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Abstract
Background: Protease-activated receptor (PAR) 1 and PAR4 are key thrombin signal 
mediators for human platelet activation and aggregation in response to vascular 
injury. They are primarily activated by thrombin cleavage of the N-terminus to expose 
a tethered ligand. In addition to the canonical activation by thrombin, a growing panel 
of proteases can also elicit PAR1- or PAR4-mediated signal transduction. Recently, 
complement factor C4a was reported as the first endogenous agonist for both PAR1 
and PAR4. Further, it is the first endogenous nontethered ligand that activates PAR1 
and PAR4. These studies were conducted with human microvascular cells; the impact 
of C4a on platelet PARs is unknown.
Objectives: The goal of this study was to interrogate PAR1 and PAR4 activation by 
C4a on human platelets.
Methods: Platelet-rich plasma (PRP) was isolated from healthy donors. PRP was 
stimulated with C4a, and the platelet aggregation was measured. Human embryonic 
kidney (HEK) 293 Flp-In T-rex cells were used to further test if C4a stimulation can 
initiate PAR1- or PAR4-mediated Gαq signaling, which was measured by intracellular 
calcium mobilization.
Results: C4a failed to elicit platelet aggregation via PAR1- or PAR4-mediated manner. 
In addition, no PAR1- or PAR4-mediated calcium mobilization was observed upon 
C4a stimulation on HEK293 cells.
Conclusions: Complement factor C4a does not activate PAR1 or PAR4 on human 
platelets. These data show that PAR1 and PAR4 activation by C4a on microvascular 
cells likely requires a cofactor, which reinforces the concept of cell type–specific 
regulation of protease signaling.
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Essentials

• C4a is reported to be an agonist for both protease-activated receptor (PAR) 1 and PAR4 on human microvascular cells.
• We sought to determine if C4a activates human platelets through PAR1 or PAR4.
• C4a does not activate PAR1 and PAR4 on human platelets.
• This reinforces the concept of cell type–specific regulation of PAR signaling.

1  | INTRODUCTION

Protease-activated receptors (PARs) are the primary means by 
which proteases mediate intracellular signaling. The prototypical 
receptor, PAR1, was identified 30 years ago as the thrombin 
receptor.1 Subsequently, three other family members were 
identified (PAR2, PAR3, and PAR4) by homology screening of cDNA 
libraries.2 PARs are G-protein–coupled receptors (GPCRs) that have 
a unique activation mechanism in which the N-terminus is cleaved 
by the activating protease to generate a tethered ligand. The newly 
exposed ligand binds intramolecularly to the receptor, inducing 
a conformational change that initiates signal transduction.3 In 
addition to canonical thrombin-mediated signaling, there is a 
growing panel of identified proteases that also have the ability 
to activate PARs.4 PAR1 can be cleaved by activated protein C 
(APC), matrix metalloproteinase (MMP)-1, MMP-2, and MMP-13 at 
noncanonical sites to generate distinct tethered ligands.2,3 These 
ligands initiate diverse signaling pathways depending on the cell 
type and cellular cofactors.4 In addition to thrombin, PAR4 can be 
activated by trypsin, plasmin, cathepsin G, or factor Xa; however, 
these all cleave at the canonical thrombin site and result in the 
same downstream signaling.3,5,6

Human platelets express PAR1 and PAR4.3 This dual receptor 
system works in concert to provide the sensitivity and duration 
of signaling required for hemostasis.7 PAR1 is highly sensitive to 
thrombin and results in a rapid, transient signal. In contrast, PAR4 
responds to higher concentrations of thrombin and leads to a pro-
longed signaling response. Thrombin activation of PARs initiates 
multiple signaling cascades in human platelets by directly coupling 
to Gαq and Gα12/13.8 Gαq stimulates the formation of inositol tri-
phosphate and diacylglycerol, leading to intracellular calcium mo-
bilization and protein kinase C activation.3 Gα12/13 mediates Rho 
guanine nucleotide exchange factors and RhoA activation, which 
controls platelet shape change, spreading, and thrombus stability.3 
In platelets, PAR1 and PAR4 signal indirectly through Gαi via sec-
ondary stimulation of the Gαi-coupled P2Y12 receptor due to re-
leased ADP.3 However, Voss and colleagues used a pharmacologic 
approach to show that PAR1 signals directly through Gαi in plate-
lets.9 In sum, PAR1 and PAR4 mediate several important signaling 
events in platelets.

