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Primary immune thrombocytopenia (ITP) is an autoimmune hemorrhagic disease.
Endothelial cell activation/injury has been found in some autoimmune diseases
including SLE, systemic sclerosis, and rheumatoid arthritis, but its role in ITP
pathogenesis remains unclear. This study attempted to elucidate the correlation
between endothelial dysfunction and disease severity of ITP and find related markers to
predict response to low-dose decitabine treatment. Compared with healthy volunteers,
higher plasma levels of soluble intercellular adhesion molecule-1 (ICAM-1), vascular
endothelial growth factor (VEGF), and Angiopoietin-2 were found in adult corticosteroid
resistant ITP patients. Notably, ICAM-1 levels were negatively correlated with the platelet
count, and positively associated with the bleeding score. Recently, we have reported the
efficacy and safety of low-dose decitabine in adult patients with ITP who failed for the first
line therapies. Here, we evaluated the correlation of plasma ICAM-1 level with the efficacy
of low-dose decitabine therapy for corticosteroid resistant ITP. A total of 29 adult
corticosteroid resistant ITP patients who received consecutive treatments of low-dose
decitabine were enrolled in this study. Fourteen patients showed response (nine showed
complete response and five showed partial response). The levels of ICAM-1 before and
after treatment were significantly higher in the non-responsive ITP patients than in the
responsive patients. As shown in the multivariable logistic regression model, the odds of
developing no-response to low-dose decitabine increased by 36.8% for per 5 ng/ml
increase in plasma ICAM-1 level [odds ratio (OR) 1.368, 95% confidence interval (CI):
1.060 to 1.764]. In summary, this was the first study to elucidate the relationship between
endothelial dysfunction and corticosteroid resistant ITP and identify the potential
predictive value of ICAM-1 level for response to low-dose decitabine.
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INTRODUCTION

Primary immune thrombocytopenia (ITP) is the most common
hemorrhagic disorder, characterized by decreased platelet number
and elevated bleeding risk (1, 2). Increased platelet destruction and
impaired platelet production induced by immune intolerance are
mainly involved in the pathogenesis of ITP (3–5). There has been
rapid development of novel treatments for ITP in the last two
decades, such as thrombopoietin receptor agonists, rituximab, and
fostamatinib (6–9). Recently, low-dose decitabine has been proven
tobeefficient and safe in refractory ITPpatients in aprospective and
multicenter study (10) and therefore has become a vital therapeutic
option for ITP patients in China (11). However, numerous ITP
patients failed to respond or relapsed after these treatments (12).
Therefore, further research is necessary to clarify the other
underlying pathogenesis of ITP.

Endothelium forms a vital and selective membrane barrier,
which could regulate the transportation of water, solutes, cytokines
and blood components in the tissue compartment in healthy or
disease conditions (13). Previous reports have shown that
increased endothelial cell activation and disruption of the
vascular integrity correlates with thrombocytopenia in critically
ill patients (14). Increasing evidence has indicated that endothelial
dysfunction contributes to recruitment of leukocytes and
activation of platelets by expressing adhesion molecules and
releasing cytokines, including tumor necrosis factor-alpha (TNF-
a), interferon gamma (IFN-g), and interleukin-1 (IL-1), which
lead to development of inflammation (15–17). Chronic
inflammation is involved in the perturbation of immune
tolerance in autoimmune diseases (18). Although endothelial
dysfunction has been shown to participate in some autoimmune
diseases including SLE, systemic sclerosis, and rheumatoid
arthritis (19–21), whether it is involved in ITP pathogenesis
remains unclear and its potential prognostic/predictive role
requires further investigation.

In the current study, we aimed to identify soluble plasma
markers of endothelial dysfunction in healthy donors and adult
corticosteroid resistant ITP patients. The association between
endothelial dysfunction and disease severity represented by
platelet counts and bleeding risk was evaluated in this study.
Although low-dose decitabine has been a vital therapeutic option
for corticosteroid resistant ITP patients in China, it remains
unclear how to identify patients who probably benefit from this
therapy. We measured plasma intercellular adhesion molecule-1
(ICAM-1) and Angiopoietin-2 levels in 29 corticosteroid
resistant ITP patients during their consecutive treatments of
low-dose decitabine and assessed the predictive value of the two
markers for treatment response.
METHODS

Study Design and Patient Identification
First, we analyzed plasma levels of endothelial cell activation
markers in adult corticosteroid resistant ITP patients and healthy
volunteers to determine the association between endothelial cell
activation and disease severity. Eighty eight adult corticosteroid
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resistant ITP patients were randomly enrolled between July 2017
and January 2020whodid not undergo any ITP-specific therapy for
at least onemonth. All patients were recruited at theDepartment of
Hematology, Qilu Hospital, Cheeloo College of Medicine,
Shandong University, Jinan, China. ITP diagnosis was based on
the previously established criteria (22). All the enrolled participants
were aged≥18 years,with a platelet count <30×109/L. Previous ITP
specific treatments mainly included corticosteroids, intravenous
immunoglobulin, thrombopoietin-receptor agonists (rhTPO,
eltrombopag), and rituximab (Table 1).

