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High expression of B7-H2 or B7-H3 is associated with
poor prognosis in hepatocellular carcinoma
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Abstract. B7 family members have been associated with the
signaling transduction pathways underlying tumor immune
evasion in hepatocellular carcinoma. In the present study,
associations between the clinical characteristics of patients
with hepatocellular carcinoma (HCC) and the expression of
B7-H2 and B7-H3 were analyzed. A total of 63 formalin-fixed
and paraffin-embedded HCC tissues were collected to be used
as a tissue microarray. Following this, the association between
B7-H2/B7-H3 and the prognosis of patients with HCC was
analyzed using Pearson's * test, the Kaplan-Meier method and
receiver operating characteristic curve analysis. The results
demonstrated that the expression of B7-H2 was significantly
associated with recurrence (within 1 year) in patients with
HCC (P<0.01), and that the expression of B7-H3 was associated
with recurrence (within 1 year), metastasis and 2-year overall
survival rate in patients with HCC (P<0.01, P=0.036 and
P=0.016, respectively). In addition, the combined expression
of B7-H2 and B7-H3 was associated with prognostic factors,
including recurrence (within 1 year) and survival rate (within
2 years), in patients with HCC. In particular, an increased area
under the curve was achieved when the combined expression
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of B7-H2 and B7-H3 was considered, compared with that
for a-fetoprotein. Taken together, these results indicated that
B7-H2- and/or B7-H3-positive expression indicates a poor
clinical outcome for patients, and the combination of B7-H2
and B7-H3 may be a preferential prognostic biomarker in
patients with HCC.

Introduction

The incidence of hepatocellular carcinoma (HCC), which is
the fifth most common cancer and the third most common
cause of cancer-associated mortality worldwide, has been
observed to have an increasing trend over the last decade.
Although surgery is the most efficient therapeutic method at
present (1,2), the 5-year survival rate of HCC remains <5% due
to the high rates of recurrence and metastasis (3,4). Therefore,
determination of the risks and prognostic biomarkers is
required to tailor drug therapy and ultimately improve patient
prognosis following surgical therapies.

It has been indicated that the recurrence and metastasis of
tumors are associated with the tumor cells evading immune
surveillance by T cells in HCC (5). In particular, B7 family
molecules, as types of peripheral membrane proteins, can
produce a co-stimulatory or co-inhibitory signal to enhance
or decrease the activity of major histocompatibility complex-T
cell receptor signaling (6-10), which may subsequently induce
T cell dysfunction or apoptosis upon antigen recognition. Under
pathological conditions, B7 family molecules mainly interact
with the receptor on activating T cells, which provides subse-
quent signals to weaken or even terminate the T-cell immune
response (11-14). Therefore, disorder in the co-stimulatory or
co-inhibitory signaling pathway serves an important role in
tumor immune evasion (5).

In previous decades, novel members of the B7 family,
including B7-1, B7-2, B7-HI1, B7-H2, B7-H3, B7-H4 and
B7-DC, have been identified. Accumulating data have
demonstrated that the abnormal expression of B7 molecules
is associated with the development of HCC. In particular,
Tu et al (15) determined that the upregulation of B7-H2 can lead
to an immunosuppressive HCC microenvironment and result


https://www.spandidos-publications.com/10.3892/mmr.2019.10080

4316

in unfavorable prognostic outcomes for patients with HCC.
B7-H3 is reported to promote the aggression and invasion of
HCC via the Janus kinase 2/signal transducer and activator of
transcription 3/Slug signaling pathway (8). Therefore, B7-H2
and B7-H3 molecules may useful as biological markers for
predicting the prognosis of patients with HCC in clinical
practice (3).

As B7-H2 and B7-H3 are likely to exert synergistic effects
on HCC, as they are from the same family of B7 molecules
and have similar immune regulatory functions in HCC, it is
considered necessary to evaluate the expression of B7-H2
and B7-H3 in the same HCC cohort to determine whether
their combined expression provides enhanced sensitivity and
specificity of the co-stimulatory molecules in predicting the
prognosis of patients with HCC. In the present study, investi-
gations were performed on the expression signatures of B7-H2
and B7-H3 in the same HCC tissue set. It was revealed that
the combination of B7-H2 with B7-H3 may be a preferable
prognostic biomarker for predicting recurrence and overall
survival rates in patients with HCC.

