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Abstract

Triple-negative breast cancer (TNBC), the deadliest breast cancer subtype, lacks broadly
applicable targeted therapies. Induction of ‘viral mimicry’ by activation of viral double-stranded
RNA (dsRNA) sensors has potential therapeutic applications for TNBC and other cancers.
Suppressors of dsSRNA sensing prevent sensing of endogenous dsRNAs and resulting
autoimmunity. Depletion of the suppressor of dsSRNA sensing ADAR1 causes activation of
dsRNA sensors and cell death in many cancer cell lines. These ADAR1-dependent cells are
generally also dependent on the dsRNA-binding protein PACT, which is highly expressed and
essential in many TNBC cell lines. While PACT is known as an activator of the dsRNA sensor
PKR, overexpression of PACT had no effect on activation of PKR in multiple TNBC cell lines.
Conversely, depletion of PACT in PACT-dependent cell lines caused robust activation of the
dsRNA sensor PKR and cell death, in addition to induction of integrated stress response genes
and NF-kB targets. These phenotypes were entirely dependent on PKR. Rescue experiments
revealed that PACT dimerization and dsRNA binding is required to suppress PKR activation.
While depletion of PACT alone in ADAR1/ PACT-independent cell lines had no effect on PKR
activation, combined depletion of both PACT and ADARL in those cell lines caused robust PKR
activation and cell death, supporting a partially redundant role for ADAR1 and PACT in
suppression of dsRNA sensing. Taken together, these findings support a vital role for PACT in
suppressing PKR activation and highlight the therapeutic potential of targeting PACT to treat

TNBC.
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Introduction

Triple-negative breast cancer (TNBC) is the deadliest form of breast cancer, with high
rates of recurrence and metastasis (Curigliano and Goldhirsch 2011; Bianchini et al. 2016). A
major factor driving the poor outcomes of TNBC patients is the lack of broadly applicable
targeted therapies for TNBC (Curigliano and Goldhirsch 2011; Bianchini et al. 2016; Waks and
Winer 2019). Immunotherapies, such as immune checkpoint blockade (ICB), have shown some
efficacy in TNBC, but many tumors are resistant (Morad et al. 2021). Often, tumors with
increased inflammation, known as immunologically ‘hot’ (immune inflamed), are more sensitive
to ICB, relative to ‘cold’ (immune excluded) tumors (Chen and Mellman 2017). Several recent
studies have shown that increasing inflammation within tumors can overcome resistance to ICB
(Ishizuka et al. 2019; Jiang et al. 2019; Guirguis et al. 2023; Huang et al. 2024; Young et al.
2024). A great example of this approach is targeting the RNA editor ADAR1 to overcome
resistance to ICB in mouse tumor models (Ishizuka et al. 2019).

Adenosine Deaminase Acting on RNA (ADAR, which encodes ADAR1) has been
identified as an essential gene in multiple cancer cell lines — including those derived from
breast, lung and ovarian cancer (Gannon et al. 2018; Liu et al. 2019; Kung et al. 2021). ADAR1
deaminates adenosine to inosine in double-stranded RNAs (dsRNA) in a process known as A-
to-1 editing (Bass and Weintraub 1988; Bass 2024; Mendoza and Beal 2024). This function of
ADARL is essential and prevents autoimmunity. Specifically, A-to-1 editing by ADAR1 prevents
activation of MDAD5, a double-stranded RNA (dsRNA) sensor, by endogenous dsRNAs
(Liddicoat et al. 2015; Pestal et al. 2015). There are multiple dsRNA sensors expressed in
immune and non-immune cells that detect dsRNA arising from viral infections (Rehwinkel and
Gack 2020; Chen and Hur 2022; Cottrell et al. 2024a). Because these proteins bind to dsRNA
by recognizing the structure of the dsRNA, and generally lack any sequence specificity, dsSRNA
sensors can also be activated by endogenous dsRNAs (Cottrell et al. 2024a). Several dsRNA
sensors, including MDAS and RIG-I, activate the type-I interferon (IFN-I) pathway to promote an
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antiviral response (Rehwinkel and Gack 2020). The dsRNA sensor protein kinase RNA-
activated (PKR) instead activates the integrated stress response (ISR) by phosphorylation of
elF2a and promotes inflammation through activation of NF-kB (Gal-Ben-Ari et al. 2018;
Chukwurah et al. 2021).

Since dsRNA sensors can bind and be activated by endogenous dsRNAs, to prevent
autoimmunity, their activation must be suppressed in the absence of a viral infection. Multiple
proteins suppress activation of dsRNA sensors by endogenous dsRNAs. These ‘suppressors of
dsRNA sensing’, function through several mechanisms. For instance, ADARL1 prevents
activation of two different dSRNA sensors through distinct mechanisms. Whereas ADAR1
prevents activation of MDAS through A-to-1 editing of dsSRNA, ADAR1 also prevents activation of
PKR through competition for dsRNA binding (Liddicoat et al. 2015; Pestal et al. 2015; Chung et
al. 2018; Hu et al. 2023). The activation of dsRNA sensors and their downstream pathways,
triggered by the loss of suppressors of dsSRNA sensing or other perturbations, is referred to as
‘viral mimicry’. This term reflects cell behavior similar to that elicited by viral infection, but
instead the cells are responding to endogenous dsRNAs (Chen et al. 2021; Cottrell et al.
2024a). It is this viral mimicry phenotype that overcomes resistance to ICB in ADAR1 depleted
tumors and serves as a strong justification for the identification of ADAR1 inhibitors to treat
multiple cancers (Ishizuka et al. 2019).

While the effects of depleting ADARL in cancer cells has therapeutic value, not all
cancer cells are dependent on ADARL1 for proliferation (Gannon et al. 2018; Liu et al. 2019;
Kung et al. 2021). We and others have observed that depletion of ADAR1 causes cell death
and/or reduced proliferation and activation of dsSRNA sensors in only a subset of cancer cell
lines. Roughly half of TNBC lines are dependent on ADAR1 expression, based on reduced gene
dependency scores from DepMap (McFarland et al. 2018; Dempster et al. 2019; Broad 2024a).
In these ADAR1-dependent cell lines, depletion of ADAR1 causes cell death and activation of
multiple dsRNA sensing pathways (Gannon et al. 2018; Liu et al. 2019; Kung et al. 2021).
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99  Conversely, in ADAR1-independent cell lines, depletion of ADAR1 has no effect on cell viability
100 and there is no activation of dsSRNA sensors. One factor driving ADAR1-dependency is elevated
101  expression of IFN stimulated genes (ISGs) in ADAR1-dependent cell lines. The chronic IFN-I
102  signaling in these cells leads to elevated expression of dSRNA sensors (PKR, MDA5, OAS1-3)
103 that are ISGs (Gannon et al. 2018; Liu et al. 2019; Kung et al. 2021). It has been proposed that
104 the elevated expression of dsRNA sensors in these cells creates a poised state, where the cells
105 are highly sensitive to loss of ADAR1 — or potentially the loss of other suppressors of dsSRNA
106  sensing.

