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Essentials

The mechanisms of extracellular signal-regulated kinase 5 (ERK5) in GPIb-1X signaling are

unclear.

Function of ERKS5 in GPIb-1X was tested using aggregation, western blotting, and mass

spectrometry.

The protein interacting with ERKS5 in human platelets was identified as casein kinase |1

(CKII).

ERKS5 associates with CKII to regulate the activation of the PI3K/Akt pathway in

GPIb-IX signaling.

Summary

Background: The platelet glycoprotein (GP) Ib-1X complex plays essential roles in
thrombosis and hemostasis. The mitogen-activated protein kinases (MAPKs) ERK1/2 and
p38 have been shown to be important in the GPIb-IX-mediated signaling leading to integrin
activation. However, the roles of the MAPK extracellular signal-regulated kinase 5 (ERK5)

in GPIb-1X-mediated platelet activation are unknown.
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Objective:

To reveal the function and mechanisms of ERKS5 in GPIb-I1X-mediated platelet activation.

Methods:

The functions of ERK5 in GPIb-IX-mediated human platelet activation were assessed using
botrocetin/\VWF, ristocetin/\VVWF, or platelet adhesion to VWF under shear stress in the
presence of a specific inhibitor of ERK5. ERK5-associated proteins were pulled down from
Chinese hamster ovary (CHO) cells transfected with HA-tagged-ERKS, identified by mass
spectrometry, and confirmed in human platelets. Roles of ERK5-associated proteins in

GPIb-IX-mediated platelet activation were clarified using specific inhibitors.

Results:

The phosphorylation levels of ERK5 were significantly enhanced in human platelets
stimulated with botrocetin/\VVWF or ristocetin/\VVWF. The ERKS inhibitor XMD8-92
suppressed the second wave of human platelet aggregation induced by botrocetin/\VVWF or
ristocetin/\VVWF and inhibited human platelet adhesion on immobilized VWF under shear
stress. Casein kinase 11 (CKII) was identified as an ERK5-associated protein in human
platelets. The CKII inhibitor TBB, similar to the ERKS5 inhibitor XMD8-92, specifically
restrained PTEN phosphorylation, therefore suppressing Akt phosphorylation in human

platelets treated with botrocetin/\VVWF.
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Conclusion:

ERKS associates with CKII to play essential roles in GPIb-IX-mediated platelet activation via

the PTEN/PI3K/Akt pathway.
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platelet glycoprotein GPIb-1X complex; extracellular signal-regulated kinase 5; casein

kinase Il; PTEN; platelet activation.

Introduction

Platelets, which are derived from megakaryocytes, circulate in mammalian blood and play
essential roles in hemostasis, angiogenesis, inflammation, tumor growth, and metastasis
[1-3]. Compared with other cells, platelets have a relatively small size, but they have
abundant membrane proteins [4, 5]. Platelet membrane proteins include a variety of
receptors, such as the leucine-rich repeat (LRR) family, integrins, GPCRs, the C-type lectin

receptor family, and many other receptors [1].

The glycoprotein (GP) 1b-1X complex, which belongs to the LRR family, not only
mediates platelet adhesion but also transmits signals, leading to platelet activation [6, 7]. The
GPIb-I1X-mediated integrin activation signal has been well studied [8, 9]. Among these
signaling pathways, mitogen-activated protein kinases (MAPKS) play crucial roles in

GPIb-I1X-mediated platelet aggregation and adhesion [10, 11]. Four distinct subgroups within
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MAPKSs have been identified in platelets: extracellular signal-regulated kinase 1/2 (ERK1/2),
the p38 group of protein kinases (p38), the c-Jun NH2-terminal kinases 1/2 (JNK1/2), and
extracellular signal-regulated kinase 5 (ERKS5) [12]. Among these MAPKSs, p38 and ERK1/2
have been shown to be important in the GPIb-1X mediated signaling leading to integrin

activation [13].

