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Abstract: Immune thrombocytopenia purpura (ITP) is characterized by destruction of circulating platelets and the
presence of antiplatelet IgG antibodies, which opsonize platelets for splenic clearance resulting in low levels of circulating platelets, and the disease severity can be predicted neither by antibody isotype nor by titer, indicating that
other factors also play a role. Although the main cause of ITP remains unclear, but its relationship with some infection was demonstrated, including viral or bacterial infections. C-reactive protein (CRP), a member of the pentraxin
family, is a major acute-phase protein in humans and is a clinical marker of infection. We aimed to investigate the
correlation between the levels of CRP and the presence of antiplatelet IgG antibodies in adults with newly diagnosed
ITP. CRP levels and platelet counts were measured in the blood samples from a 60 ITP patient (with confirmed antiGPIIb/IIIa antibodies), 60 infection patients (all without anti-GPIIb/IIIa antibodies) and 60 normal individuals. The
bleeding score, recover time of intravenous immune globulin (IVIg) therapy and the number of megakaryocytes in
bone marrow were recorded in ITP patients. The platelet count, bleeding score, recover time of intravenous immune
globulin (IVIG) therapy and the number of megakaryocytes in bone marrow and CRP concentrations were compared
in ITP group using Spearman’s correlation coefficient. We examined the influence of intraperioneal CRP administration on antibody-mediated platelet destruction in mice. There were no statistical differences in gender, age and
body mass index among the three groups (P>0.05). Though CRP levels are significantly elevated in ITP patients and
infection patients (P<0.05), the platelet count was markedly lower only in ITP patients. We found that CRP was inert
toward platelets without antiplatelet antibodies in this study. There are a significant correlation between CRP levels
and platelet counts, bleeding severity and the number of megakaryocytes in bone marrow aspiration (r=-0.5079,
r=0.5498, r=0.4172, P<0.001, respectively). Moreover, a significant correlation was observed between the recovery
time of platelet count and CRP levels (r=-0.5569, P<0.001). In mice, platelet count was lower in Anti-CD41 (0.75
μg)+, CRP (200 μg) group as compared with Anti-CD41 (0.75 μg)+, CRP(-) group and Anti-CD41 (0.75 μg)-, CRP (200
μg) group (P<0.05). In summary, this study indicated that CRP levels are significantly elevated in ITP patients all with
confirmed anti-GPIIb/IIIa antibodies, which is able to predict the clinical bleeding severity of ITP patients. The slower
CRP levels reduction after IVIg treatment predicted slower platelet count recovery in ITP.
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Introduction
Immune thrombocytopenia purpura (ITP) is
characterized by destruction of circulating
platelets and the presence of antiplatelet IgG
antibodies, which opsonize platelets for splenic
clearance resulting in low levels of circulating
platelets. Although the main cause of ITP
remains unclear, but its relationship with some
infection was demonstrated including viral or
bacterial infections [1-4]. The ensuing low plate-

let counts result in bleeding symptoms [5] that
range from mild, common events, such as petechiae and bruising, to rare, serious events, such
as intracranial hemorrhage [6]. Antibodymediated platelet destruction in ITP occurs primarily through engagement of immunoglobulin
IgG opsonized platelets with activating Fc
receptors (FcγRs) on the surface of phagocytes
in the spleen and liver, resulting in phagocytosis and thrombocytopenia [7]. Autoantibodies
against the major membrane glycoproteins (GP)
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can be identified in about 80% of patients with
ITP [8, 9] and the majority of these antibodies
target epitopes on GPIIb/IIIa (CD41/CD61) [10].
Although platelet decrement is related to antibody titer in ITP [11, 12], this correlation is not
strict, as cases with low titers and very low
platelet counts, as well as cases with high titers
and normal platelet counts, are frequently
observed. Recently we found that this discrepancy is partially due to the differences in the
functional quality of these antibodies, determined by its Fc glycosylation, in particular the
level of core fucosylation [13]. However, the
data indicated that additional cofactors may
also be involved.
C-reactive protein (CRP) [14], a member of the
pentraxin family, is a major acute-phase protein
in humans and is a clinical marker of infection.
CRP, a known ligand for FcRs produced by the
liver in response to inflammation due to various
stimuli, has been shown to bind and activate
Fcγ receptors (FcγR) on monocytes and macrophages [15-18]. In addition, CRP suppressed
immune complex mediated nephron toxic
nephritis in a mouse model [19]. Despite their
distinct folds, both antibody and pentraxins
bind FcγR in a 1:1 stoichiometry, obligating
pathogen opsonization or immune complex formation as the mechanism for receptor clustering and activation [18, 20, 21]. Moreover, they
share an overlapping binding site on FcγR, predicting a mutually exclusive FcγR association
between antibodies and pentraxins. CRP levels
are useful as a clinical diagnostic tool for infection, and it is a common knowledge that ITP is
triggered by viral infection that precedes the
clinical picture of ITP by a few days to a few
weeks [22]. Therefore, we have been particularly interested in the role of CRP which interacts directly with antiplatelet IgG antibodies
and functions as a novel pathogenic cofactor in
IgG mediated platelet destruction.
In this study, we aimed to explore the correlation between the levels of CRP and the presence of antiplatelet IgG antibodies in adults
with newly diagnosed ITP. We sought to investigate the hypothesis of CRP as a novel pathogenic cofactor in IgG-mediated platelet destruction by phagocytes, ultimately leading to
platelet destruction in ITP patients. We also
established a mouse model in which CRP was
intraperitoneally injected and observed wheth10177

