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Abstract: Following the successes of monoclonal antibody immunotherapies (trastuzumab 
(Herceptin®) and rituximab (Rituxan®)) and the first approved cancer vaccine, Provenge® 
(sipuleucel-T), investigations into the immune system and how it can be modified by a 
tumor has become an exciting and promising new field of cancer research. Dozens of 
clinical trials for new antibodies, cancer and adjuvant vaccines, and autologous T and 
dendritic cell transfers are ongoing in hopes of identifying ways to re-awaken the immune 
system and force an anti-tumor response. To date, however, few consistent, reproducible, 
or clinically-relevant effects have been shown using vaccine or autologous cell transfers 
due in part to the fact that the immunosuppressive mechanisms of the tumor have not been 
overcome. Much of the research focus has been on re-activating or priming cytotoxic T 
cells to recognize tumor, in some cases completely disregarding the potential roles that B 
cells play in immune surveillance or how a solid tumor should be treated to maximize 
immunogenicity. Here, we will summarize what is currently known about the induction or 
evasion of humoral immunity via tumor-induced cytokine/chemokine expression and how 
formation of tertiary lymphoid structures (TLS) within the tumor microenvironment may 
be used to enhance immunotherapy response. 
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1. Introduction 

In order to become an invasive cancer, a tumor must be able to control its microenvironment. 
Genetic dysregulation, common to all cancers, has implications that reach far beyond the tumor cell. 
Secreted proteins, cytokines and chemokines affect neighboring cell populations which may then 
enable angiogenesis, degradation of the basement membrane and evasion of an anti-tumor immune 
response. It is the ability of the tumor to orchestrate a permissive environment that allows for tumor 
growth and metastasis. Here we will focus on how epithelial-derived tumors evade the immune 
response specifically through the dysregulation of specific cytokines/chemokines that regulate the 
formation of ectopic lymph nodes. It is important to note that while each chemokine has individual 
functions, it is their action in concert that manifests either an immunogenic or immunosuppressive 
environment. The relationship between tumor and tumor infiltrating lymphocytes (TIL) is also 
complex because tumor-derived cytokines influence the expression of TIL-derived cytokines and vice 
versa. In this review, we highlight the cytokines/chemokines required for ectopic lymph node 
formation and their role in several cancer types. 

We focus on epithelial-derived cancers because much is lacking with regard to our understanding of 
how epithelial cells-the first barrier we have against pathogen-are able to induce an immune response 
via cytokine/chemokine secretion resulting in a reprogramming of the tumor immune microenvironment. 
Their ability to express pro-inflammatory cytokines/chemokines is poorly understood but vitally 
important to our understanding of how a tumor evades these mechanisms. 

Ectopic lymph nodes, or tertiary lymphoid structures (TLS), are extremely important to the 
formation of both a humoral and cell-mediated immune response. Humoral immunity is dependent on 
B cells producing antibodies to specific antigen. Cell-mediated immunity relies on activated T cells’ 
cytotoxic effect on “damaged” cells. In ectopic lymph nodes, as in secondary lymph organs (or 
classical lymph nodes), the presentation of antigen occurs to both B and T cells making this structure 
an extremely efficient immunological tool. Therefore, the presence of TLS in epithelial cancers may be 
vital to anti-tumor immunity. 

1.1. Germinal Centers and Formation of Tertiary Lymphoid Structures (TLS) 

Although not much about the induction of TLS is currently understood, many of the processes that 
occur during the formation of lymph nodes are mirrored in the development of TLS. TLS formation 
has mostly been studied in mouse models, but the post-embryonic development of ectopic lymphoid 
tissue is a commonly-observed phenomenon [1–5]. As illustrated in Figure 1, the same functional cell 
populations are present in both lymph nodes and TLS but key structural differences occur. TLS are not 
encapsulated and can be embedded within almost any non-lymphoid tissue [2]. TLS do not form 
during embryonic development and instead are induced by pathogen or chronic inflammatory  
signaling [2,4].  
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Figure 1. Histological similarities and structural differences between lymph nodes and 
TLS. (A) Both lymph nodes and TLS contain the same cell populations and high endothelial 
venules (HEV). On the left, a schematic of lymph node structure highlighting B and T cell 
zones is shown. Each zone contains resident cell populations that upon antigen presentation 
by follicular dendritic cells (FDC) or DC, and subsequent activation, undergo clonal 
expansion. Expanded B cell populations form a germinal center (GC). On the right, a TLS 
schematic showing individual cells aggregating which mimics lymph node histological 
structure is shown. B cells in this case will also clonally expand and form germinal centers 
after antigenic stimulation. Structural differences are highlighted; lymph nodes are encapsulated 
and connected to the lymphatic system via afferent and efferent lymph vessels while a TLS 
forms within a chronically-inflamed tissue and lymph vessel formation may eventually 
occur [6]; (B) Tissue specimen of TLS structures seen in tuberculosis infection. The left is 
an H&E stain; the right is an immunoflourescence image staining for CD3+ T cells and 
CD21+IgD+ B cells [7].  

