bioRxiv preprint doi: https://doi.org/10.1101/2023.12.04.569970; this version posted December 6, 2023. 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(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity.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 4.0 International license.

Development of adaptive anoikis resistance promotes metastasis that can be overcome by
CDKS8/19 Mediator kinase inhibition.
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ABSTRACT

Anoikis resistance or evasion of cell death triggered by cell detachment into suspension is a
hallmark of cancer that is concurrent with cell survival and metastasis. The effects of frequent
matrix detachment encounters on the development of anoikis resistance in cancer remains poorly
defined. Here we show using a panel of ovarian cancer models, that repeated exposure to
suspension stress in vitro followed by attached recovery growth leads to the development of
anoikis resistance paralleling in vivo development of anoikis resistance in ovarian cancer ascites.
This resistance is concurrent with enhanced invasion, chemoresistance and the ability of anoikis
adapted cells to metastasize to distant sites. Adapted anoikis resistant cells show a heightened
dependency on oxidative phosphorylation and can also evade immune surveillance. We find that
such acquired anoikis resistance is not genetic, as acquired resistance persists for a finite duration
in the absence of suspension stress. Transcriptional reprogramming is however essential to this
process, as acquisition of adaptive anoikis resistance in vitro and in vivo is exquisitely sensitive
to inhibition of CDKS8/19 Mediator kinase, a pleiotropic regulator of transcriptional
reprogramming. Our data demonstrate that growth after recovery from repeated exposure to
suspension stress is a direct contributor to metastasis and that inhibition of CDK8/19 Mediator
kinase during such adaptation provides a therapeutic opportunity to prevent both local and

distant metastasis in cancer.
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INTRODUCTION

Metastasis is the cause of the majority of cancer related deaths across cancer types and subtypes
and remains largely incurable. An appreciated cause of metastasis is the acquisition and
development of phenotypic characteristics that enable the survival of tumor cells after detachment
from the extracellular matrix and primary tumor for local dissemination, and in circulation to
distant sites. ! Despite extensive characterization and defining essential features of metastatic
cells, preventing the development of metastatic features remains an underdeveloped therapeutic
opportunity.

Ovarian cancer is the most devastating of gynecological cancers (fifth in cancer deaths
among women) and an archetypal example of a cancer that leverages the metastatic hallmark of
anoikis resistance for both trancoelomic/intraperitoneal and distant metastasis . *8 Accumulation
of malignant ascites in the peritoneal cavity occurs as disease progresses, and this process
necessitates suspension survival and/or bypass of cell death mechanisms in tumor cells. *!? The
precise mechanisms by which cells acquire such anoikis resistance and adapt for apoptosis
avoidance as a result of detachment stress remains a subject of intense investigation. Suspension
culture studies have been used extensively to understand such mechanisms, however most of them
focus on single time points or long term suspension culture studies, in several instances focusing
on the enrichment of cancer stem cells in specialized media. Despite potential limitations of such
studies, tumor intrinsic signals and pathways, that change the ability of cells to undergo cell death
upon matrix detachment (anoikis) '*!'” have been identified. These include but are not limited to
either transcriptional upregulation of critical survival genes, transient expression changes in genes
associated with antioxidant defense, and repression of genes that may inhibit survival to directly
promote or repress intra peritoneal (ip) OC tumor growth as described in many studies. '%22
Coordinated regulation of specific reprogramming processes such as epithelial to mesenchymal
transition (EMT) 2324, cadherin and integrin switching 2° by oncogenic pathways such as Ras/Erk,
PI3k/AKT, Rho, MYC and TGF-f pathways also impact survival and growth under anchorage
independence. 2° However only few studies?’” 2*directly compare anoikis sensitive and resistant

models, which is required to understand how resistance can be reached, or specifically prevented.
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In accordance with the significance of transcriptional changes to overall cancer
progression, selective and potent inhibitors of RNA polymerase II transcription asssociated kinases
2 have emerged and are currently being evaluatd in the clinic. CDK8 and CDK19 Mediator
kinases are non cell cycle regulating kinases that both positively and negatively regulate

30-32

transcription and inhibition of their kinase activity can change reprogramming events

including EMT 24, cell fate ** and gene expression responsive to various signals and stressors. 3032
Notably, CDK8/19 inhibitors have reached clinical trials for solid tumors and leukemias
(clinicaltrials.gov NCT03065010, NCT04021368, NCT05052255, NCT05300438), however no
prior study has assessed their utility in ovarian cancer models.

In this study we describe a model system that utilizes repeated exposures to detachment
stress followed by attached re-growth in order to mimic potential in vivo scenarios, and delineate
the impact of such repeat exposures to suspension stress on the development of anoikis resistance
in ovarian cancer models. Our detailed phenotypic and transcriptomic characterisation of the
anoikis adapted cells reveals non-genetic, transcriptional reprogramming, concomitant with a
more aggressive phenotype in vitro and in vivo. Using such models we define a novel therapeutic

strategy for prevention of anoikis resistance associated metastasis by specific targeting of

transcriptional reprgramming using inhibitors of CDK8/19 Mediator kinase.

RESULTS

Attachment-detachment cycles confer anoikis sensitive ovarian cancer cells with resistance
to cell death in suspension.

To study how cells develop the ability to evade cell death upon loss of attachment also referred to
as anoikis resistance, we first broadly screened a panel of established cancer cell lines that span a
spectrum of commonly used ovarian cancer cell line models, a pancreatic cancer cell line
(PANCI1), prostate cancer cell line (PC3), a primary population (non immortalized) of tumor cells
derived from the ascitic fluid of an ovarian cancer patient (EOC15) and three previously
established non oncogenic fallopian tube epithelial cell lines (FT282 and P201 and P210). 3*?! The
goal was to systematically define the anoikis spectrum, and identify cell lines that exhibited

sensitivity to loss of attachment as measured by the percentage of live cells after plating in poly
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Hema coated ultra-low attachment conditions in their respective growth media for a fixed time of
24 hrs. All cell lines were plated at the same cell density in their growth media to minimize stress
from other variables. Cell lines exhibited a range of live cells in suspension relative to the initial
plating numbers (36.1 % for IOSE144 to 125.2% for OVCARS, Fig 1A, hereby referred to cell
viability). Models exhibiting less than 100% live cells plated into suspension at 24 hrs were
designated as 'anoikis sensitive' and models exhibiting 100% or more live cells plated into
suspension at 24 hrs as ‘intrinsically anoikis resistant’. A subset of cell lines that exhibited
resistance at 24 hrs, were further assessed for changes in viability for upto 72 hrs in suspension, to
test if changing the time in suspension would alter their overall ability to survive in suspension.
HEYAS8, PANCI1 and TOV21G cells retained their live cell percentages and anoikis resistance for
upto 72 hrs. However OVCA420 cells increased their cell death and thereby less live cells over
time with increase in cell death seen at 72 hrs in suspension (Supp Fig 1B). Hence, for OVCA420
alone, 72 hrs was used as an anoikis sensitivity time point in all subsequent experiments. EOC15
represents a primary population of non-immortalized epithelial cells obtained from patient ascites
20 that had been maintained in attachment culture (Supp FiglA) and also exhibited measurable
cell death in suspension at 24 hrs (Fig 1A).

Since the intrinsically resistant cell lines were resistant a priori, we asked whether sensitive
cell lines were capable of developing resistance or were permanently and irreversibly sensitive to
loss of attachment. To test this, we aimed to simulate a potential in vivo scenario of intraperitoneal
and distant metastasis where cells are likely subjected to detachment stress followed by attached
growth ¥, and hence we exposed the cells to cyclic attachment detachment conditions where cells
were exposed to suspension cultures for 24 hrs and expanded in attached cultures (Fig 1B). Of the
9 cell lines (P0) that exhibited <100% viability and identified as anoikis sensitive (AnS) at the first
exposure to suspension cultures (P1), two types of responses to the cycles of attachment and
detachment (Fig 1B) were observed. (i) 2/10 cell lines tested, acquired resistance (=100% live
cells) to loss of attachment after 3- 4 attachment — detachment cycles (Supp Fig 1C), however
were unable to maintain this resistance with the population folding back to sensitivity through
subsequent cycles of attachment (2D) and suspension conditions (HEY, OVCAR3, Supp Fig 1C).
(i1) on the other hand, 7/10 cell lines tested were able to significantly overcome cell death in
suspension and most notably maintain such a resistance to cell death in suspension for additional

rounds of attachment and detachment cycles (Fig 1C). While the 7 cell lines in FiglC differed to
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some extent in the number of attachment detachment cycles they took to reach and maintain near
100% or higher live cell viability in suspension, the number of cycles and timeline to stable anoikis
resistance (AnR) was reproducible for a given cell line, across multiple trials. The generation time
for the population to reach 100% viability in suspension and maintain such a viability was
calculated for two cell lines OV90 and CAOV3 and was found to be 10.4 generations for OV90
and 10.5 for CAOV3 (P4 for OV90 and P6 for CAOV3 in Fig 1C).

We assessed if the increase in viability was due to changes in proliferation rate and/or
population doubling times, or DNA damage that could lead to senescence over time that could
affect cell viability. Proliferative differences between the resistant, (anoikis resistant: AnR, P6 or
higher) or parental/sensitive, (anoikis sensitive: AnS, PO or after exposure to one round of
suspension- P1) cells were determined under both standard attached conditions and suspension
conditions (assessed over a 10 day period in regular attached growth plates or in ultra-low
attachment plates). No significant differences in doubling time for the parental (P0) and isogenic
AnR (P6-8) cells in both 2D attached and suspension conditions were noted (FiglD). CAOV3
could not be assessed in suspension for 10 days due to extensive cell death. The proliferative index
of the AnS (P0) and AnR cells in suspension as measured by Ki67 ( Fig 1E) and DNA damage as
a precursor to senescence at steady state attached conditions as determined by YH2AX staining
(Fig 1F) indicated no significant differences between the AnS and AnR cells. In contrast, live/dead
staining of both OV90 and CAOV3 parental and AnR cells in suspension (Fig 1G), and annexin
V and PI staining followed by flow cytometry (Fig 1H) indicated a significant increase in the
live/dead ratio (2.8 times higher for OV90 and 1.6 times higher for CAOV3) and reduced apoptosis
(3.36 times lower in OV90 and 2.59 times lower in CAOV3) in AnR cells as compared to the
parental AnS cells. Western blot analysis of cleaved caspase 3 from cells collected after 24 hrs in
suspension also confirmed reduced cell death in the isogenic AnR cells as compared to parental
PO cells (Fig 11).

To further evaluate if development of anoikis resistance as a result of cyclic exposure to
loss of attachment following by attached growth (Fig 1B), mimicked the development of anoikis
resistance in vivo in both immunocompromised and immunocompetent models, we injected OV90
cells and mouse ID8 cells ip into immunocompromised and immunocompetent mice respectively.
Ascites fluid at the end point was used to collect cells that were then expanded in 2D for one

passage followed by measurement of anchorage independent survival in suspension after 24 hrs.
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We find that both OV90 and ID8 cells from mouse ascites were resistant to cell death in suspension
to similar extents as in vitro adapted AnR OV90 and AnR IDS cells (Supp Fig 1D). These data
suggest that AnR cells adapted to anoikis in vitro show a survival pattern similar to in vivo adapted
AnR cells from ascites. Moreover, these cells don't exhibit significantly higher or lower doubling

times in vitro. Instead, they display resistance to the stress of detachment and reattachment cycles

Acquired resistance to cell death in suspension is adaptive and reversible.

To determine whether such acquired resistance in the population was due to clonal selection,
genetic/mutation driven, or non-genetic and transient in nature, we used a modified Luria-
Delbriick fluctuation analysis. Several recent studies have modified and applied this classical
Luria-Delbriick fluctuation test to probe cancer drug resistance mechanisms wherein single-cell
derived clones were exposed to targeted drug therapy, and clone-to-clone fluctuations in the
number of surviving cells were used to show that individual cells could reversibly switch
between drug-sensitive and drug-tolerant states even before therapy. 364! We explored if a
similar model of transient switching between cellular states could drive anoikis resistance. First,
we determined the fluctuations in survival in suspension across single clones in the parental
OV90 population (Fig 2A n=60 single clones). Individual clones were expanded for 20
generations prior to determining live cell viability in suspension upon detachment stress induced
by plating cells in polyhema coated ULA plates (Fig 2A, B; P1 survival, grey bars). Clones were
maintained in 2D (attached) cultures and percentage of cell viability of the expanded clonal
population was quantified after three additional passages in 2D (P3) and again after a total of 6
passages in attached growth (Fig 2A, B, P3 and P6 survival). If the clones switched between
states of sensitivity (<100% survival in suspension) and resistance (> 100%), then these data
would suggest that the resistant state was non-heritable. We find no statistically significant
correlation in the survival over time for the individual clones ( Fig 2C i.ii) which had doubling
times ranging from 39 hrs for the fastest to 62 hrs for the slowest ( based on doubling time for 10
random clones assesed over 10 days, Supp Fig 2A) suggesting the absence of fixed clonal states
with respect to survival in suspension. Our data also show that the statistics of the fraction of
surviving cells in suspension across clones remains consistent for different passages with a mean
survival fraction of = (.9, and interclonal fluctuations as quantified by the coefficient of

variation (CV; defined as the standard deviation divided by the mean) to be in the range of
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0.25 — 0.3. (Fig 2C.iii). These observed fluctuations were found to be higher than the
fluctuations in the survival of the parental population in suspension which represents the pooled
clones (Fig 2C.iii) as measured by quantifying the CV of cell survival between biological repeats
(n=11 of OV90 cells from bulk culture placed in suspension). If every single cell responds
purely randomly to stress then we would expect the fluctuations across clones to be similar to the
noise in the population. However the difference in the noise as determined from the CV data
suggest a form of memory in the clones, or the presence of pre-stress cellular states during clonal
expansion that lead to single cell differences in their detachment stress responses driving anoikis
resistance

To experimentally test memory in the population, we assessed the stability of the acquired
resistant state in the overall population in two cell lines (OV90 and CAOV3) by maintaining and
propagating the acquired isogenic resistant cells (AnR cells) in standard attached growth
conditions for several generations (no stress). We then assessed cell death in suspension at various
time points by rechallenging the resistant cells to suspension stress for 24 hrs ( Fig 2D.i). We find
that maintaining cells in attached conditions for between 11-14 generations for OV90 and 8-9
generations for CAOV3, led to cells regaining their sensitivity to loss of attachment (AnS) reaching
the near original sensitivity levels of the parental population (Fig 2D.ii). While individual cell lines
differed in the time required to regain sensitivity, this interval was reproducible across replicates
(Fig 2D.ii).

We thus used previously developed analytical formulas *%4%4! to predict what levels of
fluctuations would be expected from switching between an anoikis-sensitive state (cell death in
suspension) and an anoikis-resistant state (cell survival and proliferation in suspension). If f is
the fraction of cells in the resistant state then

fer" =0.9

where T = 24 hr and growth rate y = L:—Z hr=! where T, is the cell doubling time of anoikis
d

resistant cells in suspension that is experimentally determined. Thus, given a value of T,, the
fraction of resistant cells can be computed from the above equation. We used the cell-doubling
time of the OV90 population in suspension as /00 hrs, (Fig 1D) whichresultsin f = (.76. Using
equations derived previously, #! individual clonal expansion in attached culture for 20 generations

before the first survival test in suspension (Fig 2A,B P1), and a transient heritability of
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approximately 10-11 generations for the resistant state (Fig. 2D), we obtain the model predicted
fluctuation values to be much less than of 0.01 and 30-fold less than the observed fluctuations of
0.25 — 0.3 for all biologically-relevant values of T,; greater than equal to 38 Airs (OV90 cell
doubling time in 2D) (Fig 1D). Thus, reversible switching between these two phenotypic states
cannot explain the observed clone-to-clone variations in surviving cells. Considering a doubling
time of /00 hrs in suspension, a variation of 145% in the effective growth rate of single cells (i.e.,
a CV of 1.45 in y) is needed to capture the observed inter-clonal fluctuations in the fraction of
surviving cells. These data are hence not concordant with a classic two state model as proposed
for chemoresistance “?and indicate the presence of likely more than two states in the population
with respect to anoikis resistance, but are however consistent with non-genetic effects on
adaptation of cells as they develop resistance to the biological stress of loss of attachment (anoikis
resistance). The non genetic adaptation was also confirmed by whole exome sequencing. The total
number of genes that were mutated in any given replicate was found to be 2860. However, no
significant differentially mutated genes (using a p value of p < 0.05 and Fisher’s exact test) were
found between the two populations of cells (Top 50 mutated genes based on total number of

mutations present in OV90 cells is shown in Supp Fig 2B.

