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Background: BCL2 19 kD protein-interacting protein 3 (BNIP3) is a BH3-containing protein of the BCL-2 family; it can regu-
late cell death, autophagy, and cytoprotection. The upregulation of BNIP3 has been reported to relate to pro-
gression and poor prognosis in different cancer types. However, the clinical significance of BNIP3 in uveal mel-
anoma (UM) is still unknown.

Material/Methods: In our study, 47 patients with UM were enrolled; the expression of BNIP3 was detected with immunohisto-
chemistry. According to BNIP3 immunohistochemical scores, the patients were divided into BNIP3 high- and
low-expression subgroups. The correlation between the expression of BNIP3 and clinicopathological factors
was evaluated with Fisher’s test; the associations with survival rates were analyzed with log-rank test. The in-
dependent prognostic factors were identified with the Cox-regression model.

Results: BNIP3 was mainly localized in the cytoplasm, and high expression of BNIP3 accounted for 31.9% (15/47) of the
patients in our study. High expression of BNIP3 was demonstrated to be significantly associated with more pig-
ment (P=0.018) and deeper scleral invasion (P=0.013). High expression of BNIP3 was also correlated with low-
er overall survival rate (P=0.006). Multivariate analysis confirmed positive ciliary body involvement and lym-
phatic infiltration as independent prognostic factors.

Conclusions: High expression of BNIP3 was significantly associated with poor prognosis of patients with UM, indicating that
BNIP3 detection could help stratify high-risk patients and identify new therapies targeting BNIP3 as a promis-
ing approach to treat UM.
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Background

Uveal melanoma (UM) is a primary adult malignancy of the eye
and has the highest mortality and morbidity worldwide [1]. It
is characterized with early metastasis and unfavorable prog-
nosis. Along with histopathology, several factors have been
identified as predictive of the prognosis of patients with UM,
such as tumor cell type, size of the nucleoli, mitosis, and ac-
tivity of proliferation. These factors could be used to stratify
high-risk patients and those with poor prognosis, to help in-
form individual treatment decisions. However, the identifica-
tion of new prognostic biomarkers in UM is lacking, partially
because of the rarity of UM cases and the difficulty of obtain
tissue specimens for such evaluations.

BCL2 19 kD protein-interacting protein 3 (BNIP3) is a
BH3-containing protein of the BCL-2 family, which has been
demonstrated to regulate cell death, autophagy, and cytopro-
tection. BNIP3 is an unclassical BH3-containing protein be-
cause it interacts directly with BCL-2 family members via its
C-terminal transmembrane domain instead of BH3 domain.
BNIP3 plays dual effects on cell survival. On one hand, BNIP3
activates caspase-independent necrosis-like cell death by open-
ing the mitochondrial permeability transition pore [2]. On the
other hand, BNIP3 can initiate the mitochondrial autophagy,
which is essential for cell survival in extreme environments [3].
The upregulation of BNIP3 has been reported to be correlat-
ed with progression and prognosis in several types of cancers
such as non-small cell lung cancer, breast cancer, and salivary
adenoid cystic carcinoma [4-6].

In recent years, gene expression profiling provided a break-
through into UM individual treatment. Onken et al. revealed
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two molecular classes of UM with different prognosis based on
gene expression profiling that provides more detail to stratify
high-risk patients for individual treatment [7]. In UM, BNIP3
has been proven to support melanoma cell migration and vas-
culogenic mimicry by orchestrating the actin cytoskeleton [8].
However, its clinical significance has not yet been revealed.
In our study, the expression of BNIP3 was detected with im-
munohistochemistry (IHC) in 47 Um cases. Moreover, its cor-
relation with clinicopathological factors and prognostic values
were analyzed to evaluate the clinical significance of BNIP3.