Next, we followed up 29 adult corticosteroid resistant ITP
patients who received consecutive low-dose decitabine therapy
until achieving response or 90 days from the time of enrollment,
whichever occurred first. Decitabine was administered at 3.5 mg/
m2 intravenously for three consecutive days per cycle, for three
cycles, with a four-week interval between cycles (10). Plasma
samples were collected at enrollment and on response day in
responders or 90th days in non-responders to detect endothelial
cell activation marker levels. Cases complicated with diabetes,
hypertension, cardiovascular diseases, pregnancy, and active
infection were excluded. Thirty healthy volunteers were
recruited as controls. The study was approved by the Medical
Ethical Committee of Qilu Hospital, Shandong University.
Informed consent was obtained from all patients before
enrollment in accordance with the Declaration of Helsinki.

Data Collection
The medical data were collected from the medical therapy
records. Bleeding scores were calculated at the time of
admission, according to bleeding rating system in ITP (23).
This bleeding rating system is calculated by the sum of age
scale and bleeding manifestation scale (the highest score among
all the bleeding scores). The bleeding rating system was
preliminarily evaluated in ITP patients, and bleeding scale was
in excellent agreement with ITP-specific bleeding assessment
tool (ITP-BAT), while it was less time-consuming than ITP-BAT
(3 vs. 7 min, p < 0.001). Laboratory values were recorded from
July 2021 | Volume 12 | Article 689663
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TABLE 1 | Demographic and characteristics.

Normal (n = 30) ITP (n = 88

Age (years), median (range) 32 (19–56) 48 (15–84)
Female, % (n) 53 (16) 66 (58)
Platelet count (109/L),
median (range)

246 (195–285) 10 (1–83)

Bleeding score, % (n)
0 20 (18)
1 42 (37)
2 16 (14)
3 14 (12)
4 3 (3)
5 2 (2)
6 2 (2)

Previous therapies, % (n)
Corticosteroid 100 (88)
rhTPO 39 (34)
Eltrombopag 36 (32)
Rituximab 45 (40)
Intravenous Immunoglobulin 70 (62)
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the latest data of the enrolled sample collection.

Plasma Protein Analysis
EDTA anti-coagulated plasma samples were stored at −80°C
after peripheral blood samples were drawn. Angiopoietin-1,
Angiopoietin-2, ICAM-1, and VEGF were measured by ELISA
using SYNERGY H1 microplate reader (BioTek, Winooski, VT,
USA) with four-fold diluted plasma samples, according to protocol
of the manufacturer (R&D Systems, Minneapolis, MN, USA).
Soluble E-selectin and fractalkine were measured by BD
cytometric bead array (BD Biosciences, San Diego, CA, USA)
using GALLIOS flow cytometer (Beckman Coulter, Brea, CA, USA).

Statistical Analysis
Statistical analyses were conducted using SPSS 17.0 (SPSS Software,
USA) and GraphPad Prism 7 (GraphPad Software Inc, USA).
Continuous non-parametric variables were analyzed using the
Mann–Whitney U test. Continuous parametric variables were
analyzed using the Student’s t-test. Categorical data were analyzed
using chi-square test or Fisher’s exact test. For the candidate
association between relevant clinical characteristics, all variables
were log transformed and Pearson’s correlation coefficient analyses
were conducted. Univariate logistic regression models and
multivariate logistic regression models were built to determine the
clinical characteristics that were predictors for therapeutic response.
Two-tailed p-values <0.05 were considered statistically significant.
RESULTS

Demographic and Clinical Characteristics
A total of 88 corticosteroid resistant ITP patients were enrolled
(66% female, median age 48 years, median platelet count 10 ×
109/L) (Table 1). Bleeding scores were assessed at the day of
enrollment. The percentage of patients graded as score 0, 1, 2, 3,
4, 5, and 6 was 20, 42, 16, 14, 3, 2, and 2% respectively (Table 1).

Angiopoietin-2, ICAM-1, and VEGF
Concentrations Were Increased in
Corticosteroid Resistant ITP Patients
Plasma soluble Angiopoietin-2 concentrations were markedly
elevated in corticosteroid resistant ITP patients [median 1,446
(IQR 1,079, 2,391) pg/ml] compared with healthy volunteers
[606 (464, 872) pg/ml; p < 0.001] (Figure 1A). Additionally,
plasma soluble ICAM-1 and VEGF levels were significantly
increased in these patients [82 (62, 99) ng/ml; 17 (12, 26) pg/
ml] compared with healthy volunteers [33 (24, 46) ng/ml, p <
0.001; 14 (7, 19) pg/ml, p <0.05] (Figures 1B, C). Pearson’s
correlation coefficient analysis showed no correlation between
Angiopoietin-2, ICAM-1, and VEGF (data not shown).

As the antagonist of Angiopoietin-2, Angiopoietin-1
concentrations between adult corticosteroid resistant ITP
patients and healthy volunteers did not show significant
difference (Figure 1D). There was no significant difference in
the other two vascular endothelium activation markers,
Fractalkine and E-selectin, between these patients and healthy
volunteers (Figures 1E, F).
Frontiers in Immunology | www.frontiersin.org 3
Plasma ICAM-1 Levels Were Correlated
With Platelet Count and Bleeding Severity
The associations of Angiopoietin-2 and ICAM-1 concentrations
with clinical characteristics and laboratory parameters were
analyzed. The results showed that ICAM-1 were significantly
negatively associated with the platelet count (Figure 2A), but
positively associated with bleeding scores (Figure 2B). But we
found that Angiopoietin-2 was neither associated with platelet
count nor bleeding score (Figures 2C, D).

