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Decreased Wnt4 expression inhibits thymoma development
through downregulation of FoxN1
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Background: The Wnt signaling pathway controls the development of thymic epithelial cells by regulating
the expression of FoxN1. Thymoma is a type of malignant tumor arising from the thymic epithelial cells. To
determine whether Wnt4 and FoxNT1 are involved in the pathogenesis of thymoma, this study determined
the mRNA and protein levels of Wnt4 and Foxnl in thymoma, and analyzed the effect of thymoma cell
apoptosis and tumor growth in nude mice after Wnt4 and FoxIN1 downregulation.

Methods: Wnt4 and FoxIN1 mRNA and protein levels in thymoma tissues were analyzed by RT-qPCR and
immunohistochemistry, respectively. Thymoma cells were cultured and transfected with siRNA targeting
the Wnr4, JNK, and FoxN1 genes. Apoptosis of thymoma cells were analyzed after Wnt4 and FoxN1
downregulation. In addition, thymoma cells were inoculated into nude mice and tumor growth was analyzed.
Results: The rates of expression of Wnt4 and FoxN1 protein were 64.3% and 58.9%, while the levels of
mRNA expression were 2.560.04 and 1.83+0.11, respectively. With increasing malignancy of thymoma, the
rates of positivity for Wnt4 and FoxN1 mRNA and protein expression gradually increased. Upon interfering
with Wnt4, 7NK, and FoxN1 gene expression by using siRNA technology, the inhibition rates were 56.7%,
72.6%, and 63.2%, respectively. The expression of FoxN1 mRNA and protein was decreased after Wnt4
and 7NK downregulation. After downregulation of Wnr4 and FoxN1 gene expression, the apoptosis rate of
thymoma cells increased and the tumor volume decreased in nude mice.

Conclusions: High expression of Wnt4 and FoxIN1 may play an important role in the generation and
development of thymoma. The FoxN1 gene produced a marked downstream effect through the regulation of
Wnt4. Determining the positivity for both Wnt4 and FoxN1 can help us to evaluate the level of malignancy
of thymoma.
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Introduction by multiple signaling levels, and the transcription factor
forkhead box N1 (FoxN1) is the key regulator of this
process (1). FoxN1 expression is strongly regulated by the
for the development and selection of mature T cells. The wingless (Wnt) signaling pathway and bone morphogenetic
development of thymic epithelial cells (TECs) is regulated protein (BMP) signaling in TECs (2,3). Inhibition of the

The thymus provides a specialized microenvironment
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Whnt signaling pathway in TECs is a factor that initiates
thymic degeneration via the loss of FoxN1 expression (4).
The retroviral transfection of TEC lines to induce
overexpression of Wnt4 and Wnt5b was shown to
significantly increase Foxnl expression, while the specific
blocking of Wnt4 protein by Frizzled (Fz) receptors or of
endogenous Wnt signaling decreased FoxIN1 expression (5).
Recently, Kvell ez al. (6) discovered that Wnt4 is capable of
increasing the expression level of characteristic intracellular
(FoxIN1), surface (MHCII), and secreted (IL17) molecules,
and when Wnt/beta-catenin was inhibited by inhibitor of
beta-catenin and TCF-4 (ICAT), the expression of these
molecules was moderately decreased.

Thymomas are rare tumors arising from TECs; they
most commonly arise in the anterosuperior mediastinum,
with an incidence rate of approximately 2.5 per million
per year (7). The pathogenesis of thymoma is poorly
understood given the complexity of its pathological
features and the lack of basic research. Our preliminary
study showed activation of the Wnt4 signaling pathway
and the abnormal expression of FoxN1 in thymoma (8).
However, further study is required to prove whether the
regulatory relationship between the Wnt signaling pathway
and FoxN1 in thymoma is similar to that in the thymic
development process, and what role this relationship plays
in the pathogenesis of thymoma.

In this study, we initially examined Wnt4 and FoxN1
mRNA and protein expression in thymoma, and then
analyzed the correlation between them. Second, we
investigated the regulatory relationship between Wnt4
and FoxN1 and the effect on thymoma cell apoptosis of
downregulating their mRNA expression in thymoma cells
by siRNA. Finally, we studied the inhibition of thymoma
growth upon downregulating Wnr4 and FoxNI in an animal
experiment. We hope that our research will lead to new
therapeutic targets of thymoma.

