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Identification and evaluation of
Pharmacological enhancers of the
factor VIl p.Q160R variant
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Congenital factor (F) VIl deficiency is caused by mutations in the F7 gene. The p.Q160R variant
manifests with bleeding episodes due to reduced FVII activity and antigen in patient plasma, most
likely caused by protein misfolding and intracellular retention. As current replacement therapy is
expensive and requires frequent intravenous injections, there is an unmet need for new and less
invasive therapeutic strategies. Drug repurposing allows for rapid, more cost-effective discovery and
implementation of new treatments, and identification of pharmacological enhancers of FVII variant
activity would be of clinical importance. High-throughput screening of >1800 FDA-approved drugs
identified the orally available histone deacetylase inhibitor abexinostat and the inhaled surfactant
tyloxapol as enhancers of FVII p.Q160R variant activity. The positive hits were verified in an in vitro
cell model transiently expressing wild type or variant FVII and ex vivo in patients’ plasma. Both drugs
showed a dose-response effect on FVIl antigen and activity levels in conditioned cell medium and on
FVII activity in patients’ plasma. In conclusion, the efficacy of the FDA-approved drugs abexinostat
and tyloxapol in enhancing FVII variant activity constitute a proof of principle for high-throughput
identification of drugs that may be feasible for novel treatment of FVII deficiency.
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Coagulation factor (F) VII is a vitamin K-dependent plasma glycoprotein synthesized by the liver that circulates
as a single-chain zymogen at a low concentration!. Upon vascular damage, it is activated by binding to tissue
factor (TF) and the resulting TF/FVII(a) catalytic complex activates downstream clotting factors, thereby leading
to initiation of blood coagulation?. Impaired FVII(a) activity reduces the clotting ability and causes bleeding.

Congenital FVII deficiency is a rare bleeding disorder that follows an autosomal recessive pattern of
inheritance, and the disease is characterized by mutations in the F7 gene and concomitant reduced levels of
both FVII antigen (FVII: Ag) and activity (FVIL:C) (type I deficiency) or only FVII activity (type II deficiency)’.
With a prevalence of symptomatic individuals of around 1:300.000-500.000, it is the most common of the rare
congenital bleeding disorders, although in Norway and some other countries higher prevalences have been
reported*~’. The clinical phenotypes are highly heterogenous and vary from mild to severe bleeding?®.

Most of the F7 gene variants are missense mutations that generate amino acid substitutions in the protein
sequence. The FVII protein consists of an amino-terminal y-carboxy-glutamatic acid domain followed by
two epidermal growth (EGF) domains and a carboxyl (C)-terminal protease domain’®, and genetic variants
affecting all protein domains have been found. In Norway, the most prevalent variant in FVII deficient patients
is the missense mutation p.Q160R (legacy name Q100R). This mutation is in the second EGF domain of F7
(NM_000131.4) and have an A to G transition at position 479 (c.479A > G) that alters a glutamine to an arginine
at codon 160'°. The p.Q160R (160R) variant is associated with severe to moderate type I deficiency and manifest
with bleeding episodes due to reduced FVII antigen and activity levels in plasma. Overexpression studies with
recombinant (r) FVII-160R have shown that the amino acid substitution causes misfolding of the protein and
reduced secretion due to retention in the endoplasmatic reticulum!"!? and impaired binding to TF'? in vitro.

So far, the only available treatment for congenital FVII deficiency is replacement therapy with factor
concentrates, using either rFVIla or plasma derived FVII'. This treatment requires frequent intravenous
injections, needs careful monitoring, and is very expensive and is therefore a significant burden both to the
quality of life for the patients and economically to the society. Thus, there is a need for new therapeutic strategies
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for FVII deficient patients that are less invasive, easier to deliver and more cost efficient. Drug repurposing is one
strategy that allows for discovery and implementation of new treatments of already approved drugs in a shorter
time frame!>°,

In the present study, we aimed to investigate whether it was possible to identify and verify drugs approved
for other indications that could increase FVII variant activity. We screened nearly 1900 US Food and Drugs
Administration (FDA)-approved drugs and identified the orally available histone deacetylase inhibitor
abexinostat and the inhaled surfactant tyloxapol as enhancers of FVII-160R variant activity both in vitro and ex
vivo. We further evaluated the dose-response and cellular effect of the two drugs using an in vitro cell culture
model. Identification of pharmacological enhancers of FVII activity would be of clinical importance since a
modest increase of FVII activity can ameliorate the bleeding phenotype in patients.

