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STAT1 as a potential therapeutic target
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Abstract: Background: Previous studies have reported that STAT1 (Signal Transducer and Activator of Transcription
1) is associated with multiple tumor progression. This study aimed to investigate the role and related mechanisms
of STAT1 in bladder cancer. Methods: STAT1 expression in bladder cancer tissues and human bladder cancer cell
lines was assessed by reverse transcription-quantitative polymerase chain reaction (RT-qPCR). The bladder cancer
cell line T24 was transfected with overexpressing lentivirus targeting STAT1. Cell proliferation, invasion, and apop-
tosis were measured by Cell Counting Kit-8, Transwell assays, and flow cytometric analysis. Furthermore, RNA-Seq
was performed to identify the downstream signaling pathways. Finally, the signaling pathway-related molecules
were determined by RT-gPCR and western blot assays. Results: The overexpression of STAT1 inhibited bladder
cancer cell proliferation and invasion while enhancing apoptosis. Moreover, the overexpression of STAT1 in bladder
cancer cells delayed tumor tumorigenesis in vitro. Mechanistically, RNA-Seq analysis revealed that the JAK-STAT
signaling pathway was up-regulated, especially SOCS1 (suppressor of cytokine signaling 1) and SOCS3 (suppres-
sor of cytokine signaling 3) in STAT1-sufficient cells. Conclusions: These results indicate the potential of STAT1 as a
therapeutic target in bladder cancer.
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Introduction This study revealed a correlation between the
STAT1 gene, a member of the STAT family, and
bladder cancer. The STAT family is a group of
transcription factors that play a crucial role in
cell signaling, especially in response to cyto-
kines and interferons. The STAT family consists
of seven members, STAT1, STAT2, STAT3, STAT4,
STATH5A, STAT5B, and STAT6 [9, 10]. Among

them, STAT1 is an important cell signaling pro-

Bladder cancer has a high prevalence world-
wide and is one of the most common urological
cancers [1]. The incidence of bladder cancer is
higher in men than in women. Moreover, smok-
ing, age, gender, and occupational exposure
have been found to be causative factors of
bladder cancer, with smoking being one of the
major risk factors [2, 3]. Bladder cancer is cat-

egorized into two main types, namely non-mus-
cle invasive bladder cancer and muscle-inva-
sive bladder cancer [4, 5]. The main symptoms
include hematuria, urinary frequency, urgency,
dysuria, and lower abdominal pain [4, 6]. These
symptoms may be caused by the tumor in the
bladder compressing or irritating the mucosal
tissues. Bladder cancer is a serious disease,
and early detection and treatment are essen-
tial to improve survival [7, 8].

tein participating in the immune system and
apoptosis. The JAK-STAT pathway is an essen-
tial cell signaling pathway involved in the regula-
tion of cell proliferation, differentiation, apopto-
sis, and immune response [11]. STAT1 is a key
member of the JAK-STAT pathway and plays
a pivotal role in interferon signaling, which is
particularly relevant to the study of cancer,
immune-related diseases, and inflammatory
diseases [12, 13].
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SOCS1 and SOCS3 are members of the SOCS
family, which are key negative feedback regula-
tors of cellular signaling and inhibit the cytokine
signaling pathway to maintain immune homeo-
stasis and prevent excessive immune response
[14-16]. SOCS1 and SOCS3 are negative feed-
back regulators of the JAK-STAT pathway, which
is involved in cell signaling; however, excessive
or sustained activation may lead to undesirable
effects [17]. Hence, SOCS1 and SOCS3 main-
tain the homeostasis of the pathway by inhibit-
ing JAK-STAT signaling.

This study hypothesized that the STAT1 gene
affects bladder cancer progression by regulat-
ing the JAK-STAT pathway, thereby influencing
the expression of SOCS1 and SOCS3 genes.

Methods
Human tissue samples

Ten samples of cancer tissues and ten samples
of pericarcinoma tissues were collected in the
Second Affiliated Hospital of Kunming Medical
University. Informed consent was obtained
from all participating individuals. This study
was approved by the Ethics Committee of the
Second Affiliated Hospital of Kunming Medical
University.

