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Abstract

Adenomatous Polyposis Coli (APC) is a tumour suppressor that is frequently lost in
colorectal and other cancers. A common mechanism for APC loss includes
heterozygous APC deletion. Here, we show that SRP19, is located near APC and is
often co-deleted in these tumours. Heterozygous APC/SRP19 loss leads to lower
levels of SRP719 mRNA and protein. Consequently, cells with APC/SRP19 loss are
vulnerable to partial suppression of SRP19. We show that SRP19 loss is a unique
vulnerability since SRP19 is rate limiting for the formation of the Signal Recognition
Particle (SRP), a complex that mediates translocation of proteins to the ER. Consistent
with these observations, partial SRP79 knock-down or low dose Arsenic Trioxide
treatment induces ER stress and inhibits proliferation in APC/SRP19 loss cancers.
Our work identifies a new strategy to treat cancers with APC/SRP19 heterozygous
deletions and provides a framework for identifying vulnerabilities associated with loss

of a tumour suppressor.

Introduction

APC is part of the destruction complex that mediates B-catenin phosphorylation
leading to its degradation(1). Loss of function genomic alterations in APC are frequent
in colorectal cancer(2,3) but, are also found in other cancers such as gastric(4) and
breast(5) tumours. Two main mechanisms contribute to APC loss in cancer, mutations
and/or deletions. APC loss of function is found in ~80% of colorectal cancers, with
~20% of these cases involving heterozygous APC gene deletions and mutation of the
other allele(6). Studies in animal models and colon organoids demonstrated that even
in advanced carcinomas restoration of APC leads to cell differentiation and tumour
regression(7), demonstrating that supressing APC activity is always required in these
tumours for tumour maintenance. However, restoration of APC activity is challenging
to achieve in a therapeutic setting, and we currently lack strategies for direct targeting

tumour suppressor genes (TSGs), such as APC, that are lost in cancer.

Although DNA copy number loss cannot be directly targeted, previous studies have
shown that heterozygous deletion of a genomic region including a TSG can result in
collateral loss of nearby essential genes that become vulnerabilities in these

cancers(8-11). This phenomenon known as CYCLOPS(8) has been shown in several
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contexts. For example, heterozygous deletion of PSMC2, a cell essential proteasomal
gene, is frequent in cancer leading to a unique vulnerability to partial inhibition of
PSMC2(8). Paolella et al. showed that the cell essential splicing factor, SF3B1 is a
dependency in cancers with loss of SF3B7(12). Liu et al. demonstrated that TP53
deletion results in heterozygous loss of the cell essential transcription regulator
POLRZ2A and that POLR2A inhibitors are effective in treating these cancers(10).
Another example of a druggable CYCLOPS is CSKN1A1 the target of Lenalidomide

in myelodysplastic syndrome (MDS) with deletion of chromosome 5q(13).

SRP19, is a component of the Signal Recognition Particle (SRP), an evolutionary
conserved cellular complex that mediates transport of proteins to the endoplasmic
reticulum (ER)(14). The SRP complex is a ribonucleoprotein complex composed of a
non-coding RNA (7SL) and six proteins. SRP19 interacts with the 7SL RNA and forms
a complex that can recognize a signal sequence on the emerging protein chain. When
a protein signal is recognized, the SRP complex binds to the signal peptide through
SRP54, temporarily halting translation and facilitating the translocation of the

ribosome-nascent chain complex to the ER.

Here, we show that SRP19 is frequently co-deleted in the cancers with heterozygous
loss of APC. We show that SRP19 is a central component of the SRP complex and
that loss of SRP19 results in destabilisation of the SRP complex. We demonstrate that
the protein secretion machinery is a unique targetable vulnerability in cancers
harbouring APC/SRP19 loss.

Results

SRP19 mRNA and protein levels are closely associated with APC loss in
cultured cell lines and patient tumours. To identify gene expression changes that
are associated with APC copy number loss, we used the Cancer Cell Line
Encyclopedia (CCLE) database(15). We calculated a Pearson correlation between
APC copy number variation (CNV) and gene expression for every gene in the human
genome across 1,440 cell lines (Fig. 1A and Supplementary Table S1). We found that
expression of genes located on chromosome 5 near APC (e.g. SRP19, ATG12, PHAX,
REEP5, TMED7 and COMMD10) were the most highly correlated with APC CNV (Fig.

1A), suggesting that the expression of these genes changes is regulated by their CNV.
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Among these genes, SRP19is the closest to APC (15kb apart) and SRP19 expression
had the highest correlation with APC CNV in cell lines (Fig. 1A,B). These results are
consistent with previous reports showing that CNV and mRNA expression are highly

correlated for ~50% of genes in the human genome(8).

To validate these observations we quantified the levels of SRP19 mRNA (Fig. 1C) and
protein (Fig. 1D,E and Supplementary Fig. 1) in a panel of cancer cell lines and found
that cell lines with heterozygous APC loss have lower levels of SRP79 mRNA and
protein. To confirm these observations in patient tumours we analysed The Cancer
Genome Atlas (TCGA) dataset(15,16). We found that across 10,712 cancer samples,
heterozygous loss of APC was almost always accompanied by heterozygous SRP19
loss (r=0.97, p<0.0001, Fig. 1F). Furthermore, we found that across 9,889 tumours,
that have CNV and gene expression data available, SRP19 expression was highly
correlated with APC CNV (r=0.3, p<0.0001, Fig. 1G). Based on these observations we
conclude that heterozygous loss of APC leads to heterozygous loss of SRP719 and to
decreased levels of SRP79 mRNA and protein in both cell lines and patient tumours.


https://doi.org/10.1101/2024.01.30.578083
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2024.01.30.578083; this version posted January 31, 2024. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in
perpetuity. It is made available under aCC-BY-NC-ND 4.0 International license.

