
International Journal of Radiation Research, April 2024 Volume 22, No 2 

Prognostic value and clinical relevance of tertiary lymphoid 
structures in non-muscle-invasive bladder cancer 

INTRODUCTION 

According to the cancer statistics in 2022 by 
American Cancer Society, there are estimated 
106,180 new cases of colon cancer, 44,850 new cases 
of rectum cancer, and 52,580 deaths caused by colon 
cancer (1). The largest morbidity of colorectal cancer 
is seen in North America, Europe, and Western Asia, 
and it is more common in resource-rich and                 
industrialized nations (2). Approximately 75% of  
bladder tumors are discovered in their early stages 
and are classified as non-muscle-invasive bladder 
cancer (NMIBC). This categorization correlates to 
clinical tumor stages Tis, Ta, and T1 according to the 
8th American Joint Committee on Cancer and the  
Union for International Cancer Control (3). NMIBC is 
limited to the mucosal layer or involves invasion of 
the bladder wall's submucosal layer (lamina propria), 
but it does not entail invasion of the detrusor muscle 
beneath it (muscularis propria). Even with              
endoscopic surgery, NMIBC patients face a significant 
recurrence rate while having a favorable prognosis. 
Muscle-invasive bladder cancer (MIBC), which is 
linked to increased mortality rates and corresponds 

to T2 or higher stages, occurs in certain people.     
Bladder cancer has one of the highest predicted death 
rates of any disease since it requires constant              
observation, has a high recurrence and progression 
rate, and necessitates several different forms of  
treatment (4, 5). 

The current treatment methods for NMIBC            
include transurethral resection, single instillation of 
chemotherapy post-transurethral resection of the 
bladder tumor, adjuvant intravesical chemotherapy, 
and adjuvant intravesical Bacillus Calmette-Gue rin (6). 
Although these methods bring benefits to patients 
with NMIBC, they also seriously affect the quality of 
life of patients. Thus, it is very important to control 
the recurrence, progression, and metastasis of       
patients with NMIBC. 

Tertiary lymphoid structures (TLS) are ectopic 
lymphoid tissues and resemble secondary lymphoid 
organs (7). They can be seen in the tumor                     
microenvironment of some solid malignancies, such 
as malignancies of the kidney (8), endometrium (9), 
melanoma (10), lung (11), colon (12), and breast (13, 14). In 
TLS, T and B cells are dispersed over distinct areas. T 
cells are primarily found in the region with mature 
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ABSTRACT 

Background: The presence of tertiary lymphoid structures (TLS) is related with good 
prognosis of various cancers including bladder cancer. The majority of bladder tumors 
are identified as non-muscle-invasive bladder cancer (NMIBC) when they are 
discovered in their early stages. We aimed to evaluate the prognostic value and 
clinical relevance of TLS in NMIBC. Materials and Methods: This cohort included 130 
NMIBC samples, with 39 (30%) having TLS, as confirmed by hematoxylin and eosin and 
immunohistochemistry staining. The chi-square test was utilized to examine the 
relationship between TLS and the biomarkers and clinicopathologic characteristics of 
NMIBC. Results: It was found that TLS has significant association with pT stage, Ki-67 
expression, and COX-2 expression. Using Kaplan-Meier analysis and Gehan-Breslow-
Wilcoxon test, we found that the presence of TLS is associated with longer recurrence-
free survival and overall survival of NMIBC patients. Moreover, we used bioinformatics 
to analyze the association of TLS marker L1CAM and bladder cancer. L1CAM is 
downregulated in bladder cancer, linked to an advanced stage of the disease, and 
indicates a poorer prognosis for those who have bladder cancer. In bladder cancer, 
there is a positive correlation between its expression and B cell infiltration. We also 
indicated that NMIBC with TLS have a higher level of TLS than that without TLS. 
Conclusion: To conclude, the presence of TLS is an important favorable prognostic 
indicator in NMIBC. A further understanding on TLS can provide new insights to 
improve immunotherapy for bladder cancer. 
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dendritic cells and strong endothelial venules,  
whereas B cells are primarily found in the germinal 
center and a little network of follicular dendritic cells. 
TLS are fundamental for antitumor immune               
responses by recruiting and activating tumor                   
infiltrating lymphocytes to activate immune response 
(15). TLS is associated with antitumor immune             
responses and predicts a favorable prognosis in 
urothelial bladder cancer (16). In this study, we               
analyzed the link of TLS with the clinicopathologic 
features and cancer markers in NMIBC. The                 
relationship between TLS and the survival of NMIBC 
patients was also evaluated, which may offer a new 
insight into the role of TLS in NMIBC. No previous 
studies have linked TLS and NMIBC. This study builds 
on previous studies and found that the presence of 
TLS is an important favorable prognostic indicator in 
NMIBC. A better understanding of TLS could provide 
new ways to improve immunotherapy for bladder 
cancer. 

