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Indirubin regulates MPL and TNF expression in peripheral blood
mononuclear cells from patients with primary immune thrombocytopenia
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Indirubin, a traditional Chinese medicine, is currently used to treat certain autoimmune dis-
eases such as primary immune thrombocytopenia (ITP) in clinics. However, the effects of
indirubin on expression of related genes in peripheral blood mononuclear cells (PBMCs)
from ITP patients have not been investigated. In the present study, PBMCs were isolated
from 19 adult patients with well-characterized active ITP and 20 healthy controls (HCs) and
then treated with increasing concentrations of indirubin. The mRNA expression levels of
thrombopoietin receptor (MPL), GATA binding protein 3 (GATA3), DNA methyltransferase
3B (DNMT3B), interleukin-6 (IL6), tumor necrosis factor (TNF), and interferon gamma
(IFN-y) were determined by quantitative real-time polymerase chain reaction (PCR). We
found that indirubin had no cytotoxic effect on PBMC viability. Significantly lower MPL
(p < 0.05) and GATA3 (p < 0.05) expression together with markedly higher IL6 (p < 0.05),
TNF (p < 0.0001), and IFN-y (p < 0.001) mRNA levels were observed in ITP patients com-
pared with HCs. Notably, indirubin significantly enhanced MPL expression and inhibited
TNF expression in PBMCs from ITP patients (p < 0.05). In summary, indirubin may play a
direct role in thrombopoiesis by activating cellular MPL and normalizing TNF expression to
suppress inflammation in ITP. This study may thus improve our understanding of indirubin
and provide important information for optimizing therapeutic strategies for ITP patients. ©
2019 Published by Elsevier Inc. on behalf of ISEH — Society for Hematology and Stem Cells.

Indirubin, a traditional Chinese medicine (TCM) formula-
tion with anticancer and anti-inflammatory activities, is
used in clinics for the treatment of chronic myelocytic
leukemia and certain autoimmune diseases such as
primary immune thrombocytopenia (ITP) [1]. Indirubin
and its multiple synthetic derivatives are potent cyclin-
dependent kinases (CDKs) and glycogen synthetase
kinase 3 (GSK-3) inhibitors [2]. Anti-inflammatory and
immune modulatory functions of indirubin have also
been identified in several models [3.4]. In a lipopolysac-
charide-induced mastitis mouse model, indirubin reduced
inflammation by inhibiting the production of interleukin-
18 (IL1pB), interleukin-6 (IL6), and tumor necrosis factor
(TNF) [5].
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Primary immune thrombocytopenia is an acquired
autoimmune disease characterized by immune-mediated
peripheral platelet destruction and suboptimal platelet
production in bone marrow [6,7]. The pathogenesis of
ITP includes the production of antiplatelet autoanti-
body and the targeting of T-cell responses. Antiplatelet
autoantibody production is under the control of T
helper (Th) cells, and elevated antiplatelet T-cell reac-
tivity in ITP has been observed [1]. Thrombopoietin is
the principal hematopoietic cytokine that stimulates
thrombopoiesis by activating cells through the throm-
bopoietin receptor (MPL) [8]. Direct stimulation of
MPL will increase platelet production by the bone mar-
row [9]. Inflammation can trigger ITP, and ITP can in
turn induce inflammation through platelet dysfunction.
Inflammatory cytokine-mediated immunity plays an
important role in the pathogenesis of ITP [10].

ITP is a common disease of the blood system that often
recurs because of the lack of an ideal treatment modality.
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Modern medicine uses glucocorticoids, gamma immuno-
globulin, immunosuppressants, and others as the main
treatment, even splenectomy, but there are still many
patients whose condition is not obviously relieved. TCM
treatment of ITP has obvious advantages in improving
both clinical symptoms and long-term efficacy. However,
there are few reports about the effective clinical interven-
tion and mechanism of ITP with TCM. Our present study
reveals that indirubin positively enhances MPL expression
and inhibits TNF expression in PBMCs from ITP patients.
Our findings offer a better understanding of the potential
mechanism of indirubin in the treatment of ITP and
expand new research ideas in the field of TCM treatment
of ITP under the guidance of TCM theory.