107 ADARL is not the only suppressor of dSRNA sensing. For example, DHX9 and STAU1
108 prevent PKR activation through binding to dsRNAs (Elbarbary et al. 2013; Cottrell et al. 2024b).
109 Like ADAR1, those proteins bind dsRNA through dsRNA binding domains (dsRBD). There are
110 nineteen human proteins that contain dsRBDs, and many other dsRNA binding proteins

111  (dsRBP) that bind via other domains, in particular helicase domains. Each of these proteins are
112  potentially competing with PKR, or perhaps MDAS5, for binding to endogenous dsRNAs.

113 Here we provide evidence that protein activator of the interferon-induced protein kinase
114  (PACT) functions as a suppressor of dsRNA sensing in TNBC. We show that PACT specifically
115 suppresses PKR activation through dimerization and dsRNA binding. In addition to PKR

116  activation and cell death, depletion of PACT causes activation of the ISR and NF-kB pathways
117  in PACT-dependent cell lines. In PACT-independent cell lines, our data support redundancy
118 between PACT and ADARL in suppression of dsRNA sensing. Together, our findings support
119 PACT as a therapeutic target for a subset of TNBC.

120 Results

121  PACT is highly expressed in TNBC and essential in many TNBC cell lines

122 Since ADAR1-dependent cell lines have elevated expression of PKR and other dsRNA
123  sensors, we hypothesized that they would be sensitive to loss of other suppressors of dsSRNA
124  sensing. As such, we turned to publicly available gene dependency data from DepMap to
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identify dsRBPs that may function as suppressors of dsRNA sensing like ADAR1. We
determined the pairwise correlation coefficients for ADAR1-dependency scores vs the
dependency scores for all other genes across all cell lines for which dependency data is
available in DepMap (Broad 2024b). This analysis was performed for dependency scores from
CRISPR-Cas9 screens (CHRONOS) and RNAi screens (DEMETER?2) (McFarland et al. 2018;
Dempster et al. 2019). Among the genes with the strongest correlation with ADAR1-dependency
scores was PRKRA, which encodes PACT, (Pearson r = 0.341 for CHRONOS and 0.420 for
DEMETER?), (Fig. 1a-b; Supplemental Fig. S1a-b). While there are many other genes with
dependency scores that significantly correlate with ADAR1-dependency, including the RNA
exonuclease XRN1 which has previously been shown to suppress activation of dsRNA sensors
(Zou et al. 2024), we decided to focus our research on PACT because it, like ADARL, contains
multiple dsRNA binding domains. Additionally, PACT was the only dsRBD containing protein
with gene dependency scores that strongly correlate (r > 0.2) with ADAR1-depedendency
(Supplemental Fig. S1c).

Analysis of pairwise correlation between PACT-dependency scores and those of all
other genes revealed ADARL1 as the strongest co-dependent gene of PACT (Fig 1c;
Supplemental Fig. S1d). Looking across lineages, PACT-dependent cell lines are common in
cancers arising from multiple organs (Fig. 1d; Supplemental Fig. S1e). Given our past efforts
studying ADARL1 in breast cancer, the strong correlation between PACT-dependency and
ADAR1-depdency scores in breast cancer cell lines (Fig. 1e and Supplemental Fig. S1f), and
several breast cancer cell lines being among the most strongly dependent on PACT, we chose
to focus on studying the role of PACT in breast cancer. Analysis of PACT-dependency in breast
cancer subtypes revealed a strong bias towards triple-negative breast cancer (TNBC) (Fig. 1f;
Supplemental Fig. S1g-i). Interestingly, the difference between PACT-dependency scores
amongst TNBC versus non-TNBC cell lines is larger than the difference for all but two other
genes (Fig. 19).
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The expression of PACT at the RNA and protein levels varies across cell lines, with
TNBC cell lines generally expressing more PACT than non-TNBC lines (Fig. 2a, Supplemental
Fig. S2a-b). In human tumors, PACT expression is significantly elevated in TNBC relative to
normal breast or other subtypes, (Fig. 2d-e and Supplemental Fig. S2c-d). Elevated expression
of PACT, however, is not prognostic of survival in breast cancer overall, or TNBC (Fig. 2f-g).
PACT is not an activator of PKR in TNBC

Previous research has indicated that PACT is an activator of the dsSRNA sensor PKR
(Patel and Sen 1998; Patel et al. 2000; Peters et al. 2001; Li et al. 2006; Peters et al. 2009;
Singh et al. 2011; Chukwurah et al. 2021). To evaluate if PACT functions as an activator of PKR
in breast cancer cell lines, we overexpressed either wildtype PACT, or two phospho-site
mutants of PACT (phosphomimetic S287D and phospho-null S287A). Those mutants alter a
serine residue in PACT that was previously shown to enhance activation of PKR when
phosphorylated (Peters et al. 2009; Singh et al. 2011). Overexpression of neither PACT,
PACTS?87® nor PACTS?87A had any effect on PKR activation (phosphorylation of PKR on Thr-
446) in four different TNBC cell lines (Fig. 3a-b). To further evaluate if PACT functions as an
activator of PKR in cancer, we compared PACT expression at the protein level with expression
of ATF4, a component of the ISR that is induced upon PKR activation (Costa-Mattioli and Walter
2020). We observed no correlation between PACT and ATF4 protein expression across cancer
cell lines for which proteomic data were available (Fig. 3c). As a control, we compared ATF4
expression to ATF3, a transcription factor induced by ATF4, and found a strong correlation (Fig.
3d). Together these findings do not support PACT functioning as a PKR activator.
PACT suppresses PKR activation, but not activation of other dsRNA sensors

To further evaluate the role of PACT in TNBC cell lines, we used CRISPR-Cas9 to
deplete PACT in a panel of PACT-dependent and PACT-independent cell lines (Fig. 4a-b). The
PACT-dependent and -independent cell lines chosen are also ADAR1-dependent and -
independent, respectively (Fig. 4a). Consistent with DepMap data, for PACT-dependent cell
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177  lines, depletion of PACT reduced cell viability, but in PACT-independent cell lines, depletion of
178 PACT had no effect on viability as measured by an ATP dependent luciferase activity (Fig. 4c).
179  For two PACT-dependent cell lines, we further evaluated the effect of PACT depletion on cell
180 viability and proliferation by crystal violet staining. Depletion of PACT reduced crystal violet

181  stained foci in both HCC1806 and MDA-MB-468 (Fig. 4d). To evaluate the in vivo effect of

182  PACT depletion on tumorigenesis, we performed an orthotopic xenograft study with inducible
183  knockout of PACT in HCC1806 cells. Tumorigenesis was significantly reduced by PACT

184  depletion, highlighting the potential of targeting PACT to treat TNBC (Fig. 4e).

