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Figure S1. KRAS-dependency and effect of Cas9 expression on response to PI3K
inhibition.

A. Proliferation of 14 human pancreatic cell lines and the T47D breast cancer cell line was
measured after incubation with increasing concentrations of GDC0941 for 72 h. Proliferation
was quantified using CellTiter-Blue and compound Glso values were calculated using
GraphPad Prism. Mean cell proliferation, relative to DMSO control, is plotted + standard error
(n=3).

B. MIAPACAZ cells were transduced with shRNAs directed against KRAS (149, 152 and 369)
or a negative control (LacZ). Successfully transduced cells were selected for by incubation
with 2 pg/ml puromycin for 3 d. Cell proliferation was measured by CellTiter-Blue, 7 d after
transduction. Mean cell proliferation, relative to the LacZ control is plotted + SE (n=3).

C. Cells were harvested 3 d after transduction as in B and lysates analyzed for expression of
KRAS and vinculin by Western blotting.

D. Proliferation of MIAPACA2 and MIAPACA2_Cas9 cells was measured after incubation with
increasing concentrations of BYL719 or GDC0941 for 72 h. Proliferation was quantified using
CellTiter-Blue and analyzed using GraphPad Prism. Mean cell proliferation is plotted relative
to DMSO control + SE (n=3). Data shown is representative of three independent experiments.

E. MIAPACA2 and MIAPACA2_Cas9 cells were treated with the increasing concentrations of
BYL719 or GDC0941 for 2 h and cell lysates analysed for the indicated proteins by Western
blotting.
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Figure S2. Whole-genome CRISPR screen shows good replicate correlation and
identifies enhancers and suppressors of GDC0941 antiproliferative activity.

A. LFC in abundance of each of the 74,687 sgRNAs in two DMSO-treated replicates after 8
population doublings, normalised to their abundance in the pDNA reference. 1000 non-
targeting sgRNAs are highlighted in green, 3536 sgRNAs targeting essential genes are in red
and 4 sgRNAs targeting KRAS are in blue.



B. STARS analysis identifies enhancers of GDC0941 antiproliferative activity, hits with an
FDR<0.3 are indicated in red.

C. STARS analysis identifies suppressors of GDC0941 antiproliferative activity, hits with an
FDR<0.3 are indicated in red.
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Figure S3. Expression of Cas9 does not alter response to BYL719 or GDC0941.



A. Proliferation of parental cell lines and their Cas9 expressing counterparts was measured
after incubation with increasing concentrations of BYL719 or GDC0941 for 72 h. Proliferation
was quantified using CellTiter-Blue and compound Glso values were calculated using
GraphPad Prism. Mean cell proliferation is plotted relative to DMSO control £ SE (n=3). Data
shown is representative of three independent experiments.

B. Phosphorylation of AKT and PRAS40 was assessed by Western blotting after incubation
with increasing concentrations of BYL719 or GDC0941 for 2 h, in the indicated cell lines (n=2).
Coloured boxes indicate the concentrations of each compound selected for the minipool
validation screen.



MIAPACA2_Cas9 PANC1_Cas9 PANC03.27_Cas9 PATU8902_Cas9
12 12 12 12 —e DMSO
S S S % = BYL719
£ £ /' £ /' £ / /
5 4 2 g s S g 2 [a_| S g 5 —— GDC0941
) [5) ) )
© k-] © -]
< c c c
0 o o 0 ]
5 4 5 4 5 4 T 4
2 2 2 2
£ £ ) £ g
0 0 0 0
0 7 14 21 28 35 0 7 14 21 28 35 0 7 14 21 28 35 0 7 14 21 28 35
Time (d) Time (d) Time (d) Time (d)
MIAPACA2 ° PANC1 ° PANC03.27 ° PATU8902 °
Non-targeting : Non-targeting : Non-targeting Non-targeting
Essential [3 Essential 3 Essential [3 Essential 3
LFC_r2_DMSO ,: LFC_r2_DMSO LFC_r2_DMSO LFC_r2_DMSO
= 8 8o
C 2‘ # ’nj E' 2‘8 SI 8' D Fkkk
3858 5928 Enhancer
<< RL® <L
=222 L2282 6 I L PP P PP PP PP PPPPPPPPPIPPI P
SEEE SE&E b4 >
YPELS5 YPELS5 s @ _
UBE2H UBE2H a [ -
MIOS MIOS T - * @ o
MTOR | | LAMTOR2 ~ o ° S ns
RPTOR LOC107986425 > _
MEMO1 MEMO1 o -2
NR2C2AP NR2C2AP
LAMTOR2 RPTOR O
EIF2B3 MTOR 5
TM2D2 cMIP
SAMD4B C16ort62
VPS52 CSNK2A1
prsse LANTOR1 AT T T T T T T T T 71
EIPR1 FOXK1 o NN A QL NN N
LOC100131849 B RRAGC é gs’ oﬂ*q‘b(a&o‘bgs’o@\ Q/@o .\Q;.\;‘ob‘ Q"ob‘
LOC107986425 SAMD4B
CMIP PDS5A @« 400 2\ Ay 3
VPS41 EIF2B3
UBALD2 C2orfg1
RPL14 C160rf72 *kkk
| KIDINS220 ARIH2 2 Suppressor
B AMBRAT XPR1 —_ °
PTPN12 C200rf194 (@] *
XPRI TAOK1 (7} ° °
GOLGA7 GHR s ° L
LOC392180 TXNRD1 o 14 ® o o
AMOTL2 DDIT4 0 ° * ° L4
| CREBBP CAB39 > ~ ns
GHR B CRessP o = FadlY
1] -
DDIT4 TNPO1 a o @
| KEAP1 AMOTL2 o
v i e 0- s g s
FRYL KCTDS | ° )
l. TSCH PDCD10
TsC2 KEAP1
PDCD10 NF2
NF2 .gg i s e S e m . . E— ——
KCTD5 2
. PTEN PTEN $i9°19°\§°o°\z“?\°qi&\'§\Q$ «\%\
N 4
L : SO s
Log-fold Change from DMSO Qy

