
Supporting Methods 

Analysis of mRNA 

Quantitative Real-Time PCR (qRT-PCR) was conducted in 384-well plates on an 

Applied Biosystems instrument using a Roche Universal Probe Library (UPL) according 

to the manufacturer’s instructions and as previously described (1).  Briefly, 1 μg of total 

RNA from either subconfluent cells or snap frozen tissue was used to make cDNA.  10 

μl of qRT-PCR mixture containing 100nM UPL probe, 200 nM of each primer 

(invitrogen) and TaqMan PCR master mix (Applied Biosystems) was loaded into each 

well for 40 cycles of PCR (1).  Relative gene expression quantification data were 

acquired and analysed using an ABI Prism 7900HT Sequence Detection System and 

the standard 2-ΔΔct method using β-actin as the housekeeping gene.  

 

ATP Assay 

ATP levels were assayed using the CellTiter-Glo Luminescent cell viability assay 

(Promega) according to the manufacturer’s instructions.  Data were normalized to total 

cell numbers. 
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Supplementary Figure 1 

shRNA-mediated depletion of CAIX in mouse and human mammary tumor cell 

lines. (A) Mouse mammary tumor cells (4T1, 67NR) were cultured for 48 h in normoxia 

or hypoxia and levels of CAIX expression were analyzed by qRT-PCR.  Data are 

expressed as mean ± s.e.m.  n = 3, **P<0.005, ***P<10-3.  (B) 4T1 cells expressing 

non-silencing shRNA (shNS) or shRNA targeting CAIX (shCAIX) were incubated for 72 

h.  Two separate clones (C2, C5) expressing a single, identical shCAIX were analyzed 

by qRT-PCR.  Data are expressed as mean ± s.e.m.  n = 3.  ***P<0.0005, compared to 

cells cultured in normoxia.  (C) MDA-MB-231 cells expressing either of 2 different 

shRNA constructs targeting human CAIX (shCAIX 1 and shCAIX 2) were incubated for 

72 h and analyzed for hypoxia-induced CAIX expression using immunocytochemistry.  

Hypoxia induces CAIX expression (red) in parental and shNS-expressing cells, but not 

in shCAIX-expressing cells. Nuclei were counterstained with DAPI (blue). N, normoxia; 

H, hypoxia. Scale bar = 50 μm. 

 

Supplementary Figure 2 

Hypoxia-induced cell death of 4T1 cells depleted of CAIX is not caspase-

dependent and results in decreased ATP output.  (A)  Cells expressing shNS or 

shCAIX were cultured for 48 h in normoxia (N) or hypoxia (H) and levels of Caspase 3 

cleavage were determined by Western blot.  (B)  Cells described in A were analyzed for 

PARP cleavage by Western blot.  (C) 4T1 cells expressing shNS or shCAIX were 



cultured in the indicated conditions for 72 hrs and intracellular levels of ATP were 

determined on total cell lysates.  *P<0.01, compared to levels of ATP in normoxia. 

 

Supplementary Figure 3 

Expression of CAIX in tissue extracts from the primary tumors formed by 4T1 parental 

cells and cells expressing NS shRNA or CAIX shRNA was evaluated by Western blot.  

β-actin was used as a loading control. 

 

Supplementary Figure 4 

4T1 cells depleted of mouse CAIX alone (shCAIX) or depleted of mouse CAIX and 

expressing human CAIX (hCAIX) simultaneously (shCAIX + hCAIX) were cultured for 48 

h in hypoxia and the amount of cell death was assessed by TUNEL.  Representative 

images of TUNEL-positive cells (red, arrows) are shown.  Scale bar = 100 μm.  The 

right hand graphs show quantification of the apoptotic cells by counting 5 random fields/ 

cell line at 20x magnification.  Data are shown as fold change in TUNEL-positive cells, 

compared to control cells cultured in normoxia.  n = 5.  *P<0.01, compared to the 

controls. 

 

Supplementary Figure 5 

Selective small molecule inhibitors of CAIX do not cause weight loss in treated 

animals.  (A) BALB/c mice were inoculated orthotopically with 4T1 cells and tumors 

were allowed to establish for 14 days.  Animals then received the indicated doses of 

CAI17 3 times per week for 2 weeks and the weights of treated animals were monitored 



as a measure of general inhibitor toxicity.  Mice were weighed just prior to each dose of 

the CAIX inhibitor.  No significant differences in the weights among the various 

treatment and control arms were noted.  n = 6-8, as indicated.  (B)  Animals were 

implanted with 67NR cells, treated as described in (A) and monitored for weight 

changes.  n = 5 to 6, as indicated.  No significant differences were noted amongst the 

groups. 


