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Summary

Intravenous immunoglobulin (IVIG) produces a rapid and prolonged increase in the
platelet counts of children with immune thrombocytopenic purpura (ITP). The
mechanism of IVIG efficacy in a murine model of ITP has been reported to operate
through an IVIG-mediated increase in the expression of the inhibitory Fc receptor
FcyRIIB(CD32B) on splenic macrophages. This investigation examined whether IVIG
administration results in a similar increase in FcyRIIB expression on peripheral blood
CD14" monocytes in 20 children with ITP. FcyRIIB expression on peripheral blood
monocytes was measured by flow cytometry in ITP patients, before and after IVIG
therapy, as well as in control subjects. Peripheral blood monocytes were labeled with
specific fluorescent specific antibodies. There were no significant differences in the
percentages or numbers of CD14"CD32B" monocytes, or in the percentage of
CD14"CD32B" monocytes present in children with ITP before and after IVIG therapy.
We suggest that IVIG does not increase FcyRIIB expression in peripheral blood

monocytes in children with ITP.

Keywords: Monocytes, Immune thrombocytopenic purpura, FcyRIIB, Intravenous

immunoglobulin
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Introduction

Immune thrombocytopenic purpura (ITP) is an autoimmune disease that causes
abnormally increased destruction of platelets, which results in a reduced platelet count.
Studies investigating the pathogenesis of this disease have revealed that platelet
destruction is mediated by autoantibodies directed against platelet surface antigens [1,2].
Platelet clearance then occurs as a result of phagocytosis by the mononuclear phagocytic
system (MPS) [3]. Circulating monocytes and resident macrophages in the spleen and
liver bind to the exposed Fc portion of platelet-associated IgG molecules via the IgG Fc
receptors, namely, FcyR [4]. Administration of intravenous immunoglobulin (IVIG) to
children with ITP produces a rapid and prolonged increase in platelet counts [5], which is
believed to be the result of the IVIG interfering with the FcyR-mediated platelet
clearance [6]. However, the mechanism by which IVIG ameliorates human ITP remains
poorly understood.

FcyRIIB (CD32B), the inhibitory, low-affinity receptor for IgG that is widely
expressed on B cells, monocytes, macrophages, and mast cells, has attracted attention for
its potential involvement in the IVIG induced amelioration of human ITP [7].
Samuelsson et al. reported that the protective effects of IVIG in an anti-platelet,
antibody-mediated murine model of ITP depended on the presence of FcyRIIB; they also
reported that IVIG administration increased the expression of this inhibitory receptor by
splenic macrophages and confirmed this finding in a murine model of ITP [8]. However,
reports regarding the involvement of FcyRIIB in human ITP are lacking. On the other
hand, FcyRIII (CD16) is the low-affinity activating receptor for IgG and expressed on

NKcells, monocytes, macrophages and mast cells[9].
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In this study, we investigated whether IVIG increased the expression levels of

FcyRIIB on peripheral CD14" monocytes and macrophages in children with ITP.

Patients and Methods
Immune thrombocytopenia purpura

Peripheral blood was obtained from 20 children with ITP (12 boys and 8 girls, age
ranging from 2 months to 10 years 9 months; mean age, 2 years 11 months) on admission
to Yamaguchi University Hospital between May 2003 and March 2011 (Table 1). The
patients met the diagnostic and therapeutic criteria for ITP [10]. One patient received
treatment with IVIG at 400 mg-kg-"'d"! over a 5-day period, 12 patients received
treatment with IVIG at 1 g'kg-"'d"! over a 2-day period (1 of them also received
prednisolone at 2 mg-kg-"'d™! with the IVIG) and 7 patients received IVIG at 2 g-kg™!-d!.
All patients were acute type of ITP and almost all patients had good response to IVIG,
increasing platelet count more than 30x 10%/L , within five-days after initiation of therapy.
However four patients (No. 3, 4, 15, and 16) showed an incomplete response to IVIG
therapy. They had response to IVIG at a slow pace and 2 patients of them needed
additional IVIG therapy. None of the patients exhibited life-threatening bleeding
complications. Blood samples were obtained on the day before treatment (platelet mean
count = 9.5 x 10%/L) and once after administration of IVIG (platelet counts were higher

than the counts before the treatment).

