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Abstract: Bladder carcinoma (BC) is one of the most common malignancies of the urinary system in developed 
countries, with a high number of recurrences. The secondary lymphoid organs (SLO) are crucial for initiating the 
adaptive immune response. They are developed as a part of a genetically preprogrammed process during embryo-
genesis. However, SLO’s organogenesis can be reduplicated de novo in other tissues by a process termed lymphoid 
neo-genesis, giving rise to tertiary lymphoid structures (TLS). These well-organized lymphoid structures in cancer are 
essential modulators of cancer immunologic response, and the histological examination of TLS gave a new strategy 
for cancer immunotherapy. This review explores the biological and histological characteristics of TLS in muscle non-
invasive and invasive BC.
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Introduction 

It is well-known that the immune system’s 
organs are made up of lymph tissue and com-
posed of a heterogeneous population of cells. 
Secondary lymphoid organs, SLO (lymph nodes 
and spleen), play a critical role in adaptive 
immunity [1]. SLOs develop during embryogen-
esis in the first few weeks after birth, which is 
controlled and coordinated by various homeo-
static chemokines, cytokines, and growth fac-
tors that attract hematopoietic cells to the site 
of the future lymphoid organ development and 
promote their differentiation [2]. 

SLOs are integral to the initiation and develop-
ment of adaptive immune responses to exoge-
nous pathogens. They offer an environment for 
interactions between antigen-specific lympho-
cytes and antigen-presenting cells recruited 
from locally tumorigenic or inflamed tissues [3].

The importance of SLOs in the mediation of 
lymphocyte proliferation and rapid response to 

repeated antigens has long been recognized  
[4, 5]. 

It is also well established that SLOs contribute 
to peripheral immune tolerance to self-antigens 
and commensals by controlling the traffick- 
ing of the immunosuppressive subpopulation 
Foxp3+ regulatory T cells (Tregs), major cell 
players in establishing the peripheral tolerance 
by promoting the deletion of self-reactive T 
cells by SLO-resident extrathymic Air-expressing 
cells [6, 7]. 

The immune system plays a vital function in the 
incidence and growth of cancers. Once activat-
ed, the human body’s highly adaptive immune 
system can recognize and kill tumor cells and 
prevent cancer from growing. However, the 
effective anti-tumor immune response is a 
complex multi-stage process, the study of wh- 
ich ensures the development of a rational 
immunotherapeutic strategy. Although an imm- 
une checkpoint blockade effectively increases 
anti-tumor immune response in different tumor 
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types, tumor immunotherapy also faces several 
challenges. 

Most solid tumors have infiltrating immune 
cells; the existence of antigen-presenting den-
dritic cells (DCs) and lymphoid cells in situ sug-
gests that such solid tumors might be identi- 
fied as foreign and induce an immune reaction 
[8]. Furthermore, the presence of high num- 
bers of tumor-infiltration lymphocytes (TILs) 
has been regarded as a prognostic factor. The 
rational background of existing immunotherapy 
therapies is that the immune system in tumor 
patients is compromised, and there is no ade-
quate immune surveillance [9]. 

Simultaneously, immune cells provide suitable 
settings for tumorigenesis, cancer develop-
ment, and metastases. The pro-tumoral activity 
of immune cells relies on the inflammatory 
environment mediated by inflammatory cells, 
including recruitment and induction of alterna-
tively activated macrophages, myeloid-derived 
suppressor cells (MDSCs), and Tregs. Emerging 
data has shown that even the same subpopula-
tion of TILs often has separate or opposite 
effects on the patient’s outcomes, which is the 
most significant barrier to every tumor-imm- 
unotherapy strategy. However, the processes 
have not been completely elucidated to date 
[10]. Recent data demonstrated that the 
immune reaction might be activated, indepen-
dently of SLO, in the so-called tertiary lymphoid 
organs or structures (TLS) that form under 
chronic inflammatory conditions, such as auto-
immune disease, chronic inflammation, chronic 
grafting rejection, and tumors [11]. 

