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Summary
Background—We previously found plasma levels of CD40 ligand (CD40L), chemokine (C-X-C
motif) ligand 5 (CXCL5), chemokine (C-C motif) ligand 5 (CCL5), and epidermal growth factor
(EGF) to be low in aplastic anemia (AA) patients and to be correlated with the platelet count.

Objectives—To study the association of CD40L, CXCL5, CCL5, and EGF with platelets.

Patients/Methods—We measured cytokines in the plasma of immune thrombocytopenic
purpura (ITP) and AA patients using the Luminex assay and confirmed the results in a mouse
model and in vitro experiments.

Results—Both ITP and AA showed similarly low levels of CD40L, CXCL5, CCL5, and EGF,
compared with healthy controls. In ITP, levels of these proteins were significantly greater in
patients with higher platelet counts than in those with lower platelet counts. In a murine
thrombocytopenia model, levels of CD40L, CXCL5, CCL5, and EGF decreased with platelet
count after immune-mediated destruction, while the cytokine levels increased when the platelet
count recovered. In vitro, concentrations of these cytokines in the supernatants of platelet
suspensions were proportional to platelet numbers, and levels in sera prepared by simple blood
coagulation were equivalent to those in platelet-rich plasma-converted sera. mRNA expression for
CXCL5, CCL5, and EGF was higher in platelets than in megakaryocytes, peripheral blood
mononuclear cells, granulocytes, and non-megakaryocytic bone marrow cells.

Conclusions—Plasma CD40L, CXCL5, CCL5, and EGF are mainly platelet-derived,
suggesting a role of platelets in immune responses and inflammation. Measurement of CD40L,
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CXCL5, CCL5, and EGF in human blood allowed testable inferences concerning physiology and
pathophysiology in quantitative platelet disorders.
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Introduction
Thrombocytopenia is a defining laboratory feature of both aplastic anemia (AA) and
immune thrombocytopenic purpura (ITP). In AA, thrombocytopenia results from decreased
or absent megakaryocyte numbers, while in ITP thrombocytopenia is caused by peripheral
destruction of platelets and concomitant decrease in platelet production, due to anti-platelet
antibodies cross reactive with megakaryocytes. In contrast to AA, in which the bone marrow
is hypocellular, in ITP the marrow is normocellular and the number of megakaryocytes is
usually normal or increased.

We recently reported a comprehensive analysis of circulating cytokines in AA and
myelodysplasia (MDS) patients. We found that high levels of thrombopoietin (Tpo) and
granulocyte colony-stimulating factor (G-CSF), and low levels of CD40 ligand (CD40L),
chemokine (C-X-C motif) ligand 5 (CXCL5), epidermal growth factor (EGF), chemokine
(C-C motif) ligand 5 (CCL5), vascular endothelial growth factor (VEGF), and CCL11, were
a cytokine signature profile of AA. In these patients, levels of CD40L, CXCL5, EGF, and
CCL5 in the plasma correlated with the patients’ platelet counts 1. CD40L (also known as
CD154) is a 39 kDa transmembrane glycoprotein and a member of the tumor necrosis factor
α (TNF-α) family, and it is mainly expressed on the surface of activated CD4+ T cells.
Plasma CD40L is a truncated form (18 kDa) of the CD40L protein, named soluble CD40L
(sCD40L).2 sCD40L is a platelet agonist and can promote coagulation.3, 4 CXCL5 was
reported to be secreted by peripheral blood monocytes and involved in neutrophil activation.
EGF stimulates the growth of various epidermal and epithelial tissues in vivo and in vitro
and of some fibroblasts in cell culture. CCL5, a chemoattractant for blood monocytes,
memory T-helper cells, and eosinophils, causes the release of histamine from basophils and
activates eosinophils. Interestingly, EGF, CCL5, and CXCL5 also share similar functions in
platelet activation and coagulation.5, 6 Previous studies have reported the existence of CCL5,
CXCL5, EGF, and CD40L in platelets or megakaryocytes,6–10 but their correlation to the
platelet count and origin were uncertain. As platelet alpha-granules contain a variety of
growth factors, cytokines, and chemokines, in addition to hemostatic proteins, platelets
might be a source of CD40L, CXCL5, EGF, and CCL5. We hypothesized that these
cytokines were related to the megakaryocyte-platelet lineage, and we investigated this
possibility in another heamatologic disorder characterized by severe thrombocytopenia, ITP.
Identification of the cellular sources of these cytokines would potentially be a first step into
additional insights into the roles of platelets in immune responses and inflammation.

