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1  | INTRODUC TION

Gastrointestinal (GI) cancer has high tumour incidence and mortality 
rate in the world and has poor prognosis, which is affected by geo-
graphical environment, diet habits and sex.1 GI cancer has complex and 
multifactorial nosogenesis, and the mechanism is still unclear. Factors 
of genetic, cigarette smoking, diet habits, geographical environment 
were implicated.2 Oesophageal cancer is the sixth cause of death 

(386 000 death, 5.7% of total 2002) from cancer and the risk is asso-
ciated with age. Black men are more likely to have disease compared 
with other races.1 Among oesophageal cancer, 51.6% squamous- cell 
carcinoma and 41.9% adenocarcinoma have been identified.3 Gastric 
cancer (GC) is the third cause of death (723 100 death, 2012) from 
cancer to the incidence is twice higher in male compared with female. 
The 5- year survival rate from 2004 to 2010 is nearly 30% in all races 
of United States.4 Helicobactor pylori (H. pylori) infection has been iden-
tified as a risk factor for GC by International Agency for Research on 
Cancer (IARC) in 1994.5 Colorectal cancer (CRC) is the second cause of 
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Abstract
Objectives: B7 family has been identified as co- stimulatory or co- inhibitory mole-
cules on T- cell response and plays an important role in tumour mortality and malig-
nancy. In this study, the expression pattern of B7 family in gastrointestinal (GI) cancer 
was examined. Its upstream regulating mechanism, downstream targets and associa-
tion with clinical parameters were also studied.
Materials and methods: The expression level of B7 members was analysed by 
FIREHOUSE. The gene mutation, DNA methylation, association with clinical param-
eters and downstream network of B7 members were analysed in cBioportal. The 
mutation frequency was analysed by Catalogue of Somatic Mutations in Cancer 
(COSMIC) analysis. The phylogenetic tree was constructed in MEGA7. The interac-
tion protein domain analysis was performed by Pfam 31.0.
Results: Differential expression of B7 family molecules was detected in different 
kinds of GI cancer. High- frequency gene alteration was found in tumour samples. 
There was negative correlation of promoter methylation and mRNA expression of B7 
family members in tumour samples, suggesting the epigenetic basis of B7 family gene 
deregulation in GI cancer. The overexpression of B7- H1 in pancreatic cancer, B7- H5 
in oesophageal cancer and B7- H6 in liver cancer were significantly associated with 
worse overall survival. Finally, by network analysis, we identified some potential in-
teracting proteins for B7- 1/2 and B7- H1/DC.
Conclusions: Overall, our study suggested that B7 member deregulation was strongly 
involved in GI cancer tumorigenesis.
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death (529 000 deaths in 2002) from cancer.1 The survival from 2004 
to 2010 is 65%- 68% in all races of United States.4 Chronic inflamma-
tion is deemed as the major contributor to this malignant disease, such 
as Crohn’s disease (CD) and ulcerative colitis (UC), which could induce 
colitis- associated CRC with poor prognosis.6 Hepatocellular carcinoma 
(HCC) is the third most common cause of death from cancer.1 About 
110 000 persons died each year from HCC in China, which accounts 
for 45% of the deaths from HCC worldwide. China is also a hyperepi-
demic area for hepatitis B virus (HBV) infection (with an estimated car-
rier rate exceeding 10% in the general population) and hepatitis C virus 
(HCV) infection (with a prevalence of anti- HCV 3.1% of in the general 
population).7 The infection of HBV and HCV are regarded as important 
risk factor for liver cancer. Other environmental risk factors also con-
tribute to malignant liver tumour like aflatoxin, pickle, etc.8 Pancreatic 
cancer represents the fourth most common cause of cancer mortality 
worldwide9 and will probably be the second or third deadly cancer by 
2030.10 The 5- year survival rate was still lower than 6% in the United 
States and only 20% patients were able to receive resection.11 The 
serious local invasion, distant metastasis and chemoresistance make it 
the most devastating and lethal malignancy worldwide.12