A B C
150+ = p=0.0029
+ =
> 97 r=05 s
o SRP19 o p < 0.0001 9
3 N 2
S 100 N, §
g ATG12 o 8+ - 5 157
2 — kel
S PHAX. REEPS 5 9 %
> " TMED7 7] 2 104
S 504 COMMD10 @ 6 $
S 3
0 T T T 1 a4 1 ] : | S
-04 -02 00 02 04 06 -
) s c% 00 05 10 15 20 SR O DD
Gene expression correlation with ) . oG SEITIE
APC CNV (Pearson) APC CNV [Log2(relative to ploidy + 1)] N hZ
APC Neutral APCLoss
D E
2.0
APC Neutral APC Loss
N N o s PO
FFFLEL LT

S D

%%k
1.5+ .
SRP1Q | " —G—— . ——— — s — 1.0 ®e

ACTIN ——— T e e e e e s e -

Density (% of the control)

0.0 T T
APC Neutral APC Loss
F G
20001 r=0.3 .

s p<0.0001 .
3 c n=9,889
z “Yr=007 S 1500
@ )
1E2 3+ p<0.0001 3
= n =10,712 samples S
g 24 o® =
2 w1000 :
8 1 =2 '
? o & i | |
. n | 1 | |
> 44 500  — |
z
(&)
52 -2 T T T T T 1
& 2 A1 0 1 2 3 4
@ APC CNV (Log2 copy-number values) 0

Deep Shallow Diploid Gain Amplification
Deletion Deletion

APC CNV

Figure 1: APC loss leads to loss of SRP719 DNA, mRNA and protein. (A) Volcano
plot showing genes whose mRNA expression is correlated with APC copy number.
Indicated genes are located on chromosome 5. (B) Correlation between SRP19
expression and APC copy number. Each dot represents a cancer cell line. (C) qRT-
PCR measuring SRP19 mRNA in cells with neutral APC copy number or cell-lines with
heterozygous APC copy number loss. p.Value was calculated using a two-tailed
unpaired T.test. (D) SRP19 protein levels in cells with neutral or heterozygous loss of
APC copy number. (E) Quantification of SRP19 protein levels from three biological

replicates (Supplementary Fig. 1). p.Value was calculated using a two-tailed unpaired
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T.test. (F) Correlation between SRP19 and APC copy number across 10,712 samples
from TCGA. (G) SRP19 mRNA levels in 9,889 patient samples from TCGA with
various levels of APC copy number. Definitions of APC CNV are from the cBio
portal(17) and are based on the GISTIC copy number values (Deep deletion -2,
Shallow deletion -1, Diploid 0, Gain 1, Amplification 2). Correlation and p.Value

calculated using Pearson correlation.

Cells harbouring APC copy number loss are highly sensitive to partial
suppression of SRP19 expression. SRP19 is a core cell-essential gene that is
required for proliferation in all cell types in a context independent manner(9). CRISPR
mediated knockout of SRP79 across 1,019 cell lines, results in cell death in all cell
lines (Supplementary Fig. 2A) that is not correlated to SRP79 expression levels
(Supplementary Fig. 2B). CRISPR knockout experiments result in complete loss of
protein expression(18) and are not able to identify context specific vulnerabilities that
are associated with partial loss of gene expression(9). Since SRP19is a core essential
gene, we hypothesised that cancers with low levels of SRP79 mRNA and protein will
be more sensitive to partial inhibition of SRP19 expression. Using the DepMap RNAI
dataset(19), we found that shRNA mediated suppression of SRP19 across a panel of
657 cell lines was positively correlated with SRP19 gene expression (r=0.2, p<0.0001,
Supplementary Fig. 2C) suggesting partial SRP19 knockdown is a vulnerability in cells
with loss of APC/SRP19.

Since it is difficult to predict or titre the level of gene suppression with shRNAs, we
used siRNAs to validate these observations. We designed two SRP19 targeting
siRNAs that reduce but do not eliminate SRP19 expression (Fig. 2A). To assess partial
SRP19 as a target we selected a panel of cancer cell lines harbouring heterozygous
loss or neutral copy number of APC/SRP19. Following transfection with SRP79
targeting siRNAs cells were incubated for 7 days and proliferation was measured using
crystal violet staining (Fig. 2B and Supplementary Fig. 2D). We found that while cancer
cells harbouring APC/SRP19 loss were highly sensitive to partial suppression of
SRP19, cells with neutral APC/SRP19 copy number could tolerate partial suppression
of SRP19 (Fig. 2C), suggesting partial suppression of SRP19 expression as a
vulnerability in APC/SRP19 loss cancers. RNAI off-target effects are a major hurdle in

interpretation of RNAi experiments(19). To ensure siRNA specificity we used a
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phenotypic rescue experiment. Following overexpression of SRP719 in SNU61 or
SW1463, two APC/SRP19 loss colorectal cancer cell lines, cells were transfected with
SRP19 targeting siRNAs and after 7 days we measured SRP19 protein levels and cell
proliferation. Overexpression of SRP19 inhibited siRNA mediated suppression of
SRP19 protein levels (Fig. 2D and Supplementary Fig. 2E) and its effect on
proliferation (Fig. 2E and Supplementary Fig. 2F-H). These results demonstrate the
specificity of SRP19 targeting siRNAs and identify SRP19 as a dose dependent
vulnerability in cell lines harbouring APC/SRP19 loss.

To assess partial SRP19 knockdown as a vulnerability, associated with APC/SRP19
loss, in an in vivo setting, we used a mouse xenograft model and a doxycycline (DOX)
inducible shRNA expression system(20) for partial suppression of SRP19 expression
(Fig. 2F). Immuno-deficient NOD-SCID mice were injected with GP2D (heterozygous
APC/SRP19 loss colon cancer) or RKO (APC/SRP19 neutral colon cancer) cells
containing a DOX inducible SRP19 targeting shRNA. Two weeks after injection mice
developed a palatable tumour and were than given normal or DOX containing food.
DOX treated tumours, extracted from animals, had reduced levels of SRP19 protein
(Supplementary Fig. 2l). We found that in RKO tumours were not affected by partial
suppression of SRP19 expression (Fig. 2G,l and Supplementary Fig. 2J) and GP2D
tumours were highly sensitive to RNAi mediated partial suppression of SRP19
expression (Fig. 2H,I and Supplementary Fig. 2K). Based on these observations, we
conclude that partial suppression of SRP19 is a unique vulnerability in APC/SRP19

loss cancers.
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Figure 2: Cells with SRP19 loss are highly sensitive to further suppression of
SRP19 expression. (A) SRP19 protein levels 3 days post transfection with SRP719
targeting siRNAs in GP2D cells. (B) Cell proliferation measured using crystal violet
staining 7 days post transfection with SRP19 targeting siRNAs in cell lines with neutral
or loss of APC/SRP19 copy number. pValue calculated using a two-tailed unpaired
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T.test. (C) Comparison of cell viability following suppression of SRP19 expression in
cells with neutral or loss of APC/SRP19 copy number. pValue calculated using a two-
tailed unpaired T.test. (D) SRP19 protein levels in SNU61 (APC/SRP19 loss) following
overexpression of SRP19 and transfection of SRP19 targeting siRNAs. (E)
Proliferation following rescue of SRP19 expression measured by crystal violet staining
in SNU61 cells. pValue calculated using a two-tailed unpaired T.test. (F) SRP19
protein levels in GP2D cells containing inducible SRP19 shRNA following Doxycycline
treatment. (G) Tumour growth in mouse xenografts injected with RKO cells containing
an inducible SRP19 targeting shRNA treated with or without Dox. pValue calculated
using a two-tailed unpaired T.test. (H) Tumour growth in mouse xenografts injected
with GP2D cells containing an inducible SRP19 targeting shRNA treated with or
without Dox. pValue calculated using a two-tailed unpaired T.test. (I) Images of
tumours from (G) and (H).