In the subgroup analysis stratified by baseline platelet count,
the soluble Angiopoietin-2 and ICAM-1 concentrations were
dramatically elevated in patients with platelet count <10 × 109/L
and 10 × 109 to 30 × 109/L, compared with normal volunteers
(Table 2). Moreover, the soluble ICAM-1 levels were
significantly higher in patients with platelet count <10 × 109/L
than those with platelet count 30 × 109 to 100 × 109/L (Table 2).

ICAM-1 Might Predict Response
to Low-Dose Decitabine Therapy
In order to estimate the role of ICAM-1 and/or Angiopoietin-2 in
predicting response to low-dose decitabine, we followed up 29
consecutive patients until achieving response or 90 days after the
enrollment, whichever came first. Among these patients, 15 (52%)
achieved response (nine complete responses and five partial
responses) with platelet count ≥30 × 109/L and at least two-fold
increase than the baseline platelet count, without bleeding.
However, another 14 patients (48%) presented no-response,
without significant platelet increase or bleeding change. There
was no difference in the frequency of glycoprotein autoantibodies
against platelet GPIb/IX and/or GPIIb/IIIa complexes between the
responsive group and the non-responsive group (data not shown).
Compared with healthy volunteers, both responders and non-
responders showed markedly higher Angiopoietin-2 and ICAM-1
concentrations at enrollment (Figures 3A, B). The difference of
initialAngiopoietin-2 concentrationsbetween responders andnon-
responders did not reach statistical significance. Notably,
responders had significantly lower ICAM-1 concentrations, both
before and after low-dose decitabine treatment, compared with
non-responders [enrollment concentration80(50, 92) pg/ml vs. 121
(77–152) pg/ml, p < 0.01; end concentration 75(66,108) pg/ml vs.
123(100, 157) pg/ml, p < 0.05] (Table 3).

Furthermore, logistic regression models were constructed to
determine the association between clinical variables and lack of
response to low-dose decitabine. The ICAM-1 level at enrollment
was associated with no response through univariate logistic
regression analysis (p < 0.05) and was included in the
multivariable logistic regression model. For every 5 pg/ml
increase in ICAM-1 concentration, the odds of no response were
increased by 36.8% (OR 1.368, 95% CI 1.060–1.764) (Table 4).
DISCUSSION

Vascular endothelial cells are versatile effectors involved in
hemostasis, leukocyte recruitment, and movement of soluble and
blood cellular elements (24, 25). Dana et al. found endothelial
July 2021 | Volume 12 | Article 689663
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alterations in a canine model of immune thrombocytopenia (26).
Endothelial cell activation/injury has been reported in ITP patients,
with elevated levels of ICAM-1, thrombomodulin, and H3Cit-DNA
(27). However, the pathogenetic role of endothelial dysfunction in
corticosteroid resistant ITP remains unclear. To our best knowledge,
this is thefirst study todemonstrate thatplasmaICAM-1significantly
correlated with disease severity of corticosteroid resistant ITP
patients, and initial ICAM-1 level might predict response to low-
dose decitabine treatment.

Endothelial dysfunction is characterized by endothelial
activation, pro-inflammatory and procoagulant changes, and
damage of endothelial integrity. ICAM-1 is expressed by
Frontiers in Immunology | www.frontiersin.org 4
leucocytes and vascular endothelial cells and is considered as one
marker of endothelial activation. In physiological condition, ICAM-
1 keeps very low level in circulation, but its level may markedly
elevate during endothelial dysfunction. Increased expression of
ICAM-1 results in enhanced binding of leucocytes, which is
attributable to local inflammatory response and endothelial cell
damage (28). However the Angiopoietin/Tie2 signaling and VEGF
axis are vital regulators of vascular integrity. It has been elucidated
that these pro-angiogenic growth factors could not only accelerate
angiogenesis but also regulate the immune homeostasis (29, 30).
VEGF could limit maturation of DCs and the accumulation of
myeloid immune cells (13). Angiopoietin-2, a ligand of TIE2/TEK
A B

C D

E F

FIGURE 1 | The biomarkers of endothelial activation and vascular integrity. (A) Plasma soluble Angiopoietin-2 concentration, (B) plasma soluble ICAM-1
concentration, and (C) plasma soluble VEGF concentration were significantly higher in adult corticosteroid resistant ITP patients (n = 88 compared with healthy
volunteers n = 30). However, (D) plasma soluble Angiopoietin-1 concentration, (E) plasma soluble Fractalkine concentration, and (F) plasma soluble E-selectin
concentration between adult corticosteroid resistant ITP patients and healthy volunteers show no markedly difference. Significance between these two groups was
determined by Student’s t-test. Data are expressed as box-whisker plots: the central horizontal line, lower and upper of boxes depict the median, first quartile, and
third quartile respectively; and the whisker extends to the minimal and maximal data point.
July 2021 | Volume 12 | Article 689663
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receptor, could context-specifically act on the Tie2 receptor that
activates the endothelium and reinforces permeability and vascular
inflammation by altering adherence junctions, recruiting leukocytes
and inducing disturbed thrombosis (31, 32).