Methods
Sample source and cell culture

Fifty-six thymoma samples were collected from patients who
had undergone surgery but had not received chemotherapy
or radiotherapy at Tianjin Medical University General
Hospital (Tianjin, China) in 2012 to 2015. These included
6 type A thymomas, 8 type AB thymomas, 10 type Bl
thymomas, 11 type B2 thymomas, 12 type B3 thymomas,
and 9 type C thymomas, according to the WHO histological
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classification, and 18 stage I, 22 stage II, 12 stage III, and
14 stage IV thymomas, according to Masaoka staging. The
ethics committee of Tianjin Medical University General
Hospital approved this study.

A human thymoma cell line named Thy0517 was derived
in vitro from a 50-year-old Chinese man who had an AB
type thymoma and myasthenia gravis (Patent Number:
Z1 2014 1 0312866.6, STPO of the P.R.C). This cell line
was maintained and cultured at Tianjin Medical University
General Hospital in DMEM supplemented with 10%
fetal bovine serum, 100 IU/mL penicillin, and 100 pg/mL
streptomycin, in a 37 °C, 5% CO, humidified atmosphere (9).

Immunobistochemical analysis of Wni4 and FoxN1
proteins in thymoma

Paraffin-embedded thymoma tissue sections (4 pm) were
deparaffinized, dehydrated, and subjected to antigen
retrieval with Tris-EDTA under high temperature and high
pressure for 3 min. Three sections from the same sample
were incubated with rabbit anti-human Wnt4 polyclonal
antibody (1:50 dilution; Abcam, Cambridge, UK) and goat
anti-human FoxN1 polyclonal antibody (1:50 dilution;
Abcam) and a PBS blank overnight at 4 °C. The sections
were incubated with goat anti-rabbit secondary antibody,
and then were stained with DAB and hematoxylin. Brown
granules were considered to represent a positive signal. We
scored the intensity of staining as follows: 0, no reaction
found; 1, weak staining; 2, moderate staining; 3, strong
staining, and the extent of staining as follows: 1, <25%;
2,25% to <50%; 3, 50% to 75%; 4, >75%. The product
of two results was greater than 3 for positive cases. The
average frequency of positive cells in five high-power fields
(x400) of each section was determined.

Real-time quantitative PCR (RT-qPCR) analysis of
thymoma Wnit4 and FoxN1 mRNA

RNA from thymoma tissue was extracted by homogenization
of tissue in TRIzol (Invitrogen-Life Technologies, Carlsbad,
CA, USA) solution, in accordance with the manufacturer’s
instructions. Total RNA (2 pg) was reverse-transcribed into
cDNA. ¢cDNA was amplified with SYBR Premix Ex Taq™
(Takara Biotechnology, Dalian, China). The sequences
of the PCR primer pairs for Wnt4, JNK, FoxN1, and
GAPDH were designed by GeneRunner, as shown in Tible 1
(Aoke Biological Technology LLC, Beijing, China). The
amplification was performed at 50 °C for 2 min and 95 °C
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Table 1 PCR primer pair sequences for human Wnt4, JNK,
FoxN1, and GAPDH

Gene name Primer sequence

Whnt4 Sense: 5'-ACCTGGAAGTCATGGACTCG-3'
Antisense: 5'-TCAGAGCATCCTGACCACTG-3'

JNK Sense: 5'-TTTGAGAAACTCTTCCCTGATG-3'
Antisense: 5'-ATTGATGTACGGGTGTTGGA-3'

FoxN1 Sense: 5'-AAGTGCTTCGAGAAGGTGGA-3'
Antisense: 5'-GGAGCCCAGCTTTTCTCTCT-3'

GAPDH Sense: 5'-TGGAGTCTACTGGCGTCTTC-3'

Antisense: 5'-TTCACACCCATCACAAACATG-3'

for 1 s for predenaturation; 40 cycles of 94 °C for 30 s for
denaturation, 56 °C for 15 s for annealing, and 72 °C for 10 s
for extension; followed by a final extension at 72 °C for 5 min.
The relative expression levels of target genes were

AMCq

determined using the 2777 method.