185 In PACT-dependent cell lines, but not PACT-independent cell lines, depletion of PACT
186  caused activation of PKR (Fig. 4b,f). This finding suggests that PACT functions not as an

187  activator of PKR, but as a suppressor of PKR activation. We performed RNA-seq on PACT

188 depleted and control HCC1806 and MDA-MB-468 cells to evaluate transcriptomic response to
189 PACT depletion (Fig. 5a-b, Supplemental Tables 3-4). Activation of the dsRNA sensors MDAS,
190 RIG-I and TLR3 leads to induction of type | IFN stimulated genes (ISG) (Matsumoto et al. 2011;
191  Rehwinkel and Gack 2020). PACT depletion had little effect on type | ISG (Hallmark interferon
192 alpha response (Liberzon et al. 2015)) expression in HCC1806 or MDA-MB-468 (Fig. 5¢;

193  Supplemental Fig. S3a-b). This observation was validated by gRT-PCR which again indicated
194 little to no change in ISG expression in PACT depleted cells relative to controls, except for one
195 ISG (IFIT2) which was elevated in the PACT-independent cell line MDA-MB-453 upon PACT
196 depletion (Fig. 5d). The 2’-5’-oligodenylate synthases (OAS1, OAS2, and OAS3) are another
197  group of dsRNA sensors that are also ISGs (Hovanessian and Justesen 2007). When activated,
198 the OAS proteins activate RNase L which degrades many cellular RNAs, including rRNA leaving
199 behind a distinctive banding pattern (Chakrabarti et al. 2011). Analysis of rRNA integrity in

200 PACT-depleted and control cells revealed no cleavage that would be consistent with RNase L
201  activation (Fig. 5e). Taken together, these findings suggest that in PACT-dependent cells, PACT
202 suppresses activation of PKR, but not MDA5, RIG-I, TLR3 or the OASs.
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Activation of PKR in PACT depleted cells drives cell death and activation of ISR and NF-
KB

Gene set enrichment analysis of PACT depleted cells identified many dysregulated
pathways. The top two most upregulated pathways in both HCC1806 and MDA-MB468 were
associated with NF-kB signaling (Hallmark TNFA signaling via NFKB (Liberzon et al. 2015)) and
the ISR (ATF4 target genes (Wong et al. 2019)). PKR is a well-known activator of the ISR,
which is largely facilitated by the transcription factor ATF4 (Gal-Ben-Ari et al. 2018; Costa-
Mattioli and Walter 2020). In PACT-depleted cells, we observed elevated expression of several
ATF4 targets, consistent with activation of ISR, in both our RNA-seq data, (Fig. 6a;
Supplemental Fig. S3c-d,g; Supplemental Tables 7-8) and by gRT-PCR (Fig. 6b). Immunoblot
analysis confirmed upregulation of the ATF4 targets GADD34 (encoded by PPP1R15A) and
ATF3 (Fig. 6d; Supplemental Fig. 3i). We did not observe robust phosphorylation of elF2a as
would be expected based on the ISR signature in our RNA-seq data and activation of PKR (Fig.
6d; Supplemental Fig. 3i). However, GADD34, an elF2a phosphatase that is expressed during
the ISR to dephosphorylate elF2a to shut down the ISR (Novoa et al. 2001) was highly
expressed in our cells at the time of harvest which could explain the lack of elevated p-elF2a in
PACT depleted cells (Fig. 6d).

In addition to the ISR, PKR can also activate the transcription factor NF-kB (Kumar et al.
1994; Gil et al. 1999; Bonnet et al. 2000; Zamanian-Daryoush et al. 2000; Gil et al. 2001;
Bonnet et al. 2006; Chukwurah et al. 2021). Multiple NF-kB targets were upregulated upon
PACT depletion in PACT-dependent cell lines as assessed by RNA-seq (Fig. 6a; Supplemental
Fig. S3e-f,h; Supplemental Tables 7-8), and gRT-PCR (Fig. 6¢). Immunoblot confirmed
phosphorylation of NF-kB p65 (Ser468) in PACT depleted HCC1806 cells (Fig. 6d). Given that
PKR activation can drive cell death, we performed a combined depletion experiment to
determine if PKR activation is required for cell death upon PACT depletion (Fig. 6e). Depletion
of PKR by CRISPR-Cas9 completely rescued the reduced viability caused by depletion of PACT
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in the PACT-dependent cell line HCC1806 (Fig. 6f). Furthermore, in PKR depleted cells,
depletion of PACT did not cause activation of ATF4 or NF-kB target genes (Fig. 6g), indicating
that elevated ATF4 and NF-kB target gene expression in PACT depleted cells is entirely
dependent on PKR activation.

PACT requires dimerization and dsRNA binding to suppress PKR activation

Multiple proteins suppress activation of PKR through binding to endogenous dsRNAs
(Park et al. 1994, Elbarbary et al. 2013; Hu et al. 2023; Cottrell et al. 2024b). For instance, while
ADARL1 prevents activation of MDAS through A-to-I editing, it suppresses PKR activation
through competition for dsRNA binding via its dsRBDs (Hu et al. 2023). To determine if dSRNA
binding by PACT is required to suppress PKR activation, we performed a rescue experiment in
which we overexpressed either wildtype PACT, or two dsRNA binding mutants of PACT. The
mutants chosen, PACT-AA and PACT-EAA, were based on previous studies of PACT and
ADARL1, in which two or three lysines of the KKxAK motif within their functional dsRBDs (the
third dsRBD of PACT does not bind dsRNA (Peters et al. 2001)) had been mutated to abolish
dsRNA binding (Valente and Nishikura 2007; Takahashi et al. 2013) (Fig. 7a). For both the
wildtype and PACT mutants, we made synonymous mutations in the PACT coding sequence to
prevent sgRNA binding. Depletion of PACT in empty vector (EV) control cells caused activation
of PKR and reduced viability as before (Fig. 7b-d). Both phenotypes were completely rescued
by overexpression of wildtype PACT, but neither of the PACT dsRNA binding mutants rescued,
indicating that PACT suppresses PKR activation through binding endogenous dsRNAs (Fig. 7b-
d).

Like PKR, PACT forms a homodimer, which is facilitated by its third dsRBD (Heyam et
al. 2017). To evaluate if dimerization of PACT is required for its ability to suppress PKR
activation, we performed another knockout-rescue experiment with two different PACT
constructs. For the first construct, PACT243, we truncated PACT to remove its third dsRBD,
which is required for PACT dimerization (Heyam et al. 2017). To orthogonally restore
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dimerization of PACT2%, we generated a fusion construct that contained truncated PACT fused
to GST to generate PACTA®S-GST (Fig. 7e). As GST forms a strong dimer, this construct would
be expected to restore dimerization of PACTA%, Like WT PACT, PACTA® and PACTA®-GST
maintained cytoplasmic localization (Supplemental Fig. 4a). When expressed in PACT depleted
cells, PACTA® did not rescue PKR activation or fully rescue cell viability (Fig. 7f-h). Conversely,
PACTA®-.GST completely rescued both PKR activation and cell viability (Fig. 7f-h), as well as
ISR and NF-kB activation (Supplemental Fig. 4b). These findings indicate that while dsRBD3 is
required for suppression of PKR activation, its function regarding suppression of PKR activation
is only to allow for dimerization of PACT — which is required to suppress PKR activation.
PACT and ADARL1 redundantly suppress PKR activation in PACT/ADAR1-independent
cell lines

Given that PACT and ADARL1 are co-dependent genes in many cancer cell lines, and
that they both rely on dsRNA binding to suppress PKR activation, we hypothesized that
depletion of both ADAR1 and PACT in a PACT/ADAR1-independent cell line would cause
activation of PKR. To evaluate that hypothesis, we depleted both PACT and ADAR1, each
individually, or neither, in two PACT/ADAR1-independent TNBC cell lines, BT-549 and MDA-
MB-453. As in our previous experiments, depletion of PACT alone in both cell lines had little to
no effect on cell viability or PKR activation, and we observed the same for depletion of ADAR1
(Fig. 8a-c). Conversely, combined depletion of both ADAR1 and PACT in both cell lines caused
robust activation of PKR and for BT-549 reduced viability. Consistent with PKR activation, we
observed increased expression of ATF4 targets only in the PACT and ADAR1 depleted cells
(Fig. 8d). Unlike in PACT-dependent cell lines, we did not observe substantial changes in NF-kB
target expression (Fig. 8e). While the expression of most ISGs evaluated remained unchanged
upon depletion of PACT and/or ADARL1 in each cell line, the ISG IFIT2 was upregulated upon

PACT depletion in MDA-MB-453 and was further induced in the combined depleted cells (Fig.
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280  8f). Finally, we observed no rRNA degradation consistent with OAS/RNase L activation upon
281  depletion of PACT and/or ADARL in either cell line (Fig. 8g).