er the elevated CRP levels directly contribute to
antibody-mediated platelet destruction in vivo.
Materials and methods
Patients
We prospectively enrolled 60 patients with
newly diagnosed ITP, 60 infection patients
whose diagnosis included upper respiratory
tract infection (31 cases), pneumonia (17
cases), and periodontitis (12 cases) and 60
age-gender matched healthy individuals for the
study from January 2015 to February 2017 at
the Second Affiliated Hospital of Harbin Medical
University. The study was approved by the ethics committee of our hospital, and informed
consent was signed by all individuals.
The inclusion criteria: ITP was diagnosed based
on the guidelines proposed by the American
Society of Hematology [23]. Only patients aged
>18 years who had platelet counts <100×109/L
with confirmed anti-GPIIb/IIIa antibodies and
no history of other clinical conditions that can
cause thrombocytopenia were included. Both
sixty infection patients and normal controls
without anti-GPIIb/IIIa antibodies. The exclusion criteria in ITP patients included, pseudothrombocytopenia; clinical or serologic evidence of associated conditions or factors that
can cause thrombocytopenia, such as systemic
lupus erythematosus, lymphoproliferative disorders, liver cirrhosis, or therapy with drugs
such as heparin or quinidine; and previous
treatment with corticosteroids or splenectomy.
Mice
Six-week-old BALB/c mice (strain BALB/
cOlaHsd) were obtained from the animal experiment center of Harbin Medical University and
the use of experimental animals was conducted after examination and approval by the local
animal ethic committee.
Baseline definitions and measurements
Peripheral blood and bone marrow smears
were examined and the number of megakaryocytes in bone marrow aspiration was recorded
for ITP patients. The ITP patients were carefully
examined for the presence of clinical signs of
bleeding and the score according to Buchanan
et al [24] based on the overall extent of bleedInt J Clin Exp Pathol 2017;10(10):10176-10185
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ing ranging from 0 (no bleeding) to 5 (life threatening or fatal). All infection patients were evaluated as to the existence of a site of infection
using clinical and microbiological data.
Additional blood samples were from 60 normal
individuals who underwent routine health
check-ups at the hospital. The body weight and
height were recorded and subsequently body
mass index (BMI) was calculated ITP patients
(34 cases) with platelet counts <20×109/L
were placed on intravenous immuneglobulin
(IVIg) therapy and platelet counts returned to
normal in all patients. Intravenous immuneglobulin (IVIg) was administered at a dose of
400 mg/kg/day for 5 days. Laboratory studies
were performed and clinical data (including
platelet counts and CRP levels) were collected
on day 2 or 3, 4-6, 7-9, and 10-14 after
treatment.
The monoclonal antibody immobilization of
platelet antigens assay (MAIPA)
The MAIPA technique described by Kiefel et al
(1987), with modifications (Morel-Kopp and
Kaplan 1994) [25]. Briefly, 1×108 platelets from
healthy blood group “O” donors were sensitized
with 100 µL plasma of patients or controls,
washed, and solubilized in Tris-buffered saline
containing 1% Triton X-100 and 0.1 mg/mL leupeptin. Microtiter plates were coated with affinity-purified goat anti-mouse IgG (Immunotech,
Marseille, France), and next incubated with
GPIIb/IIIa mAb (P2 clone) for 60 min at room
temperature. After washing, the sensitized
platelet lysate was added in duplicates to each
well and incubated for another 60 min. IgG
bound to the captured GPIIb/IIIa was detected
using alkaline-phosphatase-conjugated goat
anti-human IgG (Fc specific; Sigma Chemical
Co, Saint Louis, MI, USA). p-Nitrophenyl-phosphate was used as the substrate, and the
plates were read on an automated microtiter
plate reader (Thermo-Multiskan Mk3; Hudson,
NH, USA) using dual wavelength (405 and 492
nm). A positive result was defined as absorbance beyond mean + 3 SD normal controls.