 
 

MATERIALS AND METHODS 
 

Participants 
This single-center study involved 130 patients 

with NMIBC at The First Affiliated Hospital with            
Nanjing Medical University. All participants are            
Chinese. NMIBC is confirmed by histopathological 
results of specimens from transurethral resection. 
Written informed consent for participation in this 
study has been obtained from each patient. The study 
protocol has gained approval from the review boards 
of The First Affiliated Hospital with Nanjing Medical 
University. An online single-sample classifier was 
used to categorize the NMIBCs into UROMOL             
subtypes 1, 2a, 2b, and 3. (17). 

 
Eligibility criteria 

The inclusion criteria are included as follows: 1. 
Patients sign the written informed consent; 2.                
Patients are aged between 20–90 years old; 3.             
Patients are diagnosed with NMIBC and are treated 
with transurethral resection of bladder tumor. 

Patients with the following conditions are              
excluded: 1. Willing to receive radical cystectomy; 2. 
other malignancies; 3. A history of other malignancies 
within the last 5 years; 4. acute inflammatory              
diseases; 5. Severe hepatic dysfunction or (and) renal 
dysfunction; 6. do not sign the informed consent; 7. 
Deemed unsuitable as participants in the                     
investigation by the attending doctor. 

 

RNA extraction and quantitative real-time PCR 
(qRT-PCR) 

Total RNA was isolated from NMIBC tissues using 
TRIzol reagent (Beyotime, Shanghai, China) based on 
the manufacturer’s protocols. cDNA was synthesized 
using a SuperScript IV CellsDirect cDNA kit 
(ThemoFisher Scientific, USA) and qRT-PCR was         
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performed using StepOne Plus Real-Time PCR system 
(Applied Biosystems, USA). L1CAM expression was 
analyzed by comparing Ct values with GAPDH as an 
internal control. PCR was run on three samples with 
three technical repeats for each sample. L1CAM,           
forward primer: 5’-CGAGGAATATGAAGGACACCA-3’, 
reverse primer: 5’-AGGCTGATGTCATCTGTGG-3’. 
GAPDH, forward primer: 5’-
TCAAGATCATCAGCAATGCC-3’, reverse primer: 5’-
CGATACCAAAGTTGTCATGGA-3’. 

 

Histology and immunohistochemistry 
Hematoxylin and Eosin (H&E) staining of the fixed 

paraffin-embedded sections of NMIBC specimens was 
observed with Aperio ScanScope software (Leica  
Biosystems, Germany) and examined by two                
independent pathologists to confirm TLS. Multicolor 
immunohistochemistry (IHC) was performed on 5 μm 
sections as previously described (18, 19) on the                
Intellipath FLX Automated Staining system using 
CD3, CD23, CD20, Ki-67, Calretinin, COX-2, Cadherin-
17, EGFR, and VEGF antibodies. Stained slices were 
imaged multispectrally with the PerkinElmer Vectra 
system. The detailed information for the antibodies is 
included in table 1. Finally, the images were taken 
using a Nikon microscope (Nikon, Japan). 

