) expressed on APC to form a B7-CD28 complex, which plays a
costimulatory effect. When T cells are activated, CTL antigen 4
receptors are induced to express and compete with CD28 to bind to
ligands, preventing excessive T cell activation (7-10). Tumor
microenvironments usually contain increased regulatory
immunosuppressive T cells, and tumor cells express key negative
regulators, such as programmed death ligand-1 (PD-L1) and B7-
H3, which inhibit the immune regulatory response induced by T
cells, down-regulate or prevent the body’s anti-immune effect, and
promote the disabling of immune function to help tumor escape
(11, 12). In recent years, tumor immunotherapy has been
recognized as the most promising method for curing malignant
tumors. The molecular mechanism of tumor immune escape is one
of the core issues in tumor immune research. The abnormal
expression of molecules of the B7 family in the tumor
microenvironment leads to anti-tumor immune suppression and
immune escape. The B7 family consists of 10 members, namely B7-
1, B7-2, B7-H1 (PD-L1), B7-DC, B7-H2, B7-H3, B7-H4, B7-H5,
B7-H6,and B7-H7 (13, 14). In recent years, the role of the B7 family
in tumor immunity has received great attention, especially the three
molecules of B7-H1, B7-H3, and B7-H4 have become hot research
objects. To study their respective roles in the tumor
microenvironment, to further block their corresponding signaling
pathways is a new approach for tumor immunotherapy. The
abnormal expression of B7-H1, B7-H3 and B7-H4 in tumor
tissues and tumor microenvironment, as well as the negative
regulation of tumor immune response, suggest that these three

molecules not only have hidden theoretical research for tumor
immunotherapy, it also has potential clinical application value and
trans-epochal significance. More and more immune checkpoint
inhibitors are being applied in the treatment of SCLC. Nivolumab
and Pembrolizumab are humanized IgG4 anti-PD-1 monoclonal
antibodies that prevent anti-tumor immune response by binding to
the PD-1 receptor on the surface of T cells; they have had significant
results in early clinical trials in a variety of tumors (15, 16). Once
immunotherapy is effective, its long-term benefit rate to patients
may increase significantly. Therefore, screening the dominant
population, that is, the exploration of immune markers, is urgent.
In this study, three negative co-stimulatory B7 family molecules
PD-L1, B7-H3, and B7-H4 were used as research objects to explore
their expression and relationship with prognosis in SCLC. The
outcome of this research will provide a reliable scientific basis for
clinical diagnosis.

MATERIALS AND METHODS

Patient and Clinicopathological Data

The pathological specimens of 120 SCLC patients diagnosed by
surgical resection or biopsy at Tongji Hospital, Tongji Medical
College, Huazhong University of Science and Technology from
January 2012 to August 2017 were collected. The pathological
specimens of 5 patients were lost, and, additionally, 8 patients
were lost to follow-up. Therefore, we analyzed 107 patients with
complete pathological data and follow-up data. Ethical approval
was requested and obtained from the Medical Ethics Committee
of Tongji Medical College of Huazhong University of Science
and Technology. Written informed consent was obtained from
all participants.

Tissue Microarray Construction

Tissue microarrays (TMAs) were prepared using a standard
tissue microarrayer (Azumaya Corp., Tokyo, Japan). Avoiding
the necrotic area, a 1.1 mm? tumor tissue was obtained from the
central area of each tumor, and the area 5 cm beside the tumor
was regarded as normal tissue and was used as a control. The
TMA section thickness was 4 microns.

Immunohistochemistry and Evaluation

HE staining and immunohistochemical staining of TMA
sections: two clone numbers of PD-L1 were used (clone SP142,
dilution 1:50, Ventana and clone 22C3, dilution 1:50, Dako).
Staining was achieved with a fully automatic staining instrument
and detection system for SP142 and 22C3 were paired Ventana
and Dako secondary antibody systems (17-20). The tonsil was
used as the control tissue. As shown in Figure 1A, the PD-L1
staining characterized of tonsil tissue respectively were negative
in superficial squamous epithelium and interfollicular area (as a
negative control), and positive in lymphocyte, macrophages, and
crypt epithelial cells in the germinal center (as a positive control). As
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new immune checkpoint, B7-H3 and B7-H4 have a good potential
clinical value. At present, B7-H3 and B7-H4 don’t have a wide range
of applications in clinical, so the immunohistochemistry and
evaluation of these two antibodies don’t have fixed standardized
dyeing process and quality control. B7-H3 and B7-H4 have fewer
expressions in normal tissues, usually negative (Figures 1B, D).
We detected normal lung tissues and a variety of cancer tissue
microarray, we found that only lung adenocarcinoma
and partial prostate cancer significantly high expression
(Figures 1C, E). B7-H3 (clone DOM2L, dilution 1:100) and B7-
H4 (clone DIMB8I, dilution 1:100) were purchased from Cell
Signaling. Immunohistochemical stainings were evaluated by two
independent pathologists unaware of the patients’ clinical results
per the following criteria: (1) PD-L1 (SP142): The percentage of
staining of positive tumor-infiltrating immune cells (IC) in the
entire tumor region (IC, including lymphocytes, macrophages,
dendritic cells, and granulocytes). The tumor region was the
proportion of tumor cells and their associated intratumoral and
peritumoral stroma. The IC staining pattern was dark brown dots or
lines. A percentage of < 1% was considered negative, and > 1% was
considered positive. (2) PD-L1 (22C3): The percentage of partial or
complete membrane stained tumor cells in all living tumor cells
present in the sample. A percentage of < 1% was considered
negative, and > 1% was considered positive. (3) Positive B7-H3
and B7-H4 were evaluated according to the intensity of the
epithelial tumor cell-specific cytoplasmic/membranous staining