SRP54 and SRP68 are vulnerabilities in APC/SRP19 loss cancers. SRP19 is part
of the SRP complex which is a core cell essential complex that plays a central role in
translocation of newly translated proteins to the ER ((14) and Fig. 3A). Confirming that
the SRP complex is a core cell essential complex, CRISPR knockout experiments
(DepMap) show that all six SRP complex genes as core cell-essential genes that
inhibit proliferation in a context independent manner (Supplementary Fig. 3A). Fitness
screens are effective in identifying gene-gene relationships and uncovering complex
pathway networks(21). Recent studies show that genome wide RNA. loss of function
proliferation screens induce partial gene knockdown and can identify correlated
pathway dependencies for core cell essential genes(18). To identify gene
dependencies that correlate with SRP19 dependency, for each gene in the human
genome, we calculated a Pearson correlation with SRP79 dependency, using the
DepMap shRNA dataset across 657 cancer cell lines (Fig. 3B and Supplementary
Table S2). To identify enriched pathways, we selected genes with a Pearson
correlation >0.2 or <-0.2 and used MsigDB(22) pathway enrichment analysis. We
found that the SRP complex signature was positively correlated with SRP19
dependency, and that components of the ribosome and translation machinery were
negatively correlated with SRP19 dependency (Fig. 3B,C). Since the SRP complex
directly binds to the ribosome(23-25), it is likely that cells with low SRP19 have more
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ribosomes available and are thus less sensitive to partial inhibition of ribosomal

subunits.

SRP complex proteins that are part of the S domain (Fig. 3A) were more correlated
with SRP19 dependency than proteins that are part of the Alu domain (Fig. 3B and
Supplementary Fig. 3B-F and Supplementary Table S2). Since SRP19 is also part of
the S domain these results indicate that SRP19 is important for stability of S domain
proteins. To assess if partial suppression of other SRP complex proteins is a
vulnerability in cells with APC/SRP19 loss, we designed siRNAs for all the components
of the SRP complex (Supplementary Fig. 3G-K and Fig. 2A). Using a panel of cancer
cell lines with neutral or loss of APC/SRP19 copy number we assessed the effect of
partial suppression of these genes on proliferation (Fig. 3D-1). Consistent with DepMap
analysis (Fig. 3B), we found that siRNA mediated partial suppression of SRP54 (Fig.
3D and Supplementary Fig. 3L) and SRP68 (Fig. 3E and Supplementary Fig. 3M)
inhibited proliferation only in APC/SRP19 loss cells (Fig. 31). Partial suppression of the
Alu domain protein SRP9 was also more dependent in cells with APC/SRP19 loss
(Fig. 3G,l and Supplementary Fig. 30) and partial suppression of SRP14 or SRP72
did not show any differential sensitivity (Fig. 3F,H,I and Supplementary Fig. 3N,P).
These results are consistent with structural studies showing that SRP19 binding to the
7SL RNA results in a structural change that is critical for binding of SRP54 and
SRP68(26). Based on these findings we suggest a model in which SRP19 binding to
the 7SL RNA is critical for stabilisation of the 7SL RNA S domain and recruitment of
SRP68 and SRP54 (Fig. 3A). Cancers harbouring APC/SRP19 loss have low levels
of SRP19 and as a result are sensitive to loss of SRP68 and SRP54.
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Figure 3: SRP68 and SRP54 are also vulnerabilities in SRP19 loss cancers. (A)
lllustration of the SRP complex. (B) Volcano plot showing gene dependencies that
correlate or anti-correlate with SRP19 RNAi dependency across the DepMAp dataset.
(C) Geneset enrichment analysis of dependencies that are positively (blue) or
negatively (red) correlated with SRP19 dependency. (D) Cell proliferation measured
using crystal violet staining 7 days post infection with SRP54 targeting siRNAs in cell
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lines with neutral or loss of APC/SRP19. pValue calculated using a two-tailed unpaired
T.test. (E) Cell proliferation measured using crystal violet staining 7 days post infection
with SRP68 targeting siRNAs in cell lines with neutral or loss of APC. pValue
calculated using a two-tailed unpaired T.test. (F) Cell proliferation measured using
crystal violet staining 7 days post infection with SRP72 targeting siRNAs in cell lines
with neutral or loss of APC. pValue calculated using a two-tailed unpaired T.test. (G)
Cell proliferation measured using crystal violet staining 7 days post infection with
SRP9 targeting siRNAs in cell lines with neutral or loss of APC. pValue calculated
using a two-tailed unpaired T.test. (H) Cell proliferation measured using crystal violet
staining 7 days post infection with SRP14 targeting siRNAs in cell lines with neutral or
loss of APC. pValue calculated using a two-tailed unpaired T.test. (I) Comparison of
SRP complex dependencies between cell lines with neutral or loss of APC/SRP19.

pValue calculated using a two-tailed unpaired T.test.

SRP54 and SRP68 protein stability is regulated by SRP19 and altered in
APC/SRP19 loss cells. Our results demonstrate that partial suppression of SRP54
and SRP68 is a vulnerability in cells harbouring APC/SRP19 copy number loss. Since
all SRP complex genes are located on different chromosomes (SRP19 (chr5), SRP54
(chr14), SRP68 (chr17), SRP72 (chrd), SRP14 (chr15), SRP9 (chr1)) it is not likely
that SRP54 and SRP68 dependency in cells with APC/SRP19 loss is related to
changes in their DNA copy number. To gain insights into why SRP54 and SRP68 are
dependencies in cells with APC/SRP19 loss, we measured mRNA and protein levels
of SRP complex genes that scored as vulnerabilities in cells with APC/SRP19 copy
number loss. Using the CCLE dataset across 1,440 cell lines we found that in contrast
to SRP19 (Fig. 1B), there was no gene expression correlation between APC/SRP19
copy number and gene expression of these SRP complex genes (Supplementary Fig.
4A-E). We further validated these observations using gqRT-PCR on a panel of 8 cancer
cell lines (Supplementary Fig. 4F), demonstrating that SRP54 and SRP68
dependency in APC/SRP19 loss cells is not due to transcription regulation.

