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m Unopposed platelet activation can be associated with pathologic thrombosis. An intact

. : growth arrest-specific gene 6 (GAS6)/Mer receptor tyrosine kinase (MERTK) signaling
: MEE{’T‘? EErey o pathway contributes importantly to potentiating platelet activation triggered by molecular
, decreases agonists ex vivo and thrombus stabilization in vivo. We describe, herein, the inhibition of
human platelet . . . .
- . platelet function and stable thrombus formation conferred by iMer, a naturally occurring
activation and murine

thrombosis but does

not promote increased
tail-clip bleeding. reduced activation in ex vivo assays including aggregometry (similar to treatment with

. anti-GAS6 antibody), expression of P-selectin, spreading on collagen, and accumulation on
) ;:an:cgli\:gir:gvgvi::er collagen at a venous shear rate. Wild-type C57BL/6 mice treated with iMer had improved
to GAS6. survival in a collagen/epinephrine-induced pulmonary embolism model, without increase
in tail bleeding time on preliminary analysis. Taken together, these findings confirm
previous data suggesting the importance of GAS6-MERTK signaling in platelet activation
and thrombus formation and highlighting the potential therapeutic implications of
targeting this pathway as a means of treating or preventing thrombosis.

MERTK splice variant, that acts as a GAS6 decoy receptor and decreases phosphorylation of
MERTK. Human and murine platelets incubated with this truncated protein demonstrate

Introduction

Platelet activation is an essential component of normal hemostasis. Activated platelets release pro-
coagulant materials from their granules and provide a phospholipid surface for thrombin burst, leading
to platelet aggregation and subsequent fibrin clot formation. Unchecked platelet activation, however,
can lead to pathologic thrombosis. Thromboembolic conditions, comprising arterial (ischemic heart
disease and stroke) and venous (deep vein thrombosis and pulmonary embolism) events accounted for
~1in 4 deaths worldwide, according to data from the Global Burden of Diseases, Injuries, and Risk
Factors Study 2010."

Platelet activation responses include a signal transduction pathway involving the platelet-surface
protein tyrosine kinase (TYROS3)/receptor tyrosine kinase (AXL)/Mer receptor tyrosine kinase
(MERTK; TAM) family of receptors and their primary vitamin K—dependent ligands growth arrest—
specific gene 6 (GAS6) and protein S (PROS1).%*

Submitted 21 June 2024; accepted 1 April 2025; prepublished online 26 May 2025; The full-text version of this article contains a data supplement.

final version published online 19 August 2025. hitps://doi.org/10.1016/]. © 2025 American Society of Hematology. Published by Elsevier Inc. Licensed under
bvth.2025.100078. Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International
Original data are available on request from the corresponding author, Brian R. (CC BY-NC-ND 4.0), permitting only noncommercial, nonderivative use with attribu-
Branchford (bbranchford@versiti.org). tion. All other rights reserved.

AUGUST 2025 « VOLUME 2, NUMBER 3 1


https://creativecommons.org/licenses/by-nc-nd/4.0/legalcode
Delta:1_given-name
Delta:1_surname
Delta:1_given-name
Delta:1_surname
Delta:1_given-name
Delta:1_surname
Delta:1_given-name
Delta:1_surname
Delta:1_given-name
Delta:1_surname
Delta:1_given-name
Delta:1_surname
Delta:1_given-name
https://doi.org/10.1016/j.bvth.2025.100078
https://doi.org/10.1016/j.bvth.2025.100078
mailto:bbranchford@versiti.org
https://creativecommons.org/licenses/by-nc-nd/4.0/legalcode
https://creativecommons.org/licenses/by-nc-nd/4.0/legalcode

The TAM receptors comprise 2 immunoglobulin-like and 2 fibro-
nectin type lll repeats in their extracellular domains in tandem. This
is connected to a single-pass transmembrane domain and a
cytoplasmic protein tyrosine kinase. Upon ligand binding, the
receptor dimerizes and the tyrosine kinase becomes activated.”
Activated TAM receptors stimulate hemostasis by facilitating
platelet stabilization via activation of the allb/p3 integrin.>®

