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Expression and Clinical Significance
of BCL2 Interacting Protein 3 Like
in Multiple Myeloma
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Jie Ma3 , and Zhian Ling4

Abstract
Multiple myeloma (MM) is one of the main blood disorders threatening human health today. This study aimed to examine the
expression of BCL-2/adenovirus E1B 19 kDa-interacting protein 3-like (BNIP3L) in patients with MM and explore its mechanisms
in silico. Bone marrow samples (n ¼ 36 from patients with MM and n ¼ 12 from healthy donors) were used to conduct BNIP3L
expression analysis using immunohistochemistry. Microarray or RNA sequencing data from the Sequence Read Archive, Gene
Expression Omnibus, and ArrayExpress databases were used to appraise BNIP3L expression and its prognostic role in patients
with MM. The co-expressed genes of BNIP3L were identified for enrichment and protein-protein interaction (PPI) analyses to
determine the associated signaling pathways. Immunohistochemistry indicated that BNIP3L expression in bone marrow of
patients with MM was significantly lower than that in bone marrow of healthy donors. BNIP3L mRNA expression was also
significantly lower in patients with MM than in healthy donors. The overall standard mean difference (SMD) for downregulation of
BNIP3L was �0.62 [�1.17, �0.06], and the area under the curve was 0.81 [0.78, 0.85] based on a total of 694 MM cases. The
overall survival analysis demonstrated that BNIP3L levels could act as an independent protective indicator of MM patient survival
(HR¼ 0.79). Moreover, 261 co-expressed genes of BNIP3L were confirmed and found to be mainly involved in the adipocytokine
signaling pathway. We preliminarily proved that downregulation of BNIP3L may play an important role in the occurrence and
development of MM, and the promoting cancer capacity may be related to the pathway of adipocytokine signaling pathway.
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Introduction

Multiple myeloma (MM) is a malignant disease characterized

by abnormal proliferation of clonal plasma cells and the secre-

tion of a monoclonal immunoglobulin protein known as M

protein or monoclonal protein.1 MM is the second most com-

mon malignant blood cancer globally.2 The prevalence and

incidence of MM in developed countries (North America and

Western Europe) are significantly higher than those in devel-

oping countries.3 However, owing to the trend of global pop-

ulation aging, the incidence of MM has been gradually

increasing worldwide in recent years.4
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There have been many new technological improvements as

well as innovations in diagnostic and prognostic assessment of

MM, especially resulting from new biomarkers for diagnosis

and prognosis.5,6 Several studies have been conducted to reveal

the close association of the development and prognosis of MM

with the abnormal expression of vascular epidermal growth

factor and hepatic growth factors7 as well as inappropriate

activation of endothelial cell migration and proliferation via

ERK1/2 and JNK1/2/3 phosphorylation.8 Long-chain non-

coding RNA, circular RNA, and microRNA have also been

found to affect the pathogenesis and prognosis of MM.9 It has

been reported that low expression of miR-30d is associated

with the diagnosis and prognosis of MM, and that it has a

potential therapeutic effect in MM by inhibiting excessive acti-

vation of the PI3K/Akt signaling pathways.10 The count of

circulating myeloma cells reflects tumor load, a finding that

has great significance for assessing prognostic and curative

effects in MM.11 The Mayo stratification of myeloma and

risk-adapted therapy is of great value in evaluating the depth

of treatment responses and tiny residual MM depending on

cytogenetic biomarkers and high-risk markers of the gene

expression profile.12

Significant progress has also been made in targeted therapy,

immune therapy, and autologous stem cell transplantation ther-

apy in recent years by including the use of immunomodulatory

drugs, protease inhibitors, chimeric monoclonal antibodies, and

T-cell antigen receptors. However, owing to the highly hetero-

geneous and abnormal cytogenetics and molecular biology of

MM, most patients with MM experience recurrence or eventu-

ally become resistant to treatment, resulting in poor prognosis.

Therefore, revealing specific therapeutic targets in the MM

microenvironment is necessary to develop effective and novel

treatments. Research into MM-related genes is one of the main

directions of exploration of the pathogenesis and new therapies

of MM.