Different to mRNA, we found that SRP54 protein levels were reduced in cells with
APC/SRP19 loss (Fig. 4A). These observations suggest a model were SRP54 binding
to the 7SL RNA is dependent on SRP19(26). In cells with low SRP19 the free SRP54
that is not bound to the 7SL RNA and is degraded, resulting in low SRP54 protein
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levels and a dependency on partial SRP54 knockdown. To directly assess this model,
we measured the abundance of SRP complex proteins following partial suppression
of SRP19 (Fig. 4B). Consistent with our model, suppression of SRP79 led to reduction
in levels of SRP54 protein in both APC/SPR19 loss and neutral cells (Fig. 4B). In
contrast, partial suppression of SRP54 did not have any effect on the levels of SRP19
protein or other component of the SRP complex (Supplementary Fig. 4G). These
results demonstrate that as predicted from structural models(26) following SRP19
binding to the 7SL RNA a structural change is induced leading to SRP54 binding.
Thus, SRP54 stability is dependent on SRP19 protein levels and access unbound
SRP54 is degraded in cells with APC/SRP19 loss. To validate this model, we
measured SRP54 protein levels in HT29 (APC/SRP19 neutral) or GP2D (APC/SRP19
loss) following treatment with Bortezomib, a proteosome inhibitor. We found that
inhibiting the proteosome stabilised SRP54 protein levels only in an APC/SRP19 loss
cell demonstrating that SRP54 protein not bound to the 7SL complex in APC/SRP19
loss cells is degraded by the proteosome (Fig. 4C).

SRP68 also scored as an SRP19 co-dependency (Fig. 3B,E). Structural studies have
shown that SRP68 protein binds to the 7SL RNA and interacts with SRP54 and
SRP72. SRP68 mRNA (Supplementary Fig. 4B) and protein (Fig. 4A) were not
changed in APC/SRP19 loss cells. To identify mechanisms associated with SRP68
dependency we measured levels of SRP complex components following partial
suppression of SRP68 (Fig. 4D). We found that in both APC/SRP19 loss and neutral
cells partial suppression of SRP68 reduced levels of SRP54 protein (Fig. 4D). These
observations suggest that SRP68 requires interactions with SRP54 to assemble an
active SRP complex. Due to the low levels of SRP54 found in cells with APC/SRP19
loss, only a small portion of SRPG8 is in an active complex resulting in increased

sensitivity to suppression of SRP68.

To further validate that SRP54 and SRP68 protein stability is regulated by SRP19 and
that low levels of SRP19 protein are important for regulation of SRP54 and SRP68
protein levels we used a rescue experiment. Following SRP19 overexpression in cells
with APC/SRP19 loss or neutral copy number we measured levels of SRP54 and
SRP68 proteins. We found that in consonance with our model SRP54 and SRP68
protein levels were increased following overexpression of SRP79 only in cells with
APC/SRP19 loss (Fig. 4E). Furthermore, SRP19 overexpression rescued the
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proliferation effect of siRNA mediated suppression of SRP54 and SRP68 in SNU61,
(Fig. 4F,G) or GP2D (Supplementary Fig. 4H), two APC/SRP19 loss colon cancer cell
lines. Based on these observations we conclude that SRP19 protein levels regulate
the stability and activity of SRP54 and SRP68. These results suggest that APC/SRP19
loss cells will have less active SRP complex activity and thus less ability to secrete

proteins.
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Figure 4: Loss of APC/SRP19 destabilises components of the SRP complex. (A)
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Protein levels of SRP complex components in cells with APC/SRP19 copy number
neutral or loss. (B) Protein levels of SRP54 and SRP68 3 days post transfection with
SRP19 targeting siRNAs in APC/SRP19 neutral or loss cells. (C) Protein levels of
SRP19 and SRP54 in HT29 and RKO cells after 8h treatment with 100nM of
bortezomib. (D) Protein levels of SRP19 and SRP54 3 days post transfection with
SRP68 targeting siRNAs in APC/SRP19 neutral or loss cells. (E) SRP54 and SRP6G8
protein levels following overexpression of SRP19 in APC/SRP19 loss cells. (F) Crystal
violet images of SNUG1 cells overexpressing SRP19 or GFP 7 days post transfection
with control or SRP19 or SRP54 targeting siRNA. (G) Quantification of crystal violet

images in (F). pValue calculated using a two-tailed unpaired T.test.

APC/SRP19 loss cells have lower SRP complex activity and less protein
secretion. To assess the activity of the SRP complex in APC/SRP19 loss and neutral
cells, we modified a previously described assay using Secreted Embryonic Alkaline
Phosphatase (SEAP)(27). In this assay, a modified secreted version of the alkaline
phosphatase SEAP is transported to the ER through the SRP complex and secreted
to the media(28). To enable efficient monitoring of the protein secretion machinery we
generated a lentiviral delivered secreted SEAP protein. Following transduction and
Puromycin selection, an alkaline phosphatase luminesces assay is used to measure
secreted SEAP in the media (Fig. 5A). To validate the ability of this assay to measure
SRP complex activity we monitored SEAP secretion following siRNA mediated
knockdown of SRP complex genes (Fig. 5B). As a positive control we used Brefeldin
A (BFA), a small molecule toxin produced by fungi, that inhibits trafficking from the ER
to the golgi(29). Consistent with previous reports(28), BFA treatment or suppression
of SRP19 or SRP54 inhibited SEAP secretion (Fig. 5B), demonstrating the ability of

this assay to monitor SRP complex activity and protein secretion.

To compare protein secretion activity between APC/SRP19 neutral and loss cells we
transduced 10 cell lines (5-neutral and 5-loss of APC/SRP19 copy number) with the
SEAP reporter and measured SEAP secretion. We found that APC/SRP19 loss cells
had lower basal protein secretion activity (Fig. 5C), suggesting that the low levels of
SRP19 and SRP complex in these cells leads to lower activity of the protein secretion
machinery. To directly assess the effect of SRP19 partial loss on the activity of the
SRP complex we measured SEAP secretion after treatment with SRP79 targeting
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siRNAs. We found that partial suppression of SRP719 had a small effect on SEAP
secretion in APC neutral cells (Fig. 5D) and was significantly inhibited in APC/SRP19
loss cells (Fig. 5D,E). These observations are consistent with our previous findings
suggesting that SRP19 level is a key factor in regulating the SRP complex activity. To
directly assess if lower levels of SRP19 drive low protein secretion activity, we used a
rescue experiment. Following overexpression of SRP19 in SRP19 loss cells we
observed a ~2 fold increase in SEAP secretion (Fig. 5F). SRP19 overexpression had
no effect on SEAP secretion in APC/SRP19 neutral cell lines (Fig. 5G) demonstrating
that SRP19 is rate limiting for protein secretion and that the lower protein secretion
activity in these cells is a consequence of the lower SRP19 protein levels and lower

SRP complex activity in cells with APC/SRP19 copy number loss.


https://doi.org/10.1101/2024.01.30.578083
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2024.01.30.578083; this version posted January 31, 2024. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in
perpetuity. It is made available under aCC-BY-NC-ND 4.0 International license.