Materials and methods

Antibodies and reagents. Mouse anti-human ICOS (B7-H2)
ligand monoclonal antibody (cat. no. abl189052) and
mouse anti-human CD276 (B7-H3) monoclonal antibody
(cat. no. ab105922) were obtained from Abcam (Cambridge,
UK). HRP-conjugated secondary antibodies (anti-mouse IgG;
cat. no. HS201-01) were purchased from Transgen Biotech Co.,
Ltd. (Beijing, China).

Patients and tissue samples. A total of 63 formalin-fixed
and paraffin-embedded HCC tissues from patients who
underwent curative resection between December 2002 and
December 2009 at the First Affiliated Hospital of Fujian
Medical University (Fujian, China) were retrieved for immu-
nohistochemical staining. All patients were diagnosed as
negative for hepatitis C virus [HCV(-)].

The fresh HCC tissues and adjacent tissues were collected at
the time of surgery from patients, and were formalin fixed and
embedded for immunohistochemistry. Clinical information was
collected retrospectively from the electronic record of the First
Affiliated Hospital of Fujian Medical University. The clinical
information collected for each patient included information on
etiological factors, HCC recurrence and metastasis, mortality
(and the cause of mortality) and prognostic clinicopathological
characteristics, including tumor differentiation stage, presence
of vascular invasion, the number of lesions, the largest tumor
size and pre-surgical a-fetoprotein (AFP) levels. Written
consent was obtained from all participants prior to surgery.
The clinical and pathological diagnoses of patients with HCC
met the diagnostic criteria of the American Association for the
Study of Liver Diseases (16). The study was approved by the
Ethics Committee of the Mengchao Hepatobiliary Hospital of
Fujian Medical University (Fujian, China).

Construction of tissue microarrays (TMAs). The HCC
samples and the adjacent tissues were collected for the
construction of TMAs. Two 1-mm cores were obtained from
the tumorous region and two 1-mm cores were obtained from
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the corresponding adjacent tissue region via a manual tissue
arrayer method. The regions of vital tumor and adjacent tissues
were marked by experienced pathologists using a Hematoxylin
and Eosin staining kit (Nanjing Jiancheng Bioengineering
Institute, Nanjing, China) and the examination was performed
using a routine light microscope (Zeiss AG, Oberkochen,
Germany). Subsequently, the wax block (containing HCC
tissues) was mixed together with a fresh wax block at 52°C,
cooled at room temperature for 30 min and maintained at 4°C
ready for further use. The cooled wax block was fixed on an
auto tissue slicer and sliced into 15 sections, each section
was 4-um in thickness. The sections were then immersed in
distilled water for 2 min, and were finally adhered to slides.

Immunohistochemical staining. Immunohistochemical
staining of B7-H2 and B7-H3 was performed using a two-step
Elivision plus staining technique. Briefly, the 4-ym sections
on the TMAs were dried at 60°C for 24 h, de-paraffinized in
xylene I for 10 min and de-paraffinized in xylene II for another
10 min, and then rehydrated in graded ethanol (100% ethanol
for 5 min, 95% ethanol for 3 min, 80% ethanol for 3 min and
75% ethanol for 3 min). The slides were then incubated in
1 mol/I citric acid (OriGene Technologies, Inc., Beijing, China)
for antigen retrieval under 111.6°C and 150 KPa for 3 min, and
cooled to room temperature, followed by three washes with
PBS (HyClone; GE Healthcare Life Sciences, Logan, UT,
USA). Subsequently, the slides were incubated in 3% hydrogen
peroxide (OriGene Technologies, Inc.) for 10 min to block
endogenous peroxidase activity and then rehydrated in PBS.
The slides were incubated with primary antibodies against
B7-H2 (1:200 dilution) and B7-H3 (1:1,000 dilution) at 37°C
for 1 h, rinsed several times with PBS, and incubated with
intensifier (OriGene Technologies, Inc.) at 37°C for another
20 min. Following three rinses with PBS, the slides were incu-
bated with the HRP-conjugated secondary antibodies (goat
anti-mouse IgG, respectively) at 37°C for 30 min. Finally, the
slides were subjected to diaminobenzidine coloration (OriGene
Technologies, Inc.) for 5 min; following rinsing with distilled
water for 3 min, restaining with hematoxylin was performed.
The results were assessed by two double-blinded patholo-
gists independently. All tissues, at X200 magnification, were
manually scored using the following criteria: i) According
to the proportion of positive cells (cytoplasm, cell membrane
or nucleus dyed yellow, brown or sepia), scored as 0 (<5%),
1 (6-25%), 2 (26-50%), 3 (51-75%) and 4 (=76%); and
ii) according to the intensity of staining, scored as O (blue),
1 (faint yellow), 2 (pale brown) and 3 (sepia). The final score
was the score of the first criterion multiplied by that of the
second criterion. A final score of 0-2 was considered as nega-
tive expression, whereas a score of 3-12 was considered as
positive expression. If the result of a specimen contradicted
between assessors, then a third pathologist made the final deci-
sion. The histopathological examination was performed using
an orthotopic microscope (Zeiss AG, Oberkochen, Germany).