Control subjects
The control subjects were 18 healthy children (8 boys and 10 girls; age ranging from

7 months to 6 years 2 months; mean age, 2 years 5 months).
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Detection of FcyRIIB(CD 32B) expression on monocytes by flow cytometry

The FcyRIIB expression levels were measured using two-color flow cytometry.
Peripheral blood cells labeled with phycoerythrin (PE)-conjugated anti-CD14 antibodies
(BD Biosciences, San Jose, CA, USA) were incubated with anti-FcyRIIB(CD 32B)
antibodies (Santa Cruz Biotechnology, Santa Cruz, CA, USA). The antibody was an
affinity purified goat polyclonal antibody raised against a peptide mapping at the
carboxy terminus of CD32B of human origin. The cells were also labeled with a
fluorescein isothiocyanate (FITC)-conjugated antibody. In addition, peripheral blood
cells were labeled with FITC-conjugated anti-FcyRIII(CD 16) antibodies (BD
Pharmingen, San Diego, CA, USA) and PE-conjugated anti-CD 14 antibodies.
Erythrocytes were lysed by adding 1.5 mL of lysing solution (Becton Dickinson, San
Jose, CA, USA) for 10 min. The remaining cells were centrifuged, washed with
phosphate-buffered saline (PBS), and analyzed using a FACScalibur flow cytometer
with equipped with CellQuest software (Becton-Dickinson Bioscience, San Diego, CA,

USA). In all, 5,000 CD14"cells were analyzed for each subject.

Statistical analysis

The results are expressed as mean + standard deviation (SD). Statistical analyses
were performed using the Wilcoxon matched pairs test, the Mann-Whitney U-test, and
Spearman’s correlation; a P value of less than 0.05 was considered significant. Analyses

were performed using SPSS ver. 12.0.(SPSS, Chicago, IL, USA).

Ethical considerations
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Informed consent was obtained from the parents of the patients and control subjects
enrolled in this study. The protocol was approved by the Institutional Review Board of

Yamaguchi University Hospital (No.2011-34-4).

Results

Figure 1 shows the results of the two-color flow cytometry analyses of the
expression of CD16(A) and CD32B(B) on peripheral CD14" monocytes and
macrophages from Patient 2, before and after IVIG administration. The results from all
of the flow cytometry analyses are presented in Tables 2 and 3. Both the percentage and
absolute numbers of CD14" monocytes in peripheral blood mononuclear cells (PBMCs),
from patients with ITP before the IVIG therapy, were significantly higher than those
from the controls (P = 0.004 and P = 0.008, respectively). The percentage of CD14"
monocytes, in patients with ITP, after the IVIG treatment was also significantly higher
than that in the controls (P = 0.008) (Table 2). Significant differences were not observed
in the percentage of CD14"CD16" monocytes in ITP children before and after the IVIG
therapy; further, significant differences were not observed between patients after the
IVIG therapy and control patients (P = 0.097 and P = 0.373, respectively) (Table 2).
There were no significant correlations between platelet counts in children with ITP on
the day before the treatment and the percentage of CD16" monocytes among the
recovered CD14" monocytes (P = 0.44).

Similarly, in the ITP patients, significant differences were not observed before and
after the IVIG therapy with regard to the percentage of CD14"CD32B" monocytes in
the PBMC populations, the number of CD14"CD32B" monocytes, or the percentage of

CD14"CD32B" monocytes in the CD14" monocyte populations (P = 0.140, P = 0.145,
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and P =0.147, respectively) (Table 3). Additionally, there were no significant
differences in the percentages or absolute numbers of CD14"CD32B" monocytes in
PBMC samples obtained from ITP patients after the IVIG therapy and the controls (P =
0.393 and P = 0.143, respectively) (Table 3). The percentage of CD14"CD32B*
monocytes in the CD14" monocyte population in ITP patients, both before and after the
IVIG treatment, were significantly lower than those in the controls (P =0.033 and P =

0.009, respectively).

