
Supplementary Method 

MM cell lines 

Myeloma cells MM.1S and LP-1 were from the National Infrastructure of Cell Line 

Resource (Beijing, China). HEK293T cell was a kind gift from Prof. Yupeng Chen at 

Department of Biochemistry and Molecular Biology, Tianjin Medical University. MM 

cells were cultured in RPMI-1640 media supplemented with 10 of fetal bovine serum 

(Gibco, Life Technologies, Carlsbad, CA, USA). The HEK293T cells were cultured in 

DMEM-high glucose media with 10% fetal bovine serum (Gibco, Life Technologies, 

Carlsbad, CA, USA). These cells were all cultured at 37C in a humidified incubator 

with 5 CO2 (Gibco, Life Technologies, Carlsbad, CA, USA). All cells were STR 

authenticated (Biowing Biotech, Shanghai, China) and mycoplasma-free confirmed 

with the Universal Mycoplasma Detection Kit (ATCC, Manassas, VA, USA).  

Transfection, virus package, infection and luciferase assay 

HEK-293T cells were transfected using polyethyleneimine (PEI) (Polysciences, 

Warrington, PA, USA) in the OPTI-MEM medium (Life Technologies, Carlsbad, CA, 

USA) with a ratio of 1:4 to 1:6 of DNA: PEI. Viral particles were produced by 

HEK293T cells in a 10 cm dish transfected with 4 g PMD2G and 6 g PSPAX2 

packaging plasmids, together with 8 g lentiviral expressing vectors. Supernatant 

carrying the viral particles was harvested after transfection and concentrated to 1/100 

volume by Poly (ethylene glycol) 8,000 (Sigma-Aldrich, St. Louis, MS, USA). For viral 

infection, MM cells were seeded in 6-well-plate after which an increasing dosage of 

viral concentration and 8 g/mL polybrene was added, 12 h after infection, the medium 

was changed and cells were cultured for another 48 h for further experiment. For 

luciferase assay, HEK-293T cells were transfected with PGL3.0-SENP1-luc and Renila 

plasmids together with plasmids encoding HIF1A. The cell lysate was used to detect 

luciferase activity in a Dual-Luciferase Reporter assay system (Promega) according to 

the manufacturer’s protocol.  



Real-time PCR  

Using Trizol (Life Technologies, South San Francisco, CA USA) to isolate total RNA 

from cells according to the manufacturer's instructions. Total RNA was reverse 

transcribed using the 5 All-In-One reverse transcription MasterMix (abm, Vancouver, 

Canada). Quantitative real-time PCR was performed by mixing cDNA, gene-specific 

primers and EvaGreen 2 qPCR MasterMix (abm, Vancouver, Canada) in the 

QuantStudio 3 Real-Time PCR System (Applied Biosystems). The primers used in 

qPCR are listed in Table blow. 

Flow cytometry analysis and cell viability assays. 

MM cells were incubated in 6-well plates and administered with bortezomib with or 

without SRC-3 inhibitors (SI-2), SENP1inhibitors (Mc). After incubation at 37C under 

normxia or hypoxia for the indicated time, MM cell were collected and follow by 

washed twice by PBS, apoptosis assay was then carried out using the Annexin V-FITC 

Apoptosis Detection Kit (Sigma-Aldrich, St. Louis, MO, USA) according to the 

manufacturer’s instructions. A total of 1106 cells were stained with 10 L Annexin V-

FITC and 2 L of PI in the dark to ensure the population abundance. Analysis was 

performed on CellQuest 3.0 software (BD Biosciences, New Jersey, USA), and 

interpreted using FlowJo software (Treestar). Forward and side scatter gating strategy 

was used in flow cytometry analysis to identify the cells of interest based on the relative 

size and to remove debris and other events that are not of interest.  