Statistical analysis. All statistical analyses were performed
using SPSS software version 19.0 (IBM Corp., Armonk, NY,
USA). Association analyses of clinicopathological factors was
performed with Pearson's %* test. Survival curves were estimated
using the Kaplan-Meier method, and differences in survival
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rates were detected using the log-rank test. Univariate and
multivariate analyses were used to identify prognostic factors
in the patients with HCC. Covariates with P<0.05 in univariate
analysis were further analyzed by multivariate analysis. In all
tests, P<0.05 was considered to indicate a statistically significant
difference. Receiver operating characteristic (ROC) curves were
used to compare the diagnostic accuracy of the test molecules as
prognostic factors in patients with HCC.

Results

Expression of B7-H2 and B7-H3 in patients with HCC. To
determine the expression of B7-H2 and B7-H3 in patients
with HCC, TMAs were constructed of 63 HCC specimens
and matched adjacent tissues. As presented in Fig. 1, B7-H2
and B7-H3 were positively expressed in the HCC tissues.
Considering the clinical history of the patients, the association
between the expression of B7-H2 or B7-H3 and various clinical
parameters was evaluated. As shown in Table I,29/40 cases that
recurred within 1 year were B7-H2*, whereas only 6/23 cases
that recurred after >1 year were B7-H2* (P<0.01); 39/40 cases
that recurred within 1 year were B7-H3*, whereas only
14/23 cases that recurred after >1 year were B7-H3* (P<0.01);
96.0% (24/25) of the patients presenting with metastasis were
positive for B7-H3, whereas the positive expression rate for
non-metastatic cases was 76.3% (29/38; P=0.036); and 94.3%
(33/35) of the patients who had a survival time of <2 years
were positive for B7-H3, whereas the positive expression rate
in patients who had a survival time >2 years was 71.4% (20/28,;
P=0.016). These results suggested that the positive expression
of B7-H2 was associated with recurrence within 1 year in
patients with HCC, and that the positive expression of B7-H3
was associated with recurrence within 1 year, metastasis and a
survival time of <2 years in patients with HCC.

Positive expression of B7-H2 and B7-H3 is associated with
poor prognosis in HCC. To evaluate the association between
the expression of B7-H2 or B7-H3 and the prognosis of HCC,
the expression data on B7-H2 and B7-H3 were analyzed
further by considering disease-related survival events. As
shown in Fig. 2A and B, a Kaplan-Meier plot indicated that
the B7-H3" patients had significantly longer survival rates
following surgery than the B7-H3* patients (P=0.009); the
median survival time of the B7-H3* patients was 19.2 months
compared with 37.3 months for the B7-H3" patients. In
addition, it was identified that B7-H3 may promote HCC recur-
rence; the median disease-free survival time of the B7-H3*
patients was 5.9 months, compared with 18.1 months for the
B7-H3 patients (P=0.016). Similar results were observed
in the B7-H2" patients, for whom the median disease-free
survival time was 6.8 months, compared with 12.6 months for
the B7-H2" patients (P=0.039). These data suggested that the
positive expression of B7-H2 or B7-H3 was indicative of poor
survival rates in patients with HCC.