ERKS, also named big mitogen-activated protein kinase-1 (BMK1), is the most recently
identified member of the MAPKSs. ERKS5 has been reported to be a platelet activator in
ischemic conditions, and it regulates the expression of multiple platelet proteins after
myocardial infarction (MI) [14]. However, the roles of ERKS5 in GPIb-IX-mediated platelet
activation are unknown. In this study, the functions of ERKS5 in GPIb-IX-mediated human

platelet activation and possible underlying mechanisms were studied.

Material and methods

Materials

Apyrase, PGE1, adenosine 5'-diphosphate (ADP), and U46619 (thromboxane A2 mimetic)
were obtained from Sigma-Aldrich (St Louis, MO, USA). a-thrombin was obtained from
Enzyme Research Laboratories (South Bend, IN, USA). Collagen was purchased from
Chrono-Par Aggregation Reagents (Chrono-Log Corporation, Havertown, PA, USA). Human
von Willebrand factor (VWF) was purchased from Haematologic Technologies (Essex
Junction, VT). Botrocetin was prepared as previously described [15]. Ristocetin was obtained

from Helena Biosciences (Gateshead, United Kingdom). Protease and phosphatase inhibitor
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cocktails and IgG-agarose beads were purchased from Roche (Indianapolis, IN, USA).
MAPKS inhibitors (SP600125, XMD8-92, ERK5-IN-1, and SB203580), the MEK1/2
inhibitor U0126, the Raf inhibitor LY3009120, the MEKS5 inhibitor BIX02189, and the PI3K
inhibitor wortmannin were obtained from Selleck Chemicals (Houston, TX, USA). The Src
kinase inhibitor PP2, Akt inhibitor Akt Inhibitor 111 (SH6), and casein kinase Il inhibitor TBB
were purchased from CalBiochem (Darmstadt, Germany). Anti-phospho-p44/42 MAPK
(ERK1/2), anti-phospho-p38 MAPK (Thr180/Tyr182), anti-phospho-SAPK/INK (JNK1/2)
(Thr183/Tyr185), anti-phospho-ERKS5 (Thr218/Tyr220), anti-phospho-PTEN,
anti-phospho-Akt (Thr308), anti-phospho-Akt (Ser473), and anti-GAPDH antibodies were
obtained from Cell Signaling Technology (Danvers, MA, USA). Anti-CKlIlo (T251) antibody
was from Bioword Technology (Minneapolis, MN, USA). Anti-HA-conjugated agarose

beads were purchased from Thermo Pierce (Rockford, IL, USA).

Preparation and aggregation of human washed platelets

After informed consent was obtained, peripheral blood was collected from five different
healthy donors (the work was approved by the ethics committee of Tongji Medical College,
Huazhong University of Science and Technology, and complied with the principles in the
Declaration of Helsinki). Human washed platelets were prepared as described previously
[16]. Inhibitors were incubated with the platelets for 3 min before stimulation. VWF (5 pg
mL™) with botrocetin (1.5 pg mL™) or ristocetin (0.25 mg mL™) was used to investigate
GPIb-I1X-mediated human platelet activation. ADP (5 uM), collagen (0.1 pg mL™),
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a-thrombin (0.1 U), and U46619 (0.1 pg mL™) were also used in platelet aggregation test.
Platelet aggregation was monitored using an aggregometer at 37°C with 1000 rpm stirring

speed.

Western blotting analysis

For western blotting, the platelet aggregation reaction was stopped by adding an equal
volume of 2xSDS sample buffer containing 1 M Tris-HCI (pH 6.8), 4% SDS, 10%
B-mercaptoethanol, 10% glycerol, and 2% bromophenol blue. Then, samples were boiled at
100 °C for 10 min, separated by 10% SDS-PAGE, transferred to a PVDF membrane, and
blotted with the indicated antibodies as described previously [17]. After detection of target
proteins, the membranes were stripped and then incubated with anti-GAPDH antibodies to
demonstrate equal loading. Blots were developed using the SuperSignal chemiluminescent
substrate. The density of protein was measured with NIH Image J software (National
Institutes of Health, Bethesda, MD), and statistical significance was evaluated by Student’s

t-test.