RNA extraction and real-time PCR

Total RNA was extracted from cells and tissues
using the RNA Rapid Extraction and Purification
Kit (TIANGEN, China), and the Reverse Tran-
scription Kit (TaKaRa, Japan) was utilized to
generate cDNA. cDNA was reverse transcribed
by using the Super SYBR Green RT-qPCR
Master Mix reagent (Vazyme, China), and gene
expression was calculated using the 2-AA Ct
method with GAPDH as an internal reference.
The primer sequences are summarized in

Supplementary Table 1.

Cell culture

Human ureteral epithelial immortalized cells
(SV-HUC-1) and bladder cancer cell lines (5637,
T24) were purchased from Procell Life Science
& Technology. Human ureteral epithelial immor-
talized cells (SV-HUC-1) were maintained in
Ham’s F-12K medium (Hyclone, USA), and the
nuclei of 5637 cells T24 cells were maintained
in RPMI-1640 medium (Hyclone, USA) supple-
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mented with 10% fetal bovine serum (Hyclone,
USA) and 1% penicillin and streptomycin
(Hyclone, USA) 37°C, 5% CO,,.

Vector construction and stable transfection

The overexpression lentivirus, control lentivi-
rus, and small interfering si-STAT1 used in this
experiment were designed and constructed by
OBIO (Shanghai, China). The sequence of STAT1
gene was summarized in Supplementary Table
2. T24 cells were infected with the STAT1 over-
expression lentivirus and a control lentivirus for
72 hours, and the cells that were not effectively
infected were killed by adding and maintaining
1 ug/mL of puromycin (Hyclone, USA), resulting
in a strain with stable expression that was ulti-
mately maintained by puromycin.

Cell Counting Kit-8 (CCK-8) assay

The cell density was adjusted to 3x1074 cells/
ml, and 0.1 ml of cell suspension was dis-
pensed into 96-well plates, setting up 5 repli-
cate wells per group. The cells were incubated
at 37°C with 5% CO,. After 24 h, 48 h, and 72
h, the supernatant was removed and each well
was washed. Subsequently, a mixture of 10 pl
of CCK-8 reagent (Beyotime, China) and 90 ul
of complete medium (Beyotime, China) was
added. The mixture was incubated for 2 h in
CO, and the absorbance (OD) of the cells in
each well was measured at 450 nm.

Cell flow cytometry analysis

The cell suspension was collected and the cells
were lysed. Fluorescently labeled annexin
V-IF647 (Servicebio, China) were added accord-
ing to the recommended dosage in the instruc-
tion manual, and the solution was mixed and
incubated at 4°C under darkness for 30 min-
utes. An appropriate amount of cell staining
buffer (or PBS containing 1% BSA) was added
to resuspend the cells; the cell suspension was
centrifuged at 300 g for 5 min, and the super-
natant was discarded. Subsequently, 0.2 mL of
cell staining buffer (or PBS containing 1% BSA)
was added to resuspend the cells, which were
detected and analyzed by flow cytometry.

Transwell cell invasion assay

About 150 to 200 pL of cell suspension (5x10°
cells/mL) was added to the upper chamber and
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incubated for 24 hours. The non-migrating cells
in the chamber were removed with a cotton
swab and the membrane was fixed with metha-
nol and stained with crystal violet. Then, the
number of cells that migrated was counted
under a microscope.

Antibodies and western blot

Cells were lysed with RIPA lysis buffer. Protein
concentration was determined by the BCA
method (Pierce). Protein samples were pre-
pared in a 4x Sampling Buffer (Invitrogen, USA)
at the desired concentration and the samples
were denatured (95°C, 5 min). Aliquots of pro-
tein were separated using sodium dodecyl sul-
fate-polyacrylamide gel electrophoresis (SDS/
PAGE) and transferred onto polyvinylidene diflu-
oride (PVDF) membranes (Bio-Rad, Hercules,
CA, USA). The membranes were blocked with
5% skim milk and sequentially incubated with
specific antibodies. Finally, chemiluminescent
substrates (ECL) were used for visualization,
and the grayscale bands of proteins were
quantified using Imagel) software. Antibodies
against STAT1 (1:1000), SOCS1 (1:1000),
SOCS3 (1:1000), GAPDH (1:1000), and B-actin
(1:2000) were purchased from Cell Signaling
Technologies (CST, USA).

