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Supplemental Material 
Figure S1. Western blot analysis of mTORC targets in HLY and SUDHL2. HLY 

and SUDHL2 cells were grown for different time points at 1 % oxygen tension. 

Cells grown under normoxia were used as controls for the time points indicated 

in the figure. Protein lysates were obtained and expression levels of pMTOR, 

pRibosomalS6K, and p70S6K were determined using antibodies from Cell 

Signaling. GAPDH was used as an internal control for sample loading. 

 

Figure S2. Microarray analysis of DLBCL cell lines HLY and SUDHL2. Co-

correlation analysis of microarray data generated showed RNA enrichment of 

clinically relevant hypoxia metabolic targets in our dataset.  Each column 

represents a sample for (A) HLY and (B) SUDHL2 cell lines that were cultured 

under normoxia and hypoxia, n=3. HLY and SUDHL2 cells were cultured in 

normal culture conditions and 1% hypoxia and microarray analysis was 

performed using Illumina gene chip. (C) Gene enrichment analysis of HIF1α 

targets in the SUDHL2 dataset identified increased expression of glucose 

transporters SLC2A1 (GLUT1) and HK2 in hypoxia samples compared to those 

derived from normoxic cells. Top panel: heat map, bottom panel: fold change, 

*p<0.05, n=3, +SD. (D) List of ribosomal regulated genes. 
 
Figure S3. Ingenuity Pathway (IPA) toxicity analyses. IPA toxicity analysis of 

microarray data in (A) HLY cell line, and (C) SUDHL2 cell line.  Pathway analysis 

was filtered for pathways pertaining to mitochondria and hypoxia. Top 

mitochondrial pathways regulated under hypoxia are listed based on level of 

significance that are regulated under hypoxia are listed. X-axis is the –log of a p 

value and Y-axis represents different mitochondrial pathways regulated in 

DLBCL cell lines. (B and D) A detailed list of mitochondria-related genes that are 

regulated in respective mitochondrial pathways under hypoxia in HYL and 

SUDHL2 cell lines as determined by IPA toxicity analysis. (B, HLY) and (D, 

SUDHL2). 



Figure S4. Expression of HIF1α targets in normal B-cells derived from tonsils. 

Expression of HIF1α targets was determined by RT-PCR analysis in primary B-

cells derived from normal tonsils. There was no change in expression of glucose 

transporters in normal B-cells obtained from processing of tonsil tissue. However, 

the HIF1α target VEGF was significantly induced under short-term hypoxic 

exposure of B cells compared to cells cultured under normoxia, p<0.05, n=3, 

+SD.  

 

Figure S5. Measurement of ATP dependent OCR and immunofluorescence 

staining of mitochondrial markers in DLBCL cells. (A) ATP synthesis-dependent 

oxygen consumption rates of cells treated with hypoxia were unchanged relative 

to normoxia in DLBCL cell lines K422, HLY and Toledo. (B) HLY and Farage 

cells were also stained with MitoTracker green (MTG) to detect changes in 

mitochondrial mass. (C and D) Immunofluorescence staining of mitochondrial 

protein TOM20 and Cytochrome-C in DLBCL cells exposed to normoxia or 

hypoxia. There was intense staining of TOM20 and Cty-C in normoxic cells 

compared to cells cultured in 1% hypoxia.  

 

Figure S6.  Growth characterization of DLBCL cells under hypoxic stress. (A) 
N=normoxia; H=hypoxia, p<0.05, Flow cytometry data of cell cycle distribution 

are represented as a graph. For visualization purposes, each histogram is 

divided into three quadrants, each representing a G1/S/G2-M phase, as indicated 

in the figure. The percentage of cells accumulated in G2/M phase was 

significantly different from cells cultured in normoxia, p<0.05. Results are 

expressed as n=3 +sd for A, B and C respectively. (B and C) Expression of 

markers indicative of cell cycle progression in HLY and SUDHL2 cells. Markers 

of mitotic induction (CDC25B and CDC2) were downregulated in SUDHL2 cells 

under hypoxic stress. In contrast, expression of CDC25B and CDC2, CDC25A 

were up-regulated in HLY cells when grown in 1% oxygen compared to normoxic 

control.  



