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INTRODUCTION 
 
During the progression of advanced tumors, the body is 
often in a hypercoagulable state for various reasons. 
Cancer-related thrombosis is the leading cause of non-
cancer mortality in malignancies [1]. In addition, 
coagulation-related factors also seem to influence the 
occurrence and development of tumors and the 
remodeling of microenvironment. Studies have 
confirmed that platelets can promote the distant 
metastasis of tumor cells by promoting epithelial-

mesenchymal transformation of tumor cells [2]. In 
research of colorectal cancer, the researchers found that 
an increase in fibrinogen levels was positively 
correlated with colorectal cancer as an independent risk 
factor [3]. Thrombin-related factors are closely related 
to tumor angiogenesis and tumor migration [4]. 
However, the current evidence mainly focuses on basic 
experiments and animal experiments, and has not been 
studied in clinical cohorts. In addition, the important 
role of coagulation-related factors in bladder cancer has 
not been reported yet. 
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ABSTRACT 
 
Factors related to coagulation regulation are closely related to angiogenesis, epithelial-mesenchymal 
transition, tumor proliferation and metastasis, and tumor immune microenvironment remodeling in tumors. 
To date, there are no quantitative indicators of coagulation associated with urothelial cancer. We classified 
urothelial cancer into high coagulation and low coagulation subtypes by screening for procoagulant-related 
molecular features and screened out relevant genes representing the coagulation state of urothelial 
carcinoma. Tumors with increased procoagulant gene expression were consistently associated with higher T-
staging (p < 0.001), lymph node metastasis (p < 0.001), stage (p < 0.001), and grade (p = 0.046). Furthermore, 
high expression of procoagulant genes predicts a worse prognosis, a higher tumor proliferation rate and 
increased angiogenesis within the tumor. In addition, according to cibersort algorithm, the increased 
expression of procoagulant gene was negatively correlated with the degree of T-lymphocyte infiltration and 
positively correlated with the degree of M2 macrophage infiltration. Increased expression of procoagulant 
genes in data sets treated with immune checkpoints also predicted worse response and worse prognosis. At 
the same time, the expression of procoagulant genes in bladder cancer promoted the activation of 
coagulation, EMT, TGF-β and WNT pathways. 
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It has been proved feasible to construct a risk signature 
with the expression of key genes to monitor the tumor 
and its microenvironment state [5–7]. We divided 
bladder cancer into two states of hypercoagulability and 
low coagulation by clustering coagulation-related genes, 
and we found that hypercoagulability presaged a poor 
prognosis of bladder tumors. Through further screening 
for coagulation-related differentially expressed genes 
and constructing risk signature, we found that 
hypercoagulable state is closely related to tumor 
angiogenesis, cancer cell proliferation, 
EMT transformation, and immune microenvironment 
remodeling. 
 
MATERIALS AND METHODS 
 
Patients and cohorts 
 
The bladder cancer cohort from the Cancer Genome Atlas 
(TCGA) and GSE13057 database included information 
from 406 and 165 bladder cancer patients, respectively [8, 
9]. The bladder cancer data set treated with PD1/PDL1 
was derived from the Imvigor 210 data set and the 
GSE176307 data set for 298 and 88 patients, respectively 
[10, 11]. TCGA, GEO and Imvigor 210 are public 
databases in which patients have been ethically approved. 
Our research is based on open source data, so there are no 
ethical issues or other conflicts of interest. In our data 
screening process, cases with clinical information 
including survival state, survival time, clinical grade and 
stage, and complete information on genomic RNA 
sequence data met the inclusion criteria. Patients with 
incomplete information were removed. Data of the patients 
were downloaded through the Gene Expression Omnibus 
(GEO) database (https://www.ncbi.nlm.nih.gov/geo/) and 
TCGA database (https://portal.gdc.cancer.gov/repository). 
The data of Imvigor 210 was down were downloaded from 
(http://research-pub.gene.com/IMvigor210CoreBiologies). 
All genomic RNA sequence data were 
converted to transcripts per kilobase of exon model per 
million mapped reads (TPM), and standardize it by log2 
[12]. 
 