(0 - negative; 1 - very weak; 2 - moderate; and 3 - strong
expression). Staining scores of 0 and 1 were defined as negative
staining, whereas 2 and 3 were regarded as positive staining (21).

Statistical Analysis

Fisher’s exact test was used to analyze the relationship between PD-
L1, B7-H3, and B7-H4 protein expressions and clinicopathological
parameters. OS was defined as the date of death or the date of the last
follow-up. The survival curve was drawn using the Kaplan-Meier
method, and the P value comparison was performed using the log-
rank test. We used Cox proportional hazards models to assess the
significance of B7-H3 and B7-H4 in univariate and multivariate
analyses. A P value of < 0.05 was considered statistically significant.
All analyses were performed using the SPSS 21 software package
(IBM, Armonk, NY).

RESULTS

Clinical Pathological Data

The immunohistochemical staining of PD-L1, B7-H3, and B7-
H4 for the TMAs of 115 small cell lung cancer patients and their
adjacent tissues was performed, of which 1 pair of the
immunohistochemical images were absent from B7-H3, and 3
pairs were absent from B7-H4. All patients were followed up to

G

FIGURE 1 | Typical immunohistochemistry of PD-L1, B7-H3, and B7-H4 protein. (A) The negative and positive expression of the PD-L1 protein in tonsil tissue.
(B) The negative expression of the B7-H3 protein in normal lung tissue. (C) The positive expression of the B7-H3 protein in adenocarcinoma of the lung. (D) The
negative expression of the B7-H4 protein in normal lung tissue. (E) The positive expression of the B7-H4 protein in prostatic carcinoma.
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September 6, 2019, but 8 were lost to follow-up. The median time of
the patients was 18 months (1-57 months). The clinicopathology of
the 107 cases of SCLC evaluated is shown in Table 1. The study
included 92 men (85.98%) and 15 women (14.02%). The median
age was 59 years (40 to 79 years). The majority of patients
underwent chemotherapy (81.31%), a few (12.15%) underwent
surgery. Seventy-three patients (68.22%) had lymph node
metastasis, and 39 patients (36.45%) had distant metastasis.

We analyzed the expression of PD-L1 in tumor cells and tumor-
infiltrating immune cells. The positive expression of PD-L1 in
tumor cells was presented as partial or complete staining of the
cell membrane (Figure 2A). The positive expression of PD-L1 in
tumor-infiltrating immune cells was presented as dark brown dots
or lines (Figure 2B). The positive expression of B7-H3 and B7-H4
in TMA membranes or cytoplasms (or both) showed different
degrees of yellow-brown staining (Figures 3A, C). There were also
negative expressions of B7-H3 and B7-H4 (Figures 3B, D). The
positive expression rates of PD-L1, B7-H3, and B7-H4 were 13.08%,
64.49%, and 74.77%, respectively. As shown in Table 2, the B7-H3
protein expression was significantly related to tumor size (P <
0.001), and the B7-H4 protein expression was significantly related to
distant metastasis (P = 0.049). However, the association between the
PD-L1 protein expression and clinicopathological characteristics
was not statistically significant.