DNA constructs, cell cultures, and transfection

DNA constructs were made using standard genetic manipulations as previously described
[18]. Human ERK5 cDNA was cloned into the PXJ40-hemagglutinin (HA) vector, and then,

HA-ERKS5 was sub-cloned into the PLVX-IRES-ZsGreenl expression vector (Clontech,
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Mountain View, CA, USA). Chinese hamster ovary (CHO) cells (from the Cell Bank of the
Chinese Academy of Sciences, Shanghai, China) were cultured in DMEM (with 4.5 g L™
glucose, 4 mM L-glutamine, and 100 ug mL™ penicillin/streptomycin) supplemented with
10% fetal bovine serum (FBS). DNA constructs were transfected into CHO cells using
Lipofectamine 2000 (Life Technologies Inc, Ontario, Canada). Cells expressing the
HA-tagged-ERKS5 fusion protein were obtained by selection for neomycin resistance using

G418 at2 mgmL™.

Immunoprecipitation and mass spectrometry

For identification of ERKS5 interactors, CHO cells expressing HA-ERKS5 proteins were lysed
and pre-absorbed with 1gG-agarose beads, followed by treatment with anti-HA-conjugated
agarose beads at 4°C overnight. Each pull-down sample was separated by 10% SDS-PAGE
and stained with Coomassie brilliant blue. Stained bands containing one or more protein
species were excised. In-gel digestion, mass spectrometry analysis, and database searching
were carried out by Shanghai Applied Protein Technology Ltd (Shanghai, China) as
previously described [18]. The presence of ERK5-associated proteins was verified by

immunoblotting.

For immunoprecipitation, resting platelets or DMSO- or XMD8-92-pre-incubated activated
platelets were lysed using Pierce immunoprecipitation lysis buffer on ice for 30 min,
followed by binding to 2 ug mL™ rabbit anti-HA antibody or rabbit anti-CKIla antibody or

rabbit anti-ERKD5 antibody or a non-specific rabbit 1gG control for 2 h at 4°C. Protein G
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agarose beads (30 uL) were added to each sample prior to incubation at 4°C overnight. The
beads were harvested by centrifugation at 3000 x g for 1 min and washed three times with
lysis buffer. After boiling with sample buffer, immunoprecipitation samples or direct lysates
were analyzed by SDS-PAGE and western blotting as previously described [19]. After
detection of target proteins, the membranes were stripped and incubated with anti-rabbit 1gG

or anti-GAPDH antibodies to demonstrate equal loading.

Platelet adhesion under shear stress assays

Platelet adhesion under shear stress was performed as previously described [20]. Briefly,
microfluidic channels were coated with VWF (30 ug mL™) overnight, washed with PBS, and
blocked with 2% BSA. Blood samples from healthy donors were labeled with calcein (4 pM)
for 30 min and then pretreated with DMSO or XMD8-92 (5 uM) for 5 min. Each group was
perfused through the microfluidic channels at wall shear rates of 1500 s for 5 min. Channels
were then quickly rinsed with PBS 3 times to wash out platelets that were not stably adhered.
Microfluidic channels were viewed with a Leica DMI RB fluorescence microscope (Leica
Microsystems) using an N PLAN L lens at 40x/0.55 NA objective with 1.5% magnification as
previously described [7]. Stable adherent platelets were counted in 9 randomly selected
microscope fields. Relative area and mean fluorescence intensity were quantitated. Statistical

significance was analyzed using Student’s t test.
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Results

The roles of MAPKSs in botrocetin/VWF-induced human platelet aggregation

Although p38 and ERK1/2 have been shown to be important regulators in GPIb-1X mediated
platelet activation, there is a lack of systematic studies on the roles of MAPKS in
GPIb-1X-mediated platelet activation. First, the activation of 4 major MAPK members in
human platelets stimulated with botrocetin/VVWF was investigated. The data presented in Fig.
1(A) showed that the phosphorylation levels of the main MAPK members, including ERKS5,
JNK1/2, p38, and ERK1/2, were significantly enhanced in human platelets in response to
botrocetin/VVWF stimulation (Fig. 1B). These results suggested that ERK5 and JNK1/2 might

also be involved in the regulation of GPIb-1X mediated platelet activation.

