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Introduction

Under physiological conditions, platelets circulate in a resting
state in blood. Upon vessel wall injury, platelets rapidly
respond by adhering to the exposed subendothelial collagen,
followed by platelet–platelet interaction and platelet activa-

tion to form a plug that effectively seals the injured vessel wall
to prevent excessive blood loss.1 Thus, one of the crucial initial
steps in hemostasis is the interaction between platelets and
collagen which results in platelet activation.

Despite decades of research, there is still no adequate and
generally accepted platelet function test platform in routine
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Abstract Synthetic cross-linked collagen-related peptide (CRP-XL) is a glycoprotein VI (GPVI)
receptor activator for platelet activation. This triple helical peptide, widely used in
platelet function tests, is synthesized and cross-linked through cysteine residues at its
N-terminus and C-terminus. Currently, there is only one laboratory, which is capable to
produce this valuable peptide for clinical applications. In an attempt to provide a
standardized alternative for CRP-XL, we developed a synthetic triple helical collagen
peptide (STH-CP) with the same primary sequence as CRP-XL (GPC-(GPO)10-GPCG-
amide)3, which was both on the C-terminus and on the N-terminus fixed on a scaffold
with a binding side for each of the three peptides. The performance of STH-CP on
platelet function was studied using flow cytometry and compared with CRP-XL. We
found that platelet activation pattern in response to STH-CP and CRP-XL is similar,
although the STH-CP requires sixfold higher concentrations to activate platelets to the
same state. The intra-assay percent coefficient of variation of STH-CP and CRP-XL were
both<5% and the interindividual variation measured in 118 individuals for both
peptides was around 23 and 21% for αIIbβ3 activation and P-selectin expression,
respectively. The STH-CP in ready-to-use reaction mix has lower variation than CRP-XL
over 1-year storage. In reference values and seasonal variation study, the platelet
activation response showed a strong correlation between STH-CP and CRP-XL.
Our findings show that this new STH-CP is a stable and potent platelet GPVI agonist
which can induce the same reproducible platelet activation as CRP-XL and that STH-CP
can be considered as a good alternative for CRP-XL.
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diagnostic laboratories that covers the needs for platelet
function diagnostics. Light transmission aggregometry (LTA)
hasbeenconsideredas thegoldstandard formanydecades.2 In
brief, LTA measures the changes in light transmission of
platelet-rich plasma upon stimulation with different platelet
agonists. One of the standard agonists used is collagen, native
type I fibrils isolated from Achilles tendon of horses. This type
of collagen only partly represents the collagen properties of
collagen in the vessel wall, which makes the relevance of this
agonist disputable. Also, the extraction process of collagen
from its biological source may lead to loss of its fibrillar
structure, which may result in unstable reactivity.3 Several
other techniques have been proposed to replace LTA as
gold standard for bleeding diagnostics, including Multiplate,
PFA-100, TEG, or ROTEM. Validation studies have, however,
shown that these techniques lack the specificity to replace LTA
in bleeding diagnostics.4 Still, they may be of additional value
to LTA, because they give a more global overview of platelet
function. In addition to LTA,flowcytometry is another platelet
function measurement that can be used for specific detection
of platelet function disorders.5,6

The collagen fibers, which are the standard in LTA, cannot
be used in flow cytometry, because they form a surface for
platelet aggregation, which obstructs the individual cell
measurements in flow cytometry. To increase the specificity
of the collagen-specific pathways, the flow cytometry-based
platelet activation requires receptor-specific agonists.