BCL-2/adenovirus E1B 19 kDa-interacting protein 3-like

(BNIP3L) is a member of the genetic family that promotes

tumor apoptosis through protein expression. Early research has

revealed that BNIP3L is associated with the pathogenesis of

many diseases, including cancer and cardiovascular disease,13

and is a known suppressor gene of lung and breast cancers,14

but its implications in MM remain unclear.15

In this study, the expression levels of BNIP3L in patients

with MM patients were determined using different detection

methods. This study also investigated the potential molecular

mechanism of deregulated BNIP3L in MM via analysis of the

associated signaling pathways.

Materials and Methods

BNIP3L Expression in MM and Normal Plasma Cells
Using Immunohistochemistry

In terms of morphology, normal plasma cells possess the char-

acteristics of eccentric nuclei. In most cases, the distribution of

chromatin in normal plasma cells appears as a clock or wheel

with abundant cytoplasm and obvious perinuclear holes. In

contrast, MM cells are characterized by pale areas in the cyto-

plasm close to the nucleus with obvious nuclear abnormalities

and dark blue cytoplasm. Sometimes, vacuoles and blue aniline

particles can be found. These MM cells are distributed in large

patches or clusters. Our immunohistochemical experiments uti-

lized the bone marrow samples of 36 patients with MM (pro-

portion of MM cells: 38%-82%) and 12 healthy donors

(proportion of plasma cells: 0.5%-2%). The sections were

stained with mouse anti-human BNIP3L antibody (ab155010)

at a concentration of 5 mg/mL, according to the immunohisto-

chemistry (IHC) experimental procedure. On each slide, 10

high-magnification fields were randomly selected, and the total

number of MM, plasma, and BNIP3L positive cells were

counted. The percentage of BNIP3L positive cells was calcu-

lated as the average of 10 fields.16-19 This study protocol was

approved by the ethics committee of the First Affiliated Hos-

pital of Guangxi Medical University. All the participants have

signed informed consent.

Collection of MM-Related Cohorts

MM-related cohorts were collected from the SRA, GEO, and

ArrayExpress databases using the keyword “myeloma.” The 2

inclusion criteria were as follows: firstly, the experimental and

control groups were human patients with MM and healthy

donors, respectively; secondly, the calculated mRNA expres-

sion data were to be provided by all included cohorts. The

mRNA expression matrix data of each cohort were down-

loaded, and the mRNA expression data of BNIP3L were

extracted. These cohorts were used to identify MM-related

genes and evaluate the expression of BNIP3L and its related

genes (Supplementary Figure 1). The prognosis-related cohorts

were screened using public databases. The inclusion criteria

were as follows: firstly, the sample size should be greater than

30; secondly, the survival time and survival status of patients

with MM should be presented in the included cohorts. These

cohorts were used to evaluate the prognostic value of BNIP3L

and its related genes (Supplementary Figure 2). Moreover,

cohorts providing clinical parameters were collected separately

to explore the relationships between BNIP3L and clinical

parameters.

Identification of MM-Related Genes

Multiple cohorts were used to identify the differentially

expressed genes (DEGs) in MM. Different microarrays that

shared the same detection platform were integrated and the

surrogate variable analysis package was used to remove the

batch effect. Based on the mRNA expression profile of each

platform, the “limma” package of R was used to calculate the

DEGs. Since there were multiple datasets involved, the final

DEGs were determined using a robust rank aggregation method

reported in previous studies.20-23

2 Technology in Cancer Research & Treatment



Figure 1. Protein expression of BNIP3L in MM microarray based on IHC. (A) Bar chart, (B) ROC curve, BNIP3L protein expression in (C)

normal bone marrow, (D) MM. IHC, �400. MM indicates multiple myeloma; IHC, immunohistochemistry; AUC, area under the curve.