Methods

Patients

We analyzed blood samples and clinical data from adult
patients with well-characterized active ITP and from HCs. A
total of 19 active ITP patients and 20 gender- and age-
matched HCs were enrolled in this study. The diagnosis of
ITP was based on recently reported criteria [11]. Patients
with platelet counts below 100 x 10°/L were defined as hav-
ing active ITP. All included cases were assessed by an expert
committee and clinical data were recorded in a database
using standardized language and adapted software.

Standard protocol approval, registration, and patient consent
All subjects gave written informed consent to participate in
this study, which was approved by the ethics committee of
Qilu Hospital of Shandong University (Qingdao), China.

Preparation of PBMCs

Blood samples were collected from active ITP patients and
HCs with EDTA anticoagulation. PBMCs were isolated from
blood samples by gradient centrifugation (400g, 20 min) on
Ficoll-Paque (HaoYang Biological Manufacture, Tianjin,
China) [9].

Cell viability assay

PBMCs (1 x 106/rnL) isolated from HCs were seeded in
24-well plates with RPMI 1640 medium (containing 10%
fetal bovine serum and 2 mmol/L glutamine/penicillin/strep-
tomycin) and stimulated with 400 ng/mL phorbol 12-myris-
tate 13-acetate (Multi Sciences, Hangzhou, China). The
effect of indirubin (1, 5, and 10 umol/L) on PBMC viability
was investigated by 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl
tetrazolium bromide (MTT) assay after treatment with indiru-
bin (Meilun Biological Technology, Dalian, China) for
24 hours. The absorbance was read at 540 nm with a micro-
plate reader (Molecular Devices, San Jose, CA).

Cell culture

After collection from active ITP patients and HCs with EDTA
anticoagulation, PBMCs (1 x 10%ml) were immediately cultured
in 24-well plates as previously described for cell viability assays.
Increasing concentrations of indirubin (dissolved in DMSO) were

added, and cells were cultured for 24 hours at 37°C in 5% CO,
for further investigation. Groups were divided as follows: HC
group, ITP control group, 1 wmol/L indirubin-treated ITP group,
and 10 wmol/L indirubin-treated ITP group.

Extraction of total RNA and reverse transcription of mRNA
After incubation, the PBMCs were collected for extraction of
total RNA. Total RNA was extracted with Trizol reagent
(Invitrogen, Carlsbad, CA). The amount of RNA was deter-
mined using a spectrophotometer (Titertek-Berthold Colibri,
Germany). The reverse transcription reactions were carried
out using the All-in-One First-strand ¢cDNA Synthesis Kit
(GeneCopoeia, Rockville, MD) following the manufacturer’s
procedures.

Real-time PCR

Messenger RNA expression levels of MPL, GATA3,
DNMT3B, IL6, TNF, and IFN-y were quantified by universal
quantitative real-time PCR using All-in-One qPCR Mix
(GeneCopoeia) on a StepOnePlus Real-Time PCR system
(ABI, Waltham, MA). g-Actin was quantified as an internal
reference gene to normalize differences. All primer sequen-
ces are listed in Table 1. The amplification was performed
with a two-step PCR protocol (95°C for 10 min, followed by
45 cycles of 95°C for 10 sec, 60°C for 20 sec, and 72°C for
15 sec). Each sample was run in triplicate. The relative quan-
tification of gene expression was obtained by comparison
with the relative expression of the B-actin internal reference
using the 2724 method [7].

TNF-a enzyme-linked immunosorbent assay

Tumor necrosis factor « concentration in cell culture superna-
tant was measured with the ELISA kit according to the man-
ufacturer’s instructions (R&D Systems, Minneapolis, MN).

