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Background: Cutaneous melanoma (CM) accounts for about 90% of all melanoma cases. HIF-1α overexpression is associated with
poor prognosis in many cancers including CM. Hence, we characterized differentially expressed genes (DEGs) in the response of CM
cells to normoxia and hypoxia.
Methods: We first successfully constructed cell hypoxia model and then performed RNA-seq to explore the changes of gene
transcription in CM cells during hypoxia. The highest expression of the six genes was detected using qRT-PCR and Western blot
assays. The binding sites between BIRC7 promoter and HIF-1α was explored by luciferase assay. Cellular function assays were used to
observe the role of BIRC7 in the effect of hypoxia on tumor progression.
Results: Compared with the transcriptome data of the control group, a total of 2601 DEGs were identified in the hypoxic group. There
were 1517 genes with significantly higher expression and 1084 genes with lower expression in the hypoxic group. Among them,
OSCAR, BIRC7, HBA1, SFN, GOLT1A, and BEX2 were significantly up-regulated in the hypoxic group. BIRC7 expression was
most significantly up-regulated and a downstream factor of HIF-1α. We highlighted that knockdown of BIRC7 reversed the positive
effects of HIF-1α on A875 and M14 cells.
Conclusion: Our findings demonstrated that BIRC7 was a downstream factor of HIF-1α and reversed the effect of hypoxia on
promoting tumor progression of CM cells.
Keywords: apoptosis, BIRC7, HIF-1α, hypoxia, malignant melanomas

Background
Cutaneous melanoma (CM) accounts for about 90% of all melanoma cases (CM, uveal melanoma, and mucosal
melanoma).1 In recent years, the global incidence of CM has risen sharply.2 With the development of molecular targeted
therapy and immunotherapy, the treatment of patients with unresectable or metastatic melanoma has made great progress,
which has changed the current status of non-treatment.2 However, this disease progresses extremely rapidly. At present,
the survival time of advanced patients is usually only 6 to 9 months.3

Hypoxia promotes the resistance to various anti-tumor drugs. It is a key factor in the metastasis and treatment
response failure of most solid tumors, including CM.2 Due to abnormal blood vessels, oxygen delivery is impaired in the
tumor microenvironment. In addition, due to the proliferation requirements of tumor cells, nutrition and oxygen
consumption increase.4,5 Hypoxia microenvironment is a sign of most solid tumors. Hypoxia-inducible factor 1 (HIF-
1) is a key regulator of tumor cell adaptive response to hypoxic microenvironment and mediates a large number of gene
responses. Some preclinical evidence suggests that targeting HIF-1 alone or in combination with other treatments may be
beneficial in inhibiting the metastasis of CM.6,7 Therefore, the in-depth exploration of hypoxia regulation pathways in the
progress of CM is beneficial to the clinical practice of CM treatment.
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BIRC7 is an apoptosis inhibitory protein that is upregulated in many melanoma cell lines and is closely associated
with melanoma disease progression, apoptosis resistance, and chemotherapeutic drug resistance.8–10 BIRC7 contains a
BIR domain that has been shown to bind and inhibit caspases-3, −7 and −9, playing a key role in inhibiting apoptosis.11

Wang et al also found that knockdown of BIRC7 induced melanoma cell apoptosis.12 Apoptosis-inhibiting proteins
including BIRC7 are considered novel targets for anticancer therapy. However, the role of BIRC7 in tumor hypoxia
remains unknown.

In this study, CM cells suffering from hypoxia for 12 h were subjected to high-throughput transcriptome sequencing.
After analyzing the molecular changes caused by hypoxia, we focused on the role of BIRC7 in CM hypoxia.

Methods
Cell Culture and Treatment
M14 and A875 cells were obtained from the Cell Bank of the Chinese Academy of Sciences (Shanghai, China). Cells
were cultured in DMEM supplemented with 10% FBS and 1% penicillin-streptomycin with the 5% CO2, 21% O2 and
74% N2 atmosphere at 37 °C. A chamber (MACS VA500 microaerophilic workstation, Don Whitley Scientific, Bingley,
UK) was filled with atmosphere of 95% N2 and 5% CO2 to simulate the hypoxia in melanoma cells. Specific siRNA
targeting BIRC7 (si-BIRC7) was designed by Genepharm Co. (Shanghai, China), and transfected into cells using
Lipofectamine 2000 reagent. si-BIRC7 sequence was as follows: 5′-GGTGAGGTGCTTCTTCTGC-3′.