mately the same time each morning. Plasma
samples were collected in EDTA tubes, centrifuged at 3000 rpm for 10 minutes at 4°C,
labelled and stored at -80°C till analysis. Serum
CRP levels were detected with a high sensitivity
assay (Sekisui Medical Co., Tokyo, Japan) using
an auto-analyzer (Hitachi 7600-210; Hitachi
Medico, Tokyo, Japan). In this study, CRP≤1
mg/L was defined as negative (-); CRP>1 mg/L
was defined as positive (+).
Induction of thrombocytopenia in vivo
The mice were divided into three groups: CRP
(200 μg) group, antiplatelet MWReg30 IgG
(0.75 μg) group, and CRP (200 μg) + antiplatelet MWReg30 IgG (0.75 μg) group. Blood was
collected from the retro-orbital plexus 16 hours
after injection from cardiac puncture (t=16),
into lithium-heparin tubes (Microvette, Sarstedt). Subsequently, the blood was diluted in
PBS/EDTA and the number of platelets was
immediately counted using the ADVIA 2120
hematology system using murine-BALB/c parameters (Siemens Medical Solutions Diagnostics, Erlangen, Germany).
Statistical analysis
Continuous variables were reported as the
mean and the standard deviation (SD). The clinical and demographic variables were compared
using the student’s t test for continuous variables with a normal distribution. Comparisons
between groups were subjected to one‑way
ANOVA followed by post‑hoc Tukey’s test parameter fault (GraphPad InStat Version 3.06).
Values of P<0.05 were considered to be statistically significant. Spearman’s rank correlation
coefficient was used to evaluate the significance of the correlation between CRP levels
and platelet counts, bleeding severity, number
of megakaryocytes, and recover time in ITP
patients. An association was considered significant if P<0.05. All analyses were performed
using SPSS version 19.0 (SPSS Inc., Chicago,
IL, USA).

CRP determination

Results

In all individuals, blood specimens were
obtained on the day newly diagnosed. In ITP
patients blood specimens were also obtained
and on the day when platelet counts returned
normal. The samples were obtained at approxi-

Baseline characteristics of patients in the
study
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The study enrolled 60 patients (23 males and
37 females, 28-54 y (average 41 y) who were
Int J Clin Exp Pathol 2017;10(10):10176-10185
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(average 40 y) (all without antiGPIIb/IIIa antibodies) whose diagnosis included upper respiratory
Variables
Health (n=60) Infection (n=60)
ITP (n=60)
tract infection (31 cases), pneuMale/female
29/31
32/28
23/37
monia (17 cases), and periodontiAge (years)
42 ± 12
40 ± 14
41 ± 13
tis (12 cases) and control blood
BMI (kg/m)
27.68 ± 3.27
27.98 ± 3.31
27.66 ± 3.24
samples were from 60 normal
Hemoglobin (mg/dL) 13.02 ± 1.63 12.86 ± 1.71
12.98 ± 1.75
individuals (29 males and 31
Platelets (×109/L)
182.9 ± 72.6 172.3 ± 71.3 18.4 ± 23.3**
females, 30-54 y (average 42 y)
CRP (mg/dL)
0.61 ± 0.88
3.99 ± 1.64* 3.38 ± 1.59*
who underwent routine health
Data are means ± SD. Variable are compared using student’s t test. *P<0.05;
check-ups at the hospital. The
**P<0.01. BMI: body mass index; WBC: white blood cell; CRP: C-reactive
general characteristics of the
protein.
study groups were included in
Table 1. The three groups did not
differ
statistically
in terms of age, female/male
Table 2. Characteristics of ITP patients
ratio,
body
mass
index (BMI) or hemoglobin
ITP patients
(P>0.05).
n=60 (%)
Table 1. Clinical characteristics of health controls, infection
patients and ITP patients

Number of a history of a prior infection
UTI*
Pneumonia
Diarrhea
Upper respiratory tract infection
Periodontitis
Bleeding score diagnosis
0
1
2
3
4
5
Treated with IVIG**
Non-treated

32 (53.3%)
5 (8.3%)
4 (6.7%)
8 (13.3%)
12 (20.0%)
3 (5.0%)
4 (6.7%)
13 (21.6%)
12 (20.0%)
15 (25.0%)
13 (21.7%)
3 (5.0%)
34 (56.7%)
26 (43.3%)

Number between brackets represents %. *UTI: Urinary
Tract Infection; **IVIG: intravenous immunoglobulin.