Figure 2. Expression level of BNIP3L based on integrated data. A, Forest plot showing BNIP3L expression in patients with MM based on all

available data. B, Funnel plot of A. C, Forest plot showing BNIP3L expression in MM and normal plasma cells. D, Funnel plot of C. E, The

mRNA expression of BNIP3L in patients with MM. F, Funnel plot of E.
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Co-Expressed Genes of BNIP3L in MM and Relevant
Signaling Pathways

The co-expressed genes of BNIP3L were identified using the

Multi Experiment Matrix24 and COXPRESdb.25 In the Multi

Experiment Matrix, P < 0.05 was regarded as statistically

significant. In COXPRESdb, the top 2,000 genes were selected

based on their correlation coefficients. The co-expressed genes

of BNIP3L from the Multi Experiment Matrix and COX-

PRESdb overlapped, and the results were further intersected

with the MM DEGs identified in this study. Finally, the over-

lapping genes from 3 analyses were considered as co-expressed

genes of BNIP3L in MM. The co-expressed genes were sub-

mitted to DAVID for enrichment analysis, including gene

ontology (GO) and Kyoto Encyclopedia of Genes and Gen-

omes (KEGG) pathway analyses. STRING was used to con-

struct a protein-protein interaction network.

Validation of Hub Co-Expressed Genes of BNIP3L

The hub co-expressed genes of BNIP3L were identified based

on the connective degree of interaction nodes and further

explored. Firstly, 9 microarrays were merged by calculating

the standardized mean difference (SMD) to determine the

expression levels of the hub genes in MM. Secondly, based

on associated cohorts, the ability of hub genes to distinguish

MM cells from normal plasma cells was evaluated using recei-

ver operating characteristic (ROC) tests. Thirdly, based on the

data of prognostic-related microarrays, a univariate Cox regres-

sion analysis was used to evaluate the prognostic value of hub

genes, and an integrative result of multiple cohorts was

achieved by calculating the summarized hazard ratio (HR).

Statistical Analysis

Independent sample t-tests were initially performed with

SPSS 19.0 statistical software to evaluate the differences in

BNIP3L expression levels between patients with MM and

normal donors based on relevant data, and the results were

presented as mean + SD. The results of the t-test were

merged in Stata12.0, the SMD was calculated, and the forest

plot and funnel plot were exported. The ROC was drawn

using GraphPad Prism 8 to evaluate the potential of BNIP3L

and BNIP3L co-expressed genes in distinguishing MM sam-

ples from normal samples, and the sensitivity and specificity

were calculated. Univariate Cox regression analysis was car-

ried out to evaluate the relationship between BNIP3L expres-

sion and survival status, and the HR and the lower and upper

95% confidence intervals were exported. The prognostic role

of BNIP3L in MM was examined by calculating the summar-

ized HR. Statistical significance was set at P < 0.05.

Results

Expression of BNIP3L in Patients With MM Based on In-
House Immunohistochemistry

The IHC results of the tissue microarray showed that the pos-

itive signal of the BNIP3L protein resulted from mitochondria.

In normal plasma cells, moderately positive expression signals

were observed with a mean score of 7.17 + 1.03, while only a

low-level expression signal was observed in MM cells with a

mean score of 3.56 + 2.05 (Table 1). Through statistical anal-

ysis, the protein expression of BNIP3L was clearly lower in

MM cells than in normal plasma cells (Figure 1).

Comprehensive Expression of BNIP3L in Patients With
MM Based on High-Throughput Data and In-House IHC
Data

A total of 9 microarrays from patients with MM and healthy

donors were selected to assess BNIP3L expression (Table 1).

Among the 9 cohorts, GSE36474 and GSE14230 provided the

BNIP3L expression data of bone marrow samples from patients

with MM and healthy donors. The other 7 microarrays pro-

vided BNIP3L expression data of purified MM plasma and

Table 1. The Expression of BNIP3L in Multiple Myeloma Based on Microarrays and In-House IHC.

Dataset Country

Multiple myeloma Normal bone marrow

T

P

value Sensitivity Specificity AUCNumber Mean

Standard

deviation Number Mean

Standard

deviation

GSE36474 Belgium 4 10.7184 0.26084 3 10.6213 0.19767 �0.535 0.616 0.6667 0.75 0.6667