Western Blot
Total protein from cells was extracted using RIPA lysate, and nuclear-cytoplasmic separation was performed with the
Minute (TM) Cytoplasmic and Nuclear Fractionation kit (SC-003, Invent). Equal amounts of protein were run on SDS-
PAGE and electroporated onto PVDF membrane. Membrane was sequentially blocked in 5% bovine serum albumin for 1
h, incubated with primary antibodies (anti-HIF-1α, 1:2000, ab1; anti-Lamin B1, 1:5000, ab16048; anti-GAPDH, 1:5000,
ab8245; anti-BIRC7, 1:2000, ab97350; Abcam) overnight at 4°C and then incubated with corresponding secondary
antibodies (HRP Anti-Rabbit IgG antibody, 1:3000; ab288151; HRP Goat Anti-Mouse IgG H&L, 1:3000; ab205719;
Abcam) for 2 h at room temperature.

Immunofluorescence Staining
The cells were fixed with 4% PFA for 15 min. About 0.05% Triton X-100 was used to permeabilize cells. Cells were
blocked with 5% BSA, incubated with primary antibodies (anti-HIF-1α, 1:200, ab1, Abcam) overnight at 4 °C and FITC-
conjugated secondary antibodies (Goat Anti-Mouse IgG H&L, 1: 200; ab150113; Abcam) at room temperature 1 h, and
stained with DAPI for 6 min. Finally, cells were mounted with Aqua Mount.

RNA Sequencing and Data Analysis
Total RNA was isolated from cells entering logarithmic division using Trizol reagent (CWBIO, Beijing, China). An
Agilent 2100 Bioanalyzer (Agilent, USA) was used to evaluate RNA quality. cDNA library was constructed using Oligo
(dT) magnetic beads (Invitrogen, Carlsbad, CA, USA) and random hexamers, the range of library inserts was detected
with the Agilent 2100 bioanalyzer was used to detect, and the library concentration was quantified using the ABI
StepOnePlus real-time PCR system. Sequencing was performed using an Illumina HiSeq sequencer. The raw image data
file obtained by Illumina HiSeq was converted into readings data through CASAVA base call analysis, and the result was
saved in the FASTQ file format. After passing the raw readings through perlscript and discarding low-quality readings to
obtain clean readings, HISAT was used to compare the clean readings with the reference genome. The PossionDis
algorithm was used for differential gene detection, and genes with |log2(FoldChange)| >1 and q value <0.001 were
selected as differentially expressed genes (DEG). Using the FPKM value of the differential gene as the expression level,
a hierarchical clustering analysis was performed.
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Quantitative Real-Time PCR
Trizol was used to isolate total RNA, and CDNA was synthesized using Revert Aid First Strand cDNA Synthesis Kit
(Takara, Beijing, China). RT-qPCR was performed using ABI Prism 7300 sequence detector and SYBR Green reagent
(Takara, Beijing, China). The primer sequences are shown in Table 1. β-actin was used as the internal reference.

Luciferase Determination
Partial fragment of wild-type BIRC7-3ʹUTR (WT) and mutant (MUT) were amplified and cloned into pGL3 Basic vector
(Promega, Madison, WI). All constructs were verified by sequencing. pmirGLO-BIRC7-3ʹUTR wild-type (WT) and
mutant (MUT) plasmids were transferred to M14 cells through Lipofectamine 2000 according to the manufacturer’s
protocols. Forty-eight hours after transfection, the luciferase activity was measured using the dual-luciferase reporter
gene detection system (Promega, Madison, USA) and normalized to Renilla luciferase activity.

CCK-8 Assay
The si-BIRC7 transfected cells were seeded into a 96-well plate at a density of 2000 cells per well. After 48 h of
incubation, hypoxia treatment was performed for 12 h. Then, oxygen was restored for 12 h and the CCK-8 experiment
was performed. About 10 μL of CCK-8 solution (Beyotime Biotechnology, Shanghai, China) was added to each well,
and after incubating for 2 h, the OD value of each well at 450 nm was detected using a microplate reader.