The ITP patient characteristics are summarized
in Table 2. ITP patients who had a history of a
prior infection were 32 (53.3%), whose diagnosis included UTI (urinary tract infection) 5 cases
(8.3%), pneumonia 4 cases (6.7%), diarrhea 8
cases (13.3%), upper respiratory tract infection
12 cases (20.0%), periodontitis 3 cases (5.0%).
The bleeding score according to Buchanan et al
based on the overall extent of bleeding ranging
from 0 (no bleeding) to 5 (life-threatening or
fatal) on the day of enrollment was “0” in 4
patients, “1” in 13 patients, “2” in 12 patients,
“3” in 15 patients, and “4” in 13 patient, “5” in
3 patient in Table 2. Within 72 hours after diagnosis, the 34 (56.7%) patients whose platelet
count below 20×109/L received a single infusion of IVIg (0.4 g/kg/day).
Serum CRP levels
To examine the relevance of CRP levels in adult
ITP patients, we measured the plasma CRP
level. The ITP and infection patients exhibited
much higher levels of CRP (ITP, 3.38 ± 1.59
mg/dL; Infection, 3.99 ± 1.64 mg/dL) than
healthy controls 0.61 ± 0.88 mg/dL (Table 1
and Figure 1).

Figure 1. CRP levels in different groups. Figures
represent mean ± SD, ANOVA followed by post hoc
Tukey’s test. *P<0.05 as compared to control group.

Correlations between CRP levels and platelet
counts, bleeding severity, number of megakaryocytes in bone marrow aspiration in ITP
patients

newly diagnosed with ITP (all with confirmed
anti-GPIIb/IIIa antibodies)and 60 infection
patients (32 males and 28 females, 26-54 y

To further investigate whether the level of CRP
affects ITP patients, we examined the correlation of CRP and platelet counts, bleeding ten-
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Figure 2. Correlation between CRP levels and platelet counts. (r=-0.5079,
P<0.001 by Spearman’s rank correlation coefficient).

evaluate the relationship of
the decrease of CRP levels
from onset to platelet recover normal and platelet recover time. We found that IVIg
treatment led to a significant
increased platelet counts. A
significant correlation between the decrease of CRP
levels and platelet recover
time was found in ITP patients (all with confirmed anti-GPIIb/IIIa antibodies (r=0.5569, P<0.001) (Figure 5).
Patients with slower CRP decay took more time to platelet counts, indicating that
monitor of CRP levels may be
used to predict the response
of patients to treatments.
Association of CRP levels
with anti-GPIIb/IIIa antibodies

We aimed to explore how
CRP levels influence the
platelet counts in ITP patients. We investigated the
hypothesis of CRP as a novel
pathogenic cofactor in IgGmediated platelet destruction by phagocytes, ultimately leading to platelet deFigure 3. Correlation between CRP levels and bleeding score. (r=0.5498,
struction. To further investiP<0.001 by Spearman’s rank correlation coefficient).
gate the relevance of CRP
levels, we measured the pldency, and number of megakaryocytes in ITP
atelet counts and the CRP concentration in
sera from patients with newly diagnosed ITP
patients by Spearman’s test. A significant ne(all with anti-GPIIb/IIIa antibodies) and comgative correlation between CRP levels and
pared with infection patients (all without
platelet count was found in ITP patients (all
anti-GPIIb/IIIa antibodies) and healthy controls.
with confirmed anti-GPIIb/IIIa antibodies (r=We found that the platelet count in ITP pati0.5079, P<0.001) (Figure 2). A significant posients group shows a significant reduction comtive correlation between CRP levels and bleedpared to control groups (P<0.05) (Figure 6).
ing severity, number of megakaryocytes in ITP
However, the platelet counts were comparable
patients was found (r=0.5498, P<0.001; r=
between infection patients and healthy con0.4172, P<0.001, respectively) (Figures 3, 4).
trols (Figure 6). Although the infection patients group had higher levels of CRP than ITP
Treatment and response in ITP patients
patients group, the platelet counts in patients
To further analyzed the effect of intravenous
without antiplatelet antibodies did not cause
immunoglobulin (IVIg) treatment on adult
significant reduction. Without antiplatelet antipatients with newly diagnosed ITP in a clinical
bodies, CRP was found to be inert toward
platelets.
trial investigation, Spearman’s test was used to
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CRP enhances antiplatelet
IgG-mediated destruction of
platelets in mice

Figure 4. Correlation between CRP levels and number of megakaryocytes.
(r=0.4172, P<0.001 by Spearman’s rank correlation coefficient).

We then investigated whether the elevated CRP levels
directly contribute to platelet degradation in vivo. We
examined whether the observed effects of CRP in antibody-mediated platelet destruction also occurred in
vivo, using our previously
mouse model for immunemediated thrombocytopenia.
Co-administration of 200 μg
CRP, together with a limiting
dose of 0.75 μg of antiplatelet MWReg30 IgG (GPIIb),
significantly decreased the
mean platelet counts compared with injection of 0.75
μg of antiplatelet IgG alone,
whereas administration of
200 μg CRP alone had no
effect on platelet counts
(Figure 7). These data are in
line with the clinical manifestation that the platelet counts of patients without antiplatelet antibodies did not
cause significant reduction.
Discussion

Figure 5. Correlation between decrease of CRP levels from onset to platelet
recover normal and the recovery time of platelet counts. (r=-0.5569, P<0.001
by Spearman’s rank correlation coefficient).