Statistics

Unless otherwise indicated, data are expressed as the mean £
SEM. The difference between two independent groups was
evaluated using an unpaired Student ¢ test or Mann—Whitney
U test. Correlation was performed with Spearman’s rank cor-
relation coefficient. Statistical significance was assumed at

Table 1. Primers for real-time polymerase chain reaction

Gene Nucleotide sequence of primers (58—38) bp

B-Actin F: GGCACCCAGCACAATGAAG 131
R: CCTCATACTCCTGCTTGCTG

MPL F: CCCACTTTGGAACCCGATACG 111
R: GAGTCCGAGTCTGGTTTAGGA

GATA3 F: GCCCCTCATTAAGCCCAAG 80
R: TTGTGGTGGTCTGACAGTTCG

DNMT3B F: CCCAGCTCTTACCTTACCATCG 199
R: GGTCCCCTATTCCAAACTCCT

Interleukin-6 F: CCTGAACCTTCCAAAGATGGC 75
R: TTCACCAGGCAAGTCTCCTCA

Tumor necrosis factor F: CCTCTCTCTAATCAGCCCTCTG 220
R: GAGGACCTGGGAGTAGATGAG

Interferon y F: TCGGTAACTGACTTGAATGTCCA 93
R: TCGCTTCCCTGTTTTAGCTGC

F=Forward primer; R=reverse primer.
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p < 0.05. All analyses were performed using SPSS 22.0
(IBM Corp., Armonk, NY).

Results

Clinical characteristics of ITP patients

The main clinical characteristics of ITP patients in this
study, including disease duration, platelet count and
major therapy, are listed in Table 2.

Effect of indirubin on PBMC viability

The cytotoxic effect of indirubin was investigated in
PBMCs from HCs by MTT assay. We observed no signifi-
cant change after treatment with increasing concentrations
of indirubin (1, 5, and 10 umol/L) for 24 hours (Fig. 1).

Indirubin enhanced MPL expression in PBMCs from
ITP patients

Direct stimulation of MPL can increase platelet pro-
duction by the bone marrow [8]. The relative mRNA
expression level of MPL in PBMCs from active ITP
patients was significantly lower compared with that
from HCs (p < 0.05, Fig. 2A). The indirubin treatment
enhanced MPL expression in a dose-dependent manner.
There was a significant difference between the 10
pmol/L indirubin-treated ITP group and the ITP con-
trol group (p < 0.05, Fig. 2A), suggesting that indiru-
bin could restore MPL expression in PBMCs from ITP
patients. Analysis of the relationship between MPL
expression and clinical data revealed a significantly

Table 2. Clinical features of ITP patients
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Figure 1. Effect of indirubin on the viability of PBMCs from HCs.
Error bars represent SEM.

positive correlation (r=0.54, p < 0.05) between MPL
expression and platelet count in ITP patients (Fig. 2B).
However, MPL expression did not correlate with gen-
der, age, disease duration, or treatment.

Indirubin inhibited TNF expression in PBMCs from
ITP patients

TNF participates as a candidate susceptibility factor
for ITP [10]. As was illustrated in Figure 3A, TNF
expression in PBMCs from ITP patients was remark-
ably higher than that in HCs (p < 0.0001). After treat-
ment with indirubin, TNF expression was significantly
lower than in the ITP control group (p < 0.05) but
was still higher than in the HC group (p < 0.05).
There was no significant difference between the 1 and

Patient no. Sex Age Disease duration Platelet count Major therapy
(m) (x 10°/L)
1 M 40 25 36 None
2 F 59 50 5 IVIG
3 M 59 9 16 GC, IVIG
4 F 54 121 16 GC, DAC
5 F 61 1 59 GC
6 M 67 108 22 GC
7 F 61 1 7 GC
8 M 71 52 8 GC
9 F 55 75 56 None
10 F 67 110 26 GC
11 M 71 49 19 GC
12 F 54 122 48 GC
13 F 32 80 12 GC
14 F 65 245 15 None
15 M 38 1 13 GC
16 F 54 124 14 GC
17 F 48 127 4 None
18 F 29 12 97 DAC
19 F 62 3 3 GC
Median 59 52 16
Range 29-71 1-245 3-97

DAC=Decitabine; GC=glucocorticoid; /VIG=intravenous immunoglobulin.
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Figure 2. MPL expression in PBMCs from ITP patients and HCs. (A) Effect of indirubin on MPL mRNA expression in PBMCs from ITP
patients and HCs. (B) Association between MPL expression and platelet count in ITP patients. *p < 0.05. Error bars represent SEM.