RNA-seq

Total RNA was isolated using TRIzol reagent
(Invitrogen, USA) from Normal Control cells
and over-expressed cells. The RNA unity was
evaluated by Bioanalyzer 4200 (Agilent, USA).
The RNA samples were processed for RNA
library generation using llluminaTruSeq RNA
Sample Prep Kit (Cat #FC-122-1001). In addi-
tion, the 2x150 bp paired-end sequencing
(PE150) was performed on the NovaSeq 6000
(LC-Bio Technology CO., Ltd., Hangzhou, China).
Differentially expressed gene (DEG) analysis
was performed between the two groups using
the DESeq R package (1.18.1) with the criteria
|log2(FoldChange)|>1 and adjusted P value
<0.05. Gene Ontology (GO) and KEGG enrich-
ment were implemented by using R package
software.

Data analysis

Experiments were conducted in triplicate in
this study, and quantitative data were ex-
pressed as mean = SD. Statistical analyses
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were performed using GraphPad Prism 8 soft-
ware (GraphPad Software, Inc., La Jolla, CA,
USA) using one-way ANOVA or t-test. Significance
levels at *P<0.05, **P<0.01, ***P<0.001, and
****%P<(0.0001 are indicated in the graphs.
Non-significant results are indicated by “ns”.

Results

Expression of STAT1 in bladder cancer patients
and bladder cancer cell lines

In this study, 10 samples of bladder cancer
and their corresponding paracancerous tissues
were collected for RT-qPCR experiments. Sig-
nificantly reduced expression levels of STAT1
were observed in these samples compared
with the paracancerous tissues (Figure 1A).
This finding may indicate that STAT1 is involved
in the pathogenesis and development of blad-
der cancer.

Low STAT1 expression was found in bladder
cancer tissues and cells, which are required
for bladder cancer cell proliferation. Based on
the above experimental results, RT-gPCR was
performed to validate the expression level of
STAT1 in bladder cancer cell lines (5637, T24)
and human ureteral epithelial immortalized
cells (SV-HUC-1) (Figure 1B). The experimental
results revealed a significant differential ex-
pression in STAT1 in T24 cells, which showed
the lowest expression levels among the evalu-
ated cell lines. Therefore, T24 cells were sele-
cted for subsequent studies. These results
emphasize the differential expression of STAT1
in bladder cancer cells, especially in T24 cells,
and provide a strong basis for further studies.
This may suggest the important role of STAT1 in
the pathogenesis and development of bladder
cancer, which is worthy of further study and
research.

Overexpression of STAT1 in T24 cells

In this study, T24 cells were transfected with
the STAT1-overexpressing lentivirus, and a sta-
ble cell line was successfully constructed.
Western blot experiments detected a signifi-
cant increase in the STAT1 protein expression
level in samples transfected with the overex-
pression lentivirus (OE), indicating that STAT1
had been successfully overexpressed (Figure
1C, 1D). These results indicated the successful
overexpression of STAT1 protein in T24 cells,
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Figure 1. STAT1 expression in patients and in bladder cancer cell lines. A. STAT1 mRNA levels in bladder cancer samples. B. STAT1 mRNA levels in cell lines. C, D.
Western blot analysis of bladder cancer cell lines showing STAT1 protein overexpression (*P<0.05, ****P<0.0001).
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Figure 2. STAT1 overexpression suppresses T24 cell proliferation and invasion, and promotes apoptosis. A. T24 cells
were subjected to CCK-8 assays. B. Transwell cell invasion assay was used to detect the invasive ability of T24 cells
(100x magnification). C. Flow cytometric apoptosis assay was used to detect the apoptosis rate of T24 cells.

enabling further investigation of the function
and role of STAT1 in bladder cancer. The STAT1
overexpressing T24 cells were applied to ex-
plore the potential role and mechanism of
STAT1 in bladder cancer development.

