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The effect of single course high dose

dexamethasone on CD28/CTLA-4 balance in the

treatment of patients with newly diagnosed
primary immune thrombocytopenia
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To evaluate the effect of a single course of high dose dexamethasone (HD-DXM) on CD28 and CTLA-4 expression in
patients with newly-diagnosed primary immune thrombocytopenia (ITP). Twenty-8 ITP patients (18 females and
10 males, age range 18-65 years, median age 38.5 years) enrolled in this study and 26 healthy volunteers (19 women
and 7 men, age range 16-66 years, median age 37 years) served as a control group. The patients were treated with HD-
DXM (40 mg/day) for 4 consecutive days. CD28 and CTLA-4 expression was assessed by flow cytometry once-monthly
for 6 months. Plasma levels of the cytokines IFN-y and IL-10 were determined by enzyme-linked immunosorbent assay.
One month after treatment, a platelet response was observed in 23 (82%) of the patients. The response rates over the
next 5 months were 71%, 57%, 53%, 46%, and 39%, chronologically. We observed a significant decrease in CD28
expression after the first month (34.7 &= 4.8% vs. 44.5 £ 4.4% before treatment), after which the CD28 levels gradually
increased. In contrast, CTLA-4 expression increased after the first month (3.2 + 0.5% vs. 0.8 + 0.4 before treatment),
after which the CTLA-4 levels gradually decreased. Similar dynamic changes were seen in the levels of IFN-y and IL-10.
The dynamic changes of CD28 and CTLA-4 were consistent with those of IFN-y and IL-10 and with the effectiveness of
HD-DXM in the treatment of ITP. Our results suggest that a disturbed CD28/CTLA-4 balance may contribute to the
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immunopathogenesis of ITP.

Introduction

Primary immune thrombocytopenia (ITP) is an autoimmune
disorder characterized by (1) a decreased platelet count due to
the production of autoantibodies against the platelet proteins
GPIIb/IIIa and/or GPIba, (2) normal bone marrow, and (3) the
absence of other causes of thrombocytopenia.'

The incidence of ITP is estimated to be 50—100 new cases per
million persons annually, with children accounting for half of the
cases. At least 70% of the cases involving children enter remission
within 6 months, even without treatment. In addition, approxi-
mately one-third of the remaining chronic cases will gradually
improve over time, and another one-third will display only mild
thrombocytopenia (defined as a platelet count above 50,000).”
However, the remaining 510%— of the children with ITP will
develop chronic severe refractory disease.”

Unlike children, adults with ITP usually have chronic disease
with a probability of sustained remission of 20-40 percent.” In
the United States, the number of adults with chronic ITP is esti-
mated to be 60,000, with women outnumbering men by approx-
imately 2 to 1. Although the number of adults with ITP in
China, or specifically in the XinJiang province, is not known,
ITP has emerged as a major hemorrhagic disease in our hospital.

Corticosteroids are the conventional initial treatment for
ITP.”"® Corticosteroid regimens vary from 1 to 2 mg/kg of pred-
nisone daily and exhibit a 70-85 percent initial response rate and
a 30—40 percent sustained response rate. Unfortunately, serious
side effects such as infections or metabolic alterations are com-
mon when long-term corticosteroid treatment is required to
maintain the platelet count. Pulsed high-dose dexamethasone
(HD-DXM), which has been used to treat multiple myeloma,
sub-acute onset myositis, chronic inflammatory demyelinating
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polyradiculoneuropathy, rheumatoid arthritis, and recalcitrant
necrobiotic xanthogranuloma, enables an early cessation of ste-
roid treatment without a loss of response.””'? Therefore, the latest
international consensus report and practice guideline for ITP
proposed HD-DXM therapy as one of the frontline options for
TP 1415

The pathogenesis of ITP is complex, involving multiple
imbalances in the immune system. These include a disturbed
FcR balance, a reversal of IL-18/IL-18BP, and a dominance of
Th1 cytokines. Several studies showed that each of these imbalan-
ces can be corrected by HD-DXM.'®" Because HD-DXM
induces a sustained reduction in immunoglobulin production
and is tolerated well, HD-DXM should be a frontline treatment
for I'TP.

