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Figure 1. Experimental Design. (A) Incubator sub-chambers (C-Chambers) equipped with gas controllers were placed in a standard cell culture incubator to provide fine control of critical
parameters including O2 and CO2 for each cell culture. (B) Schematic. Ramos human lymphoma cell cultures (untransfected, or stable HIF-1a transfectants, and lentivirus vector control) 
were incubated for 24hrs at 1%, 4%,or 19% (standard room air incubator O2 with high humidity and 5% CO2) oxygen levels. Before use, all media (RPMI-1640+ 10% FBS (Gibco, USA) 
were pre-equilibrated to appropriate O2 levels. Cells assayed for chemotaxis for 1hr in response to CXCL-12 using transwell chambers with a chemiluminescent cell stain. Cell lysates 
were subjected to HIF-1a western blot.

Assess HIF-1a protein and CXCL-12 responses 
in HIF-1a shRNA  transfectants and controls at:
 

 • 1%  Hypoxic or Low Physioxic 
 • 4%  Physioxic
 • 19%  Supraphysioxic (Room Air Culture)

•  Room air incubator O2 levels are lower than
 room air oxygen, but not as low as in vivo O2

1
 

•  HIF-1a, through prolyl hyroxylases is modulated 
 at the protein level in response to local O2  levels2
 

• HIF-1a is active in the low O2 bone 
 marrow environment and is a target for 
 therapeutic intervention for multiple myeloma3
 

• We previously showed that HIF-1a is degraded
 in B cells at room air incubator O2  
 

• We previously showed that CXCL12-driven B cell 
 migration is reduced at physiologically relevant 
 O2  in a concentration-dependent manner

B lymphocytes in vitro encounter oxygen levels far 
in excess of what they normally experience in vivo.  
Room air incubator O2 is no 21%. High CO2 levels 
and high humidity drive incubator O2  down (16-19%), 
with variability from door opening events. However, 
in vivo O2 is far lower than this and dependent upon 
local physiology (tissues 0-7%, blood 5-10%). 
Hypoxia-inducible factor 1 alpha (HIF-1a) is a tightly 
regulated transcription factor that is responsive to 
changes in O2 levels. Downstream of HIF-1a are 
genes tied to the unfolded protein response, 
metabolism, proliferation, and migration. A 
therapeutic target in multiple myeloma, HIF-1a is 
stabilized at low O2 levels. We previously showed in 
primary human B cells and cell lines, that 
migration in response to the CXCR4 ligand, 
CXCL12, was significantly decreased at low O2 levels. 
Here we seek to add direct evidence of HIF-1a 
participation in B cell migration changes by using a 
lentiviral vector to produce stable transfectants 
expressing a HIF-1a shRNA to genetically ablate 
HIF-1a. We used C-chamber incubator sub-chambers 
and Pro-Ox gas controllers to stably control the 
gas levels inside a standard incubator. At 1% O2, 
HIF-1a shRNA expression resulted in undetectable 
HIF-1a protein levels, and a correlating increase in 
CXCR4-mediated B cell migration as compared to 
lentiviral control vector or non-transfected cells. 
This adds genetic evidence that directly links O2 
levels, HIF-1a activity, and B cell migration in vitro. 

Changes in B cell myeloma migration in response to different cell culture oxygen levels may be mediated by HIF-1 alpha
Cells should be cultured in physiologically appropriate oxygen conditions for physiologically relevant in vitro responses
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Figure 2. Modulation of B Cell Migration by In Vitro Oxygen Levels is Mediated by HIF-1alpha. (A) Ramos human lymphoma cell line (ATCC, USA) maintained detectable HIF-1a 
protein levels when exposed to 1% or 4% O2, but not at 19% O2.  Ramos cells were stably transfected with HIF-1a or control shRNA lentiviral particles (Santa Cruz Biotech) and then
selected with puromycin. HIF-1a shRNA but not control shRNA inhibited HIF-1a protein expression at 1% or 4% O2. (B) Cells were added in triplicate to upper chambers of 96-well PC 
5 um transwell plates (Corning). Media with the indicated human CXCL12 (R&D Systems) were added to lower chambers and plates incubated for 1 hr. CellTiter-Glo (Promega) and a 
Bio-Tek Synergy HT plate reader were used to assess cell migration to the lower chamber. An O2-dependent effect was seen, with B cells migrating less in lower O2. This is consistent 
with B cells migrating to and remaining in the low-O2 environment of bone marrow. At 1% and 4% O2, more HIF-1a shRNA transfected cells migrated than parental or control lentivirus 
transfectants. There were no differences in cell viability between the cultures. 
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