Transwell Assay
About 80 µL of Matrigel (1:6 dilution, Cat # 356234, BD, Franklin Lakes, NJ, USA) was used to coat the upper chamber
of the 24-well transwell. After transfection, 1×104 cells were implanted in the upper chamber and incubated in 150 μL
serum-free medium. About 500 μL of complete medium was added to the lower chamber. After 12 h of hypoxia, oxygen
was restored for 8 h. A cotton swab was used to carefully remove the upper chamber cells, and PBS was used to wash.
Cells in the lower chamber were fixed with 4% paraformaldehyde solution for 30 min, stained with 0.1% crystal violet
for 10 min, and then the cells were imaged and counted.

Flow Cytometry
Cells from different treatment groups were trypsinized without EDTA and resuspended with 1x binding buffer. The cells
were stained with the annexin V/FITC mixture and PI dye, which was ordered from 4A Biotech Company (Cat#
FXP018-100, Beijing, People’s Republic of China), according to the manufacturer’s manual. After 15 min of incubation
in the dark, the cells were analyzed for apoptosis.

Statistical Analysis
All data were analyzed using SPSS 18.0 software. Student’s t test or one-way ANOVA test was used for the difference
analysis of different groups. P < 0.05 was considered statistically significant.

Table 1 Primers Sequences

Genes Sense-Sequence Antisense-Sequence

OSCAR GCAGCGAGGTGCTGGTCATCA ACTGCGCCAGTCAAAAGTGACC
BIRC7 TGTCCACAGTGTGCAGGAGACT GGCACTTTCAGACTGGACCTCT

HBA1 GACCTGCACGCGCACAAGCTT GCTCACAGAAGCCAGGAACTTG

SFN TGCTGGACAGCCACCTCATCAA GGCTGAGTCAATGATGCGCTTC
GOLTIA ACGGCACAAACTCAAGGGAACC AGACATTGCCCAGGAAGCCGAA

BEX2 TTGGAGAGCCACAGGCAAGGAT AGTGCTGACTGCCCGCAAACTA
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Results
Transcriptome Analysis of M14 Cells Under Hypoxia for 12 h
In order to explore the molecular mechanism of hypoxia on melanoma cell behavior, we performed transcriptome
sequencing and data analysis on M14 cells suffering hypoxia for 12 h. Figure 1A shows the induced expression of HIF-
1α in cells after hypoxia for different periods (0, 6, 12, 24, and 48 h). Combined with the cell status, we chose hypoxia
for 12 h as the condition for the follow-up study. The results of immunofluorescence (Figure 1B) and Western blot
(Figure 1C) also showed that after 12 h of hypoxia, the expression of HIF-1α was significantly increased and
concentrated in the nucleus.

High-throughput RNA-seq on NC and hypoxic (12 h) M14 cells identified 2601 genes that were differentially
expressed after hypoxia, of which 1517 genes were significantly up-regulated, and 1084 genes were significantly down-
regulated (Figure 2). Compared with the NC group, the top 6 up-regulated genes in the hypoxia group are listed in
Table 2. OSCAR, BIRC7, HBA1, SFN, GOLT1A and BEX2 were significantly up-regulated in the hypoxia group (p =
0.000<0.01).

HIF-1α Induces BIRC7 Transcription and Expression
RT-qPCR showed that the mRNA expression levels of OSCAR, BIRC7, HBA1, SFN, GOLT1A, and BEX2 were up-
regulated in M14 cells after hypoxia, and BIRC7 was focused (Figure 3A). The BIRC7 protein levels were also increased