Consistent clustering of coagulation-related genes 
 
We performed consistent clustering based on 
coagulation-related genes, and divided the bladder 
cohort of TCGA into hypercoagulable state and 
hypocoagulable state. We use K-Means algorithm to 
determine the state of the original data set and the 
number of queue clusters. This process is implemented 
through the R software package ConsensuClusterPlus 
[13], default parameters are adopted except that the 
number of clusters is set to 9. The correlation heat map 
was generated by R package “pheatmap” to observe the 
state distribution of each subtype. 

Screening of coagulation-related phenotypic genes 
and construction of coagulation-related risk signature 
 
Differentially expressed genes (DEGs) between the 
distinguished subclasses according to coagulation 
status were screened by using R package limma [14]. 
DEGs between coagulation patterns were analyzed 
using empirical Bayesian statistics. Statistically 
significant genes were considered to meet the inter-
group |log2-fold change (FC)|> 1 and error detection 
rate (FDR) < 0.05. The screening of key genes and the 
construction of coagulation-related models are realized 
by the latest absolute shrinkage and selection operator 
(LASSO) and multivariate COX regression [15–17]. 
Then the selected genes were input into COX 
regression model. After obtaining the coefficient 
corresponding to each gene and the intercept value in 
COX regression, the risk score of each sample is 
defined as coef1 × expression1 + coef2 × 
expression2+…, The specific classification ability of 
the model is reflected by receiver operating 
characteristic curve (ROC) and KM curve [18, 19]. 
After constructing the relevant risk model, we used the 
best critical value confirmed by X-tile software, and all 
bladder cancer queues were divided into high-risk and 
low-risk subgroups. The differences between OS\PFS 
in the two subgroups were compared by the practical 
logarithmic rank test of R package “survival”. R 
package “pROC” is used to visualize the distribution of 
corresponding risk values between the two groups. 
Using “pROC” package, the curve of ROC is obtained, 
and the prediction accuracy is judged by the area under 
the curve (AUC) value. 
 
Analysis of lymphocyte infiltration in tumor immune 
microenvironment 
 
We calculated the infiltrating abundance of 
lymphocytes in each tumor sample using the cibersort 
deconvolution algorithm (CIBERSORT 
(https://cibersort.stanford.edu/) and its own LM22 
lymphocyte genetic characteristics [20]. The obtained 
results are filtered (p < 0.05). The difference of 
infiltration between subgroups was evaluated by rank 
sum test, and the correlation between infiltration degree 
and risk score was evaluated by Pearson correlation. 
 
Functional and pathway enrichment analysis 
 
Coagulation-related signature was analyzed using the 
Cluster Profiler software package for gene annotation 
enrichment analysis [21]. The Kyoto Encyclopedia of 
Genes and Genomes (KEGG) and the Gene Ontology 
(GO) functional enrichment analyses were carried out to 
clarify the biological function and behavior of 
coagulation-related signature. The GSEA was used to 
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show the potential pathways and mechanisms between 
high-risk and low-risk subgroups. 
 
Statistical analysis 
 
R software (R version 4.0.2 (2020-06-22)) was used for all 
analyses and graphics generated in this study. Inter-group 
comparisons were performed using the Kruskal-Wallis and 
t tests. If the normal distribution is satisfied, t-test is used. 
If the distribution is non-normal, Kruskal-Wallis test is 
used. Correlations were analyzed using the and Spearman 
correlation coefficient. Log-rank test, Cox regression and 
Kaplan-Meier curve were used to evaluate the prognostic 
value. All statistical analyses were bilateral, P-values 
< 0.05 were considered statistically significant. 
 
RESULTS 
 
Coagulation status of bladder cancer is closely related 
to survival prognosis and tumor microenvironment 
changes 
 
We divided bladder tumors into two subcategories 
according to the coagulation state by K-means 
clustering (Figure 1A–1D). At the same time, we 
analyzed the differences in survival outcomes between 
two different subclasses. The results suggest that 
hypercoagulable state of bladder cancer (cluster 2) is 
significantly associated with poor prognosis (p = 0.02) 
(Figure 1E). A total of 1792 significantly differentially 
expressed genes were screened, including 561 
downregulated and 1231 upregulated (|log2FC| > 1, 
FDR < 0.05; Figure 1F). The results of GO and KEGG 
suggested that biological function was mainly enriched 
in the extracellular matrix, immune-related pathways, 
and complement and coagulation cascade pathways 
(Figure 1G, 1H). In addition, there were significant 
differences in the matrix, immune, and Estimate scores 
between the two subgroups (p < 0.001). In addition, the 
abundance of B cell and T cell infiltration in the 
immune microenvironment with low coagulation state 
was higher, while the abundance of macrophage 
infiltration in the high coagulation state was relatively 
higher (p < 0.001) (Figure 1H–1J). For immune-related 
pathways, the hypercoagulable state was also 
significantly different from the hypocoagulable state (p 
< 0.001) (Figure 1K). These results suggest that the 
coagulation state of the tumor plays an important role in 
various biological behaviors of the tumor and the 
composition of the tumor immune microenvironment. 
 