Results

High-throughput screening of drug libraries

To identify drugs that could enhance FVII-p.Q160R variant activity, conditioned medium from CHO-KI cells
transiently expressing either rFVII-wild type (wt) or rFVII-160R mutant was treated with 1875 different drugs
in the high-throughput screening (HTS) of two different libraries. Prior to the HTS, the FVII activity assay was
tested on the HTS platform using untreated conditioned cell medium. The activity in the conditioned medium
from CHO-KI1 cells overexpressing the rFVII-160R variant was significantly lower than that of the rFVII-wt
overexpressing cells, and just slightly above the negative control medium (Fig. 1).

For the HTS, the cell culture medium was incubated with the different library drugs before FVII activity
was measured. The initial screen resulted in 13 hits for drugs that induced the FVII activity and 168 hits that
inhibited the FVII activity. The five most potent inducers and inhibitors are summarized in table S1. The orally
available histone deacetylase inhibitor abexinostat and the inhaled surfactant tyloxapol were identified as the
most potent inducers of rFVII-160R mutant activity based on the absorbance after two hours (A, ) (table SI,
Fig. 2A, B).

Abexinostat and tyloxapol were then further tested in a dose-response experiment. We incubated cell
culture medium containing rFVII-160R with increasing doses of the drugs, ranging from 0.1 to 100 uM. Both
abexinostat and tyloxapol showed a dose-response effect on FVII activity (Fig. 3A, B), and the EC, values were
calculated to be 0.98 uM and 3.4 pM, respectively.

405

Effect of abexinostat and tyloxapol on FVII activity in patient plasma

Next, we wanted to see if we could validate the findings in clinical samples. Plasma samples from seven patients
with the FVII-p.Q160R mutation were collected and analysis of the FVII antigen (FVII:Ag) showed an average
level of 194 mIU/mL (range 108-351 mIU/mL) in the samples. In comparison, normal pooled plasma measured
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Fig. 1. The activity of rFVII-160R in conditioned medium was severely reduced compared to rFVII-wt. Equal
amounts of FVII-wt antigen from transiently transfected CHO-K1 cells expressing rFVII-wt (blue curve) or
rFVII-160R (red curve) were analyzed. Empty vector (pcDNA3, grey curve) was used as negative control.
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Fig. 2. High-throughput screening (HTS) of drug libraries identified abexinostat (A) and tyloxapol (B) as
enhancers of rFVII-160R activity. FVII activity was measured in conditioned medium from CHO-K1 cells
transiently expressing wild type protein (rFVII-wt, green lines), mutant FVII protein (rFVII-160R, red lines) or
mutant protein (rFVII-160R) +abexinostat (A) or tyloxapol (B) (blue line).
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Fig. 3. Dose-response analysis of abexinostat and tyloxapol on FVII activity in cell culture medium from
CHO-KI cells transiently expressing rFVII-160R. The cells were treated with indicated concentrations of
abexinostat (A) or tyloxapol (B) for 1.5 h before FVII activity was measured. EC, value is indicated (dotted
line).

1076 mIU/mL. We then incubated the samples with different doses of abexinostat or tyloxapol. The initial
velocity (V) and absorbance (A,.) at two hours for each patient sample were calculated and both treatments
showed a dose-response effect on FVII activity in the patients’ plasmas (Fig. 4A, B). Abexinostat showed an
average EC, value of 2.8 uM (range 1.9-4.6) and tyloxapol demonstrated an average EC of 2.4 uM (range
1.9-4.3) (Fig. 4C). The change of magnitude in FVII activity was approximately 19% for abexinostat whereas the
change of magnitude in FVII activity for tyloxapol was 21% (Fig. 4D).

