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Introduction

Abstract

Aim: To determine whether mycophenolate mofetil (MMF) has beneficial effects
on refractory idiopathic thrombocytopenic purpura (ITP) and the corresponding
cellular mechanism. Methods: Twenty refractory ITP patients resistant to corti-
costeroid and/or splenectomy and chemical therapy were given MMF 1.5-2.0 g/d
orally for a 2 to 4-month period. Serum immunoglobulin was detected by rate
nephelometry. Platelet-associated antibodies (PAIgG) were assayed by enzyme-
linked immunosorbant assay. The immunophenotypic analysis was performed on
a flow cytometer and cell apoptosis was detected with transferase mediated dUTP
biotin nick end labeling (TUNEL) method. Results: Sixteen of the 20 (80%) pa-
tients had responses to MMF treatment; 9 (45%) achieved a complete response, 4
(20%) achieved a partial response, and 3 (15%) achieved a minor response. The
therapeutic effects were found to be better in male patients than female patients.
The number of CD3" peripheral blood cells (PBCs) and CD4* PBCs increased and
the number of CD8* PBCs decreased. The plasma level of 1gG, IgM, IgA and
platelet associated 1gG (PAIgG) decreased in 86% of the patients. TUNEL assay
showed that mycophenolate acid (MPA) 0.1 mmol/L induced apoptosis of periph-
eral blood mononuclear cells isolated from refractory ITP patients. The apoptosis
rate was increased in male patients after treatment with MPA, but was unchanged
in female patients. Conclusion: Therapy for a period of 8 to 16 weeks with median-
dose of MMF was valuable for the treatment of refractory I1TP.

hydrogenasel™. It has been reported that MMF can selec-

Idiopathic thrombocytopenic purpura (ITP) is a common
autoimmune hemorrhagic disorder, and the treatments are
based on individual experiencel. In the clinic, the first line
treatment is steroid therapy, and splenectomy is recom-
mended as an alternative. However, 20% to 30% of ITP pa-
tients failed to respond to these two treatments, especially
patients with refractory ITP®?. As the new immunosuppres-
sive agent, mycophenolate mofetil (MMF) is widely used in
renal transplantations and its relative safety has already been
confirmed®4., In recent times, MMF has been used in the
treatment of autoimmune disorders such as nephrotic syn-
drome®, Crohn’s disease!®, and autoimmune myasthenia
gravis. The immunosuppressive ability of MMF is mainly
derived from the inhibition of inosine monophosphate de-
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tively inhibit the proliferation of T and B-lymphocytes, the
generation of the antibodies, and the production of the cy-
totoxic T cells induced by immune stimuli. This also pro-
vided a strong basis for MMF as a novel therapeutic agent
to treat refractory ITP. Here we reported the long-term therapy
with MMF of 20 patients with refractory chronic ITP.

Materials and methods

Patients Twenty patients (12 males and 8 females), aged
between 11 and 80 years (median 44.3 years) participated in
the study; each patient gave their informed consent. The
Ethics Committee of the 2nd Hospital of Xi’an Jiaotong Uni-
versity approved the study. Each patient was diagnosed as
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refractory ITP in accordance with the following criteria: (1)
thrombocytopenia (a platelet count<50x10%L) over 6 months,
unrelated to any underlying viral infection, collagen vascu-
lar diseases, malignancy, or medications; (2) without or with
slight splenomegaly, with a normal or increased number of
megakaryocytes in bone marrow, and no failure of maturing;
(3) the failure of drug treatment and surgery treatment
(prednisone, vincristine, danazol, long-term use of traditional
Chinese medicine or intravenous injection of high doses of
immunoglobulin G and splenectomy) (Table 1).
Therapeutic regimen MMF (250 mg/capsule, Shanghai
Roche Pharmaceuticals Ltd, Shanghai, China) was taken
orally at a dosage of 1.5-2.0 g/d for 4 weeks as 1 period of
treatment. Patients who had responses to MMF continued
taking MMF for another 2-4 periods. The therapy was dis-
continued in patients who achieved complete response dur-
ing therapeutic period and in all patients after 16 weeks. Pa-
tients were given prednisone (1 mg-kg*d™) orally and hemo-
stasia therapy concurrently with MMF. Follow-up was per-
formed on each patient for 2—6 months (median, 3 months).
Full blood platelet count was evaluated before and after MMF
treatment in every period. Serum immunoglobulin IgG, IgM,
and IgA were detected by rate nephelometry with the Array
360 system and associated reagents (Beckman Coulter Inc,