Figure 1 M14 cells suffering hypoxia. (A) The protein levels of HIF-1α in M14 cells after hypoxia for 0, 6, 12, 24 and 48 h. (B) The immunostaining for HIF-1α (green) in M14
cells after hypoxia for 12 h. The nucleus was stained by DAPI (blue). (C) The cytoplasmic and nuclear expression of HIF-1α protein in M14 cells after hypoxia for 12 h.
*Represents P<0.05, **Represents P<0.01 and ***Represents P<0.001 compared with NC.
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significantly after hypoxia compared to the NC group (Figure 3B). Furthermore, the addition of HIF-1α inhibitor (Hy+In)
reduced the hypoxia-induced BIRC7 protein expression (Figure 3B), and the binding site of HIF-1α on the BIRC7
promoter was predicted with the StarBase software (Figure 3C). After hypoxia, HIF-1α levels increased, HIF-1α bound
to the BIRC7 promoter through the putative-binding site and promoted the transcription and expression of BIRC7, so the
relative luciferase activity increases significantly (Figure 3D). After the putative-binding site was mutated, the relative
luciferase activity was significantly reduced (Figure 3D). In addition, data from GEPIA showed that the expression of
BIRC7 in skin cutaneous melanoma (SKCM, n = 461) was significantly higher than that in normal samples (n = 558)
(Figure 3E).

Down-Regulation of BIRC7 Expression Inhibits the Proliferation and Invasion of
Melanoma Cells Under Normoxia and Hypoxia
Finally, we used siRNA transfection to down-regulate the expression of BIRC7 in A875 and M14 cells (si-BIRC7)
(Figure 3F) and analyzed the effect of low BIRC7 expression on the proliferation and invasion of melanoma cells under

Figure 2 Statistics of differentially expressed genes (DEG). Volcano map. The abscissa represents the log2 (FPKM); the ordinate represents the -log10 (FC). Each dot
represents a gene. The red dots represent up-regulated DEG, the blue dots represent down-regulated DEG, and the black dots represent non DEG.

Table 2 Top Six Up-Regulated Genes

Symbol Description NC
Expression

Hypoxia
Expression

Up/Down-
Regulation

P-value

OSCAR Osteoclast associated

immunoglobulin-like receptor

0.14 15.16 Up 3.95E-78

BIRC7 Baculoviral IAP repeat

containing 7

0.37 3 Up 1.38E-08

HBA1 Hemoglobin subunit alpha 1 0.01 2.73 Up 3.06E-05
SFN Stratifin 1.55 96.29 Up 0

GOLT1A Golgi transport 1A 0.12 3.59 Up 1.54E-08

BEX2 Brain expressed X-linked 2 0.58 7.73 Up 1.86E-15
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normoxia and hypoxia. The results of CCK-8 assay (Figure 4A) showed that si-BIRC7 inhibited the proliferation and
viability of A875 and M14 cells under normoxia. Hypoxia promoted the proliferation of A875 and M14 cells, and
knockdown of BIRC7 under hypoxia blocked the promoting effect of hypoxia on cell proliferation (Figure 4A). Flow
cytometry results suggested that si-BIRC7 increased the percentage of apoptosis in A875 and M14 cells under normoxia
(Figure 4B and C). Furthermore, hypoxia inhibited the apoptosis in A875 and M14 cells, whereas knockdown of BIRC7
under hypoxia hindered the inhibitory effect of hypoxia on apoptosis (Figure 4B and C). In addition, compared with the
NC group, the number of invaded cells decreased after BIRC7 knockdown, and increased after hypoxia treatment
(Figure 4D). However, knockdown of BIRC7 under hypoxia blocked the promotion of cell invasion by hypoxia
(Figure 4D).

Discussion
Due to the lack of vasculature, the low level of tissue oxidation is a unique feature of rodent and human epidermis. Both
rodent and human epidermis show elevated levels of HIF-1α in the basal epidermal compartment.13 Melanocytes are
located on the basement membrane of the basal layer of human epidermis, and exhibit stable HIF-1α expression, which
drives melanocytes growth and improves the survival of melanocytes under hypoxic conditions.14 Under physiological

Figure 3 HIF-1α induces BIRC7 transcription and expression. (A) The mRNA expression levels of OSCAR, BIRC7, HBA1, SFN, GOLT1A, and BEX2 in M14 cells after
hypoxia for 12 h. (B) The protein levels of BIRC7 after hypoxia for 12 h and treated with HIF-1α inhibitor (Hy+In). (C) The binding site on BIRC7 promoter with HIF-1α. (D)
Relative luciferase activity after transfected with BIRC7 promoter WTor MUTunder hypoxia. (E) The relative mRNA levels of BIRC7 in skin cutaneous melanoma (SKCM, T,
n=461) and normal samples (N, n=558). Data from GEPIA. (F) The protein expression of BIRC7 transfected with si-BIRC7. *Represents P<0.05, **Represents P<0.01
compared with NC.
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conditions, hypoxia triggers an innate cellular stress response to minimize the negative effects of hypoxia on melano-
cytes. If hypoxia persists, melanocytes will undergo apoptosis. However, due to unique signaling pathways and
transcription factors, melanoma cells will survive under constant hypoxic stress.