CD28 isa T cell costimulatory receptor that, when bound to
its ligands CD80 and CD86 on antigen-presenting cells, activates
the T cell during antigen presentation. CTLA-4 also binds to
CD80 and CD86, but inactivates the T cell during antigen pre-
sentation. A balance of CD28 and CTLA-4 signaling is essential
for the proper functioning of the immune system; an imbalance
in CD28/CTLA-4 signaling is associated with many pathologies
including allergy, cancer, spontaneous abortion, aplastic anemia,
bronchial asthma, multiple sclerosis, and type 1 diabetes. We
hypothesize that imbalanced CD28/CTLA-4 signaling also plays
an important role in the immunopathogenesis of ITP and that
HD-DXM elevates platelet counts by restoring the balance of
CD28/CTLA-4 signaling.

Results

Clinical response to HD-DXM

Twenty-eight patients (18 females and 10 males, age range
18-65 years) were enrolled in this study. All of the patients fin-
ished the study and follow-up period. The initial ITP-related
bleeding symptoms included petechiae, ecchymoses, epistaxis,
gingival and genitourinary hemorrhage; specific characteristics
are shown in Table 1. Positive responses to HD-DXM were
observed in 23 (82%) of the patients one month after treatment.
Over the following 5 months, the response rates were 71%,
57%, 53%, 46%, and 39%, chronologically (Fig. 1). The sus-
tained response rate was defined as 39%, the response rate
observed 6 months after treatment.

Effect of HD-DXM treatment on CD28 and CTLA-4
expression

To determine the effect of HD-DXM treatment on CD28/
CTLA-4 expression, we performed flow cytometry for these 2
receptors on circulating T cells from ITP patients before and
every month after treatment. In addition, we performed the same
analysis on T cells from healthy individuals. A significantly
greater fraction of T cells expressed CD28, and a significantly
lower fraction of T cells expressed CTLA-4, in the untreated ITP
patients compared with the healthy controls (CD28: 44.5 +
4.4% vs 32.0 &+ 4.4%; CTLA-4: 0.8 = 0.4% vs 3.3 £+ 0.5%),

consistent with the autoimmune cell activation occurring in ITP.
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HD-DXM treatment caused a significant decrease in the fraction
of T cells expressing CD28 after one month (34.7 + 4.8%),
although this fraction increased gradually over the next 5 months
(42.84-3.5% after the sixth month, Table 2). Conversely, HD-
DXM treatment caused a significant increase in the fraction of T
cells expressing CTLA-4 after one month (3.2 & 0.5%), although
this fraction decreased gradually over the next 5 months (1.2 £+
0.3% after the sixth month, Table 3). The flow cytometric data
from a representative patient is shown in Figure 2. The changes
in CD28 and CTLA-4 expression over time are shown in
Figure 3.

Effect of HD-DXM treatment on plasma IL-10 and IFN-
vlevels

To assess the effect of HD-DXM therapy on the T-helperl/T-
helper2 (Th1/Th2) cell balance, we determined the levels of IL-
10 (a Th2 cytokine) and IFN-y (a Thl cytokine) in plasma sam-
ples from the ITP patients and healthy controls. The untreated
ITP patients contained a significantly lower level of plasma IL-10
and a significantly higher level of plasma IFN-y compared with
healthy controls (IL-10: 28.1 £ 8.2 vs 57.7 £ 10.1 pg/ml; IFN-
y: 32.6 £ 3.1 vs 10.9 & 2.3 pg/ml), consistent with the domi-
nance of Thl cells over Th2 cells in ITP. The plasma levels of
IL-10 increased significantly one month after HD-DXM treat-
ment (56.7 £ 10.5 pg/ml) and decreased gradually thereafter
(40.4 £+ 7.9 pg/ml after the sixth month, Table 4). In contrast,
the plasma levels of IFN-y decreased significantly one month
after HD-DXM treatment (10.7 £ 2.9 pg/ml) and increased
gradually thereafter (25.2 & 1.9 pg/ml after the sixth month,
Table 5). The changes in plasma IL-10 and IFN-y levels over

time are shown in Figure 3.

Correlation between CD28/CTLA-4 expression and platelet
count

To investigate whether the CD28/CTLA-4 imbalance may
contribute to the pathogenesis of ITP, we determined whether
the HD-DXM treatment-mediated changes in CD28/CTLA-4
expression and platelet counts were correlated. We divided the
fraction of T cells expressing CD28 by the fraction of T cells
expressing CTLA-4, and plotted this ratio vs the platelet count.
The two parameters were significantly and inversely correlated,
with a correlation coefficient of —0.721 (Fig. 4). Hence, the
HD-DXM treatment-mediated correction in the CD28:CTLA-4
imbalance correlated with the treatment-mediated increase in
platelet counts.