282 To further evaluate redundancy between PACT and ADAR1, we attempted to rescue the
283  effects of PACT depletion in PACT-dependent cells by overexpression of each isoform of

284  ADARL1. Overexpression of either the p110 or p150 isoform of ADARL1 partially rescued PKR
285 activation and reduced viability caused by depletion of PACT in HCC1806 cells (Fig. 8h-j).

286  Taken together with the combined depletion experiments above, these data support a

287  redundant role for PACT and ADARL1 in suppression of PKR activation in PACT/ADARL1-

288 independent cell lines.

289 PACT-dependency correlates with PKR expression, which is elevated in TNBC

290 While the data above provide strong evidence to support PACT as a suppressor of PKR
291 activation, they do not explain the differential sensitivity of PACT-dependent and PACT-

292 independent cell lines to depletion of PACT. For ADAR1-dependency, it has been proposed that
293  chronic IFN signaling in ADAR1-depenendent cells, which drives elevated expression of the
294  dsRNA sensors MDAS5, RIG-I, PKR and the OASs, sensitizes those cells to depletion of ADAR1
295  (Liu et al. 2019). This model likely does not explain PACT-dependency, because unlike ADAR1-
296  dependency, there is no correlation between PACT-dependency score and ISG expression (Fig.
297  9a-b; Supplemental Fig. S5a-b). By analyzing proteomics data for cancer cell lines, we found
298 that PACT-dependency strongly correlates with PKR expression at the protein level (Fig. 9c and
299  Supplemental Fig. S5c-g). The correlation between PACT-dependency score and PKR protein
300 expression is strongest in breast cancer (Fig. 9d). Consistent with the proteomics and DepMap
301 data, we observed higher PKR expression in PACT-dependent cells relative to PACT-

302 independent cells (Fig. 9e). Based on mass-spectrometry data, PKR expression is highest in
303  TNBC cell lines (Fig. 9f) and in human tumors, PKR expression at the RNA level is elevated in
304  breast tumors relative to normal breast, with TNBC tumors generally having higher expression
305 (Fig. 9g-h; Supplemental Fig. S5h-i). While not as predictive as PKR expression, it should be
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306 noted that the expression of PACT itself correlates with PACT-dependency score (Supplemental
307  Fig. S5j-m).

308 Discussion

309 The role of PACT in regulation of PKR has been controversial in the literature. Early

310 reports, which gave PACT its name, provided compelling evidence that PACT functioned to

311 activate PKR through protein-protein interactions in the absence of dsRNA (Patel and Sen

312  1998; Peters et al. 2001; Li et al. 2006; Peters et al. 2009). Many groups have reported similar
313 findings, often with PACT functioning to activate PKR during stress (Patel et al. 2000; Singh et
314  al. 2011, Farabaugh et al. 2020; Chukwurah et al. 2021). However, other studies indicated that
315 PACT conducts the exact opposite function, inhibiting PKR, including a mouse study showing
316 that PKR (Eif2ak2) knockout could rescue embryonic lethality of PACT (Rax in mice, Prkra)

317  knockout (Clerzius et al. 2013; Dickerman et al. 2015; Meyer et al. 2018). During the

318 preparation of this manuscript, two studies were published that provided more definitive

319 evidence, consistent with our data here, in support of PACT’s role as a suppressor of PKR

320 activation (Ahmad et al. 2025; Manjunath et al. 2025).

321 While our data indicate that PACT suppresses PKR activation through dimerization and
322  dsRNA binding, the finer details of the mechanism are not clear from our work alone.

323  Fortunately, another group has examined the mechanism and reported those findings during the
324  preparation of this manuscript (Ahmad et al. 2025). In this work, Ahmad, Zou, and Xhao et al.,
325 reveal that PACT suppresses PKR activation by preventing dimerization of sliding PKR

326 monomers. Specifically, they propose a model in which weak protein-protein interactions

327  between PKR and PACT prevent sliding of PKR along dsRNA thus preventing monomers from
328 colliding and forming an active PKR dimer. While that model is supported by our own data

329  showing that PACT requires dsRNA binding to prevent PKR activation, it is not clear how

330 dimerization of PACT fits into the model. A recent study, published during the preparation of this
331  manuscript, found that dimerization of the zebrafish homologue of PACT (Prkra) facilitated
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332  binding to and inhibition of elF2 (Lu et al. 2025). In the model presented with those findings,

333  Prkra uses its third dsRBD to dimerize and sequester eiF2 to inhibit translation, thus assigning a
334  dual role for dsRBD3. Here, we found that dsSRBD3 of PACT can be functionally replaced by
335  GST (a dimeric protein), indicating that at least in human cells, dsRBD3’s only function in

336 relation to suppression of PKR activity is to facilitate dimerization of PACT. How dimerization
337 enables PKR inhibition is unclear. It is unlikely that dimerization allows PACT to better ‘compete’
338  with PKR for binding dsRNA as PACT mutants lacking the third dsRBD bind a model dsRNA
339  with the same affinity as full-length PACT (Ahmad et al. 2025). Structural studies are needed to
340 understand the role of dimerization; perhaps dimerization exposes the PKR binding site on

341  PACT, or allows for higher-order structures of PACT-PKR-dsRNA that inhibit or sequester PKR.
342 Based on the elevated expression of PKR in PACT-dependent cells, we propose a

343  model in which PACT-dependent cells are in a poised state, where because of the elevated

344  abundance of PKR, the cell is highly sensitive to depletion of PACT, and in many cases ADARL1
345  (Fig. 9i). Conversely, in PACT-independent cell lines, the lower expression of PKR enables

346  either PACT or ADAR1 alone to suppress PKR activation. In these cells, PACT and ADARL1 are
347  functioning redundantly. This shared role of PACT and ADAR1 was also reported in a recent
348  study published during preparation of this manuscript (Manjunath et al. 2025). This redundancy
349  between ADARL1 and PACT is not unique. We have observed the same paradigm before for
350 DHX9 and ADAR1, where depletion of DHX9 in ADAR1-dependent cells causes activation of
351 PKR, while in ADAR1-independent cells, DHX9 and ADARZ1 function redundantly to suppress
352  activation of PKR and other dsRNA sensors (Cottrell et al. 2024b). A common thread