Treatment of overexpressing CHO-K1 cells with abexinostat or tyloxapol

As the p.Q160R mutation leads to reduction in both antigen and activity levels, we investigated whether
abexinostat and tyloxapol could also affect expression and secretion of the FVII-160R mutant, using a cell model
without endogenous FVII expression.

To assess whether the drugs could affect the expression of FVII, the overexpressing cells were stimulated with
increasing concentrations (10-100 uM) of either abexinostat or tyloxapol for 24 h. A significant 50-80% increase
in F7 mRNA levels was observed for all concentrations of abexinostat (Fig. 5A).

There was a significant increase in the rFVII-160R antigen levels after abexinostat treatment of about 1.5-fold
in the conditioned medium (Fig. 5B) and around 2-fold in the cell lysates (Fig. 5C), for all the concentrations,
compared to untreated cells. Furthermore, FVII activity in the conditioned medium from cells expressing rFVII-
160R was significantly increased 1.5- to 2-fold after stimulation with different concentrations of abexinostat
(Fig. 5D).

In cells treated with tyloxapol, no difference in F7 mRNA expression was observed (Fig. 6A). However, both
FVII antigen in the conditioned medium and cell lysates (Fig. 6B, C) and FVII activity levels (Fig. 6D) were
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Fig. 4. Dose-response effect of abexinostat and tyloxapol on FVII-p.Q160R activity in plasma from FVII
deficient patients. Citrated plasma was collected from 7 different FVII deficient patients harboring the p.Q160R
variant. Dose-response analysis (range 0.1-10 uM) of abexinostat (A) and tyloxapol (B) on FVII activity was
performed. Pooled normal plasma was used as a positive control. One representative patient is shown. EC;

(C) and Change of magnitude (D) of FVII activity in plasma samples from patients carrying the FVII-p.Q160R
mutation stimulated with 10 pM abexinostat (n=6) or tyloxapol (n=7). Mean levels (+ SEM) are shown.

significantly increased up to 50% and 25%, respectively, from cells expressing rFVII-160R after stimulation with
50 uM of tyloxapol. Stimulation with higher doses than 50 uM abolished FVII activity (Fig. 6D).

We then tested whether abexinostat and tyloxapol could have a cytotoxic effect on the cells. Treatment with
abexinostat for 24 h significantly reduced cell viability by 60% at all three doses (Fig. 7A). Tyloxapol treatment,
however, had no effect on cell viability at either dose (Fig. 7B).

Treatment with tyloxapol affects intracellular trafficking of FVII

Since treatment with tyloxapol increased the secretion of rFVII-160R without affecting F7 mRNA levels or cell
viability, we assessed whether tyloxapol could aid in restoring the intracellular trafficking of this FVII mutant.
Therefore, we investigated the intracellular localization of rFVII-wt and rFVII-160R in cells treated with 10 uM
and 50 pM tyloxapol by confocal microscopy using double staining for FVII and different organelle structures.
In control cells and cells treated with tyloxapol, both rFVII-wt and rEVII-160R co-localized with the ER marker
PDI (Fig. 8A). We then investigated the possible pathways that might be involved in the secretion of FVII using
double staining of FVII with different ER and Golgi markers (Fig. 8A, B). In cells treated with either 10 uM or 50
UM tyloxapol, a significant increase in co-localization between rFVII-160R and the Golgi marker GRASP65 was
observed (Fig. 8C) while no difference was seen in cells expressing rFVII-wt.

