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Expression of a novel immune checkpoint B7-H6 ligand in human
small cell lung cancer

Xiuqin Zhang", Weiguo Xie’*, Zhiqiang Wang’, Shu Song®, Yan Qin’, Fang Zhang', Fangfang Chen',
Liming Cai'

'Department of Respiratory Medicine, Affiliated Hospital of Jiangnan University, Wuxi 214000, China; “Department of Respiratory Medicine, The
Affiliated Jiangyin Hospital of Southeast University Medical College, Jiangyin 214400, China; 'Department of Thoracic and Cardiovascular Surgery,
Affiliated Hospital of Jiangnan University, Wuxi 214000, China; *Department of Pathology Medicine, Shanghai Public Health Clinical Center,
Fudan University, Shanghai 200000, China; "Department of Pathology Medicine, Affiliated Hospital of Jiangnan University, Wuxi 214000, China
Contributions: (I) Conception and design: L Cai; (II) Administrative support: X Zhang; (IIT) Provision of study materials: W Xie, S Song, Y Qin; (IV)
Collection and assembly of data: F Zhang, F Chen; (V) Data analysis and interpretation: X Zhang, W Xie, Z Wang; (VI) Manuscript writing: All
authors; (VII) Final approval of manuscript: All authors.

"These authors contributed equally to this work.

Correspondence to: Liming Cai. Department of Respiratory Medicine, Affiliated Hospital of Jiangnan University, 200 Huihe street, Binhu District,
Wausxi 214000, China. Email: clm20031953@qq.com.

Background: B7-HG6 is a novel co-stimulatory ligand that is detected in most malignancies. However, the
significance of B7-H6 in small cell lung cancer (SCLC) remains unknown.

Methods: B7-H6 expression was analyzed by immunohistochemistry (IHC) in 103 collected SCLC
samples, and its association with clinicopathological characteristics and prognosis was analyzed. The 2-year
survival rates were also investigated.

Results: B7-Ho6-positive staining was detected in 58 (56.31%) SCLC cases, and found to be localized
mainly in the intracellular space of SCLC. Weak staining in lung tissues was observed in 4 (8%) cases. B7-
H6 positive staining was significantly related to tumor-node-metastasis stage (P=0.028), age (P=0.001), and
distant metastasis (P=0.033), whereas there was no association with smoking status, sex, mass size, limited-
stage SCLC/extensive-stage SCLC, Karnofsky performance status, or nodal metastasis status. The 2-year
survival rates showed that there were more patients whose survival was shorter than 2 years in the B7-H6-
positive group compared with the B7-H6-negative group (P=0.042).

Conclusions: Our findings suggest that B7-HG is involved in early-stage SCLC and could serve as an early
marker to predict human SCLC progression and distant metastasis. B7-H6 may be a valuable therapeutic

target with potential clinical applications in the future.
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Introduction

Lung carcinoma still stands as the world’s leading cause of
death among human malignancies, and is one of the most
commonly diagnosed tumors (1). One of its more common
subtypes, small cell lung cancer (SCLC), accounts for
10-20% of lung carcinomas (2). A few of the key hallmarks
of SCLC are its rapid development and strong resistance to
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chemotherapy, thus leading to its overall association with
poor prognosis. An effective therapeutic target in SCLC
has not been identified to date (3), underscoring the need
to identify novel markers and therapeutic targets for the
treatment of SCLC.

The immune checkpoint molecules belonging to the
B7 family play a vital role in tumor-associated immune
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responses (4). B7-H6 is a newly identified co-stimulatory
ligand that shows similarity to other immune co-stimulatory
molecules. B7-H6 as a trans-membrane molecule binds
to natural cytotoxicity triggering receptor 3 (NKp30).
NKp30 is located mainly on the surface of natural killer
cells, which produce cytotoxic chemokines to initiate
antitumor responses (5-7). B7-H6-positive expression has
been identified in various human malignancies including
those of the ovaries and breast, and is associated with tumor
progression (8-10). Nevertheless, the clinical significance of
B7-H6 expression in SCLC remains unknown.

We thus analyzed B7-H6 staining in SCLC and
normal lung tissues by immunohistochemistry (IHC), and
investigated the correlation of B7-H6 with the clinical
factors of patients having SCLC. We further surveyed
the impact of B7-H6 on survival rates at 2 years and the
prognosis of SCLC patients. This study’s objective was to
determine if B7-H6 could potentially act as a marker for
predicting SCLC progression and as a therapeutic target in
SCLC. We present the following article in accordance with
the REMARK reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-2548).

Methods
Specimens

In total, 103 SCLC wax block samples and 50 normal
lung wax block specimens (controls) were provided by the
Affiliated Hospital of Jiangnan University (Wuxi, China), the
Affiliated Jiangyin Hospital of Southeast University Medical
College, and the First People’s Hospital of Yancheng
Affiliated with Nantong University. In this study, both
tumor samples and non-tumor specimens were from patients
who were not undergoing chemotherapy or radiotherapy.
The median age was 64.21 (range, 33-85) years.
The clinicopathological features and survival data of
patients were collected. All specimens of patients were taken
with informed consent. The International Association for
the Study of Lung Cancer (IASLC, 8th edition) was used to
evaluate tumor-node-metastasis (TINM) staging of SCLC.
The ethics committees of the 3 hospitals approved the study
protocol.