Overexpression of STAT1 inhibits the prolifera-
tion and invasion while promoting the apopto-
sis of T24 cells

The biological role of STAT1 was studied in
CCK-8 experiments, which showed that overex-
pression of STAT1 significantly inhibited the
proliferation ability of T24 cells. These findings
suggested that overexpression of STAT1 exerts
an inhibitory effect on T24 cells. STAT1 may
play a negative regulatory role in T24 cell prolif-
eration (Figure 2A). Moreover, overexpression
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of STAT1 exerted an inhibitory effect on T24 cell
invasion, suggesting that high expression of
STAT1 plays an important role in inhibiting cell
invasion. These results emphasized the impor-
tance of STAT1 in T24 cells for cell invasion, and
high expression of STAT1 may have an inhibito-
ry effect on cell invasion (Figure 2B). Further-
more, apoptosis was significantly increased in
T24 cells overexpressing STAT1, indicating that
overexpression of STAT1 promotes apoptosis in
T24 cells (Figure 2C).

Overexpression in STAT1 activated the JAK-
STAT signaling pathway

Global transcriptome changes caused by STAT1

overexpression were investigated by analyzing
mMRNA expression from the T24-STAT1-OE cells
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Figure 3. Analysis of RNAseq data from STAT1 overexpression of T24 cells. A, B. Volcano and bar plot of 173 dif-
ferentially expressed genes between NC cells and STAT1-overexpressing cells. C. GO enrichment analysis of upregu-
lated and downregulated genes. D. KEGG pathway enrichment analysis of upregulated and downregulated genes

(*P<0.05, ***P<0.001, ****P<0.0001).

(OE group) and T24-STAT1-OE-NC cells (OE-NC
group) using RNAseq. The significance thresh-
olds log fold change in absolute value |log-
2FC|>1 and P<0.05 were set for the analysis.
Based on these criteria, 513 differentially
expressed genes between the STAT1 overex-
pressing cells and the normal control cells, of
which 406 genes were significantly up-regulat-
ed and 107 genes were significantly down-regu-
lated (Figure 3A, 3B).

The differentially expressed genes were sub-
jected to GO enrichment analysis, revealing that
the 513 differentially expressed genes were
mainly associated with type | interferon signal-
ing, extracellular region, extracellular space,
cytokine activity, extracellular matrix organiza-
tion, cellular response to lipopolysaccharide,
growth factor activity, etc. (Figure 3C). KEGG
enrichment analysis indicated that the genes
were mostly associated with the JAK-STAT sig-
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naling pathway, prostate cancer, pertussis,
influenza A, AGE-RAGE signaling pathway in dia-
betic complications, EGFR tyrosine kinase
inhibitor resistance, complement and coagula-
tion cascades, bladder cancer, and other path-
ways (Figure 3D). Among them, the JAK-STAT
signaling pathway showed the strongest corre-
lation (P<0.005).

Cluster analysis of the genes related to the JAK-
STAT signaling pathway showed that the expres-
sion of SOCS1 and SOCS3 was up-regulated
following the up-regulation of STAT1 (Figure
4A). These results were further verified by
RT-gPCR, revealing that the expression of
SOCS1 and SOCS3 was also up-regulated in
the STAT1 overexpression group (OE group)
(Figure 4B, 4C). The WB experiment also indi-
cated that the expression of SOCS1 and SOCS3
in the STAT1 overexpression group (OE group)
was higher than that in the normal group (OE-

Int J Clin Exp Pathol 2024;17(9):298-307
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Figure 4. STAT1 overexpression induced tumor promotion in T24 cells via the JAK-STAT pathway. A. Heatmap show-
ing the differentially expressed genes in the JAK-STAT signaling pathway. B, C. RT-gPCR validation of SOCS3 and
SOCS1 mRNA expression in NC cells and over-expressed cells. D-F. SOCS3 and SOCS1 expression in NC cells and
over-expressed cells detected by western blotting (*P<0.05, ***P<0.001, ****P<0.0001).

NC group) (Figure 4D-F). The JAK-STAT signaling
pathway was found to be up-regulated, with the
upregulation of the STAT1 gene also affecting
the upregulation of SOCS1 and SOCS3 in
STAT1-sufficient cells.