Mice spleen were grinded and bone marrow cells were flushed out from the bone and 

Gene name Forward Primer Reverse Primer 

GAPDH TTGCCCTCAACGACCACTTT TGGTCCAGGGGTCTTACTCC 

SENP1 CGGTTCCGGTTCGGACTTTG TCGCCTGAGCCAAGAAAACT 

SENP2 CTTGTGAACTGACAGGTTCTGG TGAACACCCTCCTCCACAGT 

SENP3 CTGGTCATGGACACAGTCCC TCTGCCTGGCCACATTCATT 

SENP5 ATGCAGTCCCAGACAAAGTTCA CCAGTGGACTTCCAGGTGAAT 

SENP6 GGTAGCGCAGGGGAGATTAC TCCAGACTGCTTTGGGCTG 

SENP7 CGGCCATCTTCATCCGAAATC GTCCAGCGTTCTGAGCTTCT 

NCOA3 GGAAGGCCAGAGTGACGAAA TTAAGAAAACCCTGCTGGGAGC 

HIF1A GAACGTCGAAAAGAAAAGTCTCG CCTTATCAAGATGCGAACTCACA 



then collected into separate 15ml centrifugal tubes. A total of 1106 collected cells 

surface stained with B220 (103212 , Biolegend ) and CD138 (142504 , Biolegend). 

Analysis was performed on CellQuest 3.0 software (BD Biosciences, New Jersey, 

USA), and interpreted using FlowJo software (Treestar). Lymphocytes were gated 

using forward and side scatter, followed by doublet and dead cell removal using Fixable 

Yellow (Invitrogen). 

For Cell Counting Kit-8 (CCK-8, APExBIO Technology) assays, MM cells were 

seeded at 1 × 105 cells/well in 96-well plates, after which administrated with BTZ, Mc, 

SI-2 or DMSO and incubated at 37 °C in 5 % CO2 for 48 hours. CKK8 reagent was 

added to each well according to instructions and incubated for 1 hours prior to reading 

absorbance at 450 nm. percentage = OD value of the treatment group/OD value of the 

control group × 100. 

Immunofluorescence staining (IF)  

For IF assays, MM cells was treated under normxia or hypoxia for 48 hours, and then 

fixed in 4 formaldehyde, then samples were permeabilized and blocked by 

0.1%TrtionX1000 and 5%BSA. After incubation with anti-SRC-3 antibody (1:500) 

(Cell Signaling Technology, #2126, Danvers, MA, USA) and anti-HIF-1A antibody 

(1:250) (SANTA, sc-13515, TX, USA) overnight at 4C, samples were incubated with 

FITC-conjugated goat anti-rabbit IgG (1:2000) or Alexa Fluor-conjugated goat anti-

mouse IgG (1:2000) for 60 min at room temperature and nuclei were counterstained 

with DAPI for 5 minutes in room temperature. Signal detection was carried out by 

fluorescence imaging performed using an Olympus FV1000 IX81-SIM Confocal 

Microscope (Olympus, Tokyo, Japan).  

Tunnel assay 

Tunnel assay was performed using the DeadEnd™ Fluorometric TUNEL System 

(Promaga, Tokyo, Japan). For paraffin-embedded sections, Wash 3 times by 100% 

ethanol for 15 minutes at room temperature and then rehydrate samples by sequentially 



immersing the slides through graded ethanol washes (95%, 85%, 70% and 50%) for 3 

minutes each at room temperature. Further wash the slides in PBS 3 times at room 

temperature and incubate slides with 100μl of the 20μg/ml Proteinase K for 30 minutes 

at room temperature. Then they were washed and incubated with rTdT incubation buffer 

at 37°C for 60 minutes in the dark. The samples were washed and stained by DAPI for 

5 minutes at room temperature in the dark. Then the samples were washed three times 

and analyzed by the Olympus FV1000 IX81-SIM Confocal Microscope (Olympus, 

Tokyo, Japan).   

Western Blotting  

Cells were placed in a culture dish on ice and washed with ice-cold PBS, after which 

ice-cold RIPA-buffers were added with protease inhibitors (Roche, Indianapolis, IN, 

USA). Ice cold temperatures were maintained at at 4°C for 30 min after which the cells 

were centrifuged in a microcentrifuge for 20 min at 12,000 rpm at 4°C. A small volume 

of lysate was removed to perform a protein quantification assay and to adjust the sample 

concentration. Equal amounts of protein were loaded into the wells of the SDS-PAGE 

gel, along with the molecular weight marker. the gel ran for 1–2 h at 100 V, transferring 

the protein from the gel to the nitrocellulose membranes (Pall Corporation, Washington, 

NY, USA). The membrane was blocked for 1 h at room temperature and then incubated 

with indicated antibody in blocking buffer at 4°C overnight. Then the membrane was 

washed in PBST for 3 times and incubated with horseradish peroxidase-conjugated 

secondary antibodies at room temperature for 1 hour, and finally were visualized using 

an enhanced chemiluminescence system (Millipore, Los Angeles, CA USA). The 

representative Western blot images for at least three independent experiments shown in 

the figures have been cropped and auto contrasted. Quantifications of Western blots 

were analyzed using Image J Version 1.53c (National Institutes of Health).  

