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Fig. S1: The relative activities of PEG-3 promoter in human and murine cancer cell lines 
and human normal cells. (A) Activity of the PEG-3 promoter was assayed in EMT6 (murine 
mammary carcinoma), B16F10 (murine melanoma), LL/2 (murine Lewis lung carcinoma), 
H1299 (human lung carcinoma, non-small cell carcinoma), BxPC3 (human pancreas 
adenocarcinoma) and H460 (human large lung cell carcinoma) and compared to a plasmid 
control (promoter-less plasmid, dashed columns).  Expression was normalized by comparing 
levels of firefly luciferase (fLuc) with Renilla luciferase (RLuc) expressed from a single plasmid 
vector for dual expression of reporters.  (B) Activity of the PEG-3 promoter was compared 
among human lung carcinoma cell line (H460) and human primary normal cells listed above. 
Each cell were transfected with pPEG-HSV1-tk plasmid or promoter-less control plasmid. The 
expression of HSV1-tk was assessed by measuring the uptake level of radioactive substrate of 
HSV1-tk, [125I]FIAU (1-(2-deoxy-2-fluoro-1-D-arabinofuranosyl)-5-iodouracil). 
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Fig. S2:  Diagram of the expression cassettes for the plasmids tested in this study.  Each 
expression cassette is driven by the PEG-3 promoter, individual protein coding regions were 
separated by a picornavirus 2A sequence (2A) and additionally a furin cleavage site (hatched 
box).  Each cassette was engineered to eliminate CpG sites except for hIL12-aut, which is 
authentic hIL-12 cDNA including CpG sequences. Size of plasmids: PEG-TK-mIL12, 6098 bp; 
and PEG-TK-hIL2-mIL12, 6632 bp; compared with PEG-mIL12, 4898 bp; PEG-HSV1-tk, 
4393 bp; PEG-hIL12 and PEG-hIL12-aut, 4885 bp; and PEG-lucia, 3888 bp. 
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Fig. S3:  Functional activity of expressed genes in vitro. Activity of the genes expressed from 
plasmids PEG-TK-hIL2-mIL12, PEG-TK-mIL12, PEG-TK-mIL2-mIL12 and PEG-lucia were 
evaluated in three different assays.  (A) phosphorylation of ganciclovir by plasmid expressed 
HSV1-TK as assayed by cytotoxicity from two different experiments in triplicate (except PEG-
TK-hIL2-mIL12 in the first graph, which was duplicate.  (B)  CTLL2 proliferation assay to show 
stimulation of murine CTLL2 T-cells by the expressed genes mIL-12 and h-IL2 (in triplicate for 
PEG-TK-hIL2-mIL12 and PEG-TK-mIL2-mIL12 but duplicate for PEG-mIL2-mIL12 and PEG 
lucia.  (C) human PBMC proliferation assay following capture of murine IL-12 from cell culture 
(samples tested in duplicate). Least squares fitting was used to plot the curves. 
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Fig. S4: Induction of significant level of IL-12 via CpG-rich plasmid.  The research grade 
plasmid, pPEG-fluc containing 357 CpG sequences induced significantly high level of IL-12 in 
serum of CD-1 mice at 2 h post injection of the nanoparticle.  
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Fig. S5:  Quantitative PCR (qPCR) analysis and mIL-12 expression of the plasmid delivery 
in the lungs of LL/2 bearing mice.  (A). qPCR probes were designed to amplify a region of the 
PEG-3 promoter to monitor distribution of the plasmid 9 d after tumor cell inoculation and one 
day following the second treatment with nanoparticles. For this cohort of mice, treatment 
schedule was 5 and 8 d after tumor cell inoculation rather than 5 and 9 d.  (B). expression of 
mIL-12 in the lungs (following resection of major tumours) as monitored by ELISA.  Statistical 
significance was not calculated for these results due to the limited number of animals (n = 3). 
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Fig. S6:  Activity of l-PEI/DNA nanoparticles in a second study in an LL/2 syngeneic, 
orthotopic model of primary lung cancer in C57BL/6 mice represented by a Kaplan Meier 
survival plot.  Mice were inoculated orthotopically inoculated with LL/2 Red-FLuc murine lung 
cancer cell line and treated with nanoparticles at 4-d intervals, beginning on Day 5, as indicated 
by the arrows above the chart.  PEG-mIL12 nanoparticles significantly (p ≤ 0.05, Log-rank) 
extended survival in this model compared to the vehicle control (trehalose control) and PEG-
lucia control (A).  PEG-TK-mIL12, PEG-TK-mIL2-mIL12 and PEG-mIL2-mIL12 significantly 
(p ≤ 0.05, Log-rank test) extended survival in this model compared to the vehicle control (9.5% 
trehalose) (B). 
  