A B
KKk
*okk
Chemiluminescent Assay E [
£
2 80000
— <
= il o8
[] = T 60000
| / 3¢
/ T D
/A g g 40000
[(o,% &* ’ > . /. 7 o Extracellular space/medium § g 20000
00 U Secreted SEAP?rotein g
E
3 c T T T T
o v o
& & 3
S <& < <
B .»',\QQA 6\9%
C D E
. 4000007 i 8 60000 W SINTC  SiSRP19_7  siSRP19_9 2
5 E € 50000
° c o] I
5 3 3 .
Z 300000 % o % £ 40000 b
- - .
% E = g 2 E‘ 30000 - o
] hoB=) -5 - °e
% % 200000 iz g 2
sE 33 38200009 oIe
o
o 8 3 8
& € 100000
§ £ £ 10000
g 5 5 .
£ a - 0
—:‘ 0= RKO HCT15 Swe620 GP2D SNUC1 SW1463 SNU61 N
O .2 O Q &> N N APC APC
C PP PN I PR .
TMENF Y S IFPE APC Neutral APC Loss Neutral  Loss
APC Neutral APC Loss
F APC/SRP19 loss G APC/SRP19 neutral
SNUCA1 GP2D RKO HT29
§ 80000 % g ok g ns § 80000
£ £ 150000 £ 300000 E ns
2 2 2 2 I ]
3 60000 3 3 % 60000 .
o8 T o8 o8 o8 ]
<3 T <3 <3 <3 I
w B w5 100000 w 5 200000 u o N Y s
25 40000 o5 A 25 40000
82 - 82 82 82 * s
s == o o o
O [+ [+ [+
$ § 20000 $ § 50000 $ § 100000 $ g 20000
8 8 8 8
£ £ £ £
= 0 T T E 0 E o E 0 T T
3 3 a a N
& & S & & & & &
N Y2 0\‘\ %2 00\ O P 7
(&) Q\ [¢) Q\ O Y Q\
& & & &

Figure 5: Cells harbouring APC/SRP19 loss have lower levels of protein
secretion activity. (A) lllustration of SEAP secretion assay system used to measure
protein secretion. (B) SEAP secretion activity in GP2D cells transfected with the
indicated siRNAs or treated for 2h with 7uM of BFA. p.Value calculated using a two-
tailed unpaired T.test. (C) Basal SEAP protein secretion activity in cell lines with
neutral or loss of APC/SRP19 copy number stably expressing the SEAP reporter.
SEAP activity was normalised to cell number. p.Value calculated using a two-tailed
unpaired T.test. (D) SEAP activity measured in cells with neutral or loss of APC/SRP19
following transfection with control or SRP79 targeting siRNAs. p.Value calculated
using a two-tailed unpaired T.test. (E) Comparison of secreted SEAP activity following
partial suppression of SRP19 in cells with neutral or loss of APC/SRP19 copy number.
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p.Value calculated using a two-tailed unpaired T.test. (F) Rescue of SEAP secretion
activity following overexpression of SRP19 in cells with APC/SRP19 copy number
loss. p.Value calculated using a two-tailed unpaired T.test. (G) Rescue of SEAP
secretion activity following overexpression of SRP19 in cells with neutral APC/SRP19

copy number. p.Value calculated using a two-tailed unpaired T.test.

Induction of ER stress by Arsenic Trioxide is a vulnerability in APC/SRP19 loss
cancers. Our results demonstrate that cells with heterozygous loss of APC/SRP19
have lower protein secretion activity due to lower levels of the SRP complex activity.
These results suggest that APC/SRP19 loss cells will have higher levels of ER stress
and will be more sensitive to small molecules that induce ER stress or inhibit protein
secretion. BiP (also known as GRP78 or HSPAS) is a protein chaperon that is
upregulated during ER stress(30). Using a panel of cell-lines we found that basal levels
of BiP were higher in most APC/SRP19 loss cells compare to cells with neutral
APC/SRP19 copy number (Fig. 6A), suggesting that cells with SRP19 loss have higher
basal levels of ER stress. Consistent with these observations we found that following
treatment with BFA, a known inducer of ER stress(28), BiP protein levels were up
regulated more rapidly in APC/SRP19 loss cells demonstrating that these cells are
more sensitive to induction of ER stress (Fig. 6B). Furthermore, we found that siRNA
mediated suppression of SRP19 had a transient effect on BiP levels in a cell with
neutral APC/SRP19 copy number and that high BiP levels were maintained for longer
periods in APC/SRP19 loss cells (Fig. 6C). These results demonstrate that SRP19
loss leads to increased basal levels of ER stress and suggest ER stress inhibitors as

a vulnerability in these cells.

Molecules that induce ER stress are found in naturally occurring toxins and have
potent effects on cell proliferation. Based on our observations we hypothesised that
some of these toxins will have a more potent effect in APC/SRP19 loss cells. Exotoxin
A and Eeyarestatin | are toxins that interact with SEC61 and inhibit its activity(31).
Using a panel of cell-lines we found that Exotoxin A (Supplementary Fig. 5A-C) and
Eeyarestatin | (Supplementary Fig. 5D-F) inhibited proliferation in all cell lines
regardless of APC/SRP19 copy number alterations. BFA induces ER stress by
inhibiting transport from the ER to the golgi. Treatment of cells with BFA had a toxic
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anti-proliferation effect that was not related to APC/SRP19 copy number
(Supplementary Fig. G-H).