The B7/CD28 family regulate T- cell activation, tolerance and au-
toimmunity and provide crucial positive or negative second signals 
on T- cell co- stimulatory or co- inhibitory functions.13 The B7/CD28 
family regulates T- cell response to influence proliferation and cy-
tokine production and may become attractive immunotherapeutic 
target.14 B7 family genes are essential elements for the adaptive im-
mune system regulation based on emergence of the Ig/TCR/MHC.15 
In the past decade, B7 family have been proved to have 9 members 
(Figure 1A) which are listed in NCBI gene database. Each member 
of B7 family contains at least 15% conjunct amino acid sequences. 
They are expressed by antigen- presenting cells (APCs) and tumour 
cells and have high expression in lung, ovarian cancer and breast 
cancer (more than half of patients having at least one B7 family gene 
amplification).16 The B7 family belongs to immunoglobulins super-
family and can be divided into 3 groups: group I including B7- 1/B7- 2/
CD28/CTLA4 and B7- H2/ICOS; group II containing B7- H1 (PD- L1)/
B7- DC (PD- L2)/PD- 1 and group III consisting of B7- H3 (CD276), B7x 
(B7- H4) and HHLA2 (B7- H7/B7- H5). Their ligands and receptors 
play important roles in T- cell co- stimulation or co- inhibition to af-
fect the immune system function.17 Research have shown that many 
inhibitory B7 members were massively expressed in tumour and 
contribute to tumour cell immunosuppression through the negative 
second signals, in which the abundance of inhibitory signals may at-
tenuate T- cell responses.13 Experimental evidence has shown that 
manipulation of B7 family could affect antitumour immunity and has 
great clinical implications.18-21 The involvement of B7 family mem-
bers in GI carcinogenesis is manifested by many investigations.22-37 
Previously, we have analysed the various aspects of B7 family mem-
bers in breast cancer using existing, publically available data.16 In the 
current study, we tried to get an overview of B7 family deregulation 
in GI cancer by analysing the mRNA expression level, genetic mu-
tation, prognostic value and interaction network of the B7 family 
members using large quantity patient data.

2  | MATERIAL S AND METHODS

2.1 | FIREHOUSE analysis

The expression profiles of B7 family genes in human GI cancer were 
analysed by Broad Institute FireBrowse portal using TCGA data 
(http://firebrowse.org/). We reconstructed the histogram through 
computational biological methods.

2.2 | Bioinformatics analysis

The Heatmap plot was based on Log2(RSEM+1) analysis38 using 
data from 1698 GI tumour samples in TCGA. The phylogenetic tree 
was constructed based on the full- length amino acid sequences 
of B7 family proteins and their corresponding targets using the 
neighbour- joining algorithm in MEGA7. The interaction protein 
domain analysis was carried out by Pfam 31.0 (http://pfam.xfam.
org/).

2.3 | cBioPortal database analysis

The cBioPortal for Cancer Genomics (http://www.cbioportal.org/) 
provides large- scale cancer genomic data and GI cancer clinical sam-
ple information. The 9 B7 family members were analysed in cBio-
portal for Cancer Genomics database in GI cancer (1917 samples). 
The role of B7 family in GI cancer were analysed following the online 
instructions of cBioPortal database for Genetic Alteration, Mutation 
level, Interaction Network, Clinical Attribute, mRNA expression and 
overall survival.

2.4 | COSMIC analysis

The mutation frequency of B7 family genes in GI cancer was ana-
lysed by COSMIC database (http://www.sanger.ac.uk/cosmic/) (233 
samples).

2.5 | Statistical analysis

GraphPad Prism 6 was used for statistical analysis. T test was used to 
compare the discrepancy of 2 groups and one- way ANOVA was used 
to compare multiple groups. The correlation of DNA methylation 
and mRNA expression was analysed by Pearson test and Spearman 
test. Overall survival was showed as Kaplan- Meier curve with P val-
ues calculated using the log- rank test. P value<.05 was considered 
statistically significant.