Positive expression of B7-H2 and B7-H3 is associated with
extrahepatic metastasis and early recurrence/metastasis. To
further determine the prognostic factors affected by B7-H2
and B7-H3, the associations between the expression of B7-H2
or B7-H3 and postoperative clinical features were assessed.
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As shown in Table II, extrahepatic metastasis was associ-
ated with positive expression of B7-H2 (P=0.041) and B7-H3
(P=0.036). Specifically, 25 patients exhibited HCC metas-
tasis, 17 of whom exhibited pulmonary metastasis in B7-H3*
patients (68%). In addition, time of recurrence in patients with
HCC was analyzed, and the expression of B7-H2 or B7-H3
was assessed in the 23 cases of later recurrence/metastasis
(>12 months) and the 40 cases of early recurrence/metastasis
(<12 months). As shown in Table III, positive expression of
B7-H2 was detected in 29 of the <12 months cases (29/40,
72.5%), and positive expression of B7-H3 was detected in 39
of the <12 months cases (39/40, 97.5%). Notably, lower expres-
sion rates of B7-H2 (26.09%, P=0.007) and B7-H3 (60.86%,
P=0.001) were observed in the >12 months cases than in the
<12 months cases. These results indicated that the positive
expression of B7-H2 or B7-H3 was linked with susceptibility
to extrahepatic metastasis and early recurrence/metastasis
(within 1 year).

Expression of B7-H2 is associated with tumor capsule
presence. To further determine the association of potential
tumor features with the expression of B7-H2 and B7-H3,
associations were analyzed using Pearson's %* test. As shown
in Table IV, the negative expression of B7-H2 in HCC tissues
was significantly associated with tumor capsule presence
(P=0.046). Additionally, larger tumor size and faster progres-
sion of liver cirrhosis were more frequently observed in the
B7-H2- and B7-H3-positive expression groups, although not to
statistical significance. These data suggested that the positive
expression of B7-H2 was associated with the invasive features
of HCC, as the absence of tumor encapsulation is more likely
to lead to a further intrahepatic recurrence or metastasis.

Combined expression of B7-H2 and B7-H3 is associated with
recurrence and survival rates. Considering the similar expres-
sion characteristics of B7-H2 and B7-H3 in patients with HCC,
the associations between clinical parameters and the combined
expression of B7-H2 and B7-H3 were further investigated.
As shown in Table V, the B7-H2*/B7-H3"* patients were more
likely to exhibit recurrence within 1 year compared with the
B7-H2/B7-H3 patients (P<0.001); and the 2-year survival rate
of the B7-H2*/B7-H3" patients was 38.9%, which was lower
than that of the B7-H2/B7-H3" patients (77.8%; P=0.035).
Kaplan-Meier analysis further suggested that the overall
survival rate of the B7-H2/B7-H3" patients was significantly
higher than that of the B7-H2*/B7-H3", B7-H2/B7-H3" and
B7-H2*/B7-H3* patients (P=0.014; Fig. 3A and B). Therefore,
these data suggested that the combined expression of B7-H2
and B7-H3 was associated with recurrence and poor survival
rate.

Combined expression of B7-H2 and B7-H3 is associated with
prognostic factors. In order to determine the association of
combined expression of B7-H2 and B7-H3 with prognosis,
multivariate and univariate analyses were performed. As
shown in Table VI, tumor size (P<0.001) and differentiation
(P=0.003), tumor capsule presence (P=0.022) and, most
notably, the combined expression of B7-H2 and B7-H3
(P=0.022) were significantly associated with overall survival
rate, which indicated that the combined expression of B7-H2
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Table I. Associations between clinical parameters and the expression of B7-H2 and B7-H3 in patients with hepatocellular

carcinoma.
B7-H2 B7-H3

Clinical parameter - + y2-value P-value - + y2-value P-value

Sex 1.210 0.078 0.627
Male 23 32 9 46
Female 5 3 1 7

Age (years) 0.556 0.332 1.027 0.289
>60 5 9 1 13
<60 23 26 9 40

Size (cm) 0423 0.350 1.189 0.230
<5 11 11 5 17
>5 17 24 5 36

Differentiation 0.944 0.624 2.772 0.153
Poor 10 9 2 17
Well 12 19 4 27
Moderate 6 7 4 9