Arsenic Trioxide is a clinically approved drug for relapsed leukemia that induces ER
stress by causing oxidative stress and activating the ER stress response(32). Arsenic
Trioxide treatment induced ER stress in APC/SRP19 loss cells as indicated by high
levels of the ER stress marker CHOP (Supplementary Fig. 5J). Following treatment
with Arsenic Trioxide we measured proliferation in a panel of cells with neutral or loss
of APC/SRP19 copy number (Fig. 6D-J). At concentrations >1-5uM Arsenic Trioxide
was toxic and had an anti-proliferation effect in all cell lines. At lower concentrations
(0.4-0.5uM) we found that only cells harbouring loss of APC/SRP19 copy number were
sensitive to Arsenic Trioxide (Fig. 6D-F). The average ICso for cells with neutral
APC/SRP19 copy number was 11.1uM (Fig. 6J) which is similar range to the Arsenic
Trioxide ICso reported in a large collection of cell lines(33). Cells harbouring
APC/SRP19 loss were highly sensitive to Arsenic Trioxide treatment and had an
average ICso of 0.48uM suggesting low dose Arsenic Trioxide as a potential treatment
in these cells. To validate that the observed proliferation phenotype is due to the lower
levels of SRP19, we used a rescue experiment. Following SRP19 overexpression in
SW1463, SNU283 or SNU61 cells were treated with Arsenic Trioxide and proliferation
was measured after 5 days (Fig. 6D-F). SRP19 overexpression shifted Arsenic
Trioxide sensitivity to 1.9-12.4uM, like what we observed in cells with neutral
APC/SRP19 copy number (Fig. 6G-l). These results demonstrate that Arsenic Trioxide
induction of ER stress in cells with APC/SRP19 loss is mediated by low levels of
SRP19 and suggests the use of low dose Arsenic Trioxide as a treatment in these

cancers.
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Figure 6: Cells with APC/SRP19 loss have high basal levels of ER stress and are
sensitive to Arsenic Trioxide. (A) BiP levels in cells with neutral or loss of
APC/SRP19 copy number. (B) BiP levels in HT29 (APC/SRP19 neutral copy number)
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or GP2D (APC/SRP19 copy number loss) following treatment with 7uM of BFA for the
indicated time. (C) BiP levels in HT29 (APC/SRP19 neutral copy number) or GP2D
(APC/SRP19 copy number loss) following transfection with SRP19 targeting siRNA.
(D-F) Cell proliferation measured using cell titre glow 5 days post treatment with
Arsenic Trioxide in APC/SRP19 loss cells with or without SRP19 overexpression. (G-
I) Cell proliferation measured using cell titre glow 5 days post treatment with Arsenic
Trioxide in APC/SRP19 neutral cells. (J) Compression of Arsenic Trioxide IC50 in cells
with neutral or loss of APC/SRP19 copy number. p.Value calculated using a two-tailed
unpaired T.test.

Discussion

APC is a TSG that is frequently mutated in cancer and is lost in ~80% of colorectal
cancers. Early studies have shown that loss of APC activity is one of the earliest
events in colon cancer leading to benign polyp formation in humans and animal
models(34). Furthermore, re-expression of APC abolished tumour growth in animal
models even in advanced high-grade carcinomas(7) demonstrating that loss of APC
is required for tumour maintenances. Yet, no current therapy is available for direct
targeting of a TSG that is lost in cancer. Cancer sequencing studies(3) identified two
main mechanisms for loss of APC activity, mutations in the protein coding region and
heterozygous deletions. In many cases complete loss of APC is achieved by mutating
one allele and deleting the other. In the current work we found that SRP19, a cell
essential gene that is located 15kb away from APC, is co-deleted in cancers with
heterozygous APC loss. The collateral loss of cell essential genes driven by proximity
to a TSG may result in vulnerabilities that could be exploited for specific targeting of

cancer.

Loss of function genetic screens are highly useful in identifying new targets for drug
development(19,35). Recent efforts to map the landscape of genetic dependencies in
cancer have focused on CRISPR knockout strategies since they have lower noise and
less off target effects then RNAI(9,16,36). We show here that although RNAi has more
off-target effects then CRISPR, partial gene dependencies could be identified only with
RNAi and not with CRISPR based approaches. Specifically, CRISPR knockouts

eliminate the target gene as opposed to RNAi which only reduce the levels of the


https://doi.org/10.1101/2024.01.30.578083
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2024.01.30.578083; this version posted January 31, 2024. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in
perpetuity. It is made available under aCC-BY-NC-ND 4.0 International license.

target gene. When looking at cell essential genes RNAI provides a unique opportunity
to find cancer targets that are dose dependent. Recent studies showed that RNAi but
not CRISPR is uniquely capable of identifying gene-gene interactions in large scale

loss of function proliferation screens for core cell essential genes(18).

Previous studies have identified genes targets that are deleted due their proximity to
a TSG(8,11). In all these cases heterozygous deletion of the deleted gene did not lead
to a dramatic difference in protein activity. For example, PSMC2 is lost in many
cancers and partial PSMCZ2 knockdown is vulnerability in these cancers(8). However,
proteosome activity was not affected in cells with loss of PSMC2 and proteosome
inhibitors were not effective at differential targeting of cells with PSMC2 loss. In the
current study we show that SRP19 is the rate limiting factor for formation of the SRP
complex and that loss of SRP19 leads to loss of other components of the SRP complex
and to lower activity of this complex. Due to this effect on SRP complex activity drugs
that target the activity of this complex are effective in treatment of cells harbouring
these APC/SRP19 loss. Our study suggests that identifying genes that are rate limiting
for formation of an active complex is more efficient in finding targetable genes.
Different than other collateral loss genes SRP19 unique location and proximity to APC
ensure that SRP19 is almost always lost together with APC. Our study demonstrates
that the distance of a collateral loss gene from a TSG is important for identifying similar

targets for other TSGs.

The SRP complex is a highly conserved protein-RNA structure that has evolved to
regulate translocation of proteins to the ER(14). In the current study we found that one
of these proteins, SRP19, is deleted due to its proximity to the TSG APC. APC/SRP19
deletion leads to lower SRP19 mRNA and protein and, as a consequence, these cells
are highly sensitive to partial inhibition of SRP79 expression. In addition, we found that
SRP19 levels regulate the stability of other SRP complex proteins. Lower levels of
SRP19 protein leads to lower SRP54 protein stability and consequently lower activity
of the SRP complex and protein secretion. Our results suggest that binding of SRP19
to 7SL complex is required for enabling binding of SRP54 and SRP68 and formation
of an active SRP complex. Decreased complex stability due to low levels of a protein
is a unique mechanism that has not been observed for other genes such as PSMC2(8)
or SF3B1(12). In the case of PSMC2 heterozygous deletion depletes a pool of PSMC2
protein which serves as a reservoir. Here we showed that different to PSMC2, SRP19
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loss destabilises other components of the complex as well as the activity of the SRP
complex. Our results suggest that genes that are part of multi-subunit complexes and

are rate limiting for complex formation may be more potent targets.