Figure 6. CRP was found to be inert toward platelets
without antiplatelet antibodies. CRP: C-reactive protein. Bars represent mean and SD values. Statistical
comparison was performed with ANOVA followed by
post hoc Tukey’s test. *P<0.05.

10181

In our study, we described a
previously unrecognized role
of CRP in IgG-mediated platelet destruction in immune
thrombocytopenia. We observed that CRP
levels were significantly elevated in patients
with autoantibody-mediated thrombocytopenias compared to healthy controls and significantly correlated with platelet counts, bleeding
severity, number of megakaryocytes in bone
marrow aspiration. Intriguingly, the slower CRP
levels decrease after IVIg treatment, the longer
it took before stable platelet counts were
reached in ITP patients. The present study
showed an association between CRP and antiplatelet antibodies, which CRP alone had no
effect on the platelet counts in infection
patients. We also established a mouse model
and observed that elevated CRP levels directly
contribute to antibody-mediated platelet destruction in vivo.
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levels were even found to predict early hematoma outgrowth after ICH [37]. CRP may seem
to be useful to assess and monitor the individual bleeding risk in adult ITP patients, but has
to be evaluated and validated in a larger cohort.

Figure 7. CRP enhances antiplatelet IgG-mediated
destruction of platelets in mice. BALB/c mice developed thrombocytopenia 16 hours after intraperitoneal injection of the platelet- and megakaryocyte-specific rat anti-mouse CD41 IgG at 0.75 μg. Coinjection
of 200 μg CRP with 0.75 μg rat anti-mouse CD41
IgG resulted in aggravated thrombocytopenia after
16 hours, whereas 200 μg CRP alone had no effect. Data are representative of 2 independent experiments; each data symbol represents 1 mouse (7
per group). Statistical comparisons were performed
by one-way ANOVA with Tukey’s posttest. *p<0.05;
**P<0.01.

Studies in the past decade suggested that CRP
can be a good risk predictor for cardiovascular
disease [26-30]. This acute phase reactant is
currently considered as a key biomarker of systemic inflammation. It is mainly synthesized by
hepatocytes in response to inflammation and
tissue damage. It can also be produced locally
by arterial tissue [29, 31-33]. Furthermore,
serum CRP levels on admission may serve as
an important diagnostic tool and may also indicate that short term prognosis was demonstrated by duration of hospitalization. In our
study, we found that CRP level was higher in
adult patients with ITP. This is in line with Kapur
and colleagues’ study [34] in which they
revealed a significant and previously unknown
association between the CRP and the antiplatelet antibodies in fetal or neonatal alloimmune
thrombocytopenia (FNAIT) and ITP. Our study
showed that CRP levels negatively correlated
with platelet counts, and positively correlated
with the bleeding score and the number of
megakaryocytes in ITP patients. This suggests
CRP levels maybe an alternative prognostic
bleeding risk marker for immune thrombocytopenia. This is in line with some studies [35, 36]
which have reported bleeding events to be
associated with increased levels of CRP including in acute coronary syndromes and ICH. CRP