AFP (ug/l) 0213 0.437 1.310 0.238
<200 6 9 1 14
>200 22 25 9 38

Liver cirrhosis 0.001 0.644 1.981 0.177
- 4 5 0 9
+ 24 30 10 44

HBY infection 1.210 0.344 0.078 0.627
- 5 3 1 7
+ 23 32 9 46

TNM stage 0.082 0.489 0374 0.392
I-11 17 20 5 32
II-1v 11 15 5 21

Recurrence 12.740 0.007° 14.674 <0.001°
<1 year 11 29 1 39
>1 year 17 6 9 14

Metastasis 0.004 0.582 2.594 0.036*
- 18 20 9 29
+ 10 15 1 24

Survival 3.291 0.059 6.086 0.016*
<2 year 12 23 2 33
>2 year 16 12 8 20

Values in bold indicate significance. “P<0.05 and *P<0.01. AFP, a-fetoprotein; HBV, hepatitis B virus; TNM, tumor-node-metastasis.

and B7-H3 was among those factors associated with poor
overall survival rate.

Combined expression of B7-H2 and B7-H3 increases sensi-
tivity and specificity in predicting HCC prognosis. On the
basis of the results on associations with prognostic factors,
ROC curves were evaluated for prognostic indicator (PI). PI
was calculated as follows: PI = (f1 x score of combined B7-H2
and B7-H3) + (B2 x score of tumor size) + (B3 x score of tumor
differentiation) + (f4 x score of tumor capsule). The values

of B1-4 represented the regression coefficients of the these
variables from the COX regression model. To further deter-
mine the sensitivity and specificity of combined expression
in predicting 2-year survival rate, the recognized indicator of
HCC, AFP, was used as the control. As shown in Fig. 4A and B,
the area under the curve (AUC) for the combined expression
of B7-H2 and B7-H3 was 0.910 [95% confidence interval (CI),
0.833-0.986, P<0.001], whereas the AUC for the AFP model
was 0.858 (95% CI, 0.762-0.955, P<0.001), indicating greater
sensitivity and specify for predicting HCC-related survival
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Figure 1. Representative expression of B7-H2 and B7-H3 in HCC tissues. (A) histopathological examination of HCC tissues using H&E staining (magnifica-
tion, x200). (B) The typical expression profiles of B7-H2 and B7-H3 were observed in HCC tissues using immunohistochemistry (magnification, x200). HCC,
hepatocellular carcinoma; H&E, hematoxylin and eosin.
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Figure 2. Associations of B7-H2 and B7-H3 with survival and recurrence rates. Kaplan-Meier analysis of the association between the expression of B7-H2 or
B7-H3 and (A) overall survival rate and (B) cumulative recurrence in patients with hepatocellular carcinoma.
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Table II. Associations between postoperative clinical features and expression of B7-H2 and B7-H3 in patients with hepatocellular

carcinoma.
B7-H2 B7-H3
expression expression
Clinical feature - + P-value - + P-value
Recurring type NS NS
Regional recurring 6 6 2 10
Distant recurring 11 18 4 25
Histological grade NS NS
Well-differentiated 5 6 3 8
Moderately differentiated 13 19 5 27
Poorly differentiated 10 10 2 18
Extrahepatic metastasis 0.041* 0.036
Yes 8 17 1 24
No 20 18 9 29

“P<0.05. NS, not significant.

Table III. Associations between the time of postoperative R/M and the expression of B7-H2 and B7-H3 in patients with hepato-

cellular carcinoma.