 

The first steps in the induction of a TLS are still controversial-lymphoid tissue inducer cells (LTi) 
may or may not be required as in lymph node development [1,2]. During lymph node development, 
lymphoid tissue inducer cells (LTi) that originate in the fetal liver express lymphotoxin (LT)α and LTβ 
and are attracted to LTαβR-expressing mesenchymal cells that organize lymph node formation at  
pre-determined sites throughout the embryo [1,2]. Additional chemokines attracting LTi cells are 
CCL19, CCL21 and CXCL13, also expressed by the mesenchyme [1,2]. These chemokines attract the 
lymphocyte subsets that will reside in the forming lymph node [2]. CCL19 is the ligand for CCR7, a 
receptor expressed on subsets of T cells and dendritic cells (DCs) [8,9]. CCL21 is highly expressed in 
high endothelial venules (HEVs)-specialized vessels carrying circulating lymphocytes in and out of the 
lymph node-and in the T-zone of lymph nodes [10–13]. CCL21 also signals through the CCR7 
receptor on natural killer (NK) cells, naϊve and memory T cells, and DCs to recruit them to developing 
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lymph nodes and aid in their activation and function during an active immune response [10–12,14,15]. 
CXCL13 is one of the 4 most potent B cell chemoattractants known [7], causing an influx of migrating B 
cells as well as a subset of circulating T cells that express its cognate receptor, CXCR5 [16–19]. 
Disruption of any part of this chemokine network will disable the proper formation and function of the 
lymph node.  

Evidence exists that circulating B, T or dendritic cells (DC) may be able to act in response to 
chemokines secreted by the injured tissue and take the place/act as LTi cells themselves [1]. For 
example, after stimulation with CXCL13 or CCL21, LTαβ is expressed by T cells, supporting their 
role as possible LTi cells [9]. Interestingly, non-classical cytokines may also induce LTαβ expression 
in T cells such as IL-4, IL-7 and IL-2 [7]. The chemokines necessary for induction of TLS, however, 
are at least in part identical to those required for lymph node formation [1,2,5,20]. The administration 
of CCL21, CXCL13 or LTα on their own can induce TLS in mouse models [1,9]. 

As in lymph node formation, LTαβ expression promotes CXCL13 and CCL21 expression 
forming a positive feedback loop continuously augmenting the secretion of these critical homing 
chemokines [2,9,20]. LTα induces the formation of HEVs and the activation of follicular helpter T-cells 
(Tfh) which may be the circulating counterpart to FDCs. CCL19 and CCL21 signal via the CCR7 receptor 
to call in and regulate T cells while CXCL13 recruits and activates B cells [1]. The CCL21-dependent 
recruitment of DC and natural killer (NK) cells from the peripheral circulation may eventually lead to 
the development of lymphatic vessels in TLS [6]. As described above, the components of TLS are 
strikingly similar to those in lymph node formation and allow us to infer that TLS can also promote 
powerful and efficient immune responses. 

1.2. Epithelial Cell-Induced Immunogenicity 

While not classically thought of as immune cells, epithelial cells have a pivotal role in establishing 
defense against pathogen(s) as they are the first line of defense an offending agent will come into 
contact with. In addition to serving as a physical barrier to the outside environment, epithelial cells have 
the capacity to induce an immune response by upregulating potent immunogenic cytokines/chemokines 
as seen in breast [21,22], colon [23], salivary gland [24], lung [16], Fallopian tube epithelium [25], 
synovial epithelium [26], and even in the epithelium of the central nervous system (CNS) [7].  