Therefore, STAT1 was hypothesized to inhibit
the progression of bladder cancer by upregulat-
ing SOCS1 and SOCS3 in the JAK-STAT signal-
ing pathway.

Discussion

STAT1 is an important signaling protein that is
involved in a variety of cellular signaling path-
ways, including those related to apoptosis [18].
Previous studies have shown that STAT1 is
associated with the progression of various
tumors. For example, STAT1 inhibits the tran-
scriptional activity of TRIM21 in gastric cancer,
thereby acting as a cancer suppressor [19-21].
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However, the function of STAT1 in bladder can-
cer remains elusive. In this study, bladder can-
cer samples were collected and analyzed by
RT-gPCR, showing low expression of the STAT1
gene in bladder cancer tissues. Therefore, low
expression of the STAT1 gene was hypothesized
to be correlated with bladder cancer occur-
rence. Next, the function of STAT1 in the pro-
gression of bladder cancer was explored using
STAT1 over-expressed cells in vitro.

The CCK8 assay verified that up-regulation of
STAT1 inhibited the proliferation of T24 cells,
indicating that low expression of STAT1 may
increase the proliferative activity of tumor cells.
The expression of the STAT1 gene was nega-
tively correlated with the proliferation of T24
tumor cells; hence, up-regulation of the STAT1
gene might reduce the proliferation of tumor
cells. Next, the apoptosis of T24 cells upon
overexpression of the STAT1 gene was detected

Int J Clin Exp Pathol 2024;17(9):298-307
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by Annexin V-IF647 assay. The results indicated
significantly increased apoptosis of T24 cells in
the overexpression group compared with the
control group. STAT1 may play an important
role in maintaining the balance between cell
survival and apoptosis. Furthermore, the
results of the Transwell assay showed that the
invasive effect of T24 cells in the overexpres-
sion group was attenuated, suggesting that the
invasiveness of T24 cells is related to the
expression of the STAT1 gene. The reduction of
T24 cell invasiveness may inhibit tumor spread,
which is positively impacted for the treatment
of bladder cancer. Our data demonstrated the
tumor-inhibiting function of STAT1 in bladder
cancer, suggesting that targeting STAT1 might
be a potential approach for preventing bladder
tumorigenesis and progression.

STAT1 overexpression was analyzed in bladder
cancer cell lines by RNASeq to explore the
mechanism underlying the inhibitory effects of
STAT1 on carcinostasis. The data showed that
the JAK-STAT pathway was notably upregulated
when STAT1 was overexpressed. Further bioin-
formatics analysis revealed that the genes
SOCS1 and SOCS3 were strongly associated
with the JAK-STAT pathway. RT-gPCR and WB
experiments confirmed an increased expres-
sion of SOCS1 and SOCS3 following STAT1 over-
expression. Therefore, the anti-cancer effect of
STAT1 was hypothesized to be mediated by the
up-regulation of SOCS1 and SOCS3 expres-
sion, thereby up-regulating the JAK-STAT signal-
ing pathway.

Signal transduction and activators of transcrip-
tion (STATs) are a potential class of cytoplasmic
transcription factors. Activation of STAT pro-
teins is mediated primarily by conserved tyro-
sine phosphorylation of serine residues in their
c-terminal transactivation domains via Janus
kinases (JAKs) and mitogen-activated protein
kinases (MAPKs), which allow activated STAT to
dimerize and translocate to the nucleus [22]. In
addition, STAT proteins play important roles in
mediating a wide range of biological processes
such as cell proliferation, survival, apoptosis,
and differentiation by regulating the expression
of target genes. Among the members of the
STAT family, growing evidence indicates that
STAT1 plays a key role in various forms of cell
death [23-25]. The role of STAT1 in the biologi-
cal process of apoptosis may serve as a target
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for tumor therapy. Furthermore, the Janus
kinase (JAK)/signal transducer and activator of
transcription (STAT) signaling pathway has been
shown to be involved in the cellular process of
tumorigenesis and is regulated by a variety of
cytokines, interferons, and growth factors [26,
27]. Bladder cancer is a common urological
tumor, and its pathogenesis involves multiple
genetic and molecular factors. This study inves-
tigated the potential role of the STAT1 gene in
the development of bladder cancer. Hong et al.
[28] showed that STAT1 was associated with
carcinostasis of bladder cancer, which is con-
sistent with this study.