Clinical Results

The Kaplan Meier survival curve analysis showed no significant
correlation between PD-L1 expression and survival time
(Figure 4A). However, compared with the negative expression
group (B7-H3, 23.81 + 10.968 months; B7-H4, 28.42 + 18.050
months), patients with positive B7-H3 or B7-H4 expression had
shorter OS times (B7-H3, 7.39 + 3.965; B7-H4, 8.61 + 3.987
months) (B7-H3, P = 0.006; B7-H4, P = 0.019) (Figures 4B, C).
In the univariate analysis, the clinical and pathological features
associated with shorter OS were men (P = 0.048), tumor size > 5 cm
(P = 0.008), lymph node metastases (P = 0.005), distant metastases
(P < 0.001), without chemotherapy (P = 0.003), B7-H3 positive
expression (P = 0.008), and B7-H4 positive expression (P = 0.024)
(Table 3). Gender, tumor size, lymph node metastasis, distant
metastasis, chemotherapy, B7-H3 expression, and B7-H4
expression were included in the multivariate analysis of Cox
proportional hazard models. The results showed that the B7-H4
protein expression was not an independent prognostic factor of OS
(Hazard ratio = 1.789; 95% confidence interval (CI): 0.933-3.256; P
=0.251). In contrast, the negative expression of B7-H3 in small cell
lung cancer was an independent prognostic factor that improves OS
(Hazard ratio = 2.125; 95% CI: 0.985-4.462; P = 0.028) (Table 4).

DISCUSSION

The immune system is an important regulatory system in
tumor biology that develops and coordinates its attack mode,
through its judgment of self and non-self, and restores an

TABLE 1 | Clinicopathological characteristics of patient samples and the
expression of PD-L1, B7-H3, and B7-H4 in small cell lung cancer.

Characteristics Number of cases (%)

Age (years)

<50 23 (21.50)

>50 84 (78.50)
Gender

Female 15 (14.02)

Male 92 (85.98)
Tumor size

<5cm 52 (48.60)

>5cm 54 (50.47)

NA 1(0.99)
Lymph node status

N O 34 (31.78)

N 1-3 73 (68.22)
Metastasis

No 68 (63.55)

Yes 39 (36.45)
Operation

No 94 (87.85)

Yes 13 (12.15)
Radiotherapy

No 67 (62.62)

Yes 37 (34.58)

NA 3(2.80)
Chemotherapy 13 (12.15)

No 87 (81.31)

Yes 7 (6.54)

NA
Expression of B7-H3

Negative 37 (34.58)

Positive 69 (64.49)

NA 1(0.99)
Expression of B7-H4

Negative 24 (22.43)

Positive 80 (74.77)

NA 3(2.80)
Expression of PD-L1

Negative 93 (86.92)

Positive 14 (13.08)

NA, not available.

equilibrium state. Theoretically, host T cells can distinguish
tumor cell antigens and destroy tumors, but, in reality, there
are very few tumor cells cleared by the immune system. This is
because cancer cells can escape the immune system through a
variety of ways and use this metamorphic “self” protection
method to proliferate and spread in the body (22).

The occurrence and development of SCLC are hidden and
complicated processes. Also, continuous or intermittent
chemoradiation stimulation can easily lead to the emergence of
new SCLC antigens released from apoptotic tumor cells, which
makes traditional treatment methods unable to effectively identify
tumor cells and exert their anti-cancer effect (23). Through the in-
depth study of tumor microenvironments, an important class of
immune checkpoint molecules - the negative co-stimulatory B7
family molecules — has been uncovered and has attracted more and
more attention in recent times. As inhibitory ligands, after the
negative co-stimulatory B7 family molecules bind to their receptors,
they regulate T cell proliferation and cytokine secretion negatively at
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positive expression of the PD-L1 protein in SCLC tumor-infiltrating immune cells.

FIGURE 2 | The immunohistochemistry of the PD-L1 protein in small cell lung cancer (SCLC). (A) The positive expression of the PD-L1 protein in SCLC. (B) The

a certain threshold of T cell receptor attack, damage T cell immune
function in tumor microenvironments, and induce the inactivation
of infiltrating T cells, enabling tumor cells to escape immune
surveillance, maintain peripheral tolerance, and promote tumor
development. At the same time, the secretion of many cytokines,
including IL-10 and IEN-y, is also affected (24).

In the SCLC tissue samples, we found that B7-H3 and B7-H4
were highly expressed positively. The expressions of these
molecules on cancer cells were dispersed in the whole
section locally or sporadically and correlated with larger tumor
sizes and the tendency to metastasize. The expression of
both molecules was associated with shorter survival time.
However, the expression of PD-L1 had nothing to do with
clinicopathological features and OS. Additionally, we found
that the expression of PD-L1, B7-H3, and B7-H4 in adjacent
tissues was significantly lighter than that in the corresponding

cancer tissues, indicating that the three molecules did change
in SCLC.

B7-H3 expression is reportedly associated with a decrease in T
cell proliferation and interferon-y production, and B7-H3 blockade
can lead to an increase in CD8+T cell influx and antitumor effects
(25, 26). There is evidence that B7-H4 can be used as a co-inhibitor
of T cell responses (27, 28). The overexpression of B7-H4 promotes
the proliferation of FOXP3+ regulatory T cells and the secretion of
IL-10 and TGF-B1, inhibiting antigen presentation cell function and
exerting immune tolerance in tumor microenvironments (29-31).