Discussion

The pathogenesis of ITP, an autoimmune disease character-
ized by decreased platelet counts and mucocutaneous hemor-
rhage, has not been fully elucidated. It is widely acknowledged
that the low platelet counts are due primarily to autoantibodies
against GPIIb/IITa. The production of these autoantibodies by B
cells depends on the state of the immune system, with T-helper
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Table 1. Clinical characteristics and responses of ITP patients

Table 2. Statistical data of CD28

Platelet counts(x 10°/L) Time/month
Patient no. Sex/Age Bleeding symptoms Before After(one month) group 0 1 6 p2
1 F/59 PT,GUH,GH 6 141 control 320+ 44 317+ 46 323+43 0.66
2 M/63 PT,EC 11 180 HD-DXM 445+ 44 347+ 438 428 £ 35 -
3 F/46 EC,GH 10 21 P1 0.03 0.87 0.19
4 F/39 EP 8 124
5 m/18 ECEP 16 158 P1: probability of no statistical difference between different groups at the
6 F/21 PTEC,GH 17 137 same time.
7 F/37 PT.GUH 14 145 P2: probability of no statistical difference at different times in the same
8 M/23 ECEP 14 54 group.
9 F/24 PT 7 139
10 F/48 EC,EP 2 77
1; f\él//j; éﬁ 1§ ;gg Semple and Freedman (1991) noted an elevated expression of
13 M/29 PT 3 % CD80 on platelets from patients with ITP, suggesting that plate-
14 F/45 PT,EP 1 190 let-mediated costimulation of T cells could contribute to the
15 F/29 PTEP 4 198 immunopathogenesis of ITP." A number of studies have dem-
16 M/56 PT.GH 8 186 onstrated that autoimmune diseases can be ameliorated by block-
1; &/229 E(;PESH 1; 22; ing the B7/CD28 interaction. CTLA-4 also binds to B7, but
19 F/44 PT.GH 7 104 inhibits the T cell instead of costimulating it. T cell responses
20 M/19 PT 17 74 can be inhibited by administration of CTLA4-Ig, a fusion pro-
21 M/38 EC,GH 6 16 tein consisting of the extracellular domain of CTLA-4 and the Fc
22 F/21 EC.GUH 10 136 portion of human IgG1.20
;i Egg EC Z[,JIIE-ICGH 1§ 14212 We know that B7/CD28 signaling is required for the develop-
25 F/23 P'II',EC,(,':H 18 85 ment of many diseases including allergy, cancer, spontaneous
26 F/47 PT,GUH 10 201 abortion, aplastic anemia, bronchial asthma, multiple sclerosis,
27 M/31 ECEP 2 132 and type 1 diabetes.”’?® Under normal circumstances, T cell
28 F/65 PT 4 174 activation requires both binding of the T cell receptor to the
Median/mean 10.04 125

“p < 0.01 ITP before treatment vs. normal control.

Pp < 0.01 ITP one month after treatment vs. before treatment.
Abbreviations: PT = petechiae, EC = ecchymoses, EP = epistaxis, GUH =
genitourinary hemorrhage,GH = gingival hemorrhage.

cells playing an important role. In particular, Th1 cell dominance
is frequently observed in ITP."®

The interaction of B7 (CD80 and CD86) with CD28 pro-
vides a costimulatory signal necessary for the activation of T cells.

Response rate after HD-DXM treatment
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Figure 1. Clinical response of all the patients to HD-DXM.
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MHC-antigen complex and a secondary signal provided by costi-
mulatory molecules. The primary costimulatory pathway for
optimal T cell activation starts with the interaction between
CD28 on the T cell and either of its 2 ligands B7—1 (CD80) and
B7-2 (CD86) on antigen-presenting cells. However, CD80 and
CD86 can also bind to CTLA-4, and this binding results in the
inhibition of T cell activation. These results prompted us to
study whether CD28/CTLA-4 signaling has an impact on the
Th1/Th2 imbalance in ITP patients.