Our interest in the presence of TLS in the blad-
der - apart from the general biological point of 
view is increased due to the possibility that the 
study of TLS gives us, both in the field of inflam-
matory pathology (for example, in follicular cys-
titis) and research with PD-L1 in tumor pathol-
ogy of the bladder. There are many articles in 
the field of TLS and their significance in various 
carcinomas. Still, literature data on the pres-
ence of TLS in urothelial bladder cancer and 
their association with the degree of invasion, 
tumor stage, and patient survival are scarce. 
On the other hand, the presence of tumor-asso-
ciated TLS in BC correlate with positive expres-
sion of PD-L1. PD-L1 positive patients are 
treated with a potential novel personalized 

immunotherapy with checkpoint inhibitors and 
showed a favorable clinical outcome. 

Also, the contribution of immune responses is 
poorly understood in BC. There are still many 
unclear mechanisms in our understanding of 
TLS biology. For example, not all types of neo-
plastic disease seem to exhibit a positive cor-
relation between the density of TLS and surviv-
al [12].

We investigated 104 cases of non-invasive and 
invasive urothelial BCs, where we found statis-
tical significance between the presence of TLS 
with the degree of invasion (P = 0.021) and 
between the presence of TLS and WHO grading 
system by 1973 and 2016 (P = 0.024/P = 
0.018) (unpublished our data).

This review explores the biological and histo-
logical characteristics of TLS in muscle non-
invasive and invasive BC.

Characteristics of tertiary lymphoid structures

The central morphological unit of the lymphatic 
system, the lymphatic tissue, in addition to the 
primary and secondary lymphoid organs, can 
form de novo structures in various tissues 
under pathological circumstances - a process 
termed lymphoid neogenesis. This process 
results in the formation of ectopic tertiary lym-
phatic structures (TLS) that have lymph node-
like characteristics [1, 3]. Besides, the de- 
scribed process follows similar molecular steps 
to lymphoid organogenesis during embryonic 
development [13]. 

TLSs are ectopic lymphoid organizations that 
form in non-lymphoid tissues at sites of chronic 
inflammation, including tumors. Some similar 
characteristics were identified between sec-
ondary lymphoid organogenesis and the neo-
genesis of TLS. For example, in tumors, TLSs 
occur under various maturation states, result-
ing in germinal centers’ development. The 
mechanisms underlying the role of TLSs in the 
immune response to adaptive anti-tumors are 
being deciphered [14].

An association between the existence of TLS 
and the therapeutic efficiency in cancer pa- 
tients indicated that TLSs might be a prognos-
tic and predictive factor for the patients’ out-
come. This observation has led to a strong 
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interest in investigating the role of TLSs in 
tumors. The present challenge is how to use 
TLSs to facilitate lymphocyte penetration in 
tumors, tumor antigen activation, and differen-
tiation to improve immune response to cancer 
[14].

TLSs also display all the features of lymph  
node structures associated with the generation 
of the adaptive immune response, including a 
T-cell zone with mature dendritic cells (DC), a 
germinal center with follicular dendritic cells 
(FDC) and proliferating B-cells, and a high endo-
thelial venule (HEV) [15]. 

However, there are some differences between 
the lymph node and TLS. The lymph nodes are 
encapsulated, while the TLSs represent im- 
mune and stromal cells’ aggregates within an 
organ or tissue [16]. The second significant dif-
ference is that while the development of SLOs 
is genetically predisposed with a programmed 
process that occurred during ontogenesis, 
TLSs are formed in response to chronic inflam-
matory and antigenic stimuli [17]. Besides,  
secondary lymphoid structures are formed at 
well-defined anatomical sites, and TLS are usu-
ally formed temporarily in non-lymphoid organs 
and disappear after antigen elimination [3].

TLSs have long been studied in transplantolo-
gy, autoimmune and idiopathic diseases, non-
neoplastic chronic inflammatory conditions, 
etc. Moreover, TLSs are potential auto- and 
alloreactive lymphocyte activation factors con-
tributing to disease exacerbation, failure of 
therapy, and resistance [18]. 

TLS also possess characteristics of SLOs such 
as T and B cell areas, the involvement of follicu-
lar dendritic cell, HEV, and lymphoid fibroblasts, 
and use mechanisms to promote local adaptive 
immune responses to locally activated anti-
gens. TLS tissue identification is also associat-
ed with poor prognosis of cancer, autoantibody 
development, and malignancy [18].