353  connecting these proteins is the presence of dsRBDs. Here we show that the dsRNA binding
354  activity of PACT is required for suppression of PKR activation, the same has been observed for
355  ADARLI previously (Hu et al. 2023), and for DHX9 expression of its dsSRBDs alone is sufficient to
356  suppress PKR activation (Cottrell et al. 2024b). While previous cellular studies indicate that

357 ADARLI1 suppresses PKR activation by competing with PKR for dsRNA binding, but the same
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358  was not observed in vitro by Ahmad, Zou, and Xhao et al. (Hu et al. 2023; Ahmad et al. 2025).
359  Further studies are needed to evaluate in finer detail the mechanism by which ADAR1

360 suppresses PKR activation, and how that may or may not differ from PACT. More research is
361 also needed to understand the role of ADAR1-p110 in suppressing PKR activation. Previous
362 literature supports p150 as the ADAR1 isoform that suppresses PKR activation (Chung et al.
363  2018; Hu et al. 2023), though here we show that overexpression of p110 in PACT depleted cells
364  reduces PKR activation. We have observed something similar in DHX9 and ADAR1 depleted
365 cells, where expression of p110 was capable of suppressing PKR activation (Cottrell et al.

366  2024b). Additionally, Sinigaglia et al. observed reduced PKR activation upon p110

367  overexpression in A549 cells (Sinigaglia et al. 2024). In that study, a different model for

368 inhibition of PKR by ADARL is proposed, a model in which the third dsRBD of ADAR1 binds the
369  kinase domain of PKR preventing its activation. It is of course possible that suppression of PKR
370 by pl110 in these contexts is an artifact of overexpression and does not occur physiologically. Or
371  perhaps, p110 utilizes this function in specific contexts when p150 or other proteins are

372  unavailable, possibly in the nucleus (to which some PKR localizes, Supplemental Fig. S4a)

373  (Jeffrey et al. 1995) or during mitosis, during which nuclear RNAs can activate PKR (Kim et al.
374  2014).

375 Finally, here we provide strong evidence to support the therapeutic targeting of PACT to
376 treat TNBC. There are several attributes that make PACT a good target for TNBC, 1) PACT is
377  highly expressed in TNBC, 2) PACT is essential in many TNBC cell lines, 3) PKR expression,
378  which correlates with PACT-dependency, is elevated in TNBC. While PACT has no known

379  enzymatic functions, disrupting PACT dimerization would inhibit its regulation of PKR. As such,
380 PACT dimerization inhibitors, or PACT degraders, could have therapeutic potential for TNBC,
381 and likely many other types of cancer.

382 Materials and Methods

383 Cell culture
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384 Cell lines (MCF-7 (RRID:CVCL_0031), SK-BR-3 (RRID:CVCL_0033), BT-549 (RRID:
385 CVCL_1092), HCC1806 (RRID: CVCL_1258), MDA-MB-468 (RRID: CVCL_0063) MDA-MB-453
386 (RRID: CVCL _0418), and 293T (RRID: CVCL_0063) were obtained from American Type

387  Culture Collection which used STR profiling to authenticate the cell lines, all cell lines were

388  obtained between 2023 and 2024. The cell lines 293T and SK-BR-3 were cultured in Dulbecco’s
389 modified Eagle’s medium (DMEM) (Hyclone) with 10% fetal bovine serum (BioTechne), 2 mM
390 glutamine (Hyclone), 0.1 mM nonessential amino acids (Hyclone), and 1 mM sodium pyruvate
391  (Hyclone). The cell lines MDA-MB-453 and MDA-MB-468 were cultured in Leibowitz L-15 media
392 (HyClone Cat# SH30525) with 10% fetal bovine serum (BioTechne). The cell lines HCC1806
393 and BT-549 were cultured in Roswell Park Memorial Institute 1640 media (Corning Cat# 10-
394  041-CV) with 10% fetal bovine serum (BioTechne), for BT-549 recombinant insulin (Gibco) was
395 added to 0.78 pg/mL. The cell line MCF-7 was cultured in modified Eagle’s media (HyClone

396 Cat# SH30024.01) with 10% fetal bovine serum (BioTechne) and recombinant insulin at 10.2
397  pg/mL. Except for MDA-MB-453 and MDA-MB-468, all cell lines were grown at 37 °C at 5%

398 CO,, MDA-MB-453 and MDA-MB-468 were grown at 37 °C with atmospheric CO,. Mycoplasma
399 testing was performed by a PCR based method. All experiments were performed with cells

400 under twenty passages.

401  Viral Production and Transduction

402 Lentivirus was produced by LipoFexin (Lamda Biotech) or Polyethylenimine (branched,
403  ~25,000 Da, Sigma-Aldrich) transfection of 293T cells with pCMV-VSV-G (a gift from Bob

404  Weinberg (Stewart et al. 2003), Addgene plasmid #8454; RRID:Addgene_8454) or pMD2.G (a
405  gift from Didier Trono, Addgene plasmid #12259; RRID:Addgene_12259) and pSPAX2 (a gift
406 from Didier Trono, Addgene plasmid #12260; RRID:Addgene_12260), and a transfer plasmid for
407  expression of genes of interest, sShRNAs, or sgRNAs. Culture media was changed the day after
408 transfection and lentivirus containing media was collected the following day, or after two days.
409  Lentivirus containing media was filtered through a 0.45 pm filter before transduction of cells of
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interest in the presence of 10 pug/mL protamine sulfate (Sigma-Aldrich). Depending on the
transfer plasmid used and cell line, cells were selected with puromycin at 2 pg/mL (Sigma-
Aldrich), 150 pug/mL hygromycin (Gibco or InvivoGen) 10 ug/mL Blasticidin (Fisher or
InvivoGen), or 500 ug/mL G418 (InvivoGen).

Plasmids

For all sgRNASs targeting genes of interest, oligos encoding the sgRNAs (Supplemental
Table 1) were cloned into lentiGuide-puro (a gift from Feng Zhang #4, Addgene #52961;
RRID:Addgene_52963), lenti-sgRNA-hygro (a gift from Brett Stringer (Stringer et al. 2019),
Addgene #104991; RRID:Addgene_104991), or tet-pLKO-sgRNA-puro (a gift from Nathanael
Gray (Huang et al. 2017), Addgene plasmid # 104321; RRID:Addgene_104321) by ligation of
annealed and phosphorylated oligos into a restriction enzyme digested and dephosphorylated
vector. The sgRNA sequence for lenti-sgPKR-hygro was used previously (Zou et al. 2024). The
pLKO-shSCR-hygro and pLKO-shADAR1-hygro plasmids have been described previously
(Cottrell et al. 2024b).

Two control sgRNAs were used in this study. One (sgC1) targets a control genomic
locus (AAVS1) and has been used previously (Zou et al. 2024). The second control sgRNA
(sgNTA) is a non-targeting sgRNA described previously (Doench et al. 2016). For sgNTA,
lentiGuide-sgNTA-puro was purchased from Addgene (a gift from John Doench & David Root
(Doench et al. 2016), Addgene plasmid #80248; RRID:Addgene_80248). All other plasmids for
the control sgRNAs were cloned in the same manner as described above, and all sequences
are available in Supplementary Table 1.