Figure S4. Population doublings, replicate correlation and alternative analysis of the

minipool screen.



A. Cas9-expressing MIAPACA2, PANC1, PANC03.27 and PATUB8902 cells were infected with
the secondary minipool of 3067 sgRNAs and cultured in the presence of DMSO, BYL719 or
GDC0941 for at least 8 population doublings. gDNA was extracted and sgRNAs PCR-
amplified and barcoded for sequencing.

B. Correlation of sgRNA LFC relative to the pDNA reference sample, for DMSO-treated
replicates for each cell line. Non-targeting control sgRNAs and sgRNAs targeting essential
genes are indicated.

C. Orthogonal analysis of the minipool screen. Ranking of enhancer and suppressor genes
based on the average LFC of sgRNAs, averaged across the four cell lines. The top 20 genes
that either enhance or suppress the activity of BYL719 or GDC0941 are shown.

D. Confirmation of hits from the MIAPACAZ2 primary screen in the MIAPACA2 minipool screen.
The average LFC of sgRNAs for the top 10 enhancer or suppressor genes was compared to
a set of 5 randomly selected, non-targeting control sgRNAs. Significant depletion (enhancers)
or enrichment (suppressors) was determined by T-test, the level of significance is indicated
by the colour coding (**** p<0.0001, *** p<0.001, **p<0.01, * p<0.05). The top 5 sgRNAs per
gene were included to reduce the effect of inactive sgRNAs.
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Figure S5. PI3K signalling is reduced following serum starvation.

A. PATUB8988S cells were cultured in either 10% FBS or 0.1% FBS in the presence of either
DMSO or 2 uM BYL719 for 72 h. Cell lysates were analysed by Western blotting for the
indicated proteins.

B. PATU8988S cells were cultured as in A. Cell proliferation was assessed by CellTiter-Blue
assay. Mean cell proliferation, relative to the 10% FBS, DMSO treated control is plotted + SE
(n=3).
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Figure S6. Combined inhibition of PI3K and mTOR results in potent antiproliferative
activity in pancreatic cancer cell lines.

A. Compound Glsp values were determined for a panel of 12 pancreatic cancer cell lines. Cells
were incubated with increasing concentrations of everolimus (RAD0O1) for 72 h and cell
proliferation was measured using CellTiter-Blue. Mean cell proliferation is plotted relative to
DMSO treated control +SE (n=3).

B. MIAPACAZ2 cells were incubated with the indicated concentrations of everolimus for 2 h.
Cells lysates were analysed by Western blotting.

C. Compound Glsp values were determined for a panel of 12 pancreatic cancer cell lines. Cells
were incubated with increasing concentrations of BEZ235 for 72 h and cell proliferation was

11



measured using CellTiter-Blue. Mean cell proliferation is plotted relative to DMSO treated
control £SE (n=3).

D. MIAPACAZ2 cells were incubated with the indicated concentrations of BEZ235 for 2 h. Cells
lysates were analysed by Western blotting.

E. Compound Glso values were determined for a panel of 12 pancreatic cancer cell lines. Cells
were incubated with increasing concentrations of AZD8055 for 72 h and cell proliferation was
measured using CellTiter-Blue. Mean cell proliferation is plotted relative to DMSO treated
control £SE (n=3).

F. MIAPACAZ2 cells were incubated with the indicated concentrations of AZD8055 for 2 h. Cells
lysates were analysed by Western blotting.
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Figure S7. Combined p110a and mTOR or ERBB-family inhibition leads to sustained

suppression of S6 phosphorylation.

A. MIAPACAZ2 cells were treated with BYL719 and AZD2014 as indicated for up to 72 h. Cell
lysates were analysed by Western blotting for the indicated proteins.

B. MIAPACAZ2 cells were treated with BYL719 and pelitinib as indicated for up to 72 h. Cell
lysates were analysed by Western blotting for the indicated proteins.
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Figure S8. CRISPR and drug combination screens implicate the ERBB-PI3K-MTOR
signalling axis as a key vulnerability of pancreatic cancer cells.

A simplified cartoon representation of signalling from the ERBB family through KRAS to the
PI3K pathway. Loss-of-function CRISPR screening identified MEMO1 and MTOR complexes
1 and 2 as enhancers of PI3K inhibition. Loss of NF1, PTEN and PRAS40 drives resistance
to PI3K inhibition. Small molecule inhibitors of ERBB and MTORC1/2 show synergy with PI3K
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inhibition. HRG, possibly secreted from pancreatic stellate cells (PSCs), are sufficient to
promote resistance to PI3K inhibition via sustained PI3K-MTOR-S6 signalling.
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