Figure S7. The presence of eIF4E1 selectively stimulates expression of HK2 

under hypoxia. (A) Detection of peIF4E1 and eIF4E1 at indicated time points in 

HLY and SUDHL2 cells exposed to hypoxic stress. (B and C) Polysomal 

fractions were isolated from HLY and SUDHL2 cells cultured under normoxia and 

hypoxia and analyzed for eIF4E1 and HK2 levels by western blot analysis. (D) 
HLY cells were transfected with eIF4E1 and selected with G418. Stably 

transfected cells were then subjected to normal culture conditions or hypoxic 

stress for 48 hrs. Protein lysates were obtained and expression of HK2 was 

determined in the presence or absence of eIF4E1. (E) Luciferase assay using 

HK2 promoter in COS7 cells to determine the effect of eIF4E1 and HIF1α on 

HK2 promoter activity.  COS7 cells transfected with eIF4E1, HIF1α or both were 

incubated in 21% oxygen (normoxia) or 1 % oxygen (hypoxia) for 24 hrs and 

luciferase activity was measured using Promega dual activity luciferase kit. 

Renilla was used as an internal control.  

 

Figure S8. Effect of HK2 in promoting tumor growth. (A and B) RNA and protein 

expression of endogenous HK2 levels in non-malignant B-cell line GM02184 

(GM), primary B-cells derived form normal tonsil tissue (T1, T2) and DLBCL cell 

lines HLY, SUDHL2 and SUDHL6. (C) Knockdown of HK2 levels in HLY using 

lentivirus (Origene). Cells expressed non-target shRNA (NT), shRNA HK2 

(Clones: sh5VA, sh5VB, sh5VC and sh5VD).  shRNA clones sh5VA and sh5VB 

with efficient knock down were used for in vitro and in vivo growth experiments. 

(D) Xenograft tumors were established in NSG mice (n=5 per group, NT and 

shHK2) using SUDHL2 cells expressing NT or shHK2 lentivirus. Growth of 

tumors was monitored for approximately 2 weeks and tumor volume was 

measured.  



3               5              24              48     Time (h)    

N      H      N      H       N     H      N     H 

p-p70S6K 

p-mTOR 

GAPDH 

pRibosomalS6K 

HLY 

SUDHL2 

p70S6K 

p-mTOR 

3               5              24              48     Time (h)    

N      H      N      H       N     H      N     H 

GAPDH 

pRibosomalS6K 

p-p70S6K 

p70S6K 

Figure S1 



Figure S2 

A D 

C 

HLY 

SUDHL2 

	
	
	
	
	
	
	
	
	
	
	

OLFML2A 
MET 
DAAMI 
ADORA2B 
SORL1 
PIM1 
PHLDA1 
FAM162A 
TNFAIP8 
SLC2A1 
RBPJ 
ER01L 
PDK1 
ECE1 
RBCK1 
ASPH 
CCNG2 
HK2 
RLF 
CADM1 
BNIP3L 
BCOR 
FYN 
EGLN1 
PLIN2 
INSIG2 
CD59 
GBE1 
PAM 
ZNF395 
MXI1 
KLHL24 
PRKCA 
ZMYND8 
NFIL3 
ATXN1 
FOS 
GADD45B 
TXNIP 
P4HAI 
DTNA 
GLRX 
ELF3 
OSOX1 
SCARB1 
VEGFA 
EGR1 
TRA2A 
RRAGD 
FLNB 
DPYSL2 
PFKFB3 
NDRG1 
CXCR4 
ITPR1 
CAV1 
CYB5A 
ISG20 
S100A4 
CA9 
S100A6 
DDIT4 

Normoxia Hypoxia 

B 

Normoxia Hypoxia 

S0CS2 
STX3 
OSTM1 
RRP12 
LSG1 
HSPH1 
SLC5A6 
IDH3A 
HSPA4 
CHUK 
POLR3K 
CHKA 
ABCF2 
WDR77 
CCDC86 
CCND3 
RPP25 
CORO1A 

0.0 

100.0 

200.0 

300.0 

400.0 

500.0 

HK2 GLUT1 

%
 m

R
N

A 
fo

ld
 c

ha
ng

e Normoxia 
Hypoxia 

* 

C 

SUDHL2 



B 

A SUDHL2 HLY 

Figure S3 

C 

D SUDHL2 HLY 



Figure S4 

0 

1 

2 

3 

4 

5 

GLUT1 HK2 PDK1 PDK4 VEGFA BNIP3 GPA33 

R
el

at
iv

e 
m

R
N

A 

B-Tonsil/N 
B-Tonsil/H 

* 



Figure S5 

A 

C 

TOM20 

CTY-C 

HLY- Normoxia HLY-Hypoxia Farage- Normoxia 

TOMM20 

CTY-C 

Farage-Hypoxia 

MTG-HLY 

Normoxia Hypoxia 

MTG-FARAGE 

D 

B 



Figure S6 
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