The PACT coding sequence flanked by BamHI and Mlul restriction enzyme sites, a
Kozak sequence (5’-CACC-3’), and containing wobble mutations to prevent targeting of sgRNAs
was synthesized by TwistBio. Restriction enzyme digest and ligation was used to clone PACT
into pLV-EF1a-IRES-Blast vector (a gift from Tobias Meyer *°, Addgene plasmid #85133;
RRID:Addgene_85133). The PACT dsRBD mutants were cloned in the same manner, all coding
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sequences can be found in the Supplemental Information. The PACT-dsRBD3 constructs were
made through restriction enzyme digest and ligation. For the PACTA plasmid, pLV-EF1la-
PACT-IRES-Blast was digested with EcoRlI, which cuts between the coding sequence for
dsRBD2 and dsRBD3 within PACT, and 3’ of PACT within pLV-EF1a-IRES-Blast. A short
double-stranded DNA oligonucleotide encoding two stop codons was ligated in frame with the
PACT coding sequence to generate pLV-EFla- PACTA%-|IRES-Blast. The plasmid for PACTA%-
GST was cloned in the same manner with GST in place of the oligonucleotide insert. GST was
PCR amplified from pDEST15, kindly provided by Dr. Mark Hall, Purdue University. The PCR
primers and oligonucleotides used for cloning the PACT-dsRBD3 constructs, as well as the
coding sequences of the final constructs can be found in Supplementary Table 1 and the
Supplemental Information. The ADAR1 overexpression constructs used here (pLV-EF1-Blast-
p110 and pLV-EF1-Blast-p150) were cloned previously (Cottrell et al. 2024b).

All plasmids were confirmed by restriction enzyme digest, as well as Sanger sequencing
and Nanopore whole plasmid sequencing.
Genetic Depletion by CRISPR-Cas9

For all CRISPR-Cas9 depletion experiments, the cell lines used in this study were
transduced with lentivirus for inducible expression of Cas9 (iCas9) using the transfer plasmid
lenti-iCas9-neo (a gift from Qin Yan (Cao et al. 2016), Addgene plasmid # 85400;
RRID:Addgene_85400). After transduction and selection with G418, cells with high GFP
expression upon doxycycline induction were sorted on a BD FACS Aria by the Purdue Flow
Cytometry and Cell Separation Facility. We used either constitutively expressed or inducible
SgRNAs targeting genes of interest. For constitutively expressed sgRNAs, we observed
premature knockout of the genes of interest in uninduced cells, likely due to ‘leaky’ expression
of Cas9. As such, for all experiments utilizing constitutive SgRNA expression (single knockout of
PACT in Fig. 4, or combined knockout of PACT and knockdown of ADARL in Fig. 8), we began
each biological replicate by transducing cells with the lentivirus for sgRNA expression followed
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by selection and induction with doxycycline. The timelines for transduction, selection, induction,
harvesting of cells and evaluation of cell viability for each cell line is described in Supplemental
Table 2.

For all knockout-rescue experiments and combined knockout of PACT and PKR, we
combined iCas9 with an inducible sgRNA construct (tet-pLKO-sgRNA-puro) which prevented
knockout prior to induction (data not shown). PACT overexpression and empty vector (EV)
control HCC1806-iCas9 cells were generated by lentiviral transduction and selection for
transgene incorporation with blasticidin. Subsequently, PACT overexpression and control EV
HCC1806-iCas9 lines were transduced with lentivirus made with tet-pLKO-sgPACT-2-puro or
tet-pLKO-sgNTA-puro and selected with puromycin. Experimental replicates were initiated by
doxycycline treatment and the timeline is described in Supplemental Table 2. For PKR
knockout, HCC1806-iCas9 cells were first transduced with lentivirus made with lenti-sgC1-
hygro, lenti-sgPKR-1-hygro or lenti-sgPKR-2-hygro and selected with hygromycin. Cas9
expression was induced by doxycycline and PKR knockout was confirmed by immunoblot (data
not shown). The HCC1806-iCas9 control and PKR knockout lines were passaged without
doxycycline before transduction with lentivirus made with tet-pLKO-sgPACT-2-puro or tet-pLKO-
sgNTA-puro and selected with puromycin. Experimental replicates were initiated by doxycycline
treatment and the timeline is described in Supplemental Table 2.

Immunoblot

Cell pellets were lysed and sonicated in RIPA Buffer (50 mM Tris pH 7.4 (Ambion), 150
mM NaCl (Ambion), 1% Triton X-100 (Sigma-Aldrich), 0.1% sodium dodecyl sulfate (Promega)
and 0.5% sodium deoxycholate (Sigma-Aldrich) with 1x HALT Protease and Phosphatase
Inhibitor (Pierce). The DC Assay kit (Bio-Rad) was used to quantify protein concentration. The
lysate was diluted in SDS Sample Buffer (125 mM Tris pH 6.8, 30% glycerol, 10% sodium
dodecyl sulfate, 0.012% bromophenol blue) and denatured at 95 °C for 7 minutes. Between 20
and 40 micrograms of total protein was loaded per lane of 4-12% TGX Acrylamide Stain-Free
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gels (Bio-Rad). Prior to transfer by TransBlot Turbo (Bio-Rad), the Stain-Free gel was imaged to
qguantify total protein (Millipore or Bio-Rad). Blots were blocked in 5% milk or 5% bovine serum
albumin in tris-buffered saline with tween prior to adding primary antibody: ADAR1 (Santa Cruz
Biotechnology Cat# sc-73408, RRID:AB_2222767; Bethyl Cat# A303-883A,
RRID:AB_2620233), ATF3 (Cell Signaling Technology Cat# 33593, RRID:AB_2799039), elF2a
(Abcam Cat# ab5369, RRID:AB_304838), elF2a-Ser-51-P (Abcam Cat# ab32157,
RRID:AB_732117), Phospho-NF-kB p65 (Ser 468) (Cell Signaling Technology Cat# 3039S,
RRID:AB_330579), NF-kB p65 (Cell Signaling Technology Cat# 8242S, RRID:AB_10859369),
beta-tubulin (Abcam Cat# ab6046, RRID:AB_2210370), cleaved PARP (Cell Signaling
Technology Cat# 9541, RRID:AB_331426), GADD34 (Cell Signaling Technology Cat# 41222),
Histone H3 (Abcam Cat# 10799, RRID:AB_470239), PACT (Cell Signaling Technology Cat#
13490, RRID AB_2798233), PKR (Cell Signaling Technology Cat# 3072, RRID:AB_2277600),
PKR Thr-446-P (Abcam Cat# ab32036, RRID:AB_777310). Horseradish-peroxidase conjugated
secondary antibodies (Jackson ImmunoResearch) and Clarity Western ECL Substrate (Bio-
Rad) were used for detection via ChemiDoc (Bio-Rad). Image Lab (Bio-Rad) was used to
determine band intensities which were normalized to total protein measured by imaging of the
Stain-Free gel.
Cell Viability and Crystal Violet Staining

For cell viability assessment, 5000 cells were plated in triplicate for each condition in
opaqgue white 96-well plates. Cell viability was assessed by CellTiter-Glo 2.0 (Promega) per
manufacturers protocol between three and four days after plating. For details on the number of
cells plated and the timeline for cell viability assessment, see Supplemental Table 2.