Furthermore, we performed a Spearman correlation analysis
based on the intensity scores of the expression of B7-H3 and B7-H4
and found that the two correlated significantly (the Spearman
correlation was 0.533, P < 0.001). We believe that some common
mechanisms promote the overactivation of inhibitory signals and
biological activities in tumor cells. Yes, this study only revealed the
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H4 protein in SCLC.

FIGURE 3 | The immunohistochemistry of the B7-H3 and B7-H4 proteins in small cell lung cancer (SCLC). (A) The positive expression of the B7-H3 protein in
SCLC. (B) The negative expression of the B7-H3 protein in SCLC. (C) The positive expression of the B7-H4 protein in SCLC. (D) The negative expression of the B7-

expression of three negative co-stimulatory B7 family molecules in
SCLC and their correlation with prognosis. Therefore, the specific
molecular pathway mechanism needs further research.
Admittedly, our research has certain limitations. During the
TMA production process, the quality of the staining of some
images was poor, and there was an over- or under-labeling of
target proteins due to the methods and materials used. Our
results also contradict findings from other studies. In our study,
the positive rate of PD-L1 was only 13.08%, whereas, this rate is
highly variable (0-71.6%) in SCLC in other evaluations (32, 33).
The differences in this rate may stem from many different factors
during the expression of the negative co-stimulatory B7 family
molecules, such as the choice of cancer species, the quality of the
sample, and the sensitivity to reagents. All of the above factors
may have significant effects on the expression of PD-L1, B7-H3,

and B7-H4. As a subtype of neuroendocrine cancer, although the
treatment of small cell lung cancer was mainly radiotherapy and
could achieve good therapeutic effects, there were still some
patients asked for surgical resection of the lesion, so our data
also had higher part of patients undergoing the operation. In our
research, PD-L1, B7-H3, and B7-H4 were not related to surgery,
radiotherapy and chemotherapy. Our study was a retrospective
study. Most patients had no record of immune check point
inhibitors therapy, and chemoradiotherapy was the main
treatment for SCLC. Therefore, the expression levels of these
three negative co-stimulatory B7 family molecules were of little
significance to the treatment modalities and we could not know
among all those treatment modalities which affect the most on
immune check point inhibitors expression. In the future, this will
also be the direction we need to further study.
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TABLE 2 | Correlation between the expressions of PD-L1, B7-H3, and B7-H4 and clinicopathologic characteristics of small cell lung cancer patients.

Variables PD-L1 p-values?® B7-H3 p-values® B7-H4 p-values?®
Negative Positive Negative Positive Negative Positive

Age (years) 19 4 0.494 7 16 0.805 6 16 0.580
<50 74 10 30 53 18 64
>50

Gender 13 2 1.000 3 12 0.250 3 12 1.000
Female 80 12 34 57 21 68
Male

Tumor size 47 5 0.471 27 25 <0.001* 16 36 0.158
<56cm 45 9 10 43 8 43
>5cm 1 0 0 1 0 1
NA

Lymph node status 29 5 0.763 10 23 0.660 10 24 0.325
N O 64 9 27 46 14 56
N 1-3

Metastasis 58 10 0.568 28 40 0.090 20 48 0.049*
No 35 4 9 29 4 32
Yes

Operation 80 14 0.209 31 62 0.370 20 71 0.491
No 13 0 6 7 4 9
Yes

Radiation 56 ihl 0.587 22 45 0.465 18 46 0.164
No 34 3 13 23 5 32
Yes 3 0 2 1 1 2
NA

Chemotherapy 13 0 0.211 5 8 0.791 2 Ihl 0.745
No 73 14 29 57 20 64
Yes 7 0 3 4 2 5
NA

Fisher’s exact test
*indicates p < 0.05.

Targeted immunotherapy refers to a therapeutic method that
acts on the immune system, blocks the immunosuppressive
signal, and produces an effective anti-tumor response
by targeting immune cells. Enoblituzumab (MGA271,
Macrogenics) is an optimized monoclonal antibody for B7-H3
targeted therapy. As of October 12, 2018, there were 133 patients
with melanoma expressing B7-H3. Head and neck squamous cell
carcinoma (SCCHN), non-small cell lung cancer (NSCLC), and
urothelial patients have been evaluated in phase I clinical studies
for the significant therapeutic effect of MGA271 alone or in
combination with anti-PD-1 monoclonal antibodies (34). Drug
development and trials for B7-H4 are currently underway (35).
In SCLC, further understanding the regulation of B7-H3 and B7-
H4 expression, the recognition of their cognate receptors, and
their immunomodulatory role in cancer will be key to supporting
further clinical development. Meanwhile, exploring
immunosuppressive combination therapy strategies for
different targets to supplement the single-drug treatment plan
is very effective in the omission of other targets and
delayed response.