3  | RESULTS

3.1 | B7 family expression level in GI cancer

We analysed the mRNA expression level of B7 family members 
(Figure 1A) in GI cancer by FIREHOUSE using TCGA database (case 
number shown in Figure 1B, gender and age information available 
in Table S1). The comparison of B7 family member expression level 

http://firebrowse.org/
http://pfam.xfam.org/
http://pfam.xfam.org/
http://www.cbioportal.org/
http://www.sanger.ac.uk/cosmic/


     |  3 of 12ZHAO et Al.

in different GI tumour tissue and adjacent normal tissue is shown 
in Figure 1C. Overall, most of B7 family members were downregu-
lated in HCC including B7- 1, B7- 2, B7- H1, B7- H3, B7- H4, B7- H6 

and B7- DC. For other cancer, B7- 1, B7- 2, B7- H3, B7- H4 and B7- H6 
were significantly upregulated in 2- 4 different cancer types and 
B7- H2 is upregulated in GC, whereas B7- 2, B7- H5/7 and B7- DC 

F IGURE   1 The mRNA expression level of B7 family members in GI cancer and matched normal tissue. (A) Nomenclatures of each B7 
family member. (B) Number of patients analysed for each type of cancer. Colorectal cancer includes colon cancer and rectum cancer. 
(C) Expression level of B7 family members in tumour tissue and adjacent normal tissue from different cancer types. Data were analysed 
by FIREHOUSE using TCGA RNA- Seq data. STAD, stomach carcinoma; COAD, colon adenocarcinoma; READ, rectum adenocarcinoma; 
LIHC, liver hepatocellular carcinoma; PAAD, pancreatic adenocarcinoma; ESCA, oesophageal carcinoma. Overall, B7- 1, B7- 2, B7- H3, 
B7- H4 and B7- H6 were significantly upregulated. B7- 2 was downregulated in colon and rectum adenocarcinoma and pancreatic cancer. 
B7- H5/7 and B7- DC were downregulated in colon and rectum adenocarcinoma and GC. (D) Heatmap showing the expression level and 
clustering of B7 family members in CI cancer. *P < .05, **P < .01 and ***P < .001
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were downregulated in colon and rectum adenocarcinoma. B7- 2 
was also downregulated in pancreatic cancer, and B7- H5/7 was 
also downregulated in GC. Overall, the B7 family gene expres-
sion level was higher in GI cancer compared with normal tissues. 
Heatmap clustering of B7 family was shown in Figure 1D. The ex-
pression level of B7- H2 and B7- H3 was especially high in different 
kinds of GI cancer. B7 family members were clustered in a manner 
very similar to their phylogenetic grouping.17 B7- 1 and B7- 2 were 
closely linked which belongs to the first group of B7 family. B7- 
H1 and B7- DC were closely linked, and they belong to the second 
group. B7- H3 and B7- H4 were clustered together and very closely 
related to B7- H5/7 and they form the third group. Principal com-
ponent analysis (PCA) demonstrated that the expression pattern 
of B7 family was similar across different GI cancers (Figure S1).

3.2 | Gene alteration of B7 family in GI cancer

We studied the gene alteration of B7 family members through 
cBioPortal in oesophageal cancer, stomach cancer, colorectal can-
cer, liver cancer and pancreatic cancer using data from TCGA and 

an Oncoprint figure was generated (Figure 2). The overall alteration 
rate was the highest in oesophageal cancer and the second highest 
in pancreatic cancer. mRNA upregulation was frequently found in 
oesophageal cancer, colorectal cancer, liver cancer and pancreatic 
cancer. Moreover, gene amplification was relatively higher in oe-
sophageal cancer and stomach cancer than in other cancer types.