10182

IVIg has been proposed to exert its action
through numerous ways in treating ITP [38]. We
found that IVIg was also associated with a
reduction in the CRP levels in ITP, and the
decrease of CRP levels significantly correlated
with the number of platelets. Hence, lowering
CRP levels could offer new therapeutic opportunities for these patients.
The present study showed an association
between CRP and antiplatelet antibodies,
which CRP alone had no effect on the platelet
counts in infection patients. The direct evidence for the causality between increased CRP
levels and enhanced platelet degradation was
obtained in our clinical studies. We found that
although the infection patients group had higher levels of CRP than ITP patients group, the
platelet counts of patients without antiplatelet
antibodies did not cause significant reduction.
More direct evidences for the causality between
increased CRP levels and enhanced platelet
degradation were obtained in mice, where CRP
alone was inert against platelets but enhanced
thrombocytopenia together with antiplatelet
antibodies, also in line with results obtained
from phagocytosis of platelets. We also observed that the elevated CRP levels directly
contribute to antibody-mediated platelet destruction in a mouse model. Our findings are in
line with previous studies [39, 40] which demonstrate an intriguing correlation between CRP
concentrations and antibody-mediated phagocytic activation against platelets through FcRs.
The mechanisms of which these factors mediate phagocytic responses are currently incompletely understood, but they are likely to play
an initial role in the development of ITP.
Importantly, this still needs to be investigated
in detail using a panel of antiplatelet antibodies
against various GPIIb/IIIa epitopes, ITP sera
containing various combinations of antibodies,
and against other platelet proteins.
The data suggest that CRP may be an important factor that could explain the frequently
observed aggravation of ITP on infections.
Infections are known to promote the initiation
of ITP or enhance platelet clearance, although
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the main cause of ITP remains unclear, its relationship with some infection was demonstrated. The association between ITP and some
infections have been reported previously [4143]. Several studies [44-46] have investigated
one of the possible mechanisms that is the
molecular mimicry between platelet antigens
and various viral and bacterial antigens, giving
rise to cross-reactive antibodies. In our studies,
the role of increased CRP may directly enhance
IgG-mediated responses against platelets.
Some other studies [47, 48] elucidate the
mechanism responsible for platelet recovery in
ITP patients after the successful eradication of
H. pylori. The findings demonstrate that the
platelet recovery observed in ITP patients after
H.pylori eradication is associated with modulation of the monocyte Fcγ receptor balance
toward the inhibitory Fcγ receptor IIB (FcγRIIB).
This suggests that treatment of the underlying
cause of the inflammation in addition to treatment of the thrombocytopenia itself would
be beneficial for the patient. These data also
suggested a possible mechanism for the relapse of ITP associated with infections. Therefore, the treatment of adult ITP has focused
on lowering CRP levels. As infections may be
associated with an increase in CRP levels, CRP
may serve as an important biomarker for monitoring severities of IgG-mediated thrombocytopenias. Therefore, we suggest that prevention
and early adequate treatment of infection are
warranted.
In conclusion, CRP could be considered as a
novel pathogenic cofactor to enhance IgGmediated phagocytic responses resulting in
thrombocytopenia. Increased CRP levels at
diagnosis predicted lower platelet count and
higher clinical bleeding severity in ITP. The slower the CRP levels dropped after IVIg treatment,
predicted the slower platelet count recovery in
ITP. As such, these data also suggested a possible mechanism for the exacerbation or
relapse of ITP associated with infections, as
infections may be associated with an increase
in CRP, indicating that CRP may serve as an
important biomarker for monitoring severities
of IgG-mediated thrombocytopenias. These
results provide insight into the mechanism of
CRP regulatory activity in autoimmunity and
identify new therapeutic targets in the prevention and treatment of ITP. Future studies may
expand these observations and further investi10183

gate CRP affected by IgG-mediated phagocytosis in other diseases such as those
associated with anti-red blood cell antibodies.
Acknowledgements
This work was supported by grants from
Postdoctoral Science Foundation of China
(2015M580270), Postdoctoral Science Foundation of Heilongjiang Province (LBH-Z15129),
the Yong and middle-aged Science Foundation
of Harbin Medical University (CX2016-19),
Health and Family Planning Commission of
Heilongjiang Province (2016-080).
Disclosure of conflict of interest
None.
Address correspondence to: Dr. Wei Wang, The Second Affiliated Hospital of Harbin Medical University,
246 Xuefu Street, Nangang, Harbin 150000, Heilongjiang, P. R. China. E-mail: mm18245174288@
163.com

References
[1]
[2]

[3]
[4]

[5]

[6]

[7]

[8]

Cines DB, Blanchette VS. Immune thrombocytopenic purpura. N Engl J Med 2002; 346:
995-1008.
Cohen YC, Djulbegovic B, Shamai-Lubovitz O,
Mozes B. The bleeding risk and natural history
of idiopathic thrombocytopenic purpura in patients with persistent low platelet counts. Arch
Intern Med 2000; 160: 1630-1638.
Semple JW, Italiano JE Jr, Freedman J. Platelets and the immune continuum. Nat Rev Immunol 2011; 11: 264-274.
Berchtold P and Wegner M. Autoantibodies
against platelet glycoproteins in autoimmune
thrombocytopenic purpura: their clinical significance and response to treatment. Blood
1993; 81: 1246.
He R, Reid DM, Jones CE, Shulman NR. Spectrum of Ig classes, specificities, and titers of
serum antiglycoproteins in chronic idiopathic
thrombocytopenic purpura. Blood 1994; 83:
1024-32.
Varon D, Karpatkin S. A monoclonal anti-platelet antibody with decreased reactivity for autoimmune thrombocytopenic platelets. Proc Natl
Acad Sci U S A 1983; 80: 6992.
Hohmann AW, Booth K, Peters V, Gordon DL,
Comacchio RM. Common epitope on HIV p24
and human platelets. Lancet 1993; 342:
1274-1275.
Romero R, Kleinman RE. Thrombocytopenia
associated with acute hepatitis B infection. Pediatrics 1993; 91: 150-152.