Discussion

In the present study, we have examined drug repurposing as a method for identifying medications that may be
used as an alternative treatment for FVII deficiency. Drug repurposing is a development process for identifying
new uses for approved drugs that are outside the scope of the original medical identification!”. To test drugs
that could enhance FVII p.Q160R variant activity in vitro in conditioned cell medium we used high throughput
screening (HTS) of commercially available drug libraries designed especially to include small molecule drugs
with high chemical and pharmacological diversity and safety in humans. The advantage of using this strategy is
that a repurposed drug has already been considered sufficiently safe in preclinical testing. For the drug screening
and the in vitro cell model, we used CHO-K1 cells for mammalian overexpression of rFVII since these cells are
known to produce biologically active FVII with similar post-translational modifications as in human plasma!8-2°
and have no interfering endogenous expression of FVIL The HTS identified several hits that affected FVII mutant
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Fig. 5. Effect of abexinostat on expression, secretion, and activity on mutant rFVII. CHO-K1 cells were
transiently transfected with pcDNA3-FVII p.Q160R. 24 h post transfection the cells were stimulated with
indicated levels of abexinostat for 24 h before harvest. F7 mRNA levels were measured with qRT-PCR using
18 S as the endogenous control gene (A). FVIL:Ag levels were measured with ELISA in conditioned medium
(B) and cell lysates (C). FVII activity was measured in conditioned medium (D). All values were normalized

against the corresponding total protein or 18 S content in the respective samples. The bars represent mean + SD
from at least three independent experiments performed in duplicate or triplicate (1>6).
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activity in the conditioned medium. Interestingly, some of the hits were strong inhibitors of rFVII activity in
general. For the drugs that enhanced rFVII activity, the two most potent, abexinostat and tyloxapol, were chosen
for further testing both in conditioned cell media and in patients’ plasma ex vivo.

We have previously shown that protein misfolding causes impaired secretion of the p.Q160R variant in
vitro'? and Kemball-Cook et al.!> have shown that impaired binding of the variant to TF and subsequent reduced
ability to activate FX causes reduced activity of the p.Q160R variant in vitro. The low FVII activity observed in
the conditioned medium from cells expressing the mutant FVII molecule is therefore most likely a result of both
less FVII being secreted and of reduced biological activity of the secreted protein compared to wild type FVIL.
The assay used for measuring FVII activity in this study is based on the ability of FVII, in complex with TFE, to
activate FX and subsequent cleavage of a FXa specific chromogenic substrate. To better evaluate the effect of the
drugs on the biological activity of FVII in the screening, we therefore adjusted the volume of the conditioned
media according to the FVII antigen level in the mutated sample. It is therefore possible that the drugs identified
as enhancers of the p.Q160R variant indeed improves the interaction between the variant and TE most likely
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Fig. 6. Effect of tyloxapol on expression, secretion, and activity on mutant rEVII. CHO-K1 cells were
transiently transfected pcDNA3-p.Q160R. 24 h post transfection the cells were stimulated with increasing
levels of tyloxapol for 24 h. F7 mRNA levels were measured with qRT-PCR using 18 S as the endogenous
control gene (A). FVII:Ag were measured in conditioned medium (B) and cell lysates (C) by ELISA and
FVII activity was measured in conditioned medium (D). Data were normalized against the corresponding
total protein content in the respective samples. Bars represent mean + SD from at least three independent
experiments performed in duplicate (1>6).

through a direct interaction between the drug tested and the variant FVII molecule, resulting in a correction of
the altered conformation of the mutant FVII molecule. Due to the nature of the assay used, it is also possible that
some of the identified drugs could also target FX activity, however, control experiments showed that abexinostat
or tyloxapol were not able to activate FX without the presence of FVII/FVIIa or influence FXa activity directly
(data not shown). Notably, the efficacy of the mechanism may be dependent on the concentration of the drug
tested since the increase in FVII activity after drug treatment was dose dependent. The same explanation may be
the case for the interaction of either drug with the variant FVII in patients’ plasma ex vivo.