Although corticosteroids are widely considered to be the most
appropriate frontline treatment for ITP, this choice is controver-
sial because, in most cases, steroid tapering or withdrawal results
in a decrease in platelet counts and the need for additional treat-
ment. Recently, Cheng et al.”” reported that a single 4-day
course of HD-DXM given as a frontline treatment for adule ITP

Table 3. Statistical data of CTLA-4

Time/month
group 0 1 6 p2
control 33+£05 33+04 33+£05 0.56
HD-DXM 08+ 04 32405 1.2+03 -
P1 <0.01 0.36 0.002

P1: probability of no statistical difference between different groups at the
same time.

P2: probability of no statistical difference at different times in the same
group.

Human Vaccines & Immunotherapeutics 99



A Before After
o R

S B P 281%
8 Ll suaé
'I 10° o w?é
q. 3
o 10 4
(@) an

10’ 528

103 |0‘ 10 10 '
B Before After
(ALTEH 930 fesRO"R1

'] 1

10 ‘g:u ::us
E 107 4
Q
o 50 FJ
+
# 1
O 10
() o8 o7

10° e75% = : = 3.34% o] ey=recrm

1w’ 10 10° 10° w0 Cao® 10 10 10° 10°

Figure 2. Expression of CD molecules on CD4+-T cells from ITP patients
before and after HD-DXM therapy. (A) representative scattergrams of sur-
face expression of CD152 on CD4+T cells from an ITP patient before and
after HD-DXM therapy, (B) representative scattergrams of surface expres-
sion of CD28 on CD4+T cells from an ITP patient before and after HD-
DXM therapy.

patients induced an 85% initial response rate and a 42% sus-
tained response rate. These rates are actually greater than the rates
characteristic of corticosteroids (50-60% and 10-20%, respec-
tively **). Glucocorticoids including dexamethasone bind to and
activate cytoplasmic receptors that subsequently translocate
to the nucleus and regulate immune gene transcription in T
cells.”” *° Perhaps dexamethasone shifts the Th1/Th2 cytokine
balance toward a Th2 phenotype and/or shifts the CD28/CTLA-
4 balance toward CTLA-4.>" However, the reason why HD-
DXM exhibits only a 40% sustained response rate is still unclear.

In this study, HD-DXM was given orally in a single 4-day
course to ITP patients with active disorder and without any sort
of prior treatment. HD-DXM displayed a favorable initial
response rate, in agreement with previous reports.””2#3%%3 Tn
this study, the expression of CD28 and CTLA-4 and the levels of
Th1/Th2 cytokines (IFN-y and IL-10) were investigated in ITP
patients before and after HD-DXM treatment. HD-DXM
down-regulated CD28 expression on T cells and decreased the
plasma levels of the Th1 cytokine IFN-y. Conversely, HD-DXM
upregulated CTLA-4 expression on T cells and increased the
plasma levels of the Th2 cytokine IL-10. Together, these results
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Figure 3. (A). Dynamic change Of CD28 on T-lymphocyte after HD-DXM
treatment. (B). Dynamic change Of CTLA-4 on T-lymphocyte after HD-
DXM treatment. (C). Plasma levels of IL-10 were elevated by HD-DXM.
Panel D. Plasma levels of IFN-ywere reduced by HD-DXM.
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suggest that HD-DXM dampened T cell responses and shifted
the Th1/Th2 balance toward Th2.

In accordance with previous reports, our data on plasma IFN-
v and IL-10 levels suggest that the Th1/Th2 balance in ITP is
dominated by Thl cells and that HD-DXM can restore the bal-
ance. During the final 5 months of the study, however, IL-10
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Table 4. Statistical data of IL-10 (pg/ml)

Time/month
group 0 1 6 p2
Control 57.7 £10.1 57.1+11.0 582+94 0.24
HD-DXM 28.1 £8.2 56.7 £ 10.5 404+£79 -
P1 0.02 0.89 0.29

P1: probability of no statistical difference between different groups at the
same time.
P2: probability of no statistical difference at different times in the same

group.

levels decreased and IFN-vy levels increased. Similarly, CTLA-4
expression decreased and CD28 expression increased. The paral-
lel changes of CD28/CTLA-4 expression and IL-10/IFN-y levels
partly confirm our hypothesis that CD28/CTLA-4 signaling
plays an important role in the immunopathogenesis of ITP.