Establishment and verification of coagulation risk 
signature 
 
We simultaneously constructed a coagulation-related 
risk signature by screening differentially expressed 

genes in different coagulation subtypes of bladder 
cancer and using the lasso-cox method (Figure 2A–2C). 
We split the TCGA data set into a training set and an 
internal verification set, and preliminarily verified the 
obtained risk signature. Our risk signature provides 
good predictability in both data sets. The area under the 
curve (AUC) in the training set was 0.76, and the KM 
curve suggested that the prognosis of patients in the 
high-risk and low-risk groups was significantly 
distinguished (HR = 3.28, p < 0.001). The AUC of the 
internal validation set was 0.74, and the prognosis of 
patients in the high-risk and low-risk groups was also 
well distinguished (HR = 3.5, p < 0.001). (Figure 2D, 
2E). In order to further verify the sensitivity of our 
classifier, we made an in-depth analysis of the data of 
165 bladder cancer patients in GSE13507 as an external 
validation set. In the overall data set of TCGA, the 
prognosis of patients in high and low risk groups is well 
differentiated (HR = 3.43, p < 0.001), and the AUC of 
one year, three years and five years are 0.75, 0.79 and 
0.75 respectively (Figure 3A–3C). In the external 
validation set, the difference of prognosis between high 
and low risk groups was also statistically significant 
(HR = 1.67, p = 0.031), and the AUC of one year, three 
years and five years were 0.77, 0.64 and 0.6 
respectively (Figure 3D–3F). Multivariate regression 
results suggested that our risk signature was an 
independent prognostic factor, whether in the TCGA 
dataset or in the external validation set (Figure 3G, 3H). 
 
The high risk associated with coagulation is closely 
related to tumor proliferation, angiogenesis, and 
immune microenvironment inhibition 
 
To further analyze the correlation between our risk 
signature and clinical phenotype, we collected clinical 
information on TCGA bladder tumors and associated 
phenotypic markers for further analysis. The higher 
coagulation-related risks were strongly associated with 
a higher pathological grade of the tumor (p = 0.046), a 
higher clinical stage of AJCC (p < 0.001), a higher T 
stage (p < 0.001), and a higher risk of lymph node 
metastasis (p < 0.001) (Figure 4A–4G). The results of 
the GSEA pathway enrichment analysis suggested that 
the angiogenic pathways in the tumor were 
significantly activated (Figure 4H). Pearson correlation 
analysis suggested that the risk score was strongly 
correlated with angiogenesis in the tumor (p < 0.001, R 
= 0.32) (Figure 4I). In addition, the risk score was also 
correlated with tumor coagulation status and cell 
mitotic cycle (Figure 4J). Finally, we analyzed the 
correlation between the risk score and the above related 
molecular markers, and found that the risk score 
correlated with VWF (p = 0.002, R = 0.15), PECAM1 
(p = 0.057, R = 0.09), and MKI67 (p = 0.015, R = 0.12) 
(Figure 4K–4M). 
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Figure 1. Classification of coagulation subgroups in bladder cancer. (A–C) The result of consensus matrix (A), consensus CDF (B) and 
delta area plot (C) suggested that the optimal value of K should be 2, which means it was most appropriate to divide all patients into two 
subtypes. (D) PCA classification of coagulation subtypes in bladder cancer. (E) K-M survival curve of coagulation subtypes in bladder cancer. The 
results suggest that hypercoagulable state of bladder cancer is significantly associated with poor prognosis. (F) Differentially expressed genes of 
coagulation subtypes in bladder cancer. Statistically significant genes were considered to meet the inter-group |log2-fold change (FC)|> 1 and 
error detection rate (FDR) < 0.05. (G) GO analysis suggested that biological function between coagulation subtypes was mainly enriched in the 
extracellular matrix, immune-related pathways, and complement and coagulation cascade pathways. (H) KEGG suggested that biological 
function between coagulation subtypes was mainly enriched in the extracellular matrix, immune-related pathways, and complement and 
coagulation cascade pathways. (I) The results of Estimate analysis suggest that hypercoagulable state has higher stromal score and estimate 
score. (J) Lymphocyte infiltration analysis of coagulation subtypes. The abundance of B cell and T cell infiltration with low coagulation state was 
higher, while the abundance of macrophage infiltration in the high coagulation state was relatively higher. (K) ssGSEA analysis of coagulation 
subtypes. APC-co-inhibition, check-point, HLA, MHC, T_cell and IFN displayed higher expression in the high coagulation state. 
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Hypercoagulability-related risk signature was 
closely related to tumor immune microenvironment 
inhibition 
 