Material and Methods

Patients

Formalin-fixed paraffin-embedded (FFPE) tissue samples were
obtained from the Department of Pathology of Linyi Central
Hospital from 71 patients who underwent enucleation and
were diagnosed as having primary UM from 2000 to 2013.
The specimens were obtained with prior consent of each pa-
tient enrolled in the study. Twenty-four patients were exclud-
ed because of the absence of follow-up records or due to use
of chemotherapy or radiotherapy prior to enucleation. The fi-
nal validation cohort consisted of 47 patients. The diagnosis
was double confirmed by two pathologists and the clinico-
pathological factors were retrieved from the patients’ medi-
cal records and pathological reports. The study was approved
by the Ethics Committee of Linyi Central Hospital and con-
ducted in guidance of the principle of the Helsinki Declaration.

High expression of BNIP3

Figure 1. The expression of BNIP3 in UM tissues is detected by immunohistochemistry staining. (A) Representative image of the low
expression of BNIP3. The score calculated by ImageJ-pro is 44.81. Scale bar: 50 um. (B) Representative image of the high
expression of BNIP3. The score calculated by ImageJ-pro is 89.27.
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Table 1. Correlation between BNIP3 and clinicopatholgic factors.

Characters Number

CLINICAL RESEARCH

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr 0.018

65.96% 21 10

6.38% 0 3
72.34% 27 7 0.013
27.66% 5 8
85.11% 29 11 0.188
14.89% 3 4
85.11% 27 13 0.836
14.89% 5 2

* Means calculated by Fisher test. BNIP3 is the abbreviation for BCL2 19 kD protein-interacting protein 3.

IHC and score evaluation

Streptavidin peroxidase complex method was used for IHC
staining according to the literature [9-11]. Briefly, the FFPE tis-
sue specimens were first deparaffinized and rehydrated with
xylene and graded alcohol, and then incubated in boiled ci-
trate buffer (pH=6.0) for optimal antigen retrieval. Hydrogen
peroxide at 3% was used to incubate the slides for 15 min-
utes to attenuate the endogenous activity. The unspecific
binding was blocked by incubation in 1% bovine serum albu-
min (Beyotime Biotechnology, Shanghai, China) for 1 hour at
37°C. Primary antibody of BNIP3 (Cat No. 44060, Cell Signaling
Technology, USA) at 1: 100 dilution was used to incubate the

specimens overnight at 4°C. After rinsing with phosphate buff-
ered solution, the secondary antibody (Beyotime Biotechnology,
Shanghai, China) labeled with streptavidin-biotin-peroxidase
reagent was used to incubate the slides for 2 hours at room
temperature and the 3,3’-diaminobenzidine solution (Beyotime
Biotechnology, Shanghai, China) was applied for antigen visu-
alization. Finally, the slides were counterstained with hema-
toxylin (Beyotime Biotechnology, Shanghai, China).

The results of IHC were first evaluated by 2 senior patholo-
gists to select the densest tumor area. The IHC tumor area
was semi-quantified with the software ImageJ-pro (National
Institutes of Health, MD, USA) via calculating the intensity
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Table 2. Correlation between exprsssion of BNIP3 and the overall survival rates.

Characters 3-year OS rate (%) 5-year OS rate (%) P*
Age
""""""" o  es  es8  ogel
o0 83 83
""""" Sex
""""""" Mae 797 &7 0715
""""""" Female 751 53
""""" Histologictype
""""""" spinde 754 se6 0764
""""""" Nonspindle  es 65
""""" largest tumour diameter(mm)
""""""" as o 72 0250
ks 63 495
""""" Pigment
""""""" a 90 90
—————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————— 0.360
<1/3-2/3 69.2 51.9

""""""" >4 _s0 50
""""" Scleralinvasion
""""""" suweffaial &1 &1 0006
""""""" Medial+Deep ~ si8 173
""""" Ciliary body involvement
""""""" N 8o 789 o001
s 7 o0
""""" lymphatic infiltration
""""""" N &2 &7 o003
e 22 22
""""" BNIPZ
""""""" tow g7 7 o000
""""""" Wgh a9 20