Adapted anoikis tolerant ovarian cancer cells are more chemoresistant and metastatic in
vivo.

Prior studies have implicated anoikis resistance as a phenotype of metastatic and chemo
resistant cells. >4 45 Given that reversion to the original anoikis state occurred in the absence of
stress (Fig 2D) we tested if such an acquired ‘tolerance’ rather than permanent resistance
(intrinsic), was sufficient to alter in vitro tumorigenic properties. A transwell migration assay
revealed that OV90-AnR cells (cells derived from P7) were able to undergo significantly higher
migration through fibronectin (Fig 3A) as compared to the parental population (P0), and also as
compared to cells expanded after exposure to a single round of suspension culture (P1, Fig 3A).
Increased migration of AnR cells was seen not just in OV90 cells, but also in CAOV3 cells (Fig
3A). The increased migration in P7 as compared to P1 also indicate that one round of an
attachment detachment cycle is not sufficient to stimulate significant cell migration and was seen
across additional isogenic pairs tested including EOC15, p151 and OVCA420 (Supp Fig 3A). All

tested pairs revealed increased migration for the AnR isogenic derivatives only, demonstrating
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increased motility as a feature of acquired anoikis resistance. Assessing the chemosensitivity of
the cells to standard of care chemotherapeutics including cisplatin, paclitaxel, and doxorubicin
revealed that AnR cells across cell line models had significantly higher IC50 concentrations for
paclitaxel (Fig3B i-iii). Increased IC50 for paclitaxel was also seen for the AnR cells in suspension
cultures (Supp Fig 3B). However no significant differences were observed for doxorubicin and
cisplatin (Supp Fig 3C).

In order to assess if acquired anoikis resistance was sufficient to increase intraperitoneal
(ip) growth and metastasis of tumor cells, we injected live OV90 parental luciferase expressing
cells (parental/P0), or cells expanded under attached conditions after development of anoikis
resistance (AnR/P7), into the peritoneal cavity of NOD-SCID mice . Whole body bioluminescence
imaging (BLI), revealed a significant increase in overall ip. tumor burden over time in mice
receiving AnR cells as compared to mice receiving parental (P0) cells (Fig 3C i,ii). BLI was
monitored until day 37 near the end point of the studies, however ascites accumulation which
began at ~day 25, precluded reliable BLI, and hence BLI data until day 24 are presented (Fig 3C
i,ii). The study was terminated between day 39-40 when mice from the P7/AnR group were found
to be moribund. End point total tumor weight in the peritoneal cavity of mice receiving P7
expanded cells (AnR) was twice as much as compared to in the mice receiving the parental
population (AnS) (Fig 3C iii) concomitant with higher volume of ascites (Fig 3C iv) and burden
in the mesentery (Supp Fig 3D i) . Strikingly, animals receiving AnR cells (P7) had higher extent
of lesions in the lung as determined by BLI imaging of explanted lung tissues as compared to the
parental cells (P0) (Fig 3C v).

Since the in vitro derived AnR cells mirror suspension survival of in vivo derived AnR
cells from human (OV90) and mouse origin (IDS), (Supp Fig 1D), we tested if acquired anoikis
resistance was sufficient to increase intraperitoneal (ip) growth and metastasis of tumor cells in
the presence of an immune system as well. We injected live ID8 parental cells (parental/P0), or
cells expanded after development of anoikis resistance (AnR/P7) in vitro, into the peritoneal cavity
of C57BL6 mice. The study was terminated when mice from the P7/AnR ID8 group exhibited
signs of being moribund. Parental ID8 cells formed floating tumors as previously described 4 46
(Fig 3D). Adapted ID8 AnR cells produed significantly higher disease burden as evident from the
higher overall measurable tumor burden (Fig 3Di) as seen in the mesentric regions (Supp Fig

Fig3D ii), omentum (Supp Fig 3D iii) and the number of mice with measurable ascites (Fig 3D


https://doi.org/10.1101/2023.12.04.569970
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.12.04.569970; this version posted December 6, 2023. 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 4.0 International license.

ii) . Lung metastasis was however not evident from pathological assessments. These data together
demonstrate that repeated cycles of exposure to suspension stress followed by attached growth
leads to adaptation that is sufficient to significantly promote aggressive disease in vitro and in vivo

mimicking disease spread in stage IV ovarian cancer patients.

Development of adaptive anoikis resistance is concomitant with transcriptional
reprogramming over time.

We next assessed the transcriptional changes in response to suspension stress and during recovery
periods of attached growth, to determine when most of the changes occurred in the adaptation
process and what those changes indicate. Bulk RNA sequencing on OV90 or CAOV3 cells
undergoing adaptation at various suspension and recovery time points revealed that the number
of genes either upregulated or downregulated after the first exposure to suspension stress ( PO
versus P1 after 24 hrs in suspension) was 1,011 for OV90 and 362 for CAV03 (DEGs, PO vs P1,
padj <= 0.05, L2FC >1.5) of which a total of 148 were upregulated and 863 downregulated for
OV90 and 171 and 191 for CAOV3 respectively (Fig 4A-C, Supp 4A-C). In the case of OV90 ,
74 of the 148 upregulated genes were uniquely upregulated during the first exposure to stress (PO-
P1) (Fig 4A). As cells adapted to stress in subsequent cycles, the total number of differentially
expressed genes (DEGs) decreased over time, with more genes downregulated than upregulated in
both OV90 and CAOV3 cell lines (Fig 4A-B, Supp 4A-B). The highest number of unique
upregulated genes was observed from PO to P7 (208 genes, OV90), and during the transition to
resistance in OV90 cells (PO and P3 time points ;165 genes). Most unique downregulated genes
were found between PO vs P7 (suspension AnR)) and PO vs P6 (attached AnR), with 375 and 422
genes, respectively. 225 of these genes were consistently downregulated over time (Fig 4B last
column). For CAOV3 as well, the comparison between PO and P6 (2D comparisons of AnS and
AnR), had a total of 131 up regulated genes and 213 down regulated genes, there were 29 unique
up regulated genes, and 115 unique down regulated genes (Supp 4B-C). The PO vs P7 comparison,
as the time point with the greatest number of uniquely up and down regulated genes (110 and 379,
respectively) in CAOV3 as well (Supp 4A-C) similar to OV90. While the number of genes per
time point varied between the cell lines (Fig 4A-C, Supp 4A-C) the number of differentially
downregulated genes exceeded the number of differentially up regulated genes in both models.

Together these data suggest significant transcriptional changes occurring after the first exposure
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to stress, with only a subset of the same genes maintained in later stages of adaptation indicating
changes in transcriptional programs over time.

Gene Set Variant Analysis (GSVA) of the different points using the Human MSigDB
Hallmark Collections revealed a subset of hallmarks in OV90 cells that were primarily positively
enriched early (before complete resistance) during the adaptation such as those associated with
TGF beta signaling’ * Hedgehog signaling” and TNFa signaling via NFkb’ (Fig 4D). As anticipated
with anoikis resistance, later passages showed reduced apoptosis (Fig 4D,F). Cells seemed to
alternate between epithelial and mesenchymal states in OV90 cells, converging towards a hybrid
EM state once adapted (Fig 4E). Some pathways were also more specific to the attached growth
conditions of adapted cells such as mTORCI1, Notch and Wnt beta catenin (Fig 4D, P6). GSVA
analysis in a second cell line, CAOV3, identified distinct and overlapping enrichments with OV90
cells. Hallmarks including ‘TGF-B signaling’ © Hypoxia’ and ‘Hedgehog signaling’ and TNFa
signaling via NFkb that were more enriched in the early stages of the adaptation in OV90 remained
enriched in CAOV3 even at later time points (Supp Fig 4D) suggesting some differences in timing
of the changes of the pathways. Both cell lines however showed common enrichments in
'Oxidative Phosphorylation' and 'MYC Targets' in adapted cells (Fig 4F,G, Supp Fig 4D).
Notably, the increase in MYC RNA levels (Supp Fig 4E i) was also manifesatd at the protein
level (Supp Fig 4E ii). Lowering MYC in the adapted AnR OV90 cells using siRNA lowered
the survival in suspension of the anoikis adapted (AnR) cells in vitro (Supp Fig 4F i,ii). These
data together suggest common mechanisms enriched in adapted cells, with additional
pathways/mechsnisms that may be cell line dependent and altered at different times during the
adaptation. Notable changes in MYC in the adapted AnR populations directly contributed to

anoikis resistance in the adapted population.

Adapted anoikis resistant cells depend on oxidative phosphorylation for survival.

Changes in the ‘Oxidative Phosphorylation’ pathway in adapted anoikis resistant cells was a
hallmark in both cell lines tested despite their different mutational backgrounds (OV90 and
CAOV3; depmap.org). We thus tested for a direct role for mitochondrial respiration in anoikis
adapted cells. We first measured parameters of mitochondrial function by assessing respiration
using extracellular flux analysis with a mitochondrial stress test (seahorse XF96 assay) in both

OV90 and CAOV3 cells (Fig 5A i, ii). When comparing parental cells (P0O) to cells after exposure
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to one round of suspension stress (P1), or to adapted AnR/P7 cells expanded in attached conditions,
we find that AnR cells from both OV90 and CAOV3 cells exhibited higher oxygen consumption
and extracellular acidification rates (OCR and ECAR respectively) at baseline compared to
parental cells (P0O) and cells from P1 (Supp Fig 5). ATP-dependent OCR, measured by adding
oligomycin to inhibit Complex V (ATP synthase) of the electron transport chain (ETC) to the
culture (Fig SA i,ii), revealed significantly higher ATP-dependent OCR in P7/AnR cells
(mean=121.5 pmol/min/cell -/+) compared to parental PO cells (84.8 pmol/min/cell -/+) and P1
(83.4 pmol/min/cell -/+) in OV90 cells (Fig 5A iii). In CAOV3 cells, ATP-dependent OCR in P7
was also higher compared to PO and P1 (Mean ATP production in Parental, P1 and P7 was 61.8,
59.2, and 98.9 pmol/min/cell respectively) (Fig SA iv). Spare respiratory capacity (SRC) is a
parameter representative of the mitochondrial ability to produce energy through respiration beyond
the amount needed for basal cellular maintenance and has been shown to be increased during
malignant transformation and tumor invasion. 7 SRC determined by adding FCCP (an uncoupler
of mitochondrial oxidative phosphorylation) that shortcuts the ETC (Fig SA) and increases OCR
to its maximal level revealed that SRC was significantly higher in AnR/P7 cells compared to
parental (P0) and P1 cells in both OV90 and CAOV3 models (Fig SA v,vi).

Since adapted anoikis resistant cells showed higher SRC, we tested if in comparison to
parental (PO) and P1 cells, AnR /P7 cells exhibited differential sensitivity to the biguanide IM156,
an AMPK activator and Complex I inhibitor currently in clinical trials. *® Remarkably, we found
that adapted AnR cells from P7 for both OV90 and CAOV3 cells showed significantly lower IC50
to IM156 compared to parental and P1 cells. (OV90 mean IC50; parental= 20.6, P1= 20.3,
P7=17.1uM and CAOV3 mean IC50; parental= 26.9, P1= 28, P7=21.2 uM, Fig 5B i, ii). A sub
IC50 dose of IM156 induced cell death in suspension (anoikis) to a significantly greater extent in
the adapted AnR/P7 cells as compared to the parental counterpart (Fig SC i,ii). Similarly,
inhibition of the ETC complex V using oligomycin was able to resensitize and induce anoikis to a
significantly higher degree in the adapted AnR P7 cells as compared to parental cells (Fig 5C i,ii).
These data demonstrate that adapted anoikis resistant cells have developed an enhanced
mitochondrial capacity to support their superior survival in suspension, and indicate that blocking

OXPHOS in these cells could reverse such an adaptive phenotype.

Evasion from immune surveillance by adapted anoikis resistant cells.
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Bulk RNA seq results also revealed perturbation in pathways that may impact immune recognition
of the adapted anoikis resistance cells compared with their sensitive counterpart. Of note, the
inflammatory response pathway was enriched early during adaptation ( PO (parental), P1 and P3
(collected after 1 and 3 cycles of detachment respectively)) in comparison to later stages of
adaptation P4, P6, and P7 (collected after 4,6, and 7 cycles of detachment respectively) in OV90
cells (Fig 6A). We also examined expression of HLA genes, as downregulation of MHC-I antigen

? and has been

presentation is a known mechanism of immune evasion in multiple cancers *
associated with anoikis resistance in other cancers. > We found that HLA-B as part of major
histocompatibility complex I (MHC-I) but not HLA-A and C was downregulated over time during
development of adaptive anoikis resistance in the attachment -detachment cycles in OV90 cells
(Fig 6B). MHC-I protein expression in OV90 cells was also lower in adapted P6 and P7 compared
with PO, P1 cells (Fig 6C). Additionally, TAP1 (Transporter associated with antigen processing
1) that is involved in MHC-I antigen presentation, was absent in adapted anoikis resistant cells
(Fig 6C). TAP1 and MHC-I play crucial roles in tumor antigen recognition by Cytotoxic CD8+ T
cells. 3® We thus hypothesized that adapted anoikis resistant cells that have reduced expression of
MHC-I and TAPI could be less susceptible to immune mediated killing compared to their anoikis
sensitive counterparts. We isolated and activated CD8+ T cells from PBMCs derived from healthy
individuals (Fig 6D) and added them to OV90 and CAOV3 cells from PO, P1, and P7 cultured in
regular attached conditions (Fig 6D). We find a time dependent decrease in cell viability of the PO
OV90 ( parental population) as compared to the adapted AnR OV90 cells (Fig 6D. ii). For CAOV3
cells we observed a much stronger and faster T cell response compared to OV90s, as at 24 hours,
only 10 % viability was detected in the parental anoikis sensitive cells (PO, P1) while 40% of
adapted anoikis resistant cells (P7) survived (Fig 6D. ii). To measure apoptosis of tumor cells
induced by CD8+ T cells, we examined cleaved caspase 3 (CC3) after 48 hours of co culture of
OV90 cells with T cells and 12 hrs of co-culture for CAOV3 cells due to their higher sensitivity
(Fig 6D. ii). We find significantly higher CC3 in anoikis sensitive cells (PO, P1) as compared to
the isogenic anoikis resistant cells (P7) (Fig 6D. iii-v). These data suggest that adaptation to
detachment induced cell death in ovarian cancer cells faclitates immune evasion concomitant with

reduced antigen presentation through downregulation of MHC-I and TAP1.
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Inhibiting the transcriptional Mediator kinase CDK8/19 prevented development of anoikis
resistance in vitro and intraperitoneal growth in vivo

