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Simultaneous gene silencing of KRAS and anti-apoptotic genes 
as a multitarget therapy

Supplementary Materials

Supplementary Figure S1: Target inhibition by high-concentration siRNA treatment. Human and murine PDAC cell lines 
were transfected with 72 nM siRNAs for 72 h. (A) Transcriptional level knockdowns were confirmed by qRT-PCR. (B) The effect on 
protein quantity was confirmed by Western blotting. 



Supplementary Figure S2: Cellular effects caused by high-concentration siRNA treatment. (A) After gene silencing with 
72 nM siRNA adherent cells were counted in relation to their negative control (NC; n ≥ 4). (B) For evaluation of apoptosis induction subG1 
fractions were determined by cell cycle analysis (n ≥ 4; *p ≤ 0,05, **p ≤ 0,01, ***p ≤ 0,001). An unpaired Student’s t-test was used to 
compare the differences between the NC and the cells treated with target-directed siRNAs. 



Supplementary Figure S3: Cleaved PARP induction after siRNA treatment in human pancreatic cancer cells. Cleaved 
PARP is induced after 72 h treatment of cells with siRNA combinations against either six (SGS6) or five (SGS6 without KRAS) target genes. 



Supplementary Figure S4: Validation of gene silencing effects with second human siRNAs. Additional to the first used, human 
siRNAs second ones were established per gene. (A) Knockdowns were confirmed by qRT-PCR relative to their negative control (NC) and 
(B) by Western blots. The cellular effects were analyzed 72 h after transfection with 72 nM siRNA for single target inhibition or 6 × 12 nM  
for SGS6 respectively. (C) Adherent cells were counted and (D) subG1 fractions were determined by cell cycle analysis.



Supplementary Figure S5: Cellular effects caused by different siRNA combinations. (A) After gene silencing with 12 nM of 
each siRNA adherent cells were counted in relation to their negative control (NC; n ≥ 4). (B) For evaluation of apoptosis induction subG1 
fractions were determined by cell cycle analysis (n ≥ 4).  



Supplementary Figure S6: Cellular effects caused by different concentrations of KRAS siRNA alone or in combination 
with five other siRNAs. (A) After gene silencing with 12 nM of each siRNA adherent cells were counted in relation to their negative 
control (NC; n ≥ 4). (B) For evaluation of apoptosis induction subG1 fractions were determined by cell cycle analysis (n ≥ 4). 



Supplementary Figure S7: Histopathological structure of subcutaneous tumors after treatment with SGS6. Upper panel: 
Tumor treated with allstars negative control. Middle and lower panel: tumor treated with SGS6, displaying a more differentiated glandular 
structure compared to the upper panel.



Supplementary Figure S8: Exemplary Western blots for the generation of Figure 1. Lysates of standard and primary human 
pancreatic cancer cell lines and from the KPC mouse model were subjected to Western blot analysis. Based on these analyses the expression 
levels of BclxL, Flip, KRas, Mcl1L, Survivin and Xiap compared to the human non-tumorous, epithelial pancreatic duct HDPE-E6E7 cell 
line were summarized as heatmap in Figure 1. 



Supplementary Figure S9: Treatment of MiaPaCa2-xenografts with the SGS6 therapy. Subcutaneous, bilateral MiaPaCa2 
tumors of NMRInu/nu mice were treated every second day with 10 μg of in vivo jet-PEI complexed SGS6 siRNA for 16 d (4–6 tumors per 
group). (A) Tumor volumes were measured during therapy and (B) their weight was analyzed after preparation at day 18. Means ± standard 
errors are shown and an unpaired Student’s t-test was used to compare the differences between the negative control (NC) and the SGS6 
treated tumors (*p ≤ 0,05). 