Fullerton, CA, USA). Platelet-associated antibodies (PAIgG)
were assayed by enzyme-linked immunosorbant assay
(ELISA, PeproTech Inc, Rocky Hill, NJ, USA). The normal
value of PAIgG is <60 pg/L. Peripheral blood mononuclear
cells (PBMNCs) were isolated by a Ficoll gradient (Ficoll-
Hypaque, Density=1.077 g/L, Amersham-Pharmacia, Piscata-
way, NJ, USA). Fluorescein-conjugated monoclonal anti-
bodies against CD3 (SK7 clone) and CD4 (SK3 clone) and
phycoerythrin (PE)-conjugated monoclonal antibodies
against CD8 (SK1 clone) were obtained from Becton
Dickinson (Mountain View, CA, USA). Appropriate isotype-
matched controls were included. PBMNCs were incubated
with the monoclonal antibodies on ice for half an hour, then
washed in phosphate buffered solution (PBS) three times,
and suspended in PBS supplemented with 0.5% bovine se-
rum albumin (BSA). A phenotypic analysis of cell popula-
tions was performed on a FACScan flow cytometer by using
LY SIS software (Becton Dickinson, Franklin Lakes, NJ, USA).
The criteria for response were defined as follows: (1) com-
plete response: thrombocyte count rose above 300x10%/L,
and blood platelet count rose above 100x10%L. There was
no bleeding for at least 3 months and no relapse for 2 years;
(2) partial response: blood platelet count was above 50x10%/L
or 30x10%L higher than that before MMF treatment. There

Table 1. Characteristics and previous treatments of the 20 patients with refractory idiopathic thrombocytopenic purpura.

Case Age Sex  Course of ITP Symptoms Previous therapies Response
1 37 F 14 months Menorrhagia, petechia Pred, VCR, CsA, splenectomy No
2 55 M 26 months Petechia Pred, ivigG No
3 48 M 30 months Petechia, gum bleeding Pred, VCR, CsA, ivigG No
4 80 M 6 months Petechia, epistaxis Pred, CsA, TCM No
5 50 F 24 months Menorrhagia, petechia Pred, CsA, ivlgG, CTX No
6 20 M 8 months Petechia, epistaxis Pred, ivlgG, splenectomy No
7 11 M 3 months Petechia Pred, ivigG No
8 62 F 19 months Petechia, gum bleeding Pred, VCR, CsA, TCM No
9 33 F 28 months Menorrhagia, petechia Pred, VCR, danazol No

10 29 M 12 months Petechia, epistaxis Pred, VCR, ivlgG No

11 26 F 9 months Menorrhagia, petechia Pred, VCR, CsA, danazol No

12 49 F 18 months Menorrhagia, petechia, gum bleeding Pred, CsA, CTX, splenectomy No

13 56 M 21 months Petechia, gum bleeding Pred, VCR, CsA Minor

14 28 F 16 months Menorrhagia Pred, CTX No

15 57 M 19 months Petechia, gum bleeding Pred, VCR, CsA,TCM, danazol No

16 70 M 28 months Petechiagum bleeding, epistaxis Pred, VCR, CsA, TCM No

17 65 F 23 months Petechiagum bleeding Pred, VCR, CsA, danazol No

18 35 M 11 months Petechia, epistaxis Pred, CsA, ivlgG, CTX No

19 24 M 29 months Petechia Pred, ivigG, No

20 44 M 21 months Petechia, gum bleeding Pred, VCR, CsA No

Pred: prednisone; CsA: cyclosporine; VCR: vincristine; CTX: cyclophosphamide; 1VIgG: intravenous immunoglobulin G; TCM: traditional
Chinese medicine; F: female; M: male.
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was no bleeding for 2 months; (3) minor response: increase
in blood platelet count not exceeding 30x10%L after MMF
treatment. Bleeding symptoms were improved for 2 weeks;
(4) no response: blood platelet was unchanged and bleeding
symptoms were neither improved or worsened.