The primary phosphorylation site on MERTK is tyrosine 867, which
is considered the autophosphorylation docking site responsible for
activating downstream signaling pathways upon MERTK activation
by ligand binding.” MERTK is predominantly expressed in the
ovaries, testes, prostate, lungs, and kidneys, and to a lesser extent
in the thymus, spleen, liver, small intestine, colon, and placenta.8
MERTK is located on the surface of platelets and mediates
thrombogenesis and platelet stabilization after integrin activation,
granule secretion, and platelet aggregation through platelet-to-
platelet contact.® Without this mechanism, platelet plugs disag-
gregate prematurely.® Important downstream mechanisms in
platelets include increased granule secretion, activation of phos-
phoinositide 3-kinase, and phosphorylation of B3 integrin, leading
to an increase in outside-in signaling via the allbp3 integrin.®
GAS6 is a 75-kDa vitamin K-dependent protein with similar
modular composition to, and high structural homology (~429%)
with, protein S. lts thrombin-sensitive region (a disulfide-bridged
thumb loop) is not susceptible to cleavage by the action of
serine proteases, so there is likely no interaction with protein C for
direct anticoagulant effect. GAS6 is produced primarily in the
heart, kidneys, and lungs, and to a mild degree in the liver, and
circulates in the plasma with a concentration of ~20 to 50 ng/mL
(0.25 nmol/L). Tissues in which Gas6 is expressed include
endothelial cells, bone marrow, and platelets. Although Gas6
binds the TAM receptors with different affinities, with AXL similar
to or slightly higher than TYRO3, both of which are much higher
than for MERTK,'® MERTK is the most abundant of the TAM
receptors on human and mouse platelets."

GAS6-MERTK signaling enhances the platelet activation neces-
sary for primary hemostasis.® Upon vessel injury, vascular GAS6
also upregulates endothelial cell tissue factor expression,
enhancing activation of the extrinsic pathway of fibrin clot forma-
tion (secondary hemostasis). In previous studies, deficiencies of
either GAS6 or >1 of the TAM receptors inhibited platelet acti-
vation signaling and thrombus formation in mice.® Similarly, the
small-molecule MERTK inhibitor, UNC2025, decreased platelet
activation in vitro, and thrombus formation in vivo.'? Plasma-
soluble TAM receptor extracellular domains, such as sMer and
sAx|, created via cleavage of cell-surface receptors by specific
metalloproteinases, also decrease platelet activation and throm-
bosis, likely by acting as decoy receptors to bind available GAS6
in the circulation.’®

Although GASB levels are known to increase in adult humans as
acute phase reactants during times of physiologic stress,’*'® the
mechanisms underlying subsequent regulation of this signaling
pathway are not well understood. The initial analysis of MERTK in
hematopoietic cells and cell lines indicated the presence of 2
different polymerase chain reaction (PCR) products, 1 of which
was MERTK at 526 base pairs (bp) and another 1 at 578 bp,
suggesting an alternative splice product with a 52-bp insertion."”
Here, we describe, to our knowledge for the first time, an
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alternatively spliced isomer (iMer) of the MERTK receptor that
binds to GAS6, decreasing platelet activation in vitro and
thrombus formation in vivo. The function of iMer as a decoy
receptor was predicated upon the similar previously reported
activity of sMer and sAxl.

Materials and methods
Ethical approvals

Blood collection. Human whole blood (WB) was collected by
venipuncture with informed consent from healthy volunteers
under institutional review board-approved protocols Colorado
Multiple Institutional Review Board number 09-0816 and Versiti
institutional review board number PRO00048877.

Animal thrombosis models. All experiments were approved by
pertinent institutional animal care and use committees: University
of Colorado institutional animal care and use committee number
05001 and Medical College of Wisconsin animal use agreement
number 00007467.