The genomic alteration frequency of B7 family in GI cancer was 
shown in Figure 3A. The frequency of amplification, mutation, dele-
tion and multiple alteration was shown in Figure 3A. Results showed 
that about 1%- 6% of oesophageal cancer, 0.4%- 6.4% of stomach 
cancer, 0.4%- 4.1% of colorectal cancer, 0.3%- 6.4% of liver cancer 
and 0.5%- 3.4% of pancreatic cancer clinical samples contained B7 
family genomic alteration. Gene amplification was found for all B7 
members in oesophageal cancer patients, and the frequency was 
higher than in other cancer types. B7- H5/H7 had the highest ampli-
fication ratio (4.3%, 8/184) in oesophageal cancer. Notably, B7- DC 
was amplified in oesophageal (2.2%, 4/184), stomach (2.3%, 9/393), 
colorectal (2.3%, 5/220) and liver cancer (0.8%, 3/366). Overall, 
more than 4.8% of samples (64/1312) had B7 gene amplifications 
in this analysis. Two patients were without B7 genomic alteration.

F IGURE  2 The genetic alteration of B7 family members were analysed by cBioportal. The alteration percentage was present 
proportionally. mRNA upregulation was frequently found in oesophageal cancer, colorectal cancer, liver cancer and pancreatic cancer. Gene 
amplification was relatively higher in oesophageal cancer and stomach cancer than in other cancer types
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We also investigated the genomic alteration of B7 family by 
COSMIC analysis. The frequency of nonsense, missense and syn-
onymous substitution, frameshift deletion and frameshift insertion 
were summarized in pie graph (Figure 3B). Nearly, 68% missense 
substitution was found in all GI cancers (158 from 233 samples) 
for B7 family genes. Missense substitution was most frequently 
found in stomach cancer and liver cancer, with the frequency of 
74% (32 in 43 samples) and 72% (36 in 50 samples), respectively. 
Its frequency was 64% (16 in 25 samples) in oesophageal cancer, 
63% (65 in 103 samples) in colorectal cancer and 75% (9 in 12 
samples) in pancreatic cancer. Synonymous substitution ranks the 
second in frequency with nearly 19% (20 in 103 samples) in col-
orectal cancer, 32% (8 in 25 samples) in oesophageal cancer, 28% 
(12 in 43 samples) in stomach cancer and 18% (10 in 50 samples) 
in liver cancer. Frameshift deletion (only 6%, 14 in 233 samples) 

and frameshift insertion (only 0.4%, 1 in 233 samples) were less 
frequently found in GI cancer.

3.3 | Promoter DNA methylation was involved in 
regulating B7 family expression

In order to investigate the underlying mechanism in the regulation 
of B7 family expression in GI cancer, we further explored the cor-
relation between B7 family member promoter DNA methylation 
and mRNA expression using Genetic Profile analysis in cBioportal 
with data from TCGA (Figure 4). Intriguingly, there was significant 
negative correlation between mRNA expression and promoter 
DNA methylation for B7- H4 and B7- H5/7 in oesophageal can-
cer, stomach cancer and pancreatic cancer. The negative correla-
tion was also significant for B7- H3 in stomach cancer, pancreatic 

F IGURE  3 The frequency of genetic alteration of B7 family members in GI cancer. (A) Cases with mutation and copy number alterations 
were selected from TCGA database and analysed by cBioportal. About 1%- 6% of oesophageal cancer, 0.4%- 6.4% of stomach cancer, 0.4%- 
4.1% of colorectal cancer, 0.3%- 6.4% of liver cancer and 0.5%- 3.4% of pancreatic cancer clinical samples contained B7 family genomic 
alteration. Overall, more than 4.8% of samples (64/1312) had B7 gene amplifications. In total, 9 studies of oesophageal cancer, liver cancer 
and stomach cancer; 6 studies of colorectal cancer; and 8 studies of pancreatic cancer were included. (B) COSMIC analysis of B7 family 
mutation through COSMIC database. Nearly 68% missense substitution was found in all GI cancers (158 from 233 samples) for B7 family 
genes. Missense substitution was most frequently found in stomach cancer and liver cancer. Synonymous substitution ranks the second in 
frequency. Frameshift deletion and frameshift insertion were less frequently found in GI cancer
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cancer and colorectal cancer, B7- H6 in oesophageal cancer and 
liver cancer, and B7- H1 in oesophageal cancer and B7- 2 in pancre-
atic cancer. The results indicated that promoter DNA methylation 
might contribute to the dysregulation of B7 family expression in 
GI cancer.