Efforts have been made to develop specific agonists to
glycoprotein (GP) VI, which is considered as the most impor-
tant collagen activation receptor on the platelet surface.7,8

Many studies have used convulxin, a snake venom toxin, to
stimulate GPVI, but a major disadvantage of convulxin is the
instability during its preanalytical storage.9 This excludes
convulxin for clinical diagnostic use, unless the agonist can
be modified to a stable compound. Other GPVI-specific ago-
nists are synthetic collagen-related peptides (CRPs). Collagen
contains large domains comprisingGly-X-Y repeatswhere X is
often a proline (P) and Ya 4-hydroxyproline (O), and Farndale
and colleagues discovered that the GPO repeats are important
for the activation of GPVI. Monomeric CRP, a partial agonist of
GPVI, stimulates the tyrosine phosphorylation of the tyrosine
kinase Syk and phospholipase C gamma 2 in platelets and
induces theweak secretionof [3H]5-hydroxytryptamineanda
weak aggregation.10

Because collagen is folded into a unique triple-helical struc-
ture which is necessary for its activity,11 a triple-helical, cross-
linked CRP (CRP-XL), was synthesized containing GPO repeats
cross-linked through cysteine residues at its N-terminus and C-
terminus. CRP-XL is a powerful stimulus of tyrosine phosphor-
ylation and platelet activation (�100-fold more potent than
collagen on a weight-for-weight basis) but is unable to bind to
α2β1.12–14 CRP-XL is currently the first choice to quantify the
most important collagen-dependent platelet activation path-
way in flow cytometry because it is a stable and specific GPVI
agonist.15–17 Despite the excellent intrabatch variation and
the high stability in preanalytical conditions, CRP-XL has
some variation between batches, which requires a calibration
before a new batch can be used in a diagnostic setting.18,19 A

further threat of using CRP-XL as standard for GPVI-dependent
platelet function is the dependence on one (noncommercial)
laboratory that can produce this agonist, making other labora-
tories depend on the supply of this laboratory.

We have designed a peptide with a primary sequence of
the trimeric peptides identical to CRP-XL (GPC-(GPO)10-
GPCG-amide)3 with three helices connected by 1,3,5-tribro-
momesitylene (T3)-Clips on both termini of the triple helical
peptides.

Materials and Methods

GPVI-Specific Agonists
CRP-XL was purchased from the Department of Biochemistry
of the University of Cambridge, United Kingdom. The activity
and specificity of the peptide has been extensively evaluated
bymanygroups, including ourselves.15,20,21Wehave designed
and developed a novel peptide synthesis procedure based on
our knowledge of the three-dimensional structure and
sequence of CRP-XL (GPC-(GPO)10-GPCG-amide)3 (►Fig. 1A).
The peptide was synthesized at Pepscan (Lelystad, The
Netherlands) following a stepwise procedure: peptide 1
(CSHG(POG)10PCS(Acm), where “O”¼ L-hydroxyproline, molec-
ular weight [MW]¼3163.7 Da) was dissolved in a 1:1:1
mixture of 8M urea/acetonitrile (ACN)/N,N-dimethylforma-
mide (DMF) to a concentration of 5.0mM (i.e., 15.8mg/mL).
Subsequently, 0.25 equivalent of T3 in ACN (125 µL of a 10mM
solution/mL of peptide solution) was added, followed by
0.25mL of a 200mM ammonium bicarbonate solution. The
mixture was homogenized, incubated for 15 to 30minutes at
room temperature (RT), diluted in Milli-Q water (5–10� the
original volume), and purified by preparative high-perfor-
mance liquid chromatography (HPLC). The purified trimeric
peptide T3-[1-(Acm)]3 was then Acm-deprotected by dissolv-
ing the peptide in 8M guanidine-HCl to a concentration of
1.0mM (i.e., 9.7mg/mL), and 1.0mL of this solutionwasmixed
with 100 µL of a 34mg/mL solution of I2 in methanol. The
reactionwas stirred at RT for 30 to 60minutes, quenchedwith
50 µL of a 1.0M solution of 1,4-dithiothreitol followed by the
additionof 260µL ofan0.2Msodiumcarbonate solution (until
pH>7), and again stirred for an additional 5 to 10minutes at
RT. The reaction mixture was then quenched with 10% of
trifluoroacetic acid (TFA) until pH<3 and dilutedwith 5 to 10
volumes ofMilli-Qwater (peptide product should not precipi-
tate!) and purified by preparative HPLC.