In addition to proteins that are part of the S-domain SRP9 which is part of the SRP-
complex Alu domain was also a vulnerability in APC/SRP19 loss cancers. Although
we currently do not completely understand SRP9 sensitivity it is possible that SRP9
regulate other functions that are not related to the SRP complex and that lower SRP
complex activity leads to depletion of the SRP9 pool. Interestingly SRP9 has been
shown to interact with Alu sequences that are not related to the SRP complex and

may have additional roles(37).

We found that partial suppression of ribosomal genes was negatively associated with
SRP19 dependency. The SRP complex binds directly to the ribosome during
translation and mediates the translocation of the emerging protein to the ER(25).
These findings suggest that cancer cells with heterozygous loss of APC/SRP19 are
less dependent on partial inhibition of the ribosome. These observations could have

important implications to the use of ribosome inhibitors for cancer treatment(38).

We found that low levels of SRP complex activity led to higher basal levels of ER
stress measured by high basal levels of the protein chaperon BiP in APC/SRP19 loss
cells. These observations suggest the use of molecules that induce ER stress to treat
these cancers. Exotoxin A, Eeyarestatin | and BFA inhibited proliferation in all cell lines
and did not show any effect that was specific for APC/SRP19 loss cells. It is likely that
these potent toxins do not show differential sensitivity since they inhibit additional
cellular pathways and signalling networks. We found that low concentrations of
Arsenic Trioxide inhibited proliferation only in APC/SRP19 loss cells and was rescued
by overexpression of SRP19. Arsenic Trioxide is tolerated in humans and is an
approved therapy for relapsed acute promyelocytic leukemia(39). Our results suggest
that low dose Arsenic Trioxide is an effective therapy in these cancers. Although
currently no drugs that directly target SRP19 or SRP54 or SRP68 are available future
development of such molecules may have a better window for treating cancers with
loss of APC/SRP19.

In summary, we demonstrate that SRP79 mRNA and protein are lost in cancers that
harbour APC loss. We show that SPR19 loss destabilises the SRP complex and leads
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to lower activity of the SRP complex and decreased rate of protein secretion.
Furthermore, we find that molecules that induce ER stress are highly effective in

inhibiting growth of these cancers.

Data Availability

All raw and processed data are available in the figures, supplementary figures, and
supplementary tables of this manuscript. All plasmids generated in this study will be

made available through Addgene.

Methods

Cell line and media

Cell-line identity was verified by STR at the Australian Genomics Research Facility
(AGRF). Cancer cell lines were obtained from ATCC (SW620, DLD1, HCT15, SW480,
HT29, RKO, GP2D, SNU283, SNU61, SW1463, SNUC1, HUG1N, SW1417).
HEK293FT cells were Thermo-Fisher (Cat num#R70007). Cell lines were maintained
in a 37°C incubator. All cell lines were propagated in media containing 10% FBS, 1%
penicillin and Streptomycin and 1% L-glutamine in SW620, DLD1, HCT15, SW480,
HT29, RKO and GP2D were cultured in DMEM (Thermo-Fisher Scientific#11965092),
SW1463 were cultured in DMEM with 1mM Na-Pyruvate (Thermo-Fisher
Scientific#11360070), SNUC1, HUG1N, SW1417 were cultured in RPMI-1640
medium (Thermo-Fisher Scientific#11875093), SNU283, SNU61 were cultured in
RPMI-1640 with 25mM HEPES (Thermo-Fisher Scientific#15630080).

RNA isolation and quantitative real-time PCR

Total RNA was isolated using TRIzol (Sigma-Aldrich) from mouse tumours and cell
lines, according to the manufacturer’s instructions. One microgram of total RNA was
reverse transcribed to cDNA using the Maxima Reverse Transcriptase (Thermo-
Fisher#EPQ0742) in 20pl reaction with random hexamers and dNTP. Expression levels
of genes were quantified using gqRT-PCR using the QuantStudio™5 Real-Time PCR
system (Thermo-Fisher). gRT-PCR was performed using the indicated qPCR primers
(Supplementary Table S3). ACTIN or GAPDH primers were used for normalisation.
The gRT-PCR conditions were denaturation at 95°C for 5min followed by 40 cycles of
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amplification at 95°C for 15s and 60°C for 20s. The comparative cycle threshold (delta

Ct) method was used to analyse the gene expression levels.

siRNA transfection

siRNAs (Supplementary Table S3) were obtained from IDT which and designed to
target SRP proteins including SRP19, SRP14, SRP9, SRP54, SRP68 and SRP72.
Lipofectamine RNAIMAX (Invitrogen#13778150) was used for siRNA transfection

according to the manufacturer’s instructions.

Crystal violet proliferation assay

Following siRNA transfection or drug treatment, cells were allowed to propagate for
the indicated time. The media was removed, and cells were washed twice in PBS.
10% of formalin in PBS was added and incubated for 20min at room temperature.
Formalin was removed, and 0.5% (w/v) of crystal violet (Sigma#C0775-25G) was
added and incubated for 20min at room temperature. Crystal violet was removed, and
plates were thoroughly washed with PBS. For quantification, 10% of acetic acid was
added to each well and incubated at room temperature for 3min. The extracted
solution was added to a 96-well plate and quantified by measuring the OD at 590nm.

Protein quantification using Western blot

Cells/tissue were harvested, washed in PBS, and resuspended in RIPA buffer (CST-
9806) containing proteinase inhibitors (Roche) and quantified using the Pierce BCA
Protein Assay Kit (Thermo-Fisher#23225). Protein lysates diluted in 4 X Laemmli
Sample Buffer (Bio-Rad#161-0747) were loaded onto Bio-Rad 4-20% precast gels.
Western blot was done using BioRad pre-casted gels and a trans-turbo transfer
machine (BioRad). Following electrophoresis, proteins were transferred to a pre-
activated PVDF membrane using the Trans-Blot®Turbo™ Transfer System and
visualized using ECL (Bio-Rad Chemidoc). The following are the antibodies used in
this study: SRP72 (Sigma#034621), SRP68 (Invitrogen#100080), SRP54 (BD
Bioscience #610940), SRP19 (Invitrogen #93197), ACTIN (Santa Cruz#A2017),
GAPDH (Sana Cruz # SC32233), BiP (Cell Signaling#3183).

SEAP enzymatic assay


https://doi.org/10.1101/2024.01.30.578083
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2024.01.30.578083; this version posted January 31, 2024. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in
perpetuity. It is made available under aCC-BY-NC-ND 4.0 International license.