3.4 | Impact of B7 family on patient survival in 
GI cancer

Overall survival was compared between cases with and without 
gene alteration for every B7 family member in GI cancer by cBi-
oPortal using data from TCGA (Figure 5). Kaplan- Meier analysis 
revealed that gene alteration in B7- H5/H7 was significantly associ-
ated with poor survival in oesophageal cancer (P < .01). Similar re-
sults were found for B7- H1 in pancreatic cancer (P < .01) and B7- H6 
in liver cancer (P < .05). From the above- mentioned genetic altera-
tion analysis (Figure 2), we observed that the frequency of mRNA 
upregulation was high for B7- H5/H7 in oesophageal cancer, B7- H1 
in pancreatic cancer and B7- H6 in liver cancer among all B7 family 
members.

3.5 | Association of B7 family with 
clinical parameters

Since we have shown that gene alteration in several B7 members pre-
dict poor patient survival, we further analysed the association of these 
B7 member expression with clinical parameters (Figure 6). Results 
demonstrated that in oesophageal cancer, patients with Barrett’s 
oesophagus (145 samples, P < .0001), reflux history (154 samples, 
P < .0001), history of oesophageal cancer (146 samples, P = .0022), 
primary lymph node presentation (167 samples, P = .0002), colum-
nar metaplasia (109 samples, P < .0001), tumour neoplasm(172 sam-
ples, P = .0004) and tumour lymph node metastasis (144 samples, 
P = .0197) have significantly higher level of B7- H5/H7 mRNA ex-
pression. Moreover, B7- H5/H7 expression level was negatively cor-
related with tumour differentiation grade (184 samples, P = .0012) 
(Figure 6A). In liver cancer, patients with higher neoplasm stage (323 
samples, P = .0019) and poor disease- free survival (372 samples, 
P = .0154) have higher level of B7- H6 (Figure 6B). Although in pan-
creatic cancer B7- H1 expression was not significantly associated with 
clinical attributes, patients with recurred/progressed disease, tumour 

F IGURE  4 The association between promoter DNA methylation and mRNA expression of B7 family in GI cancer. There was significant 
negative correlation between mRNA expression and promoter DNA methylation for B7- H4 and B7- H5/7 in oesophageal cancer, stomach 
cancer and pancreatic cancer. The negative correlation was also significant for B7- H3 in stomach cancer, pancreatic cancer and colorectal 
cancer; B7- H6 in oesophageal cancer and liver cancer; B7- H1 in oesophageal cancer; and B7- 2 in pancreatic cancer. The correlation was 
verified by the Pearson test and Spearman test. The red label indicated significant negative correlation by the Pearson test (r	<	−.3)
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lymph node metastasis and higher tumour histological grade tend to 
have higher level of B7- H1 (Figure S2).

3.6 | Network analysis of B7 family proteins in 
GI cancer

The interaction network of B7 family signalling in GI cancer was 
studied. From the cBioportal analysis, B7- 1 and B7- 2 showed high 
combined interaction to other gene signalling, while B7- H1 and 
B7- DC demonstrated limited combined interaction to other gene 
singling (Figure 7A). Gene amplification and/or mRNA upregulation 
were frequently found for B7- 1/2 potential targets in all kinds of 
GI cancer and also some potential targets for B7- H1/DC, including 
FGF4, PIK3CA, ERBB2, PLCG1, SRC, PPP2R5A, SHIC1, AKT2, LCK, 
PTPN11, CSK and CD4. We also noticed that FGF4 and PIK3CA as 
potential targets of B7- 1/2 manifested significant gene amplifica-
tion and mRNA upregulation. We postulate that PTPN11 might be 
a novel B7 receptor since it demonstrated similar gene alterations 
with B7- H1 and B7- DC in oesophageal, stomach, liver and pancre-
atic cancer. From the phylogenetic tree (Figure 7B), we discovered 