ThepurifiedAcm-deprotectedtrimericpeptideT3-[1-(SH)]3
was dissolved in a 1:1:1 mixture of 8M urea/ACN/DMF to a
concentrationof0.1mM(i.e.,�1.0mg/mL), and to1.0mLof this
solution, 10 µL of a 10mM T3 (�1.1 equivalent) in ACN was
added followedby the addition of 25µL of 200mMammonium
bicarbonate solution. Themixturewas again homogenized and
incubated for 15 to 30minutes at RT and checked by analytical
ultra-performance liquid chromatography/electrospray ioniza-
tion mass spectrometry (UPLC/ESI-MS) to confirm completion
of the reaction. Finally, themixturewasdiluted inMilli-Qwater
(5–10� the original volume) and purified by preparative HPLC
to obtain the final double-CLIPS constrained trimeric peptide
T3-[1]3-T3 in an overall yield of 1 to 2%.22 The MS product
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characterization data were: retention time (UPLC):
1.11minutes (¼ 32.75% ACN); 5 to 55% gradient of eluent-B
in eluent-A; eluent-A: 0.05% TFA in Milli-Q water; eluent B:
0.05%TFA inCAN).Characterizationofhigh-MWcompoundsby

ESI-MS goes via detection of multiple-charged ions in the m/z
range of 500 to 2,000. The single-charged molecular ion is
usuallynotobserved,becauseESI-MSmachines typicallydonot
measure ion currents at>2,000 Da. Thereby, it is not

Fig. 1 Synthesis of synthetic triple helical collagen peptide (STH-CP) triple helical peptide. (A) Peptide 1 [CSHG(POG)10PC(Acm)] was mixed with
0.25 equivalent of 1,3,5-tribromomesitylene (T3) and purified by preparative high-performance liquid chromatography (HPLC). The purified
trimeric peptide T3-[1-(Acm)]3 was Acm-deprotected to trimeric peptide T3-[1-(SH)]3, which was mixed with 1:1 equivalents of T3. The mixture
was checked by analytical ultra-performance liquid chromatography electrospray ionization mass spectrometry (UPLC/ESI-MS) to confirm
completion of the reaction. Finally, the mixture was diluted in Milli-Q water (5–10� the original volume) and purified by preparative HPLC to
obtain the final double-CLIPS constrained trimeric peptide T3-[1]3-T3. (B) Electron-spray ionization mass spectrometry (ESI-MS) spectrum of the
UPLC-peak at tR¼ 1.11minutes, showing the [Mþ 5H]5þ signal at m/z¼ 1901.34 as the main peak (100%) and the [Mþ 6H]6þ signal at m/
z¼ 1584.71 in 25% intensity. From these signals, an MWexp¼ 9502.2� 1.5 Da was calculated, which compares well with the theoretical
molecular weight (MW) of 9503.1 Da that was calculated for this compound.
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predictable which multicharged species is observed and in
what amount; that is simply a characteristic of the molecule
itself. As shown in►Fig. 1B, the molecule is mainly present as
5þ -charged species in the gas phase together with approxi-
mately 20% of the 6þ -charged species, while higher charged
speciesarenotobserved(quitenormal if therearenot sufficient
protonation sites available). On the other hand, any lower
charged species (4þ, 3þ, 2þ) may be present as well, but
have a m/z ratio of>2,000 Da and are therefore not observed.
ESI-MS:MWexp:9502.2�1.5Da;MWcalc: 9503.1Da (►Fig. 1B).