Design and Methods
A total of 42 ITP, 33 severe AA (SAA), and 52 healthy controls were included in this study.
ITP and SAA were defined as previously described. 11, 12 Written informed consent from all
subjects was obtained in accordance with protocols approved by the institutional review
boards of the National Heart, Lung, and Blood Institute (Bethesda, MD) and of Weill
Medical College of Cornell University (New York, NY). Of the 42 ITP patients, three were
receiving corticosteroids; ten were receiving immunomodulatory therapies (e.g. IVIg, Anti-
D, Rituximab); 16 were on treatment with Tpo-receptor agonists (Romiplostim or
Eltrombopag); and 13 had no active therapy at the time of sampling. Twenty-one of the ITP
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patients had platelet counts < 50 × 109/L, and 21 platelet counts > 50 × 109/L at sampling.
The distribution of various treatments was similar between these two groups. Healthy
controls and patients’ characteristics are shown in Table 1.

Mice and Induction of ITP
Six to 8-week-old C57BL6 (B6) mice were purchased from Jackson Laboratories (Bar
Harbor, ME) and were acclimated for at least one week prior to use. All mice were housed
in the National Institutes of Health animal facility with standard care and nutrition. All
animal study protocols were approved by the Animal Care and Use Committee of the
National Heart, Lung and Blood Institute.

Experimental ITP was induced in B6 mice following procedures described by Wei et al.13

Rabbit anti-mouse thrombocyte antiserum was obtained from Inter-Cell Technologies
(Jupiter, FL), and its optimal dose for mouse platelet destruction was experimentally
determined to be 0.2 mL at 1:5 dilution, and delivered through intraperitoneal injection.
Control mice were injected with 0.2 mL sterile saline. Peripheral blood was collected from
the retro-orbital sinus six and 24 hours after antiserum injection in tubes containing
tripotassium ethylenediaminetetraacetic acid. Complete blood counts (CBC) were performed
using a Hemavet 950 analyzer (Drew Scientific Inc., Oxford, CT), and plasma samples were
prepared by centrifugation for cytokine measurement.

Platelet preparation and plasma conversion to serum
Peripheral blood from healthy controls was collected in tubes containing 10% final volume
of acid-citrate-dextrose (ACD, 38 mmol/L citric acid, 75 mmol/L trisodium citrate, and 100
mmol/L dextrose) and centrifuged at 200 × g for 15 minutes, and platelet-rich plasma (PRP)
was carefully aspirated and re-centrifuged at 200 × g for 5 minutes to remove residual red
and white blood cells. PRP was centrifuged again at 1500 × g for 10 minutes to separate the
platelets into pellets, and the plasma without platelets was denoted platelet-poor plasma
(PPP). The pellet was then washed with phosphate-buffered saline and assessed for purity in
a Cell-Dyn Coulter counter (Abbott Diagnostics, Abbott Park, Ill). Leucocyte contamination
in the purified platelet preparation was assessed by transcript levels of CD45 by real-time
quantitative polymerase chain reaction (Q-PCR), Ct values were above 35, indicating
efficient leucocyte depletion (data not shown). To determine if cytokines in the blood were
derived from platelets or other cell types after activation, we used Ca2+ as an agonist to
maximize cytokine release. Samples were prepared by adding 50 µL of 2.5 M CaCl2 to 1 mL
ACD anti-coagulated whole blood, PRP, and PPP to induce coagulation. Among these
preparations, almost no cells were present in PPP and cytokines detected were baseline,
while the majority of the cell components were platelets in PRP, which excluded other cell
types, and cytokines measured were only derived from platelets after activation. In the
whole blood-converted serum, all cell types were included, and cytokines might be derived
from various cell types upon activation. Converted sera from these preparations were
collected for cytokine measurement. To confirm that whole blood-converted serum was
similar to conventionally prepared serum, sera from the same individuals were made by
withdrawal of blood into tubes without anticoagulants, followed by centrifugation.