In response to certain pathogens, evidence shows that the cytokines/chemokines released by 
epithelium can organize TLS. Most epithelial cells express the LTαβR, indicating that they are likely 
responsive to LTαβ signaling [27]. Pathogens found to induce the expression of TLS-associated 
cytokines/chemokines include Mycobacterium tuberculosis (Mtb) [1], Escherichia coli [21], and the 
influenza virus [16] among others, indicating that this may be a relatively unexplored but common and 
powerful immune process induced to protect the host.  

Before granuloma formation occurs in latent Mtb infection, the formation of TLS occurs to increase 
the chances that B cells and other antigen presenting cells (APC), and T cells will interact and mount 
an effective immune response [1]. After early infection with Mtb, lung parenchyma (both resident 
immune cells and non-immune cells) express CXCL13 [16]. The CXCL13-CXCR5 axis is required for 
B cell entry and organization into TLS [28].  
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The importance of B cells in secondary lymph nodes and even in TLS has been explored for some 
time, while the role of CD4+CXCR5+ T cells is less well known. These cells are responsive to 
CXCL13 by their CXCR5 receptor and they travel to follicles after infection in a CXCL13-dependent 
manner [29]. These cells basically act as the peripheral version of a Tfh [18]. Tfh are found in  
already-established primary and secondary lymph organs and are required for successful plasma cell 
differentiation and subsequent differentiation of memory B cells [19]. Circulating CD4+CXCR5+ Tfh 
cells, herein also referred to as Tfh, are necessary for TLS function and have been identified as high 
expressers of ICOS (inducible T cell co-stimulator, CD278), PD-1 (programmed cell death 1), Bcl-6 
and produce IL-21 for germinal center formation [15]. It is now known that both Tfh and B cells must 
be present to form an organized and functional TLS [19].  

Once B cells and Tfh are in close proximity within the TLS, exposure to antigen causes those 
antigen-specific B cells to clonally expand just as a germinal center would in a lymph node [17,30]. 
This occurs successfully with the secretion of IL-21 and other activating cytokines from Tfh [19].  
The CXCL13-CXCR5 axis is extremely important for clonal proliferation because it greatly enhances 
B cell activation by inducing the gathering of antigen at the B cell membrane to enhance B cell 
receptor (BCR) signaling [31] thus making these stimulated B cells potent APC [32]. Within the 
germinal center, Tfh cells induce AID expression in the antigen-specific B cells allowing somatic 
hypermutation to occur [17,30,33]. Clonal selection for a high-affinity antibody and isotype switching 
then occurs and finally some B cells become CD19+CD20−CD138+ plasma cells while others become 
CD27+CD38− memory B cells [1,30]. At that point, the TLS is functioning with APC such as DC, 
clonally expanded B cells stimulated to produce specific antibody with the help of Tfh cells, plasma 
cells secreting antibody, and memory B cells that will confer long-term immunity. 

In addition to the formation of antigen-specific antibodies and memory B cells, activating and  
anti-apoptotic signals are sent to macrophages [16,34] and high levels of IFN-γ are produced by 
newly-activated T cells [16]. This illustrates the capacity of TLS to reach far beyond B cells and 
participate in the activation of the adaptive immune system in a local immune response. In summary, 
an epithelial cell has the capacity to induce the formation of TLS primarily based on its ability to 
express CXCL13 and perhaps CCL19 and CCL21 and also respond to LTαβ signaling. These chemokines 
will attract B and Tfh cells to the area, allowing for the B cells to become efficient APC and begin 
pathogen-specific antibody production. In addition, other immune cell types become activated, such as 
macrophages and CD8+ T cells, allowing for a full and effective response to pathogen. 

The powerful immunogenic capabilities of TLS are exemplified when ectopic lymph nodes are not 
shut down or controlled effectively and autoimmunity is induced. For example, in Sjögren’s syndrome, 
the organization of TLS seen in salivary glands is induced in the same way as a TLS response to 
pathogen (via CXCL13 expression) [24], with autoantibody production occurring in some cases [1,35]. 
TLS have also been seen in rheumatoid arthritis [24,26], Hashimoto’s thyroiditis, Grave’s disease,  
H. pylori infection, myasthenia gravis, multiple sclerosis, systemic lupus etythematous (SLE) and in 
allograft rejection [5,24]. This evidence suggests that the depletion of auto-reactive B cells may not be 
as efficient in TLS relative to bone marrow [35]. While the survival of auto-reactive B cells is generally 
not favorable, auto-reactive antibodies may be useful as part of an anti-tumor immune response. 
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1.3. A Role for TLS in Epithelial-Derived Cancers 