 

Statistical analysis 
Chi-square analysis was applied to evaluate the 

association of TLS with clinicopathologic features and 
biomarker expression in NMIBC. The difference of 
L1CAM expression in NMIBC in the presence or            
absence of TLS was analyzed by student’s t test.               
Survival data were evaluated with Kaplan-Meier  
analysis using Gehan-Breslow-Wilcoxon test. Hazard 
ratio (HR) and 95% confidential incidence (CI) were 
determined using the log rank test. Statistical             
significance was established at the condition of                 
p < 0.05. 
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Markers Company 
Catalogue 
number 

Clone Dilution 
Antigen 
retrieval 

CD3 Abcam ab16669 SP7 1/150 
Citrate 

buffer pH 6 

CD23 Abcam ab92495 EPR3617 1/400 
Pressure 
cooker 
method 

CD20 Abcam ab78237 EP459Y 1/250 
EDTA buffer 

pH 9.0 

Ki-67 Abcam ab16667 SP6 1/200 
Citrate  

buffer pH 6 

Calretinin Abcam ab92341 EP1798 1/4000 
Citrate 

buffer pH 6 

COX-2 Abcam ab179800 
EPR1201

2 
1/200 

EDTA buffer 
pH 9.0 

Cadherin-
17 

R&D 
Systems 

MAB1032 141713 2 ug/mL 
EDTA buffer 

pH 9.0 

EGFR Abcam ab52894 EP38Y 1/100 
EDTA buffer 

pH 9.0 

VEGF Abcam ab32152 Y103 1/250 
Citrate 

buffer pH 6 

Table 1. Antibodies information. 
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RESULTS 
 

Expression of TLS marker L1CAM in bladder cancer 
L1CAM is a marker for mature TLS (9). L1CAM  

expression has an obvious upregulation in bladder 
cancer tissues compared with that in normal tissues 
(figure 1a). Its expression is higher in more advanced 
bladder cancer tissues (figure 1b). Overall survival is 

lower in patients with high L1CAM expression than in 
those with low expression (figure 1c). Figure 1D 
showed that the degree of B cell infiltration in               
bladder cancer is significantly positively correlated 
with L1CAM expression. L1CAM expression was  
higher in NMIBC tissues in the presence of TLS (n = 
39) than in the absence of TLS (n = 91) (figure 1E). 
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Figure 1. Expression of TLS marker L1CAM in bladder cancer. A. Expression of L1CAM in 404 bladder cancer tissues and 28 normal 
tissues. Data are obtained from GEPIA database. B. Expression of L1CAM in bladder cancer tissues of different stages. Data are  
obtained from GEPIA database. C. Association of L1CAM expression with overall survival of bladder cancer patients. Data are      

obtained from Kaplan-Meier Plotter online database. D. Correlation between L1CAM expression with B cell purity and infiltration 
level in bladder cancer. Data are obtained from TIMER2.0 online database. E. Expression of L1CAM in NMIBC tissues in the presence 

or absence of TLS was assessed by PCR analysis. *p<0.01, ***p<0.001. 

A B C 

D 
E 

Figure 1 Expression of TLS marker L1CAM in              
bladder cancer 

A. Expression of L1CAM in 404 bladder cancer 
tissues and 28 normal tissues. Data are obtained from 
GEPIA database. B. Expression of L1CAM in bladder 
cancer tissues of different stages. Data are obtained 
from GEPIA database. C. Association of L1CAM               
expression with overall survival of bladder cancer 
patients. Data are obtained from Kaplan-Meier               
Plotter online database. D. Correlation between 
L1CAM expression with B cell purity and infiltration 
level in bladder cancer. Data are obtained from               

TIMER2.0 online database. E. Expression of L1CAM in 
NMIBC tissues in the presence or absence of TLS was 
assessed by PCR analysis. *p<0.01, ***p<0.001. 