In vitro incubation of peripheral platelets
Isolated peripheral platelets from healthy controls were suspended in 10% fetal calf serum
(FCS)/RPMI1640 medium at 5 × 108, 1 × 108, 2 × 107, and 4 × 106/mL, respectively, and
incubated at 37°C over night. Neither aggregation nor obvious apoptosis (annexin V+ cells)
of platelets was observed by microscopy and flow cytometry, respectively. Supernatants
were collected by centrifugation at 1500 × g for 10 minutes and stored at −80°C until
thawed for cytokine measurement.
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Cytokine Analysis
The following cytokines were measured in human plasma: Tpo, G-CSF, CD40L, CXCL5,
EGF, CCL5, VEGF, CXCL10, and CCL11. Measurement of all cytokines was performed by
the Luminex assay according to the instructions of the manufacturer. All materials for the
Luminex assay were purchased from R&D Systems (Minneapolis, MN). Mouse CXCL5,
CCL5 (R&D Systems), CD40L (eBiosciences, San Diego, CA), and EGF (Signosis,
Sunnyvale, CA) levels in the plasma were measured using an enzyme-linked
immunosorbent assay (ELISA). To confirm if platelets were the sources of EGF, CCL5,
CXCL5, and CD40L, the levels of these cytokines in regular sera, whole blood-derived sera,
PRP-derived sera, PPP-derived sera, and PPP from 4 healthy volunteers were measured
using ELISA kits (R&D Systems, Minneapolis, MN).

Megakaryocyte differentiation
Bone marrow CD34+ cells were isolated by magnetic bead separation from four healthy
volunteers. To induce megakaryocytic differentiation, CD34+ cells were cultured for 14 days
in StemSpan serum-free medium supplemented with recombinant human interleukin-6
(IL-6), IL-9, stem cell factor (SCF), and Tpo (all from Stem Cell Technologies, Vancouver,
Canada). Isolation of CD61+ (megakaryocytes) and CD61− (non-megakaryocytic bone
marrow cells) populations was performed by CD61+ magnetic bead separation (Miltenyi
Biotech, Auburn, CA), according to the manufacturer's instructions, to purity 97%.

Cytokine gene expression by quantitative real-time polymerase chain reaction
Total cellular RNA was isolated from platelets, differentiated megakaryocytes, peripheral
blood mononuclear cells (PBMCs), granulocytes, and non-megakaryocytic bone marrow
cells using the RNeasy kit (Qiagen, Valencia, CA), and treated with DNase I (Qiagen). First
strand synthesis was performed using Superscript II reverse transcriptase (Invitrogen,
Carlsbad, CA) with random hexamers following the manufacturer’s instructions.
Synthesized first strand cDNA was subjected to SYBR green (Bio-Rad Life Science
Research, Hercules, CA) based Q-PCR using PTC-200 Peltier Thermal Cycler (MJ
Research, Waltham, MA). All PCRs were performed in duplicate. The levels of CXCL5,
CCL5, CD40L, and EGF mRNAs, relative to β-actin mRNA, were calculated using the
formula: relative RNA expression=2−(Ct of cytokine - Ct of β-actin), where Ct is the threshold
cycle value. The results were expressed as fold-expression compared with non-
megakaryocytic bone marrow cells. Primer sequences were shown below.

1. CXCL5: 5’-TTTACAGACCACGCAAGGAG-3’ and 5’-
TCTTCAGGGAGGCTACCACT-3’;

2. CD40L: 5’-CTCAGAGCTGCAAATACCCA-3’ and 5’-
CTCCTCCCAAGTGAATGGAT-3’;

3. CCL5: 5’- AAGGAAGTCAGCATGCCTCT-3’ and 5’-
TTTGCCAGTAAGCTCCTGTG-3’;

4. EGF: 5’-ACCAAGACCTCAAGAATGGG-3’ and 5’-
TCCATGAAGTTGGTTGCATT-3’;

5. actin: 5’-CATGGGTCAGAAGGATTCCT-3’ and 5’-
AGCTCGTAGCTCTTCTCCAG-3’.

Statistical analysis
The rank-based Kruskal-Wallis one-way analysis of variance (ANOVA) method was used to
evaluate the differences in cytokine levels among AA, ITP patients and the healthy controls,
as well as the differences in cytokine levels among different sera preparations. Differences
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in CBC or cytokines between ITP mice and control mice were evaluated by student’s t-test
and Mann-Whitney U test, respectively. Cytokine mRNA expression in various
haematological cells versus platelets was compared using student’s t-test. Statistical
significance was set at 0.05 level for all the tests.