Construction and selection of Wnit4 siRNA, FNK siRNA,
and FoxN1 siRNA

For each of Wnr4, JNK, and FoxNI, three alternative
types of siRNA were designed by Shanghai Gene Pharma
Co., Ltd. (Shanghai, China). Cells were divided into five
groups for each of Wnt4, 7NK, and FoxNI as follows (n=6):
(I) control, no interference; (II) Lipo200, no siRINA; (III)
siRNA-1; (IV) siRNA-2; and (V) siRNA-3. Thymoma
cells were inoculated in six-well culture plates and grown
to 70% confluence before transfection. Five microliters
of siRNA was transfected for each siRNA group using
Lipofectamine™ 2000 (Invitrogen) for 6 h. Cells were
then cultured in DMEM with 10% FBS for 48 h and total
RNA was extracted for PCR. The relative expression levels
of Wnt4, JNK, and FoxNI mRNA were calculated and
compared with those before transfection in the same cell
line. The siRNA associated with the best inhibition was
selected for subsequent experiments.

RT-qPCR and western blot assay for FoxN1 mRNA and
protein expression after downregulating Wnt4 and FNK

Thymoma cells were divided into three groups for
determining FoxNI mRNA and protein expression after
downregulating Wnt4 and JNK as follows: (I) control, no
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interference; (II) Lipo200, no siRNA; and (III) siRNA,
siRNA transfection. Reactions were performed in triplicate.
Total RNA extraction and RT-qPCR analysis for FoxN1
mRNA were performed 48 h after transfection. FoxN1
protein was analyzed by western blotting using goat anti-
human FoxN1 polyclonal antibody (1:50 dilution, Abcam).

Annexin V-FITC/PI double staining and flow cytometry

Thymoma cells were divided into four groups (n=6)
as follows: control group, Lipo2000 group, Wnt4
downregulation group, and FoxN1 downregulation group.
Apoptosis was detected by flow cytometry with Annexin
V-FITC/PI (Chongqing Sanjian Biological Technology
Co., Ltd., Chongqing, China) double staining, which
distinguishes between apoptotic and dead cells based on
differential membrane staining. Different cells can be
distinguished from a four-quadrant diagram as follows:
normal live cells, Annexin V-/PI- (Q3); viable apoptotic
cells, Annexin V+/PI- (Q4); advanced apoptotic cells,
Annexin V+/PI+ cells (Q2); and dead cells, Annexin
V-/PI+ cells (Q1). We determined the percentage apoptosis
by statistical analysis of the Q4 data.

Transplantation and tumor growth in nude mice

Twenty-four BALB/c nude mice were divided into four
groups as follows: control group, Lipo2000 group, Wnt4
downregulation group, and FoxIN1 downregulation group.
The general condition of the nude mice was good after
breeding in a specific pathogen-free animal room for three
days. Thymoma cells were collected after transfection
and inoculated into the right armpit of nude mice on the
fourth day. The general condition and tumor growth of
the nude mice were observed after inoculation. Tumor
volume [V (mm’) = 0.5 x short diameter x long diameter’]
was measured and recorded every three days. After 4 weeks,
all nude mice were sacrificed and the tumor tissues were
weighed and sectioned for histological analysis.

Statistical analysis

The data are presented as mean = standard deviation
(SD). Statistical analysis was conducted using the 7-test for
paired samples, single-factor analysis of variance (one-way
ANOVA) for multi-group data, and Chi-square test for
categorical data. Spearman’s rank correlation was used to
analyze the relationship of Wnt4 and FoxN1. P values <0.05
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Whnit4 (400x)

FoxN1 (400x)

Figure 1 Immunohistochemistry of Wnt4 and FoxN1 in various
types of thymoma (x400). Wnt4-positive granules stain brown
in the cell membrane and cytoplasm. FoxN1-positive granules
are seen in the nucleus. Positive expression of Wnt4 and FoxIN1

protein was presented in various types of thymoma.

© Journal of Thoracic Disease. All rights reserved.

jtd.amegroups.com

1577

Table 2 Correlation analysis of Wnt4 and FoxN1 protein expression

FoxN1
Wnt4 re
+ -

P value

+ 27 9 0.438 0.001
- 6 14

*Spearman’s rank correlation analysis.

Table 3 Relationships between Wnt4 and FoxIN1 protein expression
and WHO histological classification of thymoma

WHO classification* n Wnt4 (+)* FoxN1 (+)*
Type A/AB thymoma 14 7 8
Type B1/B2/B3 thymoma 33 20 16
Type C thymoma 9 9 9

Thymomas were divided into three groups according to WHO
histological classification in order to reflect changes of the
malignant degree. Three groups were type A and AB thymoma,
type B1/B2/B3 thymoma and type C thymoma, respectively.
* x?=6.92; P=0.03; ®, x°=7.78; P=0.02.

were considered statistically significant. Data were
processed using SPSS 19.0 (IBM, Chicago, IL, USA).