Formation of B-cell follicles and germinal cen-
ters (GCs) has also been identified in TLSs, 
thus, giving the name of the process as “ecto-
pic lymphangiogenesis”. As we mentioned 
above, TLS form in target organs of chronic 
inflammatory/autoimmune processes, local-
ized infections, and in areas surrounding solid 
tumors. In tumor pathology, these ectopic lym-

phoid structures provide a more favorable out-
come in cancer patients [18, 19]. Nevertheless, 
since TLSs are formed by prolonged inflamma-
tory and neoplastic stimulation, they success-
fully replicate the function of SLOs, especially 
as immunological modulators in the tumor envi-
ronment [11, 20, 21].

The predictive value of these observations is 
being addressed. TLS presence in target organs 
in autoimmune disorders is historically associ-
ated with the persistence of disorder and wors-
en clinical symptoms. On the contrary, TLS in 
solid tumors has been correlated with the anti-
tumor response. However, in some cases, 
tumor cells’ ability to induce Tregs and sup-
press host immune response has been com-
promised [17]. 

TLS is not present in embryonic development 
but develops later in adult life to promote local 
lymphocyte aggregation in the disease’s target 
organ. Other used terms, like “ectopic lymphoid 
systems” or “ectopic germinal centers”, show 
the significance of these structures for immu-
nity. However, they can be utilized where the 
composition of GC is histologically defined 
within the ectopic lymphoid tissue [17], al- 
though the differences, there is a crossover 
between TLS and SLO that has been examined 
by some groups and described in recent 
publications. The word “tertiary lymphoid” in 
the literature dated back to 1992 and was  
used by Louis Picker and Eugene Butcher [22] 
to characterize the development of extra-
lymphoid sites where memory lymphocytes 
and/or precursors may be re-stimulated by 
antigen to cause more clonal expansion or 
terminal effector reactions. By contrast, TLS 
exists in tissues whose key role is not the 
generation of immune cells or the development 
of an adaptive immune response. This excludes 
bone marrow and thymus (as primary lymphoid 
organs) and spleen, lymph nodes, and Peyer 
patches (defined as SLOs) [18].

The liver, heart, pancreas, synovium, and sa- 
livary glands are not embryologically predis- 
posed to host lymphoid tissue. Hence lymph- 
ocyte assembly at these locations should be 
called TLS. The liver has hematopoietic activity 
during embryonic development. Still, this ac- 
tivity is lost postnatally, including this organ 
among those hosting TLS in adult life [16]. 
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TLS is developed in response to a sequence  
of pro-inflammatory cytokines and TNF rece- 
ptor family members following local cross-talk 
between inflammatory immune cells and re- 
sident stromal cells. Fibroblasts, perivascular 
myofibroblasts, and resident mesenchymal 
cells have been involved differently in the 
production of TLS [18, 23]. Possibly formed 
before SLO, TLS may have grown in ectopic 
tissues to satisfy the survival needs prior to  
the placentation and evolution of SLOs. As 
such, the capacity of TLS to begin independently 
from lymphotoxin (LT) on the release of 
inflammatory cytokines and in the absence of 
lymphoid tissue inducer cells (LTi) may have 
remained a heritage of their developmental 
ancestors [16]. 

Physiologically, the generation of humoral 
response requires the physical interaction of 
naive B cells with antigen-experienced T cells  
in the enclosed space of a microenvironment 
rich in survival and chemotactic factors. 
Lymphocytes are recruited from the bloodstr- 
eam to the SLO in response to a chemotactic 
gradient. CXCL13 and CCL19/CCL21, ligands 
for the CXCR5 and CCR7 chemokinetic re- 
ceptors, respectively, control the recirculation 
of naive B cells between the inner part of the B 
cell follicle and the outer part of the T/B cell 
boundary, thereby allowing B cells to come into 
contact with antigen-experienced, activated T 
cells. Within the follicles, the antigen-exper- 
ienced B cells migrate to the GC’s dark zone, a 
highly hypoxic CXCL12-rich region. In this re- 
gion, centroblasts become highly proliferating 
and upregulate the enzyme activation-induced 
cytidine deaminase (AID) that regulates the 
intestine leading to the introduction of single 
base-pair substitutions of antibody gene 
segments in the immunoglobulin (Ig) variable-
region genes, in a process defined as somatic 
hypermutation [3].