A B
L 61 40~
s 1
G
pu = 304
S 4+ *q E
@ >
o i £ 204
% l ese L~
w 2+ J._ < %
4 F 10- -
s F 0N ) M
b —ba
& 0 . ' ' ' 0 '
Y\G \(? T, N Q\‘\&\ QC:
AN 06\\
«® el
C
120+ r=-0.50
oy p<0.05
) L
S 90+
=
e
c
S 60+
]
(5]
-
7]
T 304
k=
o
0 re ; —tt .
0 1 2 3 4 5

Relative Expression of TNF
Figure 3. TNF expression in PBMCs from ITP patients and HCs. (A) Effect of indirubin on TNF mRNA expression in PBMCs from ITP

patients and HCs. (B) Effect of indirubin on TNF-« concentration in the cell culture supernatants of PBMCs from ITP patients and HCs. (C)
Association between TNF expression and platelet count in ITP patients. *p < 0.05; ***p < 0.001; ****p < 0.0001. Error bars represent SEM.

10 pumol/L indirubin-treated ITP groups. To further mRNA. Analysis of the relationship between TNF

evaluate the effect of indirubin on TNF modulation, expression and platelet count in ITP patients (Fig. 3C)
TNF-« concentrations in the cell culture supernatants showed a negative correlation (r=-0.50, p < 0.05).
were also determined by ELISA (Fig. 3B). The results Moreover, TNF expression did not correlate with

were consistent with the levels of expression of TNF other clinical data.
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Effects of indirubin on expression of GATA3, DNMT3B,
IL6, and IFN-y in PBMCs from ITP patients

To further evaluate the effect of indirubin on associ-
ated transcription factors and inflammatory cytokines,
mRNA expression levels of GATA3, DNMT3B, IL6,
and IFN-y in PBMCs from ITP patients and HCs were
detected by real-time PCR. As illustrated in Figure 4,
significantly lower GATA3 levels together with
markedly higher IL6 and IFN-y mRNA levels were
observed in PBMCs from ITP patients compared with
HCs (GATA3, p < 0.05; IL6, p < 0.05; IFN-y, p <
0.001). There was no difference between DNMT3B in
ITP patients’ PBMCs compared with HCs (p > 0.05).
After indirubin treatment, there were no significant
differences in mRNA expression levels of GATA3,
DNMT3B, IL6, or IFN-y in PBMCs from ITP patients
(p > 0.05).

Discussion

ITP is an acquired immune-mediated bleeding disorder
caused by the production of antiplatelet autoantibodies
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that bind to platelet membrane glycoproteins or by tar-
geted T-cell responses mediating the destruction of pla-
telets [12—16]. More recently, it has been observed
that antiplatelet autoantibody production is under the
control of Th cells in ITP [1]. The dominant clinical
manifestation is an increased risk of bleeding associ-
ated with a reduced platelet count. Although many
studies have deepened our understanding of ITP, the
etiology is still not clear. It is widely accepted that
both genetic and environmental factors play important
roles in the pathogenesis of ITP [17]. In clinics, most
adult patients show chronic disease progression and
require long-term glucocorticoid treatment, administra-
tion of immunosuppressive reagents, or even splenec-
tomy. However, many side effects are inevitable [18].
ITP is closely related to inflammation and platelets
have inflammatory functions in both innate and adap-
tive immunity [6,19]. ITP can induce inflammation
through platelet dysfunction. Furthermore, platelets
mediate inflammation and regulate immune-mediated
inflammatory cytokines such as TNF and IFN-y. Even
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Figure 4. Effect of indirubin on (A) GATA3, (B) DNMT3B, (C) IL6, and (D)IFN-y mRNA expression in PBMCs from ITP patients and HCs.

*p < 0.05; **p < 0.01; ***p < 0.001. Error bars represent SEM.
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after being phagocytosed by the mononuclear phago-
cyte system, platelets can continue to regulate inflam-
mation [20].

