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Immune thrombocytopenia (ITP) is a common acquired autoimmune disease, and thrombopoietin (TPO) is an important cytokine
that regulates the production of megakaryocytes and platelets. We have identified a biologically active component, icaritin, from a
Chinese herba epimedii extract. Icaritin promotes platelet production and regulates T cell polarization, but its mechanism is not
clear. In this study, the BALB/c mouse model of ITP was established by injection of an antiplatelet antibody every other day for
seven total times. The antiplatelet sera were derived from guinea pigs immunized with the platelets of BALB/c mice. Mice with
ITP were treated with icaritin at low, moderate, or high doses of 4.73, 9.45, and 18.90 mg/kg, respectively, for fourteen
consecutive days. The present study shows that icaritin can significantly increase peripheral blood platelet counts and
thrombocytocrit, increase the TPO level in serum, attenuate splenomegaly, and reduce the abnormal proliferation of
megakaryocytes in the spleen and bone marrow. Icaritin can also downregulate the expression of bone marrow TPO,
myeloproliferative leukemia virus oncogene (MPL), and p-Stat3. Our results suggest that icaritin can significantly improve the
health of mice with ITP via possible downregulation of p-Stat3 expression in the JAK2/Stat3 phosphorylation signaling pathway

and regulation of bone marrow TPO/MPL metabolism.

1. Introduction

Immune thrombocytopenia (ITP) is also known as autoim-
mune thrombocytopenic purpura or idiopathic thrombocy-
topenic purpura, and it is a common acquired autoimmune
bleeding disorder. Decreased peripheral platelet counts
and bleeding are its primary clinical manifestations [1].
Autoantibody-mediated humoral immunity-induced platelet
destruction is important in the pathogenesis of this disease
[2]. ITP accounts for approximately 1/3 of the bleeding disor-
ders. The incidence of ITP is approximately 2 to 4 cases per
100,000 adults [3]. Elderly people over the age of 60 years
are the high-incidence population for this disease, which
causes extensive skin and mucous membrane bleeding
and epistaxis. Severe cases cause visceral and intracranial
hemorrhages, which endanger life [4].

Thrombopoietin (TPO) is the key cytokine that promotes
the production of megakaryocytes and platelets, and it is
primarily synthesized in the liver [5]. The TPO receptor
in vivo is the myeloproliferative leukemia virus oncogene
(MPL), also known as CD110. The expression of MPL plays
an important role in the regulation of megakaryocyte
production. MPL overexpression produces excessive mega-
karyocyte proliferation and increased platelet production.
Megakaryocyte proliferation is attenuated when MPL expres-
sion is insufficient or absent, which leads to the development
of thrombocytopenia [6]. Serum TPO levels are used to dif-
ferentiate the etiology of thrombocytopenia and evaluate
the effect of TPO agonist treatment [7]. TPO in combination
with MPL activates a series of signaling pathways, such as
JAK/Stat, PI3K/Akt, and Ras/MAPK [8], which transmit
extracellular signals to the nucleus and promote the
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replication, maturation, and differentiation of megakaryocyte
progenitor cells, thus increasing the number of platelets in
peripheral blood [9-11].

Icaritin is a monomeric compound that is produced by
the hydrolysis of icariin, a flavonoid component extracted
from Epimedium Linn. Figure 1 shows the chemical structure
of icaritin. Icaritin promotes hematopoietic function, inhibits
tumor cell differentiation, improves immune function, regu-
lates the endocrine system, and exhibits inflammatory activ-
ity [12-16]. Nanooral preparations of icaritin were created to
improve its absorption rate, and these preparations promote
platelet production and regulate T cell polarization [15].
The present study investigated the effect of icaritin nano-
preparations (Y003) in mice with ITP and elucidated its
mechanism on megakaryocytes, TPO, and MPL in the
spleen and bone marrow.

2. Materials and Methods

2.1. Animals. Male BALB/c mice (SCXK (Jing) 2016-0011,
Beijing, China) (6-8 weeks old, weighing 19 to 24 g) and male
Hartley guinea pigs (SCXK (Jing) 2016-0001, Beijing, China)
(6 weeks old, weighing 300-400g) were purchased from
Beijing Vital River Laboratory Animal Technology Co.
Ltd. Mice were maintained at a controlled temperature
(24+2°C) and housed in separate cages (12h light/dark
cycle) with access to food and water ad libitum. The animal
ethics committee of Peking University approved all the
experimental procedures. The Animal Care and Use Com-
mittee of Peking University approved all the experimental
procedures involving the use of animals.