ITP is an autoimmune disorder whose pathophysiology may
involve multiple possible mechanisms: (1) CD40-CD40L inter-
actions, which contribute to the failure of immune tolerance,
have been shown to play an important role in the pathogenesis of
ITP. (2) Rituximab, the B cell-depleting antibody, has been
shown to increase T-regulatory cell numbers and thus dampen T
cell responses. These include Thl cells reactive against GPIIb/
IIla, and therefore Rituximab can be therapeutically beneficial
for ITP. (3) Decreased indoleamine 2,3-dioxygenase expression
in dendritic cells, which can be corrected by CTLA-4-Ig treat-
ment, may play a critical role in ITP. (4) CD28, CD80 and
CD86 costimulatory molecules, which are over-expressed in ITP
patients, may play an important role in ITP pathogenesis.'® (5)
A disturbed FcyR balance might play a role in the pathogenesis
of ITP, and HD-DXM therapy may shift the monocyte FcyR
balance toward inhibitory FcyRIIb in patients with ITP.*

Although the pathogenesis of ITP can have muldple
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Figure 4. The scatter diagram of correlation between CD28/CTLA-4 and
count of platelet. (correlation coefficient is —0.721, P < 0.05).
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Table 5. Statistical data of IFN-y (pg/ml)

time
group 0 1 6 p2
control 109+ 23 104 +2.2 114+23 0.46
HD-DXM 32.6 £+ 3.1 10.7 £29 252+19 -
P1 <0.01 0.32 0.04

P1: probability of no statistical difference between different groups at the
same time.

P2: probability of no statistical difference at different times in the same
group.

contributors, HD-DXM appears to address only those that
involve CD28/CTLA-4 signaling. This may explain why HD-
DXM alone exhibited a sustained response rate of 40%, whereas
the combination of HD-DXM and Rituximab exhibited a sus-
tained response rate 63%. 3

In this study we not only determined the expression of CD28,
CTLA-4, IFN-y and IL-10 in ITP patients, but also found a
potential relationship between CD28/CTLA-4 signaling and
Th1/Th2 balance. The fact that these 2 parameters changed
hand-in-hand during the initial response to HD-DXM, as well as
during the 5-month reversion back to their original states, pro-
vides new ideas in the pathogenesis and treatment of ITP.

This study has limitations. The I'TP patients varied widely in
age, severity of symptoms, and basic immunization status; these
variations may affect the results and are worthy of further explo-
ration. Moreover, the underlying mechanism of impaired IL-10
secretion in I'TP is currently unknown.

In recent years, the B7/CD28 family has expanded. PD-1 and
other newly-described costimulatory molecules have been shown
to be involved in autoimmune diseases. Therefore, it is important
to elaborate whether PD-1/PD-L1 signaling is involved in the
immune regulation of CD28, CTLA-4, IFN-y and IL-10 in ITP
patients.

In summary, an increased CD28 expression and a decreased
CTLA-4 expression in untreated ITP patients suggest that a dis-
turbed CD28/CTLA-4 balance contributes to the pathogenesis
of ITP. The disturbed CD28/CTLA-4 balance may then contrib-
ute to the disturbed Th1/Th2 balance and ultimately to the
development of ITP. HD-DXM treatment may reduce inflam-
mation in ITP by restoring the balance of CD28/CTLA-4,
reducing the extent of autoimmune cell activation. The role of
CD28 and CTLA-4 in ITP remains to be elaborated, but these 2
proteins are likely involved in the efficacy of HD-DXM

treatment.

Materials & Methods

Research Subjects

Twenty-cight patients (18 females and 10 males, age range:
18-65 y, median age: 38.5 years) that were enrolled in this study
were studied by the Department of Hematology, the first Affili-
ated Hospital of XinJiang Medical University, Urumgi, China,
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from January 2011 to May 2012. All the subjects were diagnosed
according to the international criteria®® and their curative effect
was also evaluated. None of the individuals had previously been
treated with immunosuppressants or platelet transfusions. Cases
were excluded if they were complicated by hypertension, diabe-
tes, active infection, pregnancy, cardiovascular diseases or con-
nective tissue diseases (i.e., systemic lupus erythematosus). More
detailed information, regarding the ITP patients and their clini-
cal characteristics and responses are presented in Table 1.