To compare the functions of the 4 major MAPK members in GPIb-1X-mediated platelet
activation, washed human platelets were stimulated with botrocetin/\VVWF in the presence of
DMSO or different specific MAPK inhibitors. The results in Fig. 1(C) showed that the ERK5
inhibitor XMD8-92, p38 inhibitor SB203580, and MEK1/2 inhibitor U0126
dose-dependently and significantly suppressed the second wave of botrocetin/VWF-induced
platelet aggregation. The JNK1/2 inhibitor SP600125 only slightly affected human platelet
aggregation induced by botrocetin/\VVWF. These results demonstrated that ERKS5 is another

important regulator in GPIb-IX-mediated platelet activation.
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ERKS5 plays critical roles in GPIb-1X-mediated platelet activation

To further verify the roles of ERKS5 in GPIb-IX-mediated platelet activation, the effects of the
ERKS inhibitor XMD8-92 on ristocetin/\VWF-induced human platelet aggregation were
studied [21]. The results in Fig. 2(A) showed that the second wave of human platelet
aggregation induced by ristocetin/\VWF was inhibited by XMD8-92 in a dose-dependent
manner. The phosphorylation levels of ERKS5 in human platelets were obviously enhanced in
response to ristocetin/’VWF (Fig. 2B), further indicating that ERKS5 can be activated and

plays important roles in GPIb-1X-mediated platelet activation.

In addition, the roles of ERKS5 in platelet adhesion to VWF under shear stress were also
assessed. The relative area and mean fluorescence intensity of human platelets stably adhered
to immobilized VWEF under shear stress were analyzed (Fig. 2C). The results showed that the
relative area of human platelets in the ERKS inhibitor XMD8-92 group was 37.98 + 12.53%
compared to a value of 100.00 + 13.01% in the DMSO group. In addition, the fluorescence
intensity was 64.82 + 2.77 for the DMSO group vs 46.24 + 3.85 for the XMD8-92 group.
These results suggested that ERKS5 also plays an essential role in shear stress-induced

GPIb-1X-mediated platelet activation.

Src, Raf, and MEKS5 are upstream activators of ERK5

MAPK:Ss are activated through a classical MAPK kinase kinase (MAPKKK)-MAPK kinase
(MAPKK)-MAPK signaling cascade. Previous studies have reported that MEKK2, MEKKS3,
Raf, and MEKS5 are upstream activators of ERKS5 in tumor cells [22, 23]. Moreover, the Src

family kinases (SFKSs) are involved in GPIb-mediated signal transduction and play an early
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role in the signaling pathway of platelet activation induced by shear stress or by ristocetin or
botrocetin [24, 25]. To explore whether they are upstream activators of ERKS5 in platelets, the
effects of their inhibitors on botrocetin/\VVWF-induced human platelet aggregation were
measured. The results presented in Fig. 3(A) demonstrate that the SFKs inhibitor PP2, Raf
inhibitor LY 3009120, and MEKS5 inhibitor B1X02189 dose-dependently inhibited the second
wave of human platelet aggregation stimulated with botrocetin/VVWF. Moreover, the
phosphorylation levels of ERK5 in human platelets in response to botrocetin/\VWF were
significantly suppressed by PP2 and B1X02189 and slightly inhibited by LY3009120 (Fig.
3B, C). These results suggested that Src and MEKS5 are upstream regulators of ERK5 and that

Raf partially contributes to ERKS activation in GPIb-IX-mediated platelet activation.