Transcriptional changes led to pathways that were both overlapping and different between cell
lines models including changes in the timing of the pathways being enriched. We thus tested the
effects of preventing the overall process of transcriptional changes on development of adaptive
anoikis resistance by inhibiting the kinase activity of RNA polymerase II transcription asssociated
CDK&8/19 Mediator kinases. For this, we used the selective inhibitor of CDK8/19 SNX631 3! 32 to
test the effect on the development of anoikis resistance. We first assesed sensitivity of a panel of
intrinsically anoikis sensitive cell lines OV90, CAOV3, EOC15, and OVCA420 to SNX631 over
a course of 7 day treatments. We find the IC50s of the cell lines to range between 2.16 for OV90
to 4.1 for OVCA420 (Supp Fig 7A i,ii) which is over 2 orders of magnitide higher than the IC50
of SNX631 in a cell-based assay for CDK8/19 inhibition (11 nM).>! Hence, CDK8/19 activity is
not required for the proliferation of the tested cell lines. Given the stress associated with matrix
detachment, we chose a 500 nM concentration of SNX631 which does not inhibit cell growth but
is sufficient for complete CDK8/19 inhibition and reducing the phosphorylation of STAT1 at S727
(Supp Fig 7A iii) a known substrate target of CDK8/19. 33-** We found that treatment of OV90
and OVCA420 with 500 nM SNX631 during cyclic attachment -detachment culture cycles
prevented development of anoikis resistance with mean percent live cells reaching a maximum of
53.28 % and 63.7 % in P7 respectively, while DMSO-treated control cells reached 100% or higher
for both cell lines (Fig 7A) as seen in Fig 1. Two additional anoikis sensitive models CAOV3 and
immortalized EOC15 cells were tested. 500nM SNX631 treatment in EOC15 and CAOV3 cells
led to complete growth arrest of the cells following their first re-expansion in attached growth after
a single 24 hr exposure to suspension cultures (Fig 7A). These data suggest that SNX631 prevented
developing of AnR in some models and completely abrogated any expansion of cells in other. To
assess whether global downregulation of the overall transcription rather than transcriptional
reprogramming is sufficient to block the development of anoikis resistance we treated OV90 cells
during cyclic culture of attachment -detachment with THZ1 which is a covalent CDK?7 inhibitor
that also targets CDK12 at higher doses and shown to globally downregulate transcription. >°
Interestingly, we observed that although a sublethal concentration (17nM) of THZ1 (chosen based
on IC50 in OV90s Supp Fig 6B i) reduced the percent live cells at the endpoint mariginally
(DMSO 108.4 % , THZ1 98.8% p value: 0.0344, Supp Fig 6Bii), this concentration of THZ1 was
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incapable of blocking the establishment of AnR in OV90 cells (Supp Fig 6B ii) suggesting
selective dependence on CDK®8/19 during development of anoikis resistance or the potential need
of cytotoxic doses of THZ1 to be effective that is likely to impact other CDKs as well. 3

To further test whether CDK&8/19 inhibition blocks intraperitoneal (ip) growth and
metastasis of OV90 tumor cells, we randomized NSG mice into two groups: one received a regular
diet and the other received SNX631-6 medicated chow (at 350 ppm) 1 day prior to injection of
OV90 parental luciferase expressing cells into peritoneal cavity. Whole body bioluminescence
imaging (BLI), revealed a significant increase in overall ip. tumor burden over time in mice
receiving regular diet as compared to mice receiving the SNX631-6 diet (Fig 7B i,ii) We monitored
BLI up to day 41 (Study endpoint) however the data is shown until day 20 (Fig 7B) as ascites build
up in the control group starting at ~week 4 post tumor cell injection interfered with accurate
luciferase detection in animals. Moreover, endpoint total tumor burden, ascites volume and
omental tumor were significantly reduced in mice receiving SNX631-6 in their diet compared with
mice receiving regular diet (Fig 7C i-iii). These results indicate that preventing the transcriptional
changes is required to prevent the development of anoikis resistance and intraperitoneal tumor

growth and metastasis in vitro and in vivo respectively.

DISCUSSION

We report here that ovarian cancer cells exhibit a range of sensitivities to cell death upon matrix
detachment in suspension. Cell line models that exhibit sensitivity can, when subjected to cycles
of detachment and reattachment in vitro, acquire anoikis resistance. Such acquired anoikis
resistance mimics the anoikis resistance after intraperitoneal ovarian cancer growth and tumor cell
survival in ascites, but is not permanent, as cells can revert to their baseline state in the absence of
detachment stress. Importantly, the acquired resistance is sufficient to increase migratory
capabilities, resistance to chemotherapy, and confer the ability of the cells to metastasize readily
to the lungs. Transcriptional reprogramming leading to changes in mitochondrial capacity and
dependency and the ability to evade immune cell killing are some of the key phenotypic features
of such cells. Critically, selective inhibitors of CDK8/19 Mediator kinase, a pleiotropic regulator
of transcriptional reprogramming, prevent anoikis adaptation and metastasis in ovarian cancer

models.


https://doi.org/10.1101/2023.12.04.569970
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.12.04.569970; this version posted December 6, 2023. 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 4.0 International license.

In ovarian cancer, the critical steps in metastasis include cell detachment from tubulo-
ovarian regions and movement into the peritoneal cavity and circulation. Concomitant with
metastasis, tumor cells evade apoptotic pathways upon loss of attachment. Disease spread and
recurrence follow the reattachment and establishment of metastatic tumor colonies.!#667:12 Thys
anoikis resistant cells and aggregates in ascites and in circulation (circulating tumor cells, CTC)
have both been associated with poor clinical outcomes, specifically with relapse and
chemoresistance.’’->%29-62 CTCs are thought to remain in circulation for several hours as the larger
size of tumor cells compared to the small diameter of capillary vessels can lead to their arrest inside
the small vessels of organs. ¢! In the case of intraperitoneal metastasis cells typically perish due to
hemodynamic forces, anoikis, or immune system attack, or dwell for a short time, as within 24
hours most cells are found attached to their secondary sites. 3° Interestingly, whole exome
sequencing has revealed that the majority of mutations found in recurrent ascitic tumors were
already present initially, ¢ indicating that recurrence may stem more from adaptation rather than
new mutations. Considering these notions, we exposed anoikis sensitive ovarian cancer cell lines
to intermittent (24 hours) detachment induced stress followed by attachment intervals. Cells
exposed to attachment detachment cycles gradually improved their survival under stress conditions
(reduced apoptosis), which was not a consequence of enhanced proliferation or clonal selection.
Each clone derived from a single cell at any time could in fact either be anoikis sensitive or
resistant, and switch between these states. If a single cell was stably sensitive or resistant (two
states in the population), we would have expected to observe a fixed survival of each clone under
detachment in repeated trials over time. However, a spectrum of the percent survival in clones
was observed. Additionally, the survival capacity of each clone fluctuated over time, indicative of
the cells’ ability to interchange between sensitive and resistant states and also suggestive of non-
mutational perturbation in cells, which was confirmed by whole exome sequencing. Our reversion
experiments conducted under the absence of detachment stress revealed that the acquired
resistance was indeed not permanent and hence likely non-genetic in nature. Hence, the findings
herein were not concordant with two states and suggest likely additional states in the population.
The Coefficient of Variation (CV) analysis implies the existence of either a pre-established cellular
memory or the presence of multiple cellular states within the population. This diversity in cellular
states results in varied responses to detachment stress, leading to greater differences in behavior

among individual clones compared to a more uniform control group. In essence, it indicates that
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cells within the population respond differently to stress due to inherent or developed diversity,
causing more variation in response, compared to a more homogenous control population. These
hypotheses warrant future investigation and are important to our understanding of adaptation to
biological stress inn physiology and disease.

A central question that we pursued was whether a non-permanent anoikis resistant
phenotype was sufficient for metastatic capabilities. Indeed, much like prior studies on the
concomitant increases in migration and resistance to anoikis, ®* adapted anoikis resistant cells were
also more motile. Indeed, these two phenotypes are reciprocally related as forced confined
migration can also conversely lead to anoikis resistance. 4> Chemosensitivity changes were
consistent across several cell lines but were specific to paclitaxel and not other standard of care
agents used for the management of ovarian cancer. MYC has been identified as a driver of

paclitaxel resistance 436366

and could indeed be a potential mechanism of paclitaxel resistance in
the adapted anoikis cells that we found to have higher c-MYC mRNA and protein expression.
Changes in mitochondrial activity of paclitaxel resistant cells have been reported previously in
lung cancer, wherein paclitaxel resistant cancer cells had higher basal OCR and ECAR compared
with sensitive cells. 7 Consistent with these previous studies, the adapted anoikis resistant cells
not only consumed more oxygen/produced more ATP, but also had a higher spare respiratory
capacity (SRC). We suggest that this enables the resistant cells to maintain their functions under
an increased demand for energy under detachment conditions (stress stimuli). This manifested
itself in higher sensitivity to OXPHOS inhibition, exposing a potential therapeutic vulnerability of
adapted cells.

The common acquisition of metastatic phenotypes and similar changes in hallmark
pathways during anoikis adaptation across two different ovarian cancer models indicate some
common mechanisms of adaptation. However, distinct pathways were also uniquely altered in each
model. CAOV3 cells are significantly more sensitive to matrix detachment stress compared to
OV90 cells, and carry different mutations (depmap.org). It remains to be determined whether the
inherent differences in baseline sensitivity to matrix detachment stress and/or the mutational
backgrounds influenced the divergent adaptation pathways. Therefore, the differences in
adaptation-associated pathway changes and their related dependencies may vary. This variability
presents a therapeutic challenge, as manifested in the scarcity of targeted treatments universally

applicable to the clinical management of ovarian cancer.
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The dependency of anoikis adaptation on transcriptional changes was evident in its
sensitivity to the inhibition of CDK®8/19 Mediator kinases. CDK8 and CDK19 Mediator kinases,
are alternative enzymatic components of the CDK module that regulates the transcriptional
Mediator complex and are not part of the overall transcription machinery . CDK8/19 have been
shown to regulate transcriptional reprogramming, acting as both positive and negative regulators
of transcription. 3° Interestingly, many more genes were downregulated rather than upregulated
during anoikis adaptation, which is consistent with the regulatory pattern of Mediator kinase,
prolonged inhibition of which primarily upregulated rather than downregulated gene expression in
293 cells. 3% Of note, the steady state growth of ovarian cancer cells in vitro was only slightly
affected by the selective CDKS8/19 inhibitor SNX631 3! as has also been observed in most other
cancers, except for a subset of leukemias, and moderate responses in certain breast, colon, and
prostate cancers. %72 In contrast, SNX631 effectively abrogated the development of anoikis
resistance in various ovarian cancer models at a concentration (500 nM) that had little or no effect
on ovarian cancer cell growth but was sufficient for nearly complete inhibition of CDK8/19 kinase
activity. 7 The sensitivity of the anoikis adaptation process is aligned with prior studies where
CDKS8/19 inhibition prevented the development of drug resistance. 37

Transcriptional memory is a concept related to stress adaptation, where cells adjust their
gene expression in response to environmental stimuli. 7° In our models, repeated exposure to stress
might prime cells to modify their transcriptional programs more effectively upon re-exposure to
similar stress. This enhanced response could then persist for several generations, even without

continuous exposure to the initial stimuli 7>

as seen in our memory studies. The role of CDKS8 in
transcriptional memory has been implicated in yeast and human cells, 7-%® and whether these
mechanism are in play here remains to be determined. It is possible that most of the adapted cell
phenotypes including the changes in EMT and mitochondrial dependencies and immune evasive
characteristics would be abrogated by CDK&8/19 inhibition. Prior studies using Cortistatin A (a
different CDK8/19 inhibitor) showed changes in pathways involved in oxidative phosphorylation.
78 Similarly Senexin B (another CDK8/19 inhibitor) inhibited EMT in models including ovarian
cancer. ** Thus we anticipate that the effect of CDKS8/19 inhibition is independent of the
phenotypic outcomes, but rather central to the transcriptional adaptation to adversarial conditions.

We propose that the lack of targeted therapies for advanced ovarian cancer is largely due to the

extraordinary adaptability of cancer cells and their capacity for cellular reprogramming during
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intraperitoneal metastasis. Our findings implicate Mediator kinase paralogs, CDK19 and CDKS,
which are general regulators of transcriptional reprogramming as a key dependency during
development of anoikis resistance and thereby metastatic progression. This dependency on
Mediator kinase presents a new therapeutic opportunity for the use of CDK8/19 inhibitors for the

management of ovarian cancer in the clinic.

MATERIALS AND METHODS
Cell lines and culture conditions

Cell lines were cultured in their basal medium, 10% FBS, and 100 IU/ml penicillin 100pg/ml
streptomycin unless indicated in Table 1 and were maintained in a 5% CO2 incubator at 37°C. Cell
line authentication was done using STR profiling at the UAB Heflin Center for Genomic Sciences.
Cells were tested frequently for mycoplasma contamination using LookOut® Mycoplasma PCR
Detection Kit (cat no: MP0035-1KT, Millipore sigma). CAOV3, P76, P151, P201, P211, HEK293
were cultured in DMEM (contains high glucose, L- glutamine and sodium pyruvate) supplemented
with 10% fetal bovine serum (FBS). TYK-nu was cultured in DMEM+1% MEM non-essential
amino acids+1% MEM vitamins. ID8-EMD, ID8-BRCA2, ID8-TP53 -/- were cultured in DMEM
4% FBS, 5 pg/mL insulin, 5 pg/mL transferrin and 5 ng/mL sodium selenite. FT282 was cultured
in 1:1 mixture of DMEM and F12 medium supplemented with 10% FBS and 2mM L- glutamine.
OV90, EOC15 and IOSE141 were cultured in 1:1 mixture of MCDB 105 and Medium 199
supplemented with 15% and 10% FBS respectively. SK-OV3, OVCA433, OVCA420, HEY,
HEYAS8 and OVCARI10 were cultured in RPMI (contains I-glutamine) supplemented with 10%
FBS and OVCAR3 with 20% FBS. OVCAR4 and OVCARS were cultured in RPMI supplemented
with 10%FBS, 2mM glutamine, 0.25 U/mL insulin.

Live cell/viability assessment of cell aggregates in suspension (multiple spheroids or cell
aggregates)

6 well plates were coated with poly-HEMA (P3932-25G) (2% in 95% ethanol), then 1 ml poly-
HEMA was added to each well and allowed to dry at 50° C overnight. The plates were UV-

radiated for 1 hour. At this point, the plates were used for experiments or wrapped with Parafilm
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and kept at 4°C. Cells were cultured in 100mm plates until they reached ~90% confluency then
trypsinized and counted with Trypan blue using Countess II FL. Automated Cell Counter. 250,000
cells were cultured in poly-HEMA coated 6 well plates in full serum under regular growth medium
(3 ml per well) for 24 hours. The cells from each well were collected in a 15 ml tube and
centrifuged at 1200 rpm for 5 minutes. Next, the medium was removed and 100 ul of 10x Trypsin-
EDTA (T4174-100ML Millipore sigma) was added to the cells and incubated for 5-20 minutes
(depending on cell line and spheroid compactness) in the incubator. 400 pul medium was added to
the cell suspension and the number of live cells was counted with Trypan blue exclusion using

Countess II FL Automated Cell Counter.