Reagents

Platelet activation leads to expression of activation markers
on the outer membrane of platelets, which can be quanti-
fied by the binding of antibodies, using flow cytometry. The
antibodies used in the platelet activation test were
fluorescein isothiocyanate (FITC)-conjugated monoclonal
antibody procaspase-activating compound-1 (PAC-1)
directed against the activated αIIbβ3 receptor, phycoery-
thrin (PE)-conjugated monoclonal antibody anti-P-selectin
(CD62P, clone AK4), and allophycocyanin (APC)-conjugated
anti-CD42b (GPIb) monoclonal antibody (clone HIP1), all
purchased from BD Pharmingen (New Jersey, United
States). Anti-mouse immunoglobulin (Ig) κ particles and
negative control (NC) particles were also purchased from
BD Pharmingen.

Preparation of the Platelet Activation Tests
Platelet reaction mixture, with a volume of 20 µL, consisted
of 2 µL FITC-conjugated PAC-1, 1.5 µL PE-conjugated anti-P-
selectin, and 0.5 µL APC-conjugated anti-CD42b with or
without CRP-XL or synthetic triple helical collagen peptide
(STH-CP) in HEPES-buffered saline (HBS, 10 mmol/L HEPES,
150 mmol/L NaCl, 1 mmol/L MgSO4, 5 mmol/L KCL, pH 7.4).
Optimal peptide concentrations were determined in five
healthy donors by testing a serial dilution of STH-CP and
CRP-XL. Further tests were preparedwith 30 and 5 µg/mL for
STH-CP and CRP-XL, respectively. In each platelet activation
test, three additional conditions were included to detect
binding of antibodies to anti-mouse Ig κ particles or NC
particles. The NC condition contained 2 µL FITC-conjugated
PAC-1 and 1.5 µL PE-conjugated anti-P-selectin in HBS (total
volume of 20 µL). Two positive control (PC) conditions were
prepared: PC1 contained 2 µL FITC-conjugated PAC-1 and PC2
contained 1.5 µL PE-conjugated anti-P-selectin in HBS (total
volume of 20 µL). Test strips were prepared in advance and
stored at –20°C.

Performing the Platelet Activation Tests
Test strips were thawed and briefly centrifuged. All tests
were performed at 37°C. Whole blood was stored at RT for
at least 30minutes and a maximum of 4 hours, incubated at
37°C for 10minutes and diluted 1:4 in preheated HBS to
minimize the formation of platelet aggregates. From this
diluted blood, 5 µL were added to each reaction mixture
(20 µL, final dilution 1:20) and the tests were incubated for
exactly 20minutes. Simultaneously, 5 µL of NC particles

were added to the NC condition, and 5 µL of anti-mouse Ig κ
particles were added to both PC1 and PC2. Reactions were
stopped by adding 250 µL fixation solution (137 mmol/L
NaCl, 2.7 mmol/L KCl, 1.12 mmol/L NaH2PO4, 1.15 mmol/L
KH2PO4, 10.2 mmol/L Na2HPO4, 4 mmol/L EDTA, 0.5%
formaldehyde).

Flow cytometry was used to discriminate platelets from
other cells, using the forward and sideward scatter pattern
and by gating on the CD42b positive cells. Fluorescent
intensity in the FITC gate and PE gate was selected to
determine activated αIIbβ3 and P-selectin density, respec-
tively, and results are expressed as median fluorescent
intensity (MFI).

In addition to flow cytometry, we investigated platelet
response to CRP-XL (5 µg/mL), Horm collagen (2 and 5 µg/
mL), and STH-CP (30 µg/mL) in platelet-rich plasma, using
LTA.

Study Population

Our study protocol was evaluated by the local medical ethical
board (Medical Ethical Committee of Maastricht University
Medical Center). The study population consisted of 118
healthy adult individuals, aged 20 to 65 years. All participants
did not take any oral anticoagulant or antiplatelet drugs for at
least 2weeks, did not have a history of thrombosis or bleeding,
and gave full informed consent according to the Helsinki
Declaration. Experiments were conducted at the Synapse
Research Institute in accordance with approved guidelines
and regulations. Bloodwas collected aseptically by antecubital
puncture via a 21-gauge needle (0.8�32mm) into vacuum
tubes (1 volume trisodium citrate 0.105M to9 volumes blood)
(BDVacutainer System/Greiner). The bloodwas kept at RT and
usedwithin4hours after collection. Cell counts inwholeblood
were performed with a Coulter Counter analyzer (Beckman
Coulter, Woerden, The Netherlands).