2.2. Preparation of Mice with ITP. Guinea pig anti-mouse
platelet antiserum (GP-APS) was prepared according to
reported methods [17, 18] with some modifications. Animals
were anesthetized, and blood was collected in plastic tubes
containing EDTA-K, (15mg/mL; AMRESCO, USA) and
centrifuged at 1000 r/minute for 10 minutes, and the superna-
tant (platelet-rich plasma) was centrifuged at 3000 r/minute
for 10 minutes. The supernatant was discarded, and the
platelets were precipitated. The precipitate was washed three
times with PBS, and the supernatant was discarded. A platelet
suspension of 10° cells/mL was prepared using physiological
saline. The platelet suspension was mixed with an equal
volume of complete Freund’s adjuvant or incomplete
Freund’s adjuvant (Sigma, USA) via ultrasound. Blood with
EDTA-K, was centrifuged at 800 r/minutes for 10 minutes,
and the precipitate containing erythrocytes was collected.
Saline was added to prepare a 5% erythrocyte suspension.
The platelet suspension containing complete Freund’s adju-
vant was injected subcutaneously to at least 4 points in the
paw and to the back and abdomen of guinea pigs in the
first week. The platelet suspension containing incomplete
Freund’s adjuvant was injected in the same manner in the
subsequent 4 weeks. Each injection volume was 1 mL/body.
The guinea pig sera containing antiplatelet antibodies were
collected in the sixth week. Guinea pig sera were heated at
56°C for 30 minutes to inactivate the complement. An equal
amount of 5% BALB/c mouse erythrocyte suspension was
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FiGure 1: Chemical structure of icaritin.

added, and the mixture was incubated at 37°C for 1
hour. The mixture was centrifuged at 3000 r/minute for
10 minutes, and the precipitate was discarded. This step
was performed twice to prepare a 1:4 GP-APS. The 1:4
GP-APS was stored at —20°C prior to use.

2.3. Animal Grouping and Treatment. Sixty BALB/c mice
were randomly divided into 6 groups according to body
weight, with 10 mice per group. The 1:4 GP-APS at room
temperature was injected intraperitoneally into BALB/c mice
(100 4L per mice) every other day in all groups except for the
blank control mice for seven total times. After GP-APS was
given an hour later, we administered Y003 intragastrically
each day for 14 consecutive days at low, moderate, and
high dosages of 4.73, 9.45, and 18.90 mg/kg, respectively.
The rhTPO group was subcutaneously administered at
30000 U/kg daily. The control and model groups were
administered with saline solution.

2.4. Blood Cell Count. Blood was collected from the orbital
vein of the mice at the end of the experiment and mixed with
anticoagulant dilution. Blood cell count was measured using
a MEK-6318K blood cell analyzer (Nihon Kohden, Japan)
within 2 hours, and parameters in the peripheral blood of
each group were analyzed.

2.5. Determination of TPO in Serum Using the Enzyme-
Linked Immunosorbent Assay. Serum concentration of TPO
was measured by an enzyme-linked immunosorbent assay
(ELISA, R&D System, USA) according to the instructions
of the manufacturer. Differences in serum TPO levels
between groups were analyzed.

2.6. Spleen Index. Mice were weighed and sacrificed at the
end of the experiment. The spleens were immediately
collected and weighed. Spleen appearance and morphol-
ogy were checked for congestion. The spleen index was
calculated using the following formula: spleen index=
spleen wet weight/body weight. Differences between groups
were analyzed.

2.7. Histopathological Examination of the Spleen and Femur.
The spleen and left femur were isolated at the end of the
experiment and stored in a 4% paraformaldehyde solution
for 48 hours. Samples were subjected to routine dehydration
and sliced into 5pm paraffin sections. Hematoxylin-eosin
staining (Servicebio, Wuhan, China) was performed, and
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TaBLE 1: Blood routine of all groups.
Group Control Model rhTPO Y003-L Y003-M Y003-H
PLT 465.0+23.2 293.9+61.7°% 645.1 +106.7"** 555.2 +45.1*** 536.8 £49.1*** 568.8 +94.3***
PCT 0.166 +0.009 0.126 +0.020%** 0.191 +0.064* 0.226+0.022*** 0.231+0.021*** 0.254 +0.047***
PDW 13.85 +0.40 13.78 +1.05 14.15+0.54 13.88 +0.47 13.84+0.15 14.11+£0.55
MPV 3.73+0.07 4.56 +0.34""* 430+0.25 4.19£0.15* 438+0.16 4.56+0.17
WBC 5.79 +1.95 75+1.19 8.16 +1.61 8.61+2.41 7.25+1.36 6.18+1.93
RBC 8.98 +0.52 8.74+0.38 8.57 £0.53 8.84+0.27 8.52+0.61 8.65+0.53
HGB 141.0 £9.62 137.9 £5.77 133.3+7.30 138.2+4.23 135.0 +£10.24 134.5+8.18
HCT 39.59+2.22 40.23+1.91 39.26+2.20 40.06 + 1.44 38.75+2.88 39.25+2.45
MCV 44.11+0.50 46.00 +0.817* 45.88+0.67 4534+1.03 45.48+0.55 4536+ 0.44
MCH 15.70 +0.32 15.77 £0.31 15.56 £0.21 15.67 +0.45 15.85+0.24 15.53+0.23
MCHC 356.1+7.0 342.8 +7.4™ 339.5+6.0 345.4+13.3 348.4+88 342.6+58
RDW 12.94+0.35 14.32£1.90 13.45+0.41 13.68 £0.25 13.51+0.30 13.52+0.21
LYM 3.24+181 3.54+0.56 3.50 +1.24 440 +1.54 3.93+0.84 2.75+1.50
MID 0.66 +0.31 1.89 +0.68"* 227 +0.49 2.39+1.38 1.91+0.36 2.39+0.55