For crystal violet staining, 2000 cells were plated per well of a 6-well dish. Between 15 to
20 days later, cells were washed briefly with 1x PBS prior to fixation in 100% methanol for 5

min. After drying, the cells were stained with 0.005% Crystal Violet solution containing 25%
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methanol (Sigma-Aldrich) prior to washing excess stain away with deionized water. Plates were
imaged using a Bio-Rad ChemiDoc.
Tumorigenesis

The Biological Evaluation Shared Resource at Purdue University Institute for Cancer
research performed the tumorigenesis study. From the cranial end, the second left ventral
mammary fat-pad of female NRG (NOD.Cg-RagltmlMom lI2rgtm1Wijl/SzJ) mice, originally
obtained from The Jackson Laboratory (RRID:IMSR_JAX:007799), were injected with 2.9 x 108
HCC1806 cells suspended in equal volumes 1X PBS and Matrigel (Corning). Five days after
injection, when tumors were palpable, mice were given acidified drinking water containing 2.4
mg/mL doxycycline. Tumor volume was measured manually using a caliper three days per week
until the first mouse reached a humane euthanasia criterion. Five mice were injected per
condition, one mouse injected with the sgNTA line was euthanized early due to poor health.
RNA Purification and Analysis of rRNA Integrity

RNA was purified using the Nucleospin RNA kit (Macherey-Nagel). Ribosomal RNA
integrity was determined using an Agilent TapeStation by the Genomics and Genome Editing
Facility at Purdue University.
RNA Sequencing and Analysis

Contaminating DNA was removed from total RNA by TURBO DNase (Thermo Fisher
Scientific) prior to rRNA depletion using QIAseq® FastSelect™-rRNA HMR kit (Qiagen) per
manufacturer’s protocol. RNA sequencing libraries were constructed with the NEBNext Ultra Il
RNA Library Preparation Kit for lllumina per manufacturer’'s recommendations. Sequencing
libraries were validated by Agilent Tapestation 4200 and quantified by Qubit 2.0 Fluorometer
(ThermoFisher Scientific) as well as by quantitative PCR (KAPA Biosystems). The sequencing
libraries were multiplexed and clustered onto a flowcell on the Illumina NovaSeq instrument.
The samples were sequenced using a 2x150bp paired-end configuration. Image analysis and
base calling were conducted by NovaSeq Control Software. Raw sequence data (.bcl files)
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539 generated from Illlumina NovaSeq was converted into fastq files and de-multiplexed using

540 lllumina bcl2fastq 2.20 software. One mismatch was allowed for index sequence identification.
541 Sequence reads were processed using Trimmomatic v.0.36 to remove adapter

542  sequences and poor-guality nucleotides. Trimmed reads were aligned to GRCh38 reference
543  genome using STAR aligner v2.5.2b (RRID:SCR_004463). Gene counts were determined using
544  featureCounts from Subread v.1.5.2 (RRID:SCR_009803), only unigue exonic reads were

545  counted. Differential gene expression was determined using DESeq2 (RRID:SCR_015687, see
546  Data Availability below for scripts) with shrunken fold changes using the ‘apeglm’ method “°.
547  Gene set enrichment analysis was performed using ‘clusterProfiler (RRID:SCR_016884) with
548 Gene Ongology (RRID:SCR_002811) terms from (Ashburner et al. 2000; Aleksander et al.

549  2023) or Hallmark gene sets from the Molecular Signatures Database (RRID:SCR_016863)
550 (Liberzon et al. 2015). For Gene Set Enrichment Analysis with Hallmark gene sets, an additional
551 gene set was included for previously identified ATF4 target genes (Wong et al. 2019).

552  Quantitative PCR

553 LunaScript Supermix (NEB) was used to make cDNA for quantitative PCR (qPCR),

554  using Luna Universal gPCR MasterMix (NEB) on a QuantStudio3 system (Thermo Scientific).
555  All primers used for gPCR are listed in Supplemental Table 1. The amplification efficiency of
556  each primer was verified to be within 90-110% allowing determination of ‘Fold Change’ by the
557  AACt. Two reference genes were used for normalization, EEF1A1 and HSPAS5, using their

558 geometric mean Ct for calculating ACt.

559 Analysis of TCGA data

560 For TCGA data, normalization of RNA-seq data, and z-scores calculations were

561 performed as previously described . Breast cancer cell lines and TCGA tumor molecular

562  subtypes were defined previously 3. The R packages RTCGA and survminer

563 (RRID:SCR_021094) were used to determine breast cancer survival >#°. The surv_cutpoint
564  function of survminer was employed to determine an expression cutoff.
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565 Data Availability Statement

566 All analysis scripts are available at (https://github.com/cottrellka/Young_et_al_2025).
567 Raw RNA-seq and gene count data is available at the Gene Expression Omnibus

568 (GSE298233). Dependency (DepMap_Public_24Q4+Score, Chronos, and
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793  Figure 1: PACT is a co-dependency of ADARL and is essential in many TNBC cell lines
794  aand c Volcano plots of Pearson correlation coefficients and FDR corrected p-values for

795  pairwise comparisons between ADAR1 CHRONOS score (a) or PACT CHRONOS score (c)
796 and CHRONOS scores for all genes in DepMap across all cell lines. b Correlation between
797 PACT and ADAR1 CHRONOS scores for all DepMap cell lines, Pearson correlation coefficient
798 and p-value shown. d Top, density plot of CHRONOS scores for PACT or all other genes.

799  Bottom, boxplots for PACT CHRONOS score by lineage. e Correlation between PACT and
800 ADAR1 CHRONOS scores for breast cancer cell lines, Pearson correlation coefficient and p-
801  value shown. f Boxplot of PACT CHRONOS Scores of breast cancer cell lines separated by
802  subtype. g Left, CHRONOS score difference between TNBC and non-TNBC cell lines. Right,
803 CHRONOS Score box plots for TNBC and non-TNBC cell lines. The top five genes based on
804 the difference of CHRONOS scores between TNBC and non-TNBC are shown. All data shown
805 from DepMap.

806

807  Figure 2: PACT is highly expressed in TNBC

808  Expression of PACT at the RNA (a) or protein level (b) in breast cancer cell lines separated by
809 subtype. c Representative immunoblot for PACT and ADAR1 expression in a panel of breast
810 cancer cell lines. Cell lines in blue are PACT-independent and purple are PACT-dependent.
811  Total protein was imaged using a Stain-Free Gel and serves as a loading control. d - e

812  Expression of PACT at the RNA level in normal and breast tumor samples separated by

813  subtypes. e —f Overall survival of breast cancer patients separated by high or low PACT

814  expression for all tumor types (e) or TNBC only (f). For panels a,b,d and e, data from DepMap;
815 f, g from TCGA.

816

817  Figure 3: PACT overexpression does not cause PKR activation in TNBC
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a Representative immunoblots for proteins of interest in control (empty vector, EV) or PACT
(PACT, PACT S287A, PACT S287D) overexpressing cell lines. The blots for each cell line were
performed independently and should not be compared between cell lines. Total protein was
imaged using a Stain-Free Gel and was used as the loading control for normalization. b
Quantification of the blot in a. Bars represent the average of at least three biological replicates,
error bars are +/- SD. ¢ and d Scatter plots comparing the protein abundance of PACT (c) or
ATF3 (d) to ATF4 protein abundance across cancer cell lines, the Pearson correlation

coefficient and p-value are shown. Data for ¢ and d from DepMap.