Live cell/viability assessment of single spheroids in suspension (single spheroid)

To obtain single spheroids, 1,000 OV90 and 2,500 CAOV3 cells were transferred to Ultra low
attachment U bottom black wall 96 well plates (Corning: 4515) in 200 ul medium. The plate was
centrifuged at 1200 rpm for 2 minutes and then incubated for 24 hours. For live dead assays, the
LIVE/DEAD™ Viability/Cytotoxicity Kit, for mammalian cell: L3224 was used. Briefly, green-
fluorescent Calcein-A and red-fluorescent ethidium homodimer-1 were added to HBSS buffer
(Hanks' Balanced Salt Solution) or PBS at 4 and 8 uM respectively. Then 100 pl of the medium
was removed from each well and 100 pl HBSS containing dyes were added slowly to each well to
have a final concentration of 2 and 4 pM of Calcein and Ethidium. After incubating the cells for
90 minutes, washing was done 3 times very carefully to avoid disrupting the spheroids (100ul of
the dye solution was removed, and 100 ul of HBSS was added). Imaging was done using a confocal
microscope (Nikon TE2000 inverted) at UAB’s High Resolution Imaging Facility and images

were analyzed in Image J.
Cyclic cell culture

250,000 cells were cultured in poly-HEMA coated 6 well plates for 24 hours. Cell number and
dish size were kept constant to obtain reproducible live cell numbers. After 24 hrs, the cells were
centrifuged at 1200 rpm for 5 minutes and viability was measured as described under * Viability
assessment of cell aggregates in suspension’ prior to proceeding to plating the cells into standard
tissue culture 2D conditions in a 60mm TC dish until they reached 90% confluency. The media
was changed every 3-4 days. The first three steps were repeated for another 6-8 cycles depending
on the cell line (total 7-9 passages).
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Memory/reversion studies

Adapted anoikis resistant (AnR) OV90 and CAOV3 cells from suspension culture were seeded
into 60mm dishes and sub cultured in 2D for a total of 9-11 passages in 60mm dishes. At each
passage, when the cells became 80-90% confluent, a fraction of cells were cultured in suspension
in polyhema-coated plates for 24 hours and live cell/viability was measured as described above
under ‘Viability assessment of cell aggregates in suspension’. The remaining cells were maintained
in 2D. The number of generations for these experiments was calculated as the number of times the
cell population doubled over time. The number of generations in each passage was calculated

using: log2 (x) where x is equal to the (final cell number/initial cell number.)
Doubling time (DT) measurement in 2D

5000 cells were cultured in a 96 well plate in 100 pl medium and SRB assay as described
previously " and was done every 24-48 hours for 7 days. Absorbance was measured at 570 nm
using a Synergy H1 microplate reader (Biotek). DT was calculated using absorbance values
obtained from the growth phase of the cells using the equation: DT = In2/((In[0D2/0D11]) /
(T2 —-T1)). OD1 and OD2 are the absorbance values measured in Time 1 and 2 (T1, T2)

respectively.
Doubling time measurement in suspension

250,000 cells were cultured in suspension in a 6 well poly-HEMA coated plate. Cell viability was
measured using a Trypan blue exclusion assay every 24-48 hours for 10 days. Doubling time (DT)
was calculated using the equation: DT = In2/((In [CN1/CN2 ]) / (T2-T1)). CN1 and CN2 are the

cell number values measured in Time 1 and 2 (T1, T2) respectively.
Flow cytometry-based apoptosis assay.

Parental and AnR OV90 and CAOV3 cells were cultured in suspension for 24 hours as described
above. The cells were treated with Trypsin —EDTA for 5-10 minutes to produce a single-cell
suspension. Media was added to the cell suspension to neutralize trypsin. Then, 500,000-100,0000
cells were transferred to a new 1.5 microcentrifuge tube and washed with Cold PBS twice. The

cells were stained with Annexin V and PI using (eBioscience™ Annexin V Apoptosis Detection
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Kits: 88-8005-74) according to the manufacturer’s protocol. Flow cytometry was done using BD
LSRFortessa (Europa) at the UAB flow cytometry core. Analysis was carried out in FlowJo 10.8.1.

Ki67 Immunofluorescence staining in suspension

1 million cells were collected in 15 ml tubes after 24 hours of suspension culture. The cells were
centrifuged at 1200 rpm for 5 minutes and then transferred to 1.5uL microcentrifuge tubes. (All
staining steps were done in 1.5 ml tubes as follows: (Note: between each step cells were
centrifuged at 2000 rpm for 2 minutes) cells were washed in 400-p1 cold PBS for 5 minutes twice
then fixed in 400-pl freshly made 4% PFA pH:7.4 at RT for 15 minutes. Washing was done with
400 pl PBS once for 5 minutes. The cells were quenched with 400-pl, 10 mM NH4CL for 5
minutes. Washing was done with 400 pl PBS once for 5 minutes then cells were permeabilized in
freshly made 400 pl, 0.3 Triton 100x (dissolved in PBS by sonication) for 10 minutes. Blocking
was done by incubating the cells in 400 pl, 5% BSA in PBS for 1 hour at RT. Ki-67 (8D5) Mouse
mAb #9449 antibody was diluted 1:450 in 3% BSA in PBS and 100 pl was added to the cells for
overnight incubation at 4°c on a shaker. The next day, cells were washed in PBS thrice for 5
minutes and incubated in Goat anti-Mouse IgG1 Cross-Adsorbed Secondary antibody; Alexa
Fluor™ 594 # A-21125 diluted 1:500 in 3% BSA in PBS for 1 hour at RT in dark. Washing was
done 3 times in PBS for 5 minutes. To stain the nuclei, DAPI (10mg/ml) was diluted 1:2000 in
PBS and added to the cells for 10 minutes. Cells were washed with PBS once and centrifuged. The
cell pellet was suspended in 200 pl PBS and 100 pl of cell solution was cytospun on a microscope
slide at 800 rpm for 5 minutes and mounted with ProLong™ Gold Antifade Mountant # P36930).
Imaging was done using a confocal microscope (Nikon TE2000 inverted) and images were
analyzed in Image J as follows: Corrected total cell Fluorescence (CTCF) was measured using the
formula: Integrated density of Ki-67 in a certain field - (Surface area of the field x Mean
background fluorescence). CTCF of Ki-67 was normalized to CTCF of DAPI in the same field.

3D Cell viability assessment in single clones

Single Cell cloning was carried out by serial dilution of OV90 cells in 96 well plates (Corning
protocol)

(https://www.corning.com/catalog/cls/documents/protocols/Single cell _cloning_protocol.pdf).

After 2 weeks, single clones were trypsinized and seeded in 6 well plates and passaged in attached


https://doi.org/10.1101/2023.12.04.569970
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.12.04.569970; this version posted December 6, 2023. 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 4.0 International license.

conditions ( 2D) for 6 passages. The viability of each clone in suspension from passages 1,3, and

6 was analyzed using Trypan blue exclusion.
Patient and mouse ascites derived cells

Cells from patient ascites were established as described by us previusly 820

with approval for the
study granted from the Penn State College of Medicine and UAB Institutional Review Boards
(IRB). 50 ml ovarian cancer patient-derived ascites fluid or mouse ascites fluid ( variable volumes)
collected after ip injection of human OV90 or IDS cells as indicated in figures, was centrifuged at
4000 rpm for 20 minutes. RBC hemolysis buffer (8.29 g Ammonium chloride, 1.0 g

potassium bicarbonate, and 0.037g EDTA Dissolved in 1 liter of Milli-Q water and
autoclaved) was added to the cell pellet (10:1 v/v) and incubated at RT for 10 min. PBS was added
to the cell suspension to stop the reaction (10x volume) then centrifugation was done at 300 g for
10 minutes. The pellet was suspended in pertinent media and mixed well. Cell counting was done
by Trypan blue exclusion using Countess II FL Automated Cell Counter. EOC 15 primary cells
were cultured in 6 well Poly Hema plates at 250k cells per well for 2 weeks with standard medium
change every 4 days. After a week, spheroids were disaggregated and cultured in 2D on tissue
culture treated plates. EOC 15 were subsequently maintained in 2D. To immortalize human
primary cells ( used in a subset of experiments as indicated in legends), 50,000 cells were seeded
in 12 well plates. h\TERT (LVP1130-Puro-PBS) and SV40 large T-antigen (LVPO016) lentivirus at
MOI of 15 and Polybrene at 10pg/ml concentration were added to the culture and incubated for
24 hours then the medium was changed to fresh medium and incubated for 48 hours. To select the
successfully immortalized cells Puromycin was added at Spug/ml concentration to the culture and

incubated for 48 hours.
Immune mediated tumor killing assay

CD8+ T cells were isolated from normal healthy female PBMCs (Precision for Medicine) using
Miltenyi Biotec, Inc. CD8+ T cells isolation kit (catalog no: 130-096-495) following the
manufacturer’s protocol. The isolated T cells were cultured at a density of 500,000 cells per well
of 48 well plate in RPMI medium supplemented with 10% FBS, 1% pen/strep, and 30 U/ml IL2
and incubated in CO2 incubator at 37c. 48 hours before starting the killing assay, T-cell activation

was done using Dynabeads® Human T-Activator CD3/CD28 (Gibco: 11161D) following the
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manufacturer’s protocol. Briefly, 1 million CD8+ T cells were resuspended in 500 pL fresh
medium and 25 pL prewashed Dynabeads were added to the cell suspension and transferred to 24
well plates and incubated in CO2 incubator for 48 hours. 10000 parental, P1 and, P7 OV90 and
CAOV3 cells were cultured in 96 well plate in their growth medium for 24 hours then Activated
CD8+ T cells were suspended in tumor cells growth medium (Dynabeads should be removed) and
added to the wells at a ratio of 10:1 (T cell/Tumor cells). The number of surviving tumor cells was
counted after 24- and 48-hour incubation with immune cells using trypan blue exclusion assay (the
wells were washed with medium 4-5 times to remove T cells before counting the tumor cells). To
measure percent apoptosis in Tumor cells induced by T cells, OV90 and CAOV3 cells were
cultured in a glass bottom 96 well plate as described and stained with Cleaved caspase 3 (CC3)
antibody (Cell signaling technology: 9661T) at 1:100 dilution after 12 hours incubation with T
cells for CAOV3 and 48 hours incubation for OV90 cells. To calculate the percent apoptosis, the
number of positive cells for CC3 was counted using Image J and divided by the total number of

cells in each field.

SNX631 and THZ1 treatment in OV90 cells, OVCA420

The cells were cultured in TC-treated plates until 80% confluent. Following trypsinization,
250,000 cells were cultured in poly-HEMA coated 6 well plates in medium containing either
DMSO, or indicated concentrations of SNX631 or THZ1. After 24 hours of incubation, live cell
count/viability was measured using Trypan blue, and 500,000 cells were seeded in 60mm dishes
in the presence of either DMSO, SNX631, or THZ1 until 80% confluent. This cycle of attachment-

detachment (in the presence of drugs) continued as described in the figures.
Oligomycin and IM156 treatment in OV90 and CAOV3 in suspension culture

250,000 OV90 or CAOV3 from either PO (Parental) or P7 (undergone 7 cycles of attachment-
detachment) were cultured in poly-HEMA coated 6 well plates in their respective growth media
containing DMSO as the control and either 1.5 uM Oligomycin or IM156 at 20 uM for CAOV3,
15 and 25 pM respectively for OV90 cells and incubated for 72 hours. Next, the cells were
collected and trypsinized in 10x Trypsin for 10 minutes to make single-cell suspensions, and cell

death and apoptosis were measured by flow using annexin/PI staining.
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Seahorse Mitochondrial stress test

Seahorse Mito stress test was done following the UAB Bioanalytical Redox Biology (BARB) core
XF96 assay protocol; 20000 OV90 and 25000 CAOV3 parental cells PO (parental), P1 (1 cycle of
detachment), and P7 (7 cycles of detachment) were cultured in 100 pl growth medium in XF96
cell culture microplates and incubated for 36 hours in CO2 incubator at 37 c. 1 day before the
experiment, XF96 assay cartridge was hydrated in sterile water and placed in a non-CO2 incubator
at 37 c. On the day of the experiment, water was replaced with pre-warmed calibrant and placed
in a non-CO2 incubator for 60 minutes, meanwhile, the cell culture medium was removed from
the microplate and cells were washed with pre-warmed XF assay media (DMEM with 10 mM
glucose, 2 mM glutamine, and 1 mM pyruvate) twice and incubated in the same media for 1 hour
at 37c in a non- CO2 incubator. Next, effectors were added to the cartridge ports as follows: Port
A: Oligomycin 20 pl at final 1.5 pM concentration, Port B: FCCP: 22l final concentration of
either 0.675 or 0.9 uM, Port C: FCCP: 25 pL final concentration of either 1.65 or 1.8 uM, Port D:
Antimycin a/Rotenone: 28 ul at final concentration of 0.5 uM each) and put into the XFe96
extracellular flux analyzer to equilibrate. After 1 hour of incubation, cells were washed with a final
volume of 180 ul assay media in each well, and the assay was run as follows; Calibration and
equilibration each for 15 minutes, Cycle; Mix for 3 minutes, wait for 0 minutes and measure for 3
minutes, Inject Port A Cycle; Mix for 3 minutes, wait for 0 minute and measure for 3 minutes,
Inject Port B; Cycle; Mix for 3 minutes, wait for 0 minute and measure for 3 minutes, Inject port
C; Cycles; Mix for 3 minutes, wait for 0 minute and measure for 3 minutes, Inject port D; Cycle;
Mix for 3 minutes, wait for 0 minute and measure for 3 minutes. Analysis was done using Seahorse

Wave 2.6 and GraphPad Prism 10.0.2.
IC50 determination

Ovarian cancer cells were seeded in 96 well plates at indicated cell density/well (Table 1) and
incubated until 50-60 % confluent. Cell growth medium containing drugs (Cisplatin, Doxorubicin,
Paclitaxel, IM156, SNX631, or THZ1) was added in 8 dilutions to the cells and incubated for 48
hours to 7 days followed by SRB assay. Absorbance was measured at 570 nm using a Synergy H1
microplate reader (Biotek). IC50 was calculated using nonlinear regression (four parameters) in

GraphPad Prism software 10.0.2.


https://doi.org/10.1101/2023.12.04.569970
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.12.04.569970; this version posted December 6, 2023. 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 4.0 International license.

Table 1
Cell line Initial cell density
OVo0 5000
OVCA420 2000
CAOV3 5000
EOCI15 5000

Transwell fibronectin migration

24 well transwell with 8§ um pore membrane (Greiner bio-one, catalog: 662638) was coated with
10 pg/ml fibronectin in sterile DI water solution and incubated at 37° C for 2 hours. Then cells
were suspended in 100 pl serum-free medium and added to the upper chamber of each transwell
(refer to Table 2 for cell number and incubation time). The lower chamber was filled with 600 pl
Full serum medium and it was incubated in a CO2 incubator at 37° C for indicated hours. Then
the medium was removed and transwells were washed with PBS twice. Non-invaded cells were
scraped by a cotton swab. Then cells were fixed with 4% PFA (paraformaldehyde, Avantor,
catalog: S898-07) at RT for 5 minutes. Cells were permeabilized with 100 % ethanol for 20
minutes. Next, the cells were stained with 0.5% Crystal violet (Alfa Aesar catalog: B21932-22)
for 15 minutes and washed with DI water. Transwells were air dried at RT overnight and
membranes were cut and mounted on glass slides with Permount (Fisher scientific catalog:

S70104). Imaging was done using EVOS M7000 inverted microscope (Thermo fisher).

Table 2
Cell line Initial cell Incubation
density time (hours)
OVI0 100000 24

CAOV3 100000 24
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OVCA420 75000 24
EOC15 100000 24
P151 75000 6

Animal studies

All animal studies were performed in accordance with the Institutional Animal Care and Use
Committee at the University of Alabama Birmingham. Female NSG or SCID mice from Jackson
labs 5—-8 weeks of age were housed under pathogen-free conditions at the Animal Research Facility
at UAB. Tumor growth comparison in parental and adapted anoikis resistant cells: For OV90 cells,
8-week-old NOD.Cg-Prkdcscid/J (SCID, Jackson labs) mice were randomized. OV90 LUC GFP
cells derived from PO (Parental), and P7 (7 cycles of detachment) were expanded in TC treated
plates. Subsequently, 5 x 10° were injected intraperitoneally. Tumor progression and disease
burden was tracked every 10 days by IVIS Lumina III /n vivo Imaging System (Caliper Life
Sciences, MA) at UAB’s Small Animal Imaging Facility. Mice were euthanized between day 39-
40 when they became moribund. Necropsy was done and lung tissue was transferred to 24 well
plates with 1 ml medium containing 150 pg/ml D-Luciferin and incubated at 37°C for 10 minutes
and bioluminescence imaging was conducted using IVIS Lumina II. Ascites fluid volume and total
tumor weight was measured at the endpoint and collected for further analysis. For ID§ cells, 8-
week-old C57BL/6J mice were randomized. Parental ID8-EMD cells PO (parental) or P7 (7 cycles
of detachment) were expanded in TC-treated plates and 10 x 10° cells were injected
intraperitoneally. Weight and girth measurement was done every 10 days and mice were
euthanized after 11.5 weeks. Necropsy was done and ascites fluid volume and tumor weight were

measured and collected.