Results
Wnt4 and FoxN1 protein expression in thymoma

The rate of positive staining of Wnt4 protein in thymoma
was 64.3% (36/56), when brown granules in the membrane
were considered to represent a positive signal. The
positive staining rate of FoxN1 protein in thymoma was
58.9% (33/56), when brown granules in the nucleus
were considered to represent a positive signal (Figure I).
A correlation between Wnt4 and FoxIN1 protein expression
(r=0.438, P=0.01, Table 2) was also identified.

There were also correlations between Wnt4 and FoxN1
protein expression and the WHO histological classification
of thymoma. With increased malignancy, the positive
expression rate for both proteins was higher (P<0.05,
Tuble 3). The same results were also obtained when using
Masaoka stages (P<0.05, Table 4).

Wnit4 and FoxN1 mRNA expression in thymoma

When six cases of normal thymus tissue were used as
controls, the relative expression levels of Wnr4 and FoxN1
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Table 4 Relationships between Wnt4 and FoxN1 protein expression
and Masaoka stages

Masaoka stages n Wnt4 (+)* FoxN1 (+)*
Stage | 18 8 6
Stage Il 22 14 12
Stage llI 12 11 11
Stage IV 4 3 4

", 1’=7.97; P=0.03; ¥, °=10.24; P=0.00.

I

B3 Type A/AB thymoma
€3 Type B1/B2/B3 thymoma
B Type C thymoma

w

*P=0.01
*P=0.02

N

Relative expression of mRNA
N

o

Wnt4 FoxN1

Figure 2 Relationships between Wnt4 and FoxNI mRNA
expression and WHO histological classification of thymoma.
Thymomas were divided into three groups according to WHO
histological classification in order to reflect changes of the
malignant degree. Three groups were type A and AB thymoma,
type B1/B2/B3 thymoma and type C thymoma, The relative
expression of Wnt4 mRNA in type B1/B2/B3 thymoma and type C
thymoma was higher than that in type A and AB thymoma
(P=0.01). The relative expression of FoxNI mRNA in type C
thymoma was higher than that in type A, AB and B1/B2/B3
thymoma (P=0.02).

* Stage |

EZ3 Stage Il
B3 Stage lll
D Stage IV

*P=0.02
*P=0.04

Relative expression of mRNA

Figure 3 Relationships between Wnt4 and FoxNI mRNA
expression and Masaoka stages. The relative expression of Wnr4

and FoxN1 mRNA was increased with increasing Masaoka stage

(P<0.05).
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Figure 4 The mRNA expression of Wnt4, 7NK, and FoxN1 after
candidate siRNA transfection. Agarose gel electropherogram of
Wnt4, JNK, and FoxNI mRNA expression showed that Wnt4-
siRNA-3, JNK-siRINA-1, and FoxN1-siRINA-3 effectively silenced
their expression. The average inhibition rates were 56.7%,
72.6%, and 63.2%, respectively (compared with the control
group). Therefore, these three siRNAs were used in subsequent

experiments.

mRNA in thymoma were 2.56+0.04 and 1.83+0.11, compared
with those in normal thymus (P<0.01). There were also
correlations between Wnt4 and FoxNI mRNA expression
and the WHO histological classification of thymoma. With
increased malignancy, the relative expression was higher
(P<0.05, Figure 2). The same results were also obtained when
using the Masaoka stages (P<0.05, Figure 3).

Screening of Wnt4 siRNA, JNK siRNA, and Foxnl siRNA

The mRNA expression was determined by semiquantitative
RT-PCR. Among the three alternative siRNAs for each
group, the one with the best interfering effect in the Wnt4
group was Wnt4-siRNA-3, for which the average inhibition
rate was 56.7%. The siRNA with the best interfering
effect in the 7NK group was JNK-siRNA-1, for which the
average inhibition rate was 72.6%. The siRNA with the
best interfering effect in the FoxNI group was FoxN1-
siRNA-3, for which the average inhibition rate was 63.2%
(Figure 4). Therefore, Wnt4-siRNA-3, JNK-siRNA-1, and
FoxN1-siRNA-3 were selected as the siRNAs with the best

interference effects and used in subsequent experiments.