GSE14230 Italy 5 10.4776 0.40357 5 9.7173 0.29153 �3.415 0.009 0.8 1 0.96

GSE39754 USA 170 8.4098 0.69503 6 9.2465 1.89852 1.077 0.330 0.6667 0.9588 0.6637

GSE13591 Italy 142 7.0842 0.83835 5 7.7448 0.63953 1.742 0.084 0.5 0.9371 0.7343

GSE5900 USA 12 10.6462 0.42564 22 10.7879 0.54754 0.776 0.444 0.6364 0.5833 0.5606

GSE6477 USA 125 8.7851 0.8296 15 9.8161 0.52028 4.695 0 1 0.6 0.8624

GSE2113 Italy 46 6.733 0.87927 6 6.85 0.73549 0.311 0.757 0.6667 0.6304 0.5725

GSE47552 Spain 94 8.3086 0.67924 5 8.382 0.44002 0.238 0.812 1 0.3511 0.5319

GSE16558 Spain 60 7.448 0.5319 5 8.2484 0.37953 3.284 0.002 1 0.8 0.8933

In-house

IHC

China 36 3.5556 2.04862 12 7.1667 1.02986 5.835 0 1 0.75 0.9479

Abbreviations: IHC, immunohistochemistry; AUC, area under the curve.
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normal plasma cells. In the first step, 9 GEO microarrays and

the IHC data were integrated to evaluate the expression level of

BNIP3L in patients with MM, which revealed that BNIP3L was

significantly downregulated in patients with MM, and the cor-

responding standardized mean difference (SMD) was �0.62

(�1.17, �0.06) (Figure 2A and B). Secondly, the expression

of BNIP3L in MM and normal plasma cells was assessed based

on the data of 7 cohorts (GSE39754, GSE13591, GSE5900,

GSE6477, GSE2113, GSE47552, GSE16558) and in-house

IHC (Figure 2C and D), and downregulation of BNIP3L could

also be found in MM cells with an SMD of �0.91 (�1.38,

�0.44). Thirdly, the mRNA expression level of BNIP3L, as a

subgroup, was determined based on the 9 microarrays. The

mRNA expression of BNIP3L was consistently downregulated

in patients with MM (Figure 2E and F). The ROC curve was

drawn based on the relevant data (Supplementary Figure 3),

and the summary ROC (sROC) curve was generated by inte-

grating all available data. The area under the curve (AUC) was

0.81 (0.78, 0.85), which reflected a difference in BNIP3L

expression between patients with MM and healthy donors.

Additionally, sROC based on microarrays and in-house IHC

indicated that the downregulation of BNIP3L had favorable

sensitivity and specificity for identifying MM and healthy

plasma cells. The sensitivity and specificity for MM and

Figure 3. The potential of BNIP3L in identifying MM samples from normal samples. A, Sensitivity and specificity based on all included data. B,

The sROC curve of A. C, The sensitivity and specificity of BNIP3L to identify MM and normal plasma cells based on 7 GEO microarrays and in-

house IHC data. D, sROC curve of C. E, The sensitivity and specificity of BNIP3 L to identify MM and normal plasma cells based on 7 GEO

microarrays. F, sROC curve of E.
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healthy plasma cells were 0.98 (0.68, 1.00) and 0.69 (0.53,

0.81), respectively (Figure 3C and F).
Relationship Between BNIP3L Expression and Clinical
Parameters

A total of 5 prognosis-related microarrays (GSE57317,

GSE4452, GSE4581, GSE4204, and GSE24080) were included

in our study (Supplementary Figure 2, Table 2). The HR value

was calculated based on an individual microarray (Figure 4A

and E). The summarized HR revealed that downregulated

BNIP3L was associated with a better prognosis in patients with

MM (HR ¼ 0.79, P < 0.001) (Figure 4F). The relationship

between BNIP3L expression and some clinical parameters was

explored based on the clinical parameters of 559 patients with

MM in the GSE24080 cohort. Interestingly, BNIP3L expres-

sion was negatively correlated with b2 microglobulin and crea-

tinine levels, while it was positively correlated with albumin

and hemoglobin levels in patients with MM (Figure 4G and J).

Figure 4. Prognosis value of BNIP3L in multiple myeloma. A, Survival curve based on GSE57317. B, Survival curve based on GSE4204. C, Survival

curve based on GSE4452. D, Survival curve based on GSE4581. E, Survival curve based on GSE24080. F, Forest plot combining all datasets. G, The

relationship between BNIP3L and b2 microglobulin in patients with MM. H, The correlation between BNIP3L and creatinine in patients with MM.

I, The correlation between BNIP3L and albumin in patients with MM. J, The correlation between BNIP3L and hemoglobin in patients with MM.