TUNEL assay Peripheral blood lymphocytes isolated
from 20 refractory ITP patients were grown with or without
mycophenolic acid 0.1 pumol/L (MPA, Sigma, St Louis, USA)
for 3 d. The apoptosis was analyzed by transferase-medi-
ated dUTP-biotin nick-end labeling (TUNEL) using a TUNEL
kit (Boster Co, Wuhan, China). TUNEL assay were performed
at room temperature unless indicated. Cells were fixed in 4%
paraformaldehyde/1xPBS at for 10 min. After pouring off para-
formaldehyde cells were incubated with PBS containing glycine 50
mmol/L for 10 min. Cells were permeabilized by 0.5% Triton X-
100 in PBS for 10 min. After washing thrice in PBS, cells were
equilibrated in equilibration buffer [200 mL of 1xterminal
deoxynucleotidyl transferase (TdT) buffer+1 mmol/L cobalt
chloride) under a 60 mmx24 mm coverslip for 5 min. Cells were
incubated in 1XTdT buffer containing cobalt chloridel mmol/L, 25
units TdT 100 uL, and 0.25 nmol/L biotin labeled dATP 100 pL at
37 °C for 1 h in humidified chamber (petri dish, lined with filter
paper, soaked PBS). The tailing reaction was terminated by
4xstandard saline citrate (SSC). After applying 200 uL of 4x SSC
with 2 g/L BSA and 1:100 dilution of fluorochrome-avidin under a
coverslip, cells were incubated at 37 °C for 1 h in humidified
chamber. Then cells were washed in dark in 4xSSC for 5 min,
4xSSC/0.1% Tween 20 with 0.01 g/L DAPI for 5 min, and 4XSSC
for 5 min, respectively. The TUNEL-positive cells were analyzed
by fluorescence microscopy.

Statistical analysis Statistic analysis was performed
by the 2 test and the paired t-test. All data are expressed as
the mean+SD. P<0.05 was considered to be significant.

Results

Therapeutic effects of MMF Sixteen of the 20 (80%) pa-
tients had responses to MMF treatment; 9 (45%) achieved a
complete response, 4 (20%) achieved a partial response, and
3 (15%) achieved a minor response. The platelet count in-
creased in 4 patients after 2 weeks of MMF treatment; it was
above 50x10°%/L in 7 patients after 4 weeks of MMF treatment
and was above 100x10%L in 10 patients after 6 weeks of
MMF treatment. The responses of the 16 patients were sus-
tained overtime after the withdrawal of MMF for 1 month,
but less patients had a relapse after treatment discontinuation.

Twelve men had responses to MMF treatment; 8 (66.7%)
achieved a complete response, 2 (16.7%) achieved a partial
response, and 2 (16.7%) achieved a minor response. From
the 8 women, only 1 (12.5%) achieved a complete response,
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2 (25%) achieved a partial response, 1 (12.5%) achieved a
minor response, and 4 (50%) had no response. These re-
sults indicate that the therapeutic effects of MMF are rela-
tively better in male patients than female patients.

Side effects of MMF During the early stages of treatment,
7 patients experienced transient adverse reactions such as
abdominal distension, anorexia, and nausea; these symp-
toms were later treated. No blood infection, bone marrow
suppression, hypertension, severe headache, or muscle pain
was observed in the 20 patients after MMF treatment. All of
the patients completed the scheduled treatment suggesting
that these patients had no tolerarance of MMF.

Effect of MMF on immunophenotypics The percentage
of CD3" and CD4" lymphocytes increased, but the percent-
age of CD8* lymphocytes decreased. Thus, the CD4*/CD8*
ratio elevated after MMF treatment (Table 2). The plasma
levels of IgG, IgM, IgA, and PAIgG were markedly reduced
in 17 patients after more than 2 weeks of MMF treatment
(Table 3).

Table 2. Effect of mycophenolate mofetil on immunophenotypes
of peripheral blood mononuclear cells in patients with refractory
idiopathic thrombocytopenic purpura. n=20. MeanSD. "P<0.05 vs
before treatment.