Abexinostat is an orally available experimental drug candidate used for treatment of various cancers
inhibits histone deacetylase (HDAC) activity, which is upregulated in many tumor types and therefore leads to
accumulation of highly acetylated histones and thus increased gene transcription of tumor suppressor genes. This
results in inhibition of proliferation of cancer cells and induction of apoptosis®*. Interestingly, another HDAC
inhibitor, nicotinamide®®, was also identified as a positive hit in the screen. Tyloxapol, also known as triton
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Fig. 7. Effect of abexinostat or tyloxapol on cell viability. CHO-KI1 cells were treated with different doses

of abexinostat (A) or tyloxapol (B) for 24 h before cell viability was assessed using Cell Counting Kit - 8.
Absorbance was measured at 450 nm. The bars represent the mean +- SD from three independent experiments
with 4 biological parallels (n=12).

WR1339, is a non-ionic detergent that is used as an inhaled surfactant that aids in liquefaction and removal of
bronchopulmonary secretions and has proven to be well tolerated for this use®. It has also been shown to inhibit
lipoprotein lipase, thus preventing triglyceride uptake?’. Additionally, it also blocks plasma lipolytic activity,
and thus the breakdown of triglyceride-rich lipoproteins?®. Tyloxapol is also used to induce hyperlipidemia
in animals, and in a tyloxapol induced, murine nonalcoholic fatty liver disease model, tyloxapol increased the
expression of ER stress proteins like GRP78, pPERK and CHOP%.

Our next step was to treat the CHO-K1 cells overexpressing rFVII with these drugs to explore their cellular
effect on FVII expression. We found that treating the overexpressing cells with abexinostat increased both the
expression and activity of the rFVII-160R variant. Although, we cannot differentiate whether the increase in
activity is solely due to the elevated protein levels or also enhanced biological activity of the variant protein, the
increase in mRNA and intracellular protein levels does indicate an increase in F7 gene transcription, which is in
line with the function of the drug. In a previous study, we found that another FDA-approved HDAC inhibitor,
4-phenylbutyrate (4-PBA), also induced mRNA expression of rFVII-160R*. In order to test how well the cells
tolerate abexinostat we measured the viability of the cells following treatment. We observed decreased cell
viability at all the doses tested, which is not surprisingly considering the grade 3 cytotoxic effects of abexinostat
that have been reported in clinical trials for the treatment of lymphoproliferative disorders?. Thus, the potential
for drug repurposing of abexinostat appears questionable, at least in the context of FVII deficiency as the current
replacement therapy is well tolerated.

In contrast to abexinostat, tyloxapol did not affect F7 mRNA expression. Nor did it decrease the viability
of the cells. Since our previous studies have shown that rFVII-160R is retained in the ER we wanted to explore
if tyloxapol could restore the intracellular trafficking for this FVII variant. After treatment with tyloxapol
we observed a clear co-localization of the rFVII-160R variant with the Golgi marker GRASP65 suggesting a
normalized transport of the mutant FVII via GRASP proteins in response to treatment. GRASPs have been
identified for their specific roles in Golgi stack formation®"*2. They are also involved in regulation of protein
trafficking through the Golgi and has been shown to function as chaperones required for efficient trafficking
of transmembrane proteins such as TGFa, CD83, CD8a, and Frizzled4 to the cell surface’~*. Soluble signal
peptide-free cargo proteins and transmembrane proteins have been found to be secreted out of the cell in an
unconventional manner that bypass the Golgi apparatus but where the secretion is dependent on GRASPs.
Overexpression of GRASP65 alone increased surface expression of AF508-CFTR in HEK293 cells*. Thus,
tyloxapol may act as a chemical chaperone that aid in GRASP-dependent secretion of the FVII variant but this
needs to be further investigated. The lack of consistency between the FVII antigen and activity levels following
higher doses of tyloxapol treatment might also be explained by a chaperone function of the compound that leads
to increased secretion of incorrectly folded FVII in an already stressed overexpression system. We have also
previously reported that a chemical chaperone was able to increase secretion of FVII-Q160R*. The cellular effect
of 4-PBA was even stronger than what we observed for abexinostat and tyloxapol at mRNA and protein level,
most likely due to its dual function as an HDAC inhibitor and a chemical chaperon, however, it did not affect the
activity of FVII-Q160 directly (data not shown).
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Fig. 8. Intracellular localization of rFVII-160R after treatment with tyloxapol. Cells transiently transfected
with rFVII-wt or rFVII-160R were treated with tyloxapol for 24 h. (A) Confocal images of cells treated with