Results
Cytokines in the plasma of ITP and AA patients

In all ITP patients, either with high or low platelet counts, Tpo and G-CSF levels were
similar to those observed in healthy controls, but there were significantly higher levels of
CXCL10 in ITP compared to controls (Figure 1). Levels of CXCL5, CCL5, CD40L, and
EGF were similarly low in ITP patients who had low platelet counts (< 50 × 109/L) and in
thrombocytopenic AA patients, as compared to controls. Levels of CXCL5, CCL5, CD40L,
and EGF were higher in ITP patients who had platelet counts > 50 × 109/L, as compared to
those patients who had low platelet counts, suggesting that they were associated with
circulating platelet number. VEGF and CCL11 levels were lower in AA but not in ITP,
compared with healthy controls (Figure.1). A moderate to strong correlation was found
between platelet counts and the levels of the following cytokines in ITP patients: CD40L (r
= 0.7638), CCL5 (r = 0.8868), CXCL5 (r = 0.6101), EGF (r = 0.7702), and VEGF (r =
0.5583) (p < 0.0001 for all of them); no correlation was found between platelet counts and
Tpo, G-CSF, or CCL11 levels.

Cytokines in ITP mouse model
To confirm a correlation between platelet count and circulating levels of CCL5, CD40L,
CXCL5 and EGF, we created an ITP animal model by injecting rabbit anti-mouse
thrombocyte antiserum into B6 mice. Although thrombocytopenia induced by passive
immunization may not be entirely identical to the chronic long-lasting course of ITP in
humans, mice with ITP showed a significant decrease in platelet counts while maintaining
normal levels of other blood cell types six hours after antiserum injection, and platelet
counts recovered 24 hours later (Figure 2A). Bone marrow cellularity and megakaryocyte
number were similar in ITP mice and controls (data not shown). As in human ITP,
thrombocytopenic mice at six hours had significantly lower levels of plasma CD40L,
CXCL5, CCL5, and EGF, compared to control mice. These cytokines increased with the
platelet counts recovery at 24 hours (Figure 2B).

Cytokine gene expression in platelets and various haematological cells
To further investigate the association of these cytokines with platelets or their precursors, we
examined mRNA expression of the relevant genes in platelets, megakaryocytes (CD61+),
PBMCs, granulocytes, and non-megakaryocytic bone marrow cells (CD61−) (Figure 3).
mRNA expression in platelets was much higher for CCL5, CXCL5, and EGF than was
expression of these genes in megakaryocytes (CD61+), PBMCs, granulocytes, and CD61−

cells. However, expression of CD40L (including surface and soluble forms) in
megakaryocytes and PBMCs was higher than expression in platelets. CXCL10 levels were
not affected by platelet count, and expression of CXCL10 in platelets, megakaryocytes and
non-megakaryocytic bone marrow cells was similar (data not shown).

Platelets secrete CD40L, CXCL5, CCL5, and EGF, and are the main contributor of these
cytokines in the serum

To investigate if platelets secreted CD40L, CXCL5, CCL5, and EGF, we incubated
unstimulated platelets purified from the blood of healthy donors in tissue culture medium.
Further corroborating our hypothesis, cytokine levels in culture supernatants indeed were
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proportional to the platelet counts (Figure 4). Finally, we measured the levels of these
cytokines in standard preparations of sera and after the generation of sera under activating
conditions with the addition of exogenous Ca2+ to whole blood, PRP, and PPP. As shown in
Figure 5, for the first three forms of sera there was comparable level of cytokines, while
cytokine levels were much lower in the PPP-derived sera or PPP, suggesting that the
platelets (a main component of PRP) are a principal source of these cytokines.

Discussion
Based on our previous study, we hypothesized that circulating CD40L, CXCL5, CCL5, and
EGF were derived from platelets. To test this hypothesis, we measured these cytokines in
the plasma of ITP and AA patients, since thrombocytopenia is the common feature of both
diseases but the pathophysiology is entirely different. Our results showed similarly low
levels of CD40L, CXCL5, CCL5, and EGF in both diseases; furthermore, the cytokine
levels strongly correlated with the platelet counts, suggesting that plasma levels of these
cytokines are very likely platelet derived.

Other cytokines tested had different relationships. Higher CXCL10 levels in ITP patients
were consistent with a role of interferon-γ (IFNγ) in ITP pathogenesis, as CXCL10 is
secreted by monocytes, endothelial cells, lymphocytes, and keratinocytes in response to
IFNγ.14 Tpo levels were much higher in AA as compared to ITP patients and to controls,
reflecting the large difference in megakaryocyte mass between these conditions.15–17

The strong correlation between cytokine levels of CD40L, CXCL5, CCL5, and EGF and
platelet count in ITP patients is consistent with that found in AA patients.1 Conversely,
VEGF levels were also correlated with platelet count, but overall the plasma levels were not
low in ITP, suggesting other sources of VEGF besides platelets.