The detection of the expression of negative co-stimulatory B7
family molecules in patients’ tumor tissues can help to clinically
evaluate the efficacy of checkpoint antibody drugs and the
selection of patients. Closely monitoring immune checkpoints

during disease diagnosis and treatment can further guide the
targeting and programing of tumor immunotherapy. The joint
development of immunological checkpoint therapeutic
monoclonal antibodies and accompanying diagnostic reagents
is an inevitable trend for targeted immune checkpoint therapy in
the future. In order to develop more efficient combined
immunization programs, we must constantly explore new
therapeutic targets and biomarkers. Therefore, we need to pay
attention to the specificity of tumor area microenvironments and
explore the key immune checkpoint molecules involved in the
different stages of cancer evolution. We hope to use advanced
diagnostic technology and integrate multidisciplinary resources
to jointly study the processes of tumor imbalance and
immune escape.

CONCLUSIONS

In summary, we analyzed the expression of three different
negative co-stimulatory B7 family molecules in human SCLC
using immunohistochemistry and clinical data. Surgery was
an inappropriate treatment for most SCLC patients, while
chemotherapy and radiotherapy were the better choices. The
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FIGURE 4 | Survival analysis of PD-L1, B7-H3, and B7-H4 expressions in
small cell lung cancer. (A) The survival curve shows that the total survival rate
of the PD-L1 negative group is higher than that of the PD-L1 positive group
(P > 0. 05). (B) The survival curve shows that the total survival rate of the B7-
H3 negative group is higher than that of the B7-H3 positive group (P < 0. 05).
(C) The survival curve shows that the total survival rate of the B7-H4 negative
group is higher than that of the B7-H4 positive group (P < 0. 05).

TABLE 3 | Univariate analyses of various prognostic parameters in patients with
small cell lung cancer cox-regression analysis.

Univariable analysis

Variables Hazard Ratio 95% ClI p
Age (< 50 VS > 50) 1.064 0.585-1.936 0.840
Gender (female VS male) 2.521 1.008-6.306 0.048*
Tumor size (< 5 cm VS > 5cm) 2.057 1.204-3.513 0.008*
Lymph node status (NO VS N1-3) 2.469 1.308-4.662 0.005*
Metastasis (No VS Yes) 2.727 1.638-4.539 <0.001*
Operation (Yes VS No) 1.334 0.632-2.254 0.087
Radiation (Yes VS No) 2.346 1.233-4.721 0.105
Chemotherapy (Yes VS No) 2.936 1.178-5.236 0.003*
PD-L1 (negative VS positive) 1.321 0.563-2.578 0.603
B7-H3 (negative VS positive) 2.251 1.233-4.110 0.008*
B7-H4 (negative VS positive) 2.371 1.120-5.018 0.024*

Cl, confidence interval.
*indicates p < 0.05.

main chemotherapy regimens were etoposide and cisplatin
(56%), followed by irinotecan and cisplatin (30%), and 81.31%
of patients received chemotherapy. Surgery and radiotherapy
had no significant effect on the prognosis of SCLC patients,
but chemotherapy could significantly improve the survival
time of patients. However, PD-L1, B7-H3, and B7-H4 were
not related to surgery, radiotherapy, and chemotherapy. Both
B7-H3 and B7-H4 suppress the immune system, although the
impact of B7-H3 is more significant.
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TABLE 4 | Multivariate analyses of various prognostic parameters in patients with small cell lung cancer cox-regression analysis.

Variables Multivariable analysis
Hazard Ratio B7-H3 Hazard Ratio B7-H4

95% ClI P 95% ClI P
Gender (female VS male) 3.237 1.360-8.141 0.067 3.066 1.128-8.943 0.087
Tumor size (< 5 cm VS > 5cm) 1.326 0.722-2.157 0.811 1.432 0.668-2.544 0.293
Lymph node status (NO VS N1-3) 2.133 1.051-3.739 0.042* 2.167 0.985-3.968 0.068
Metastasis (No VS Yes) 2514 1.369-5.322 0.012* 2.437 1.346-4.378 0.016*
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B7-H3 (negative VS positive) 2125 0.985-4.462 0.028* - - -
B7-H4 (negative VS positive) - - - 1.789 0.933-3.256 0.251
Cl, confidence interval.
*indicates p < 0.05.