The complement and coagulation systems communicate with 
one another.10,11 Platelets can lead to the activation of complement 
factors C3 and C5. Further, C4 activation can occur on platelets.10,11 
Recently, Wang et al12 demonstrated that C4a is a novel soluble, 

untethered agonist for both PAR1 and PAR4 on human microvas-
cular cells (HMEC-1). Given the importance of PAR1 and PAR4 for 
platelet physiology and the crosstalk between the complement sys-
tem and platelets, we explored the potential of C4a as an agonist for 
human platelets.

2  | METHODS

2.1 | Reagents

The V5-tag antibody conjugated with fluorescein isothiocyanate 
(FITC) (catalog no. R963-25) was from Invitrogen (Carlsbad, CA, 
USA). The Phospho-p44/42 mitogen-activated protein kinase 
(MAPK) (extracellular signal-regulated kinase [ERK] 1/2) (Thr202/
Tyr204) (D13.14.4E) Rabbit monoclonal antibody (mAb; catalog 
no. 4370) and p44/42 MAPK (ERK1/2) (3A7) Mouse mAb (catalog 
no. 9107) were both purchased from Cell Signaling Technology, Inc 
(Danvers, MA, USA). Trypsin (catalog # V511A) was from Promega 
(Fitchburg, WI, USA). The PAR1 activation peptide, SFLLRN-NH2 
and TFLLRN-NH2 were from Tocris Bioscience (Minneapolis, MN, 
USA). PAR4 activation peptide, AYPGKF-NH2, was from GenScript 
(Piscataway, NJ, USA). C4a (catalog no. A106, Lot 16) was from 
Complement Technology (Tyler, TX, USA). Human α-thrombin 
(catalog # HCT-0020, specific activity >2989 U/mg) was from 
Hematological Technologies (Essex Junction, VT, USA). Vorapaxar 
(catalog no. 1755, batch 2) was from Axon Medchem (Reston, 
VA, USA). All other reagents were from Thermo Fisher Scientific 
(Pittsburgh, PA, USA) except where noted.

2.2 | Platelet isolation and aggregation

With approval by the Case Western Reserve University Institutional 
Review Board, human whole blood was obtained by venipuncture 
from healthy donors after obtaining informed consent. Whole blood 
was collected into sodium citrate (3.2% buffered sodium citrate). 
The blood was centrifuged at 200 g for 15 minutes to obtain platelet-
rich plasma (PRP). Platelet concentrations were quantified using a 
Coulter Counter. PRP was stimulated with AYPGKF-NH2 (250 μM), 
SFLLRN-NH2 (30 μM), or C4a (3.2 μM). Platelet aggregation was 
measured under constant stirring (1200 rpm) with a Chrono-log 
Model 700 aggregometer using Aggrolink8 version 1.3.98 (Chrono-
log Corp, Havertown, PA, USA).
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2.3 | Cell culture

As reported previously, human embryonic kidney (HEK) 293 Flp-In 
T-rex cells were maintained in Dulbecco’s modified Eagle’s medium 
(Invitrogen, Waltham, MA, USA) containing 5% fetal bovine serum 
(FBS) at 37°C with 5% CO2. Human PAR4 containing an N-terminal 
V5-epitope were stably expressed using the HEK293 Flp-In T-rex 
cells according to the manufacturer’s protocol (Invitrogen). The con-
centration of tetracycline was titrated (700 ng/mL) to yield PAR4 
expression at ~ 175 000 receptors on the cell surface at 40 hours as 
determined by quantitative flow cytometry, as described below.13 
Some cells were processed for flow cytometry, and the remaining 
cells were processed for Ca2+ mobilization.

HMEC-1 and the immortalized endothelial cell line ea.HY926 
were purchased from ATCC (Gaithersburg, MD) and were maintained 
as reported previously. 12 Specifically, the cells were maintained in 
MCDB 131 (Gibco) containing 10% FBS, 1 μg/mL hydrocortisone, 
2 mM glutamine, and 10 ng/mL epidermal growth factor (Fisher 
Scientific) at 37°C with 5% CO2.