Moreover, the SOCS1 and SOCS3 genes have
been shown to be tumor suppressors, and their
deletion may activate oncogenic signaling path-
ways [29]. Most cytokines transmit signals,
often using Janus kinases/activators of signal
transduction and transcriptional pathways to
regulate various cell biological processes [30].
However, the activation of this signaling path-
way is also negatively regulated, which is mainly
achieved by the suppressor of cytokine signal-
ing (SOCS) proteins. SOCS proteins play an
essential role in inhibiting excessive or persis-
tent signaling, of which SOCS1 and SOCS3 are
two important members. These SOCS proteins
maintain the signaling balance by negatively
regulating the Janus kinase/STAT signaling
pathway through various mechanisms [31-34].
Meanwhile, the STAT1 gene is an important
component of this pathway, which plays a key
role in cytokine signaling and transcriptional
pathways. Hence, STAT1 is closely linked to
SOCS1 and SOCS3, which are collectively invo-
Ived in regulating the balance of cell signaling
and cellular biological processes. This interac-
tion maintains the appropriate level of signaling
within the cell, ensuring normal cell function
and survival. These reports are consistent with
our research.

Nevertheless, the limitations of the present
study should be acknowledged. First, the study
only confirmed the association between STAT1
and cancer cell proliferation, invasion, apoptot-
ic progression, and metastasis; however, other
biological processes, including the cell cycle,
were not validated. In addition, this research
did not examine the precise ways in which
STAT1 is involved in the tumor microenviron-
ment. Transgenic animal models should be
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used in future studies to better investigate the
exact molecular mechanism of STAT1 in can-
cer suppression. In summary, our work found
that STAT1 can control tumor progression and
exerts anti-cancer functions in many malignant
tumors. This finding suggests that STAT1 may
be a potential target related to the progression
of bladder cancer.
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Supplementary Table 1. List of primers for RT-gPCR

Gene name Primers of qPCR
STAT1 F: 5’-CAGCTTGACTCAAAATTCCTGGA-3’
R: 5’-TGAAGATTACGCTTGCTTTTCCT-3’
SOCS1 F: 5’-GACGCCTGCGGATTCTAC-3’
R: 5’-AGCGGCCGGCCTGAAAG-3’
SOCS3 F: 5’-CTTTACCACCGACGGAACCT-3’
R: 5’-GAACTCCCGAATGGGTCCAG-3’
GAPDH F: 5’-AGAAGGCTGGGCTCATTTG-3’

R: 5’-AGGGGCCATCCACAGTCTTC-3’

Supplementary Table 2. The sequence of STAT1 gene

Gene name

Sequence (5’-3)