Co-immunoprecipitation (Co-IP)  

To assay CO-IP, harvesting and lysing of cells by the NP-40 lysis buffer was performed 



(50 mM Tris-Hcl pH 7.4, 150 mM Nacl), after which they were supplemented with 

complete protease inhibitors (Roche, Indianapolis, IN, USA) on ice for 30 min. Co-IP 

for exogenous expressed proteins, supernatant was incubated with anti-FLAG M2 

Affinity Gel (Sigma-Aldrich, St. Louis, MO, USA). The supernatant was incubated 

with 2 g specific antibodies for endogenous assays myeloma cells at 4C overnight 

with protein G dynabeads (ThermoFisher Scientific, Carlsbad, CA, USA). The pellet 

was washed 3 times with NP-40 lysis buffer the following day, and then subjected to 

western blotting analysis using the anti-SENP1, anti-SRC-3, anti-SUMO1, anti-Ub, 

anti-HA, anti-Flag, anti-PARP, anti-β-actin antibodies, respectively.  

Chromatin-immunoprecipitation (ChIP)  

For 10 min at room temperature, 4 107 cells were cross-linked with 1% formaldehyde 

and then quenched for 5 min by the addition of glycine (125 mM final concentration). 

Cells were harvested and resuspended in 1 ml ChIP lysis buffer (1 % SDS, 10mM 

EDTA, 50 mM Tris-Hcl, pH 8.0), after which they were incubated for 10 min on ice. 

Chromatin was fragmented to 200-500 bp using 12 cycles of ultrasonication (SONICS, 

Newtown, CT, USA). For each IP, chromatin was immunoprecipitated with 2 g of 

SENP1 antibody in IP dilution buffer (1% Triton X-100, 2mM EDTA, 150mM NaCl, 

20mM Tris-HCl, pH 8.0) at 4C overnight. After immunoprecipitation, chromatin was 

precleared for 2 hr each with protein G agarose beads (Cell Signaling Technology, 

Danvers, MA, USA). The washing of the immunoprecipitated material was performed 

once in TSE I buffer (20mM TrisHCl pH 8.0, 2mM EDTA pH8.0, 150mM NaCl, 1% 

Triton X-100, 0.1% SDS), once in TSE II buffer (20mM TrisHCl pH 8.0, 2mM EDTA 

pH8.0, 500mM NaCl, 1% Triton X-100, 0.1% SDS), once in LiCl buffer (10mM 

TrisHCl pH 8.0, 250mM LiCl, 1% deoxycholic acid, 1% NP40) and once in TE buffer 

(10mM Tris pH 8.0, 1mM EDTA pH8.0) before elution in the elution buffer (100mM 

NaHCO3, 1% SDS). After the extraction of the beads, they were cross-linked overnight 

at 65C and QIAquick PCR Purification Kit (QIAGEN, MD, USA) was used to isolate 

the DNA. Finally, Precipitated DNA was analyzed by Real-time PCR.  



Immunohistochemistry 

3% H2O2 solution was used to block deparaffinized tissue slides and a 10 mM citrate 

buffer (pH 6.0) was used to retrieve antigen. After successful blocking of the 

deparaffinized tissue, appropriately diluted primary antibodies were added onto the 

slides and incubated in a humidified chamber at 4C overnight, after which diluted 

biotinylated secondary antibody were incubated for 1 hour at room temperature. DAB 

substrate solution (Dako, K5361), which was newly made just before use, was utilized 

to reveal the color of antibody staining. Hematoxylin staining was used to localize 

Nuclei 1 to 2 min before mounting and capture.  

 

 

 