Statistics

Beads were used to normalize the flow cytometric data with
the following equation:

100� (MFIa�MFIc)/(MFIPC�MFINC)

where MFIa was the MFI of the activated platelets, MFIc
the MFI of the unstimulated platelets, MFIPC the MFI mea-
sured on the PC beads, and MFINC the MFI of the NC beads.

For the reference values, outlier analysis was performed
using the D/R method (Dixon). Three outliers were excluded
(P-selectin expression in response to STH-CP and CRP-XL) by
visual inspection. Normality was tested using the Shapiro–
Wilk test and datawere normally distributed after excluding
the outliers. Mean and standard deviation (SD) were
shown and interindividual variability (percent coefficient
of variation [%CV]) was calculated for each variable as
100� ( SD/mean). Reference intervals were obtained using
nonparametric calculation methods, in accordance with
the recommendation in the latest Clinical and Laboratory
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Standards Institute guidelines.23 More precisely, the lower
reference interval limit was estimated as the 2.5th percen-
tile, and the upper limit as the 97.5th percentile of the
distribution. Groups were compared using the Mann–Whit-
ney U test for independent samples.

Data of the repeated measurements over a 1-year period
were expressed asmean� SD and statistical significancewas
tested using Tukey’s multiple comparisons.

Results

Dose-Dependent Response of Platelets on STH-CP
An optimal concentration of STH-CP and CRP-XL to activate
plateletswas determined by testing a serial dilution of STH-CP
and CRP-XL in fresh blood from five healthy donors in tripli-
cate. For each donor, these experiments were executed on a
single day, using the same batch of platelet function tests. As
shown in ►Fig. 2, the activation of αIIbβ3 receptor and the
expression of P-selectin increased in a dose-dependent man-
ner and optimal concentration of 30 and 5 µg/mLwere chosen
for STH-CPandCRP-XL, respectively. To confirm thepotencyof
STH-CP, STH-CP (30 µg/mL) andCRP-XL (5 µg/ml)were used in
LTA to activate platelets and comparable platelet aggregation
wasobserved(►Supplementary Fig. S1, available in theonline
version).

The Precision of Platelet Activation Induced by STH-CP
To obtain intra-assay precision data of platelet activation
tests, we performed replicate experiments (n¼10) in
three healthy donors. For each donor, these experiments
were executed on a single day, using the same batch of
platelet function tests. Platelets were activated with CRP-XL
(5 µg/mL) or STH-CP (30 µg/mL), incubated with FITC-
conjugated PAC-1 and PE-conjugated anti-P-selectin, and
MFI were measured to determine αIIbβ3 receptor activation
and P-selectin expression on the platelet membrane, re-
spectively. Comparable results were found for both STH-CP
and CRP-XL and the intra-assay variability was well below
5% for both αIIbβ3 receptor activation and P-selectin ex-
pression (►Table 1).

STH-CP Induced Platelet Activation in a Healthy
Population
In total, platelet activation in response to STH-CP was
measured in 118 healthy individuals. Demographic data of
115 healthy individuals (53 females and 62males, median 33
years) together with blood counts are summarized in
►Table 2 (data of three donors were missing). In our popula-
tion, there were significantly more men than women. The
hemoglobin levels, hematocrit, and red blood cell counts
were significantly higher while the platelet count was sig-
nificantly lower in men compared with women.