STAT1

CAGAGCTCGTTTAGTGAACCGTCAGATCGAATTCGCCACCATGTCTCAGTGGTACGAACTTCAGCAGCTT-
GACTCAAAATTCCTGGAGCAGGTTCACCAGCTTTATGATGACAGTTTTCCCATGGAAATCAGACAGTACCTG-
GCACAGTGGTTAGAAAAGCAAGACTGGGAGCACGCTGCCAATGATGTTTCATTTGCCACCATCCGTTTTCAT-
GACCTCCTGTCACAGCTGGATGATCAATATAGTCGCTTTTCTTTGGAGAATAACTTCTTGCTACAGCATAACATA-
AGGAAAAGCAAGCGTAATCTTCAGGATAATTTTCAGGAAGACCCAATCCAGATGTCTATGATCATTTACAGCT-
GTCTGAAGGAAGAAAGGAAAATTCTGGAAAACGCCCAGAGATTTAATCAGGCTCAGTCGGGGAATATTCAGAG-
CACAGTGATGTTAGACAAACAGAAAGAGCTTGACAGTAAAGTCAGAAATGTGAAGGACAAGGTTATGTGTATA-
GAGCATGAAATCAAGAGCCTGGAAGATTTACAAGATGAATATGACTTCAAATGCAAAACCTTGCAGAACAGAGAA-
CACGAGACCAATGGTGTGGCAAAGAGTGATCAGAAACAAGAACAGCTGTTACTCAAGAAGATGTATTTAAT-
GCTTGACAATAAGAGAAAGGAAGTAGTTCACAAAATAATAGAGTTGCTGAATGTCACTGAACTTACCCAGAAT-
GCCCTGATTAATGATGAACTAGTGGAGTGGAAGCGGAGACAGCAGAGCGCCTGTATTGGGGGGCCGCCCAAT-
GCTTGCTTGGATCAGCTGCAGAACTGGTTCACTATAGTTGCGGAGAGTCTGCAGCAAGTTCGGCAGCAGCT-
TAAAAAGTTGGAGGAATTGGAACAGAAATACACCTACGAACATGACCCTATCACAAAAAACAAACAAGTGT-
TATGGGACCGCACCTTCAGTCTTTTCCAGCAGCTCATTCAGAGCTCGTTTGTGGTGGAAAGACAGCCCTGCAT-
GCCAACGCACCCTCAGAGGCCGCTGGTCTTGAAGACAGGGGTCCAGTTCACTGTGAAGTTGAGAGATGT-
GAATGAGAGAAATACAGTAAAAGGATTTAGGAAGTTCAACATTTTGGGCACGCACACAAAAGTGATGAACATG-
GAGGAGTCCACCAATGGCAGTCTGGCGGCTGAATTTCGGCACCTGCAATTGAAAGAACAGAAAAATGCTG-
GCACCAGAACGAATGAGGGTCCTCTCATCGTTACTGAAGAGCTTCACTCCCTTAGTTTTGAAACCCAATTGTGC-
CAGCCTGGTTTGGTAATTGACCTCGAGACGACCTCTCTGCCCGTTGTGGTGATCTCCAACGTCAGCCAGCTCCC-
GAGCGGTTGGGCCTCCATCCTTTGGTACAACATGCTGGTGGCGGAACCCAGGAATCTGTCCTTCTTCCT-
GACTCCACCATGTGCACGATGGGCTCAGCTTTCAGAAGTGCTGAGTTGGCAGTTTTCTTCTGTCACCAAAAGAG-
GTCTCAATGTGGACCAGCTGAACATGTTGGGAGAGAAGCTTCTTGGTCCTAACGCCAGCCCCGATG-
GTCTCATTCCGTGGACGAGGTTTTGTAAGGAAAATATAAATGATAAAAATTTTCCCTTCTGGCTTTGGATT-
GAAAGCATCCTAGAACTCATTAAAAAACACCTGCTCCCTCTCTGGAATGATGGGTGCATCATGGGCTTCATCAG-
CAAGGAGCGAGAGCGTGCCCTGTTGAAGGACCAGCAGCCGGGGACCTTCCTGCTGCGGTTCAGTGAGAGCTC-
CCGGGAAGGGGCCATCACATTCACATGGGTGGAGCGGTCCCAGAACGGAGGCGAACCTGACTTCCATGCG-
GTTGAACCCTACACGAAGAAAGAACTTTCTGCTGTTACTTTCCCTGACATCATTCGCAATTACAAAGTCATGGCT-
GCTGAGAATATTCCTGAGAATCCCCTGAAGTATCTGTATCCAAATATTGACAAAGACCATGCCTTTGGAAAGTAT-
TACTCCAGGCCAAAGGAAGCACCAGAGCCAATGGAACTTGATGGCCCTAAAGGAACTGGATATATCAAGACT-
GAGTTGATTTCTGTGTCTGAAGTTCACCCTTCTAGACTTCAGACCACAGACAACCTGCTCCCCATGTCTCCTGAG-
GAGTTTGACGAGGTGTCTCGGATAGTGGGCTCTGTAGAATTCGACAGTATGATGAACACAGTAGAATTCGACTA-
CAAGGATGACGATGACAAGGATTACAAAGACGACGATGATAAGGACTATAAGGATGATGACGACAAATAAGG