In the current study, three soluble plasma biomarkers of
endothelial activation (ICAM-1, Fractalkine, E-selectin) and three
plasma biomarkers of vascular integrity (Angiopoietin-2,
Angiopoietin-1, VEGF) were measured. Increased levels
of ICAM-1, VEGF, and Angiopoietin-2 were found in
corticosteroid resistant ITP patients compared with healthy
controls, indicating the occurrence of endothelial dysfunction in
ITP. This is consistent with previous report that endothelium
activation is found before and after thrombopoietin receptor
agonist treatment (27). Further analysis identified the association
between the concentrations of these vital biomarkers and major
Frontiers in Immunology | www.frontiersin.org 5
clinical characteristics including platelet count and bleeding risk.
Patients with severe thrombocytopenia exhibited higher levels of
ICAM-1, demonstrating that enhanced endothelial activation and
weakened vascular integrity are involved in disease aggravation.
Previous research showed that Angiopoietin-2 treatment could
stimulate ICAM-1 expression and significantly increase soluble
ICAM-1 secretion from endothelial cells (33). Lang et al. reported
that blockade of ICAM-1 with a neutralizing antibody could relieve
Angiopoietin-2 induced macrophage recruitment and vascular
dysfunction in hypertension (34). No association observed
between ICAM-1 and Angiopoietin-2 in our study may be due
to the small sample size. Previous reports have found that several
pro-inflammatory cytokines could induce endothelial cells to
release ICAM-1; the latter enhances activation of endothelium by
disrupting endothelial tight junction and facilitating leukocyte
A B

C D

FIGURE 2 | Correlation between initial plasma Angiopoietin-2/ICAM-1 and clinical variables in 88 corticosteroid resistant ITP patients. By Pearson’s correlation
coefficient analyses, we found negative correlation between ICAM-1 and platelet count (A), but no obvious association between Angiopoietin-2 and platelet count
(C). Meanwhile, we found positive correlation between ICAM-1 and bleeding score (B), but no significant association between Angiopoietin-2 and bleeding score (D).
All variables are log transformed.
TABLE 2 | Angiopoietin-2 and ICAM-1 concentrations in corticosteroid resistant ITP patients stratified by platelet count at enrollment.

Platelet count (109/L) <10 (n = 44) 10–29 (n = 26) 30–100 (n = 18) Normal (n = 30) P-value

ICAM-1 (ng/ml),median (IQR) 85 (63–103)†‡ 73 (55–107)† 84 (64–92)† 35 (24–48) <0.05
Angiopoietin-2 (pg/ml), median (IQR) 1,346

(1,053–1,970)†
1,809

(1,200–2,755)†
1,501

(1,019–2,183)
606 (463–872) <0.0001
July
 2021 | Volume 12 | Article
†Significant vs. Normal (n = 20) using a Dunn’s test of multiple comparisons using rank sums.
‡Significant vs. Platelet count 30–100 (n = 10) using a Dunn’s test of multiple comparisons using rank sums.
IQR, interquartile range.
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transmigration (35). Chao et al. reported that TNF-a stimulation
could markedly upregulate ICAM-1 through restraining NF-kB
activation and ROS signal in endothelial cells (36). Higher levels of
TNF-a have been reported in the plasma/serum from ITP patients
(37). Therefore, we propose that increased TNF-a in ITP patients
may induce the release of ICAM-1, that in turn boosts endothelium
activation, constructing a positive ongoing activation loop. We
suppose that activated endothelium may attribute to persistence of
chronic inflammation and activation of platelets, leading to
increased platelet destruction indirectly.

We sought to exploit whether ICAM-1, the biomarker of
endothelium dysfunction, could predict response to low-dose
decitabine in ITP. Endothelial cells throughout the bone marrow
Frontiers in Immunology | www.frontiersin.org 6
have been dedicated to create niches for hematopoietic stem cells
(38). Emerging evidence from murine studies suggest that
bone marrow endothelial progenitor cells might regulate
megakaryocytopoiesis and thrombopoiesis (39, 40). As we know,
platelets are anucleated cell fragments derived from bone marrow
megakaryocytes. The endothelial barrier could significantly
regulate the mature megakaryocyte trafficking within the bone
marrow that dedicate to new platelet production (41). Yuan et al.
observed that corticosteroid resistant ITP patients showed reduced
and dysfunctional bone marrow endothelial cells and atorvastatin
could alleviate thrombocytopenia by improving bone marrow
endothelial cell function in these patients (42). Our previous
research demonstrated that low-dose decitabine promotes
A B

FIGURE 3 | Plasma concentrations of Angiopoietin-2 (A) and ICAM-1 (B) at enrollment in healthy volunteers (Normal) and 29 corticosteroid resistant ITP patients
who received consecutive low-dose decitabine therapy, including 15 responders (R) and 14 non-responders (NR).
TABLE 3 | Personal and laboratory characteristics of 29 corticosteroid resistant ITP patients who received consecutive low-dose decitabine therapy.

Total (n = 29) R (n = 15) NR (n = 14) P (R vs. NR)

Age (years), median (range) 43 (15–84) 39 (15–65) 49 (20–84) 0.275a

Female, % (n) 69 (20) 67 (10) 71 (10) 0.362b

ITP duration (months), median (range) 3 (1–12) 3 (1–12) 4 (1–12) 0.276a

Previous therapies, % (n)
Corticosteroid 100 (29) 100 (15) 100 (14) –

rhTPO 52 (15) 40 (6) 64 (9) 0.191b

Eltrombopag 17 (5) 13 (2) 21 (3) 0.564b

Intravenous Immunoglobulin 41 (12) 40 (6) 43 (6) 0.597b

Platelet count (109/L),
median (range)
At enrollment 7 (1–65) 6 (1–65) 6 (1–21) 0.442a