 

Association of TLS with clinicopathologic features 
and biomarkers of NMIBC 

Table 2 displays the correlation between TLS and 
the clinicopathologic characteristics of NMIBC. TLS 
has no significant association with gender 
(p=0.8182), age (p=0.6104), subtypes (p=0.8881), 
multiplicity (p=0.9355), and growth pattern 
(p=0.1835) of NMIBC. There are 48, 53, and 29 cases 
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of NMIBC of Tis, T1, and Ta stages, respectively. For 
Tis NMIC, there are 11 cases with TLS and 37 cases 
without TLS. For T1 NMIC, there are 12 cases with 
TLS and 41 cases without TLS. For Ta NMIBC, there 
are 16 cases with TLS and 13 cases without TLS. TLS 
has significant association with the pT stage of 
NIMBC, with the p value of 0.0036. We further               
evaluated the association of TLS with the levels of 
biomarkers of NMIBC including Ki-67, Calretinin, COX
-2, Cadherin-17, EGFR, and VEGF (table 3). TLS has 
no significant association with Calretinin (p=0.2057), 
EGFR (p=0.9689), and VEGF (p=0.3777). There was a 
trend of association with Cadherin-17 (p=0.0813). 
TLS has significant association with Ki-67 (p=0.0006) 
and COX-2 (p=0.0374). 

Prognostic value of TLS in NMIBC 
There were follow-up data available for 130 

NMIBC patients, with a mean follow-up time of 55.37 
months and follow-up times ranging from 2 months 
to 114 months. Forty cases died during follow up, 
with 6 cases in the group with the presence of TLS 
and 31 cases with the absence of TLS. Forty-four  cas-
es had relapse, with 13 cases in the group with the 
presence of TLS and 31 cases with the absence of TLS. 
NMIBC patients with the presence of TLS have longer 
recurrence-free survival (p=0.0209) (figure 2A) and 
overall survival (p=0.0101) (figure 2B) than patients 
with the absence of TLS. 

 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 

DISCUSSION 
 

TLS have close association with survival and             
immunotherapy response in MIBC (20). TLS score is a 
useful prognosis predictor for patients with bladder 
cancer regardless of tumor mutation burden. Low TLS 
score is associated with better prognosis (21). Mature 
TLS are more prevalent in aggressive high grade 
MIBC as compared to low grade NIMBC (16). No            
previous studies have linked TLS and NMIBC. In our 
study, we now confirm the presence of TLS (n=39) in 
130 NMIBC cases by H&E and IHC staining and 
demonstrate that presence of TLS is a favorable   
prognostic factor for NMIBC. We also analyzed the 
association of TLS and the clinicopathologic features 
of NMIBC. TLS has no significant association with  
gender, age, subtypes, multiplicity, and growth        
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Figure 2. Kaplan-Meier analysis on recurrence-free survival 
and overall survival of NMIBC patients according to TLS status. 

A. TLS presence is associated with NMIBC patients' survival 
without recurrence. B. Relationship between TLS presence 

and NMIBC patients' overall survival. 
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Features 
TLS presence 

(n = 39) 
TLS absence 

(n = 91) P value 

Gender       
Male (n = 68) 21 47 0.8182 

Female (n = 62) 18 44   
Age       

<60 (n = 79) 25 54 0.6104 
≥60 (n = 51) 14 37   

Subtypes       
1 (n = 27) 9 18 0.8881 

2a (n = 43) 11 32   
2b (n = 51) 16 35   

3 (n = 9) 3 6   
pT stage       

Tis (n = 48) 11 37 0.0036* 
T1 (n = 53) 12 41   
Ta (n = 29) 16 13   
Multiplicity       

Unifocal tumor (n = 86) 26 60 0.9355 
Multifocal tumor (n=44) 13 31   

Growth pattern       
Papillary (n = 112) 36 76 0.1835 

Solid (n = 18) 3 15   

Table 2. Correlation of TLS with clinicopathological features in 
NMIBC. 

* indicate statistical significance. TLS: tertiary lymphoid structures; 
NMIBC: non-muscle-invasive bladder cancer. 