Cells were transduced with a lentivirus SEAP expression. Following puromycin
selection (3 DPI), cells were seeded on 24-well plate for siRNA transfection or drug
treatment. For siRNA treatment, cell culture media was collected after 72h post
transfection. For drug treatment, cell culture media was collected after 6h. Secreted
SEAP were detected using the Great EscAPe™ SEAP Chemiluminescence Kit 2.0
(Clontech#631738) following the manufacturer’s instructions. Live cell counts were
measured using an Invitrogen Countess 3 Automated Cell Counter, and the secreted

SEAP level was normalized to the corresponding cell counts.

Mouse xenografts

All animal studies were approved by the Monash University Animal Ethics Committee
(AEC-approval number 2020-24197-49078). RKO and GP2D cells were infected with
lentiviruses containing the inducible Tet-on vector expressing shRNA targeting SRP19
when adding doxycycline. Following puromycin selection (3 DPI), 1e6 cells/site and 3
sites/mouse were subcutaneously injected into 5-week-old female NSG mice under
isoflurane anaesthesia. In the experimental groups, mice were fed with doxycycline
food (600mg/kg). Tumour growth was continuously monitored for 4 weeks. Tumours
were measured using digital vernier calliper every 48h, beginning 3 days after
injection, and tumour volume was calculated using the formula length (mm)xwidth

(mm)xheight (mm) and expressed in mm3.
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Supplementary Figure 1: APC loss leads to loss of SRP19 DNA, mRNA and

protein. Biological replicates quantifying SRP19 protein levels.
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Supplementary Figure 2: Partial inhibition of SRP19 is a vulnerability in cells
with APC/SRP19 loss. (A) Proliferation following CRISPR mediated knockout of
SRP19 from DepMap. OR51D1 is an olfactory receptor and used as a negative

control. RPS8 is a core essential ribosomal gene and used as a positive control.

p.Value calculated using two tailed unpaired T.test. (B) Correlation between SRP19

MRNA expression and proliferation using CRISPR knockout, data from DepMap. (C)

Correlation between SRP19 mRNA expression and proliferation using shRNA, data
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from DepMap. (D) Crystal violet images of APC/SRP19 neutral or loss cells 7 days
post transfection with SRP19 targeting siRNAs. SNUC1 and HUG1N are suspension
cell lines and proliferation, in these cell lines, was measured using a cell counter. (E)
SRP19 protein levels in SW1463 cells overexpressing GFP (control) or SRP19, 3 days
post transfection with SRP19 targeting siRNAs. (F) Crystal violet images of SNU61
cells overexpressing SRP19 or GFP 7 days post transfection with SRP19 targeting
siRNAs. (G) Crystal violet image of SW1463 cells overexpressing GFP or SRP19 7
days post transfection with SRP19 targeting siRNAs. (H) Quantification of crystal violet
images in (G). (I) SRP19 protein levels in tumours extracted from mice treated with or
without DOX. (J) Tumour weight of tumours from mice injected with RKO cells. p.Value
calculated using two tailed unpaired T.test. (K) Tumour weight of tumours from mice

injected with GP2D cells. p.Value calculated using two tailed unpaired T.test.
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Supplementary Figure 3: SRP68 and SRP54 are also vulnerabilities in
APC/SRP19 loss cancers. Comparison of SRP19 RNAIi dependency scores across
648 cancer cell lines (DepMap) with (A) SRP54. (B) SRP68. (C) SRP72. (D) SRP14.
(E) SRP9. (F) Proliferation following CRISPR mediated knockout of SRP complex
proteins in 970 cell lines (DepMap). OR51D1 is a negative control and RPS8 is a
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ribosomal core essential gene and used as a positive control. pValue calculated using

two tailed unpaired T.test. (G) Protein or mRNA levels following siRNA mediated
suppression of SRP complex proteins: (G) SRP68. (H) SRP54. (1) SRP9. (J) SRP72.
(K) SRP14. Crystal violet images (SNUC1 and HUG1N are suspension lines and
proliferation was monitored by counting) of APC/SRP19 loss or neutral cells 7 days
post transfection with siRNAs targeting: (L) SRP54. (M) SRP68. (N) SRP72. (O)

SRP9. (P) SRP14.
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Supplementary Figure 4: Loss of APC/SRP19 destabilises components of the
SRP complex. Pearson correlation across 1,440 CCLE cell lines of APC/SRP19 copy
number and mRNA expression of (A) SRP54 (B) SRP68 (C) SRP14 (D) SRP72 (E)
SRP9 (F) Expression of the indicated genes was measured using qRT-PCR in cells
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with neutral or loss of APC/SRP19 copy number. pValue calculated using two tailed
unpaired T.test. (G) Protein levels of SRP complex components following transfection
of cell lines with neutral or loss of APC/SRP19 copy number with SRP54 targeting
siRNAs. (H) Proliferation of GP2D cells following overexpression of SRP19 and
transfection of SRP54 targeting siRNAs. pValue calculated using two tailed unpaired
T.test.
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Supplementary Figure 5: Effect of molecules that inhibit the protein secretion
on proliferation of APC/SRP19 loss cells. (A) Dose inhibition curve measured using
CTG following treatment of cells with APC/SRP19 copy number loss with Exotoxin A.
(B) Dose inhibition curve measured using CTG following treatment of cells with neutral
APC/SRP19 copy number with Exotoxin A. (C) Comparison of Exotoxin A IC50 in cells

with neutral or loss of APC/SRP19 copy number. pValue calculated using two tailed
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unpaired T.test. (D) Dose inhibition curve measured using CTG following treatment of
cells with APC/SRP19 copy number loss with Eeyarestatin |. (E) Dose inhibition curve
measured using CTG following treatment of cells with neutral APC/SRP19 copy
number with Eeyarestatin I. (F) Comparison of Eeyarestatin | IC50 in cells with neutral
or loss of APC/SRP19 copy number. pValue calculated using two tailed unpaired
T.test. (G) Dose inhibition curve measured using CTG following treatment of cells with
APC/SRP19 copy number loss with BFA. (H) Dose inhibition curve measured using
CTG following treatment of cells with neutral APC/SRP19 copy number with BFA. (1)
Comparison of BFA IC50 in cells with neutral or loss of APC/SRP19 copy number.
pValue calculated using two tailed unpaired T.test. (J) Levels of the ER stress markers
BiP and CHOP 24h after treatment with Arsenic Trioxide (ATO).

Supplementary Table Legends

Supplementary Table S1: Pearson correlation values of APC CNV with gene

expression changes across the CCLE data set (1,440 cell lines).

Supplementary Table S2: Pearson correlation values of SRP19 dependency
(RNAI) and gene dependencies across the DepMap data set (657 cell lines).

Supplementary Table S3: Primers and RNAi sequences used in this study.
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