B7-H2 expression

B7-H3 expression

Positive Positive
R/M time N - + expression rate (%) P-value N - + expression rate (%) P-value
<12 months 40 11 29 72.50 0.007* 40 1 39 97.50 0.001*
>12 months 23 17 6 26.09 23 9 14 60.87

Values in bold indicate significance. “P<0.01. R/M, recurrence/metastasis.

with use of the combined expression of B7-H2 and B7-H3.
In addition, the samples were re-divided into two groups
according to the value of PI: Group 1 [PI<Cutoff (0.977)] and
Group 2 [PI>Cutoff (0.977)] to further confirm the prediction
of HCC-related survival and recurrence rates following the use
of the combined expression of B7-H2 and B7-H3. As shown in
Fig. 4C and D, the combination of B7-H2 and B7-H3 predicted
poor overall survival and recurrence rates of HCC. Therefore,
these data demonstrated that the combined expression of
B7-H2 and B7-H3 may be used to enhance the sensitivity and
specificity of predicting prognosis in HCC.

Discussion

A large proportion of patients with HCC present with intra-
hepatic recurrence or extra-hepatic metastasis within 5 years
following curative liver resection performed according to the
Milan criteria (17), and 50-70% of the recurrence/metastasis
occurs within 1 year following the surgical procedure (18,19);
the median survival time following presentation of recur-
rence/metastasis is only 13 months (20). Therefore, the
determination of novel prognostic biomarkers is urgently

required in order to enhance the prediction of the disease
course of HCC at diagnosis. Previous findings have suggested
that disorder in co-stimulatory or co-inhibitory signaling path-
ways serves a critical role in tumor cell evasion of adaptive
immune surveillance (21-24). In particular, the dysregulation
of B7-H2 and/or B7-H3 may deregulate T lymphocyte function
in the HCC microenvironment, and even promote recurrence
following surgery in patients with HCC (8,15). Considering the
apparently similar pathological expression profiles of B7-H2
and B7-H3 in HCC, it was logical to investigate the combined
expression of B7-H2 and B7-H3 in the same set of patients
with HCC to assess whether this provided enhanced predic-
tion of HCC prognosis. On evaluating the expression of B7-H2
and B7-H3 in the same group of patients with HCC, it was
determined that the combination of B7-H2 and B7-H3 may
serve as a potential prognostic indicator for the prediction of
disease-associated survival events post-liver resection in HCC.

Although B7-H3 and B7-H2 are abundantly expressed
in patients with HCC and have been indicated to possess similar
immune regulation effects in the progression of HCC, there
are several differences in their prognostic value in HCC. In the
present study, the B7-H3* patients were more likely to develop
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Table I'V. Associations between tumor features and the expression of B7-H2 and B7-H3 in patients with hepatocellular carcinoma.

B7-H2 B7-H3
expression expression
Tumor feature - + P-value - + P-value
Progression of cirrhosis NS NS
Normal/early-stage 26 33 9 50
Advanced-stage 2 2 1 3
Dissemination to regional lymph nodes NS NS
Yes 3 1 1 3
No 25 34 3 50
Tumor capsule 0.046* NS
Absent 23 34 9 48
Present 5 1 1 5
Tumor boundaries NS NS
Distinct 24 32 10 46
Indistinct 4 3 0 7
PVTT NS NS
Yes 16 15 6 25
No 12 20 4 28
Intraoperative ascites NS NS
Yes 7 8 2 13
No 21 27 8 40

Values in bold indicate significance. “P<0.05. PVTT, portal vein tumor thrombosis; NS, not significant.
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Figure 3. Kaplan-Meier analysis of the association between survival rate and the combined expression of B7-H2 and B7-H3 in patients with hepatocellular
carcinoma. (A) Comparison between the overall survival rate of patients and the expression of B7-H2 and B7-H3. (B) Comparison of overall survival rate
between B7-H2/B7-H3  patients and B7-H2*/B7-H3* or B7-H2*/B7-H3" or B7-H27/B7-H3* patients.

pulmonary metastasis (17/25, 68%), whereas the B7-H2* patients 1 year), metastasis and survival (within 2 years), indicating the
were associated with absence of a tumor capsule, indicating an  accordance of B7-H3 and B7-H2 for predicting prognosis in
application in predicting intrahepatic recurrence or metastasis. ~HCC. On the basis of these results, the subsequent aim was to
However, it was determined that both B7-H3 and B7-H2 were  evaluate the associations between the combined expression of
associated with prognostic factors, including recurrence (within ~ B7-H3 and B7-H2 and prognostic factors. As expected, it was
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Table V. Associations between clinical parameters and the combined expression of B7-H2 and B7-H3 in patients with hepatocel-

lular carcinoma.