2.4 | Flow Cytometry

Following induction, PAR4 expressing cells were harvested 
in Versene solution and collected by centrifugation. The cells 
were then washed three times with HEPES-Tyrode’s Buffer, pH 
7.4 (10 mM 4-2-hydroxyethyl)-1-piperazineethanesulfonic acid 
[HEPES], 12 mM NaHCO3, 130 mM NaCl, 5 mM D-glucose, 5 mM 
KCl, 0.4 mM NaHPO4, 1 mM MgCl2). To assess PAR4 expression 
before each signaling experiment, cells were incubated with FITC 
conjugated anti-V5 antibody for 30 minutes. Cells were analyzed 
using a BD LSRFortessa cell analyzer (BD Biosciences, Mississauga, 
ON, Canada). PAR4 expression was quantified using Quantum 
Simply Cellular beads from Bangs Laboratories, Inc (Fishers, IN, 
USA) to generate a standard curve of antibody-binding sites as 
previously described.13

2.5 | Calcium mobilization in HEK295 Flp-In cells

As reported previously, parental HEK293 Flp-In or PAR4 expressing 
cells were incubated with 0.5 μM Fura-2 with or without 100 nM 
vorapaxar for 1 hour. The cells were then washed three times in 
HEPES-Tyrode’s buffer with 200 μM CaCl2 and diluted to 2.5 × 105 
cell/mL. The intracellular calcium mobilization was recorded using a 
fluorometer from Photon Technology International Inc (Edison, NJ, 
USA) for 420 seconds total. The first 50 seconds was set as the back-
ground, the response to agonist was measured for 250 seconds, and 
the maximum and minimum fluorescence was measured for 60 sec-
onds each by adding 0.1% Triton X100 and 8.8 mM ethylenediamine-
tetraacetic acid sequentially.13 Fluorescence values were converted 
to intracellular free Ca2+ concentration with the equations described 
by Grynkiewicz et al.13,14

2.6 | ERK activation in HMEC-1 cells and 
ea.HY926 cells

As reported previously, HMEC-1 or ea.HY926 cells were seeded 
into the 6-well plates and cultured at 37°C with 5% CO2 for 48 h 
until confluent.12 The complete growth medium was exchanged 
to starving medium (Hanks’ Balanced Salt Solution containing 1% 
bovine serum albumin), and the cells were further cultured for an 
additional 4 hours. The cells were treated with four different condi-
tions: 0.3 μM of C4a for 7 minutes, 5 nM of thrombin for 10 minutes, 
300 μM of AYPGKF-NH2 for 10 minutes, or 50 μM of TFLLRN-NH2 
for 10 minutes. After stimulation, the cells were immediately washed 
with ice cold Dulbecco’s phosphate buffered saline and lysed in 1 × 
RIPA buffer containing protease inhibitors and PhosSTOP (Roche, 
Basel, Switzerland) on ice for 30 minutes. After a 20-minute spin 
at 20 000 g at 4°C, the supernatant of each sample was collected 
and the loading buffer was added. The samples were then boiled for 
5 minutes, separated by 10% SDS-PAGE, and analyzed using west-
ern blot. The levels of ERK1/2 and total ERK1/2 were detected by 
anti-phospho-ERK1/2 and anti-ERK1/2 antibodies. Immunoblots 
were imaged by the Odyssey infrared imaging system and quantified 
by Image Studio software (LI-COR Biosciences, Lincoln, NE, USA). 
The level of ERK1/2 activation was presented as the ratio of densi-
tometry of phospho-ERK1/2 of total ERK1/2.

3  | RESULTS AND DISCUSSION

Wang et al used a cell-based β-arrestin reporter assay to demon-
strate that C4a dose-dependently activated both PAR1 and PAR4 in 
HMEC-1.12 The half maximal effective concentration (EC50) of C4a 
activation of PAR1 and PAR4 was 0.8 μM and 0.6 μM, respectively.12 
Since PAR1 and PAR4 have primary roles in platelet activation, we 
investigated the potential of C4a to serve as an agonist for human 
platelets. PRP was isolated from whole blood of four independent 
donors on different days for aggregation studies. To increase the 
rigor of the study, platelet aggregation experiments were performed 
by two individuals. The four donors were consisted of different 
races, ages, and genders. In all four cases, platelets responded to 
30 μM PAR1-AP (SFLLRN) or 250 μM PAR4-AP (AYPGKF). In con-
trast, platelets did not respond to 3.2 μM C4a. Figure 1 shows the 
representative data from two donors. We extended the recording 
time to 15 minutes, and still no aggregation was triggered by 3.2 μM 
C4a (Figure 1B).