PLT: platelets; PCT: plateletcrit; PDW: platelet distribution width; MPV: mean platelet volume; WBC: white blood cell; RBC: red blood cell; HGB: hemoglobin;
HCT: hematocrit; MCV: mean corpuscular volume; MCH: mean corpuscular hemoglobin; MCHC: mean corpuscular hemoglobin concentration; RDW: red
cell distribution width; LYM: lymphocyte; MID: intermediate cell; GRN: granulocytes. The data are presented as the mean+SD (n=8 per group).
##P <0.01 and ###P <0.001 versus control group; *P<0.05 and ***P < 0.001 versus model group.

the morphological structures of the spleen, femur, and mega-
karyocytes were observed under an optical microscope
according to reported methods [17, 18] with some modifica-
tions. Six random fields were observed in each slice under a
200x microscope for megakaryocyte counts. The numbers
of megakaryocytes in the femur and spleen were analyzed.

2.8. Detection of TPO Expression Using Immunohistochemistry
of the Femur [19]. Paraffin sections of the femur were
routinely dewaxed, rehydrated, and placed in EDTA anti-
gen retrieval buffer (pH8.0; Servicebio, Wuhan, China).
Sections were cooled, rinsed with PBS, and incubated in
3% aqueous hydrogen peroxide (Servicebio, Wuhan, China)
at room temperature in the dark for 25 minutes to block
endogenous peroxidase activity. Sections were rinsed with
PBS and blocked with 3% BSA (Servicebio, Wuhan, China)
at room temperature for 30 minutes. Sections were incubated
with a primary anti-TPO rabbit polyclonal antibody (1:200,
Abcam, UK) overnight at 4°C. After primary antibody incu-
bation, sections were rinsed with PBS, incubated with a
peroxidase-conjugated goat anti-rabbit secondary antibody
(1:200, KPL, USA) for 50 minutes at room temperature,
visualized with diaminobenzidine, and counterstained with
hematoxylin. Three random fields per slice were observed
under a 200x microscope, and TPO expression was analyzed.

2.9. Detection of MPL Expression Using Immunohistochemistry
of the Femur. Samples were pretreated in the same manner
described in Section 2.8. An anti-MPL rabbit polyclonal
antibody (1:200, Bioss, China) was used as the primary
antibody, and the sections were incubated at 4°C over-
night. Sections were rinsed with PBS, incubated with a
peroxidase-conjugated goat anti-rabbit secondary antibody
(1:200, KPL, USA) for 50 minutes at room temperature,
visualized with diaminobenzidine, and counterstained with

hematoxylin. Three random fields in each slice were
observed under a 200x microscope, and the number of
MPL-positive megakaryocytes was analyzed according to
previously reported methods with some modifications [20].

2.10. Expression of p-Stat3 Using Immunohistochemistry of
the Femur. Pretreatment was performed as described in
Section 2.8. Sections were incubated overnight with the pri-
mary antibody p-Stat3 rabbit polyclonal antibody (1:200,
Abcam, UK) at 4°C. After primary antibody incubation, the
sections were rinsed with PBS, incubated with a peroxidase-
conjugated goat anti-rabbit secondary antibody (1:200,
KPL, USA) for 50 minutes at room temperature, visualized
with diaminobenzidine, and counterstained with hematoxy-
lin. Three random fields per slice were observed under a
200x microscope, and the number of p-Stat3-positive mega-
karyocytes was statistically analyzed according to previously
methods with some modifications [18].

2.11. Statistical Analysis. Peripheral blood cell counts are
expressed as the mean + SD, and other results are expressed
as mean + SEM. The significance of the difference between
groups was analyzed using one-way ANOVA.