At end of observation 35 (0–266) 119 (35–266) 7 (0–35) <0.001a

Bleeding score,
median (range)
At enrollment 3 (0–11) 3 (0–6) 3 (0–11) 0.946a

At end of observation 0 (0–3) 0 (0–0) 2 (0–3) <0.001a

ICAM-1 (ng/ml),
median (IQR)
At enrollment 92 (59–121) 80 (50–92) 121 (77–152) 0.005a

At end of observation 103 (70–136) 75 (66–108) 123 (100–157) 0.026a

Angiopoietin-2 (pg/ml),
median (IQR)
At enrollment 1,559 (1,091–1,716) 1,291 (866–1,007) 1,633 (1262–1,837) 0.138a

At end of observation 1,366 (1,027–1,778) 1,102 (999–1,436) 1,650(1167–1,852) 0.163a
July 2021 | Volume 12 | A
aMann–Whitney U test.
bFisher exact or chi-square test.
R, responder; NR, non-responder; IQR, interquartile range.
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megakaryocyte maturation and platelet production in ITP (43).
Recently the efficiency and safety of low-dose decitabine treatment
have been verified in corticosteroid resistant ITP patients through
a prospective multicenter study (10). In the current study, higher
ICAM-1 could independently increase the negative risk in the
achievement of response to low-dose decitabine, indicating that
persistence of endothelial dysfunction might be attributable to
refractory/resistance to existing ITP-specific treatments. Given the
complex nature of ITP pathogenesis and the existence of close
association between endothelium dysfunction and severity
represented by platelet counts and bleeding risk in the present
report, further studies are needed to clarify whether combination
of targeting endothelium therapy and low-dose decitabine could
exert synergistic effect on ITP.

This study had some limitations. The number of consecutive
patients enrolled in the study was limited. Although the differences
between patients stratified by respective characteristics were
corrected through strict propensity matching, bias may have
existed due to the unmeasured confounders. All the clinical data
were collected from a single center in China, which might weaken
the generalizability of findings. So large multi-center clinical
trials with more patients are needed to validate the associations
between endothelial dysfunction and ITP pathogenesis in the
general population.

In summary, the clinical evidence suggested that corticosteroid
resistant ITP patients exhibited ongoing endothelial dysfunction,
Frontiers in Immunology | www.frontiersin.org 7
especially those with low platelet count or severe bleeding.
Moreover, our data demonstrate for the first time that the high
plasma ICAM-1 level is correlated with non-response to low-dose
decitabine treatment in corticosteroid resistant ITP. These data
provide additional insight into the role of endothelial dysfunction
in corticosteroid resistant ITP and a rational basis for testing
therapeutics that repair impaired endothelium in corticosteroid
resistant ITP patients.
DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.
ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Medical Ethical Committee of Qilu Hospital,
Shandong University. The patients/participants provided their
written informed consent to participate in this study.
AUTHOR CONTRIBUTIONS

LW and CL designed and performed research, analyzed data, and
wrote the paper. LL, JS, and LS analyzed data and assisted the
research. MH, JP, YH, and MX analyzed data and helped in
funding this research. All authors reviewed the data, read, and
edited the manuscript. All authors contributed to the article and
approved the submitted version.
FUNDING

This work was supported by grants from the National Natural
Science Foundation of China (No.81100348, 81770114, 81900121,
81973994 and 81900124), Young Taishan Scholar Foundation of
Shandong Province (No.tsqn201812133) and Natural Science
Foundation of Shandong Province (ZR201807061123).
REFERENCES
1. Zhao HY, Ma YH, Li DQ, Sun T, Li LZ, Li P, et al. Low-Dose Chidamide

Restores Immune Tolerance in ITP in Mice and Humans. Blood (2019) 133
(7):730–42. doi: 10.1182/blood-2018-05-847624

2. Mahevas M, Gerfaud-Valentin M, Moulis G, Terriou L, Audia S, Guenin S,
et al. Characteristics, Outcome, and Response to Therapy of Multirefractory
Chronic Immune Thrombocytopenia. Blood (2016) 128(12):1625–30.
doi: 10.1182/blood-2016-03-704734

3. Xu M, Li J, Neves MAD, Zhu G, Carrim N, Yu R, et al. GPIbalpha is Required
for Platelet-Mediated Hepatic Thrombopoietin Generation. Blood (2018) 132
(6):622–34. doi: 10.1182/blood-2017-12-820779

4. Hou Y, Feng Q, Xu M, Li GS, Liu XN, Sheng Z, et al. High-Dose
Dexamethasone Corrects Impaired Myeloid-Derived Suppressor Cell
Function via Ets1 in Immune Thrombocytopenia. Blood (2016) 127
(12):1587–97. doi: 10.1182/blood-2015-10-674531

5. Ma L, Simpson E, Li J, Xuan M, Xu M, Baker L, et al. CD8+ T Cells are
Predominantly Protective and Required for Effective Steroid Therapy in
Murine Models of Immune Thrombocytopenia. Blood (2015) 126(2):247–
56. doi: 10.1182/blood-2015-03-635417

6. Liu XG, Liu S, Feng Q, Liu XN, Li GS, Sheng Z, et al. Thrombopoietin
Receptor Agonists Shift the Balance of Fcgamma Receptors Toward
Inhibitory Receptor IIb on Monocytes in ITP. Blood (2016) 128(6):852–61.
doi: 10.1182/blood-2016-01-690727

7. Provan D, Arnold DM, Bussel JB, Chong BH, Cooper N, Gernsheimer T, et al.
Updated International Consensus Report on the Investigation and
Management of Primary Immune Thrombocytopenia. Blood Adv (2019) 3
(22):3780–817. doi: 10.1182/bloodadvances.2019000812
TABLE 4 | Logistic regression analysis evaluating predictors of no response to
consecutive low-dose decitabine therapy for corticosteroid resistant ITP patients.