Agonists and inhibitors

iMer. Primers were used to amplify transcripts for full-length MERTK
and the iMer isoform. Expression and purification of iMer was provided
by the commercial biology contract organization GenScript (Piscat-
away, NJ). First-strand complementary DNA (cDNA) was prepared
using Moloney murine leukemia virus reverse transcriptase in room
temperature (RT) buffer (50 mM Tris-HCI [pH 8.3], 75 mMKCI, 10 mM
dithiothreitol, and 3 mM MgCl,), 15 units of RNA guard (Pharmacia),
10 pmol of random hexamers, and 1.25 mM of each 2'-deoxy-
nucleoside 5'-triphosphate in a 20-uL reaction mixture. The volume of
the cDNA was adjusted to 25 to 60 pL with Tris EDTA after first-strand
synthesis. First-strand cDNA (5 pL) was amplified in a 50-pL volume of
PCR buffer (10 mM Tris-HCI [pH 9.0], 50 mM KCI, 1.5 mM MgCl,,
0.01% gelatin, and 0.1% Triton X-100), 0.2 mM of each 2'-deoxy-
nucleoside 5'-triphosphate, 50 pmol of each primer, and 2.5 units of
Taq DNA polymerase (Gibco Bethesda Research Laboratories). To
test for the integrity of the RNA samples and for template standardi-
zation, amplification by PCR using actin primers (HACA-1F and
HACA-1R) was performed under the following conditions: 5 minutes
at 94°C, 1 minute at 55°C, and 2 minutes at 72°C (1 cycle); 1 minute
at 94°C, 1 minute at 55°C, and 2 minutes at 72°C (22 cycles); and
1 minute at 94°C, 1 minute at 55°C, and 10 minutes at 72°C (1 cycle).
Transcription of iMer in samples was demonstrated using primers 3F,
51F, RINS, and 2R. The sequences of these primers are as follows:
51F 5'-GATGATGAAGTTACAGCAAT-3', 3F 5-CACCTCTGCCT-
TACCACATCT-3/, RINS 5'-GGAGTCAACAGTAGAAGAGAG-3/,
2R 5’-ATCCACAAAAGCAGCCAAAGA-3'. Each PCR contained a
reverse transcriptase negative control, a no-template control, and a
positive control. The PCR products were analyzed by electrophoresis
of 10 pL of each reaction mixture on a 1.0% agarose gel containing
ethidium bromide. Expression of the iMer protein was performed in a
HEK293 cell system with purity reported as 85% to 90% in the lots
used for this work and resuspended in phosphate-buffered saline
(PBS). iMer (calculated molecular weight of ~40 kDa) was detected
with estimated molecular weight of 65 to 94 kDa (differentially gly-
cosylated forms) based on sodium dodecyl sulfate—polyacrylamide
gel electrophoresis (SDS-PAGE) and western blot analysis under
reducing conditions, as seen in supplemental Figure 1C.
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PRP and washed platelet (WP) preparation. \WB was drawn
from healthy volunteers into 3.8% sodium citrate, as previously
described,'®'® with addition of acid-citrate-dextrose. Platelet-rich
plasma (PRP) was prepared by centrifugation at 150g for
7 minutes at RT. Platelets were pelleted by centrifuging PRP at
1100g for 18 minutes in the presence of prostacyclin (0.1 mg/mL;
Sigma-Aldrich, St. Louis, MO), and resuspended in modified
Tyrode buffer (129 mM NaCl, 0.34 mM Na,HPO,, 2.9 mM KCI,
12 mM NaHCOg, 20 mM HEPES [N-2-hydroxyethylpiperazine-/\'-
2-ethanesulfonic acid], 5 mM glucose, and 1 mM MgCly; pH 7.3)
with acid-citrate-dextrose, after supernatant was discarded. The
solution was spun again at 1100g for 10 minutes with 0.1 mg/mL
prostacyclin and resuspended in buffer to desired concentration
after discarding the supernatant.

PRP and platelet lysate preparation. WB was drawn from
healthy volunteers into 3.8% sodium citrate as previously
described.'®'® PRP was obtained via centrifugation at 150g for
10 minutes at RT. Remaining plasma and cells were centrifuged at
1100g for 18 minutes at RT to obtain platelet-poor plasma (PPP).
PRP platelet concentration was determined on a Heska Element HT5
and then diluted to 250 x 10%/pL via addition of PPP. Platelets were
then pelleted via centrifugation at 1100g for 10 minutes at RT.
Supernatant was removed, and platelets were resuspended in lysis
buffer (HEPES 50 mM, NaCl 150 mM, EDTA 10 mM, glycerol
10% by volume, Triton X-100 1% by volume, and protease
inhibitory cocktail [10 pL/mL of buffer; catalog no. 539131; Calbio-
chem]), pelleted via centrifugation, and resulting supernatant was
aliquoted then stored at —80°C. Remaining PPP was stored
at —80°C.

MERTK phosphorylation assay. A total of 697 human leukemia
cells were cultured in RPMI 1640 without serum and incubated with
1 pM iMer or PBS for 10 minutes, then stimulated with 200 nM
recombinant human (rh) Gas6 (catalog no. NP_000811; R&D Sys-
tems, Minneapolis, MN) for 10 minutes. Pervanadate solution was
prepared fresh and cultures were treated with 120 mM pervanadate
to stabilize phosphorylated MERTK before preparation of whole-cell
lysates, as previously described.'® Lysates were incubated with anti-
MERTK antibody (catalog no. MAB8912; R&D Systems) and protein
G Sepharose beads (Invitrogen), and recovered proteins were
resolved by SDS-PAGE. Phosphorylated and total MERTK were
detected by immunoblot, as previously described."®

iMer/GASG6 binding assays. A mixture of 200 nM iMer (Gen-
Script) and 1 mg biotinylated anti-human MERKTK immunoglob-
ulin G (catalog no. BAF891; R&D Systems), both diluted in
PBS-Tween (PBST) buffer containing 2% bovine serum albumin
(BSA), were incubated with shaking for 30 minutes. Washed
Dynabeads MyOne Streptavidin T1 beads (catalog no. 65601;
Thermo Fisher Scientific) were added, and complexes were incu-
bated with shaking for an additional hour. Varying doses of GAS6
(catalog no. H00002621-P01; Abnova) and CaCl, (5 mM final
concentration in 2% BSA in PBST), were then added followed by
an additional incubation with shaking for 1 hour. Beads were
magnetically immobilized and washed 3 times with 1 mL PBST
containing 2% BSA. Bound proteins were subjected to SDS-
PAGE and immunoblotted with anti-human GAS6 antibody (cat-
alog no. sc376087; Santa Cruz Biotechnology, Dallas, TX).
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Respectively, 200 nM GAS6 (catalog no. H00002621-POf1;
Abnova) and 1 mg biotinylated anti-human GAS6 immunoglobulin G
(catalog no. BAF885; R&D Systems), both diluted in PBST buffer
containing 2% BSA were incubated with shaking for 30 minutes.
Washed Dynabeads MyOne Streptavidin T1 beads (catalog no.
65601; Thermo Fisher Scientific) were added, and complexes were
incubated with shaking for an additional hour. Varying doses of iMer
(GenScript)) and CaCl, (5 mM final concentration in 2% BSA in
PBST), were then added followed by an additional incubation with
shaking for 1 hour. Beads were magnetically immobilized and
washed 3 times with 1 mL PBST containing 2% BSA. Bound pro-
teins were subjected to SDS-PAGE and immunoblotted with anti-
human MERTK antibody (catalog no. ab52968; Abcam).