A functioning immune system is vital for systemic tumor surveillance on a daily basis. Without 
proper immune surveillance and response capabilities, cancer is more likely to occur. This is corroborated 
by the fact that immunosuppressed populations have a higher cancer incidence than the general 
population [36]. These populations include organ transplant recipients, those undergoing treatment for 
autoimmune disease, or cancer patients receiving systemic chemotherapy [37]. Organ transplant 
recipients have a 5%–6% chance of being diagnosed with cancer, usually of an epithelial origin, while 
those on methotrexate (anti-folate therapy) for arthritis see an increase in leukemia incidence. While 
the increase in leukemia may be in part due to the chemotherapy itself, it has been postulated that a 
lack of immune surveillance is also to blame [37]. 

Therefore, in a person with an otherwise normal immune system, we can expect to see that at least 
some who get diagnosed with cancer will show signs of mounting an anti-tumor immune response. 
Indeed, ectopic lymphoid structures/TLS have been documented in lung, colon, breast, ovarian, renal 
and germ cell cancers, as well as melanoma [17,38–43]. Understanding the mechanisms involved in 
these processes may allow us to augment a host immune response to tumor with the goal of long-term 
or complete remission. 

While TLS have been seen in several tumor types, not every cancer patient will develop them and 
when they do occur, they vary in functionality. Some tumor types are more likely to induce TLS 
formation indicating that the tumor itself plays a major role in either the hindrance or initiation of this 
humoral immune response. 

Analysis of the cytokine/chemokine molecular gene signature of some solid tumors offers insight 
into which cancers and even which particular patients are more likely to have organized TLS via gene 
profiling. Since it stands to reason that some tumors are more immunogenic and others more 
immunosuppressive, we and others hypothesize that immunogenic tumors inherently have a better 
prognosis. There are several ways one can attempt to measure the “immunogenicity” of a tumor; from 
the DNA/mRNA levels seen in a genetic signature to the number of responsive/activated lymphocytes, 
or TIL, attracted to the tumor bed. In many solid tumors, all of these measurements have been used 
and a general consensus reached: immunogenic tumors, with immune response positive (IR+) gene 
signatures and/or increased TIL, have a better prognosis [35,44–46]. Figure 2 illustrates a working 
model of how IR+ tumors may be able to induce TLS formation. The following sections will 
summarize how immunogenicity has been studied in several solid cancer types and the implications for 
TLS formation. 

1.3.1. Breast Cancer 

Breast cancer is traditionally thought to be a very immunosuppressive tumor type. Increased 
immunogenicity has most commonly been measured via lymphocytic or immune cell infiltrate. A 
study by Denkert et al. analyzed 1058 tumor samples by immunohistochemistry (IHC) and microarray 
and found that 676 of those samples could be identified as having either a good or bad prognosis  
based on several factors [44], one of which was immune cell infiltrate: the more TIL, the better the 
prognosis [35,44]. Alexe et al. mirrors these results in Her2/neu positive breast cancers [46]. With  
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a 99 month overall survival and 11% recurrence rate, Her2/neu positive breast tumors expressing high 
levels of lymphocyte-associated genes fared much better than tumors with low levels (33 month 
survival, 33% recurrence rate) [46]. The typical TIL populations found in most breast cancers are T 
cells (60%–90%, mostly CD4+), B cells (about 20% or less), monocytes (less than 10%), and NK cells 
(less than 5%) [39,45]. 

Figure 2. Working model of an IR+ tumor and TLS induction. In IR+ tumors, expression of 
transcription factors such as the interferon regulatory factors (IRFs), NF-κB and STAT 
molecules regulate TLS-inducing cytokines and chemokines. Tumor secretion of CCL19 
and CCL21 recruits CCR7+ DC and T cells. CCL19 and CCL21 induce LTαβ expression 
and secretion from T cell populations which may further stimulate inflammatory cytokine 
release from tumor cells via LTαβR signaling. Tumor-derived CXCL13 recruits B cells 
and CD4+CXCR5+ Tfh cells. The Tfh cells stimulate B cell differentiation and activation in 
part via IL-21. This promotes the development of anti-tumor memory B cells and plasma 
cells secreting tumor-specific antibodies. With a functional TLS in place, efficient antigen 
presentation, cell activation and differentiation occurs for both a humoral and cell-mediated 
anti-tumor immune response. In an IR- tumor, many of the regulatory transcription factors 
and/or their downstream chemokines are downregulated. In the absence of TLS-inducing 
chemokines, severe immune deficits occur allowing for tumor immune evasion. 