3. Results

3.1. Blood Cell Count Results. Table 1 shows the results of
peripheral blood cell counts. PLT and PCT in the peripheral
blood were significantly decreased in the model group
compared to the control group (both P values < 0.001).
PLT and PCT were significantly increased in the rhTPO-
treated group compared to the model group (P < 0.001, P <
0.05). PLT and PCT in the low, middle, and high doses
of icaritin groups were also significantly increased (three
P values < 0.001). These results demonstrate that icariin



significantly increased platelet counts in the peripheral
blood of ITP mice and improved the symptoms of throm-
bocytopenia. Continuous injection of GP-APS resulted in
greater platelet destruction in peripheral blood and increased
MPV (P <0.001), and low doses of icaritin reduced MPV
(P<0.05). MCV and MID increased significantly (P <
0.001, P<0.01), and MCHC decreased significantly (P <
0.01) in the model group compared with the control group.
The MCV, MID, or MCHC of ITP mice have no changes
with the icaritin administration.

3.2. Testing Serum TPO Levels Using ELISA. Figure 2 shows
the results of serum TPO levels. TPO levels in the model
group decreased compared to those in the control group
(P <0.05). TPO levels in the rhTPO-treated group increased
compared to those in the model group (P < 0.05). TPO levels
were significantly increased (P <0.01, P<0.01) in middle
and high doses of the icaritin-treated groups compared to
the model group. These results show that icaritin promoted
serum TPO expression in ITP mice.

3.3. Spleen Index. Figure 3 shows the results of the spleen
index. The spleen index in the model group was significantly
hypertrophied, and the spleen index increased significantly
compared to that in the control group (P <0.001). The
spleen index was significantly lower in the rhTPO-treated
group than in the model group (P < 0.001). The low, middle,
and high doses of icaritin-treated groups revealed signifi-
cantly lower spleen indexes (three P values < 0.001). These
results demonstrate that icaritin significantly improved the
symptoms of spleen hypertrophy in ITP mice.

3.4. Splenic Histopathology. Figure 4(a) shows the HE
staining results of the spleen. The number of megakaryocytes
in the spleen increased significantly in the model group
compared to the control group (P <0.001). The number of
megakaryocytes in the spleen was significantly lower in the
rhTPO-treated group than in the model group (P < 0.001).
The numbers of megakaryocytes in the spleen were also
significantly reduced (three P values < 0.001) in the three
icaritin-treated groups compared to the model group
(Figure 4(b)). Histopathology demonstrated that icaritin
significantly reduced the number of spleen megakaryo-
cytes in mice with ITP and improved the proliferation
of splenic megakaryocytes.

3.5. Femoral Histopathology. Figure 5(a) shows the HE
staining results of the femur. The number of megakaryocytes
in the bone marrow increased significantly in the model
group compared to the control group (P < 0.001). The num-
ber of bone marrow megakaryocytes was significantly lower
in the rhTPO-treated group than in the model group (P <
0.001). The low, middle, and high doses of icaritin-treated
groups revealed a significant reduction (three P values <
0.001) in the number of bone marrow megakaryocytes
compared to the model group (Figure 5(b)). Figure 5(c)
shows the femoral TPO immunohistochemistry. TPO
expression in the bone marrow increased significantly in
the model group compared to the control group (P <0.01).
TPO expression in the bone marrow was lower in the
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FIGURE 2: Icaritin promoted serum TPO expression in ITP mice.
Data are presented as mean+SEM (n=6 per group). One-way
ANOVA was used to analyze differences among the groups.
#P <0.05 versus control group; P <0.05 and **P <0.01 versus
model group.
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FIGURE 3: Icaritin alleviated splenomegaly in ITP mice. Data are
presented as mean+ SEM (n =10 per group). One-way ANOVA
was used to analyze differences among the groups. ###P <0.001
versus control group; ***P < 0.001 versus model group.

medium dose of the icaritin-treated group than in the model
group (P <0.05) (Figure 5(d)). Figure 5(e) shows the femur
MPL immunohistochemistry results. The number of MPL-
positive megakaryocytes in the bone marrow increased sig-
nificantly in the model group compared to the control group
(P <0.001). The number of MPL-positive megakaryocytes
decreased significantly in the bone marrow of the rhTPO-
treated group compared to the model group (P <0.001).
The number of MPL-positive megakaryocytes in the bone
marrow was significantly lower in the middle dose of the
icaritin-treated group than in the model group (P <0.01)
(Figure 5(f)). Figure 5(g) shows the results of p-Stat3
immunohistochemistry in the bone marrow. The number
of p-Stat3-positive megakaryocytes in the bone marrow
increased significantly in the model group compared to the
control group (P <0.001). The number of p-Stat3-positive
megakaryocytes increased significantly in the bone marrow
of the rhTPO-treated group compared to the model group
(P <0.01). The number of p-Stat3-positive megakaryocytes
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FIGURE 4: Icaritin improves the abnormal proliferation of megakaryocytes in the spleen of ITP mice. (a) HE staining of the spleen.
Black arrows indicate megakaryocytes. (b) Icaritin decreased the number of megakaryocytes in the spleen of ITP mice. Data are
presented as mean+ SEM (n=5 per group). Scale bar=50um, x200. One-way ANOVA was used to analyze differences among the
groups. ###P < 0.001 versus control group; ***P <0.01 versus model group.