Combination of B7-H2 and B7-H3

Clinical parameter Both negative (n) Other (n) y>-value P-value

Sex 0.064 0.680
Male 8 47
Female 1 7

Age (years) 0.075 0.354
>60 1 13
<60 8 41

Size (cm) 0419 0.384
<5 4 18
>5 5 36

Differentiation 1.088 0.580
Poor 2 17
Well 4 27
Moderate 3 10

AFP (ug/) 3.360 0.067
<200 0 15
>200 9 38

Liver cirrhosis 1.750 0.225
- 0 9
+ 9 45

HBYV infection 0.024 0.680
- 1 7
+ 8 47

TNM stage 0.884 0.280
I-11 4 33
II-1v 5 21

Recurrence 18.261 <0.001°
<1 year 0 40
>1 year 9 14

Metastasis 2.063 0.146
- 8 35
+ 1 19

Survival 4.725 0.035°
<2 years 2 33
>2 years 7 21

Values in bold indicate significance. *P<0.05; "P<0.01. AFP, a-fetoprotein; HBV, hepatitis B virus; TNM, tumor-node-metastasis.

identified that the combined expression of B7-H3 and B7-H2
was also associated with prognostic factors, including recur-
rence (within 1 year) and survival (within 2 years). Therefore,
the combination of B7-H3 and B7-H2 may provide a novel
prognostic biomarker in HCC.

Several important risk factors of HCC have been identified,
including chronic hepatitis B virus (HBV) infection, chronic
HCYV, nonalcoholic steatohepatitis and excessive consumption
of alcohol; however, the heterogeneity and the geographic
variability of the incidence of HCC have been widely associated

to the different distribution of HCV and HBV infections
worldwide (25). In particular, it has been suggested that HBV
accounts for ~80% of virus-infective HCC cases globally and
is the main causal factor in regions with a high incidence of
HCC, particularly in Africa and East Asia; whereas HCV is a
major etiological factor of HCC in regions with a low incidence,
including America and Western Europe (25-28). Considering
chronic infections with HBV and HCV are key risk factors
for patients with HCC, the association of the expression of
B7-H3/B7-H2 with HBV and HCV was examined. In the
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Table VI. Analysis of prognostic factors based on Cox's proportional hazards model at 5 years of follow-up.

Univariate Multivariate

Clinical parameter Hazard ratio 95% CI P-value Hazard ratio 95% CI P-value
Sex

Male/female 0.611 0.274-1.360 0.227
Tumor size

<5 cm/>5 cm 2.982 1.662-5.349 <0.001" 4.343 2.153-8.763 <0.001°
Differentiation

Poor/moderate/well 0.578 0.403-0.829 0.003" 0.576 0.385-0.863 0.007"
TNM stage

[-I/TH-1V 1.661 0.972-2.836 0.063
Tumor capsule

Present/absent 0.367 0.156-0.864 0.022* 0.376 0.146-0.970 0.043*
B7-H2 and B7-H3 combination

Both low/other 2.703 1.155-6.328 0.022* 6.784 2.522-18245  <0.001"

Values in bold indicate significance. *P<0.05; "P<0.01. TNM, tumor-node-metastasis; CI, confidence interval.

A ‘o Combination of B7-H3 and B7-H2 B 10 AFP
- .//... ‘_,’_: o
08 -~ 08
= I.' > ~
g 08 . g 08 _
= | 4 =
W | w |
5 | g [
» 04 ' o 0.4 | .
! AUC=0.910 r /" AUC=0.858
0.2 ,_,’ Cutoff (P1)=0.977 0.2 Cutoff (Pl)=-0.175
' | C10.799-0.973 ’ V4 Cl1 0.762-0.955
| .
0.0 v 0.0 v
0.0 02 04 06 08 1.0 0.0 02 04 06 08 1.0
Specificity Specificity
C Combination of B7-H3 and B7-H2 D Combination of B7-H3 and B7-H2
1.0 L P<0.001 o 107 P<0.001
L Group1 (Pl<Cutoff) g Group1 (Pl<Cutoff)
0.8 4 l L Group2 (PI>Cutoff) g 0.8 Group2 (Pl>Cutoff)
— b 1 ) a) i .- -
3 o
0.6 e 061
@ ] I
- 5
g 0.4 - g 0.4
Q Y 2 .
0.2 - ! T 021 !
| =1
£
p=1
0.0 A O 0.0
0 10 20 30 40 50 60 0 10 20 30 40 50 60
Time after surgery (months) Time after surgery (months)