that many potential B7 targets from the network analysis were 
very closely related to known B7 receptors, including FGF4, SRC, 
PLCG1, PPP2R5A, ERBB2 and CD3G. These may possibly be novel 
B7 receptors or targets and require further validation. Furthermore, 
protein domain analysis revealed that the SH2, SH3 and Pkinase do-
main existed in most potential B7 interacting proteins (Figure 7C). 
The B7- H1/DC potential target CD4 has the V- set domain which is 
similar to the known CD28 family,16 indicating it might be a novel B7 
receptor. Other newly identified potential targets do not have the 
V- set domain, suggesting that they may possibly be associated with 
T- cell signalling under the regulation of B7 family members.

4  | DISCUSSION

The immunological response is an important protective mechanism 
against cancer. The escape of tumours from immune monitoring al-
ways attributes to immune system dysfunction and contributes to 
tumour progression, metastasis and recurrence.39 T- cell- meditated 
immune response is a crucial step in cancer immunosurveillance and 

F IGURE  5 The association between overall survival and B7 family gene expression analysed by cBioportal. The overexpression of  
B7- H1 in pancreatic cancer, B7- H5 in oesophageal cancer and B7- H6 in liver cancer were significantly associated with worse overall survival. 
Statistical analysis was carried out by Kaplan- Meier analysis
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immunotherapy.40 Super Ig- immunoglobulin B7- CD28 family com-
prises of a complex network of co- stimulatory and co- inhibitory 
molecules for T- cell response and is overexpressed on cell surface of 
some kinds of cancer. Moreover, they have a positive relationship with 
mutation, poor overall survival, gene amplification and/or DNA meth-
ylation.16 Therefore, we were prompt to investigate the relationship 
between B7 family members and GI cancer. The expression level of 
the currently known 9 members of B7 family from TCGA data in dif-
ferent GI cancer was summarized (Figure 1). Overall, B7- 1, B7- 2, B7- 
H3, B7- H4 and B7- H6 were significantly overexpressed in 2- 4 cancer 
types, whereas B7- 2, B7- H5/7 and B7- DC were downregulated in a 

few cancer types. Our previous study in breast cancer also demon-
strated the upregulation of B7- H3, B7- H4, B7- H6 and downregulation 
of B7- 2, B7- H5/7.16 B7- H3 and B7- H4 negatively regulate T- cell acti-
vation and their overexpression has been reported in many cancers 
and predicts poor patient survival.22,37,41-44 Moreover, overexpression 
of B7- H3 and B7- H4 was found to suppress antitumour immunity.21,45 
Thus, the upregulation of B7- H3 and B7- H4 might contribute to GI 
carcinogenesis through inhibiting antitumour immunity. B7- H6 has 
been reported to be upregulated in several types of cancer, and its 
expression is deemed as prognostic indicator.46-48 However, research 
evidence shows that downregulation of B7- H6 impairs tumour cell 

F IGURE  6 Association of B7- H5/7 and B7- H6 expression with clinical parameters. (A) In oesophageal cancer, patients with Barrett’s 
oesophagus, reflux history, history of oesophageal cancer, primary lymph node presentation, columnar metaplasia, tumour neoplasm and 
tumour lymph node metastasis have significantly higher level of B7- H5/H7 mRNA expression. Moreover, B7- H5/H7 expression level was 
negatively correlated with tumour differentiation grade. (B) In liver cancer, patients with higher neoplasm stage and poor disease- free 
survival have higher level of B7- H6. *P < .05, **P < .01 and ***P < .001