FUNDING

contributed the analysis tools and analyzed the data for the
study. M-JQ wrote the paper. QX and X]J revised the
manuscript. All authors contributed to the article and
approved the submitted version.

REFERENCES

1.

10.

11.

12.

Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global cancer
statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide
for 36 cancers in 185 countries. CA Cancer ] Clin (2018) 68(6):394-424. doi:
10.3322/caac.21492

. Semenova EA, Nagel R, Berns A. Origins, genetic landscape, and emerging

therapies of small cell lung cancer. Genes Dev (2015) 29(14):1447-62. doi:
10.1101/gad.263145.115

. Kalemkerian GP, Akerley W, Bogner P, Borghaei H, Chow LQ, Downey R]J,

et al. Small cell lung cancer. ] Natl Compr Canc Netw (2013) 11(1):78-98. doi:
10.6004/jnccn.2013.0011

. Pleasance ED, Stephens PJ, O’Meara S, McBride DJ, Meynert A, Jones D, et al.

A small-cell lung cancer genome with complex signatures of tobacco
exposure. Nature (2010) 463(7278):184-90. doi: 10.1038/nature08629

. Rudin CM, Durinck S, Stawiski EW, Poirier JT, Modrusan Z, Shames DS,

et al. Comprehensive genomic analysis identifies SOX2 as a frequently
amplified gene in small-cell lung cancer. Nat Genet (2012) 44(10):1111-6.
doi: 10.1038/ng.2405

. Peifer M, Fernandez-Cuesta L, Sos ML, George J, Seidel D, Kasper LH, et al.

Integrative genome analyses identify key somatic driver mutations of small-
cell lung cancer. Nat Genet (2012) 44(10):1104-10. doi: 10.1038/ng.2396

. Ceeraz S, Nowak EC, Noelle R]. B7 family checkpoint regulators in immune

regulation and disease. Trends Immunol (2013) 34(11):556-63. doi: 10.1016/
j.it.2013.07.003

. Rudulier CD, McKinstry KK, Al-Yassin GA, Kroeger DR, Bretscher PA. The

number of responding CD4 T cells and the dose of antigen conjointly
determine the TH1/TH2 phenotype by modulating B7/CD28 interactions.
J Immunol (2014) 192(11):5140-50. doi: 10.4049/jimmunol.1301691

. Schildberg FA, Klein SR, Freeman GJ, Sharpe AH. Coinhibitory pathways in

the B7-CD28 ligand-receptor family. Immunity (2016) 44(5):955-72. doi:
10.1016/j.immuni.2016.05.002

Janakiram M, Shah UA, Liu W, Zhao A, Schoenberg MP, Zang X. The third
group of the B7-CD28 immune checkpoint family: HHLA2, TMIGD2, B7x,
and B7-H3. Immunol Rev (2017) 276(1):26-39. doi: 10.1111/imr.12521
Beatty GL, Gladney WL. Immune escape mechanisms as a guide for cancer
immunotherapy. Clin Cancer Res (2015) 21(4):687-92. doi: 10.1158/1078-
0432.CCR-14-1860

Topalian SL, Drake CG, Pardoll DM. Immune checkpoint blockade: a
common denominator approach to cancer therapy. Cancer Cell (2015) 27
(4):450-61. doi: 10.1016/j.ccell.2015.03.001

This study was supported by the National Key Research and
Development Program of China (2018YFC2002000), and the
National Natural Science Foundation of China (81874232).

13. Leung J, Suh WK. The CD28-B7 Family in Anti-Tumor Immunity: Emerging
Concepts in Cancer Immunotherapy. Immune Netw (2014) 14(6):265-76. doi:
10.4110/in.2014.14.6.265

14. NiL, Dong C. New B7 family checkpoints in human cancers. Mol Cancer Ther
(2017) 16(7):1203-11. doi: 10.1158/1535-7163.MCT-16-0761

15. Ott PA, Fernandez M EE, Hiret S, Kim DW, Mehnert JM. Pembrolizumab
(MK-3475) in patients (pts) with extensive-stage small cell lung cancer
(SCLC): Preliminary safety and efficacy results from KEYNOTE-028. ] Clin
Oncol (2015) 33(Suppl 15):p7502. doi: 10.1200/jc0.2015.33.15_suppl.7502

16. Taylor M, Antonia S, Bendell ], Calvo E, Jager D, De Braud F, et al. Phase I/II
study of nivolumab with or without ipilimumab for treatment of recurrent
small cell lung cancer (SCLC): CA209-032. ] Immunother Cancer (2015) 3
(Suppl 2):p376. doi: 10.1186/2051-1426-3-52-P376