Before After
CD3" (%) 6515 69+4°
CD4* (%) 3244 39+4°
CD8" (%) 34%3 30+5°
CD4*/CD8" (%) 0.95+0.15 1.31+0.22°

Table 3. Effect of mycophenolate mofetil on serum immunoglobu-
lin and platelet associated antibodies (PAIgG) in patients with refrac-
tory idiopathic thrombocytopenic purpura. n=20. Mean+SD. °P<
0.05 vs before treatment.

Before After
1gG/g-L* 1445 11.8+2.9°
IgA/g-L? 3.3+x1.8 2.4+1.0°
IgM/g-L™! 2.0+1.0 1.6+0.6°
PAIgG/ug-L* 202+147 102+109°

Effect of MPA on cell apoptosis After the peripheral
blood mononuclear cells isolated from the patients were in-
cubated with MPA 0.1 umol/L for 3 d, a number of TUNEL-
positive mononuclear cells were observed in male patients,
(P<0.05), indicating that the peripheral blood mononuclear
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Figure 1. Effects of mycophenolic acid 0.1 umol/L on apoptosis of
peripheral blood mononuclear cells in vitro by TUNEL assay.
(x1000). (A) Without MPA for 3 d in vitro. (B) MPA 0.1 umol/L was
incubated with peripheral blood mononuclear cells for 3 d in vitro.
(C) Apoptosis rate in male and female patients before and after
treatment. n=12 (male). n=8 (female). *P>0.05, *P<0.05 vs without
MPA.

cells underwent apoptosis. The difference in apoptosis rate
in female patients before and after MPA treatment was not
significant (P>0.05).

Discussion

ITP is a common immune disorder caused by platelet-
reactive autologous antibodies. In some patients, platelet
production is decreased as well. ITP in adults does not
generally remit spontaneously, and most patients need

hemostasia therapy. Corticosteroids, danazol, immuno-
globulin, anti-D antibody, and several other agents inhibit
clearance of the antibody-coated platelets, but the effect is
not sufficient. Most patients will sustain a hemostatic re-
sponse after splenectomy, although relapses can occur at
any timel®. Refractory idiopathic thrombocytopenic pur-
pura represents a life-threatening condition that fails to re-
spond to a variety of therapeutic measures. In recent years,
immunosuppressive agents such as cyclosporine A and
MMF were used to treat refractory ITP as second line drugs.
However, cyclosporine A has apparent side effects includ-
ing hypertension, headache, and muscle pain. Thus, sple-
nectomy could not be avoided, but could only be postponed
in refractory ITP patients after they received cyclosporine A
treatment. Howard et al reported that 4 patients with auto-
immune haemolytic anemia and 5 of the 6 patients with auto-
immune thrombocytopenia purpura showed a complete or
good partial response to MMFX, confirming the beneficial
effects of MMF on refractory ITP. However, only 6 patients
participated in the study. In the present study, MMF treat-
ment was sustained for at least 1 month. Sixteen of the 20
(80%) patients had responses to MMF treatment; 9 (45%)
achieved a complete response, 4 (20%) achieved a partial
response, and 3 (15%) achieved minor response. The cura-
tive rate was 80%. The results indicated that MMF could be
used as a second line agent for the treatment of refractory
ITP. We also found that men achieved better response to
MMF than women which was not been reported in other
published studies*?. The cell apoptosis rate was consis-
tent with this conclusion. In long-term clinical observations,
we also found that female ITP patients did not achieve better
responses than male patients. We speculated that the differ-
ence might be related to different hormone levels and differ-
ent MMF metabolization. However, the mechanism requires
further study. MMF selectively inhibited the proliferation
and survival of lymphocytes by inducing apoptosis and
suppressing glycosylation and expression of adhesion mol-
ecules such as P-selectin, etc, which were over-expressed in
ITPE3, Our result that MPA induced apoptosis of PB lym-
phocytes from ITP patients in vitro was consistent with a
previous report!*4,

In contrast to MMF, we found that prednisone caused a
significant increase in the number of myocarditis lesions.
This is consistent with earlier studies that corticosteroids
increased the severity of the disease during the acute phase
of viral myocarditis in murine models™. In conclusion, long-
term therapy with a median-dose of MMF is valuable for the
treatment of refractory ITP. Randomized clinical trials need
to be performed in the future.
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