Supplementary Table S1: KRAS mutation states, origin and grading of used cell lines
Cell lines Reference KRAS mutation Origin Grading

H
um

an

C
om

m
on

HDPE-E6E7
AsPC1
BxPC3
Hs766T
MiaPaCa2
Panc1
Panc89/T3M4

M. Tsao
ATCC CRL-1682
ATCC CRL-1687
ATCC HTB-134
ATCC CRL-1420
ATCC CRL-1469
H. Kalthoff

WT
G12D
WT

Q61H
G12C
G12D
Q61H

pancreatic duct epithelium
ascites

primary tumor
lymph node metastasis

primary tumor
primary tumor

lymph node metastasis

−
G2
G2
G1
G3
G3
G2

Pr
im

ar
y

PaCaDD43
PaCaDD60
PaCaDD119
PaCaDD135
PaCaDD137
PaCaDD159
PaCaDD161
PaCaDD165

F. Rückert [1] G12D
G12D
G12A
G12V
WT

G12V
G12V
WT

primary tumor
pleural effusion
primary tumor

lymph node metastasis
primary tumor
primary tumor
liver metastasis

ascites

G2
G2
G3

G2/3
G2
G2
G3
G3

M
ur

in
e K

PC

K8282
K8484
K8675
K8849
K9043

D. Tuveson [2] G12D
G12D
G12D
G12D
G12D

KPC mouse model

K
PC

 B
6 TB32043

TB32047
TB32048
TB32908

D. Tuveson [2] G12D
G12D
G12D
G12D

KPC mouse model



Supplementary Table S2: Media used for the cell cultures
Cell lines Media 

AsPC1 RPMI (incl. 2 mM L-glutamine) + 10% FBS + 4,5 g/l glucose + 1 mM natrium pyruvate + 10 mM 
HEPES

BxPC3 RPMI (incl. 2 mM L-glutamine) + 10% FBS + 4,5 g/l glucose + 1 mM natrium pyruvate + 10 mM 
HEPES

HDPE-E6E7 K-SFM

Hs766T DMEM + 10% FBS

MiaPaCa2 DMEM + 10% FBS + 2,5 % horse serum

Panc1 RPMI (incl. 2 mM L-glutamine) + 10% FBS

Panc89/T3M4 RPMI (incl. 2 mM L-glutamine) + 10% FBS

murine cell lines DMEM + 10% FBS

primary cell lines DMEM + 20% FBS + 50 % K-SFM

Supplementary Table S3: Designations and target sequences of the siRNAs
Target protein Target gene siRNA name siRNA target sequence Reference

BclxL BCL2L1 Hs_BCL2L1.1
Hs/Mm_BCL2L1.2
Mm_BCL2L1

GCAGCUUGGAUGGCCACUU
AGACAAGGAGAUGCAGGUAUU
GCAAGUUGGAUGGCCACCU homologous to Hs BCL2L1.1

Flip CFLAR Hs_CFLAR.1
Hs_CFLAR.2
Mm_CFLAR

CAGGAACCCUCACCUUGUU
AGGCAAGAUAAGCAAGGAGAA
GCCAAGGAGCAAGAUCAAAUA

[3]

[4]

KRas KRAS Hs_KRAS 1
Hs/Mm_KRAS.2

AAGGAGAAUUUAAUAAAGAUA
GGCUAUAUUUACAUGCUACUA

Qiagen, Hilden, Germany
[5]

Mcl1L MCL1 Hs_MCL1.1
Hs_MCL1.2
Mm_Mcl1

AAGUAUCACAGACGUUCUC
GAAAGCUGCAUCGAACCAU
GAAAGCUUCAUCGAACCAUUU

[6]
[7]
[8]

Survivin BIRC5 Hs_BIRC5.1
Hs_BIRC5.2
Mm_BIRC5

GAAUUUGAGGAAACUGCGA
CACCACUUCCAGGGUUUAU
GAGUUUGAAGAGACUGCAA

[9, 10]
[11]
homologous to Hs Birc5.1

Xiap BIRC4 Hs_BIRC4.1
Hs_BIRC4.2
Mm_BIRC4

GUGGUAGUCCUGUUUCAGC
CGAGCAGGGUUUCUUUAUA
GUAGUAGUCCUGUUUCAGC

[10, 12]
[13]
homologous to Hs Birc4.2

Eg5 KIF11 Hs/Mm_KIF11 AACUGAAGACCUGAAGACAAU [10]

As negative control we used Allstars siRNA (Qiagen, Hilden, Germany), as positive control siRNA targeting KIF11/Eg5, an 
essential cytoskeletal component.