The interindividual variability (%CV) as well as reference
intervals (2.5–97.5 percentile) were determined for P-selec-
tin expression and αIIbβ3 receptor activation in response to
STH-CP and CRP-XL in 118 healthy volunteers (►Table 3).
For P-selectin expression, data of three donors were deter-
mined as outliers. Apart from the reference values, medians,
interquartile ranges, minimum and maximum values of
each test parameter are indicated. The interindividual
variation of platelet function in response to STH-CP and
CRP-XL was comparable and within acceptable ranges with
mean %CV of 23.1 and 20.9% for αIIbβ3 receptor activation
and P-selectin expression, respectively.

Fig. 2 Determining optimal concentrations for synthetic triple helical collagen peptide (STH-CP) and cross-linked collagen-related peptide (CRP-
XL). Whole blood of 5 donors was incubated for 10minutes at 37°C and, subsequently, platelets were activated for 20minutes at 37°C with STH-
CP (red) and CRP-XL (blue). Dose-dependent activation curves were created for both αIIbβ3 receptor activation (left panel) and P-selectin
expression (right panel). The dotted line represents the concentration of the agonists used in the subsequent experiments.

Table 1 Intra-assay variability of the platelet function test

Intra-assay variability (%CV)

Donor 1 Donor 2 Donor 3 Mean

(n¼ 10) (n¼ 10) (n¼10) %CV

αIIbβ3 activation

STH-CP 2.5 4.0 2.8 3.1

CRP-XL 2.7 2.5 2.1 2.4

P-selectin
expression

STH-CP 3.0 4.0 2.6 3.2

CRP-XL 2.6 1.8 1.9 2.1

Abbreviations: %CV, percent coefficient of variation; CRP-XL, cross-linked
collagen-related peptide; STH-CP, synthetic triple helical collagen peptide.
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Correlation between Platelet Activation Responses to
STH-CP and CRP-XL
Platelet activation induced by STH-CP and CRP-XL was
strongly correlated with correlation coefficients of r¼0.93
(p<0.0001) and r¼0.97 (p<0.0001) for αIIbβ3 activation
and P-selectin expression, respectively (►Fig. 3).

Stability of Peptides during Freezer Storage
To investigate the stability of the stored peptides in time,
platelet function was measured every month in 10 donors
over a 1-year period. Upon collection of blood, platelets
were activated with STH-CP or CRP-XL, activated markers
were measured and normalized data calculated (►Fig. 4).
αIIbβ3 receptor activation in response to STH-CP was stable
over the whole year. For CRP-XL, αIIbβ3 receptor activation
was the lowest with mean value of 18.7 in May and highest
in July with mean value of 27.4. Concerning P-selectin

expression, the lowest and highest value in response to
STH-CP/CRP-XL were detected in February (mean of 19.5/
19.6) and August (mean of 23.9/25.5), respectively. Signifi-
cant differences between the months are shown in detail
in ►Fig. 4.

The seasonal variation in response to the two GPVI-
specific peptides is also shown in ►Table 4. Compared
with CRP-XL, the variation in a 1-year period was lower
when platelet activationwas induced by STH-CP with %CVof
5.3 and 6.6% for αIIbβ3 receptor activation and P-selectin
expression, respectively. Between STH-CP and CRP-XL,
strong correlations were found with correlation coefficients
of r¼0.84 (p¼0.0003) and r¼0.91 (p<0.0001) for αIIbβ3
activation and P-selectin expression when measured every
month during a year in 10 donors, respectively (►Fig. 5).

The conclusion of comparison between STH-CP and CRP-
XL is summarized in ►Table 5.