Low levels of CD40L and CCL5 in AA and ITP are in contrast to the reports in
diabetes, 18, 19 in which high levels of these cytokines were identified and considered as
evidence of immune system activation. 18, 19 Low levels of these cytokines in AA and ITP
may not relate to inflammation or immune system activation but rather to the common
characteristic of decreased platelets. Contradictory results regarding circulating CCL5 in
systemic lupus erythematosus (SLE) have been reported. 20, 21 Based on our findings, it is
possible that the low levels of these cytokines in SLE relate to the extent of
thrombocytopenia in the tested patients.

Viallard et al. demonstrated increased soluble and platelet-associated CD40L in essential
thrombocythemia and reactive thrombocytosis, suggesting that platelets were a source of
CD40L,22 - a finding consistent with ours. Another study from the same group demonstrated
that CD40L in platelet lysate is increased in ITP, a finding that was attributed to the
activated state of platelets in ITP patients. 23 Despite possible platelet activation, very low
absolute number of platelets still results in low CD40L levels in ITP. Activated CD4+ T
cells mainly express membrane CD40L, not soluble CD40L, because in T-cell receptor
(TCR)-activated T cells, calcium is sufficient to induce membrane CD40L expression but
not the production of soluble CD40L.24 It remains to be determined whether soluble CD40L
in the plasma and on the cell surface of T cells have the same functions. Although we cannot
exclude the effects of corticosteroids or other drugs on the release of these cytokines by
platelets, as the majority of ITP patients in this study either were presently receiving or had
had previous treatments, our results do demonstrate that CD40L, CCL5, CXCL5, and EGF
levels in the plasma were proportional to platelet counts in AA and ITP patients, suggesting
that platelets (or their precursors) are probably the common source of these cytokines.
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The transcriptome analysis supported the hypothesis that platelets and megakaryocytes were
the cellular origin of these four cytokines in AA and ITP. Q-PCR data (Figure 3) confirmed
that CXCL5, CCL5 and EGF were expressed at much higher levels in platelets than in
megakaryocytes, PBMCs and granulocytes. However, expression of CD40L was higher in
megakaryocytes and PBMCs than in platelets, and we could not distinguish between soluble
and surface CD40L. Although megakaryocytes also expressed CD40L, CCL5, CXCL5, and
EGF, since their absolute number is much smaller and they reside solely in the marrow
compartment, it seems likely that platelets are the main contributors to plasma levels of
these four cytokines. This inference would be consistent with the similarly low levels of
these cytokines in ITP and AA despite a substantially greater megakaryocyte mass in ITP.

As CD40/CD40L interaction plays important roles in Th2 response,25 decreased CD40L
might result in an imbalance in CD40-CD40L “cross-talk” between T cells and B cells or
dendritic cells, and provide a cytokine environment that promotes Th1 polarization. Platelets
might suppress this process by secreting different cytokines. Tacke et al. recently reported
lower plasma CXCL5 levels in patients with liver cirrhosis;26 CXCL5 exerts mitogenic
properties on hepatocytes. They demonstrated an association of decreased CXCL5 plasma
levels with fibrosis in liver histology and with the clinical signs of decompensation in
patients with liver cirrhosis including bleeding disorders. Their results also showed a
correlation between CXCL5 levels and platelet count. The low levels of certain cytokines
(CD40L, EGF) may also have a direct or indirect negative impact on marrow function, as
suggested by reports correlating these cytokines with heamatopoiesis27, 28. Future
systematic studies should explore platelets and platelet-associated cytokines such as CD40L,
CXCL5, EGF, and CCL5 in the setting of thrombocytopenia and the effects of
heamatopoiesis and Th1/Th2 balance.