in the bone marrow was lower in the icaritin high-dose
group than in the model group (P <0.05) (Figure 5(h)).
These results demonstrate that icaritin significantly reduces
the number of bone marrow megakaryocytes, improves
bone marrow megakaryocyte hyperplasia, downregulates
the expression of TPO and MPL protein, and inhibits the
expression of p-Stat3 in the JAK2/Stat3 signaling pathway
in ITP mice.

4. Discussion

Platelets are differentiated from megakaryocytes. One mega-
karyocyte can produce thousands of platelets [21]. Most ITP
patients exhibit bone marrow megakaryocyte hyperplasia
accompanied by abnormal megakaryocyte differentiation
and maturation. The spleen is the body’s largest immune
organ and produces anti-platelet autoantibodies and destroys
and stores platelets. The number, morphology, and maturity

of bone marrow and spleen megakaryocytes are important
indicators in determining disease efficacy [22].

Injection of antiplatelet serum (APS) is a common
passive immunization modeling method. The continuous
administration of exogenous antiplatelet serum to stimulate
the immune system to destroy peripheral platelets reduces
the platelet count. This modeling method simulates the
pathogenesis and clinical manifestation of human ITP auto-
immunity, and it is a simple model that exhibits good repeat-
ability and low cost; this model is widely used to evaluate the
efficacy of ITP [23]. The present study used a chronic sus-
tained ITP model in mice using guinea pig anti-mouse
platelet serum. Peripheral blood platelet parameters are
important indicators in the diagnosis and treatment of ITP
[22]. The present study used a continuous injection of GP-
APS, which resulted in greater platelet destruction in the
peripheral blood. PLT and PCT of mouse peripheral blood
decreased significantly with respect to the control group. This
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FIGURE 5: Icaritin is the active ingredient that improves the abnormal proliferation of megakaryocytes and invokes the TPO/MPL axis in the
bone marrow of ITP mice. (a) HE staining of the bone marrow. Black arrows indicate megakaryocytes. (b) Icaritin decreased the number of
megakaryocytes in the bone marrow of ITP mice. (¢) TPO immunohistochemical staining in the bone marrow. (d) Icaritin inhibited TPO
protein expression. (¢) MPL immunohistochemical staining in the bone marrow. (f) Icaritin decreased MPL protein expression in
megakaryocytes. (g) p-Stat3 immunohistochemical staining in the bone marrow. (h) Icaritin inhibited p-Stat3 protein expression in
megakaryocytes. Data are presented as the mean+SEM (n=3-5 per group). Scale bar =50 um, x200. One-way ANOVA was used to

analyze the difference among the groups. ##P < 0.01 and ###P < 0.001
model group.

difference was statistically significant, but there was no signif-
icant difference in the number of red blood cells, white blood
cells, or hemoglobin between groups, which is consistent
with the pathological appearance of human ITP blood and
indicates that the model was successfully prepared [22].
The number of platelets in the icaritin-treated group and
the rhTPO-treated group increased significantly, which
indicates that icaritin improved ITP.

Neonatal platelets are primarily stored in the spleen and
regulate the amount of platelets in peripheral blood. Antise-
rum injection resulted in spleen hyperplasia in the present
study, and treatment significantly reduced the degree of
spleen hypertrophy and protected platelets. HE staining-
detected changes are megakaryocyte and parallel megakaryo-
cyte numbers in the spleen and femur [24, 25]. The results
demonstrated that megakaryocytes in the spleen and bone
marrow of the model group increased significantly compared
to those of the control group, and a reduction in the produc-
tion of plate-type megakaryocytes was observed, which
indicates that ITP mice exhibited megakaryocyte prolifera-
tion and maturation disorders, which is consistent with the
pathological characteristics of human ITP [26]. These
observations may be due to decreased platelet levels in
peripheral blood, which resulted in a compensatory prolif-
eration of megakaryocytes in vivo. However, the presence
of antiplatelet antibodies affects the maturation and differ-
entiation of megakaryocytes. Icaritin treatment significantly
reduced megakaryocytes compared to the model group.
Megakaryocytes increased with respect to the control
group, which indicates that icaritin regulated the produc-
tion of megakaryocytes, improved bone marrow and spleen
megakaryocytic hyperplasia, and promoted the recovery of
the hematopoietic system.