Table 2. The Prognosis Value of BNIP3L Based on Prognosis-Related

Microarrays.

Datasets Sample size Country HR LCI UCI P value

GSE57317 55 USA 1.058 0.3398 3.292 0.9228

GSE4581 414 USA 0.7232 0.4643 1.126 0.1517

GSE4452 65 USA 1.121 0.4327 2.904 0.8142

GSE4204 538 USA 0.7846 0.5209 1.182 0.2458

GSE24080 559 China 0.7784 0.5767 1.051 0.1016

Abbreviations: HR, hazard ratio; LCI, low confidence interval; UCI, up con-

fidence interval.
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MM-Related Gene and BNIP3L Co-Expressed Genes

A total of 20 microarrays were obtained from the public data-

base and divided into 5 platforms: GPL570 (GSE36474,

GSE29023, GSE28327, GSE4581, GSE4204, GSE4452,

GSE24080, GSE16791, GSE58133, and GSE68871); GPL96

(GSE8991, GSE14230, GSE13591, GSE2912, GSE6477, and

GSE2113); GPL6244 (GSE47552 and GSE16558); GPL571

(GSE5900); and GPL5175 (GSE39754) (Supplementary

Figure 3, Supplementary Table 1). A differential expression

analysis was conducted based on the expression matrix of the

platform, and the DEGs from the 5 platforms were integrated.

A total of 4,459 upregulated and 10,995 downregulated MM-

related genes were identified. Furthermore, a total of 8,685 and

2,000 co-expressed genes of BNIP3L were obtained from the

Multi Experiment Matrix and COXPRESdb, respectively.

After integrating the MM-related genes and BNIP3L

Figure 5. Prospective pathway analysis and protein-protein interaction of BNIP3L co-expressed genes in MM. A, Venn diagram. B, KEGG

pathways of BNIP3L co-expressed genes in MM. C, Biological process of GO annotation. D, Cellular component of GO annotation. E,

Molecular function of the GO annotation. F, Protein-protein interaction network (combined score > 0.7, the size of the node represents the

connective degree).
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co-expressed genes from the 2 websites, a total of 261 genes

were obtained and considered as co-expressed genes of

BNIP3L in MM (Figure 5A).

BNIP3L-Related Signaling Pathways and PPI Network
Analysis

Pathway analysis was performed using 261 co-expressed genes

of BNIP3L. GO analysis indicated that these genes were

mainly related to the gene annotations of porphyrin-

containing compound biosynthetic processes, cytosol, and

actin binding, while the KEGG analysis showed that these

genes were mainly associated with the adipocytokine signaling

pathway (Table 3, Figure 5B and E). The PPI network showed

that the top 10 hub co-expressed genes of BNIP3L in MM were

SLC4A1, EPB42, CAT, HIF1A, KLF1, EPB41, AHSP,

DMTN, GYPA, and FECH (Figure 5F).

Further Verification of Hub Correlated Genes

Further expression validation of the top 10 hub co-expressed

genes was performed. Firstly, 9 cohorts (GSE36474,

GSE14230, GSE39754, GSE13591, GSE5900, GSE6477,

GSE2113, GSE47552, and GSE16558) were used to access the

expression of hub genes in patients with MM, and it was found

that 6 genes (SLC4A1, EPB42, CAT, HIF1A, KLF1, and

EPB41) were significantly downregulated in the MM patients

(Figure 6). Secondly, the hub genes had a certain sensitivity

and specificity in distinguishing MM cells from normal plasma

cells (Supplementary Figure 4). Thirdly, positive correlations

were noted between the expression of BNIP3L and the 6

co-expressed genes (Supplementary Figure 5). Univariate Cox

analysis showed that 6 hub genes were associated with the

prognosis of patients with MM. Among them, 3 hub genes

(HIF1A, KLF1, and EPB41) were associated with a poorer

prognosis, while SLC4A1 was associated with a better prog-

nosis in patients with MM (Supplementary Figure 6).