SNX631 study: Twenty-four 8 weeks old NOD.Cg-Prkdescid I12rgtm1W;jl/Sz] (NSG from
Jackson labs) mice were randomized into 2 groups receiving either control or SNX631-6
medicated diet (350 ppm, providing a daily dose of 30-50 mg/kg, Senex Biotchnology). 5 x 10°
OV90 LUC GFP cells were injected intraperitoneally (ip). Animals were observed daily and tumor
progression and disease burden were tracked every 10 days by IVIS Lumina III imaging System

(Caliper Life Sciences, MA) at UAB’s Small Animal Imaging Facility along with weight and girth
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measurements every 10 days. Mice were euthanized on day 41 when they became moribund.

Necropsy was done and ascites fluid volume and total tumor weight were measured.

Bulk RNA-seq analysis (secondary analysis and differential gene expression)

Total RNA was isolated using Trizol/Chloroform extraction method and RNA quality was
validated on RNA-1000 chip using Bioanalyzer (Agilent). 1.0 ug of total RNA was used for the
construction of sequencing libraries. For library preparation, Novogene utilized the NEBNext
UltraTM RNA Library Prep Kit for [llumina on an Illumina NovaSeq 6000. All samples contained
a minimum of 24 million reads with an average number of 29.2 million reads across all biological
replicates. FASTQ files were uploaded to the UAB High-Performance Computer cluster for
secondary analysis with the following custom pipeline built in the Snakemake workflow system
(v5.9.1)!: first, quality and control of the reads were assessed using FastQC, and trimming of the
bases with quality scores of less than 20 and adapter were performed with Trim_Galore! (v0.6.4).
Following trimming, read quality was re-assessed with FastQC and splice-aware mapping was
performed with STAR? (v2.6.0¢, with ‘2-pass’ mode) using the GENCODE GRCh38 primary
assembly and annotation GTF (release 37). Following genome mapping, BAM index files were
generated with SAMtools® (v1.9) and quality control of aligned files was performed with RSeQC*
(v3.0.1). Lastly, count generation was performed with “featurecounts’ (with 'Rsubread'>, v.1.32.2
and R v3.5.1) and logs of reports were summarized and visualized using MultiQC® (v1.6). Tertiary
analysis was performed in R (v 4.0.2) with the DESeq2 7 package (v1.34.0). Briefly, pre-filtering
of low abundance genes was performed to keep genes that have a mean of at least 5 counts, and
normalization was performed. Following count normalization, principal component analysis
(PCA) was performed, and genes were defined as differentially expressed genes (DEGs) if they
passed a statistical cutoff containing an adjusted p-value <0.05 (Benjamini-Hochberg False
Discovery Rate (FDR) method) and if they contained an absolute log> fold change >=1).
Additional Pathway analysis was performed using GSVA 1.42.0 8 utilizing the Hallmarks from
the Human MSigDB Collections. The gene signatures for epithelial and mesenchymal gene sets
were obtained from. ¥ Heatmaps were made with ComplexHeatmap version 2.10.0 32 with the
normalized enrichment score from GSVA using the Euclidean distance method. Hallmark

scatterplot graphs use normalized enrichment scores from GSEA with ClusterProfiler and were
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plotted using GraphPad Prism. The FASTQ files of the current study have been uploaded to
NCBI’s Gene Expression Omnibus under accession number GSE241546. Reference for R studio:
Posit team (2023). RStudio: Integrated Development Environment for R. Posit Software, PBC,
Boston, MA. URL http://www.posit.co/. UpSet plots were made using ComplexUpset R package
v 1.3.3 . https://cran.r-project.org/web/packages/ComplexUpset/index.html and

Whole Exome Analysis

Isolation of DNA was performed using Qiagen DNeasy Blood and Tissue Kit. WES library
preparation and sequencing were performed by Novogene utilizing Agilent SureSelect Human All
Exon V6 Kit yielding paired-end 150-bp reads on an Illumina NovaSeq 6000 and a median
coverage of >159X, for the parental cells PO and the adapted P7 cells using OV90. Results were
provided as demultiplexed paired FASTQs containing the sequencing reads. Sequencing was
targeted to a mean depth of at least 100x mean coverage in capture regions. Sequence alignment,
quality control, and variant calling were done following GATK best practices using the germline
and somatic variant calling algorithms haplotype caller and mutect2, respectively. All sequencing

had an alignment of 99.8-99.9%. MAFtools version 2.10.05 3*was used to compare the sequenced

time points. Code Availability: https://github.com/page22emily/RNAseq Anoikis

Semi quantitative RT-qPCR
Total RNA was harvested using Trizol/Chloroform extraction. RNA was transcribed using iScript

Reverse Transcription Supermix and iTaq Universal SYBT Green Supermix. Expression data was

normalized to RPL13A or HPRT or GAPDH. RT-qPCR primer sequences are listed in Table 4.

Table 3 . Resources

REAGENT SOURCE IDENTIFIER
Cell lines
OV90 ATCC CRL-11732
CAOV3 ATCC HTB-75
OVCAR3 NIH NCI60 (0507709)
OVCAR4 NIH NCI60
OVCARS5 NIH NCI60
OVCARI10 Susan Murphy

(Duke University)
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SK-OV3 ATCC bnHTB-77
OVCA433 Susan Murphy N/A
OVCA420 Susan Murphy N/A

HEY Susan Murphy N/A

HEYAS Susan Murphy

TYK-nu Susan Murphy

P76 Amir Jazaeri N/A
P151 Amir Jazaeri N/A
P201 Amir Jazaeri N/A
P211 Amir Jazaeri N/A
FT282 ATCC (Ronny
Drapkin)
IOSE141 Canadian Tissue
bank
ID8-EMD EMD Millipore SCC145
ID8-Trp53 -/- Ian McNeish
HEK?293 ATCC CRL-1573
EOCI5 Penn state/UAB N/A
Commercial Kits
LIVE/DEAD™ Fisher Scientific 13224
Viability/Cytotoxic kit
LookOut® Mycoplasma | Millipore sigma MP0035-1KT
PCR Detection Kit
Annexin V Apoptosis eBioscience™ 88-8005-74
Detection Kits
CD8+ T cells isolation Miltenyi Biotec 130-096-495
kit
DNeasy Blood and Qiagen 69504
Tissue Kit
Antibodies
Ki-67 (8D5) Mouse Cell signaling 9449
mAb
Goat anti-Mouse 1gG1 Invitrogen A-21125
Cross-Adsorbed
Secondary antibody
Alexa Fluor™
Cleaved caspase 3 Cell signaling 9661T
technology
YH2AX Cell signaling 9718T
technology
annexin V Bio Legend 640906
PI Invitrogen 00-6990-42
pSTATI Cell signaling 9177S
technology
MHCl1 R&D NBP3-16696
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TAPI Cell signaling 49671S
technology
MYC Cell signaling 13987
technology
Other reagents and recombinant constructs
ProLong™ Gold Invitrogen P36930
Antifade Mountant
Dynabeads® Human T- Gibco
Activator CD3/CD28 11161D
Crystal violet Alfa Aesar B21932-22
Permount Fisher scientific S70104)
Oligomycin Sigma Aldrich 04876-5MG
IM156 MedChem HY-136093A
Express
THZ1 MedChem
Express
SNX631 Senex
Biotechnology
SNX631 (Diet) Senex
Biotechnology
Poly-HEMA Sigma Aldrich P3932-25G
hTERT Gen Target LVP1130-Puro-PBS
SV40 large T-antigen Gen Target LVPO16-Hygro
lentivirus
siC-MYC Thermo fisher 4392420 (s9130)
siC-MYC Thermo fisher 4392420 (s9129)
SINTC Thermo fisher 4390843
Software used
Image) NIH https://imagej.net/Image]
Prism9 GraphPad https://www.graphpad.com/scientific-
software/prism/
Adobe Illustrator Adobe https://www.adobe.com/products/

illustrator.html
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Table 4. qRT-PCR Primers (listed 5’ to 3”)

1 RPLI3A F human: GGC CCA GCA GTA CCT GTT TA
RPLI3A R human: AGA TGG CGG AGG TGC AG

2 HLA-A F human: AGA TAC ACC TGC CAT GTG CAG C
HLA-A R human: GAT CAC AGC TCC AAG GAG AACC

3 HLA-B F human: CTG CTG TGA TGT GTA GGA GGA AG
HLA-B R human: GCT GTG AGA GAC ACA TCA GAG C

4 HLA-C F human: GGA GAC ACA GAA GTA CAA GCGC
HLA-C R human: ACA TCC TCT GGA GGG TGT GAG A
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FIGURE LEGENDS
Figure 1. Development of anoikis resistance upon cyclic exposure to suspension stress

(A) Percent live cells relative to initial plating number, of indicated cell models after 24 hours in
suspension assessed by Trypan blue exclusion assay. (n>3 for all cell lines). Mean = SEM (B)
Schematic of cycles of attached growth followed by suspension conditions for testing development
of resistance to anoikis. (C) Percent live cells in suspension of indicated anoikis sensitive (AnS)
cells measured by trypan blue staining after 24 hours in suspension following cyclic gain and loss
of attachment as in (B). (n=3-12 biological replicates per cell line). (D) Doubling time of indicated
cells either in attached growth conditions or in suspension culture calculated over a 7 day or 10-
day period respectively using an SRB assay. (Parental: standard culture conditions or AnR: anoikis
resistant cells from between passages P7-P9 from C) (n=2 biological replicates for CAOV3 and
n=3 for OV90). Mean + SEM, ns p > 0.05. (E) Representative confocal images (left) and
quantitation (right) of the corrected total cell fluorescence (CTCF) of Ki67 (red) normalized to
CTCF of DAPI of OV90 AnS and AnR derivative cells cytospun after 24 hours in suspension. ns
p > 0.05, unpaired t-test, Mean = SEM. Scale bar: 100 um. ( n= 3 biological trials, each trial
includes quantitation of four 20X fields) (F) Representative widefield immunofluorescence images
(left) and quantitation (right) of CTCF of YH2AX (red) normalized to CTCF of DAPI from OV90
parental and AnR derivative cells in standard attachment culture conditions. ns p > 0.05, One-way
ANOVA followed by Tukey’s multiple comparison. Scale bar: 100 um. (n= 3 biological trials,
each trial includes quantitation of a minimum of six 20X fields). (G) Representative live dead
confocal images (upper panel) of indicated AnS and AnR derivative cells cultured for 24 hours in
ultra-low attachment plates. Scale bar: 200 pm. Live dead cell ratio in the spheroids assessed by
Calcein AM (green, live cells) and ethidium homodimer dye (red, dead cells). (n= 6). Mean =+
SEM, ™ p < 0.01, One-way ANOVA followed by Tukey’s multiple comparison. (H) Flow
cytometry analysis and quantitation (right graph) of percent apoptosis determined using annexin
V and PI staining in indicated AnS and AnR derivative cells after 24 hrs in ultra-low attachment
plates. (n= 3 biological replicates). Data are Mean = SEM> ™ p < 0.001, One-way ANOVA
followed by Tukey’s multiple comparison. (I) Representative western blot for cleaved caspase 3
in indicated AnS and AnR derivative cells after 24 hrs in ultra-low attachment plates. Quantitation

of cleaved caspase 3 normalized to B-actin shown below. (n=2).
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Figure 2. Acquired anoikis resistance represents a transient memory state in the population.

(A) Scheme of single clone expansion from OV90 cells, followed by assessment of survival of the
individual clones upon suspension culture in ultra-low attachment plates for 24 hrs in regular
growth media at the indicated passages. (B) Percent survival of individual clones assessed in
according to the scheme in (A). ( n= 60 clones assessed). (C) (i) Linear regression correlation
analysis of the survival of the individual clones in suspension P1 versus P3 or (ii) in P1 versus P6.
(ii1) Coefficient of variation in the survival in suspension, calculated for the individual clones at
indicated passages along with the biological variation in the parental OV90 population which
contains the pooled clones. Bootstrapping was used to obtain a 95% confidence interval. (D) (i)
Experimental set up to determine the stability of the adapted AnR cells maintained in attached
conditions and tested for survival in suspension at the indicated passages after attached expansion.
(i1) Percent survival in suspension tested as in (i) plotted against the number of generations

expanded in attached growth for OV90 and CAOV3 cells.
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Figure 3. Acquired anoikis resistance leads to increased invitro migration, chemoresistance

and in vivo intraperitoneal growth in human and mouse models

(A). Representative images (left) and quantitation (right graph) of indicated parental, P1 (cells
expanded after one exposure to suspension culture) and P7 (anoikis resistant/AnR) cells on
fibronectin coated transwell filters after migration for 24 hrs. ( n= 3). Data are mean + SEM. ns p
>0.05, * p<0.05, ** p <0.01, **** p <0.0001. One-way ANOVA followed by Tukey’s multiple
comparison. (B). IC50 to paclitaxel of (i) OV90, (ii) CAOV3 and (iii) immortalized EOC15 cells
determined under steady state attached conditions of indicated cells after 72 hrs using an SRB
assay. Data are mean + SEM. ns p > 0.05, * p < 0.05, ** p < 0.01, **** p <0.0001. One-way
ANOVA followed by Tukey’s multiple comparison. (C). Whole body luminescence (BLI) (i)
representative images and (ii) quantification of total flux over time of NOD-SCID mice injected
with 5 million live OV90 parental (PO/AnS) or anoikis resistant ( P7/AnR) cells. Data are mean +
SEM. ns p > 0.05, ** p < 0.01, *** p <0.001, Two-way ANOVA followed by Tukey’s multiple
comparison (iii) Total tumor weight (gms) and (iv) total ascites volume ml) from mice receiving
PO (AnS) or P7 (AnR) OV90 cells as indicated, analyzed between days 39-40. (v) Luminescence
images of explanted whole lungs (left) and quantitation of total luminescence flux of the lungs
from mice receiving either PO or P7 OV90 cells at days 39-40. n=12 for AnS/PO and 11 for
AnR/P7. All data are Mean + SEM; * p < 0.05, ** p < 0.01, unpaired t test. (D). Analysis of (i)
total tumor weight or (ii) volume of retrievable ascites from C57BL6 mice, ip injected with either
parental AnS (P0O) murine ID8 or AnR (P8) IDS cells between day80-82 . n=10. Data are Mean +
SEM, ** p <0.01, unpaired t test.
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Figure 4. Trancriptional changes and pathway alterations during adaptation to anoikis over

time.