IHC for SCLC samples

For THC staining, wax blocks were sectioned into 4 pm
sections, moved to adhesive slides, deparaffinized, and
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dehydrated. Antigen retrieval was performed as follows:
slides with tissue were placed in citrate buffer for 30 min
at 100 °C. To hinder the endogenous peroxidase activity,
sections were blocked with hydrogen peroxide for 30 min,
followed by washes with phosphate buffered saline.
Furthermore, B7-H6 polyclonal antibody (1:500 dilution,
Abcam, UK) was added to the sections and incubated
overnight at 4 °C, and rabbit IgG Ab 1 antibody (1:1,000
dilutions, Merck & Millipore) was used as a control.
Next, sections were incubated with horseradish peroxide
conjugated goat anti-rabbit IgG as secondary antibody
(Abcam, UK) for 15 min. Diaminobenzidine was used to
stain the sections and an Olympus BX43light microscope
(Olympus, Japan) was used to capture images.

Evaluation of B7-H6 staining in SCLC

Two independent pathologists examined and evaluated
the stained sections using clinical diagnosis and staining
scores. B7-H6 expression score was calculated based on
staining intensity and the staining percentage within
tumors. Staining percentage was assessed as follows:
0%=0; 1-10%=1; 11-33%=2; 34-66%=3; 67-100%=4.
Staining intensity was evaluated as follows: no staining =0;
light yellow indicating weak staining =1; yellowish brown
indicating moderate staining =2; brown indicating strong
staining =3. The score was determined as follows: 0=
negative; 1-4= weakly positive; 5-8= moderately positive;
9-12= strongly positive. B7-H6-positive and -negative
samples were divided as follows (11): a negative group
(score <2) and a positive group (score >2).

Statistical analysis

In this study, data were analyzed by SPSS 17.0. The
correlation of B7-H6 staining with clinical factors was
evaluated with the Chi-square test. Statistical significance
was determined at P values <0.05.

Results
B7-HG6 staining in SCLC samples

B7-H6 expression was analyzed by IHC in 103 SCLC
clinical specimens and 50 normal lung tissue specimens
(Tuble 1). B7-H6-positive staining was mainly localized

within the nucleus and cytoplasm of the cells (Figure I).
B7-H6 positivity was detected in 58 (56.31%) SCLC cases.
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Table 1 B7-H6 expression in SCLC tissues and normal lung tissues
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B7-H6
Group Cases Positive cases (%)
Positive cases Negative cases
SCLC tissues 103 58 45 56.31
Lung tissues 50 4 46 8
SCLC, small cell lung cancer.
A —F "
8.
Cas A v D

Figure 1 B7-H6 immunohistochemical staining in SCLC and lung tissues. (A) Weak staining at a magnification of x400 in SCLC. (B)

Moderate staining at a magnification of x400 in SCLC. (C) Negative staining at a magnification of x400 in SCLC. (D) Negative staining at

a magnification of x400 in lung tissues. SCLC, small cell lung cancer.

Moderate staining or strong staining was not observed in
normal lung specimens (Figure 1), whereas weak staining
was observed in 4 (8%) normal lung tissue specimens.

Relations among B7-H6 expression, clinical characteristics,
and prognosis

We investigated the correlation of B7-H6 staining with
clinicopathologic factors of SCLC patients. The results
showed a positive correlation between B7-H6 positivity and
clinical parameters such as TNM stage (P=0.028), distant
metastasis (P=0.033), and age (P=0.001) (7able 2). B7-
H6 positivity was not correlated with mass size, smoking
status, sex, Karnofsky performance status, limited-stage
SCLC/extensive-stage SCLC, and lymph node metastasis
status. The 2-year survival rates of B7-H6-positive and
-negative staining groups were also investigated. Significant
differences in 2-year survival rates were observed in
patients with B7-H6-positive and -negative expression. The
SCLC group with B7-H6-positive staining had a higher
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proportion of patients with a survival time of <2 years
(1able 2). The IHC staining results suggested that B7-H6 is
correlated with TNM stage and distant metastasis, as B7-
Ho6 expression was increased in early-stage patients with no
distant metastasis. SCLC patients with B7-H6 positivity
may have a higher degree of malignancy and a poorer
prognosis than patients with B7-H6 negativity.