OR 95% CIr P-value

Lower Uppper

Univariable analysis of subject
characteristics
Age 1.027 0.979 1.077 0.281
Male 2.000 0.446 8.963 0.365
Baseline platelet 0.947 0.860 1.043 0.272
Angiopoietin-2 (50 ng/ml increase) 1.084 0.991 1.186 0.078
ICAM-1 (5 pg/ml increase) 1.354 1.071 1.713 0.011

Final multivariable prediction model
ICAM-1 (5 pg/ml increase) 1.368 1.060 1.764 0.016
Angiopoietin-2 (50 ng/ml increase) 1.082 0.947 1.235 0.247
Subject characteristics were chosen for the univariable analysis, and only two variables are
shown in the final multivariable analysis. 95% CI indicates 95% confidence interval.
July 2021 | Volume 12 | Article 689663

https://doi.org/10.1182/blood-2018-05-847624
https://doi.org/10.1182/blood-2016-03-704734
https://doi.org/10.1182/blood-2017-12-820779
https://doi.org/10.1182/blood-2015-10-674531
https://doi.org/10.1182/blood-2015-03-635417
https://doi.org/10.1182/blood-2016-01-690727
https://doi.org/10.1182/bloodadvances.2019000812
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Li et al. ICAM-1 Associates With Decitabine Therapy
8. KongZ,QinP, XiaoS, ZhouH,LiH,YangR, et al. ANovel RecombinantHuman
ThrombopoietinTherapy for theManagementof ImmuneThrombocytopenia in
Pregnancy. Blood (2017) 130(9):1097–103. doi: 10.1182/blood-2017-01-761262

9. Wei Y, Ji XB, Wang YW, Wang JX, Yang EQ, Wang ZC, et al. High-Dose
Dexamethasone vs Prednisone for Treatment of Adult Immune
Thrombocytopenia: A Prospective Multicenter Randomized Trial. Blood
(2016) 127(3):296–302. doi: 10.1182/blood-2015-07-659656

10. Zhou H, Qin P, Liu Q, Yuan C, Hao Y, Zhang H, et al. A Prospective, Multicenter
Study of Low Dose Decitabine in Adult Patients With Refractory Immune
Thrombocytopenia. Am J Hematol (2019) 94(12):1374–81. doi: 10.1002/ajh.25646

11. Thrombosis, Hemostasis Group CSoHCMA. Chinese Guideline on the
Diagnosis and Management of Adult Primary Immune Thrombocytopenia
(Version 2020). Zhonghua Xue Ye Xue Za Zhi (2020) 41(8):617–23.
doi: 10.3760/cma.j.issn.0253-2727.2020.08.001

12. Miltiadous O, Hou M, Bussel JB. Identifying and Treating Refractory ITP:
Difficulty in Diagnosis and Role of Combination Treatment. Blood (2020) 135
(7):472–90. doi: 10.1182/blood.2019003599

13. Motz GT, Santoro SP, Wang LP, Garrabrant T, Lastra RR, Hagemann IS, et al.
Tumor Endothelium FasL Establishes a Selective Immune Barrier Promoting
Tolerance in Tumors. Nat Med (2014) 20(6):607–15. doi: 10.1038/nm.3541

14. Claushuis TA, van Vught LA, Scicluna BP, Wiewel MA, Klein Klouwenberg
PM, Hoogendijk AJ, et al. Thrombocytopenia Is Associated With a
Dysregulated Host Response in Critically Ill Sepsis Patients. Blood (2016)
127(24):3062–72. doi: 10.1182/blood-2015-11-680744

15. Folco EJ,Mawson TL, VrommanA, Bernardes-Souza B, FranckG, PerssonO, et al.
NeutrophilExtracellularTraps InduceEndothelialCellActivationandTissueFactor
ProductionThrough Interleukin-1alphaandCathepsinG.ArteriosclerThrombVasc
Biol (2018) 38(8):1901–12. doi: 10.1161/ATVBAHA.118.311150

16. Xie CB, Qin L, Li G, Fang C, Kirkiles-Smith NC, Tellides G, et al. Complement
Membrane Attack Complexes Assemble NLRP3 Inflammasomes Triggering
IL-1 Activation of IFN-Gamma-Primed Human Endothelium. Circ Res (2019)
124(12):1747–59. doi: 10.1161/CIRCRESAHA.119.314845

17. Kolaczkowska E, Kubes P. Neutrophil Recruitment and Function in Health and
Inflammation. Nat Rev Immunol (2013) 13(3):159–75. doi: 10.1038/nri3399

18. Doria A, Zen M, Bettio S, Gatto M, Bassi N, Nalotto L, et al.
Autoinflammation and Autoimmunity: Bridging the Divide. Autoimmun
Rev (2012) 12(1):22–30. doi: 10.1016/j.autrev.2012.07.018

19. Sciatti E, Cavazzana I, Vizzardi E, Bonadei I, Fredi M, Taraborelli M, et al.
Systemic Lupus Erythematosus and Endothelial Dysfunction: A Close
Relationship. Curr Rheumatol Rev (2019) 15(3):177–88. doi: 10.2174/
1573397115666181126105318