F IGURE  7 The potential targets of B7 family members predicted by cBioportal. (A) B7- 1 and B7- 2 showed highly combined interaction to 
other gene signalling, while B7- H1 and B7- DC demonstrated limited combined interaction to other gene singling. (B) Phylogenetic analysis of 
B7 family members and their potential targets. Neighbour- joining tree was constructed with Mega7 program. Red colour represents known 
B7 receptors. Many potential B7 targets from the network analysis were very closely related to known B7 receptors. (C) Domain analysis of 
B7 family reacting proteins. The SH2, SH3 and Pkinase domain existed in most potential B7 interacting proteins. The B7- H1/DC potential 
target CD4 has the V- set domain which is similar to the known CD28 family, indicating it might be a novel B7 receptor
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recognition by NK cells.20 Whether B7- H6 functions as co- stimulator 
or co- inhibitor in GI cancer needs further investigation. B7- DC is 
highly homologous to co- inhibitory B7- H1. However, it has been dem-
onstrated that B7- DC functions as a co- stimulator in HCC,49 which is 
also consistent with our finding that B7- DC was mainly downregu-
lated in GI cancer. Together, the findings support a co- stimulatory role 
for T- cell response for B7- DC in the pathogenesis of GI cancer.

Another analysis from cBioportal revealed the alteration fre-
quency of B7 family members in different kinds of GI cancer (Figure 2). 
The alteration rate was higher in oesophageal cancer (average 7.9%) 
and pancreatic cancer (average 5.1%). Gene amplification and mRNA 
upregulation were frequently found especially in oesophageal can-
cer. We further checked the B7 family genomic alteration (Figure 3). 
Similar to previous observation, gene amplification was found for all 
B7 members in oesophageal cancer patients and the frequency was 
higher than in other cancer types. Overall, more than 40% of sam-
ples had B7 gene amplifications. By COSMIC analysis, we found that 
missense substitution was most frequently found in GI cancer and 
accounts for nearly 68% of all samples (158 from 233 samples) espe-
cially in stomach cancer and liver cancer. Substitution synonymous 
accounts for nearly 22% of all samples (51 from 230 samples).

Promoter DNA methylation may represent a key epigenetic mech-
anism in regulating gene expression.50 Herein, we further analysed 
the B7 family DNA methylation in GI cancer (Figure 4). The mRNA ex-
pression was negatively correlated with B7 family DNA methylation in 
most cancers, including B7- H1, B7- H4, B7- H5/H7, B7- H6 in oesopha-
geal cancer, B7- 1, B7- H3, B7- H4, B7- H5/H7 in stomach cancer, B7- 2, 
B7- H3, B7- H4, B7- H5/H7 in pancreatic cancer, B7- H3 in colorectal 
cancer and B7- H6 in liver cancer. Taking results of gene amplification 
into consideration, our results suggested the expression of B7 family 
gene B7- 1, B7- 2, B7- H1, B7- H3, B7- H4, B7- H5/H7 and B7- H6 might 
be regulated by DNA methylation and gene amplification in GI cancer.

Of all B7 family members, we observed that alterations of B7- H5/
H7 in oesophageal cancer, B7- H6 in liver cancer and B7- H1 in pan-
creatic cancer were significantly associated with worse overall sur-
vival (Figure 5). Patients with Barrett’s oesophagus and reflux history 
have significantly higher level of B7- H5/H7 mRNA expression. Reflux 
disease may lead to dysplasia, which has been regarded as an import-
ant factor in forming Barrett’ oesophagus and damaging the distal 
oesophagus51 (Figure 6). Barrett’s oesophagus is a critical risk factor 
in oesophageal cancer.52 Our results suggested B7- H5/H7 was over-
expressed in oesophageal premalignant condition emphasizing the 
key influence of B7- H5/H7 on oesophageal cancer progression and 
it may be a potential target for immunotherapy. Moreover, B7- H5/H7 
high expression was associated with higher tumour histological grade 
and lymph node presentation and stage suggesting its involvement in 
tumour metastasis. Research evidence revealed that B7- H5/H7 was 
a significant risk factor for poor overall survival in osteosarcoma.53 
Moreover, consistent with our finding, study has found that B7- H5/
H7 protein was widely expressed in oesophageal cancer and predicted 
poor patient survival through inhibiting anti- cancer immunity.54