Biomarkers 
TLS presence 

(n = 39) 
TLS absence 

(n = 91) 
P value 

Ki-67       
Low (n = 48) 23 25 0.0006* 
High (n =82) 16 66   

Calretinin       
Low (n = 61) 15 46 0.2057 
High (n = 69) 24 45   

COX-2       
Low (n = 84) 20 64 0.0374* 
High (n = 46) 19 27   
Cadherin-17       
Low (n = 75) 18 57 0.0813 
High (n = 55) 21 34   

EGFR       
Low (n = 53) 16 37 0.9689 
High (n = 77) 23 54   

VEGF       
Low (n = 69) 23 46 0.3777 
High (n = 61) 16 45   

Table 3. Correlation of TLS with biomarkers in NMIBC. 

* indicate statistical significance. TLS: tertiary lymphoid structures; 
NMIBC: non-muscle-invasive bladder cancer. 

A 
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pattern of NMIBC. Interestingly, there is a significant 
association of TLS and pT stage. The major of NMIBC 
patients at Tis or T1 stage are at the absence of TLS.  

A previous study used immunohistochemistry and 
co-immunofluorescence and revealed L1CAM            
expression in mature TLS, independent of L1CAM 
expression in endometrial cancer, indicating LICAM 
as a marker for well-formed TLS (9). Chemotherapy-
treated urothelial carcinoma shows abundant L1CAM 
clonal mutations (22). The CE7 epitope of L1CAM on 
various malignancies including bladder cancer can be 
targeted by CE7-specific chimeric antigen receptor-
redirected T cells, which makes it a promising target 
for adoptive immunotherapy (23). We discovered that 
L1CAM is downregulated in bladder cancer, is related 
with advanced stage of bladder cancer, and predicts a 
poor prognosis for bladder cancer patients using             
internet databases. Surprisingly, L1CAM expression 
is associated with B cell infiltration in bladder cancer. 
Furthermore, NMIBC with TLS has a higher level of 
TLS than NMIBC without TLS. 

As a well-known proliferation index, Ki-67 is              
highly associated with advanced tumor grade and 
shorter survival time in primary pT1 urothelial             
bladder cancer (24). This investigation revealed a            
significant correlation between Ki-67 and the               
presence of TLS in NMIBC. NMIBC patients with TLS 
display low Ki-67 levels. COX-2 expression is high in 
bladder cancer cells and functions as a potential            
molecular target for the detection and treatment of 
cancer (25, 26). T cells can enhance the oxidative stress 
of bladder cancer cells by activating COX-2 (27). In our 
study, we found that NMIBC patients in the absence 
of TLS have low COX-2 levels. In addition, there is a 
trend on the association of Cadherin-17 expression 
and TLS presence in NMIBC, though not significant. A 
larger sample size is needed to further validate the 
association of Cadherin-17 expression and TLS in 
NMIBC.  

A shortcoming of this study is that the sample size 
is limited. Despite it, we innovatively revealed that 
TLS is associated with pT stage, Ki-67 expression, 
and COX-2 expression in NMIBC, and the presence of 
TLS predicts a favorable prognosis for NMIBC. We 
also used the TLS marker LICAM and revealed its                  
expression pattern and diagnostic value. CXCL13 is 
also a TLS marker and has been associated with                
better survival for patients with advanced-stage   
bladder cancer (28). It is necessary to explore its role 
in NMIBC. Furthermore, our future studies will focus 
on the association of immune cells or lymphoid               
chemokines and the presence of TLS in NMIBC. Our 
study can provide direction on formulating antitumor 
immunity in NMIBC. 

 

 

CONCLUSION 
 

Herein, we demonstrated that one significant               
favorable prognostic factor in NMIBC is the existence 

of TLS. A deeper comprehension of TLS may yield 
fresh perspectives on enhancing immunotherapy for 
bladder cancer. We will focus on the interaction of 
TLS with immune cells or lymphoid chemokines in 
NMIBC in the future. Directions for developing            
antitumor immunity in NMIBC can be obtained from 
our investigation. 
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