 

With regard to infiltrating T cells, an increased presence of CD8+ T cells has long been accepted as 
a positive prognostic indicator via their ability to produce IFN-γ [39,47] as they have the ability to 
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function as cytotoxic T cells. The role of CD4+ T cells is more complex. Their particular role in tumor 
progression or regression may be extremely dependent on the immune microenvironment. In extensively 
infiltrated tumors, CD4+ T cells have been shown to be antigen-experienced and necessary for the 
function of CD8+ T cells so much so that even increased CD4+ T cells have been associated  
with a better prognosis [39]. IL-17-producing effector T helper (Th17) cells, generally thought to be  
pro-inflammatory, may be even more “context dependent.” They may synergize with IFN-γ to augment 
anti-tumor immunity [39] but their role is complex and has not yet been well characterized. Other 
CD4+ T cells, as will be discussed below, are required to bridge the gap between cell-mediated and 
humoral immune responses.  

While most breast cancers have CD4+ T cells as their dominant TIL, approximately 20%–25% have 
B cells as the major immune cell population [30,48]. These patients, based on their B cell infiltrate 
alone (independent of the CD8+ T cell infiltrate), have a better prognosis [49–51]. Specifically, 
Mahmoud et al. examined 1470 tissue samples for CD20+ cells and saw increased survival and a 
longer disease free interval [49]. 

This powerful positive prognostic evidence illustrates that a B cell-mediated anti-tumor immune 
response may occur. B cells may even be among some of the first responders, as B cells can aggregate 
before breast disease becomes invasive [30,32]. Medullary breast cancer, famous for its intense TIL 
and in particular B cell infiltrate, has an 84% 10-year survival rate compared to 63% in non-medullary 
breast cancers [51]. A small study by Nzula et al. examined primary breast tumor samples for the 
presence of B cell infiltrate; importantly, the patients had not yet undergone any treatment [45]. The 
significance of this is that non-specific chemotherapy agents are notoriously immunosuppressive and 
will have an impact on the host immune response. In the primary tumors, Nzula et al. found a direct 
correlation between B cell infiltrate and improved prognosis and that B cells present in the individual 
patients showed evidence of antigenic stimulation [45]. Genetic analysis of the B cell populations was 
performed on microdissected B cells from the tumor rather than whole tumor isolates thus reducing the 
possibility of contaminating genomes from other tumor-associated cells. Results from this study 
indicated that V(D)J recombination events had occurred, as well as clonal proliferation [45,51]. Even 
more striking was the finding that independent individuals had similar V(D)J rearrangements, 
indicating that there may be a common, non-random antigen present on some breast cancers [45]. 

Others have shown evidence of mature antibody responses by TIL B cells. In addition to V(D)J 
rearrangements, class-switching occurred from IgA, found in normal breast tissue, to IgG1 and  
IgG2 [35,48,51,52]. Pavoni et al. showed that when a B cell-mediated immune response could be 
observed in a breast cancer, up to 70% of B cells present were part of a clonal expansion group.  
No IgG secretion or oligoclonal cells were found in normal tissues [52]. 

V(D)J rearrangement, class switching, and clonal expansion are only useful if they result in 
functional and selective antibodies. In about 50% of breast cancer patients, antibodies against known 
breast tumor antigen are detectable [35,53]. Some of the most common host-derived antibodies target 
Her2, p53, MUC1, and endostatin [53], and to date over 250 breast cancer antigens have been 
identified [35]. Non-identified antigens, also known as “cryptic epitopes”, which were discovered by 
sequencing V(D)J regions and not finding a matched antigen, have also been documented [51,54] and 
are specific for binding to breast cancer cells and not normal tissue [54]. Together, these data demonstrate 
that active, humoral immune responses do occur in at least some breast cancer patients although, these 



Cancers 2014, 6 977 
 
processes are not solely B cell dependent. B cells require cell-dependent and cytokine-dependent 
activation and regulation in order to complete these complex tasks. B cells must form structures that 
increase the efficiency of antigen presentation and T cell activation. In short, these B cells must form 
TLS in or near the tumor site. Further evidence of functional TLS formation in breast cancer is the 
presence of HEV in breast cancer that associates with a better prognosis possibly due to the observed 
increase in B and T cell infiltrate [55]. 