TPO is a very important regulatory factor for the mega-
karyocyte proliferation, differentiation, and maturation and

versus control group; *P < 0.05, **P < 0.01, and ***P < 0.01 versus

platelet production. As a TPO receptor agonist, rhTPO was
considered a positive drug in this study, in order to evaluate
whether rhTPO and icaritin had similar effects in the treat-
ment of ITP. The combination of TPO and its unique specific
functional receptor MPL promoted the proliferation and
differentiation of megakaryocytes and hematopoietic stem
cells and maintained hematopoietic balance in the body.
The results of the present study show that serum TPO levels
decreased in the model group and TPO content significantly
increased in the icaritin-treated group. The interaction of
TPO/MPL affects megakaryocyte proliferation and differen-
tiation and the expression of TPO in serum [27]. TPO and
MPL form a complex that is internalized in megakaryocytes,
and the proteasome degrades the platelets. Therefore, platelet
levels decreased with the decrease in serum TPO levels in ITP
mice. The modeling method in the present study destroyed
the platelet counts in the peripheral blood, reduced the plate-
let count, increased the hematopoietic function of the bone
marrow, and compensated for the hyperplasia of megakaryo-
cytes in the model group. These results are consistent with
the literature [28-30]. The number of platelet counts in
peripheral blood increased in all icaritin-treated groups, bone
marrow TPO expression decreased, and bone marrow
megakaryocyte production decreased. Patients with acute
myelogenous leukemia (AML) with high MPL expression
exhibit low remission rates and poor prognosis and are prone
to other hematological diseases, which suggests that MPL
and TPO are associated with malignant hematopoietic cell
growth [31]. The results of the present study demonstrated
that MPL expression increased in the bone marrow of the
model group compared to the control group and MPL
decreased after drug administration. However, there was no
significant difference in MPL expression in the spleen (results
were not shown), which indicates that icaritin regulated
bone marrow TPO generation, promoted bone marrow
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MPL expression, and inhibited the growth of malignant
hematopoietic cells, and it also had no significant effect
on the spleen TPO/MPL-related pathway.

The binding of TPO to receptors stimulates JAK2 (Janus
kinase 2) phosphorylation, which phosphorylates the tyro-
sine residues at the distal end of the receptor and activates
intracellular signaling pathways. Stat3 (signal transducer
and activator of transcription) phosphorylates, forms dimers,
translocates to the nucleus, regulates gene transcription,
and regulates megakaryocyte and platelet production and
apoptosis [9]. The results of bone marrow immunohisto-
chemistry showed that the expression of p-Stat3 protein
was increased in bone marrow megakaryocytes after model-
ing and the expression of p-Stat3 protein was decreased after
administration, which indicates that platelets decreased after
modeling, the JAK2/Stat3 pathway was activated, and
megakaryocytes multiplied. JAK2/Stat3 pathway activation
decreased after icaritin administration.

5. Conclusions

In summary, our study confirmed that icaritin increased
PLT, PCT, and serum TPO levels, decreased the abnormal
proliferation of megakaryocytes in the bone marrow and
spleen, promoted platelet megakaryocyte formation, and
improved megakaryocyte maturation in ITP. Our study
confirmed that icaritin significantly ameliorated thrombocy-
topenia, promoted megakaryocyte proliferation, and facili-
tated the recovery of platelets and megakaryocytes of the
hematopoietic system. TPO, MPL, and p-Stat3 levels in the
bone marrow were measured for the first time in the ITP
mouse model. This study shows that icaritin increased
peripheral blood platelet counts in ITP mice and exhibited
advantages, such as ease of action, low dose, low cost, and
convenient administration, which make icaritin a promising
drug candidate.

Data Availability

The data used to support the findings of this study are
available from the corresponding author upon request.

Conflicts of Interest

The authors declare that there is no conflict of interest
regarding the publication of this paper.

Acknowledgments

This work was supported by the Science and Technology
Major Projects: Significant New Drug Creation (no.
20177X09101003-009-006), National Special Equipment
Development Program (no. 2013YQ030651-06), National
Natural Science Foundation of China (no. U1603128).

References

[1] S. Nagalla and R. Sarode, “Recent advances in under-
standing and management of acquired thrombocytopenia,”
F1000Research, vol. 7, p. 68, 2018.

[2] D. B. Cines, A. Cuker, and J. W. Semple, “Pathogenesis of
immune thrombocytopenia,” Presse Médicale, vol. 43, no. 4,
pp. €49-e59, 2014.