All patients were treated using HD-DXM 40 mg/d for 4 con-
secutive days. Initial response was evaluated at the end of the first
month after commencement of the treatment, and every month
thereafter for another 5 successive months. The response was
evaluated on the basis of the under-mentioned criteria: response,
defined as an increase in the platelet count of at least 30,000/
mm? and a platelet count of more than 50,000/mm? by month 1
after the commencement of treatment; sustained response,
defined as a platelet count of more than 50,000 per mm’
6 months after the initial treatment. Blood samples were col-
lected before and every month after HD-DXM for 6 successive
months. 26 healthy volunteers (19 women and 7 men, age range:
1666 years, median age: 37 years) served as a control group, in
which the differences in the age and gender between these 2
groups were not statistically significant. The study was approved
by the Medical Ethical Committee of the first Affiliated Hospital
of XinJiang Medical University, and informed consent was
obtained from all subjects.

Reagents and instruments

APC-mouse-anti-human IgG1, APC-mouse-anti-human CD3
monoclonal antibody, FITC-mouse-anti-human IgG1, FITC-
mouse-anti-human CD4 monoclonal antibody, PE-mouse-anti-
human IgG1, PE-mouse-anti-human CD28 monoclonal anti-
body, hemolytic agent, fixation and permeabilization, were all
purchased from Becton, Dickinson and Company. Flow cytome-
try was bought from Becton, Dickinson and Company. Coulter
1h750 Fully Automatic Haemocytometer Analyzer was purchased
from Beckman Coulter. Inc. and finally IFN-y and IL-10 kit
were purchased from eBioscience, San Diego, CA, USA.

Quantitation and determination

Specimen collection

Six ml of fasting peripheral venous blood were collected from
all the ITP patients and control patients. Two ml of the 6 ml
were anticoagulated by EDTA and was used to detect CD4+
and CD28+. The collection of non-hemolytic serum samples
were assembled from another 2 ml centrifugal blood (2500 r/
min) and cryo-preserved at —80°C. This 2 ml sample of blood
was used to detect cytokines. The remaining 2 ml of blood sam-
ple was used to count the amount of platelets.

Quantitation of CD28/CTLA-4 on the surface of CD4 () T
Lymphocytes

APC-CD3 20 ul, FITC-CD4 20 ul and PE-CD28 were
added to test tubes while and in the isotype control tubes iso-
type but irrelevant monoclonal antibodies (APC-mouse-anti-
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human IgG1l, FITC-mouse-anti-human IgG1,PE-mouse-anti-
human IgG1) were added. The contents in the test tubes and
the isotype controls were thoroughly mixed, and incubated for
30 mins at 4°C in the absence of light. After incubation, a
hemolytic agent was added, and then incubated again for a fur-
ther 10 min at 25°C. The formed precipitates were isolated by
gradient centrifugation (1000 r/min, 10 mins) and washed with
10 ml Phosphate Buffered Saline (PBS), then centrifuged (1000
r/min, 10 min) again to remove the supernatant. This step was
repeated 2 times and subsequently thoroughly mixed with
300 ul PBS and 200 ul 4% paraformaldehyde. After the tem-
perature was fixed at 4°C in a darkroom the determination of
CD28 using flow cytometry ((FACS Vantage, equipped with
Coherent argon ion laser and Cell Quest 3.1) was performed.
APC-CD3 and SSC functions as the abscissa and ordinate of a
scatter plot, respectively, and CD4 cell population was obtained.
After adjusting the fluorescence compensation and resetting the
coordinate lines using negative control, we then acquired 20
000-50 000 cells CTLA-4 was quantified in the same manner.

Cytokines determination

IFN-y and IL-10 in the supernatant were determined by
ELISA in the guidance of the manufacturer’s instructions. A stan-
dard of known concentration and a sample of unknown concen-
tration were added to 96-well plates for determination. The
analytes were incubated in the presence of the antibody biotin.
After incubation, avidin-HRP was added and the resulting sam-
ple was washed. Then the unbound enzyme conjugates were
removed after another incubation and washing step. Finally A
and B substrates were added for the purpose of combination with
conjugates, and the colored reaction was stopped with stop solu-
tion. The depth of the color is proportional to the concentration
of cytokines in the analyte. Absorbance was measured at 450 nm
and the concentration of cytokines is proportional to the value of
A450. According to this, a standard curve was drawn and the
concentration of cytokines were calculated.

Statistical analysis

Statistical Product and Service Solutions (SPSS17.0) were
used to analyze the data. The results were expressed as mean £
standard deviation. The differences between group means (log-
transformed data) were determined by using ANOVA firstly,
then the differences between any 2 groups were determine by
using SNK test. P < 0.05 was considered to be statistically
significant.
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