Immunoprecipitation and western blot of endogenous
iMer. Platelet lysate and PPP were incubated at RT with 1 pg of anti-
mer (catalog no. BAF 891; R&D Systems) for 2 hours with agitation
on a Labquake shaker (model C400110). Dynabeads MyOne
Streptavidin T1 (10 pL; catalog no. 65601; Thermo Fisher Scientific)
were magnetically immobilized and washed 3 times with PBS and
added to the sample-antibody mixture and incubated at RT for 1 hour
with agitation on a Labquake shaker. Bead-antibody-protein com-
plexes were then magnetically immobilized, washed, and resus-
pended 3 times with PBS with 0.05% Tween. Bound proteins were
eluted and subjected to SDS-PAGE and subsequent immunoblotting
with anti-MER antibody (catalog no. ab52968; Abcam).

Platelet aggregation. PRP and/or WPs were prepared as
described earlier and incubated for 8 minutes with vehicle control
(1x PBS) or 5 uM iMer in 1x PBS. Samples were analyzed by a light
transmission aggregometer after stimulation by 0.25 to 0.5 pg/mL
collagen or 1 to 2 mM adenosine 5'-diphosphate (ADP). Maximal
aggregation (percent) was recorded. GAS6 (0.28-2 nM; catalog no.
885-GSB; R&D Systems) was used to reverse the iMer-induced
inhibition. Anti-GAS6 antibody (1:1000; catalog no. sc-376087;
Santa Cruz Biotechnology) was used to directly block GAS6 activ-
ity. Variable aggregation response in the presence of rhGAS6 was
expected because native GASG is an acute phase reactant and likely
exists at a range of levels in our cohort of blood donors based upon
their inflammatory state at the time of the donation. Elevated circu-
lating GAS6 levels would likely augment platelet activation at lower
ADP concentrations rather than lower circulating GAS6 levels. We,
therefore, elected to perform these experiments with a dose of ADP
necessary to achieve ~80% platelet activation with agonist alone,
although this dose of ADP varied among individuals and even within
the same individual on different days.

Microfluidic flow assay. Equine tendon fibrillar type 1 collagen
was purchased from Chrono-log Corp (Havertown, PA). The
collagen was diluted to 500 pg/mL in a 5% glucose solution and
patterned in a 100 x 50 pm strip in a polydimethylsiloxane
microfluidic channel onto a glass slide for 1 hour. After collagen
patterning, the slide was blocked with 1 mg/mL BSA for 1 hour at
RT. A second polydimethylsiloxane microfluidic flow device was
mounted perpendicularly to the collagen strip.?®*' WB from
healthy human volunteers was drawn with a 27-gauge needle into
citrate and corn trypsin inhibitor, incubated for 15 minutes with
either NaCl, 1 pM iMer in NaCl, or 2 pM abciximab in NaCl, and
then treated with fluorescein isothiocyanate—conjugated mouse
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antihuman CD41a (HIP8 monoclonal antibody; BD Biosciences,
Franklin Lakes, NJ) at a ratio of 1:1000. The flow device and slide
were placed on an inverted microscope (40%; 1X81; Olympus,
Waltham, MA). WB (100 pL) was recalcified and pulled through
the channels at a wall shear rate of 650 s™' by syringe pump
(Harvard Apparatus, Holliston, MA) for 3 minutes, and platelet
aggregation was captured in real time®®?? using an Orca Flash4
CMOS camera (Orca-ER; Hamamatsu) and cellSens imaging
software (Olympus Life Science). An image was captured every 1
second over the duration of the experiment. After 3 minutes, the
channel was washed through with Tyrode's buffer while continu-
ously capturing images in real time. Surface area coverage and
aggregate size for each series was determined using the National
Institutes of Health ImageJ plugin.