In summary, this study confirmed our hypothesis that platelets secrete and account for
circulating CD40L, CXCL5, CCL5, and EGF by detecting mRNA expression in platelets
and megakaryocytes, by measuring cytokine levels in platelet culture supernatants and PRP-
derived sera, and in a murine ITP model. Association of platelets with these cytokines
expands our understanding of the effects of platelets on other target cells via secreting
cytokines, as well as the functions of platelets in inflammation in other diseases, and in
haematopoiesis. Measurement of platelet-specific cytokines will allow inferences
concerning physiology and pathophysiology in quantitative platelet disorders.
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Figure 1. Plasma cytokine levels in patients with immune thrombocytopenic purpura, aplastic
anemia, and healthy controls
Cytokine levels in the plasma samples from 21 immune thrombocytopenic purpura (ITP)
patients with platelet counts < 50 × 109/L -ITP (<50), 21 ITP with platelet counts > 50 ×
109/L -ITP (>50), 33 untreated aplastic anemia (AA) patients, and 52 healthy controls (HC)
were measured using a Luminex assay. The bars represent median values. ***, p < .001; **,
p < .01; *, p < .05 (Kruskall-Wallis). Tpo, thrombopoietin; G-CSF, granulocyte colony-
stimulating factor; CXCL5, chemokine (C-X-C motif) ligand 5; CXCL10, chemokine (C-X-
C motif) ligand 10; CCL5, chemokine (C-C motif) ligand 5; CCL11, chemokine (C-C motif)
ligand 11; CD40L, CD40 ligand; EGF, epidermal growth factor; VEGF, vascular endothelial
growth factor.
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Figure 2. CXCL5, CD40L, CCL5, and EGF levels in ITP mouse model
A) Mouse model developed with anti-thrombocyte antiserum showed significantly
decreased numbers of platelet (PLT) but not other cells such as lymphocytes (LY), red blood
cells (RBC), neutrophils (NE), and monocytes (MO) at 6 hours, and platelet counts
recovered at 24 hours. B) CXCL5, CD40L, CCL5, and EGF in the plasma of ITP mice at 6
hours (n = 8) and at 24 hours (n = 6), and control mice (n = 7). Box-and-whiskers plot,
whiskers show the range of data.
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Figure 3. mRNA expression of CCL5, CXCL5, EGF, and CD40L in human platelets,
megakaryocytes, peripheral blood mononuclear cells, granulocytes, and non-megakaryocytic
bone marrow cells
Data are expressed as fold-expression of CCL5, CXCL5, EGF, and CD40L mRNA in
platelets (PLT), megakaryocytes (CD61+), peripheral blood mononuclear cells (PBMCs),
and granulocytes (gran) compared with non-megakaryocytic bone marrow cells (CD61−).
Bars indicate standard errors from four independent experiments. ***, p < .001; **, p < .01;
*, p < .05, compared with platelets.
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Figure 4. Cytokine levels in the supernatants of platelet cultures
Different concentrations of platelet were incubated at 37°C over night, levels of CD40L,
EGF, CCL5, and CXCL5 in the supernatants were measured by Luminex. The bars indicate
standard errors from four independent experiments.
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Figure 5. Cytokine levels in sera of different preparations
CD40L, EGF, CCL5, and CXCL5 in regular sera, whole blood-derived sera (WB+Ca), PRP-
derived sera (PRP+Ca), PPP-derived sera (PPP+Ca), and PPP from four healthy volunteers
were detected by ELISA. For WB, PRP and PPP, exogenous Ca2+ was added as a stimulant.
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Table 1

Characteristics of patients and healthy controls

Controls SAA

ITP

PLT < 50 ×109/L PLT > 50 ×109/L

Total number 52 33 21 21

Mean age ±
SD

46±14 33 ± 21** 45 ± 24 40 ± 26

Age range 22 ~ 73 5 ~ 80 6 ~ 81 2 ~ 83

Male/Female
(%)

52/48 58/42 45/55 14/86

Median blood counts × 109/L (25–75 IQ)

ANC 5.2
(4.1 ~ 6.2)

0.5***
(0.2 ~ 0.7)

4.8
(2.8 ~ 9.0)

3.6
(1.9 ~ 5.9)

ARC - 25.2
(11.2 ~ 44.7)

90.3
(73.4 ~ 109.4)

68.7
(49.6 ~ 101.0)

Platelet 239
(202 ~ 289)

15***
(10 ~ 25)

25***
(18 ~ 29)

170
(124 ~ 315)

SAA, severe aplastic anemia, ITP, immune thrombocytopenic purpura; PLT, platelet; ANC, absolute neutrophil count; ARC, absolute reticulocyte
count; 25–75 IQ, 25–75 interquartile range;

**
p < .01;

***
p < .001 (compared with healthy controls).
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