Table 2 Baseline data of 115 healthy individuals

All Women (n¼53) Men (n¼ 62) p-Values

Age, years 33 (27–49) 41 (30–51) 31 (26–44) 0.012

Hemoglobin, mmol/L 9.1 (8.3–9.8) 8.5 (8.0–8.9) 9.8 (9.5–10.2) < 0.0001

Hematocrit, % 43 (39–47) 40 (38–42) 47 (45–49) < 0.0001

Red blood cell count, �1012/L 5.1 (4.6–5.4) 4.7 (4.4–5,0) 5.3 (5.1–5.7) < 0.0001

Platelet count, �109/L 283 (248–344) 304 (268–368) 276 (240–331) 0.035

White blood cell count, �109/L 5.8 (5.0–7.0) 5.9 (5.2–7.0) 5.8 (5.0–7.0) ns

Note: Medians and interquartile ranges (25–75%) are indicated.

Table 3 Interindividual variation and reference intervals of the platelet function test

N Mean (% of beads) SD %CV Reference interval (2.5–97.5%) Min Max

αIIbβ3 activation

STH-CP 118 29.3 6.9 23.5 17.1–47.7 12.0 49.8

CRP-XL 118 30.9 7.0 22.7 17.5–49.1 14.2 51.7

P-selectin expression

STH-CP 115 14.8 3.1 20.9 7.3–22.0 4.6 23.8

CRP-XL 115 15.7 3.3 21.0 9.0–23.5 5.7 24.7

Abbreviations: %CV, percent coefficient of variation; CRP-XL, cross-linked collagen-related peptide; SD, standard deviation; STH-CP, synthetic triple
helical collagen peptide.

Fig. 3 Correlation of synthetic triple helical collagen peptide (STH-CP) and cross-linked collagen-related peptide (CRP-XL) for determining platelet function.
Platelet function was measured as αIIbβ3 activation (left panel) and P-selectin expression (right panel). The Pearson’s coefficient is depicted.
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Discussion

We studied the performance of a novel STH-CP on platelet
function,15 and compared it with the performance of widely
used cross-linked triple helical CRPs (CRP-XL). The unique
property of STH-CP is that peptides are first coupled to a T3

scaffold and then coupled to a second T3 staple which
benefits from a proximity effect since all three peptides to
be connected, reside within one molecule.

Many in vitro diagnostic platelet function tests, including
LTA, use collagen fibrils, extracted from equine tendon, to
measure platelet function. This type of collagen is poorly

Fig. 4 Seasonal variation in platelet activation in response to synthetic triple helical collagen peptide (STH-CP) and cross-linked collagen-related
peptide (CRP-XL). Every month during a 1-year period, platelet activation in response to STH-CP and CRP-XL were measured in 10 healthy donors
and the data for both αIIbβ3 receptor activation (left panel) and P-selectin expression (right panel) were normalized using the negative control
(NC) and positive control (PC) beads. Data were expressed as mean� standard deviation (SD). Differences between the groups were analyzed by
Friedman test, followed by Dunn's multiple comparison test. �p< 0.05, ��p< 0.01, ���p< 0.001.

Table 4 Seasonal variation of the platelet function test

N Mean
(% of beads)

SD %CV

αIIbβ3 activation

STH-CP 10 24.7 1.3 5.3

CRP-XL 10 23.6 2.1 8.9

P-selectin expression

STH-CP 10 21.3 1.4 6.6

CRP-XL 10 22.1 1.8 8.1

Abbreviations: %CV, percent coefficient of variation; CRP-XL, cross-
linked collagen-related peptide; SD, standard deviation; STH-CP, syn-
thetic triple helical collagen peptide.

Fig. 5 Correlation of synthetic triple helical collagen peptide (STH-CP) and cross-linked collagen-related peptide (CRP-XL) for determining
platelet function. Platelet function was measured in response to STH-CP and CRP-XL in 10 healthy donors every month during a 1-year period. The
Spearman’s coefficient is depicted for αIIbβ3 activation (left panel) and P-selectin expression (right panel).