The inhibitory effect on FoxN1 upon interfering with
Wnt4 and FNK expression in thymoma cells

After Wnt4-siRINA-3 had been transfected into the thymoma
cell line (Thy0517), the relative expression of Foxnl mRNA
decreased (0.42+0.19) compared with that in the Lipo2000

7 Thorac Dis 2017;9(6):1574-1583
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GAPDH after interfering
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FoxN 1 after interfering
with JNK

GAPDH after interfering
with JNK

Figure 5 FoxN1 mRNA and protein expression after siRNA
interference of Wnt4 and 7NK. These results indicate that Wnt4-
siRNA-3 or JNK-siRNA-1 could inhibit FoxN1 mRNA and protein
expression (A) Agarose gel electropherogram of FoxNI mRNA
expression after Wnt4-siRNA-3 or JNK-siRNA-1 transfection;
(B) relative expression of FoxNI mRNA expression after siRNA

transfection; (C) Western blot analysis of FoxN1 protein
expression after Wnt4-siRNA-3 or JNK-siRNA-1 transfection.
*, P<0.05 (compared with the control group).

group (0.87+0.10) and the control group (P<0.05, Figure
SA,B). In addition, after JNK-siRNNA-1 transfection, the
relative expression of Foxnl mRNA decreased (0.23+0.09),
compared with that in the Lipo2000 group (0.96+0.22) and
the control group (P<0.05, Figure 5A,B). Western blot results
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showed that the expression of FoxN1 protein in the siRNA
group was significantly lower than that in the control and
Lipo2000 groups after Wnt4-siRNA-3 or JNK-siRNA-1
transfection (Figure 5C). These results indicate that the
transfection of Wnt4-siRNA-3 or JNK-siRNA-1 could
inhibit FoxN1 mRNA and protein expression.

Detection of apoptosis after Wnit4 and FoxN1
downregulation by flow cytometry

The apoptosis rates in the Wnt4 downregulation group
and the FoxN1 downregulation group were 10.33%=0.51%
and 10.65%=0.55%, respectively, which were lower than
those in the control group (5.12%=0.23%) (P<0.01) and the
Lipo2000 group (5.58%:0.23%) (P<0.01). The Lip02000
group did not differ compared with the controls (P>0.05)
(Figure 6).

Tumor growth in nude mice

All nude mice were examined for tumor formation and the
speed of tumor growth on the third day after inoculation.
Nude mice were sacrificed at the end of 4 weeks after tumor
formation. The tumor volumes of the Wnt4 downregulation
group and the FoxN1 downregulation group were 1.97+0.57
and 1.99+0.51 cm’, respectively, compared with 3.44£1.21 cm’
in the control group (P=0.007), while the level was 2.77+0.57 cm’
in the Lipo2000 group (P=0.117 and 0.122). There was also
no significant difference in volume between the control
group and the Lipo2000 group (P=0.18). The weights
of tumor in the control group, Lipo200 group, Wnt4
downregulation group, and FoxIN1 downregulation group
were 2.1£0.67, 1.75:0.39, 1.4820.48, and 1.46:0.35 g,
respectively, which did not differ significantly (P>0.05)
(Figure 7). Immunohistochemical analysis of Wnt4 and
FoxN1 protein expression in tumor showed Wnt4 protein
diffusely expressed in FoxIN1 downregulation group, but not
in Wnt4 downregulation group. Whereas FoxN1 protein
was scarcely expressed in these two groups (Figure §).
This indicated that siRNA interfered Wnt4 and FoxN1
successfully.

Discussion

Wnt4 and FoxN1 are expressed in thymic epithelial cells.
They play a key role in the development of the thymus,
and their expression decreases during or after thymic
atrophy (10,11). The overexpression of Wnt4 and FoxN1
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Figure 6 The apoptosis rate after Wnt4 and FoxN1 downregulation. (A) Plot of flow cytometry results. Cells in Q1 are dead cells, cells in

Q2 are undergoing advanced apoptosis, cells in Q3 are normal live cells, and cells in Q4 are viable apoptotic cells. (B) Apoptosis in each

group. Compared with the control group and Lipo2000 group, *, P<0.05.

may affect thymic atrophy or promote the proliferation of
thymic epithelial cells, leading to thymoma development.
Nonaka and colleagues characterized FoxN1 protein
expression by an immunohistochemical assay in 58 cases
of thymoma and 17 cases of thymic carcinoma. FoxN1 was
diffusely expressed in the nucleus in all cases of type B and
AB thymoma and in all but one case of type A thymoma,
whereas the expression was generally focal in thymic
carcinoma (76%) (12). Weissferdt characterized FoxN1
protein expression in 65 cases of thymic carcinoma and
obtained similar results, with the rate of FoxN1 positivity
being 68% (13). Wnt4 has also been reported to play a
role in the pathogenesis of breast cancer and hepatocellular
carcinoma (14,15), but its expression in thymoma has
seldom been reported.