Int J Clin Exp Pathol 2017;10(10):10176-10185

Antibody-mediated platelet destruction by C-reactive protein
[9]

[10]

[11]
[12]
[13]

[14]
[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

Nagamine T, Ohtuka T, Takehara K, Arai T, Takagi H, Mori M. Thrombocytopenia associated
with hepatitis C viral infection. J Hepatol 1996;
24: 135-140.
Tag HS, Lee HS, Jung SH, Kim BK, Kim SB, Lee
A, Lee JS, Shin SH, Kim YS. Effects of Helicobacter pylori eradication in patients with immune thrombocytopenic purpura. Korean J
Hematol 2010; 45: 127-132.
Lu J, Marjon KD, Mold C, Du Clos TW, Sun PD.
Pentraxins and Fc receptors. Immunol Rev
2012; 250: 230-238.
Cines DB and Blanchette VS. Immune thrombocytopenic purpura. N Engl J Med 2002; 346:
995-1008.
Kapur R, Kustiawan I, Vestrheim A, Koeleman
CA, Visser R, Einarsdottir HK, Porcelijn L, Jackson D, Kumpel B, Deelder AM, Blank D, Skogen
B, Killie MK, Michaelsen TE, de Haas M, Rispens T, van der Schoot CE, Wuhrer M, Vidarsson
G. A prominent lack of IgG1-Fc fucosylation of
platelet alloantibodies in pregnancy. Blood
2014; 123: 471-480.
Marnell L, Mold C, Du Clos TW. C-reactive protein: ligands, receptors and role in inflammation. Clin Immunol 2005; 117: 104-111.
Bharadwaj D, Stein MP, Volzer M, Mold C, Du
Clos TW. The major receptor for C-reactive protein on leukocytes is Fcgamma receptor II. J
Exp Med 1999; 190: 585-590.
Marnell LL, Mold C, Volzer MA, Burlingame RW,
Du Clos TW. C-reactive protein binds to Fc gamma RI in transfected COS cells. J Immunol
1995; 155: 2185-2193.
Mold C, Baca R, Du Clos TW. Serum amyloid P
component and C-reactive protein opsonize
apoptotic cells for phagocytosis through Fcgamma receptors. J Autoimmun 2002; 19:
147-154.
Lu J, Marnell LL, Marjon KD, Mold C, Du Clos
TW, Sun PD. Structural recognition and functional activation of FcgammaR by innate pentraxins. Nature 2008; 456: 989-992.
Rodriguez W, Mold C, Kataranovski M, Hutt JA,
Marnell LL, Verbeek JS, Du Clos TW. C-reactive
protein-mediated suppression of nephrotoxic
nephritis: role of macrophages, complement,
and Fcgamma receptors. J Immunol 2007;
178: 530-538.
Radaev S, Motyka S, Fridman WH, Sautes-Fridman C, Sun PD. The structure of a human type
III Fcgamma receptor in complex with Fc. J Biol
Chem 2001; 276: 16469-16477.
Sondermann P, Huber R, Oosthuizen V, Jacob
U. The 3.2-A crystal structure of the human
IgG1 Fc fragment-Fc gammaRIII complex. Nature 2000; 406: 267-273.
Rand ML, Wright JF. Virus-associated idiopathic thrombocytopenic purpura. Transfus Sci
1998; 19: 253-259.

10184

[23] George JN, Woolf SH, Raskob GE, Wasser JS,
Aledort LM, Ballem PJ, Blanchette VS, Bussel
JB, Cines DB, Kelton JG, Lichtin AE, McMillan
R, Okerbloom JA, Regan DH, Warrier I. Idiopathic thrombocytopenic purpura: a practice
guideline developed by explicit methods for the
American Society of Hematology. Blood 1996;
88: 3-40.
[24] Buchanan GR, Adix L. Grading of hemorrhage
in children with idiopathic thrombocytopenic
purpura. J Pediatr 2002; 141: 683-688.
[25] Kiefel V, Santoso S, Weisheit M, Mueller-Eckhardt C. Monoclonal antibody-specific immobilization of platelet antigens (MAIPA): a new tool
for the identification of platelet-reactive antibodies. Blood 1987; 70: 1722-1726.
[26] Danesh J, Collins R, Appleby P, Peto R. Association of fibrinogen, C-reactive protein, albumin,
or leukocyte count with coronary heart disease. Meta-analyses of prospective studies. J
Am Med Assoc 1998; 279: 1477-1482.
[27] Blake GJ, Ridker PM. Inflammatory bio-markers and cardiovascular risk prediction. J Intern
Med 2002; 252: 283-294.
[28] Blake GJ, Ridker PM. High sensitivity C-reactive
protein for predicting cardiovascular disease:
an inflammatory hypothesis. Eur Heart J 2001;
22: 349-352.
[29] Blake GJ, Ridker PM. Novel clinical markers of
vascular wall inflammation. Circ Res 2001; 89:
763-771.
[30] Ridker PM. High-sensitivity C-reactive protein:
potential adjunct for global risk assessment in
the primary prevention of cardiovascular disease. Circulation 2001; 103: 1813-1818.
[31] Paraskevas S, Huizinga JD, Loos BG. A systematic review and meta-analyses on C-reactive
protein in relation to periodontitis. J Clin Periodontol 2008; 35: 277-290.
[32] Karadag F, Kirdar S, Karul AB, Ceylan E. The
value of C-reactive protein as a marker of systemic inflammation in stable chronic obstructive pulmonary disease. Eur J Intern Med
2008; 19: 104-108.
[33] Pasceri V, Willerson JT, Yeh ET. Direct proinflammatory effect of C-reactive protein on human endothelial cells. Circulation 2000; 102:
2165-2168.
[34] Kapur R, Heitink-Pollé KM, Porcelijn L, Bentlage AE, Bruin MC, Visser R, Roos D, Schasfoort RB, de Haas M, van der Schoot CE, Vidarsson G. C-reactive protein enhances IgGmediated phagocyte responses and thrombocytopenia. Blood 2015; 125: 1793-1802.
[35] Campbell CL, Steinhubl SR, Hooper WC, Jozic
J, Smyth SS, Bernstein D, De Staercke C, Syros
G, Negus BH, Stuckey T, Stone GW, Mehran R,
Dangas G. Bleeding events are associated with
an increase in markers of inflammation in