17. Sul J, Blumenthal GM, Jiang X, He K, Keegan P, Pazdur R. FDA approval
summary: Pembrolizumab for the treatment of patients with metastatic
non-small cell lung cancer whose tumors express programmed
death-ligand 1. Oncologist (2016) 21(5):643-50. doi: 10.1634/
theoncologist.2015-0498

18. Kazandjian D, Suzman DL, Blumenthal G, Mushti S, He K, Libeg M, et al. FDA
approval summary: Nivolumab for the treatment of metastatic non-small cell lung
cancer with progression on or after platinum-based chemotherapy. Oncologist
(2016) 21(5):634-42. doi: 10.1634/theoncologist.2015-0507

19. Ning YM, Suzman D, Maher VE, Zhang L, Tang S, Ricks T, et al. FDA approval
summary: Atezolizumab for the treatment of patients with progressive advanced
urothelial carcinoma after platinum-containing chemotherapy. Oncologist (2017)
22(6):743-9. doi: 10.1634/theoncologist.2017-0087

20. Rebelatto MC, Midha A, Mistry A, Sabalos C, Schechter N, Li X, et al.
Development of a programmed cell death ligand-1 immunohistochemical
assay validated for analysis of non-small cell lung cancer and head and neck
squamous cell carcinoma. Diagn Pathol (2016) 11(1):95. doi: 10.1186/s13000-
016-0545-8

21. Hamanishi J, Mandai M, Iwasaki M, Okazaki T, Tanaka Y, Yamaguchi K, et al.
Programmed cell death 1 ligand 1 and tumor-infiltrating CD8+ T
lymphocytes are prognostic factors of human ovarian cancer. Proc Natl
Acad Sci U S A (2007) 104(9):3360-5. doi: 10.1073/pnas.0611533104

22. Borst ], Ahrends T, Babala N, Melief C, Kastenmuller W. CD4(+) T cell help
in cancer immunology and immunotherapy. Nat Rev Immunol (2018) 18
(10):635-47. doi: 10.1038/s41577-018-0044-0

23. Twyman-Saint VC, Rech AJ, Maity A, Rengan R, Pauken KE, Stelekati E, et al.
Radiation and dual checkpoint blockade activate non-redundant immune
mechanisms in cancer. Nature (2015) 520(7547):373-7. doi: 10.1038/nature14292

Frontiers in Oncology | www.frontiersin.org

April 2021 | Volume 11 | Article 600238


https://doi.org/10.3322/caac.21492
https://doi.org/10.1101/gad.263145.115
https://doi.org/10.6004/jnccn.2013.0011
https://doi.org/10.1038/nature08629
https://doi.org/10.1038/ng.2405
https://doi.org/10.1038/ng.2396
https://doi.org/10.1016/j.it.2013.07.003
https://doi.org/10.1016/j.it.2013.07.003
https://doi.org/10.4049/jimmunol.1301691
https://doi.org/10.1016/j.immuni.2016.05.002
https://doi.org/10.1111/imr.12521
https://doi.org/10.1158/1078-0432.CCR-14-1860
https://doi.org/10.1158/1078-0432.CCR-14-1860
https://doi.org/10.1016/j.ccell.2015.03.001
https://doi.org/10.4110/in.2014.14.6.265
https://doi.org/10.1158/1535-7163.MCT-16-0761
https://doi.org/10.1200/jco.2015.33.15_suppl.7502
https://doi.org/10.1186/2051-1426-3-S2-P376
https://doi.org/10.1634/theoncologist.2015-0498
https://doi.org/10.1634/theoncologist.2015-0498
https://doi.org/10.1634/theoncologist.2015-0507
https://doi.org/10.1634/theoncologist.2017-0087
https://doi.org/10.1186/s13000-016-0545-8
https://doi.org/10.1186/s13000-016-0545-8
https://doi.org/10.1073/pnas.0611533104
https://doi.org/10.1038/s41577-018-0044-0
https://doi.org/10.1038/nature14292
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Qiu et al.

B7-H3 and B7-H4 Correlate With Prognosis in SCLC

24.

25.

26.

27.

28.

29.

30.

31.

32.