Table 5 Comparison between STH-CP and CRP

Item STH-CP CRP-XL

Potency þþ þþþ
Precision þþþ þþþ
Stability þþþ þþ
GPVI activation þþþ þþþ

Abbreviations: CRP-XL, cross-linked collagen-related peptide; STH-CP,
synthetic triple helical collagen peptide.
Note: GPVI activation, reference intervals for αIIbβ3 activation and P-
selectin expression; Precision, intra-assay variability and interindividual
variation; Reactivity, dose-dependent response curve; Stability, sea-
sonal variation.
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defined, has a bad interbatch reproducibility, and, most
probably, it does not represent the human collagens in the
blood vessels, because the effects of fibrillar collagen on
platelet activation depends on secondary structure of the
collagen fibers.24 Despite the fact that the evidence for
the specificity and the generalizability for human collagens
are debatable, horse tendon collagen has developed as the
gold standard for collagen function testing in diagnostic
settings. This may have led to a systematic biased diagnosis
of collagen-dependent platelet dysfunction for many deca-
des. In our view, collagen mimetic peptides, specific for
binding and activation of the most important platelet colla-
gen receptors integrinα2β1 andGPVI,may be amore specific
and better reproducible alternative for the collagen variant
from equine tendon extracts.

When comparing the efficacy of STH-CP and CRP-XL to
platelet activation response, we found that the activity
pattern was identical, although the CRP-XL required sixfold
lower concentrations than STH-CP to come to the same
platelet activation state. This difference may be caused by
the tight binding configuration between the two T3-Clips,
which may influence the binding of the peptide to GPVI.
Although sixfold higher concentrations of STH-CP are
required for complete activation of platelets, the
performance on platelet function measurements with flow
cytometry and LTA show a reproducible agreement between
STH-CP and CRP-XL. Therefore, we are convinced that our
data show that STH-CP is not inferior to CRP-XL with regard
to platelet activation research.

We determined reference values for platelet response to
CRP-XL and STH-CP in 118 healthy volunteers. The platelet
activation response to both triggers showed a strong corre-
lation (Pearson’s correlation of 0.93 forαIIbβ3-activation and
of 0.97 for P-selectin expression). Furthermore, we showed
that both STH-CP and CRP-XL have very high precision (both
intra-assay %CVs are below 5%). Furthermore, both tests
distinguish between individuals (interindividual %CVs for
both tests between 20 and 24%). These observations were in
agreement with a previous study on CRP-XL performance in
120 healthy volunteers.15

The stability of STH-CP during storage at –20°C in ready-
to-use reaction mixtures was tested every month over a
whole year. The correlations for platelet activation between
both peptides were very high and this indicates that STH-CP
and CRP-XL aremost likely directed against the same platelet
receptor, which has been established as GPVI for CRP-XL. The
performance of both peptides is very good: CRP-XL seems a
little bit more efficient, as indicated by the lower concen-
trations required to trigger platelet activation, while STH-CP
seems a little bit more stable, as indicated by the lower
variation over 12 months.

In summary, we have shown that STH-CP is stable and that
the agonist gives reproducible platelet activation patterns,
similar to CRP-XL. At the moment, the production of STH-CP
is not yet optimized for large quantities, while production of
differentbatches of STH-CP is required for validation studies to
investigate the variation between different batches of STH-CP.
These issues need tobe solved before STH-CP can beused as an

alternative for CRP-XL as trigger for platelet activation in in
vitro diagnostic devices.

What is known about this topic?

• In hemostasis laboratory, collagen-related peptide
(CRP-XL) is a valuable tool in platelet function tests
for studying the interaction with the subendothelial
collagen, intracellular signal events, and functional
interplay between receptors. Currently, there is only
one laboratory, which is capable of producing this
valuable peptide for clinical applications.

What does this paper add?

• We developed a new synthetic triple helical collagen
peptide (STH-CP) as alternative for CRP-XL, which was
bothon theC-terminus andon theN-terminusfixedona
scaffold with a binding side for each of the three
peptides.

• Compared with the known CRP-XL, this new STH-CP
can induce comparable platelet activation response.
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