(A). UpSet plots highlighting the number of Up Regulated Genes (A) (p value < 0.05 and L2FC
>1.5) and Down Regulated genes (B) (p value < 0.05 and L2FC < -1.5) in OV90 across the time
point comparisons PO vs P1, PO vs P3, PO vs P4, PO vs P6, and PO vs P7 as indicated. (C) Heatmap
for the individual samples using Log2FC as calculated for individual biological replicates for
parental ( PO cells) (POA-C), P1 (P1A-C), P3 (P3A-C), P4 (P4A-C), P6 (P6A-C), and P7 (P7A-
C). Respective attached and suspension time points are indicated. Heatmap generated by clustering
analysis of DEGs across samples. The Log2 fold changes of each gene were clustered based on
euclidean distance. (D). Heatmaps for the individual OV90 samples using GSVA normalized
enrichment scores (NES) for passage 0 (POA-C), 1 (P1A-C), 3 (P3A-C), 4 (P4A-C), 6 (P6A-C),
and 7 (P7A-C). The hallmarks were clustered based on euclidean distance. (E)  Scatterplot
showing the NES for samples on a 2-dimensional epithelial mesenchymal plane. (F) Scatterplot
showing the NES for apoptosis and the NES for Oxidative Phosphorylation across time points for
each sample in the replicates for OV90. (G) Scatterplot showing the NES for apoptosis and the
NES for MYC Targets V2 for each time point for OV90.
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Figure 5. Adapted anoikis resistant cells are dependent on oxidative phosphorylation for

enhanced survival upon loss of attachment

(A). (i, i1) Representative Oxygen consumption rate (OCR) of cells from either parental (P0), cells
exposed to one cycle of suspension culture (P1) or adapted AnR (P7) for indicated OV90 and
CAOV3 cells measured using Seahorse XF96 mito stress test under attached conditions at baseline
or after addition of Oligomycin (1.5 pum), FCCP (1.8 um for OV90 and 0.9 pm for CAOV3), and
Rotenone-Antimycin A (0.5pum) (iii, iv) ATP production and (v, iv) spare respiratory capacity of
indicated cells calculated from i, ii. (n= 2). Data are normalized using SRB and Data are mean =+
SEM. ns p > 0.05, *** p < 0.001, **** p <0.0001. One-way ANOVA followed by Tukey’s
multiple comparison. (B). IC50 of (i) OV90 or (ii) CAOV3 cells to IM156 determined under
attached conditions after 96 hrs using an SRB assay for cells from the indicated passages (n=3).
Data are Mean + SEM. ns p> 0.05, * p<0.05, ** p<0.01, One-way ANOVA followed by Tukey’s
multiple comparison. (C) Flow cytometry analysis and quantitation (adjacent panel) of the
apoptotic and dead cell population determined using Annexin V and propidium iodide staining of
cells from indicated passages of either (i) OV90 or (ii) CAOV3 treated for 72 hours with DMSO,
IM156, and Oligomycin in ultra-low attachment plates. Data are normalized to the respective
DMSO controls (n= 3). Data are Mean + SEM. ns p > 0.05, * p <0.05, ** p <0.01,**** p <0.0001,
two-way ANOVA followed by Tukey’s multiple comparison.
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Figure 6. Adapted anoikis resistant cancer cells evade killing by cytotoxic T cells

(A) Normalized Enrichment score (NES) for Hallmark inflammatory response pathway plotted
against Hallmark apoptosis in OV90 cells derived from PO (parental), P1, P3, P4, P6, and P7 ( after
1 to 7 cycles of suspension culture for 24 hours respectively) n=3 replicates. (B) Semi qRT-PCR
analysis of HLA-A, B, and C mRNA expression in indicated anoikis sensitive (PO, P1: after one
round of 24 hr suspension stress) and isogenic anoikis resistant (P6, P7) OV90 cells. n=2-3
replicates. Data are mean = SEM. ns p > 0.05 ** p < 0.01, *** p < 0.001. Two-way ANOVA
followed by Tukey’s multiple comparison. (C) Representative western blot for TAP1 (lower) and
MHC-I (upper) in indicated AnS and AnR derivative cells. Quantitation of TAP1 and MHC-I
normalized to B-actin shown below. (n= 2). (D) Schematic of immune mediated tumor killing
assay. CD8+ T cells were isolated from PBMCs and activated for 48 hours then co cultured with
either OV90 or CAOV3 cells in the attached condition. (ii) Percent cell viability of indicated OV90
and CAOV3 cells measured by trypan blue staining after incubation with activated CD8+ T cells
(24 and 48 hours for OV90 and 24 hours for CAOV3). n=3, Data are mean = SEM. ns p > 0.05, *
p <0.05, **p <0.01, *** p <0.001. Two-way ANOVA for OV90 and One-way ANOVA for
CAOV3 followed by Tukey’s multiple comparison. (iii, iv, v) Representative widefield
immunofluorescence images of Cleaved Caspase 3 (red) and DAPI (blue) (left), and quantitation
of percent apoptosis (right) from indicated OV90 and CAOV3 cells co-cultured with activated
CD8+ T cells ( 48 hours for OV90 and 12 hours for CAOV3 cells). Data are mean + SEM. ns p >
0.05, * p <0.05, ** p<0.01, *** p <0.001, **** p <0.0001, One-way ANOVA followed by
Tukey’s multiple comparison. Scale bar: 50 pum. (n= 3 biological trials, each trial includes

quantitation of a minimum of four 60X fields).
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Figure 7. CDK8/19 Mediator kinase inhibition prevents development of anoikis resistance

and ip xenograft tumor growth.

(A) Percent survival of indicated anoikis sensitive cell lines (OV90, OVCA420, CAOV3, and
EOC15) measured by trypan blue staining after 24 hours in suspension following cycles of gain
and loss of attachment as in Fig 1B, either with vehicle ( DMSO) or in the presence of 500nM
CDK/19 Mediator kinase inhibitor ( SNX631) (n= 3) (B). Whole body luminescence (BLI) (i)
representative images of and (ii) quantification of total flux over time of NSG mice injected with
5 million live OV90 parental (P0O) cells receiving either control diet or SNX631-6 medicated diet
for the duration of the study. (n=11-12). Data are Mean + SEM. ns p > 0.05, * p < 0.05, **** p
<0.0001, two-way ANOVA followed by Tukey’s multiple comparison. (C) (i) Total tumor weight,
(i1) ascites volume or ( iii) omental weight, with example pictures (adjacent), from mice receiving
either control diet or SNX631-6 medicated diet analyzed at end point on day 41. (n=7-11). Data
are Mean = SEM. ** p <0.01, *** p <0.001, **** p <0.0001 Student t-test.


https://doi.org/10.1101/2023.12.04.569970
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.12.04.569970; this version posted December 6, 2023. 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 4.0 International license.

REFERENCES

1. Kim Y-N, Koo KH, Sung JY, Yun U-J, Kim H. Anoikis resistance: an essential
prerequisite for tumor metastasis. Int J Cell Biol 2012; 2012:306879-306879. PMID:
22505926. PMCID:

2. Lin D, Shen L, Luo M, Zhang K, Li J, Yang Q, Zhu F, Zhou D, Zheng S, Chen Y, Zhou
J. Circulating tumor cells: biology and clinical significance. Signal Transduct Target Ther
2021; 6(1):404. PMID: 34803167. PMCID: PMC8606574.

3. Taddei ML, Giannoni E, Fiaschi T, Chiarugi P. Anoikis: an emerging hallmark in health
and diseases. J Pathol 2012; 226(2):380-393. PMID: 21953325. PMCID:

4. Boente MP, Hurteau J, Rodriguez GC, Bast RC, Jr., Berchuck A. The biology of ovarian
cancer. Curr Opin Oncol 1993; 5(5):900-907. PMID: 8218503. PMCID:

5. Ding Y, Labitzky V, Legler K, Qi M, Schumacher U, Schmalfeldt B, Sturken C,
Oliveira-Ferrer L. Molecular characteristics and tumorigenicity of ascites-derived tumor
cells: mitochondrial oxidative phosphorylation as a novel therapy target in ovarian
cancer. Mol Oncol 2021; 15(12):3578-3595. PMID: 34060699. PMCID:

6. Shah B, Tang WH, Karn S. Transcoelomic spread and ovarian seeding during ovulation:
A possible pathogenesis of Krukenberg tumor. J Cancer Res Ther 2017; 13(1):152-153.
PMID: 28508852. PMCID:

7. Tan DS, Agarwal R, Kaye SB. Mechanisms of transcoelomic metastasis in ovarian
cancer. Lancet Oncol 2006; 7(11):925-934. PMID: 17081918. PMCID:

8. Weidle UH, Birzele F, Kollmorgen G, Rueger R. Mechanisms and Targets Involved in
Dissemination of Ovarian Cancer. Cancer Genomics Proteomics 2016; 13(6):407-423.
PMID: 27807064. PMCID: PMC5219915.

9. Kim S, Kim B, Song YS. Ascites modulates cancer cell behavior, contributing to tumor
heterogeneity in ovarian cancer. Cancer science 2016; 107(9):1173-1178. PMID.
PMCID:

10.  Kipps E, Tan DS, Kaye SB. Meeting the challenge of ascites in ovarian cancer: new

avenues for therapy and research. Nat Rev Cancer 2013; 13(4):273-282. PMID:
23426401. PMCID: PMC4673904.

11. Rickard BP, Conrad C, Sorrin AJ, Ruhi MK, Reader JC, Huang SA, Franco W, Scarcelli
G, Polacheck WJ, Roque DM, Del Carmen MG, Huang HC, Demirci U, Rizvi L.
Malignant Ascites in Ovarian Cancer: Cellular, Acellular, and Biophysical Determinants
of Molecular Characteristics and Therapy Response. Cancers (Basel) 2021; 13(17).
PMID: 34503128. PMCID: PMC8430600.

12. Uruski P, Mikuta-Pietrasik J, Pakuta M, Budkiewicz S, Drzewiecki M, Gaiday AN,
Wierzowiecka M, Naumowicz E, Moszynski R, Tykarski A. Malignant Ascites Promote
Adhesion of Ovarian Cancer Cells to Peritoneal Mesothelium and Fibroblasts.
International Journal of Molecular Sciences 2021; 22(8):4222. PMID. PMCID:

13. Al Habyan S, Kalos C, Szymborski J, McCaffrey L. Multicellular detachment generates
metastatic spheroids during intra-abdominal dissemination in epithelial ovarian cancer.
Oncogene 2018; 37(37):5127-5135. PMID: 29789717. PMCID: PMC6137025.


https://doi.org/10.1101/2023.12.04.569970
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.12.04.569970; this version posted December 6, 2023. 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 4.0 International license.

14. Cai Q, Yan L, Xu Y. Anoikis resistance is a critical feature of highly aggressive ovarian
cancer cells. Oncogene 2014; 0. PMID: 25132267. PMCID:

15. Frisch SM, Screaton RA. Anoikis mechanisms. Curr Opin Cell Biol 2001; 13(5):555-562.
PMID: 11544023. PMCID:

16. Han YH, Wang Y, Lee SJ, Jin MH, Sun HN, Kwon T. Regulation of anoikis by extrinsic
death receptor pathways. Cell Commun Signal 2023; 21(1):227. PMID: 37667281.
PMCID: PMC10478316.

17. Khan SU, Fatima K, Malik F. Understanding the cell survival mechanism of anoikis-
resistant cancer cells during different steps of metastasis. Clin Exp Metastasis 2022;
39(5):715-726. PMID: 35829806. PMCID:

18. Kim YS, Gupta Vallur P, Jones VM, Worley BL, Shimko S, Shin DH, Crawford LC,
Chen CW, Aird KM, Abraham T, Shepherd TG, Warrick JI, Lee NY, Phaeton R,
Mythreye K, Hempel N. Context-dependent activation of SIRT3 is necessary for
anchorage-independent survival and metastasis of ovarian cancer cells. Oncogene 2020;
39(8):1619-1633. PMID: 31723239. PMCID: PMC7036012.

19. Pedanou VE, Gobeil S, Tabaries S, Simone TM, Zhu LJ, Siegel PM, Green MR. The
histone H3K9 demethylase KDM3A promotes anoikis by transcriptionally activating pro-
apoptotic genes BNIP3 and BNIP3L. eLife 2016; 5. PMID: 27472901. PMCID:
PMC4991936.

20. Shonibare Z, Monavarian M, O'Connell K, Altomare D, Shelton A, Mchta S, Jaskula-
Sztul R, Phaeton R, Starr MD, Whitaker R, Berchuck A, Nixon AB, Arend RC, Lee NY,
Miller CR, Hempel N, Mythreye K. Reciprocal SOX2 regulation by SMAD1-SMAD?3 is
critical for anoikis resistance and metastasis in cancer. Cell Rep 2022; 40(4):111066.
PMID: 35905726. PMCID: PMC9899501.

21. Varadaraj A, Patel P, Serrao A, Bandyopadhay T, Lee NY, Jazaeri AA, Huang Z,
Murphy SK, Mythreye K. Epigenetic Regulation of GDF2 Suppresses Anoikis in Ovarian
and Breast Epithelia. Neoplasia 2015; 17(11):826-838. PMID: 26678910. PMCID:
PMC4681890.

22. Zhang T, Wang B, Su F, Gu B, Xiang L, Gao L, Zheng P, Li XM, Chen H. TCF7L2
promotes anoikis resistance and metastasis of gastric cancer by transcriptionally
activating PLAUR. Int J Biol Sci 2022; 18(11):4560-4577. PMID: 35864968. PMCID:
PM(C9295057.

23. Huang RY, Wong MK, Tan TZ, Kuay KT, Ng AH, Chung VY, Chu YS, Matsumura N,
Lai HC, Lee YF, Sim WJ, Chai C, Pietschmann E, Mori S, Low JJ, Choolani M, Thiery
JP. An EMT spectrum defines an anoikis-resistant and spheroidogenic intermediate
mesenchymal state that is sensitive to e-cadherin restoration by a src-kinase inhibitor,
saracatinib (AZD0530). Cell Death Dis 2013; 4:¢915. PMID: 24201814. PMCID:
PMC3847320.

24, Serrao A, Jenkins LM, Chumanevich AA, Horst B, Liang J, Gatza ML, Lee NY,
Roninson IB, Broude EV, Mythreye K. Mediator kinase CDK8/CDK19 drives YAP1-
dependent BMP4-induced EMT in cancer. Oncogene 2018; 37(35):4792-4808. PMID:
29780169. PMCID: PMC7018387.

25.  Bruner HC, Derksen PWB. Loss of E-Cadherin-Dependent Cell-Cell Adhesion and the
Development and Progression of Cancer. Cold Spring Harb Perspect Biol 2018; 10(3).
PMID: 28507022. PMCID: PMC5830899.


https://doi.org/10.1101/2023.12.04.569970
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.12.04.569970; this version posted December 6, 2023. 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 4.0 International license.

26.  Frisch SM, Schaller M, Cieply B. Mechanisms that link the oncogenic epithelial-
mesenchymal transition to suppression of anoikis. J Cell Sci 2013; 126(Pt 1):21-29.
PMID: 23516327. PMCID: PMC3603508.

27. Zhang P, Chen L, Song Y, Li X, Sun Y, Xiao Y, Xing Y. Tetraiodothyroacetic acid and
transthyretin silencing inhibit pro-metastatic effect of L-thyroxin in anoikis-resistant
prostate cancer cells through regulation of MAPK/ERK pathway. Exp Cell Res 2016;
347(2):350-359. PMID: 27569004. PMCID:

28. Giannoni E, Fiaschi T, Ramponi G, Chiarugi P. Redox regulation of anoikis resistance of
metastatic prostate cancer cells: key role for Src and EGFR-mediated pro-survival
signals. Oncogene 2009; 28(20):2074-2086. PMID: 19377510. PMCID:

29. Clopper KC, Taatjes DJ. Chemical inhibitors of transcription-associated kinases. Curr
Opin Chem Biol 2022; 70:102186. PMID: 35926294. PMCID:

30. Chen M, Li J, Zhang L, Wang L, Cheng C, Ji H, Altilia S, Ding X, Cai G, Altomare D,
Shtutman M, Byrum SD, Mackintosh SG, Feoktistov A, Soshnikova N, Mogila VA,
Tatarskiy V, Erokhin M, Chetverina D, Prawira A, Ni Y, Urban S, Mclnnes C, Broude
EV, Roninson IB. CDKS8 and CDK19: positive regulators of signal-induced transcription
and negative regulators of Mediator complex proteins. Nucleic Acids Res 2023;
51(14):7288-7313. PMID: 37378433. PMCID: PMC10415139.