He JB, Hu Y, Hu MM, Li BL. Development of PD-1/PD-L1 pathway in tumor
immune microenvironment and treatment for non-small cell lung cancer. Sci
Rep (2015) 5:13110. doi: 10.1038/srep13110

Sun TW, Gao Q, Qiu SJ, Zhou J, Wang XY, Yi Y, et al. B7-H3 is expressed in
human hepatocellular carcinoma and is associated with tumor aggressiveness
and postoperative recurrence. Cancer Immunol Immun (2012) 61(11):2171—
82. doi: 10.1007/500262-012-1278-5

Yamato I, Sho M, Nomi T, Akahori T, Shimada K, Hotta K, et al. Clinical
importance of B7-H3 expression in human pancreatic cancer. Br ] Cancer
(2009) 101(10):1709-16. doi: 10.1038/s].bjc.6605375

Suh WK, Wang S, Duncan GS, Miyazaki Y, Cates E, Walker T, et al.
Generation and characterization of B7-H4/B7S1/B7x-deficient mice. Mol
Cell Biol (2006) 26(17):6403-11. doi: 10.1128/MCB.00755-06

Zhu G, Augustine MM, Azuma T, Luo L, Yao S, Anand S, et al. B7-H4-
deficient mice display augmented neutrophil-mediated innate immunity.
Blood (2009) 113(8):1759-67. doi: 10.1182/blood-2008-01-133223

Wang X, Wang TT, Xu M, Xiao L, Luo Y, Huang WL, et al. B7-H4 overexpression
impairs the immune response of T cells in human cervical carcinomas. Hum
Immunol (2014) 75(12):1203-9. doi: 10.1016/j.humimm.2014.10.002

Zhao LW, Li C, Zhang RL, Xue HG, Zhang FX, Zhang F, et al. B7-H1 and B7-
H4 expression in colorectal carcinoma: correlation with tumor FOXP3(+)
regulatory T-cell infiltration. Acta Histochem (2014) 116(7):1163-8. doi:
10.1016/j.acthis.2014.06.003

Kryczek I, Wei S, Zou L, Zhu G, Mottram P, Xu H, et al. Cutting edge: induction of
B7-H4 on APCs through IL-10: novel suppressive mode for regulatory T cells. J
Immunol (2006) 177(1):40-4. doi: 10.4049/jimmunol.177.1.40

Ishii H, Azuma K, Kawahara A, Yamada K, Imamura Y, Tokito T, et al.
Significance of programmed cell death-ligand 1 expression and its association

33.

34.

35.

with survival in patients with small cell lung cancer. ] Thorac Oncol (2015) 10
(3):426-30. doi: 10.1097/JT0O.0000000000000414

Tsuruoka K, Horinouchi H, Goto Y, Kanda S, Fujiwara Y, Nokihara H, et al.
PD-L1 expression in neuroendocrine tumors of the lung. Lung Cancer (2017)
108:115-20. doi: 10.1016/j.lungcan.2017.03.006

Powderly J, Cole G, Flaherty K, Szmulewitz RZ, Ribas A, Weber J, et al.
Interim results of an ongoing Phase I, dose escalation study of MGA271 (Fc-
optimized humanized anti-B7-H3 monoclonal antibody) in patients with
refractory B7-H3-expressing neoplasms or neoplasms whose vasculature
expresses B7-H3. J Immunother Cancer (2015) 3(Suppl 2):pO8. doi:
10.1186/2051-1426-3-S2-08

Leong SR, Liang WC, Wu Y, Crocker L, Cheng E, Sampath D, et al. An anti-
B7-H4 antibody-drug conjugate for the treatment of breast cancer. Mol Pharm
(2015) 12(6):1717-29. doi: 10.1021/mp5007745

Conflict of Interest: XF was employed by Charles River Laboratories, Inc.

The remaining authors declare that the research was conducted in the absence of
any commercial or financial relationships that could be construed as a potential
conflict of interest.

Copyright © 2021 Qiu, Xia, Chen, Fang, Li, Zhu, Jiang, Xiong and Yang. This is an
open-access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply with
these terms.

Frontiers in Oncology | www.frontiersin.org

April 2021 | Volume 11 | Article 600238


https://doi.org/10.1038/srep13110
https://doi.org/10.1007/s00262-012-1278-5
https://doi.org/10.1038/sj.bjc.6605375
https://doi.org/10.1128/MCB.00755-06
https://doi.org/10.1182/blood-2008-01-133223
https://doi.org/10.1016/j.humimm.2014.10.002
https://doi.org/10.1016/j.acthis.2014.06.003
https://doi.org/10.4049/jimmunol.177.1.40
https://doi.org/10.1097/JTO.0000000000000414
https://doi.org/10.1016/j.lungcan.2017.03.006
https://doi.org/10.1186/2051-1426-3-S2-O8
https://doi.org/10.1021/mp5007745
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	The Expression of Three Negative Co-Stimulatory B7 Family Molecules in Small Cell Lung Cancer and Their Effect on Prognosis
	Introduction
	Materials and Methods
	Patient and Clinicopathological Data
	Tissue Microarray Construction
	Immunohistochemistry and Evaluation
	Statistical Analysis

	Results
	Clinical Pathological Data
	Clinical Results

	Discussion
	Conclusions
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