Int J Clin Exp Pathol 2017;10(10):10176-10185

Antibody-mediated platelet destruction by C-reactive protein

[36]

[37]

[38]

[39]
[40]

[41]

[42]

acute coronary syndromes: an ACUITY trial
substudy. J Thromb Thrombolysis 2011; 31:
139-145.
Di Napoli M, Godoy DA, Campi V, Masotti L,
Smith CJ, Parry Jones AR, Hopkins SJ, Slevin
M, Papa F, Mogoanta L, Pirici D, Popa Wagner
A. C-reactive protein in intracerebral hemorrhage: time course, tissue localization, and
prognosis. Neurology 2012; 79: 690-699.
Di Napoli M, Parry-Jones AR, Smith CJ, Hopkins SJ, Slevin M, Masotti L, Campi V, Singh P,
Papa F, Popa-Wagner A, Tudorica V, Godoy DA.
C-reactive protein predicts hematoma growth
in intracerebral hemorrhage. Stroke 2014; 45:
59-65.
Schwab I, Nimmerjahn F. Intravenous immunoglobulin therapy: how does IgG modulate the
immune system? Nat Rev Immunol 2013; 13:
176-189.
Nimmerjahn F and Ravetch JV. The antiinflammatory activity of IgG: the intravenous IgG
paradox. J Exp Med 2007; 204: 11-15.
Kaneko Y, Nimmerjahn F and Ravetch JV. Antiinflammatory activity of immunoglobulin G resulting from Fc sialylation. Science 2006; 313:
670-673.
Hohmann AW, Booth K, Peters V, Gordon DL,
Comacchio RM. Common epitope on HIV p24
and human platelets. Lancet 1993; 342:
1274-5.
Romero R, Kleinman RE. Thrombocytopenia
associated with acute hepatitis B infection. Pediatrics 1993; 91: 150-2.

10185

[43] Nagamine T, Ohtuka T, Takehara K, Arai T, Takagi H, Mori M. Thrombocytopenia associated
with hepatitis C viral infection. J Hepatol 1996;
24: 135-40.
[44] Zhang W, Nardi MA, Borkowsky W, Li Z, Karpatkin S. Role of molecular mimicry of hepatitis C
virus protein with platelet GPIIIain hepatitis Crelated immunologic thrombocytopenia. Blood
2009; 113: 4086-4093.
[45] Wright JF, Blanchette VS, Wang H, Arya N, Petric M, Semple JW, Chia WK, Freedman J. Characterization of platelet reactive antibodies in
children with varicella-associated acute immunethrombocytopenic purpura (ITP). Br J Haematol 1996; 95: 145-152.
[46] Li Z, Nardi MA, Karpatkin S. Role of molecular
mimicry to HIV-1 peptides in HIV-1-related immunologic thrombocytopenia. Blood 2005;
106: 572-576.
[47] Takahashi T, Yujiri T, Shinohara K, Inoue Y, Sato
Y, Fujii Y, Okubo M, Zaitsu Y, Ariyoshi K, Nakamura Y, Nawata R, Oka Y, Shirai M, Tanizawa Y.
Molecular mimicry by Helicobacter pylori CagA
protein may be involved in the pathogenesis of
H. pylori-associated chronic idiopathic thrombocytopenic purpura. Br J Haematol 2004;
124: 91-96.
[48] Bohr UR, Annibale B, Franceschi F, Roccarina
D, Gasbarrini A. Extragastric manifestations of
helicobacter pylori infection other helicobacters. Helicobacter 2007; 12 Suppl 1: S45-53.

Int J Clin Exp Pathol 2017;10(10):10176-10185