CKII is one of ERK5-associated proteins

Although upstream activators of ERK5 have been verified, the precise molecular mechanisms
of ERKS in GPIb-IX-mediated platelet activation remain unclear. First, the proteins
interacting with ERKS5 were pulled down by immunoprecipitation in Chinese hamster ovary
(CHO) cells transfected with HA-ERKS and subjected to mass spectrometry analysis (Fig.
4A). CKIl was identified as one of ERK5-associated proteins, which was confirmed by
co-immunoprecipitation and immunoblotting in CHO cells expressing HA-ERKS5 (Fig. 4

B,C).
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The status of ERKS5 binding to CKI1 in resting platelets and activated platelets was also
studied. The results presented in Fig. 4(D) demonstrated that ERK5 constitutively associates
with CKII in human platelets. More interesting is that the association of ERK5 with CKII was
significantly blocked by the ERKS5 inhibitor XMD8-92 in human platelets (Fig. 4D).
Therefore, XMDB8-92 inhibits GPIb-mediated platelet activation probably via blockage of the

association of ERK5 with CKII.

The CKII inhibitor TBB was used to study the functions of CKII in GPIb-1X-mediated
human platelet activation. Similar to the ERKS5 inhibitor XMD8-92, TBB dose-dependently
inhibited the second wave aggregation of human platelets stimulated with botrocetin/\VVWF
(Fig. 4E). These results suggested that ERKS5 associates with CKII to regulate

GPIb-1X-mediated platelet activation.

ERKS5/CKII is involved in GPIb-1X-mediated platelet activation via regulation of the

PTEN/PI3K/Akt pathway

CKII is composed of two a subunits and two B subunits, and it phosphorylates the
serine/threonine/tyrosine of its substrate [26, 27]. It has been reported that CKII can
phosphorylate and attenuate the activity of phosphatase and tensin homolog deleted on
chromosome ten (PTEN) [28]. Whether ERK5/CKII was involved in GPIb-1X-mediated
platelet activation through regulation of PTEN phosphorylation requires investigation. The
data presented in Fig. 5(A) showed that PTEN phosphorylation was significantly enhanced in

human platelets in response to botrocetin/\VVWF. Moreover, the phosphorylation levels of
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PTEN in human platelets were dose-dependently inhibited by the ERKS5 inhibitor XMD8-92
or CKIl inhibitor TBB (Fig. 5A), indicating that ERK5/CKII did regulate PTEN activity in
GPIb-1X-mediated signaling. Inhibitors of INK1/2, p38, and ERK1/2 had no effects on PTEN
phosphorylation (Fig. 5B), suggesting the specificity of the ERK5/CKII-PTEN signaling axis.
Taken together, the results indicated that ERK5/CKII is involved in GPIb-mediated human

platelet activation through regulation of PTEN activity.

PTEN, as a lipid phosphatase, negatively regulates the PI3K/Akt signaling pathway in
platelets [29, 30]. The regulatory roles of the ERK5/CKII-PTEN axis in the
GPIb-1X-mediated PI3K/Akt signaling pathway were elucidated. The results presented in Fig.
5(C) showed the phosphorylation levels of Akt at thr308 and ser473 sites were significantly
suppressed in human platelets stimulated with botrocetin/\VWF in the presence of the ERK5
inhibitor XMD8-92, CKII inhibitor TBB, or PI3K inhibitor wortmannin (Fig. 5C). The
aggregation experiments confirmed that both the PI3K inhibitor wortmannin and Akt
inhibitor SH6 dose-dependently inhibited botrocetin/\VVWF-induced human platelet
aggregation (Fig. 5D). These results suggested that ERK5/CKII regulates GPIb-1X-mediated

platelet activation via the PTEN/PI3K/AKkt signaling pathway (Fig. 5E).
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Discussion