Indirubin is the active ingredient of Danggui Long-
hui Wan, a mixture of plants that is used in traditional
Chinese medicine [2]. For its anticancer and anti-
inflammatory activities, indirubin is extensively used
for the treatment of chronic myelocytic leukemia, cer-
tain autoimmune diseases, and other chronic diseases
such as Alzheimer’s disease and diabetes [21—24].
Indirubin and its multiple synthetic derivatives are
potent CDKs and GSK inhibitors and may also sup-
press NF-«B activation. It has been found that indiru-
bin and its derivatives have antiproliferative activity
and can induce apoptosis. Zhang et al. [25] provided
evidence for the antitumor angiogenesis activity of
indirubin and suggested that indirubin was a potential
drug candidate for angiogenesis-related diseases. Nam
et al. [26] identified indirubin derivatives as a promis-
ing structural class for development of new therapeu-
tics for wild-type or T315I-mutant Bcr-Abl-positive
chronic myelogenous leukemia patients. Moreover,
anti-inflammatory and immune modulatory functions of
indirubin have been identified in some models [5].
Kim et al. [3] found that indirubin treatment suppresses
skin inflammation and reduces TNF, IL4, IL6, and
IFN-y production in mice. Qi et al. [4] reported that
indirubin alleviates lipopolysaccharide-induced oxida-
tive stress and inflammation by reducing malondialde-
hyde abundance and IL1B and TNF-o expression in
mice. However, the effects of indirubin on associated
transcription factors and cytokine production in
PBMCs from ITP patients have not been investigated.
TNF participates as a candidate susceptibility factor in
ITP and initiates a pro-inflammatory response to facili-
tate proliferation of cytotoxic T cells [6]. Moreover,
TNF has been reported as a pro-inflammatory cytokine
of innate immunity which participates in ITP processes
[10]. Thrombopoietin is the principal hematopoietic
cytokine that stimulates thrombopoiesis by activating
MPL [8]. Lack of MPL expression may cause
decreased platelet production in ITP patients. The U.S.
Food and Drug Administration (FDA) has approved
two types of MPL agonists, eltrombopag and romiplos-
tim, for the treatment of ITP [27—29]. Currently, indir-
ubin is used to treat ITP in clinics [1]. However, the
effect of indirubin on MPL expression in PBMCs from
ITP patients has not yet been investigated. Thus, in the
present study, we investigated mRNA expression of
MPL, GATA3, DNMT3B, IL6, TNF, and IFN-y in
PBMC:s isolated from 19 well-characterized active ITP
patients and 20 HCs. Our study found significantly
lower MPL and GATA3 expression together with
markedly higher IL6, TNF, and IFN-y mRNA levels in
PBMCs from ITP patients compared with HCs.

Our results confirmed markedly higher TNF mRNA
levels in PBMCs from ITP patients compared with
HCs. Responses to different therapeutic strategies,
such as high-dose dexamethasone, splenectomy, and
rituximab, are often associated with the correction of
cytokine abnormalities in ITP [30—33]. An anti-inflam-
matory function of indirubin has been identified in
some models. However, the effect of indirubin on TNF
expression in PBMCs from ITP patients is still unclear
although indirubin has been used in ITP treatment for
several years in China. Notably, we found that indiru-
bin treatment inhibits TNF expression in PBMCs from
ITP patients, indicating that indirubin may correct TNF
expression to suppress inflammation in ITP patients.
More in-depth studies are necessary to clarify its exact
molecular mechanisms of action.

In the present study, we found that indirubin treat-
ment enhanced MPL expression in a dose-dependent
manner, suggesting that indirubin could stimulate MPL
expression to increase platelet production in ITP
patients. Our data indicated that indirubin may have a
direct effect on thrombopoiesis by activating cells
through MPL. However, considering the enormous het-
erogeneity and complexity of ITP pathogenesis, the
precise role of MPL in indirubin treatment of ITP
awaits more investigation.

Conclusions

Our study found significantly lower MPL and GATA3
expression together with markedly higher TNF, IL6,
and IFN-y mRNA levels in PBMCs from ITP patients
compared with HCs. Moreover, indirubin enhanced
MPL mRNA expression and inhibited TNF mRNA
expression in PBMCs from ITP patients. These data
indicate that indirubin may play a direct role in throm-
bopoiesis by activating cellular MPL and in suppres-
sion of inflammation in ITP patients by normalizing
TNF expression. This study may thus improve our
understanding of the mechanism of indirubin and pro-
vide important information for optimizing therapeutic
strategies for ITP.
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