To further clarify the biological role of the coagulation-
related risk signature, we performed GO, KEGG, and 
GSEA enrichment analyses. The results suggested that 
the hypercoagulable state not only had a great effect on 
coagulation-related pathways and proliferation-related 

pathways that had already been EMT, but also had a 
great inhibitory effect on the immune microenvironment 
of tumors (Figure 5, Supplementary Figure 1). For 
example, TGFβ-β and WNT-β catenin pathways are all 
activated in hypercoagulable state. The matrix score of 
the high-risk group was significantly higher than that of 
the low-risk group, the infiltration abundance 
of B cells and T cells was significantly lower than that 
of the risk group, and the infiltration abundance 

 

 
 
Figure 2. Establishment and validation of coagulation-related risk signature. (A) Least absolute shrinkage and selection operator 
cox analysis of the DEGs. (B) Partial likelihood deviance coefficient profiles. (C) Forest map of the variables contained in the risk signature. 
(D) Risk factor diagram, ROC curve and KM curve of the risk signature in the training set. The AUC of ROC curve is 0.76, while HR of KM 
curve is 3.28, p < 0.001. (E) Risk factor diagram, ROC curve and KM curve of the risk signature in the internal test set. The AUC of ROC curve 
is 0.74, while HR of KM curve is 3.5, p < 0.001. 
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of macrophages was significantly higher than that of the 
low-risk group. The IGS score and 
immune related molecular markers also indicated that 
the low-risk group had significantly better response 
effects than the high-risk group (Figure 6, 
Supplementary Figure 2). 

Coagulation-related risk signature predict the 
efficacy of checkpoint inhibitor therapy for bladder 
cancer 
 
When the immune microenvironment is in an inhibited 
state, the therapeutic effect of immune checkpoint 

 

 
 
Figure 3. Validation of coagulation-related risk signature in TCGA set and external validation set. (A–C) PCA classification map, 
K-M curve, and ROC curve in TCGA dataset. The 1-year, 3-year, 5-year AUC of ROC curve is 0.75, 0.79, 0.75, respectively, while HR of KM 
curve is 3.43, p < 0.001. (D–F) PCA classification map, K-M curve, and ROC curve in external validation dataset. The 1-year, 3-year, 5-year 
AUC of ROC curve is 0.77, 0.64, 0.6, respectively, while HR of KM curve is 1.67, p = 0.031. (G) Multivariate COX regression forest map in 
TCGA dataset. Riskscore is an independent risk factor for prognosis. HR = 1.11, p < 0.001. (H) Multivariate COX regression forest map in 
external validation dataset. Riskscore is an independent risk factor for prognosis. HR = 1.08, p = 0.01. 
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Figure 4. The risk signature is closely related to tumor proliferation, metastasis, coagulation and angiogenesis. (A–G) Box 
plot of coagulation related risk score by age, gender, pathological grade, AJCC stage, TNM stage. A higher risk score means a higher T, N, 
AJCC-Stage and a higher grade. The difference was statistically significant. (H) GSEA pathways were enriched for angiogenesis based on 
coagulation-related risk score. NES = 1.995, p < 0.001. (I) Coagulation-related risk score was strongly positively correlated with 
angiogenesis. R = 0.32, p < 0.001. (J–M) The coagulation-related risk score was correlated with tumor proliferation, coagulation, and 
angiogenesis. 
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inhibitor will be greatly affected [22]. Finally, we 
validated the predictive power of the risk signature in 
immunotherapy against two data sets of bladder tumors 
treated with PD1/PDL1. Our risk signature provides 
good differentiation in both data sets. In the data set of 
GSE17637, although the P value of KM curve was not 
statistically significant, it was still considered to have a 
trend due to the data volume (p = 0.15, HR = 1.54). In 
addition, we found that the high-risk group of bladder 
cancer patients receiving PD1/PDL1 treatment response 
was significantly lower than the low-risk group 