20. Cutolo M, Soldano S, Smith V. Pathophysiology of Systemic Sclerosis: Current
Understanding and New Insights. Expert Rev Clin Immunol (2019) 15(7):753–
64. doi: 10.1080/1744666X.2019.1614915

21. Bordy R, Totoson P, Prati C, Marie C, Wendling D, Demougeot C.
Microvascular Endothelial Dysfunction in Rheumatoid Arthritis. Nat Rev
Rheumatol (2018) 14(7):404–20. doi: 10.1038/s41584-018-0022-8

22. Rodeghiero F, Stasi R, Gernsheimer T, Michel M, Provan D, Arnold DM, et al.
Standardization of Terminology, Definitions and Outcome Criteria in Immune
Thrombocytopenic Purpura of Adults and Children: Report From an International
Working Group. Blood (2009) 113(11):2386–93. doi: 10.1182/blood-2008-07-162503

23. Xiao S, Liu Q, Hou M. Comparative Study Between Two Bleeding Grading
Systems of Primary Immune Thrombocytopenia. Zhonghua Xue Ye Xue Za
Zhi (2017) 38(5):394–8. doi: 10.3760/cma.j.issn.0253-2727.2017.05.008

24. Kazmi RS, Boyce S, Lwaleed BA. Homeostasis of Hemostasis: The Role of
Endothelium. Semin Thromb Hemost (2015) 41(6):549–55. doi: 10.1055/s-
0035-1556586

25. Maksan SM, Araib PM, Ryschich E, Gebhard MM, Schmidt J. Immune Escape
Mechanism: Defective Resting and Stimulated Leukocyte-Endothelium
Interaction in Hepatocellular Carcinoma of the Rat. Dig Dis Sci (2004) 49
(5):859–65. doi: 10.1023/b:ddas.0000030100.05979.b7

26. LeVine DN, Cianciolo RE, Linder KE, Bizikova P, Birkenheuer AJ, Brooks MB,
et al. Endothelial Alterations in a Canine Model of Immune Thrombocytopenia.
Platelets (2019) 30(1):88–97. doi: 10.1080/09537104.2017.1378807

27. Garabet L,HenrikssonCE,LozanoML,GhanimaW,Bussel J, BrodinE, et al.Markers
of Endothelial Cell Activation and Neutrophil Extracellular Traps Are Elevated in
Immune Thrombocytopenia But Are Not Enhanced by Thrombopoietin Receptor
Agonists. Thromb Res (2020) 185:119–24. doi: 10.1016/j.thromres.2019.11.031
Frontiers in Immunology | www.frontiersin.org 8
28. Rice GE, Munro JM, Corless C, Bevilacqua MP. Vascular and Nonvascular
Expression of INCAM-110. A Target for Mononuclear Leukocyte Adhesion in
Normal and Inflamed Human Tissues. Am J Pathol (1991) 138(2):385–93.

29. Schmittnaegel M, De Palma M. Reprogramming Tumor Blood Vessels for
Enhancing Immunotherapy. Trends Cancer (2017) 3(12):809–12. doi: 10.1016/
j.trecan.2017.10.002

30. TangCY,MauroC. Similarities in theMetabolic Reprogramming of Immune System
and Endothelium. Front Immunol (2017) 8:837. doi: 10.3389/fimmu.2017.00837

31. Souma T, Thomson BR, Heinen S, Carota IA, Yamaguchi S, Onay T, et al.
Context-Dependent Functions of Angiopoietin 2 are Determined by the
Endothelial Phosphatase VEPTP. Proc Natl Acad Sci USA (2018) 115
(6):1298–303. doi: 10.1073/pnas.1714446115

32. Higgins SJ, De Ceunynck K, Kellum JA, Chen X, Gu X, Chaudhry SA, et al.
Tie2 Protects the Vasculature Against Thrombus Formation in Systemic
Inflammation. J Clin Invest (2018) 128(4):1471–84. doi: 10.1172/JCI97488

33. Wenzel P, Knorr M, Kossmann S, Stratmann J, Hausding M, Schuhmacher S,
et al. Lysozyme M-Positive Monocytes Mediate Angiotensin II-Induced
Arterial Hypertension and Vascular Dysfunction. Circulation (2011) 124
(12):1370–81. doi: 10.1161/CIRCULATIONAHA.111.034470

34. Lang PP, Bai J, Zhang YL, Yang XL, Xia YL, Lin QY, et al. Blockade of
Intercellular Adhesion Molecule-1 Prevents Angiotensin II-Induced
Hypertension and Vascular Dysfunction. Lab Invest (2020) 100(3):378–86.
doi: 10.1038/s41374-019-0320-z

35. Vogel ME, Idelman G, Konaniah ES, Zucker SD. Bilirubin Prevents
Atherosclerotic Lesion Formation in Low-Density Lipoprotein Receptor-
Deficient Mice by Inhibiting Endothelial VCAM-1 and ICAM-1 Signaling.
J Am Heart Assoc (2017) 6(4):e004820. doi: 10.1161/JAHA.116.004820

36. Tang C, Xue HL, Bai CL, Fu R. Regulation of Adhesion Molecules Expression
in TNF-Alpha-Stimulated Brain Microvascular Endothelial Cells by
Tanshinone IIA: Involvement of NF-KappaB and ROS Generation.
Phytother Res (2011) 25(3):376–80. doi: 10.1002/ptr.3278