31. Chen M, Liang J, Ji H, Yang Z, Altilia S, Hu B, Schronce A, McDermott MSJ, Schools
GP, Lim CU, Oliver D, Shtutman MS, Lu T, Stark GR, Porter DC, Broude EV, Roninson
IB. CDK&8/19 Mediator kinases potentiate induction of transcription by NFkappaB. Proc
Natl Acad Sci U S A 2017; 114(38):10208-10213. PMID: 28855340. PMCID:
PMC5617299.

32. Osman S, Mohammad E, Lidschreiber M, Stuetzer A, Bazso FL, Maier KC, Urlaub H,
Cramer P. The Cdk8 kinase module regulates interaction of the mediator complex with
RNA polymerase II. J Biol Chem 2021; 296:100734. PMID: 33933450. PMCID:
PMC8191332.

33. LiJ,Bai Y, LiuY, Song Z, Yang Y, Zhao Y. Transcriptome-based chemical screens
identify CDKS8 as a common barrier in multiple cell reprogramming systems. Cell Rep
2023; 42(6):112566. PMID: 37235474. PMCID:

34, Jazaeri AA, Bryant JL, Park H, Li H, Dahiya N, Stoler MH, Ferriss JS, Dutta A.
Molecular requirements for transformation of fallopian tube epithelial cells into serous
carcinoma. Neoplasia 2011; 13(10):899-911. PMID: 22028616. PMCID: 3201567.

35.  Kenny HA, Lengyel E. MMP-2 functions as an early response protein in ovarian cancer
metastasis. Cell Cycle 2009; 8(5):683-688. PMID: 19221481. PMCID: PMC2840625.

36. Chang CA, Jen J, Jiang S, Sayad A, Mer AS, Brown KR, Nixon AML, Dhabaria A, Tang
KH, Venet D, Sotiriou C, Deng J, Wong KK, Adams S, Meyn P, Heguy A, Skok JA,
Tsirigos A, Ueberheide B, Moffat J, Singh A, Haibe-Kains B, Khodadadi-Jamayran A,
Neel BG. Ontogeny and Vulnerabilities of Drug-Tolerant Persisters in HER2+ Breast
Cancer. Cancer Discov 2022; 12(4):1022-1045. PMID: 34911733. PMCID:
PMC8983469.

37. Harmange G, Hueros RAR, Schaff DL, Emert B, Saint-Antoine M, Kim LC, Niu Z,
Nellore S, Fane ME, Alicea GM, Weeraratna AT, Simon MC, Singh A, Shaffer SM.
Disrupting cellular memory to overcome drug resistance. Nat Commun 2023; 14(1):7130.
PMID: 37932277. PMCID: PMC10628298.


https://doi.org/10.1101/2023.12.04.569970
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.12.04.569970; this version posted December 6, 2023. 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 4.0 International license.

38.  Lu, Singh H, Singh A, Dar RD. A transient heritable memory regulates HIV
reactivation from latency. iScience 2021; 24(4):102291. PMID: 33889814. PMCID:
PMC8050369.

39, Shaffer SM, Dunagin MC, Torborg SR, Torre EA, Emert B, Krepler C, Beqiri M,
Sproesser K, Brafford PA, Xiao M, Eggan E, Anastopoulos IN, Vargas-Garcia CA, Singh
A, Nathanson KL, Herlyn M, Raj A. Rare cell variability and drug-induced
reprogramming as a mode of cancer drug resistance. Nature 2017; 546(7658):431-435.
PMID: 28607484. PMCID: PMC5542814.

40. Shaffer SM, Emert BL, Reyes Hueros RA, Cote C, Harmange G, Schaff DL, Sizemore
AE, Gupte R, Torre E, Singh A, Bassett DS, Raj A. Memory Sequencing Reveals
Heritable Single-Cell Gene Expression Programs Associated with Distinct Cellular
Behaviors. Cell 2020; 182(4):947-959 €917. PMID: 32735851. PMCID: PMC7496637.

41. Singh A, Saint-Antoine M. Probing transient memory of cellular states using single-cell
lineages. Front Microbiol 2022; 13:1050516. PMID: 36824587. PMCID: PM(C9942930.

42.  Howard GR, Johnson KE, Rodriguez Ayala A, Yankeelov TE, Brock A. A multi-state
model of chemoresistance to characterize phenotypic dynamics in breast cancer. Sci Rep
2018; 8(1):12058. PMID: 30104569. PMCID: PMC6089904.

43, Diaz Osterman CJ, Ozmadenci D, Kleinschmidt EG, Taylor KN, Barrie AM, Jiang S,
Bean LM, Sulzmaier FJ, Jean C, Tancioni I, Anderson K, Uryu S, Cordasco EA, Li J,
Chen XL, Fu G, Ojalill M, Rappu P, Heino J, Mark AM, Xu G, Fisch KM, Kolev VN,
Weaver DT, Pachter JA, Gyorffy B, McHale MT, Connolly DC, Molinolo A, Stupack
DG, Schlaepfer DD. FAK activity sustains intrinsic and acquired ovarian cancer
resistance to platinum chemotherapy. eLife 2019; 8. PMID: 31478830. PMCID:
PMC6721800.

44, Sharma R, Gogoi G, Saikia S, Sharma A, Kalita DJ, Sarma A, Limaye AM, Gaur MK,
Bhattacharyya J, Jaganathan BG. BMP4 enhances anoikis resistance and chemoresistance
of breast cancer cells through canonical BMP signaling. Journal of cell communication
and signaling 2022; 16(2):191-205. PMID: 34608584. PMCID: PMC8891411.

45, Fanfone D, Wu Z, Mammi J, Berthenet K, Neves D, Weber K, Halaburkova A, Virard F,
Bunel F, Jamard C, Hernandez-Vargas H, Tait SWG, Hennino A, Ichim G. Confined
migration promotes cancer metastasis through resistance to anoikis and increased
invasiveness. eLife 2022; 11. PMID: 35256052. PMCID: PMC8903834.

46. Cai Q, Fan Q, Buechlein A, Miller D, Nephew KP, Liu S, Wan J, Xu Y. Changes in
mRNA/protein expression and signaling pathways in in vivo passaged mouse ovarian
cancer cells. PloS one 2018; 13(6):¢0197404. PMID: 29927933. PMCID: PMC6013233.

47. Marchetti P, Fovez Q, Germain N, Khamari R, Kluza J. Mitochondrial spare respiratory
capacity: Mechanisms, regulation, and significance in non-transformed and cancer cells.
FASEB J 2020; 34(10):13106-13124. PMID: 32808332. PMCID:

48. Janku F, Beom SH, Moon YW, Kim TW, Shin YG, Yim DS, Kim GM, Kim HS, Kim
SY, Cheong JH, Lee YW, Geiger B, Yoo S, Thurston A, Welsch D, Rudoltz MS, Rha
SY. First-in-human study of IM156, a novel potent biguanide oxidative phosphorylation
(OXPHOS) inhibitor, in patients with advanced solid tumors. Invest New Drugs 2022;
40(5):1001-1010. PMID: 35802288. PMCID: PM(9395488.

49, Cornel AM, Mimpen IL, Nierkens S. MHC Class I Downregulation in Cancer:
Underlying Mechanisms and Potential Targets for Cancer Immunotherapy. Cancers
(Basel) 2020; 12(7). PMID: 32630675. PMCID: PMC7409324.


https://doi.org/10.1101/2023.12.04.569970
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.12.04.569970; this version posted December 6, 2023. 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 4.0 International license.

50.  Mantel I, Sadiq BA, Blander JM. Spotlight on TAP and its vital role in antigen
presentation and cross-presentation. Mol Immunol 2022; 142:105-119. PMID: 34973498.
PMCID: PM(C9241385.

51. Ding X, Sharko AC, McDermott MSJ, Schools GP, Chumanevich A, Ji H, Li J, Zhang L,
Mack ZT, Sikirzhytski V, Shtutman M, Ivers L, O'Donovan N, Crown J, Gyorffy B,
Chen M, Roninson IB, Broude EV. Inhibition of CDK8/19 Mediator kinase potentiates
HER2-targeting drugs and bypasses resistance to these agents in vitro and in vivo. Proc
Natl Acad Sci U S A 2022; 119(32):¢2201073119. PMID: 35914167. PMCID:
PMC9371674.

52.  Jing Li TAH, Yueying Liu, Lili Wang, Jiaxin Liang, Balazs Gyorffy, Vitali Sikirzhytski,
Hao Ji, Li Zhang, Chen Cheng, Xiaokai Ding, Kendall R. Kerr, Charles E. Dowling,
Alexander A. Chumanevich, Gary P. Schools, Chang-uk Lim, Xiaolin Zi, Donald C.
Porter, Eugenia V. Broude, Campbell Mclnnes, George Wilding, Michael B. Lilly, Igor
B. Roninson, Menggian Chen. CDK19 and CDK8 Mediator kinases drive androgen-
independent in vivo growth of castration-resistant prostate can. Biorxiv 2023;
https://doi.org/10.1101/2023.08.08.552491. PMID. PMCID:

53. Bancerek J, Poss ZC, Steinparzer I, Sedlyarov V, Pfaffenwimmer T, Mikulic I, Dolken L,
Strobl B, Muller M, Taatjes DJ, Kovarik P. CDKS kinase phosphorylates transcription
factor STAT] to selectively regulate the interferon response. Immunity 2013; 38(2):250-
262. PMID. PMCID:

54, Putz EM, Gotthardt D, Hoermann G, Csiszar A, Wirth S, Berger A, Straka E, Rigler D,
Wallner B, Jamieson AM, Pickl WF, Zebedin-Brandl EM, Muller M, Decker T, Sexl V.
CDKS8-mediated STAT1-S727 phosphorylation restrains NK cell cytotoxicity and tumor
surveillance. Cell Rep 2013; 4(3):437-444. PMID. PMCID:

55. Kwiatkowski N, Zhang T, Rahl PB, Abraham BJ, Reddy J, Ficarro SB, Dastur A,
Amzallag A, Ramaswamy S, Tesar B, Jenkins CE, Hannett NM, McMillin D, Sanda T,
Sim T, Kim ND, Look T, Mitsiades CS, Weng AP, Brown JR, Benes CH, Marto JA,
Young RA, Gray NS. Targeting transcription regulation in cancer with a covalent CDK7
inhibitor. Nature 2014; 511(7511):616-620. PMID: 25043025. PMCID: PMC4244910.

56. Moss NM, Barbolina MV, Liu Y, Sun L, Munshi HG, Stack MS. Ovarian cancer cell
detachment and multicellular aggregate formation are regulated by membrane type 1
matrix metalloproteinase: a potential role in L.p. metastatic dissemination. Cancer Res
2009; 69(17):7121-7129. PMID: 19706774. PMCID: PMC2737080.

57. Banys-Paluchowski M, Fehm T, Neubauer H, Paluchowski P, Krawczyk N, Meier-
Stiegen F, Wallach C, Kaczerowsky A, Gebauer G. Clinical relevance of circulating
tumor cells in ovarian, fallopian tube and peritoneal cancer. Arch Gynecol Obstet 2020;
301(4):1027-1035. PMID: 32144573. PMCID: PMC7103005.

58. Kowalik A, Kowalewska M, Gozdz S. Current approaches for avoiding the limitations of
circulating tumor cells detection methods-implications for diagnosis and treatment of
patients with solid tumors. Transl Res 2017; 185:58-84 e15. PMID: 28506696. PMCID:

59. Mattila TT, Patankar M, Vayrynen JP, Klintrup K, Makela J, Tuomisto A, Nieminen P,
Makinen MJ, Karttunen TJ. Putative anoikis resistant subpopulations are enriched in
lymph node metastases and indicate adverse prognosis in colorectal carcinoma. Clin Exp
Metastasis 2022; 39(6):883-898. PMID: 36018456. PMCID: PMC9637608.

60. Strilic B, Offermanns S. Intravascular Survival and Extravasation of Tumor Cells. Cancer
Cell 2017; 32(3):282-293. PMID: 28898694. PMCID:


https://doi.org/10.1101/2023.12.04.569970
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.12.04.569970; this version posted December 6, 2023. 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 4.0 International license.

61.  Valastyan S, Weinberg RA. Tumor metastasis: molecular insights and evolving
paradigms. Cell 2011; 147(2):275-292. PMID: 22000009. PMCID: PMC3261217.

62. Zhang X, Li H, Yu X, Li S, Lei Z, Li C, Zhang Q, Han Q, Li Y, Zhang K, Wang Y, Liu
C, Mao Y, Wang X, Irwin DM, Guo H, Niu G, Tan H. Analysis of Circulating Tumor
Cells in Ovarian Cancer and Their Clinical Value as a Biomarker. Cell Physiol Biochem
2018; 48(5):1983-1994. PMID: 30092594. PMCID:

63. Castellarin M, Milne K, Zeng T, Tse K, Mayo M, Zhao Y, Webb JR, Watson PH, Nelson
BH, Holt RA. Clonal evolution of high-grade serous ovarian carcinoma from primary to
recurrent disease. J Pathol 2013; 229(4):515-524. PMID: 22996961. PMCID:

64. Kawai H, Kobayashi M, Hiramoto-Yamaki N, Harada K, Negishi M, Katoh H. Ephexin4-
mediated promotion of cell migration and anoikis resistance is regulated by serine 897
phosphorylation of EphA2. FEBS Open Bio 2013; 3:78-82. PMID: 23772378. PMCID:
PMC3668535.

65. Lei X, Hu X, Zhang T, Zhang J, Wu C, Hong W, Jiang Y, Wang Q, Xie Y, Zhao Y, Zhou
J,Jin F, Yu W, Guo B, Bai H, Zhang Q. HMGBI release promotes paclitaxel resistance
in castration-resistant prostate cancer cells via activating c-Myc expression. Cell Signal
2020; 72:109631. PMID: 32275943. PMCID:

66. Parasido E, Avetian GS, Naeem A, Graham G, Pishvaian M, Glasgow E, Mudambi S,
Lee Y, Ihemelandu C, Choudhry M, Peran I, Banerjee PP, Avantaggiati ML, Bryant K,
Baldelli E, Pierobon M, Liotta L, Petricoin E, Fricke ST, Sebastian A, Cozzitorto J, Loots
GG, Kumar D, Byers S, Londin E, DiFeo A, Narla G, Winter J, Brody JR, Rodriguez O,
Albanese C. The Sustained Induction of c-MYC Drives Nab-Paclitaxel Resistance in
Primary Pancreatic Ductal Carcinoma Cells. Mol Cancer Res 2019; 17(9):1815-1827.
PMID: 31164413. PMCID: PMC6726538.

67. Datta S, Choudhury D, Das A, Das Mukherjee D, Das N, Roy SS, Chakrabarti G.
Paclitaxel resistance development is associated with biphasic changes in reactive oxygen
species, mitochondrial membrane potential and autophagy with elevated energy
production capacity in lung cancer cells: A chronological study. Tumour biology : the
journal of the International Society for Oncodevelopmental Biology and Medicine 2017;
39(2):1010428317694314. PMID: 28240052. PMCID:

68. Fant CB, Taatjes DJ. Regulatory functions of the Mediator kinases CDK8 and CDK19.
Transcription 2019; 10(2):76-90. PMID: 30585107. PMCID: PMC6602567.

69. Liang J, Chen M, Hughes D, Chumanevich AA, Altilia S, Kaza V, Lim CU, Kiaris H,
Mythreye K, Pena MM, Broude EV, Roninson IB. CDKS8 Selectively Promotes the
Growth of Colon Cancer Metastases in the Liver by Regulating Gene Expression of
TIMP3 and Matrix Metalloproteinases. Cancer Res 2018; 78(23):6594-6606. PMID:
30185549. PMCID: PMC6279600.

70. McDermott MS, Chumanevich AA, Lim CU, Liang J, Chen M, Altilia S, Oliver D, Rae
JM, Shtutman M, Kiaris H, Gyorfty B, Roninson IB, Broude EV. Inhibition of CDK8
mediator kinase suppresses estrogen dependent transcription and the growth of estrogen
receptor positive breast cancer. Oncotarget 2017; 8(8):12558-12575. PMID: 28147342.
PMCID: PMC5355036.