Cancer immunity and TLS in cancers

T cell lymphocytes recognize tumor cells as for-
eign and differentiate to a population of cyto-
toxic T lymphocytes that have the ability to 
migrate, infiltrate, and lyse the tumor [24]. This 
process is expressed by cell proliferation of T 
and B lymphocytes, plasma cells, macro-
phages, dendritic cells, etc. It is an expression 
of the immune response of the organism carry-

ing the tumor information [15]. These cells pro-
liferate to form a discrete CD8+ T cell and  
CD20+ B cell zone, involving mature CD83+ 
dendritic cells within the T-zone and a blood 
vessel with histological characteristics of a sin-
gle post-capillary venule with elongated cylin-
drical cells [25]. These single venules are struc-
turally different blood vessels that develop 
during embryonic and neonatal life in all sec-
ondary lymphoid organs except the spleen [26]. 
They are highly specialized blood vessels that 
generally settle in the paracortical area of the 
lymph node [3, 27]. The term ‘TLS’ can refer to 
structures with a different organization, from 
‘simple’ clusters made up of lymphocytes to 
those resembling lymph follicles observed in 
secondary lymphoid organs [3]. The structures 
containing all three components are referred to 
as “classic” TLS [1].

For many years in the morphology of tumors, an 
important place is occupied by the steep reac-
tion, representing cellular proliferation of infla- 
mmatory cells as an expression of the organ-
ism’s immune response carrying the tumor 
lesion. The more massive reaction is a sign of 
slower progression of the neoplastic process 
and vice versa - the scarce and/or missing 
steep reaction is a manifestation of immune 
deficiency. The presence of persistent antigen-
ic stimulation leads to T cell accumulation in 
non-lymphoid areas, where it initiates lymphoid 
neogenesis. This lymphoid neogenesis is the 
hallmark of the active immune response that 
sometimes leads to the formation of TLS [28].

Recently, the active study of TLS has begun due 
to their role in local and systemic anti-tumor 
immunity. According to literature, numerous 
cases of TLS in the stroma of most carcinomas 
have been reported. In the last two to three 
years, a number of new hypotheses have accu-
mulated in the literature on the correlation 
between the density of tertiary lymphoid infil-
trates and the clinical outcome studied in more 
than ten different types of carcinomas [29].

Tertiary lymphoid systems were initially identi-
fied in the sense of non-neoplastic chronic 
inflammatory conditions, including autoim-
mune diseases, infections, and idiopathic dis-
orders [13, 30].

Indeed, neoplastic malignancies have many 
symptoms associated with systemic inflamma-
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tion, as well as local chronic inflammation. 
However, malignant tumors vary from chronic 
inflammatory environments in one important 
feature that many would believe may inhibit the 
development of TLSs: the extremely immuno-
suppressive microenvironmental tumor [20, 
31]. 

However, TLSs with various degrees and organi-
zation have been identified in patients with  
several primary and metastatic cancer forms. 
Tumor’s TLSs were associated mainly with a 
better therapeutic prognosis for various types 
of solid tumors in patients. However, the rela-
tion between tumor-associated TLSs and 
patient outcomes continues to depend on sev-
eral factors, including the type and degree of 
cancer and disease.

Foxp3+ Tregs is the leading cell population 
repeatedly indicated to play a regulatory role in 
ectopic TLS and/or HEV neogenesis. Tregs are 
highly immunosuppressive T cells that preserve 
immune homeostasis and encourage immune 
tolerance to self-antigens. Tregs avoid autoim-
munity by keeping the recruitment and prolifer-
ation of over-reactive immune cells under regu-
lation, thereby restricting undue and adverse 
immune responses [32, 33]. 

Therefore, the depletion of immunosuppressive 
Tregs is a prerequisite for the production of iso-
lated intratumoral HEVs in some sarcomas, 
meaning that Tregs can inhibit HEV neogenesis 
and probably TLSs in tumors [34]. 

Other studies related IL-17 and/or TH17 cells to 
TLS neogenesis [35, 36]. Interestingly, the 
IL-17-producing potential of LTi cells is one of 
the characteristics that has recently been dem-
onstrated as an ancestral association between 
them [37]. However, the identity of a specific 
TLS-inducing cell group remains elusive, with B 
cells and TNF-producing myeloid cells serving 
as candidates [38]. 