* Means calculated by log-rank test. BNIP3 is the abbreviation for BCL2 19 kD protein-interacting protein 3. HR means hazard radio

and Cl means confidence interval.

and area of cell staining. The ROC curve was applied to set
the cutoff of IHC values, which was defined as the point with
the highest specificity plus sensitivity [12-14]. The cutoff di-
vided the cohort into BNIP3 high-expression and low-expres-
sion subgroups, which was used to evaluate the influence of
BNIP3 on tumor progression and prognosis. The cutoff was
confirmed as 65.45 by ROC curve.

Statistical analysis

All data were analyzed using the software SPSS 17.0 (IBM
Corporation, New York, USA). The overall survival rate (OS)
was estimated from the date of operation to the date of death
or last follow-up.

The correlation between BNIP3 expression and the clinicopath-
ological factors was analyzed with Fisher’s test. The statistical
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Figure 2. Survival curves stratified with BNIP3, scleral invasion, ciliary body involvement, and lymphatic infiltration. (A) High expression
of BNIP3 is correlated with lower overall survival rates (P=0.006). (B) Positive scleral invasion is correlated with lower overall
survival rates (P=0.006). (C) Positive ciliary body involvement is correlated with lower overall survival rates (P=0.003).

(D) Positive lymphatic infiltration is correlated with lower overall survival rates (P=0.001).

differences between BNIP3 high- and low-expression subgroups
were evaluated with log-rank test and survival curves were dis-
played with Kaplan-Meier test. Independent prognostic fac-
tors were identified using the Cox-regression hazard model.
P values <0.05 was considered to be statistically significant.

Results

BNIP3 expression in cytoplasm of UM

The expression of BNIP3 in UM was detected by IHC on FFPE
tissue specimens. BNIP3 was widely expressed in the cyto-
plasm of UM tissues with variable abundance of expression
(Figure 1A, 1B). The cohort of patients was divided into two sub-
groups: high expression of BNIP3 and low expression of BNIP3.
The percentages of BNIP3 low-expression and high-expression
cases were 68.1% (32/47) and 31.9% (15/47), respectively.

The correlation between BNIP3 high-/low-expression and clin-
icopathological factors was determined by the Fisher’s test
(Table 1). The analysis included the clinicopathological factors
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such as patients’ age, sex, UM histologic type, the largest tu-
mor diameter, pigment, scleral invasion, ciliary body involve-
ment, and lymphatic infiltration. The percentages of groups
stratified with these parameters are displayed on Table 1. The
high expression of BNIP3 was demonstrated to be significant-
ly associated with more pigment (P=0.018) and deeper scler-
al invasion (P=0.013).

Study parameters correlated with poorer prognosis

The correlation between BNIP3 subgroups (high-/low-expression)
and the 5-year overall survival (OS) rate of UM was analyzed
with univariate analysis (Table 2). The statistical significance
was evaluated with log-rank test. The survival rates are dis-
played on Figure 2. Patients with high expression of BNIP3 had
poorer prognosis compared with those with low expression
of BNIP3 (P=0.006, 5-year OS 25.0% vs. 82.7%) (Figure 2A).
Additionally, deeper scleral invasion, positive ciliary body in-
volvement, and lymphatic infiltration were all significantly
associated with unfavorable prognosis (P=0.006, 0.001, and
0.003, respectively) (Figure 2B-2D).
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Table 3. Independent prognostic factors by multivariate analysis.

Characters
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HR 95%ClI P*

1 0.05-2.10 0.235
0.32

1 0.13-5.84 0.892

1

1 0.67-14.8 0.145
3.15

1 1.29-27.1 0.022
591

1 1.26-45 0.027
7.54

1 0.28-7.47 0.651
1.46

* Means calculated by Cox-regression model. BNIP3 is the abbreviation for BCL2 19 kD protein-interacting protein 3. HR means hazard

radio and Cl means confidence interval.