0 10 20 30
0

50

100

Days

Pe
rc

en
t s

ur
vi

va
l Trehalose

PEG-mIL12
PEG-lucia

0 10 20 30
0

50

100

Days

Pe
rc

en
t s

ur
vi

va
l

Trehalose
PEG-TK- mIL12
TK-mIL2-mIL12
PEG-mIL2-mIL12

A B 



 8 

 
 

 
 

 
 
 
 
 

 
 
 

 
 
 
 
 

 
 
 
 
 
 

 
Fig. S7:  FACS analyses of the cell populations within the LL/2 tumours in mice at the time 
of termination. Group 1 animals were the vehicle control (treated with 9.5% trehalose); Group 2 
animals were treated with PEG-mIL12; Group 6 animals were in the nanoparticle control group 
(PEG-lucia).  CD45+ lymphocytes were significantly lower in the mice treated with PEG-mIL12 
compared to the vehicle control (A). However, there were no significant differences in the 
populations of CD3ε+ (B), CD4-CD8+ (C), CD4+CD8- (D), FoxP3+CD25+(E), CD25+ (F), 
FoxP3+ expression levels (G) although the population of Treg cells (E, FoxP3+CD25+) in PEG-
mIL12 (Group 2) was less than the controls. 
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Fig. S8:  Histological confirmation of the lung tumor models. (A-C) LL/2-Red-Fluc cells 
orthotopically injected in a lung of C57BL/6 mice. (D-F) B16F10-Red-FLuc cells intravenously 
injected in a lung of C57BL/6 mice. H&E stained slides were microscopically captured with 4x 
objective (A and D, scale bar: 520 µm) and 10x objective (B, C, E, and F) scale bar: 210 µm). 
Squares in A and D present the enlarged images.  
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Table S1: Expression of IL-12 and IL-2 in LL/2 Red-Fluc Cells in Culture  
 

PEG Plasmid construct Mean mIL-2 yield  
(pg/mL, n = 2) 

Mean mIL-2 yield  
ng/106 (48 h, n = 2) 

PEG-mIL2-mIL12 1107.0 ± 222.0 11.1 ± 2.2 

PEG-TK-mIL2-mIL12 1556.0 ± 271.0 15.6 ± 2.7 

PEG-lucia 135.0 ± 81.0 1.3 ± 0.8 

The data presented were the expression level of mIL-2 in the cell culture media measured by 
ELISA. 
 
 

PEG Plasmid construct Mean mIL-12 yield  
(pg/ml, n = 2) 

Mean mIL-12 yield  
ng/106/48 h (n = 2) 

PEG -mIL12 10896.0 ± 43.1 109.0 ± 0.4 

PEG-TK-mIL2 16465.2 ± 160.0 164.7 ± 1.6 

PEG-mIL2-mIL12 8460.0 ± 1380.0 84.5 ± 13.8 

PEG-TK-hIL2-mIL12 15819.1 ± 596.9 158.2 ± 6.0 

PEG-TK-mIL2-mIL12 10060.0 ± 2910.0 100.6 ± 29.1 

PEG-lucia Non detected Non detected 

The data presented were the expression level of mIL-12 in the cell culture media measured by 
ELISA. 
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Table S2: Blood markers for liver toxicity, amongst other indicators, compared to control 
mice 
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Group 1, mice treated with PEG-TK-mIL12 nanoparticles; Group 2, mice treated with PEG-TK-
hIL2-mIL12 nanopartilces; Group 3, mice treated with PEG-mIL12 nanoparticles; Group 4, mice 
treated with PEG-lucia nanoparticles; Group 5, Trehalose treated mice; Group 6, untreated mice.  
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Table S3: Details of necropsy for individual mice treated in the B16F10 experimental   

  



 14 

Table S3 (continued) 

 