It has been proposed that, similar to SLOs, 
TLSs act mainly to stimulate the local immune 
response at the site of development. TLSs will 
also have the ability to worsen or regulate the 
disease, depending on the pathology type. The 
existing consensus indicates that there is justi-
fication for therapeutically potentiating TLS 
development in the sense of microbial invasion 
and malignancy, where local immunity may con-

tribute to infection clearance or tumor rejec-
tion. Simultaneously, the immune system may 
inhibit the formation of TLS in chronic inflam-
mation and autoimmunity, where increased 
local immune responses will result in increased 
local immune responses [19]. 

However, TLSs are mostly recorded in anatomy 
through histological analysis of tissues, pre-
venting conclusive evidence for their practical 
implications. The bulk of existing research 
relating to TLSs with prognosis in patients or 
disease development in animals is by default 
linked. The prognostic relationship of tumor-
associated TLSs or HEVs in the absence of 
TLSs may be complicated because their neo-
genesis often occurs in the sense of a vigorous 
immune response; the correlation between 
these ectopic lymphoid structures and a benefi-
cial clinical outcome may be indirect and show 
the presence of effector T cells. Conclusive 
functional results are substantially missing. We 
can not be sure of the exact location of these 
ectopic lymphoid constructs within pathologi-
cal foci, a prerequisite for successful therapeu-
tic targeting [3]. 

Examination of TLS in urothelial carcinoma of 
the bladder

Urothelial carcinoma (UC) is a widespread dis-
ease worldwide with a high recurrence rate and 
the need for active monitoring and clinical fol-
low-up. However, clinical control and outcome 
of this disease remain a problem. The contribu-
tion of the immune response to the outcome in 
UC patients is still unclear. However, lymphoid 
neogenesis is a hallmark of an active immune 
response against urothelial carcinoma, which 
in some cases leads to the formation of TLS 
similar to lymph follicles with GCs observed in 
SLOs [28, 39].

Research also reveals a direct link between 
urothelial bladder cancer and tumor immunol-
ogy, especially considering BCG immunothera-
py, a significant tool in managing and treating 
non-invasive UCs for more than 40 years. For 
two to three years, great attention has been 
paid, and efforts have been made to the study 
of tumor immunology in relation to tumor-asso-
ciated lymphoid structures, which are prognos-
tic indicators for the successful therapeutic 
use of checkpoint inhibitors to improve progno-
sis [28, 39].



Tertiary lymphoid structures in urothelial carcinoma

69 Am J Clin Exp Immunol 2020;9(5):64-72

It is generally accepted that non-invasive UCs 
with a low potential of malignancy are biologi-
cally different from invasive urothelial carcino-
mas with a high potential of malignancy and 
different clinical outcomes. Therefore, it is vital 
to conduct research on the presence of TLS 
and compare them in non-invasive and invasive 
UCs with varying degrees of malignancy.

Essential efforts in cancer immunology have 
been geared towards the correlation of tumor 
infiltration lymphocytes (TILs) with cancer prog-
nosis, both prognostic and predictive signifi-
cance throughout cancers [40]. To this end, 
recent studies on immunopathological tumor 
tests have presented substantial evidence of 
correlations in particular spatiotemporal inter-
actions of TILs within the tumor microenviron-
ment among various types of cancer [28].

Given their main functions in anti-tumor immu-
nity and therapeutic consequences, most at- 
tempts have been made to examine the cyto-
toxic CD8+ TIL populations through cancers 
that have led to the creation of prognostic 
markers such as “Immunoscore” in addition to 
the effective therapeutic utilization of immune 
checkpoint blockade therapies [28].

Bladder tumors are synonymous with wide-
spread lymphocytic invasion. Considering the 
role of immunotherapy in both localized and 
systemic diseases, it may tend to be a su- 

be correlated with the aggressiveness of the 
disease and the severity of the stromal in- 
flammatory reaction it evokes. It may also be 
hypothesized that the enrichment or evolution 
of tumors during the progression to active dis-
ease stages is permissible for B cell receptors’ 
maturation inside these TLS inside tumors. 
These issues will preferably be answered by 
characterizing antibodies secreted from B cells 
derived from fresh tumor specimens, combin- 
ed with confirming additional features associ-
ated with events such as somatic hypermuta-
tion and antibody affinity maturation [28].