Figure 4: In PACT-dependent TNBC cells, PACT is required for viability, tumorigenesis,
and suppression of PKR activation

a Correlation between PACT and ADAR1 CHRONOS scores of breast cancer cell lines,
Pearson correlation coefficient and p-value shown, data from DepMap. The labeled cell lines
are used in PACT depletion experiments. b Representative immunoblot for PACT-independent
and PACT-dependent cell lines with (sgPACT-1, sgPACT-2) or without (SgNTA, sgC1) depletion
of PACT. The blots for each cell line were performed independently and should not be
compared between cell lines. Total protein was imaged using a Stain-Free Gel and was used as
the loading control for normalization. ¢ Cell viability as assessed by CellTiter-Glo 2.0 in PACT
depleted and control cell lines. d Representative crystal violet staining of PACT depleted and
control cells. e Effect of PACT depletion on tumorigenesis of HCC1806 cells. Left panel is tumor
volume over time, right panel is the final tumor volume at end-point. f Quantificaiton of the
immunoblot in b. Bars represent the average of at least four biological replicates, error bars are
+/- SD. * p <0.05, ** p <0.01, *** p < 0.001. P-values determined by one-way ANOVA with post-

hoc Tukey (c and f), or t-test (e).

Figure 5: PACT depletion does not cause activation of type | IFN or RNaseL
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844 aand b Volcano plot for fold-change of RNA expression in PACT depleted (sgPACT-2) or

845  control (sgC1 or sgNTA) HCC1806 (a) or MDA-MB-468 (b). ¢ Heatmap for RNA expression of
846 type | ISGs (genes belonging to the gene set: Hallmark interferon alpha response). Top panel,
847  box and overlayed ‘quasirandom’ plots for all ISGs in the heatmap below. The heatmap is

848 clustered by gene (rows), the dendrogram has been omitted for brevity. d gRT-PCR for RNA
849  expression for ISGs in PACT depleted and control cells. Bars represent the average of at least
850 four biological replicates, error bars are +/- SD. e Representative psuedo-gel images of rRNA
851 integrity for PACT depleted and control cells.

852

853  Figure 6: PKR is required for activation of NF-kB and ISR upon PACT depletion

854  a Dot blot summarizing the gene sets that are significantly up or downregulated in PACT

855  depleted cells. FDR is the FDR corrected p-value for each gene set. b and ¢, gRT-PCR for RNA
856  expression for ATF4 targets (b) or NF-kB targets (c) in PACT depleted and control cells. d

857  Representative immunoblot of PACT depleted and control HCC1806 EV (empty vector) cells.
858  Total protein was imaged using a Stain-Free Gel and was used as the loading control for

859 normalization. e Representative immunoblot for control (sgC1/sgNTA), PACT depleted

860  (sgCl/sgPACT-2), PKR depleted (sgC1/sgPKR) or combined depleted cell lines

861 (sgPKR/sgPACT-2). f Cell viability as assessed by CellTiter-Glo 2.0 for the same conditions as
862 e. g gRT-PCR for RNA expression for ATF4 targets or NF-kB targets for the same conditions as
863 e. Bars represent the average of at least four biological replicates, error bars are +/- SD. * p
864  <0.05, ** p <0.01, *** p < 0.001. P-values determined by Dunnett’s test.

865

866  Figure 7: PACT dsRNA binding and dimerization is required for suppression of PKR
867 activation

868 a Alignment of dsRBD 1 and 2 of PACT and dsRBDs 1-3 of ADAR1. The amino acid

869  substitutions made for disrupting PACT dsRNA binding are shown below. b Representative
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870 immunoblot for control (sgNTA) and PACT depleted (sgPACT-2), with (PACT, PACT-EAA,

871  PACT-AA) or without (EV, empty vector) overexpression of WT or dsRNA binding mutant PACT.
872 ¢ Quantification of the immunoblots in b. d Cell viability as assessed by CellTiter-Glo 2.0 for the
873  same conditions as b. e Domain structure of WT PACT and PACT truncation and fusion

874  constructs. f Representative immunoblot for control (SQNTA) and PACT depleted (sgPACT-2),
875  with (PACT, PACTA® or PACTA%-GST) or without (EV, empty vector) overexpression of WT or
876 truncated PACT. g Quantification of the immunoblots in f. h Cell viability as assessed by

877  CellTiter-Glo 2.0 for the same conditions as f. Bars represent the average of at least three

878  replicates, error bars are +/- SD. * p <0.05, ** p <0.01, *** p < 0.001. P-values determined by
879  Dunnett’s test.

880

881  Figure 8: PACT and ADARL function redundantly to suppress PKR activation in

882 PACT/ADARL1-independent cell lines

883  a Representative immunoblot for control (sgC1, sgNTA) and PACT depleted (sgPACT-1,

884  sgPACT-2), with (sShADAR1) or without (ShSCR) knockdown of ADARL1. b Cell viability as

885  assessed by CellTiter-Glo 2.0 for the same conditions as b. ¢ Quantification of the immunoblots
886 ina. d-f gRT-PCR for RNA expression of ATF4 targets (d), NF-kB targets (e) or ISGs (f) for the
887 same conditions as a, MDA-MB-453. g Representative psuedo-gel images of rRNA integrity for
888  the same conditions as a, MDA-MB-453. h Representative immunoblot for control (SgNTA) and
889  PACT depleted (sgPACT-2), with (p110, p150) or without (EV, empty vector) overexpression of
890 ADARLI isoforms. i Quantification of the immunoblots in h. j Cell viability as assessed by

891  CellTiter-Glo 2.0 for the same conditions as h. Bars represent the average of at least three

892  replicates, error bars are +/- SD. * p <0.05, ** p <0.01, *** p < 0.001. P-values determined by
893  one-way ANOVA with post-hoc Tukey (b and c), or Dunnett’s test (i and j).

894
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Figure 9: PKR expression is elevated in breast cancer and correlates with PACT-
dependency

a — b Scatter plots comparing ISG expression (Core ISG Score, described previously (Kung et
al. 2021)) and either ADAR1-dependency score (ADAR CHRONOS Score, a) or PACT-
dependency score (PACT CHRONOS Score, b). ¢ Scatter plot comparing PKR protein
abundance and PACT-dependency score. For all scatter plots, the Pearson correlation
coefficient and p-values are shown. d Summary of Pearson correlation coefficients and p-values
between PKR protein abundance and PACT-dependency score for cancer cell line lineages.
Lineages with PKR abundance and PACT-dependency scores for fewer than four cell lines were
omitted. e Representative immunoblot for PKR and P-PKR in TNBC cell lines. Total protein is a
Stain-Free gel image used as a loading control. f PKR protein abundance in breast cancer cell
lines separated by subtype. g and h PKR RNA expression in normal human breast and breast
tumors, data from TCGA. i Model for cellular sensitivity to depletion of ADAR1 and/or PACT. For

panels a-d and f, data from DepMap; g-h from TCGA.
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