Flow cytometric analysis. Human WPs (200 x 10°/uL) were
prepared as described earlier and incubated with vehicle control
(NaCl) or 1 pM iMer in NaCl (data not shown) for 10 minutes at
37°C, after which time platelets were stimulated with thrombin
(0.5 U/mL) for 10 minutes at 37°C. Anti-CD41 (BD Biosciences)
and anti—P-selectin (BD Biosciences) antibodies were added, and
the solution was incubated, fixed with paraformaldehyde,
and analyzed by FC-500 flow cytometer (Beckman Coulter) and
FlowJo software (version 10).

Platelet spreading. Human WPs were prepared as described
earlier and incubated with PBS (negative control), 1 pM iMer,
or 2 pM abciximab (positive control) for 10 minutes, seeded on
100 pg/mL collagen-coated glass coverslips at 2 x 10%/uL, incu-
bated for 15 minutes, fixed, and dried. Coverslips were then moun-
ted and imaged with a field emission scanning electron microscope
at 1000x to 5000x magnification after gold sputtering. Ten fields
per sample were viewed, and representative images were chosen. A
Japan Electron Optics Laboratory field emission scanning electron
microscope (Peabody, MA) was used for imaging at 1000x and
5000x magnification.

Murine pulmonary embolism model. Six- to 12-week-old
C57BL/6J mice were anesthetized.'>”® Collagen (0.28 mg/kg)
and epinephrine (0.029 mg/kg) were injected IV 15 minutes after
injection of either 60 mg/kg iMer®* or equivalent volume of PBS
vehicle, and time to breathing cessation was noted. Mice still alive
15 minutes after collagen/epinephrine injection were euthanized.

Tail-clip bleeding assay. Saline vehicle or 60 mg/kg iMer was
injected into the retro-orbital sinus of anesthetized wild-type mice
and allowed to circulate for 15 minutes while the animal was
placed in prone position on a heat block set to 37°C. Tails were
snipped at a consistent diameter of 1.59 mm, using a Staedtler
circle template and the proximal ends were placed in a conical
tube containing 37°C normal saline for 15 minutes. Total bleeding
time (including rebleeds) was recorded and compared to that of
GAS6 knockout mice.

Statistical analysis

Statistical analyses were conducted using GraphPad Prism (version
10; GraphPad Software Inc, La Jolla, CA). Not all data could be
confirmed as normally distributed by D'Agostino-Pearson or
Shapiro-Wilk tests, even after removal of statistical outliers as

4 SPRINGBORN et al 100078

identified by robust regression and outlier removal analysis
(Q = 5%), so were expressed as median values with interquartile
range (IQR) and were evaluated using an unpaired Mann-Whitney U
rank-sum test for continuous variables whose distribution may be
artificially affected by set experimental cutoff end point times. Other
values were compared using Wilcoxon signed pairs rank test.

Results

iMer is expressed in gastrointestinal, genitourinary,
endocrine, and lymphatic tissues and inhibits
phosphorylation of MERTK by GAS6

Sequencing of the alternative splice product demonstrated inser-
tion of an additional exon, 7A, between exons 7 and 8. Exon 7A
contains an in-frame stop codon, leading to production of a trun-
cated MERTK protein with 2 immunoglobulin domains and 1 FNIII
domain (supplemental Figure 1). Gene expression analysis
demonstrated both iMer and full-length MERTK transcripts in
various body tissues (Figure 1A). We hypothesized that, like sMer,
iMer would act as a GAS6 decoy receptor. Indeed, MERTK was
phosphorylated (ie, activated) in 697 human acute leukemia cells
in the presence of GAS6 (Figure 1B). In contrast, incubation with
iMer reduced phosphorylation of MERTK in response to GASS.
We demonstrated all 3 known MERTK isoforms, full-length cMer
receptor, soluble MERTK extracellular domain sMer, and the pre-
sent compound iMer, in platelets as demonstrated in Figure 1C.

iMer binds GASG6 in a dose-dependent fashion

Figure 2, representative of 3 independent assays, demonstrates
that iMer and GAS6 bind directly in coimmunoprecipitation and
the relationship is concentration dependent. glutathione S-trans-
ferase—tagged GAS6/iMer complexes were detected by immu-
noprecipitating  with  anti-human MERTK antibody and
immunoblotting with an anti-human GAS6 antibody. GAS6/iMer
complexes were also detected when immunoprecipitated with anti-
human GAS6 antibody and immunoblotting with anti-human
MERTK antibody. His-tagged GAS6 (200 nM) or 200 nM each
GAS6 and iMer were immunoprecipitated with anti-human GAS6
antibody. iMer coimmunoprecipitates with the GAS6 and is
detected with anti-human MERTK antibody. iMer (200 nM) or 200
nM each iMer and GAS6 were immunoprecipitated with anti-
human MERTK antibody. GAS6 coimmunoprecipitates with the
iMer and is detected with anti-human GAS6 antibody.