Discussion

In this study, multiple microarrays were integrated to evaluate

the expression levels of BNIP3L in 694 patients with MM and

84 healthy donors. Notably, BNIP3L expression was signifi-

cantly downregulated in patients with MM. Furthermore,

decreased BNIP3L expression was negatively correlated with

the expressions of b2 microglobulin and creatinine in patients

with MM, while it was positively correlated with the albumin

and hemoglobin levels of patients with MM. Survival analysis

showed that BNIP3L was associated with a good prognosis in

patients with MM. Functional analysis revealed that BNIP3L is

associated with the adipocytokine signaling pathway.

Studies have yet to report the clinical significance of the

expression level of BNIP3L in patients with MM. However,

its clinicopathological implications in other malignancies have

been reported. For instance, decreased expression of the BNIP3

L protein was reported in lung cancer, and the downregulation

of BNIP3L protein was partially rationalized by inhibition at

the transcriptional level.26 Besides the solid tumor, BNIP3L

expression in tumors of the lymphatic hematopoietic system

provide a basis to the clinical role of BNIP3L in MM. Lower

expression of BNIP3L has been reported in mantle cell lym-

phoma cells.27 BNIP3L was also downregulated in cases of

myelodysplastic syndromes (MDS), acute myeloid leukemia

(AML) with myelodysplasia-related changes (AML-MRC),

and denovo AML compared to that in healthy donors.28

In this study, both the protein and mRNA expression levels

of BNIP3L were significantly decreased in patients with MM

compared to those in normal donors. This downregulation of

BNIP3L was supported by an in-house tissue microarray, sev-

eral public microarrays, and an integrated analysis of 694 cases

of MM. These results support the hypothesis that BNIP3L may

play the role of a suppressor gene in MM. This raises the

possibility that the detection of BNIP3L may be used as a

biomarker for MM; however, methods to determine the

Table 3. The Major GO Items and KEGG Pathways of BNIP3L Co-

Expressed Genes in Multiple Myeloma.

Category Term Count P value

Biological process

GO:0006779 porphyrin-containing

compound

biosynthetic process

4 1.46E-04

GO:0051597 response to

methylmercury

4 1.46E-04

GO:0019852 L-ascorbic acid

metabolic process

4 2.16E-04

Cellular component

GO:0005829 cytosol 80 1.52E-07

GO:0070062 extracellular exosome 69 9.58E-07

GO:0015629 actin cytoskeleton 15 1.90E-06

Molecular function

GO:0003779 actin binding 16 1.04E-05

GO:0005515 protein binding 154 1.10E-04

GO:0016491 oxidoreductase activity 11 5.81E-04

KEGG pathway

hsa04920 Adipocytokine signaling

pathway

7 0.001150328

hsa00860 Porphyrin and

chlorophyll

metabolism

5 0.005406182

hsa03320 PPAR signaling pathway 6 0.005450632

hsa00520 Amino sugar and

nucleotide sugar

metabolism

5 0.00869394

hsa04152 AMPK signaling

pathway

7 0.018063576

hsa01130 Biosynthesis of

antibiotics

9 0.027608801

hsa05231 Choline metabolism in

cancer

6 0.02842234

hsa04910 Insulin signaling

pathway

7 0.029810666

hsa00910 Nitrogen metabolism 3 0.033024794

hsa04931 Insulin resistance 6 0.036465802

Abbreviations: GO, gene ontology; KEGG, Kyoto Encyclopedia of Genes and

Genomes.
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expression level of BNIP3L in bodily fluids should be devel-

oped as a non-invasive clinical test.