[3] M. P. Lambert and T. B. Gernsheimer, “Clinical updates in
adult immune thrombocytopenia,” Blood, vol. 129, no. 21,
pp. 2829-2835, 2017.

[4] J. Pruemer, “Epidemiology, pathophysiology, and initial
management of chronic immune thrombocytopenic pur-
pura,” American Journal of Health-System Pharmacy, vol. 66,
2 Supplement 2, pp. S4-S10, 2009.

[5] B. Wormann, “Clinical indications for thrombopoietin and
thrombopoietin-receptor agonists,” Transfusion Medicine
and Hemotherapy, vol. 40, no. 5, pp. 319-325, 2013.

[6] J. L. Abkowitz and J. Chen, “Studies of c-Mpl function distin-
guish the replication of hematopoietic stem cells from the
expansion of differentiating clones,” Blood, vol. 109, no. 12,
pp. 5186-5190, 2007.

[7] R. S. Makar, O. S. Zhukov, M. A. Sahud, and D. J. Kuter,
“Thrombopoietin levels in patients with disorders of platelet
production: diagnostic potential and utility in predicting
response to TPO receptor agonists,” American Journal of
Hematology, vol. 88, no. 12, pp. 1041-1044, 2013.

[8] A.E. Geddis, H. M. Linden, and K. Kaushansky, “Thrombo-
poietin: a pan-hematopoietic cytokine,” Cytokine & Growth
Factor Reviews, vol. 13, no. 1, pp. 61-73, 2002.

[9] J. G. Drachman, J. D. Griftin, and K. Kaushansky, “The c-Mpl
ligand (thrombopoietin) stimulates tyrosine phosphorylation
of Jak2, Shc, and c-Mpl,” The Journal of Biological Chemistry,
vol. 270, no. 10, pp. 4979-4982, 1995.

[10] A. E. Geddis, N. E. Fox, and K. Kaushansky, “Phos-
phatidylinositol 3-kinase is necessary but not sufficient for
thrombopoietin-induced proliferation in engineered Mpl-
bearing cell lines as well as in primary megakaryocytic
progenitors,” The Journal of Biological Chemistry, vol. 276,
no. 37, pp. 34473-34479, 2001.

[11] P.Rojnuckarin, J. G. Drachman, and K. Kaushansky, “Throm-
bopoietin-induced activation of the mitogen-activated protein
kinase (MAPK) pathway in normal megakaryocytes: role in
endomitosis,” Blood, vol. 94, no. 4, pp. 1273-1282, 1999.

[12] H. K. Kang, Y. H. Choi, H. Kwon et al, “Estrogenic/
antiestrogenic activities of a Epimedium koreanum extract
and its major components: in vitro and in vivo studies,”
Food and Chemical Toxicology, vol. 50, no. 8, pp. 2751-
2759, 2012.

[13] M. N. Islam, U. Kim, D. H. Kim, M. S. Dong, and
H. H. Yoo, “High-performance liquid chromatography-
based multivariate analysis to predict the estrogenic activity
of an Epimedium koreanum extract,” Bioscience, Biotechnol-
ogy, and Biochemistry, vol. 76, no. 5, pp. 923-927, 2014.

[14] J. S. Tong, Q. H. Zhang, X. Huang et al, “Icaritin causes
sustained ERK1/2 activation and induces apoptosis in human
endometrial cancer cells,” PLoS One, vol. 6, no. 3, article
el6781, 2011.

[15] C. Sun, J. Yang, L. Pan et al,, “Improvement of icaritin on
hematopoietic function in cyclophosphamide-induced mye-
losuppression mice,” Immunopharmacology and Immuno-
toxicology, vol. 40, no. 1, pp. 25-34, 2018.

[16] X.Lai, Y. Ye, C. Sun et al., “Icaritin exhibits anti-inflammatory
effects in the mouse peritoneal macrophages and peritonitis
model,” International Immunopharmacology, vol. 16, no. 1,
pp. 41-49, 2013.



10

(17]

(18]

(19]

(20]

[21]

(22]

(23]

[24]

[25]

(26]

(27]

(28]

[29]

(30]

(31]

F. Alves-Rosa, C. Stanganelli, J. Cabrera, N. van Rooijen, M. S.
Palermo, and M. A. Isturiz, “Treatment with liposome-
encapsulated clodronate as a new strategic approach in the
management of immune thrombocytopenic purpura in a
mouse model,” Blood, vol. 96, no. 8, pp. 2834-2840, 2000.