HIF-1α is a key responder of tumor cells that responds to hypoxia and drives cell migration and invasion. Constitutive
expression of HIF-1α was detected in CM tissue sections and in vitro cultured cell lines.15,16 The expression of HIF-1α in
CM is higher than that in benign nevi.17 Furthermore, the expression of HIF-1α is correlated with the malignancy degree
of CM. HIF1α is hardly expressed in less invasive CM cells but is highly expressed in CM cells that invade the dermis.18

Figure 4 Down-regulation of BIRC7 expression inhibits the proliferation and invasion of melanoma cells under normoxia and hypoxia. (A) The OD values at 450 nm after
transfecting with si-BIRC7 and hypoxia treatment. (B and C) The percentage of apoptotic cells after transfecting with si-BIRC7 and hypoxia treatment. (D) The number of
invasive cells after transfecting with si-BIRC7 and hypoxia treatment. *Represents P<0.05, **Represents P<0.01 compared with NC; ##Represents P<0.01 compared with
Hypoxia.
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In this study, the expression level of HIF-1α was used as the detection index to detect the hypoxia exposure state of M14
cells cultured in vitro. We found that HIF-1α expression levels were elevated in M14 cells after hypoxia treatment, which
can be detected in the nucleus and cytoplasm, mainly concentrated in the nucleus. As a hypoxia response factor and
transcription factor, HIF-1α enters the nucleus, activates the transcription of a series of downstream target genes, and
initiates the hypoxia stress response.

Subsequently, we performed the transcriptome sequencing and data analysis on M14 cells under hypoxia for 12 h, and
identified genes that were differentially expressed after hypoxia, and focused on BIRC7. These results are helpful to
analyze the molecular mechanism of hypoxia regulation in CM cells. We found that BIRC7 protein levels were
significantly increased after hypoxia. Luciferase experiments and the addition of HIF-1α inhibitors indicated that HIF-
1α can act as a transcription factor for BIRC7 and promote its transcription. Consistent with our results, Hsieh et al
observed the up-regulation of BIRC7 expression in glioblastoma cells and xenografts under circulating and chronic
hypoxic conditions, as well as the binding of HIF-1α to the BIRC7 promoter.19 In addition, targeting BIRC7 is beneficial
to the efficacy of radiotherapy and chemotherapy for glioblastoma.19

Basically consistent with previous study,20 we found that BIRC7 was significantly over-expressed in CM tissues, and
knockdown of its expression inhibited the proliferation of A875 and M14 cells, and induced apoptosis. However, the
present study found that the knockdown of BIRC7 inhibited the invasion of A875 and M14 cells. It has been reported that
BIRC7 can bind and deplete C-RAF through the BIR domain, and loss of BIRC7 activates the MAPK cascade and
promotes melanoma cell migration.21 The role of BIRC7 in melanoma cell invasion and migration still needs to be
further explored. Most importantly, this study found that hypoxia stimulation induced the proliferation and migration of
A875 and M14 cells and inhibited apoptosis, whereas BIRC7 knockdown under hypoxia could counteract the effects of
hypoxia on cell biological behavior.

Conclusion
In summary, BIRC7 plays a key role in melanoma progression and hypoxic response, and targeting BIRC7 is beneficial
to the treatment of melanoma.

Abbreviations
CM, cutaneous melanoma; DEGs, differentially expressed genes; HIF-1, hypoxia-inducible factor 1; BIRC7, baculoviral
IAP repeat-containing 7; si-BIRC7, specific siRNA targeting BIRC7; WT, wild-type; MUT, mutant.
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