Only 2 studies have been conducted concerning the prog-

nostic role of BNIP3L in various cancers. One study reported

that decreased BNIP3L expression level could serve as an inde-

pendent prognostic marker for worsened overall survival and

event-free survival of patients with MDS.27 The other study

considered a prognostic model to predict the survival of MM

with autophagy-related genes based on the data from

GSE24080.15 A risk model with 16 genes was constructed

based on multivariate Cox regression analysis, and BNIP3L

was one of the 16 candidates. However, the previous study did

not investigate the prognostic value of BNIP3L as an individual

marker. We found the summarized HR of BNIP3L in MM to be

0.79 (<1), which not only reflected the findings of a previous

study,15 but also furnished evidence for the protective role of

BNIP3L in the survival of patients with MM. Moreover, in this

study, the relationship between BNIP3L and some clinical

parameters (such as b2-microglobulin, creatinine, albumin, and

hemoglobin) was evaluated based on clinical data from 559

patients with MM. According to existing clinical studies, these

indicators are closely related to the clinical stage and prognosis

of patients with MM. For example, one study found that

b2-microglobulin was a serum producer of tumor burden in

hematological malignancies.29 In most patients with stage I

MM, b2-microglobulin levels are normal, while elevated

b2-microglobulin levels were reported in patients with

advanced disease stage.29 A comprehensive analysis based on

10,750 newly diagnosed patients with MM from multiple

clinics and laboratories found that serum b2-microglobulin,

serum albumin, and serum creatinine levels were powerful

predictors of patient survival.30 Another study reported that

hemoglobin level is a protective factor, while creatinine level

is a risk factor in patients with MM.31 Therefore, we speculate

that BNIP3L may directly or indirectly affect the survival and

disease progression of patients with MM by affecting the

Figure 6. Expression of hub co-expressed genes of BNIP3L in MM. (A) SLC4A1; (B) EPB42; (C) CAT; (D) HIF1A; (E) KLF1; (F) EPB41.
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production of these factors. These findings point to BNIP3L as

a potential marker for predicting survival in patients with MM.

In the current study, to explore the role of BNIP3L in the

occurrence and development of MM, we conducted a func-

tional analysis based on BNIP3L co-expressed genes. It was

noted that the most enriched pathways were not classic apop-

tosis or autophagy pathways. The adipocytokine signaling

pathway was the top result from KEGG analysis, providing

new insight into possible BNIP3L mechanisms in MM. We

also investigated the expression levels of several hub

co-expressed BNIP3L genes and found that 6 of them were

significantly downregulated in patients with MM. Association

of 5 of the 6 genes with MM has never been reported. Whether

direct or indirect correlations exist among them remains to be

explored. However, hypoxia-inducible factor-1 alpha (HIF1A)

inhibitors have proven valuable as anti-multidrug resistance

agents for the treatment of melphalan-resistant MM, since

upregulation of HIF1A contributes to melphalan resistance in

MM cells by activating ERK1/2, Akt, and NF-kB.32 There may

be a synergistic effect between HIF1A and BNIP3L, but the

specific details and potential mechanisms require further

research.

It has been found that BNIP3L has connections with clinical

treatment. Treatment of breast cancer cells with cetuximab (an

antibody targeting epidermal growth factor receptors) or tras-

tuzumab (an antibody targeting human epidermal growth factor

receptor-2) can enhance the induction of BNIP3L and chemo-

sensitization. After BNIP3L transfection into breast cancer

cells, the sensitization to chemotherapy-induced apoptosis was

greatly promoted. In contrast, knockdown of BNIP3 L remark-

ably reduced the chemosensitizing ability of cetuximab. Hence,

blocking epidermal growth factor receptors or human epider-

mal growth factor receptor-2 was able to increase the level of

BNIP3L, which is needed for breast cancer chemosensitiza-

tion.33 Another example showed that AML cells with BNIP3L

deficiency were reported to be more sensitive to mitochondria-

targeting drugs.34 Furthermore, BNIP3L expression was also

upregulated by decitabine in myeloid cells.28 These studies

will help incorporate BNIP3L into new therapeutic strategies

for MM.

There are several limitations to this study. This study requires

more in vivo and in vitro experiments to verify the effects of

BNIP3L on the occurrence and development of MM. In addition,

the relationships between BNIP3L and its co-expressed genes

were assessed based on a public database, but this co-expression

requires further experimental verification, such as through co-

immunoprecipitation in cell lines and mass spectrometry.

Furthermore, there still exists the challenge of widespread accep-

tance of translational medicine; nonetheless, the conclusions of

this study warrant further consideration.

Conclusions

The most clinically relevant finding of this study is that the

downregulation of BNIP3L may play a role in both the initia-

tion and progression of MM. A strong relationship between

BNIP3L and some cancer treatments has been reported in the

literature providing a novel rationale for therapeutic strategies

aimed at activating BNIP3L expression. However, small mole-

cular enhancers of BNIP3L are currently unavailable. Our

future work will focus on the therapeutic effects and molecular

mechanisms of BNIP3L in MM.
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