Discussion

FcyRII (CD32) represents a group of 3 closely related proteins (FcyRIIA, FcyRIIB,
and FcyRIIC) that share a greater than 94% amino acid identity in their extracellular
domains [11,12 ]. FcyRIIA and FcyRIIB are mainly expressed on human monocytes
[13,14,15]; FcyRIIA is an active receptor and FcyRIIB is an inhibitory receptor. This is
the first report of the analysis of CD14" monocytes recovered from peripheral blood
samples from children with ITP. Interestingly, IVIG therapy did not increase the levels of
FcyRIIB expression on the peripheral monocytes in children with ITP. These results
differ from the results of FcyRIIB expression studies in monocytes in the murine model
of ITP [8]. The difference may be attributed to the type of cells investigated. In this study,
CD14" cells were analyzed as a subset of the PBMC population, whereas the murine ITP
model investigation focused on splenic macrophages [8]. It is possible that IVIG does not
increase the levels of FcyRIIB expression on monocytes in human ITP. Therefore, the
contribution of FcyRIIB to IVIG effects may be species or cell subset dependent.

In Table 2, the percentages and absolute numbers of CD14" monocytes in the

peripheral blood of ITP patients were significantly higher than those of the control
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subjects. These results suggest the activation of the monocytes and may be indicative of
them having a role in the pathogenesis of ITP. These findings do not correlate to those of
Samuelsson et al. who reported that blocking the FcyRIII helped to prevent declining
platelet counts in the murine ITP model [8]. The current study showed that the platelet
counts in ITP patients, on the day before the treatment, did not correlate with the
percentage of CD16" monocytes among the total CD14" monocyte population.

The function of the inhibitory receptor FcyRIIB requires recruitment of inositol
phosphatase (SHIP1) to the immunoreceptor tyrosine-based inhibitory motif (ITIM) in
both B cells and mast cells [16-19]. The FcyRIIB expressed on monocytes has been
reported to lead to the down-regulation of activation in phagocytes [20]. However, it has
not been established whether this pathway is involved in the mechanism of action of
IVIG therapy in human ITP. Other authors have reported that the expression of SHIP1 is
not required for IVIG action in ITP [21]. Therefore, the effect of IVIG on FcyRIIB in
human ITP is still unclear. FcyRIIB-mediated inhibition of platelet phagocytosis cannot
account for the therapeutic benefit provided by IVIG treatment [22]. Tovo et al. showed
that an Fc-depleted IVIG preparation had some effect in ITP patients, although the
magnitude of the effect was less than that observed with intact IVIG [23]. Recently, it has
also been suggested that the interchain disulfide bonds of the gammaglobulins are
important for the therapeutic amelioration of ITP and that the interaction of IVIG with
the inhibitory receptor FcyRIIB is insufficient for this effect [24]. Thus, evidence is
mounting that suggests that the FcyRIIB expression levels may not be sufficient to
account for the mechanism through which IVIG is able to result in enhanced platelet

counts in children with ITP.
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Interestingly, the current study showed that the percentage of CD14"CD32B"
monocytes in the ITP patient CD14" monocyte population, both before and after the
IVIG treatment, were significantly lower than that in the control subjects. These results
suggest that the expression levels of FcyRIIB on peripheral monocytes may contribute
the development of thrombocytopenia in children with ITP.

The primary limitations of this study were that the time of PBMC sampling (days)
after IVIG therapy and the doses of IVIG administered were varied. Regardless, this
study points to the need for further studies to clarify the mechanism of action of IVIG in
human ITP. In conclusion, in this study, [IVIG was not observed to increase FcyRIIB

expression on monocytes in children with ITP.

The authors have no conflicts of interest to declare.
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Figure legend

Figure. 1
The expression of CD16(A) and CD32B(B) on peripheral CD14" monocytes and
macrophages in Patient 2, as analyzed by two-color flow cytometry both before

intravenous immunoglobulin (IVIG) and after IVIG treatment.
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