0 UM, 10 uM or 50 uM tyloxapol and stained with FVII (green a, d, g, j, m, p) and PDI (red b, e, h, k, n, q)-
stained. Co-localized green and red pixels are shown in yellow color (¢, f, i, 1, o, r). (B) Confocal images of cells
treated with 0 uM, 10 uM or 50 uM tyloxapol and stained with FVII (green a, d, g, j, m, p) and GRASP65 (red
b, e, h, k, n, q)-stained. Co-localized green and red pixels appear as yellow (c, f, 1,1, o, r). (C) The co-localization
of FVII with GRASP65 was calculated by the Pearson’s correlation coefficient. The bars represent mean + SD of
5 randomly selected image areas from at least three independent experiments (n>15).

In conclusion, we used HTS to identify the drugs abexinostat and tyloxapol as enhancers of the p.Q160R
variant FVII activity both in vitro in a cell-based model and ex vivo in patients’ plasma, although the cytotoxicity
associated with abexinostat renders it a less viable option for further studies. This proof-of-concept study
underscores the potential for drug repurposing as a novel treatment approach for FVII deficiency, and future
research involving a broader library of FDA-approved compounds may uncover additional suitable candidates.

Methods

Cell culture

The Chinese hamster ovary (CHO-K1) cell line (American Type Culture Collection, Rockville, MD, USA) were
cultured in Dulbecco’s Modified Eagle Medium (DMEM) supplemented with L-Proline, 10% fetal bovine serum
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(FBS), 10 pg/mL vitamin K1, 100 U/mL penicillin, and 100 pg/mL streptomycin in a humidified atmosphere
containing 5% CO, at 37 °C.

Expression vectors and transient transfections

The plasmid vector containing F7 cDNA for p.Q160R was generated using the Quick Change Site-Directed
Mutagenesis II Kit (Agilent, Santa Clara, California, United States) according to the manufacturer’s instructions
using pcDNA3-FVII-wt as template as previously described!?. The empty vector pcDNA™3.1¢) (pcDNA3) was
used as control (Thermo Fischer Scientific, Rockford, IL, MD, USA). CHO-KI1 cells were seeded in 12 well plates
and grown for 24 h before transient transfection of the plasmids with Lipofectamine LTX with Plus reagent
diluted in Opti-MEM according to the manufacturer’s protocol.

FVII expression studies

Cell culture medium from CHO-K1 cells (conditioned medium) with transient expression of rFVII-wt or rFVII-
160R was harvested and the cells were washed briefly with ice-cold phosphate-buffered saline (PBS) before lysis
in RIPA buffer supplemented with 1:100 Halt Protease and Phosphatase Inhibitor Cocktail. Cell lysates and
cell culture medium were pre-cleared by centrifugation and total protein content in the lysates was measured
using the BCA protein assay kit (Thermo Fisher Scientific). ELISA was performed on conditioned medium and
lysates using the VisuLize FVII Antigen ELISA Kit according to the manufacturer’s protocol or with FVII-EIA
together with VisuLize Buffer Pak (all Affinity Biologicals, Ancaster, Ontario, Canada). Colorimetric output was
measured on the SpectraMax Plus spectrophotometer.