iMer inhibits platelet aggregation induced by low-
dose ADP in human PRP

GASS6 does not activate platelets alone (data not shown) but rather
serves to augment the signaling of other platelet agonists.>?° This
effect is most visible when using weaker agonists such as low-dose
ADP. Aggregation tracings demonstrated decreased aggregation
over time for platelets in human PRP treated with 5 mM iMer
compared with vehicle control after activation with 1 to 2 mM ADP
(Figure 3A), with a significant reduction in median final aggregation
from 90% (IQR, 86%-95%; n= 4) for platelets incubated with vehicle
control to 33% (IQR, 29%-40%; P < .05) after treatment with iMer
(Figure 3B). Addition of rhGAS6 was sufficient for partial recovery of
platelet aggregation in PRP pretreated with iMer before addition of
ADP (Figure 3C). Median final aggregation was significantly
decreased from 87% (IQR, 85%-900%) for platelets incubated with
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Figure 1. iMer is expressed in gastrointestinal, genitourinary, endocrine, and lymphatic tissues, and inhibits phosphorylation of MERTK induced by GAS6. (A) iMer
and full-length MERTK transcripts were detected by reverse transcription PCR, with G3PDH as loading control, from C57BL/6 wild-type mouse tissue. (B) A total of 697 cells treated
with vehicle control or with iMer for 10 or 20 minutes as indicated were cultured with or without 200 nM GAS6 to activate MERTK receptor. MERTK was then immunoprecipitated.

Phosphorylated (denoted by p-MERTK) and total MERTK proteins were detected by immunoblot. Images shown are representative of 2 independent experiments. (C) Mer

isoform prevalence in platelets varies among individuals. Immunoblot of platelet lysates collected from 3 donors, 1 of whom had multiple samples collected across different days. The
blots demonstrate full-length MERTK (cMer), soluble MERTK extracellular domain (sMer), and iMer. G3PDH, glyceraldehyde-3-phosphate dehydrogenase.

vehicle control to 29% (IQR, 29%-32.5%; P < .05) after treatment
with iMer alone and was restored to 56% (IQR, 47%-71%) when
excess rhGAS6 was added (Figure 3D). Similar results were obtained
when GASB antibody was used to titrate GAS6. Aggregation tracings
showed decreased aggregation over time after activation with ADP in
PRP for platelets treated with GAS6 antibody compared with vehicle
control, with partial rescue of aggregation in response to addition of
excess GAS6 (Figure 3E). Median final aggregation was 88% (IQR,
46.25%-99%) for platelets incubated with vehicle control compared
with 7% (IQR, 5%-18%) for platelets incubated with GAS6 antibody
and 20.5% (IQR, 8.25%-82.25%) after incubation with GAS6 anti-
body and excess GAS6 (Figure 3F). Exogenous rhGAS6 appears to
enhance ADP-induced human platelet aggregation. Human PRP
samples were incubated at 37°C for 10 minutes with either rhGAS6
or saline control and aggregation was induced by 2 mM ADP (n = 3;
P = not significant [ns]) as seen in supplemental Figure 4.

iMer does not inhibit platelet aggregation in human

PRP in the absence of GAS6

GAS6 was depleted from human PRP by immunoprecipitation
before analysis of platelet aggregation and no significant
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difference in maximum aggregation in samples treated with iMer
(median, 74% [IQR, 62%-84.5%]) compared with vehicle control
(median, 86% [IQR, 70%-86.5%]; P = ns) was observed
(Figure 4). From these results, we concluded that iMer’s effect on
inhibiting platelet aggregation after ADP stimulation is dependent
upon the presence of GAS6.

iMer inhibits platelet granule release stimulated by
thrombin

Human WPs were exposed to 0.5 U/mL thrombin after incubation
with iMer or vehicle control. Treatment with iMer significantly
decreased P-selectin on platelets after activation with thrombin
compared with platelets treated with vehicle control (Figure 5).

iMer inhibits stable aggregate formation under
physiologic shear conditions

In microfluidic experiments in which human WB was infused at venous
shear rate (750 s™') across a fibrillar collagen strip, vehicle-treated
samples exhibited significantly higher surface area coverage
(median, 9.5% [IQR, 6%-11.55%]) than samples pretreated with iMer
(median, 0.9% [IQR, 0.45%-3.5%]; n=7; P<.01; Figure 6A). Human
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GAS6 antibody and immunoblotting with anti-human MERTK antibody. Also shown are the input protein and same protein immunoprecipitation/immunoblot controls. (C) His-
tagged GAS6 (200 nM) or 200 nM each GAS6 and iMer were immunoprecipitated with anti-human GAS6 antibody. iMer coimmunoprecipitates with the GAS6 and is detected
with anti-human MERTK antibody. Also shown are control immunoprecipitations with anti-human MERTK and input iMer. (D) Respectively, 200 nM iMer or 200 nM each iMer and
GAS6 were immunoprecipitated with anti-human MERTK antibody. GAS6 coimmunoprecipitates with the iMer and is detected with anti-human GAS6 antibody. Also shown are
the control immunoprecipitations with anti-human GAS6 and input GAS6. Images are representative of 3 independent assays. IP, immunoprecipitation.