(13% vs. 31%, p = 0.05), and for PD1/PDL1 treatment 
in non- responsive patients the risk score was 
significantly higher than that in the responsive group (p 
= 0.014) (Figure 7A–7C). In the Imvigor210 data set, 
the survival prognosis of high-risk group was 
significantly worse than that of low-risk group (p = 
0.005, HR = 1.58), the response degree of bladder 
cancer patients in the high-risk group receiving 
PD1/PDL1 treatment was significantly lower than that 
of the low-risk group (19% vs. 31%, p = 0.02), and the 
risk score of patients who failed to respond to 

 

 
 
Figure 5. Effects of abnormal expression of coagulation-related genes on immune-related pathways. (A) GO analysis based on 
coagulation-related risk signature mainly enriched in the extracellular matrix pathways and MHC pathways. (B) KEGG analysis based on 
coagulation-related risk signature mainly enriched in the ECM receptor interaction pathways. (C) GSEA pathways were enriched for 
coagulation, EMT, hypoxia, WNTb-catenin, TGF-b pathways based on coagulation-related risk signature. (D) GSEA pathways were enriched 
for IL2-STAT, inflammatory response pathways based on coagulation-related risk signature. (E) GSEA pathways were enriched for IFNG 
pathways based on coagulation-related risk signature. 
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PD1/PDL1 treatment was also significantly higher than 
that of patients in the response group (p = 0.076) 
(Figure 7D–7F). Finally, the four-category result 

composed of TMB and risk score suggested that risk 
score could be used as a supplement to TMB 
(Figure 7G, 7H). 

 

 
 
Figure 6. Effects of abnormal expression of coagulation-related genes on tumor immune microenvironment. (A) Estimate 
socre analysis based on coagulation-related risk signature. (B–F) Lymphocyte infiltration analysis based on coagulation-related risk 
signature. (G–K) Correlation analysis between coagulation-related risk score and immune checkpoint markers. (L–O) IPS score analysis 
based on coagulation-related risk signature. 
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Figure 7. High coagulation-related risks were associated with poor PD1/PDL1 treatment outcomes and lower responses. (A) 
K-M curve analysis of coagulation-related risk signature in the GES176307 dataset. (B) four-grid table analysis of coagulation-related risk 
signature in the GES176307 dataset. The sensitivity of immunotherapy was higher in the low-risk group (31% vs. 13%). (C) box plot analysis 
of coagulation-related risk signature in the GES176307 dataset. The risk score was lower in the immunotherapy sensitive group. (D) K-M 
curve analysis of coagulation-related risk signature in the Imvigor210 dataset. (E) four-grid table analysis of coagulation-related risk 
signature in the Imvigor210 dataset. The sensitivity of immunotherapy was higher in the low-risk group (31% vs. 19%). (F) box plot analysis 
of coagulation-related risk signature in the Imvigor210 dataset. The risk score was lower in the immunotherapy sensitive group. (G, H) K-M 
curve, four-grid table analysis of TMB combined coagulation-related risk signature in the Imvigor210 dataset. 
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DISCUSSION 
 
Coagulation abnormalities are very common in 
advanced tumors, and thromboembolism is the second 
leading cause of death in patients with advanced 
tumors, with a incidence rate only lower than organ 
failure due to distant metastasis of the tumor [23]. 
About 20% of symptomatic patients with deep vein 
thrombosis have active malignancies, and the incidence 
of thrombosis in neoplastic patients is 4–7 times higher 
than in non-neoplastic patients [24, 25]. 
Hypercoagulable state in patients with advanced tumor 
is formed by a combination of many factors. In addition 
to the factors related to the patients themselves, such as 
older age and obesity, tumor-related factors are also one 
of the causes. Studies have confirmed that tumors can 
secrete inflammatory factors and tumor procoagulant 
factors activate the clotting mechanism of the body. The 
cancer cell procoagulant directly promotes the 
conversion of factor X to factor Xa [26]. The sialic acid 
portion of the adenocarcinoma mucin causes direct non-
enzymatic activation of factor X [27]. 
 