Discussion

B7-H6 is a co-stimulatory ligand that plays a fundamental
role in the immune microenvironment and is expressed in
human malignancies and involved in tumor progression (5).
B7 family checkpoint molecules such as B7-H4 and B7-
HI1 are co-stimulatory ligands that interact with their
receptors on the T-cell surface and function as inhibitory
immune checkpoints in various human tumors (12). B7
family members are correlated with tumor progression
and prognosis (13). Programmed cell death 1 ligand (PD-
L1), B7-H4, and B7-H3 have been detected in SCLC
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Table 2 Association between B7-H6 expression and the clinicopathological parameters of SCLC patients

B7-H6
Characteristic Cases P value
Positive cases Negative cases

Gender
Male 80 47 33 0.352
Female 23 11 12

Age (years)
<65 44 33 11 0.001
>65 59 25 34

Smoking 0.575
Yes 49 29 20
No 54 29 25

Tumor size (cm)
<5 53 33 20 0.210
>5 50 25 25

LS/ES-SCLC
LS-SCLC 76 47 29 0.058
ES-SCLC 27 11 16

KPS
<70 11 5 6 0.655
>70 92 53 39

TNM stage
[+ 19 15 4 0.028
n+ v 84 43 41

Nodal metastasis
NO 10 9 1 0.054
N1+ N2 + N3 93 49 44

Distant metastasis
MO 75 47 28 0.033
M1 28 11 17

Survival time
<2 years 64 41 23 0.042
>2 years 39 17 22

SCLC, small cell lung cancer; LS, limited stage; ES, extensive stage; TNM, tumor-node-metastasis; KPS, Karnofsky performance status
score.
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patients (14). The development of therapies based on
targeting PD-1 and PD-L1 has progressed in recent years.
In the treatment of non-small cell lung cancer (NSCLC),
pembrolizumab (MSD Carlow, Ireland) combined
chemotherapy and nivolumab (Bristol-Myers Squibb)
combined chemotherapy have been used as first- and
second-line therapies, respectively (15-18). Atezolizumab
(Roche Holding Ltd., China) combined chemotherapy is
considered as first-line therapy in extensive-stage (ES)-
SCLC (19). These treatments have extended the overall
survival of NSCLC and SCLC patients. The clinical
importance and commitment to targeting these checkpoint
molecules has become evident during the treatment of these
malignancies (20).

B7-H6 is a novel B7 family checkpoint molecule. B7-
H6 interacts with its receptor NKp30, triggering tumor-
associated immune responses of NK cells, and contributes to
preventing tumor cells from escaping immune surveillance
in the tumor microenvironment (21-23). B7-H6 shows
a significant association with human malignancies (24),
whereas it is not expressed in non-tumor tissues. Chen
et al. (25) observed B7-HG6 positivity in human
hepatocellular carcinoma (HCC), and the relationship
of B7-H6 positivity with tumor size has been noted.
The negative relationship of B7-H6 expression with
hepatocellular carcinoma (HCC) patient survival time
has also been reported, while B7-H6 staining in breast
cancer tissues was additionally observed (8). The increased
expression of B7-H6 is significantly associated with a high
rate of lymph node metastasis and short-term survival,
and the human epidermal growth factor receptor 2,
which is associated with metastasis and poor prognosis, is
correlated with high B7-HG6 expression. Sieviliinen ez al. (26)
investigated the expression of immune co-stimulatory
molecules in oral squamous cell cancer (OSCC), and
found that the short-term survival of OSCC patients was
related to immune checkpoint molecules including B7-
H6. In a previous study, we showed that the differentiation
status in NSCLC is correlated with B7-H6 expression,
whereas NSCLC patient prognosis is not related to B7-
H6 expression (27). Rusakiewicz er al. (28) detected the
levels of soluble B7-H6 (sB7-H6) in gastrointestinal stromal
tumor (GIST) patients, and found that GIST patients with
metastasis have higher B7-HG6 expression than patients with
localized GIST, and B7-H6 levels decreased after imatinib
mesylate therapy, suggesting that B7-H6 levels in plasma
reflect tumor burden. However, the clinical significance of
B7-H6 in SCLC has received little attention.
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Here, we examined B7-H6 expression in SCLC
specimens by IHC. We investigated the impact of B7-
Ho6 on clinical features, and explored B7-H6 as a potential
predictor of early SCLC progression and poor prognosis.
B7-H6 staining was observed mainly in the intracellular
space within tumor cells. High B7-H6 expression was not
observed in normal lung specimens. B7-H6 positivity in
SCLC was correlated with distant metastasis, TNM stage,
and age, as higher B7-H6 staining was observed in early-
stage SCLC and non-distant metastasis groups. The 2-year
survival rates were significantly different between positive
B7-H6 and negative expression types, and these rates
showed that the group with B7-H6-positive expression had
a higher proportion of patients with a survival time shorter
than 2 years. The patients with B7-H6-positive staining
had a shorter survival time than those with B7-H6-negative
staining. The IHC results demonstrate that B7-H6 may be
involved in SCLC progression. Despite the inclusion of a
limited number of SCLC patients, the results indicate that
B7-H6 plays a vital role in early stage tumor progression
and has potential prognostic significance. B7-H6 may serve
as an early marker for predicting human SCLC progression
and metastasis.

The current study identified the potential clinical value
of B7-H6 for SCLC patients. B7-H6 could serve as an early
marker to predict human SCLC progression and distant
metastasis and has potential to be a valuable immune target

in future SCLC therapy.
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