The binding of VWEF to the GPIb-1X complex initiates a signaling cascade that causes
integrin allbB3 activation and platelet aggregation. GPIb-1X signaling is mediated by the
SFKs, PLC/PKD, calcium elevation, PI3K/Akt, MAPK p38 and ERK1/2, and secondary
amplifying ADP and thromboxane A2 pathways [10]. Cameron et al. reported that ERK5
deficiency inhibited thrombin- and U46619-induced platelet aggregation, but had no effects
on ADP- and collagen-induced platelet aggregation [14]. In our study, we showed that the
specific ERKS5 inhibitor XMD8-92 had similar inhibitory effects as ERKS5 deficiency on
platelet aggregation (Fig. S2). We also found that ERKS5 is a critical MAPK involved in
GPIb-IX-mediated platelet activation using the ERKS inhibitor XMD8-92 or ERK5-IN-1
(Fig. S1) [31, 32]. It has been reported that GPIb-1X-mediated signaling is amplified by the
activation of the TxA2 receptor [19]. Therefore, the inhibitory effect of the ERKS5 inhibitor
on human platelet aggregation or stable platelet adhesion could result from
GPIb-1X-mediated direct signaling and secondary amplifying signals mediated by the TxA2

receptor.

Extracellular stimuli induce the sequential activation of the MAPKKK-MAPKK-MAPK
signaling cascade to regulate abundant cell activities [33, 34]. It was believed that three
MAPKKKSs, MEKK2, MEKK3 or Raf are upstream signaling molecules to activate a specific
MAPKK, MEKS5. Then, MEKS5 further phosphorylates and activates ERKS5 and its substrates
[23, 35, 36]. Our results showed that MEKS5 is an upstream activator of ERK5 in
GPIb-IX-mediated human platelet activation. Raf inhibitor slightly inhibited

GPIb-IX-mediated platelet aggregation and ERK5 phosphorylation, suggesting that there
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could be other MAPKKKS, such as MEKK2 or MEKKS, also involved in the regulation of
ERKS activation. The SFKs Src, Lyn, and Fyn have all been implicated in the early stages of
GPIb-1X signaling, and our results demonstrated that SFKs are also upstream kinases to

activate the MAPKKKs (Raf)/MEKS5/ERKS5 pathway.

ERKS has been associated with a wide range of cellular processes, including cellular
proliferation, migration, survival, and angiogenesis [37]. The roles of ERKS5 in the regulation
of Akt activation have been reported in mouse embryonic fibroblasts under osmotic stress
and in osteoblast apoptosis induced by TNF-a [38, 39]. ERK5 was also shown to be involved
in PDGFRp-mediated Akt activation in porcine aortic endothelial cells [40]. Our results also
indicated that ERK5 was able to regulate Akt activation in human platelets in response to
botrocetin/\VWF. These observations suggested that ERKS5 is an important regulator of the
PI3K/Akt pathway, but the underlying mechanisms were unclear. We found that that ERK5
constitutively associates with CKII in human platelets. And we also revealed that inhibitory
effects of the specific ERKS5 inhibitor XMD8-92 on GPIb-I1X-mediated platelet aggregation
probably occur through the breakage of the ERK5 and CKII association. CKI1 is a highly
pleiotropic and ubiquitous active serine/threonine kinase that has been implicated in
neoplasia, cell survival, and viral infection [28, 41]. CKII combines with itself and forms
inactive multimers in the resting state [42]. We hypothesized that phosphorylation of ERK5
might depolymerize the multimers of CKI|I, associate with CKII, and activate it. Further

studies are needed to clarify the specific region of CKII binding to ERK5.
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It has been reported that CKII can mediate PTEN tail phosphorylation and induce the
“tail-closed” conformation of PTEN, which prevents the phosphatase activity of PTEN
toward phosphatidylinositol (3,4,5)-triphosphate (PIP3) [43, 44]. Our study showed that the
inhibition of ERKS5 or CKII significantly attenuated PTEN phosphorylation, which may
promote PTEN reactivation and the de-phosphorylation of PIP3 to block the PI3K/Akt
pathway. Therefore, we propose a novel ERK5/CKII/PTEN axis as a potential pathway in the

regulation of GPIb-1X-mediated PI3K/Akt pathway activation.