X. Lin, L. Yin, R. Gao et al., “The effects of panaxadiol saponins
on megakaryocytic maturation and immune function in a
mouse model of immune thrombocytopenia,” Experimental
Hematology, vol. 43, no. 5, pp. 364-373, 2015.

R. Sungaran, B. Markovic, and B. H. Chong, “Localization
and regulation of thrombopoietin mRNa expression in
human kidney, liver, bone marrow, and spleen using in situ
hybridization,” Blood, vol. 89, no. 1, pp. 101-107, 1997.

A. Gonzalez-Villalva, G. Pinon-Zarate, C. Falcon-Rodriguez
et al, “Activation of Janus kinase/signal transducers and
activators of transcription pathway involved in megakaryocyte
proliferation induced by vanadium resembles some aspects of
essential thrombocythemia,” Toxicology and Industrial Health,
vol. 32, no. 5, pp. 908-918, 2014.

J. N. Thon, A. Montalvo, S. Patel-Hett et al., “Cytoskeletal
mechanics of proplatelet maturation and platelet release,”
The Journal of Cell Biology, vol. 191, no. 4, pp. 861-874, 2010.

Y. T. Tang, P. He, Y. Z. Li et al., “Diagnostic value of platelet
indices and bone marrow megakaryocytic parameters in
immune thrombocytopenic purpura,” Blood Coagulation ¢
Fibrinolysis, vol. 28, no. 1, pp. 83-90, 2017.

J. W. Semple, “Animal models of immune thrombocytopenia
(ITP),” Annals of Hematology, vol. 89, Supplement 1, pp. 37-
44, 2010.

R. Aslam, R. Kapur, G. B. Segel et al, “The spleen dic-
tates platelet destruction, anti-platelet antibody production,
and lymphocyte distribution patterns in a murine model
of immune thrombocytopenia,” Experimental Hematology,
vol. 44, no. 10, pp. 924-930.e1, 2016.

K. R. Machlus, S. K. Wu, P. Vijey et al.,, “Selinexor-induced
thrombocytopenia results from inhibition of thrombopoietin
signaling in early megakaryopoiesis,” Blood, vol. 130, no. 9,
pp. 1132-1143, 2017.

F. Rodeghiero, R. Stasi, T. Gernsheimer et al., “Standardization
of terminology, definitions and outcome criteria in immune
thrombocytopenic purpura of adults and children: report from
an international working group,” Blood, vol. 113, no. 11,
Pp. 2386-2393, 2009.

F. Vianello, S. Vettore, F. Tezza et al., “Serum thrombopoietin
and cMpl expression in thrombocytopenia of different etiolo-
gies,” Hematology Reports, vol. 6, no. 1, 2014.

R. Borota, J. Borota, A. Belic, E. Gebauer, and N. Stefanovic,
“Clinical use of thrombopoietin (c-Mpl ligand),” Medicinski
Pregled, vol. 51, no. 11-12, pp. 501-508, 1998.

A. Mohamed, A. Ibrahim, M. El-Masry et al, “Ex vivo
expansion of stem cells: defining optimum conditions using
various cytokines,” Laboratory Hematology, vol. 12, no. 2,
pp. 86-93, 2006.

A. Nakeff and K. J. Roozendaal, “Thrombopoietin activity in
mice following immune-induced thrombocytopenia,” Acta
Haematologica, vol. 54, no. 6, pp. 340-344, 1975.

I. Vigon, F. Dreyfus, J. Melle et al., “Expression of the c-mpl

proto-oncogene in human hematologic malignancies,” Blood,
vol. 82, no. 3, pp- 877-883, 1993.

Mediators of Inflammation



	Icaritin Provokes Serum Thrombopoietin and Downregulates Thrombopoietin/MPL of the Bone Marrow in a Mouse Model of Immune Thrombocytopenia
	1. Introduction
	2. Materials and Methods
	2.1. Animals
	2.2. Preparation of Mice with ITP
	2.3. Animal Grouping and Treatment
	2.4. Blood Cell Count
	2.5. Determination of TPO in Serum Using the Enzyme-Linked Immunosorbent Assay
	2.6. Spleen Index
	2.7. Histopathological Examination of the Spleen and Femur
	2.8. Detection of TPO Expression Using Immunohistochemistry of the Femur [19]
	2.9. Detection of MPL Expression Using Immunohistochemistry of the Femur
	2.10. Expression of p-Stat3 Using Immunohistochemistry of the Femur
	2.11. Statistical Analysis

	3. Results
	3.1. Blood Cell Count Results
	3.2. Testing Serum TPO Levels Using ELISA
	3.3. Spleen Index
	3.4. Splenic Histopathology
	3.5. Femoral Histopathology

	4. Discussion
	5. Conclusions
	Data Availability
	Conflicts of Interest
	Acknowledgments