Figure 4. Receiver operating characteristic analysis of the combined expression of B7-H2 and B7-H3 for indicating the survival rate of patients with HCC.
(A) AUC for the combined expression of B7-H3 and B7-H2 in patients with HCC. (B) AUC for the expression of AFP in patients with HCC. (C) Confirmation
of overall survival prediction in patients with HCC by the combined expression of B7-H3 and B7-H2 by Kaplan-Meier analysis. (D) Kaplan-Meier analysis of
cumulative recurrence prediction in patients with HCC by the combination expression of B7-H3 and B7-H2. AUC, area under the curve; AFP, a-fetoprotein;
HCC, hepatocellular carcinoma; CI, confidence interval; PI, prognostic indicator.

present study, although there was no significant association = was associated with the prognosis of HCV(+) patients with
between the expression of B7-H2/B7-H3 and HBV infection, HCC, as all cases in the present study were HCV(-). Further
it remained unclear whether the expression of B7-H3/B7-H2  investigations are necessary to ascertain this information.
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Figure 5. Receiver operating characteristic analysis of B7-H2 and B7-H3. (A) AUC for expression of B7-H2 in patients with HCC (AUC=0.874). (B) AUC for
expression of B7-H3 in patients with HCC (AUC=0.904). AUC, area under the curve; HCC, hepatocellular carcinoma; CI, confidence interval.

In view of the fact that diabetes mellitus is anotherrisk factor
for patients with HCC, the association between the expression
of B7-H3/B7-H2 and body mass index (BMI) was also inves-
tigated in the present study. Although there was no significant
association between the expression of B7-H2/B7-H3 and BMI,
whether the expression of B7-H3/B7-H2 was associated with
other diabetes-related factors, including insulin resistance and
expression of SH2 domain-containing inositol phosphatase 2,
in patients with HCC remains unclear. Previously, it has been
suggested that BMI and insulin resistance are risk factors for
patients with HCC with HCV infection (27). In particular, an
antidiabetic agent exhibited efficacy in reducing the spon-
taneous regression of HCC (28). Further investigations are
necessary to determine the link between the expression of
B7-H2/B7-H3 and diabetes mellitus in HCC, particularly in
those patients with HCV infection.

At present, AFP, having been established as an indicator
for HCC, is widely used in the diagnosis of HCC. However, its
specificity and sensitivity are below what is usually required
in clinical practice, with the result being that it is responsible
for a high rate of misdiagnosis in HCC. More recently, combi-
nation with B7 family molecules has been used to enhance
the sensitivity and specificity of prediction. Previous studies
have determined that the combination of B7-H3 and B7-H4
may be used as a novel prognostic marker for esophageal
cancer (29), and that T lymphocytes plus enoblituzumab
(B7-H3 antibody) can inhibit tumor growth in renal and
bladder carcinoma xenografts (30). Furthermore, the B7-H2
antibody JTX-2011 has shown success in the phase 1 ICONIC
clinical trial (NCT02904226) (31). Therefore, in the present
study, ROC analysis was used to evaluate the prediction
value of the combination of B7-H3 and B7-H2. Notably, an
increased AUC was observed for B7-H3 or B7-H2 alone
compared with that for AFP alone (Fig. 5A and B), suggesting
greater specificity and sensitivity for predicting prognosis in
HCC. More notably, the higher specificity and sensitivity was
further improved using the combination of B7-H3 and B7-H2.

To conclude, TMA-based immunohistochemistry staining
was applied in the present large-scale cohort study, and it was
observed that combined expression of B7-H2 and B7-H3 was

significantly associated with the prognosis of HCC. Based on
these findings, the combination of B7-H2 and B7-H3 may be
a potential prognostic biomarker for predicting recurrence and
overall survival rates in HCC.
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