In summary, we identified a new Src-Raf-MEK5-ERK5/CKII-PTEN pathway that plays a
critical role in GPIb-IX-mediated platelet activation via regulation of PI3K/AKkt activation.
Moreover, the inhibition of the association of ERK5 with CKII may serve as a promising

anti-platelet target.
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Figure legends

Fig. 1. Roles of MAPKSs in human platelet two-wave aggregation induced by botrocetin/\VVWF.
(A) Washed human platelets were stimulated with botrocetin (1.5 pg mL™) or VWF (5 ug
mL™) or both. (B) The platelets in (A) were lysed and immunoblotted with anti-p-ERK5,
anti-p-JNK1/2, anti-p-p38, and anti-p-ERK1/2 antibodies. An anti-GAPDH antibody was
used to indicate protein loading levels. (C) Washed human platelets were preincubated with
DMSO or different concentrations of MAPK inhibitors: the ERKS5 inhibitor XMD8-92 (5 uM
or 10 uM), JNK1/2 inhibitor SP600125 (5 uM or 10 uM), p38 inhibitor SB203580 (2.5 uM
or 5 uM), and MEKZ1/2 inhibitor U0126 (5 uM or 10 uM). Then, platelets were stimulated
with botrocetin (1.5 pg mL™) and VWF (5 pg mL™). Traces shown are representative of three

independent experiments with platelets from different donors.

Fig. 2. The effects of ERKS5 on ristocetin/\VVWF-induced human platelet two-wave
aggregation and on stable platelet adhesion to VWF under shear stress. (A) Washed human
platelets were pre-incubated with DMSO or different concentrations of the ERKS5 inhibitor
XMD8-92 (2.5 uM or 5 uM). The aggregation of platelets was treated with ristocetin (0.25
mg mL™) and VWF (5 ug mL™Y). (B) Resting platelets and platelets in (A) were lysed and
immunoblotted with anti-p-ERKS5 antibody. An anti-GAPDH antibody was used to indicate
protein loading levels. ** P < 0.01. Traces are representative of three independent
experiments with platelets from different donors. (C) Calcein-labeled human blood samples

were pretreated with DMSO or XMD8-92 (5 uM) for 5 min, loaded onto the VWF-coated
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glass microfluidic channels, and then subjected to a constant shear rate (1500 s™*) for 5 min.
After washing, stably adherent platelets were photographed under a fluorescent microscope.
Relative area under coverage and mean fluorescence intensity were quantitated. Data
(mean+SD) were obtained from 9 randomly selected fields from each of 3 experiments. ### P

< 0.001.

Fig. 3. Upstream activators of ERKS5 in human platelets. (A) Washed human platelets were
pre-incubated with DMSO or different concentrations of inhibitors: the Src inhibitor PP2 (5
uM or 10 uM), Raf inhibitor LY3009120 (0.5 uM or 1 uM), and MEKS inhibitor BIX02189
(5 uM or 10 uM). Then, platelets were treated with botrocetin (1.5 pg mL-1) and VWF (5 ug
mL-1). (B, C) Resting platelets and platelets in (A) were lysed and immunoblotted with
anti-p-ERKS5 antibody. Anti-GAPDH antibody was used to indicate protein loading levels.
*** P < (0.001 versus resting platelets, ### P < 0.001 versus the DMSO-treated group. Traces
shown are representative of three independent experiments with platelets from different

donors.

Fig. 4. Composition of the ERKS5 interacting protein complexes. (A) CHO cells were
transfected with an HA-tagged-ERKS construct or an HA-unmodified vector. After 24 hours,
cells were lysed, and immunoprecipitation was performed with anti-HA-conjugated beads.
The proteins were separated by SDS-PAGE and stained with Coomassie brilliant blue. One