Supplementary Table S4: Sequences of primers for qRT-PCR

Target 
gene

Human Murine

Primer name Sequence (5′→3′) Primer name Sequence (5′→3′)

ACTB Hs_ACTB_185_f2
Hs_ACTB_185_r2

AAATCTGGCACCACACCTTC
AGAGGCGTACAGGGATAGCA

Mm_ActB_154_f3
Mm_ActB_154_r3

GGCTGTATTCCCCTCCATCG
CCAGTTGGTAACAATGCCA 
TGT

BCL2L1 Hs_BCL2L1_166_f1
Hs_BCL2L1_166_r1

ATGAACTCTTCCGGGATGG
TGGATCCAAGGCTCTAGGTG

Mm_BCL2L1_187_f
Mm_BCL2L1_187_r

GTTGGATGGCCACCTATCTG
AAGAGTGAGCCCAGCAGAAC

BIRC4 Hs_BIRC4_135_f1
Hs_BIRC4_135_r1

CACTTGAGGTTCTGGTTGCAG
TGCAAAGCTTCTCCTCTTGC

Mm_BIRC4_157_f
Mm_BIRC4_157_r

TTGGAACATGGACATCCTCA
TACCACTTCGCATGCTGTTC

BIRC5 Hs_BIRC5_141_f1
Hs_BIRC5_141_r1

GTTGCGCTTTCCTTTCTGTC
TCTCCGCAGTTTCCTCAAAT

Mm_BIRC5_106_f
Mm_BIRC5_106_r

ATCGCCACCTTCAAGAACTG
AATCAGGCTCGTTCTCGGTA

CFLAR Hs_CFLAR_170_f2
Hs_CFLAR_170_r2

AGAGGTAAGCTGTCTGTCGG
TCCTCACCAATCTCTGCCAT

Mm_CFLAR_127_f
Mm_CFLAR_127_r

AACCCTCACCTGGTTTCTGA
CCTTGGCTATCTTGCCTCTG

GAPDH Mm_GAPDH_171_f
Mm_GAPDH_171_r

AGCTTGTCATCAACGGGAAG
CGGAGATGATGACCCTTTTG

KRAS Hs_KRAS_193_f1
Hs_KRAS_193_r1

GTACATGAGGACTGGGGAGG
TGCTAAGTCCTGAGCCTGTT

Mm_KRAS_184_f
Mm_KRAS_184_r

AGAGCGCCTTGACGATACAG
CCCTCCCCAGTTCTCATGTA

MCL1 Hs_MCL1L_175_f2
Hs_MCL1L_175_r2

AAGGCGCTGGAGACCTTAC
TCACAATCCTGCCCCAGTTT

Mm_MCL1_147_f2
Mm_MCL1_147_r2

CAAAGATGGCGTAACAAAC 
TGG
CGTTTCGTCCTTACAAGAACA
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Supplementary Table S5: Primary antibodies used for Western blots (WB)
Target protein Manufacturer, Cat. number (Clone) Source Species Dilution for WB

BclxL QED Bioscience, 11017 mouse Hs 1:100

Santa Cruz, sc-634 rabbit Hs, Mm 1:200

CellSignaling, #2764 rabbit Hs, Mm 1:1000

Xiap Becton Dickinson, 610716 mouse Hs, Mm 1:500

Survivin CellSignaling, #2808 rabbit Hs, Mm 1:1000

Flip Alexis Biochemicals, ALX-804-127 (Dave2) rat Hs 1:1000

Adipogene, AG-20B-0056 (NF6) mouse Hs 1:1000

GAPDH CellSignaling, #2118 rabbit Hs, Mm 1:1000

KRas Santa Cruz, sc-30 mouse Hs, Mm 1:100

Mcl1L Santa Cruz, sc-819 rabbit Hs 1:100

CellSignaling, #5453 rabbit Mm 1:1000

PARP CellSignaling, #9542 rabbit Hs, Mm 1:1000

Tubulin Sigma-Aldrich, T9026 (DM1A) mouse Hs, Mm 1:5000