WQPs, compared on brightfield image taken at the end of each
microfluidic run, contained a higher proportion of small aggregates
(1-2 and 3-10 platelets per aggregate) after pretreatment with iMer
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(median, 54% [IQR, 48%-68%] and 36% [IQR, 26.5%-36.5%],
respectively; n=7) than those pretreated with vehicle control (median,
[[OR, 34.5%-45.0%] and 31% [IQR, 23.5%-39%)],

43%
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Figure 3. Removal of circulating GAS6 by addition of either iMer or anti-GAS6 antibody dampens ADP-induced platelet aggregation. (A) Representative light
transmission aggregometry tracings showing inhibition of 1 to 2 mM ADP-induced platelet aggregation in human PRP in the presence of 5 pM iMer (red) or vehicle control
(green). Tracings are representative of 2 to 4 independent experiments. (B) Quantitation of 4 independent experiments, median value and interquartile range are shown;
*P < .01, Wilcoxon signed pairs rank test. (C) Representative tracings showing ADP-induced platelet aggregation in the presence of 5 pM iMer (red), vehicle control (green), or
5 pM iMer plus rhGAS6 (blue). Addition of excess GAS6 can partially overcome iMer-mediated inhibition. (D) Summary of 3 experiments; *P <05 for control vs iMer-treated;
nsfor other comparisons. (E) Representative tracings of ADP-induced platelet aggregation in the presence of GAS6 antibody (red), vehicle control (green), and GAS6 antibody
plus rhGAS6 (blue). (F) Summary of 4 separate experiments, P < .05 for control vs anti-GAS6 antibody treatment; P = ns for other comparisons, Friedman test.
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Figure 4. Platelet aggregation is not affected by treatment with iMer in the
absence of GAS6. Human PRP was treated with antibody to deplete GAS6 and then
incubated with 5 uM iMer (red) or vehicle control (green) before platelet activation was
stimulated with 1 to 2 mM ADP. Median values and error bars denoting IOR from 3

experiments are shown (P = ns, Wilcoxon signed pairs rank test).

respectively; n = 7; P = ns). In contrast, higher proportions of large
aggregates (11-50 and 50-100 platelets per aggregate) were
seen in the vehicle control-treated samples (median, 17% [IQR,
14%0-23.5%)] and 6% [IQR, 3%-10%)], respectively; n = 7; P = ns)
than those pretreated with iMer (media, 14% [IQR, 0%-15%] and 0%
[IQR, 0%-0%]; n = 7; P=ns). Aggregates with >100 platelets were
only observed in vehicle-treated samples, consistent with decreased
aggregate stability under flow in response to iMer's inhibition of
platelet-platelet binding (Figure 6B).

iMer delays washed human platelet spreading on
fibrillar collagen visualized by SEM

Human WPs pretreated with vehicle demonstrated a greater pro-
portion of activated platelets when exposed to fibrillar collagen,
evidenced by a flattened, “fried egg” appearance, whereas those
pretreated with iMer appear more commonly in the round resting
state, similar to those treated with abciximab as a positive control
(supplemental Figure 2). iMer-treated platelets exhibited an
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Figure 5. iMer inhibits platelet granule release stimulated by thrombin.
Human WPs were exposed to 0.5 U/mL thrombin for 10 minutes after incubation
with 5 uM iMer (red) or vehicle control (green) for 10 minutes. Median values and IQR
from 4 experiments are shown (n = 4; P<.05, Wilcoxon signed pairs rank test). MFI,

mean fluorescense intensity.
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intermediate spreading phenotype compared with platelets treated
with vehicle or abciximab.

iMer increases survival in a collagen/epinephrine-
induced pulmonary embolism model

Collagen and epinephrine were injected into wild-type C57BL/6
mice to induce pulmonary embolism. All mice injected with vehicle
died of pulmonary embolism within 5 minutes of collagen/
epinephrine injection. In contrast, ~35% of littermates pretreated
with 60 mg/kg iMer (n = 9; P =.0025) were still alive 30 minutes
after collagen/epinephrine (Figure 7). Gas6™~ mice (n = 6;
P =.0085) were similarly protected from fatal thromboembolism.

iMer is not associated with increased tail bleeding
time

Preliminary evaluation of tail-clip bleeding times demonstrated no
significant difference between tail bleeding times in vehicle-treated
C57BL/6 mice (median, 15 minutes [IQR, 11.53-15]; n = 8) and
littermates treated with 60 mg/kg iMer (median, 6.57 minutes [IQR,
355-9.13]; n = 3; P = ns) or GAS67" mice (median,
14.75 minutes [IQR, 9.87-15]; n =5; P=ns), as seen in Figure 7B.