Our results showed that thymoma not only exhibited
abnormal expression of Wnt4 and FoxN1 mRNA and
protein, but also that their expression levels increased with
increasing WHO histological thymoma classification and
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Masaoka stage. The WHO classification and Masaoka
stage reflect the degree of malignancy and the prognosis
of thymoma to a certain extent, so our findings suggest
that the expression levels of Wnt4 and FoxN1 are related
to the malignancy and prognosis of thymoma. In addition,
Wnt4 and FoxN1 protein expression levels were positively
correlated, indicating that they may present some
relationship in thymoma.

Both Wnt4 and FoxN1 are required for thymic
epithelial patterning, differentiation, and proliferation;
specifically, FoxN1 induces these processes under the
control of Wnt4 (16). Thymic epithelial Wnt4 secretion
and FoxN1 expression were also reported to decrease
with thymic senescence (17). We used the thymoma cell
line Thy0517 to study the relationship between Wnt4
and FoxN1 in thymoma in vitro. Our previous study
suggested that Wnt4 plays a role in thymoma through a
non-classical pathway mediated by JNK, rather than the
classical pathway mediated by B-catenin. Therefore, in this

7 Thorac Dis 2017;9(6):1574-1583
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Figure 7 Results of tumor growth in nude mice. (A) Photograph
showing tumor development in nude mice of the four groups
after 4 weeks, confirming successful transplantation of human
thymoma cells into the animal models; (B) photograph comparing
thymoma removed from nude mice of the four groups after 4 weeks;
(C) growth rate curves showing the increase in tumor volume with
time. The orange curve for the Wnt4 downregulation group and the
green curve for the FoxN1 downregulation group indicate slower
growth, compared with that in the control and Lipo2000 groups.
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study, we inhibited Wnt4 and 7NK gene expression by siRINA
interference. With the decrease of Wnt4 and 7NK expression,
the expression of FoxN1 mRNA and protein decreased. This
showed that Wnt4 plays a role in regulating FoxN1, and that
the Wnt4 gene is upstream of FoxN1 in thymoma, exerting its
effect by regulating the expression of FoxIN1 downstream of it.

During the development of the thymus, normal expression
levels of Wnt4 and FoxN1 are critical for maintaining
the balance between TEC proliferation and apoptosis;
activation of the Wnt4 signaling pathway has also been
shown to promote TEC proliferation (18,19). Therefore,
downregulation of the high expression of Wnr4 and FoxN1
in thymoma cells could inhibit tumor growth and promote
cell apoptosis. We confirmed this using an apoptosis assay by
applying flow cytometry and tumor inoculation in nude mice.
The experimental results showed that the downregulation of
Wnt4 and FoxNI promoted the apoptosis of thymoma cells and
reduced the tumor volume. However, the apoptosis rate was
still too low to be considered to have a substantial therapeutic
effect, at only about 15%, and the weight of the tumor was
not impacted too markedly. Therefore, we assumed that there
are other signaling pathways that affect the proliferation
and apoptosis of thymoma, and that the inhibition of Wnt4-
FoxN1 alone can only play a small role in restraining thymoma
growth.

In conclusion, the overexpression of Wnt4 and FoxIN1 was
found in each type of thymoma, and their expression levels were
found to correlate with the malignancy of thymoma. Wnt4 was
also correlated with FoxN1 expression. As an upstream factor,
the Wnt4 signaling pathway can regulate the expression of
FoxNT1 at the gene and protein levels. In addition, the apoptosis
of thymoma cells increased and tumor growth was inhibited
after the downregulation of Wnt4 and FoxN1. This study sheds
some light on the pathogenesis of thymoma development and
provides a theoretical basis for treating thymoma using Wnt4
and FoxNT1 as targets.
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Figure 8 Immunohistochemical analysis of Wnt4 and FoxIN1 protein expression in tumor of nude mice (x400). (A) Wnt4 protein expression

in Wnt4 downregulation group; (B) FoxN1 protein expression in Wnt4 downregulation group; (C) Wnt4 protein expression in FoxN1

downregulation group; (D) FoxN1 protein expression in FoxN1 downregulation group. Wnt4 protein was diffusely expressed in FoxN1

downregulation group (C), but not in Wnt4 downregulation group (A), whereas FoxN1 protein was scarcely expressed in these two groups (B,D).
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