This is the first research to report the existen- 
ce of TLS in bladder tumors with novel insights 
into the phases associated with the tumor 
grade. The characteristics of the stages associ-
ated with the development of well-formed TLS 
are detectable by H&E staining. Still, they could 
be verified by immunohistochemistry (IHC).  
An in-depth examination of the B cells derived 
from these tumors will provide novel knowle- 
dge on the neo-epitopes that these B cells are 
likely to support their functional involvement in 
UBC as well as their therapeutic implications. 
Future experiments in larger cohorts are re- 
quired to validate the relationship between 
TLS, disease recurrence, and overall survival  
to determine their prognostic significance in 
bladder cancer.

The study of TLS is performed by pathologists 
initially by conventional staining with hematoxy-

Figure 1. TLS of type 1 (1st degree (→)) in the stroma of invasive urothelial. 
carcinoma of the bladder with high malignant potential. H&E × 200.

ccessful model to research the 
immunopathological spread of 
adaptive immune cells. There- 
fore, it is of great importance 
to compare and contrast the 
microenvironment of the tu- 
mor, particularly the tertiary 
lymphoid structures that indi-
cate the humoral anti-tumor 
response in these two diver-
gent stages of the bladder UC. 
This is the first research to 
examine the existence and ch- 
aracteristics of TLS in bladder 
UC with a focus on comparing 
and contrasting TLS develop-
ment in the treatment of nai- 
ve, low- and high-grade blad-
der tumors [28].

In addition, the degree of TLS 
development and maturity can 
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lin-eosin (H&E) and by immunohistochemical 
examination with detection of CD31, CD34, 
CD34-blasts, CD10, CD23, CD4, CD8, CD20, 
CD68, pS-100, C-kit, smooth muscle actin, des-
min, vimentin, podoplanin, Ki-67, ckAE1/AE3, 
IgG4 and PD-L1 [28, 39].

According to modest literature data on the 
association of TLS with the stage of UC of the 
bladder, performed on a group of 28 cases of 
UCs using a broad panel of antibodies, reveals 
different organization and stages of develop-
ment, following strict criteria for reporting and 
classification of classical tertiary lymphoid str- 
uctures in the studied cohort [28].

The realization of precise morphological analy-
sis, taking into account the differences in the 
architecture of the tertiary lymphoid structures, 

is carried out by categorizing them into four 
types (degrees) [41], along with presenting pic-
tures from our experience.

Type 0 - no significantly significant lymphoid 
stromal response: < 20 lymphoid cells;

Type 1 (1st degree) - the presence of mild lym-
phoid infiltrate: from 20 to 40 lymphoid cells, 
with diffuse and/or nodular arrangement - a 
precursor of TLS (Figures 1 and 2).

Type 2 - the presence of a more pronounced 
lymphoid infiltrate: from 40 - 60 lymphoid cells 
grouped around the post-capillary venule - ini-
tial forms of TLS (Figure 2).

Type 3 - the presence of pronounced lymphoid 
infiltrate: > 60 lymphoid cells - with well-formed 

Figure 2. A and B. TLS of type 1 and 2 (1st degree (1→) and 2nd degree (2→)) in the subserosa of invasive UC of the 
bladder with high malignant potential. H&E × 100, × 200.

Figure 3. A and B. TLS of type 3 (3th degree) in the stroma of non-invasive UC of the bladder with low malignant 
potential. H&E × 100, × 200.
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germinal centers - a terminal form of TLS (= 
lymph follicles) (Figure 3).

Conclusion

According to the literature data and our obser-
vations, we suggest that TLS in BC may be a 
promising histological feature to maximize the 
therapeutic strategy with checkpoint inhibitors 
and improve the clinical outcome for patients. 
They appear likely to be a part of an adaptive 
immune response. They may help diagnose  
and understand the BC’s immunobiology and 
could also guide patient selection for immuno-
therapy because tumor-associated TLS are the 
essential modulators of cancer immunologic 
microenvironment.

Besides, the determination of TLS can be easily 
quantified by simple histological methods, such 
as H&E staining. Thus, TLS can be applied in 
routine practice to predict overall survival.
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