37. Zhong H, Bussel J, Yazdanbakhsh K. In Vitro TNF Blockade Enhances Ex Vivo
Expansion of Regulatory T Cells in Patients With Immune Thrombocytopenia.
Br J Haematol (2015) 168(2):274–83. doi: 10.1111/bjh.13126

38. Ding L, Saunders TL, Enikolopov G, Morrison SJ. Endothelial and
Perivascular Cells Maintain Haematopoietic Stem Cells. Nature (2012) 481
(7382):457–62. doi: 10.1038/nature10783

39. Psaila B, Lyden D, Roberts I. Megakaryocytes, Malignancy and Bone Marrow
Vascular Niches. J Thromb Haemost (2012) 10(2):177–88. doi: 10.1111/j.1538-
7836.2011.04571.x

40. Rafii S, Shapiro F, Pettengell R, Ferris B, Nachman RL, Moore MA, et al. Human
Bone Marrow Microvascular Endothelial Cells Support Long-Term Proliferation
and Differentiation of Myeloid and Megakaryocytic Progenitors. Blood (1995) 86
(9):3353–63. doi: 10.1182/blood.V86.9.3353.bloodjournal8693353

41. Dutting S, Gaits-Iacovoni F, Stegner D, Popp M, Antkowiak A, van Eeuwijk
JMM, et al. A Cdc42/RhoA Regulatory Circuit Downstream of Glycoprotein
Ib Guides Transendothelial Platelet Biogenesis. Nat Commun (2017) 8:15838.
doi: 10.1038/ncomms15838

42. Kong Y, Cao XN, Zhang XH, Shi MM, Lai YY, Wang Y, et al. Atorvastatin
Enhances Bone Marrow Endothelial Cell Function in Corticosteroid-Resistant
Immune Thrombocytopenia Patients. Blood (2018) 131(11):1219–33.
doi: 10.1182/blood-2017-09-807248

43. Zhou H, Hou Y, Liu X, Qiu J, Feng Q, Wang Y, et al. Low-Dose Decitabine
Promotes Megakaryocyte Maturation and Platelet Production in Healthy
Controls and Immune Thrombocytopenia. Thromb Haemost (2015) 113
(5):1021–34. doi: 10.1160/TH14-04-0342

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Li, Li, Sun, Sun, Shao, Xu, Hou, Peng, Wang and Hou. This is an
open-access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply with
these terms.
July 2021 | Volume 12 | Article 689663

https://doi.org/10.1182/blood-2017-01-761262
https://doi.org/10.1182/blood-2015-07-659656
https://doi.org/10.1002/ajh.25646
https://doi.org/10.3760/cma.j.issn.0253-2727.2020.08.001
https://doi.org/10.1182/blood.2019003599
https://doi.org/10.1038/nm.3541
https://doi.org/10.1182/blood-2015-11-680744
https://doi.org/10.1161/ATVBAHA.118.311150
https://doi.org/10.1161/CIRCRESAHA.119.314845
https://doi.org/10.1038/nri3399
https://doi.org/10.1016/j.autrev.2012.07.018
https://doi.org/10.2174/1573397115666181126105318
https://doi.org/10.2174/1573397115666181126105318
https://doi.org/10.1080/1744666X.2019.1614915
https://doi.org/10.1038/s41584-018-0022-8
https://doi.org/10.1182/blood-2008-07-162503
https://doi.org/10.3760/cma.j.issn.0253-2727.2017.05.008
https://doi.org/10.1055/s-0035-1556586
https://doi.org/10.1055/s-0035-1556586
https://doi.org/10.1023/b:ddas.0000030100.05979.b7
https://doi.org/10.1080/09537104.2017.1378807
https://doi.org/10.1016/j.thromres.2019.11.031
https://doi.org/10.1016/j.trecan.2017.10.002
https://doi.org/10.1016/j.trecan.2017.10.002
https://doi.org/10.3389/fimmu.2017.00837
https://doi.org/10.1073/pnas.1714446115
https://doi.org/10.1172/JCI97488
https://doi.org/10.1161/CIRCULATIONAHA.111.034470
https://doi.org/10.1038/s41374-019-0320-z
https://doi.org/10.1161/JAHA.116.004820
https://doi.org/10.1002/ptr.3278
https://doi.org/10.1111/bjh.13126
https://doi.org/10.1038/nature10783
https://doi.org/10.1111/j.1538-7836.2011.04571.x
https://doi.org/10.1111/j.1538-7836.2011.04571.x
https://doi.org/10.1182/blood.V86.9.3353.bloodjournal8693353
https://doi.org/10.1038/ncomms15838
https://doi.org/10.1182/blood-2017-09-807248
https://doi.org/10.1160/TH14-04-0342
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

	Predictive Value of High ICAM-1 Level for Poor Treatment Response to Low-Dose Decitabine in Adult Corticosteroid Resistant ITP Patients
	Introduction
	Methods
	Study Design and Patient Identification
	Data Collection
	Plasma Protein Analysis
	Statistical Analysis

	Results
	Demographic and Clinical Characteristics
	Angiopoietin-2, ICAM-1, and VEGF Concentrations Were Increased in Corticosteroid Resistant ITP Patients
	Plasma ICAM-1 Levels Were Correlated With Platelet Count and Bleeding Severity
	ICAM-1 Might Predict Response to Low-Dose Decitabine Therapy

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