gel band was excised, the protein/proteins in it were digested in situ, and the digestion
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products were subjected to mass spectrometry for protein identification. (B) CHO cells were
transfected with the HA-ERKS5 vector or the HA-unmodified vector. Expression of ERK5 and
CKII was detected by western blotting with specific antibodies. (C) An IP experiment was
used to identify the proteins associated with ERK5 in CHO cells. 500 mg of cell lysate
proteins was used for each IP sample. IP was performed using a rabbit anti-HA antibody. The
proteins were detected by western blotting with specific antibodies. (D) An IP experiment
was used to identify the proteins associated with ERKS5 in platelets. XMD8-92 (10 uM)- or
DMSO-preincubated platelets and resting platelets were tested in the IP experiment. IP was
performed using a rabbit anti-ERKS5 antibody or rabbit anti-CKlIla antibody or a non-specific
rabbit IgG control. The detection of CKlIla associated with ERK5 and ERKS5 associated with
CKllIo was performed using specific antibodies. Rabbit IgG was used to demonstrate similar
loading. (E) Washed human platelets were pre-incubated with DMSO or the CKII inhibitor
TBB (5 uM or 10 uM). The aggregation of platelets was treated with botrocetin (1.5 pg

mL-1) and VWF (5 pg mL-1). At least 3 independent experiments were performed.

Fig. 5. Downstream of ERK5/CKII in GPIb-1X-mediated platelet activation. (A) Platelets in
Fig. 1(C) and Fig. 4(E) were lysed and immunoblotted with an anti-p-PTEN antibody. An
anti-GAPDH antibody was used to indicate protein loading levels. (B) Resting platelets and
platelets in Fig. 1(C) were lysed and immunoblotted with an anti-p-PTEN antibody. An
anti-GAPDH antibody was used to indicate protein loading levels. (C) Platelets in Fig. 4(E)

and Fig. 5(D) were lysed and immunoblotted with an anti-p-Akt T308 antibody and
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anti-p-Akt S473 antibody. An anti-GAPDH antibody was used to indicate protein loading
levels. *** P<0.001 versus resting platelets, ### P<0.001 versus the DMSO-treated group, ##
P<0.01 versus the DMSO-treated group, # P<0.05 versus the DMSO-treated group. Traces
shown are representative of three independent experiments with platelets from different
donors. (D) Washed human platelets were pre-incubated with DMSO, the PI3K inhibitor
wortmannin (1 uM or 2 uM), or the Akt inhibitor SH6 (10 uM or 20 uM). Then, the
aggregation of platelets was treated with botrocetin (1.5 pg mL™) and VWF (5 ug mL™). (E)
A working model showing that ERK5 associates with CKII to regulate GPIb-1X-mediated

platelet activation via the PTEN/PI3K/Akt pathway.

Fig. S1. The effect of ERK5-IN-1 on botrocetin/\VVWF-induced human platelet two-wave
aggregation. (A) Washed human platelets were pre-incubated with DMSO or different
concentrations of the ERKS inhibitor ERK5-IN-1 (5 uM or 10 uM). The aggregation of
platelets was treated with botrocetin (1.5 pg mL-1) and VWF (5 pg mL-1). (B) Resting
platelets and platelets in (A) were lysed and immunoblotted with anti-p-PTEN and anti-p-Akt
antibodies. An anti-GAPDH antibody was used to indicate protein loading levels. Traces are

representative of three independent experiments with platelets from different donors.

Fig. S2. Roles of ERKS5 in platelet aggregation induced by thrombin, U46619, ADP, and
collagen. Platelets were pre-incubated with DMSO or different concentrations of the ERK5

inhibitor XMD8-92 (10 uM or 20 uM). The aggregation of platelets was treated with (A) 0.1
This article is protected by copyright. All rights reserved.



U thrombin or (B) 0.1 ug mL™ U46619 or (C) 10 uM ADP or (D) 1.0 pg mL™ collagen. (E)
Resting platelets and platelets in (A-D) were lysed and immunoblotted with an anti-p-ERK5
antibody. An anti-GAPDH antibody was used to indicate protein loading levels. ***
P<0.001, ** P<0.01. Traces are representative of three independent experiments with

platelets from different donors.
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