The EC50 values of C4a reported by Wang et al12 is 0.8 μM 
for PAR1 and 0.6 μM for PAR4. The dose of C4a we used in our 
platelet aggregation assay is 4 times of the EC50 of PAR1 measured 
by Wang et al. Theoretically, this should give us the maximum ac-
tivation of PAR1 if C4a is truly a platelet PAR1 agonist. Further, 
the plasma concentration of C4a varies from 68.91 ± 33.23 ng/
mL (7.97 nM) measured by a cytometric bead assay to 2398 ng/
mL (277 nM) using an ELISA.15,16 Nonetheless, in our experiments, 
platelets do not respond to C4a at a concentration 12- to 400-fold 
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higher than is found in plasma. Given that platelets are exquisitely 
sensitive to agonists due to their many feed-forward activation 
mechanisms and the concentration of C4a in our experiment 
(3.2 μM) is beyond physiologically relevant levels, we did not at-
tempt higher concentrations of C4a. Our observation is in agree-
ment with the conclusions from other reports that C4a does not 
activate platelets.17-21

We next tested the ability of C4a to activate calcium signaling 
via PAR1 in HEK293 Flp-in T-rex cells, which express PAR1 en-
dogenously. Thrombin or the PAR1-specific activation peptide, 
TFLLRN-NH2, induced transient intracellular Ca2+ mobilization 

(Figure 2A and B, red traces). In both cases, Ca2+ signaling was com-
pletely abolished when the cells were preincubated for 1 hour with 
100 nM of PAR1 antagonist, vorapaxar (Figure 2A and B, orange 
traces). As expected, there was no calcium flux induced by the stim-
ulation of 250 μM of PAR4-activation peptide (AYPGKF-NH2) since 
HEK293 Flp-in cells do not express PAR4 endogenously (Figure 2B). 
We next used this experimental design to specifically test PAR1 re-
sponse to C4a. Similar to our platelet aggregation experiments, C4a 
did not activate PAR1-mediated Gαq signaling at 3.2 μM (Figure 2C), 
which is four times the reported EC50 to activate PAR1 in Chinese 
hamster ovary (CHO)-K1 cells.12

F I G U R E  1   C4a does not trigger platelet aggregation. Human platelet-rich plasma (PRP) was isolated from two independent healthy 
donors (A and B) and the experiment was preformed twice with 1 year in between (A and B). Percent aggregation of platelets was 
determined in an aggregometer following stimulation with Tyrode’s buffer (black trace, negative control), SFLLRN (30 μΜ; red trace, positive 
control for PAR1), AYPGKF (250 μΜ; green trace, positive control for PAR4), or C4a (3.2 μΜ; blue trace). The recording time was 8 minutes 
for each tracing. The first 60 seconds was used as background. The stimuli were added at 1 minute and recorded for another 7 minutes to 
monitor the platelet aggregation. In Panel B the platelets were monitored for an addition 8 minutes (total 15 minutes) following the Tyrode’s 
buffer (black trace) or C4a (3.2 μΜ; blue trace) stimulations

F I G U R E  2   C4a does not induce 
protease-activated receptor 1 
(PAR1)-mediated intracellular calcium 
mobilization. (A) Human embryonic 
kidney (HEK) 293 cells express PAR1 
endogenously, were stimulated with 
100 nM thrombin stimulation in the 
absence (red trace) or presence of 
100 nM Vorapaxar (orange trace). (B) 
The endogenous PAR1 on HEK293 was 
activated by 50 μM TFLLRN (PAR1-AP) 
in the absence (red trace) or presence of 
vorapaxar (orange trace). No endogenous 
PAR4 is expressed on HEK293 and no 
intracellular calcium mobilization was 
triggered by 250 μM AYPGKF (PAR4-
AP) (C) no PAR1-mediated calcium 
mobilization was triggered by 3.2 μM C4a
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To evaluate C4a-mediated PAR4 activation, we used inducible 
cell lines stably expressing wild-type PAR4 with an N-terminal V5-
epitope tag. To isolate the thrombin signaling to the exogenously 
expressed PAR4, cells were pretreated for 1 hour with 100 nM 
vorapaxar as above. PAR4 elicited the expected sustained Ca2+ mo-
bilization compared to PAR1 stimulation (Figure 3A).13,22 Vorapaxar 
specifically ablated the response to PAR1, but left PAR4 response un-
altered as determined by sequential activation by 50 μM of PAR1-AP 
stimulation (for endogenous PAR1) and 250 μM of PAR4-AP stimu-
lation (for exogenous PAR4) (Figure 3B). As we observed in platelets, 
2.4 μM C4a failed to induce Ca2+ flux in vorapaxar treated cells ex-
pressing PAR4 (Figure 3C), which is four times the reported EC50 to 
activate PAR4 in CHO-K1 cells.12 Typically, treatment of an agonist 
at a dose of four times its EC50 should lead to the maximum receptor 
response in a dose-response curve.