High-throughput screening of drug library

High-throughput screening (HTS) for rFVII-160R mutant activity enhancement in conditioned medium from
CHO-KI cells transiently expressing the FVII-p.Q160R variant or the FVII-wild type (wt) was performed at the
High-Throughput Chemical Biology Screening Platform at the Centre for Molecular Medicine Norway (NCMM),
Faculty of Medicine, University of Oslo, using the Prestwick Chemical Library and SelleckChem Bioactives I
Library (10 uM final concentration). The Prestwick Chemical Library consists of 1520 FDA-approved small
molecule drugs whereas the SelleckChem Bioactives I Library contains 355 FDA or Phase I approved drugs that
do not overlap with the Prestwick Chemical Library. Serum free conditioned medium from cells transiently
expressing rEVII-wt or variant rEVII-160R were assayed in 384-well plates using a Beckman Coulter BioMek i7
pipetting robot. FVII activity was analyzed after 1.5 h incubation of the conditioned medium with library drugs
at 37 °C using Biophen™ FVII chromogenic assay (Hyphen BioMed, Neuville-sur-Oise, France) according to the
manufacturers protocol. The absorbance was measured at 405 nm for two hours at 37 °C on a Synergy Neo2 plate
reader (Agilent, BioTek, Santa Clara, United States). Equal amounts of FVII antigen were loaded onto the assay
plates. Conditioned medium from cells transiently transfected with pcDNA3-empty vector or FVII-wt were
used as negative or positive controls, respectively. Treatment medium (not used with cells) was used as blank.

In vitro treatment with selected compounds

For cellular experiments, CHO-K1 cells were seeded in 12-well plates at a density of 13x 10* cells/well,
transfected and allowed to grow for 24 h before changing to phenol red-free DMEM without FBS, supplemented
with L-glutamine, L-proline and 10 pg/mL vitamin K1 prior to cell treatment. The cells were stimulated
with abexinostat (PCI-24781, TargetMol Chemicals Inc., Boston, USA), a deacetylase inhibitor, or tyloxapol
(Prestw-954), a surfactant for mucus removal, for 24 h at 37 °C with indicated concentrations (0-100 pM).
Treatment medium incubated with indicated concentrations of abexinostat or tyloxapol were included as a
control.

qRT-PCR

Total RNA was isolated using the MagMAX-96 Total RNA Isolation Kit on a MagMAX Express-96 Deep Well
Magnetic Particle Processor (both from Thermo Fisher Scientific). Equal amounts of mRNA were reverse
transcribed using the qScript cDNA SuperMix (Quantabio, Massachusetts, United States). Analysis of mRNA
levels were performed using quantitative RT-PCR (qRT-PCR) with the TagMan Gene Expression Master Mix on
a7900HT Fast Real-Time PCR system with F7 (Hs01551992_m1) and 18 S rRNA endogenous Control (all from
Thermo Fisher Scientific) TagMan assays.

FVIl deficient plasma samples

Seven patients homozygous for the FVII-p.Q160R mutation and with FVII coagulant (FVII: C) activity of
<1% who attended the outpatient annual consultation were recruited during a follow-up at the Haemophilia
Comprehensive Care Centre at Oslo University Hospital, Rikshospitalet, in 2019. The blood samples were
collected in tubes containing trisodium citrate (0.109 M/3.2%) and centrifuged at 2500 x g for 15 min at room
temperature within 1 h. Plasma was collected and frozen at -80 °C until analysis. The research was approved by
the Regional Committee for Medical and Health Research Ethics in Norway and performed in accordance with
the Declaration of Helsinki, with written informed consent obtained from all the patients.

Treatment of patients’ plasma with selected compounds

FVII activity was analyzed in plasma samples from patients and controls at the Centre for Molecular Medicine
Norway (NCMM) using the same protocol as described above. Prior to analysis, the samples were incubated
with increasing concentrations of abexinostat or tyloxapol (0.1 uM-100 uM) for 1.5 h at 37 °C. Equal amounts
of FVII antigen of each sample were loaded onto the assay plates. Pooled normal plasma with FVII-wt was used
as a positive control.
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Cell viability

For determination of cell viability, 6 x 10> CHO-K1 cells/well were seeded in a 96-well plate in 100 puL complete
DMEM with L-Proline and subsequently shifted into phenol red-free DMEM with L-Proline prior to stimulation
with different concentrations of abexinostat or tyloxapol for 24 h. 10 pL of Cell Counting Kit - 8 (Sigma Aldrich,
Darmstadt, Germany) were added into the media before incubation at 37 °C in an incubator with humidified
atmosphere and 5% CO, for one hour. The absorbance was measured at 450 nm using a Spectra Max Plus
microplate reader.