71. Nakamura A, Nakata D, Kakoi Y, Kunitomo M, Murai S, Ebara S, Hata A, Hara T.
CDKS8/19 inhibition induces premature G1/S transition and ATR-dependent cell death in
prostate cancer cells. Oncotarget 2018; 9(17):13474-13487. PMID: 29568371. PMCID:
PMC5862592.


https://doi.org/10.1101/2023.12.04.569970
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.12.04.569970; this version posted December 6, 2023. 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 4.0 International license.

72. Pelish HE, Liau BB, Nitulescu II, Tangpeerachaikul A, Poss ZC, Da Silva DH, Caruso
BT, Arefolov A, Fadeyi O, Christie AL, Du K, Banka D, Schneider EV, Jestel A, Zou G,
Si C, Ebmeier CC, Bronson RT, Krivtsov AV, Myers AG, Kohl NE, Kung AL,
Armstrong SA, Lemieux ME, Taatjes DJ, Shair MD. Mediator kinase inhibition further
activates super-enhancer-associated genes in AML. Nature 2015; 526(7572):273-276.
PMID. PMCID:

73. LiJ, Ji H, Porter DC, Broude EV, Roninson IB, Chen M. Characterizing CDK8/19
Inhibitors through a NFkappaB-Dependent Cell-Based Assay. Cells 2019; 8(10). PMID:
31590445. PMCID: PMC6830309.

74. Sharko AC, Lim CU, McDermott MSJ, Hennes C, Philavong KP, Aiken T, Tatarskiy
VYV, Roninson IB, Broude EV. The Inhibition of CDK8/19 Mediator Kinases Prevents
the Development of Resistance to EGFR-Targeting Drugs. Cells 2021; 10(1). PMID:
33445730. PMCID: PMC7828184.

75. Tehrani SSH, Kogan A, Mikulski P, Jansen LET. Remembering foods and foes:
emerging principles of transcriptional memory. Cell Death Differ 2023; 10.1038/s41418-
023-01200-6. PMID: 37563261. PMCID:

76. Vihervaara A, Mahat DB, Himanen SV, Blom MAH, Lis JT, Sistonen L. Stress-induced
transcriptional memory accelerates promoter-proximal pause release and decelerates
termination over mitotic divisions. Mol Cell 2021; 81(8):1715-1731 el1716. PMID:
33784494. PMCID: PMC8054823.

77. D'Urso A, Takahashi YH, Xiong B, Marone J, Coukos R, Randise-Hinchliff C, Wang JP,
Shilatifard A, Brickner JH. Setl/COMPASS and Mediator are repurposed to promote
epigenetic transcriptional memory. eLife 2016; 5. PMID: 27336723. PMCID:
PMC4951200.

78. Poss ZC, Ebmeier CC, Odell AT, Tangpeerachaikul A, Lee T, Pelish HE, Shair MD,
Dowell RD, Old WM, Taatjes DJ. Identification of Mediator Kinase Substrates in Human
Cells using Cortistatin A and Quantitative Phosphoproteomics. Cell Rep 2016;
15(2):436-450. PMID: 27050516. PMCID: PMC4833653.

79.  Vichai V, Kirtikara K. Sulforhodamine B colorimetric assay for cytotoxicity screening.
Nat Protoc 2006; 1(3):1112-1116. PMID: 17406391. PMCID:

80.  Hanzelmann S, Castelo R, Guinney J. GSVA: gene set variation analysis for microarray
and RNA-seq data. BMC Bioinformatics 2013; 14:7. PMID: 23323831. PMCID:
PMC3618321.

81. Tan TZ, Miow QH, Miki Y, Noda T, Mori S, Huang RY, Thiery JP. Epithelial-
mesenchymal transition spectrum quantification and its efficacy in deciphering survival
and drug responses of cancer patients. EMBO Mol Med 2014; 6(10):1279-1293. PMID:
25214461. PMCID: PMC4287932.

82. Gu Z, Eils R, Schlesner M. Complex heatmaps reveal patterns and correlations in
multidimensional genomic data. Bioinformatics 2016; 32(18):2847-2849. PMID:
27207943. PMCID:

83. Lex A, Gehlenborg N, Strobelt H, Vuillemot R, Pfister H. UpSet: Visualization of
Intersecting Sets. IEEE Trans Vis Comput Graph 2014; 20(12):1983-1992. PMID:
26356912. PMCID: PMC4720993.

84. Mayakonda A, Lin DC, Assenov Y, Plass C, Koeffler HP. Maftools: efficient and
comprehensive analysis of somatic variants in cancer. Genome Res 2018; 28(11):1747-
1756. PMID: 30341162. PMCID: PMC6211645.


https://doi.org/10.1101/2023.12.04.569970
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.12.04.569970; this version posted December 6, 2023. 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 4.0 International license.


https://doi.org/10.1101/2023.12.04.569970
http://creativecommons.org/licenses/by/4.0/

FIGURE 1

5 200
2]
e °
a 150 1-OVCAR5  13-OV90
8 2.PANC1  14-ID8 PO
2 3TOV21G  15-P151 R .
£ e o e — — —  _ __ _ __ ___ __ 4-SK-OV3  16-P201 Y N 4 :
» 100 5.0VCA420 17.0vcARto fitached ,1‘ D) Y
g . 6-HeyA8  18-P210 o o
o 504 7-PC3 19-EOC15 1 r 1 r 1
= 8-P76 20-CAOV3 gyspension| r . r
= 9-RMG1 21-OVCAR4 \\ ‘ \ /[ \\ //
% 0 I I I I 1 I I 1 1 1 1 1 10OVEARS 22.BT2b2 ?gtehsr:) ’/ ‘\; ‘ ‘«
o 11-TYK-nu  23-I0SE144 _— —— N
& 123 4 5 6 7 8 910111213 141516 1718 1920 2122 23 12-Hey P1 P2 P3:: S
C D 12-18 generations
200
=
o
7]
S 150 OV90-Att OV90-Susp Caov3-Att
g’; & EOC-15 — ns =150 ns ~ 601 ns
2 4 CAOV3 3 3 5
= < 40 A 5 £ _8
‘» 100 ¥ OVCA420 > Py | =
Q - P151 E £ 198 _g 40
2 v £ 201 2 2
£ 50 OVCAR4 g 5 50 = 20+
(V] o o =]
o @ 0V-90 a a 8
c‘f D8 0 04 0
PO P7 PO P7 PO P7
0 T T T T T T T 1
0 1 2 3 4 5 6 7 8
Passage Number
E = Ki67-Susp F - YH2AX-At
& 0.20- o !
PO & e = PO = 810 ns
L . = k] -7 A
ha 0.15 2 6x10 "1
(0] ol .
N N 7
: 0.10- g 4xi0”
2 0.054 §2x10-7'
L L
O
F 0.00 . e 0-
Nuclei: Blue o PO P7 Nuclei: Blue O PO P7
Ki67: Red YH2AX: Red
G oV90 CAOV3 H oveo |
: PO P7 ” 207 N OVva0
+10° g PO P7
4 L2 s 157 Cleaved [
ot S 123 . ] 510_ caspase-3| s
3 2 5
107 s @ S 51 B-actin | Se— —
1 o
10 0.
| . — ! 059 0.28
~ 10
4 CAOV3
204
o 10 : Q? @ - CAOV3
d 2]
3| 10 8 iz PO P7
KKK < 2 8.
15+ *x 64 ol 10 J S Cleaved
° . _% . 10" il g 104 caspase-3| we=
2 104 o 4 - 1.2.3,.4. 5 1.2 3 4 5 5 5
3 3 10 10° 10° 10" 10° 10 10° 10° 10" 10° @ Ractn R
g 5. ° g ° i 4 04
e = 24 Annexin V PO P7 025 0.08
0- 0
PO P7 PO P7


https://doi.org/10.1101/2023.12.04.569970
http://creativecommons.org/licenses/by/4.0/

FIGURE 2 A

Cell cloning
by serial dilution

400
— P1
300
» L I —_— P3
3 —_
0200 T P6
2
c
[0
o
& 100
0
NYOY00AD 0N VRIL OLXRIRRNYPIPECL PSSP PLER PR P VR IL PRPRPESERFHEL S
Clone number
c { I i Percent survival
. R%=0.043 © 300 R2=0.053 3 04
o 300+ P value = 0 11 @ == P value = 0.076 =
£ £ £ 0.34
2 o 2 0 &
[0] [} o Po ©
g 100- > 2, g 100- o o® 2 0.2
= e g = [ ° ‘
< o o ® £ ® ° 5
§ . . ° ;3_ r . g 0.1
O 30 & 30 8
T T T © 0 -
T T T
30 100 300 30 100 300 PP POy
: ; ) ) Individual clones & @
Percent live cells in P1 Percent live cells in P1 Q c‘f
Di_aRr i 150. ov90

Percent live cells
o =)
o o
] ]

BT ISR R
150~ CAOV3
2
£ B W_ﬂ—o‘
)
2
c
8 50
@
o
0

P5, P7, P9, P10 T T T T T T ]

No. of generations


https://doi.org/10.1101/2023.12.04.569970
http://creativecommons.org/licenses/by/4.0/

A

FIGURE 3

Parental

OVo0

CAOV3

15

10

Paclitaxel IC50 (nM)

P1

0oV90 CAOV3
P7 Kekkk Kk
g 4 T
2 k=
E 3 E 5
e 2 22
89 T
A4 21
0 0
LT
,\0
QP Q
jii
CAOV3 EOC15
* | *
= =150
E 25 % s
o 20 ; Hk
9]
Q15 G 100
E s
$ 1.0 % 50
S 05 5
©
a g £ 0
N
AR g LT
$ @
e o
10
4x10
-—-e-- AnS .
10
3x10

iii
Total Tumor burden

Volume (ml)

Ascites
6 T *
L
4 ] AA
2|
LHLL
AnS AnR

AnS AnR

Total flux (P/S)

AnS

AnR

Number of mice

Day 4

AnR &

T
Day 14 Day 24
Lung IVIS
8 *
3%10 -
g 5 ‘
€ 2x101
2
5, 8 "
2 1x10+
0-
AnS AnR

ID8 Ascites

m Ascites
= No ascites

AnS AnR


https://doi.org/10.1101/2023.12.04.569970
http://creativecommons.org/licenses/by/4.0/

AVt vide TiVL bbbt V) MYyt T Vi iv) iv Wik

A igiiiai gL, Wil iAo 9t Aritua

available under aCC-BY 4.0 International license.

MIVTAATY A LYY W iy o

FIGURE 4
A

400

B

300 200

Set size

100

o

|

|

|

|

|

1500 1000 500 0
Set size

[
200

n

<

=
150

-
N
50 R Ig - ®
= <@ - o
,ln | Y P

Up Regulated Genes

S

Group

Intersection size
=)
8

PO vs P7
PO vs P6
PO vs P4
PO vs P3
PO vs P1

Intersection size
N
5
o

— 225

8 S
o ==
SNII
o Ii 2I-l- l__- | R

Down Regulated Genes

-

PO vs P6
PO vs P4
PO vs P3
PO vs P1

D ] . I Protein Secretion
[ | ] Xenobiotic Metabolism E
- . Reactive Oxygen Species Pathway 3
| Peroxisome
Adipogenesis [}
|| PI3K AKT MTOR Signaling 22 ®
N [ | Uv Response Up 5
P53 Pathway B 1
| Mitotic Spindle g
Uv Response Dn P Ggy
L Bile Acid Metabolism s 0
Heme Metabolism §. ® o o ®
. |. Kras Signaling Dn _é ° .. ®
| | Glycolsis 81 L
I MTORCH1 Signaling = ®
..‘: Androgen Response 5
|| Estrogen Response Late "_ 2 R 0 1 3
l Notch Signaling Epithelial Tumor Signature
! [ | Wnt Beta Catenin Signaling
_] Spermatogenesis F & O
| Unfolded Protein Response g o
Pancreas Beta Cells &3
Cholesterol Homeostasis . 5 24
Hedgehog Signaling s 8
TGF Beta Signaling 0' 2 14
TNFa Slgr_lallng Via NFKB i_o_s 15 ° o
112 StatS Signaling 1 ® ™
Estrogen Response Early g‘ O= ® ® o o
Complement £ o
Allograft Rejection é L o®
Apoptosis o -1 ®
Apical Surface % oo
£-2 T T T
Myogenesis ° 2 0 1 2
Apical Junction Apoptosis ssGSEA Scores
Interferon Gamma Response G 2
Interferon Alpha Response
Kras Signaling Up g
Inflammatory Response 3 14
Epithelial Mesenchymal Transition 2
Angiogenesis é PY °
116 Jak Stat3 Signaling o] Pr-") o
Fatty Acid Metabolism 509 o
Oxidative Phosphorylation >
MYC Targets V1 2 o0
MYC Targets V2 21— P
DNA Repair = [ ]
G2M Checkpoint 9 %
E2F Targets = 2
L 2 ) ' ' '
fioooanaa o -2 -1 0 1 2
optosis ssGSEA Scores
& & P P e
& o {@6‘ & {@c‘ﬁ‘ o
? &° »og® w &°

C

il pd p

A adal pddbab e AL

e i i

e P0
e P1
e P3
o P4
© P6
e P7

e PO
o P1
e P3
e P4
o P6
e P7

e PO
e P1
®P3
o P4
o P6
e P7


https://doi.org/10.1101/2023.12.04.569970
http://creativecommons.org/licenses/by/4.0/

FIGURE 5

A

Propidium iodide

Propidium iodide

_Mito stress test in OV90 cells

ATP production

500 Spare respiratory capacity
/E: 100 FCCP18uM & ROUAA %150- ’%‘ _ 300+ )
£ (omyci o 5 8
g Oligomycin ‘ E =
= 300 £ 100+ h = 2004
g -®- Parental =O %
= 200+ - § 5 § 100
g - P7 -~ 7] T
(&) L
O 1004 S
0 = 0_
0 T T T T 1 PO P1 P7 PO P1 P7
0 20 40 60 80 100
. Time (minutes) . .
I Mito stress test in CAOV3 cells W ATP production L Spare respiratory capacity
400_ 150 - Fkkk ol
— FCCP 0.9 yM - 400 - Fekdkk
3 Rot+AA 3 ek ]
g 300 Oligom cin‘ =&~ Parental g = i
IS igomy ‘ T €100 4 3 300 s
£ o £ =
Ke) = --P7 ° =
< g = 200 -
2 £ 50 £ -
o 100 - o S 100 -
(6] ©
o) o
0 T T T T 1 LR 0-
0 20 40 60 80 100 PO P1 P7 PO P1 P7
Time (minutes)
B ' IM156-0V90 I IM156-CAOV3
25 | P 40 ~ l;*'
204 14 | 30 - = |
25 2
2 0. g 2
© 10+ o
5 10
04 0.
PO P1 P7 PO P1 P7
i
IM156 15uM IM156 25uM Oligomycin Oovao
25 b | % Fkkk |
©
Je201w 1| |
b 2 154 ,_l e e DMSO
2°g ® IM156-15uM
10" ke] g 1.0 4 ® IM156-25uM
. 8‘ zZ 05 @ Oligomycin
10 <% =]
P8 3 O T T
10
g AnS AnR
10
i Annexin V
- DMSO IM156 Oligomycin
CAOV3
P1
2.0 *x =
©
b :?: 154 NS
© |
b % 1.0
7 & 1.0+ ® DMSO
g_ 5 ® IM156-20uM
oZ 0.5 ® Oligomycin
P8 -3
0 T T
AnS AnR
12 3 4 5 1 2 3 4 5 12 3 4 5
10 10 1010 10" 10 10 10 10 10 10 10" 10 10 10 _

i


https://doi.org/10.1101/2023.12.04.569970
http://creativecommons.org/licenses/by/4.0/

FIGURE 6
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FIGURE 7
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