To further evaluate the C4a-mediated PAR activation on 
HMEC-1 cells and ea.HY926 cells, we measured the level of the 
ERK1/2 activation upon C4a stimulation.12 The activation of PAR1 
and PAR4, either by thrombin via proteolysis or by their activa-
tion peptides, leads to a series downstream signaling mediated by 
G-proteins, which includes the phosphorylation of ERK1/2.23,24 We 
stimulated the HMEC-1 with four different conditions: 0.3 μM of 
C4a for 7 minutes, 5 nM of thrombin for 10 minutes, 300 μM of 
AYPGKF-NH2 for 10 minutes, or 50 μM of TFLLRN-NH2 for 10 min-
utes, and the level of ERK1/2 activation was measured by western 
blot. Compared to the untreated group, stimulation with 5 nM of 
thrombin induced an increase of phospho-ERK/total-ERK by two-
fold. In addition, both 300 μM of PAR4-AP (for endogenous PAR4) 
or 50 μM of PAR1-AP (for endogenous PAR1) activated ERK1/2 in 
HMEC-1 cells. Interestingly, upon 0.3 μM of C4a stimulation, we ob-
served a variable signal of ERK1/2 activation over the course of five 

replicates (Figure 4A). A representative blot is shown in Figure 4B. 
We detected an increase of ERK1/2 activation in only one of the 
replicates. The ea.HY926 cells responded to thrombin, but not to 
C4a stimulation (data not shown). Taken together, our data suggest 
that C4a is not an endogenous agonist for PAR1 or PAR4.

The PAR family members share the same proteolytic activation 
mechanism; however, the sequence homology between family 
members is low and not significantly higher than other GPCRs. It 
is not surprising that agonist peptides derived from the tethered 
ligand and small-molecule antagonist generally do not cross react 
between PARs. The notable exception is the cross reactivity of the 
PAR1 agonist peptide (SFLLRN) with PAR2. Specific activation of 
PAR1 is achieved with the synthetic peptide TFLLRN. PAR1 and 
PAR4 are both activated by thrombin cleaving the N-terminus. 
However, the exodomains of PAR1 and PAR4 are dramatically 
different, which results in unique tethered ligands. The teth-
ered ligand sequence for PAR1 is SFLLRNPNDKYE… compared 
to GYPGQVCANDSD… for PAR4. Since the canonical ligands for 
PAR1 and PAR4 are distinct and do not cross react, it implies that 
the ligand binding sites are also unique. Our recent hydrogen deu-
terium exchange data support this hypothesis.13 Wang and col-
leagues12 show that both C4a and its inactive metabolite, C4a 
desArg, act as soluble activation ligands for both PAR1 and PAR4. 
These observations are exciting for two reasons. First, there have 
been no physiological soluble agonist for PAR1 or PAR4 previously 
described. Second, it strongly suggested that PAR1 and PAR4 have 
an additional ligand binding site that is conserved between PAR1 
and PAR4 and regulates receptor function allosterically. Wang 
and colleagues screened C4a against a panel of GPCRs and iden-
tified C4a as a ligand for both PAR1 and PAR4 using a cell-based 
reporter assay. In human endothelial cells, their comprehensive 

F I G U R E  3   C4a does not induce 
protease-activated receptor 4 
(PAR4)-mediated intracellular calcium 
mobilization. (A) Human embryonic 
kidney (HEK) 293 cells expressing wild-
type PAR4 were stimulated with 100 
nM thrombin in the presence of 100 nM 
vorapaxar, and calcium mobilization was 
recorded. (B) The endogenous PAR1 
on HEK293 was activated by 50 μM 
TFLLRN (PAR1-AP; green trace), which 
was inhibited by 100 nM vorapaxar 
(blue trace). The exogenously expressed 
PAR4 was activated by 250 μM AYPGKF 
(PAR4-AP). (C) No PAR4-mediated calcium 
mobilization was triggered by 2.4 μM C4a
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experiments of ERK activation and calcium mobilization indicated 
that C4a-mediated cell activation is a PAR1- or PAR4-dependent 
manner, which suggested that C4a can act as a nontraditional free 
ligand that regulates both PAR1 and PAR4. In addition, the inac-
tive metabolite of C4a, C4a desArg, was also a soluble agonist for 
PAR1 and PAR4, although less potent compared to C4a. The report 
from Wang et al also added to the complement field. C4a has been 
described as an anaphylatoxin with low activity.17 The functional 
profile of C4a is extremely low, and it was initially thought to be 
inactive.17,25 Furthermore, C4a is converted to its inactive form, 
C4a desArg, by the action of the plasma enzyme carboxypepti-
dase N within minutes.26 This has made studying the role of C4a 
difficult.17,27 Moreover, to date, there has been no C4a receptor 
identified and C4a cannot signal through C3a and C5a receptors.17 
The report by Wang et al12 showed the potential of C4a signaling 
through PAR1 and PAR4, which indicates the C4a may have an 
unrecognized role in complement system.