Correspondingly, the changes of coagulation state in 
the body can also affect the biological function of 
tumors. Coagulation factors are believed to promote 
cancer invasion and metastasis by promoting the 
interaction of tumor cell migration and angiogenesis 
[28]. Neutrophil extracellular traps (NETs) promote 
tumor cell migration, angiogenesis, and 
hypercoagulable state [29]. However, whether the 
abnormal expression of coagulation-related genes 
affects the biological behavior of tumors is not fully 
elucidated, and the research on coagulation-related 
genes in bladder tumors has not been reported yet. In 
this study, we confirmed the clinical association of 
coagulation-related genes within tumors with bladder 
cancer. In large cohort studies, we found that abnormal 
expression of tumor-associated genes is closely related 
to the prognosis, angiogenesis, and tumor proliferation 
of bladder cancer. 
 
Pathway enrichment score indicated that coagulation 
genes not only activated procoagulant pathways, but 
also affected angiogenesis, tumor proliferation, and 
EMT pathways. Tumors need a large amount of energy 
in the process of growth and invasion, which can be 
accelerated by angiogenesis and remodeling. The need 
for angiogenesis in tumor growth and metastasis has 
been widely recognized [30]. As a symbolic behavior of 
malignant transformation of cells, EMT has also been 
widely studied [31]. In addition, our results also suggest 
that the abnormal expression of coagulation genes may 
be related to the inhibitory state of the immune 
microenvironment of bladder cancer. In our study, when 
the expression of coagulation-related genes was 

abnormal, immune-related pathways such as TGFβ-β, 
WNT-β-catenin, and IL6-STAT were all activated. The 
immune infiltration analysis indicated that when the 
coagulation related risk score was high, the infiltration 
abundance of B cells and T cells was low, while that of 
M2 macrophages was high. In our study, Regulatory T 
cells (Tregs) were more abundant in the low-risk group. 
Although considered to be an immunosuppressive cell 
population, the prognostic role of Tregs varies among 
tumor types [32]. In bladder cancer, there is a strong 
positive correlation between Tregs enrichment and T 
cell infiltration, higher infiltration abundance of Tregs 
indicates stronger immune cell enrichment and better 
prognosis [33, 34]. This is consistent with our research 
results. The state of the immune microenvironment is 
closely related to the therapeutic efficacy of PD1/PDL1. 
For example, when the WNT pathway is activated, even 
highly immunogenic tumor cells will still produce 
immune escape, thus affecting the therapeutic efficacy 
of PD1 inhibitors [35]. TGFβ can affect the sensitivity 
of tumor cells to cytotoxic T cells through a variety of 
pathways [36, 37]. In our present study, abnormal 
expression of coagulation genes affected the efficacy of 
PD1/PDL1 inhibitors for bladder cancer. A high risk 
associated with coagulation predicts a worse prognosis 
and a lower response rate. 
 
As a retrospective study, we demonstrated the efficacy 
of the coagulation-related risk signature in different 
cohorts, but confounders that could influence clinical 
outcomes could not be excluded. Although our results 
confirm that the coagulation score is relevant to the 
prognosis of bladder cancer and the therapeutic efficacy 
of PD1/PDL1, further studies are needed to confirm the 
clinical utility of the coagulation score and its utility as 
a useful biomarker. 
 
In conclusion, we provide a method for quantitative 
assessment of coagulation status within a tumor. At the 
same time, coagulation scores were strongly associated 
with angiogenesis, tumor proliferation, EMT, and poor 
prognosis in patients with bladder cancer as well as in 
those treated with PD1/PDL1. 
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SUPPLEMENTARY MATERIALS 
 
Supplementary Figures 
 

 
 
Supplementary Figure 1. ssGSEA heatmap based on coagulation-related risk signature. (A) The distribution of high-risk and low-
risk groups in metabolic related pathways analysed by ssGSEA. (B) The distribution of high-risk and low-risk groups in tumor immune 
microenvironment related pathways analysed by ssGSEA. 
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Supplementary Figure 2. Box diagram analysis of immune related markers. 
 