Discussion

In this study, we first described iMer, a plasma-soluble naturally
occurring MERTK isomer, and demonstrated that iMer binds to
GASB6 and inhibits ex vivo platelet activation and in vivo thrombus
formation, without associated increase in hemorrhagic effect. iMer
bound GAS6 directly decreased platelet activation during low-
dose ADP-induced aggregation similar to an anti-GAS6 anti-
body, inhibited granule release detected by platelet-surface
P-selectin expression, and reduced stability of platelet aggre-
gates under venous shear conditions in a microfluidic assay. iMer
also improved survival in a collagen/epinephrine-induced pulmo-
nary embolism model, without increasing hemorrhage in a tail-clip
bleeding model.

Our findings are consistent with others demonstrating decreased
platelet activation and thrombus formation in the setting of
congenital®?%2® and/or pharmacologic'*2°2® inhibition of GAS6-
TAM signaling. In particular, the actions of iMer on platelet acti-
vation are similar to that seen with sMer, the soluble MERTK
extracellular domain that also binds to GASS, acting as a ligand
trap,'® and decreasing platelet-platelet binding by limiting the
inside-out signaling that results in allb/p3 integrin activation. The
lack of inhibition demonstrated by iMer in GAS6-depleted plasma
supports our hypothesis of iMer's GAS6-trapping mechanism of
action, because it has no inhibitory effect when no GASG6 is pre-
sent to sequester during the preaggregation incubation. The
GASG6-depleted plasma, however, still achieves aggregation per-
centages near that of normal PRP, likely due to small but sufficient
amounts of GAS6 released by platelet a-granules®®*2’ that,
because of the timing conditions of the experiment, would not likely
be trapped by iMer because it is not released until the agonist is
added when the aggregation experiment is already underway.

Previous work demonstrated that AXL and TYROS3, but not
MERTK, have an important role in platelet activation and thrombus
formation via a pathway that regulates inside-out signaling.”®
iMer's mechanism of action, that of trapping GAS6, a ligand
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oriented fibrillar collagen by vacuum syringe at a venous shear rate of 750 s™". Plts were stained with anti-CD41 antibody (blue), then counterstained with anti—P-selectin

antibody (green). (B) Surface area coverage was calculated by densitometry and circularity measurements and was significantly higher in vehicle-treated human platelets (green,
n = 7), compared with iMer-treated platelets (red, n = 7 independent experiment samples; P < .05, Wilcoxon signed pairs rank test). (C) Quantitation of brightfield images of
platelets showing a higher proportion of small aggregates (1-2 and 3-10 platelets per aggregate) after pretreatment with iMer than samples pretreated with vehicle control, which
contained higher proportions of large aggregates (11-50, 50-100, and >100 platelets per aggregate). plts, platelets.
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Figure 7. iMer protects against thrombus formation without increasing bleeding
in preliminary studies. (A) C57BL/6 mice were injected with collagen/epinephrine to
induce systemic venous thrombosis resulting in pulmonary embolism. WT mice treated with
60 mg/kg iMer (red, n=9) and Gas6 "~ KO mice (blue, n = 6) exhibited a significant
increase in survival compared with vehicle-treated controls (green line; n=7; *P<.01 by
log-rank [Mantel-Cox] test). (B) Tail-clip bleeding times did not differ significantly among WT
mice treated with 60 mg/kg iMer (red, n=3) or vehicle control (green, n=8), or Gas6 '~ KO
mice (blue, n=5; *P<.01 by log-rank [Mantel-Cox] test). KO, knockout; WT, wild-type.
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common to all TAM receptors, is still supported in light of these
findings. Although iMer occurs naturally in mice and humans, the
recombinant protein used here is labeled with a His tag to allow
detection of exogenous protein. Differences in endogenous iMer
levels may have contributed to differences in the efficacy of
exogenous iMer in different donor samples. Another potential
limitation is the preferential correlation of platelets more with
arterial, rather than venous, thrombosis. More recent evidence,
however, has linked platelet activation markers with venous
thrombosis. Swamy et al demonstrated that plasma P-selectin
levels were associated with increased risk of venous thrombo-
embolism in females,?® although it is not clear why men did not
demonstrate the same risk elevation.

Our initial hypothesis that a naturally occurring, soluble splice
variant of the MERTK receptor, would decrease platelet activation
and thrombus formation is supported by our findings. These data
implicate iMer as a potential strategy to decrease platelet activa-
tion and thrombosis risk, especially considering the lack of
increased bleeding noted with iMer use. It remains to be seen
whether iMer levels vary in certain situations, such as clinical
inflammatory states, in which GASB6 levels are also elevated, to act
more directly as a natural anticoagulant. Future studies should
include direct measurement of the iMer product in samples from
individuals with and without inflammation, for correlation with
GASBG levels.
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