Identification of independent prognostic factors in UM

The independent prognostic factors of UM were identified with
the Cox-regression hazard model (Table 2). All the significant
parameters verified in univariate analysis were enrolled into
the hazard model except for patient age and sex. In our co-
hort, the positive ciliary body involvement and lymphatic in-
filtration were identified as independent prognostic factors
(P=0.022 and 0.027, respectively), suggesting positive ciliary
body involvement or lymphatic infiltration could lead to poor
prognosis directly. BNIP3 high expression was not proven to
be an independent prognostic factor in our study (P=0.651).

Discussion

UM has dramatically high mortality and is a major health bur-
den worldwide [15]. Radical resection of the tumor at an early
stage is still the only curative treatment because of its charac-
teristic of early metastasis. Achievements in new therapeutic
approaches for the treatment of UM have been made in re-
cent years. One of these striking breakthroughs was therapy

targeting immune-checkpoints. Up to now, there have been
three immune-checkpoint inhibitors approved by the US Food
and Drug Administration (FDA) for the treatment of unresect-
able or metastatic melanoma. Those are ipilimumab, nivolum-
ab, and pembrolizumab. The discovery of all these inhibitors
was based on the identification of new biomarkers and drug
targets like PD-1 receptor. However, exploring new biomarkers
for UM is challenging because of its rare frequency as well as
its early metastasis rate, which results in lost resect surgery
opportunity for many patients, and thus no chance to collect
tissue samples. For all these reasons, studies targeting the
identification of prognostic biomarkers are relatively rare. In
our study, we showed BNIP3 expression was predictive of un-
favorable prognosis of UM with a very significant statistical
difference (P=0.006). This may provide new insight into the
treatment of UM and may help select high-risk UM patients.

In our study, the BNIP3 overexpression was not identified as
an independent prognostic factor, indicating that BNIP3 ex-
pression may mainly affect tumor progression related to scler-
al invasion and indirectly influence prognosis. The underlying
mechanism of how BNIP3 correlates to scleral invasion and
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poor prognosis is essential to elucidating the function of BNIP3
in UM and confirming whether BNIP3 is an independent prog-
nostic factor, however, unfortunately, it was not involved in
our study. However, based on previous literature, some of our
hypothesis could be verified. BNIP3 is essential to two fun-
damental processes: apoptosis and mitochondrial autophagy,
which play opposite functions on cell survival [16]. The ability
of autophagy induction of BNIP3 protects tumor cells from dy-
ing in environments like starvation or hypoxia [17]. The starva-
tion or hypoxia of tumor cells is normal in all types of cancer,
including UM. The role of BNIP3 as a gatekeeper in mitochon-
drial autophagy has been widely accepted. Mitochondrial au-
tophagy, also known as mitophagy, is usually considered to
suppress oncogenesis in tumor initiation and promote tumor
progression via supporting tumor cell survival by removing
damaged organelles and providing energy by catabolizing cel-
lular macromolecules [18]. During tumor progression, the en-
hancement of mitophagy is usually regarded as one reason
for rapid progression. However, this conclusion is still contro-
versial, and some studies have reported that upregulation of
BNIP3 could promote apoptosis of cancer cells [19,20]. BNIP3
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plays an important role in the induction of apoptosis as well
as autophagy. The former is responsible for cell death while
the latter is responsible for survival protection. The function
of BNIP3 in cancer may be different for different cancer types
and in different cancer phases.

Conclusions

We, for the first time, detected the expression of BNIP3 in
47 cases of UM and demonstrated that BNIP3 is significantly
correlated with scleral invasion and poor prognosis, suggest-
ing therapies targeting BNIP3 may be promising for success-
ful treatment of UM. Our study could also help stratify UM
patients with high risk and determine the selection of the op-
timal therapy for each patient.
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