Our result also demonstrated that in liver cancer increased B7- 
H6 mRNA expression was associated with higher tumour stage 

and increased risk of death for patients (Figure 6). The infection of 
HBV has been proved to be a risk factor for liver cancer.8 The NK 
cells’ cytotoxicity receptor NKp30 was upregulated in hepatitis B 
virus- related acute- on- chronic liver failure (HBVACLF) patients55 
and NKp30 has also been regarded as the receptor of B7- H6. Thus, 
we speculate that B7- H6 was involved in the pathogenesis of liver 
cancer. We have previously reported the notorious role of B7- H6 
in breast cancer.16 Study in ovarian cancer also revealed that B7- H6 
expression was significantly correlated with distant metastasis and 
tumour stage and high expression of B7- H6 predicts poor overall 
patient survival.46 Although the mechanism has not been investi-
gated in GI cancer, it may well illustrate the clinical significance of 
increased expression of B7- H6 in liver cancer and B7- H6 might func-
tion as a prognostic marker for liver cancer.

Although B7- H1 was not significantly associated with overall 
survival in pancreatic cancer, there was tendency that patients with 
recurred/progressed disease, higher lymph node and tumour his-
tological grade had higher levels of B7- H1. The significance of B7- 
H1 in pancreatic cancer needs further illustration by increasing the 
clinical sample size. Other study has reported that higher B7- H1 
(PD- L1) expression indicated a poor prognosis for patients’ survival 
in oesophageal, stomach and ovarian cancer tissues.56 Combination 
of anti- B7- H1 (PD- L1) and anti- CTLA- 4 (T- lymphocyte- associated 
antigen 4) can have a good clinical response in melanoma patients 
regardless of tumour B7- H1 (PD- L1) status.57

The crosstalk of B7 family with other signalling pathway was 
analysed by network analysis in cBioportal (Figure 7). Limitedly, 
only 4 B7 family members were found associated with other genes 
by cBioportal, that is, B7- 1, B7- 2, B7- H1, B7- DC. In this study, we 
observed that B7- 1/2 was significantly associated with FGF4 in 
oesophageal cancer and with PIK3CA in oesophageal and stom-
ach cancer. FGF4 acts to stimulate epithelial- mesenchymal tran-
sition (EMT) in lung adenocarcinoma.58 The upregulation of FGF4 
also promotes the migration of breast cancer cells.59 PIK3CA 
is regarded as a predictor for malignance in colorectal cancer.60 
Mutation of PIK3CA leads to higher expression level of p- AKT/
AKT in primary tumours and metastases in endometrial cancer, 
which also predicts poor overall survival.61 Moreover, PIK3CA 
stands second on the list of various genes which have already been 
reported to cause breast cancer.62 However, the impact of B7- 1/2 
on these 2 genes needs further investigation. Meanwhile, we iden-
tified B7- H1 and B7- DC was significantly associated with PTPN11 
in oesophageal cancer, stomach cancer, liver cancer and pancreatic 
cancer. PTPN11 is reported as a gastric cancer risk.63 PTPN11 also 
promotes HCC growth and metastasis through Ras/Raf/Erk path-
way and PI3- K/AKT/MTOR cascade and acts as a predictor of poor 
prognosis supporting an oncogenic role of PTPN11.64 Our protein 
domain analysis showed that PTPN11 is similar to some of the other 
potential B7 interacting proteins in possessing the Src- homology 2 
(SH2) domain. The SH- 2 domain was reported to regulate tumor-
igenesis and immune function in several proteins.65-68 Therefore, 
we postulate that PTPN11 might be a novel B7 receptor or tar-
get. Moreover, the Pkinase domain shared by some B7 interacting 
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proteins may have important influence on tumour progression and 
malignancy.69,70 The result suggests that the newly identified B7 
interacting proteins may be strongly involved in tumorigenesis.

In summary, our research findings revealed overexpression of B7 
family members in GI cancer at different frequencies, and it was possi-
bly associated with gene amplification and/or DNA methylation. Our re-
sults also provided insight into the association of B7 family with patient 
survival and clinical parameters and the interaction network with B7 
family, underlining the importance of B7 family members in GI cancer.
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