In agreement with several previous reports, we did not see ac-
tivation platelets in response to C4a stimulation. 17-21 Our data also 
show that C4a does not activate platelet PAR1 or PAR4. C4a was 
also unable to active PAR1- or PAR4-mediated Gαq activation on 
HEK293, which was measured by intracellular calcium mobilization. 
C4a concentration in plasma can be very different depending on 
the context, the disease condition, and sensitivity of the measure-
ment methods. For example, the C4a concentration in the healthy 
control group is 68.91 ± 33.23 ng/mL (7.97 nM) compared to the 
108.48 ± 83.83 ng/mL or 12.54 nM in the participants with neovas-
cular age-related macular degeneration measured by a cytometric 
bead assay.15 In another study using an ELISA, the concentration of 
C4a is 2398 ng/mL (277 nM) in the healthy controls compared to 
2304 ng/mL (266 nM) in patients with chronic hepatitis B infection 
but without liver failure and 1811 ng/mL (209 nM) is the patient 
with hepatitis B infection–related acute-on-chronic liver failure.16 
However, in any case, treating human platelets with 3.2 μM of C4a 
(4- to12-fold higher than physiological levels) should elicit platelet 
aggregation if C4a is an agonist for platelet PARs. The contradiction 
to the published results by Wang et al12 may further demonstrate 
the importance of cellular context for receptor activation. For ex-
ample, PARs signal indirectly through Gαi in platelets via feedback 

to P2Y12.3 C4a may be allosterically activating PAR1 or PAR4 in mi-
crovascular cells to trigger Gαi signaling. The mechanism by which 
cell selective activation of PARs by C4a is mediated is not known 
but may involve specific membrane localization, cofactors, or both. 
Cell-specific regulation of protease signaling by soluble mediators 
offers intriguing new lines of research to identify cofactors or mem-
brane environments required. As the field moves forward, we can 
draw on the knowledge gained though investigating the APC-PAR1 
axis, which requires membrane localization and endothelial protein 
C receptor.

C4a has been studied for 40 years and its role is still unde-
fined.17 To date, a C4a-specific receptor has not been identified. 
Although C4a binds to C3a receptor (C3aR) at micromolar concen-
trations, this binding does not trigger calcium mobilization.17,28,29 
In addition, as Lienenklaus et al29 showed in 1998, C4a could po-
tentially be an agonist of the guinea pig but not human C3a recep-
tor. In this report, they expressed and purified C4a in Escherichia 
coli to avoid contamination of C3a and C5a that could occur 
from purifying C4a from human serum. They used HEK293 cells 
expressing either guinea pig C3aR or human C3aR, and showed 
that their purified C4a triggered calcium mobilization in HEK293 
cells expressing guinea pig C3aR but not HEK293 cells expressing 
human C3aR. It is important to note that HEK293 cells express 
endogenous expressing PAR1, we also used HEK293 cells in our 
study and did not see a response to C4a. The lack of response 
of human C3aR expressing HEK cells with up to 10-6 M C4a is in 
agreement with our HEK293 data (Figure 2). Finally, several stud-
ies have used HEK293 cell lines to study C4a binding to C3aR or 
C5aR.30-33 If C4a stimulation triggered any cellular response of 
HEK293, which has PAR1 on its surface, it would have been ob-
served in these studies. Taken together, a careful reading of the 
literature and our platelet data are in agreement that C4a is not a 
physiological agonist for PAR1 or PAR4.
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F I G U R E  4   C4a does not activate 
extracellular signal-regulated kinase (ERK) 
1/2 in human microvascular endothelial 
cells (HMEC-1). (A) Thrombin, protease-
activated receptor 4 (PAR4)-AP (AYPGKF), 
and PAR1-AP (TFLLRN) activated ERK on 
HMEC-1 cells compared to the untreated 
group. The experiment was repeated 5 
times indicated as scattered dots. (B) A 
representative blotting is shown
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