Confocal Immunofluorescence microscopy

Cells were seeded in 2-well Ibidi chamber slides (Ibidi, Grafeling; Germany) and transiently transfected with
pcDNA-FVII-wt or pcDNA3-p.Q160R cDNA constructs and grown for 24 h post transfection. The cells were
then stimulated with tyloxapol (10 and 50 uM) for 24 h at 37 °C before immunostaining was performed. Cells
were fixed with paraformaldehyde and blocked for 1 h with PBS containing 10% donkey serum before incubation
with primary antibodies against FVII (R&D Systems, Minneapolis, MN, USA) and either the ER marker protein
disulfide isomerase (PDI) (Enzo Life Sciences, Farmingdale, NY, USA), the Golgi marker (GM) protein 130 (BD
Biosciences, New Jersey, USA), trans Golgi network (TGN) 46 (Novus Biologicals, Minneapolis, USA), coat
protein (COP) II (Invitrogen), Ras related protein (Rab)-8 (LSBio, Washington, USA), Rab-11 (BD Biosciences),
endoplasmic-reticulum-Golgi intermediate compartment (ERGIC)-53 (Santa Cruz, Dallas, USA), or the Golgi
markers Golgi reassembly stacking proteins (GRASP)55 (Santa Cruz) and GRASP65 (Invitrogen). After washing
with PBS, cells were incubated with the secondary antibodies Alexa Fluor' 488 donkey anti-goat and Alexa Fluor
568 donkey anti mouse or 568 donkey anti-rabbit (Invitrogen, Thermo Fisher Scientific). Negative controls
with only secondary antibodies and double negative controls with one of the primary antibodies and both
secondary antibodies were included. All incubations were done for 1 h at RT in the dark. Cells were mounted
in the ProLong Glass Antifade Mountant with NuncBlue™ (Thermo Fisher Scientific) and examined with a
Zeiss LSM 980 Airyscan 2 confocal microscope (Carl Zeiss Microlmaging GmbH, Jena, Germany) equipped
with Diode lasers (405/445/488/514/639nm), and a DPSS laser (561 nm). The objective used was a Zeiss plan-
Apochromat 63xNA/1.4 oil. Image acquisition and analysis were performed with basic software ZEN 3.8 (Carl
Zeiss Microlmaging GmbH, Jena, Germany). The Pearsons colocalization measurements were performed with
ZEN 3.8.

Statistical analysis

HTS data and screening of plasma samples were analyzed using custom workflow developed in KNIME
software. All data were analyzed according to initial velocity (V) and absorbance at two h (A, ). Hits were
identified by analyzing samples based on their deviations from statistics on the entire sample population using
standard deviation (SD) and interquartile range (IQR). Samples were considered hits if they fall outside 3 SD
from the sample means for either V% or A, .% or if the samples fall outside 1.5*IQR for either V% or A,..
Additional criteria included were: (1) having the correct slope (increasing curve for enhancers, decreasing curve
for inhibitors), (2) showing a change in the upper and lower limit of the curves of at least 2%, (3) having an EC,
(half maximal effective concentration) less than the maximum dose tested (100 uM).

For other data the statistical analyses were performed using GraphPad Prism 10.0 (GraphPad Software, La
Jolla, California, United State). Comparisons between unstimulated and stimulated cells were performed using
one-way ANOVA with Bonferroni-corrected tests for multiple comparisons. A p-value of <0.05 was considered
as statistically significant (*p <0.05, **p <0.01, **p <0.001, ****p <0.0001).

Gene variant nomenclature
The official HGVS recommendation for the FVII p.Q160R gene variant is NM_000131.4:c.479 A>G (cDNA)
and NP_000122.1:p.GIn160Arg (protein)*’.

Data availability
The datasets analyzed during the current study are available from the corresponding author upon reasonable
request.
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