As mentioned earlier, other CD4+ T cells may be important for B cell activation and autoantibody 
production within the tumor microenvironment such as CD4+CXCR5+ Tfh cells. Coronella et al. 
documented that B cells aggregate in “lymph node like” germinal centers at tumor margins in which 
oligoclonal expansion is observed [48]. Furthermore, Gu-Trantien et al. characterized the presence and 
role of Tfh cells found at TLS in breast cancer [39]. The study took 20 untreated breast cancer 
samples, non-enzymatically dissociated the tissue and isolated Tfh for analysis. Before dissociation, 
however, histological examination revealed extensively-infiltrated tumors with TLS present near the 
edges of the tumor bed whereas minimally infiltrated tumors did not commonly have TLS. After 
expression analysis of the Tfh cells isolated from heavily-infiltrated tumors, they found that these Tfh 
were quite similar to traditional Tfh found in secondary lymph organs. The heavily-infiltrated tumor 
Tfh cells expressed more activation markers, including CD200, CXCL13, ICOS and PDC1, compared 
to Tfh cells isolated for tumors with low levels of immune infiltrate [39]. Somewhat expectedly, they 
also found that tumors with lots of TIL had more active CD8+ T cells, confirmed in part by elevated 
IFN-γ expression [39]. 

Importantly, CXCL13 was found to be the most sustained chemokine expressed, not decreasing 
dramatically even after 24 hours in culture without stimulation outside of the tumor. In contrast, IFN-γ 
levels quickly dropped to unstimulated levels [39]. This points to a pivotal and expected role for 
CXCL13 as one of the major organizers of an anti-tumor immune response in TLS. In addition, 
expression of CXCL13 correlated with immune infiltrate, a strong Th1 cell presence and the formation 
of TLS. The presence of CXCL13-producing Tfh cells or just CXCL13 alone was better at predicting 
clinical responses regardless of Her2 or triple negative subtype [39]. Thus, as suggested from gene 
signature studies, CXCL13 was the most predictive marker for prognosis, and even more reliable than 
Th1 signatures for survival [39]. Some controversy exists as to whether or not CXCL13 is produced by 
the tumor cells themselves [22,39,56]. Panse et al. saw an increase of CXCL13 in serum samples and 
tumor samples of breast cancer patients; however, they did not microdissect to confirm the cells 
responsible for this expression [22]. They concluded from their IHC data that the tumor was not the 
primary source of CXCL13. Gu-Tratien et al. found that the CD4+ T cell infiltrates were most 
responsible for CXCL13 expression [39]. Data from our lab suggests that the tumor is in fact capable 
of producing CXCL13 in some cases [57]. This may be in agreement with Gu-Tratien et al. since a 
small amount of tumor-derived CXCL13 may attract the B and T cells that will subsequently produce 
much more of this potent chemokine [39]. Biswas et al. has implicated the CXCL13-CXCR5 axis in 
increasing the expression of mesenchymal markers such as vimentin, N-cadherin, Snail, Slug and  
MMP-9 [58]. While they evaluated this phenomenon in both MDA-MB-231 and T47D cells, which have 
already gone through EMT, it would be interesting to see the effect of CXCL13 on cell lines that have 
not yet undergone this transition [58].  
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While CXCL13 in breast cancer has been the most extensively studied to date, the expression of 
other TLS-inducing chemokines has also been implicated in this disease. When MCF-7 breast cancer 
cells were made to express high levels of CCL21, increased tumor immunogenicity was noted via 
HLA and TAP-1 expression increases. Xenograft mouse models using MCF-7 cells expressing or not 
expressing CCL21 show that in the presence of CCL21, tumor growth is inhibited and T cell activation 
is enhanced [59]. Conversely, Kim et al. analyzed 15 patient samples to assess CCR7 and CCL21 
expression levels and found that they were both increased in the tumor when compared to normal [60]. 
Blocking the autocrine signaling between ligand and receptor inhibited cell movement. Muller et al. 
also found that CCR7 was upregulated in human breast tumor tissue (n = 12) compared to normal  
(n = 5) and hypothesized that high CCL21 expression in lymph nodes may then attract the CCR7 
positive tumor cells [61]. The relatively small sample size and heterogeneity of the tumor types 
however, may not be an accurate look into the overall picture of CCL21 expression in breast cancer. 
For example, if these were early cancers, perhaps CCL21 expression was upregulated in an attempt to 
mount an immune response then later diminished to ensure tumor survival.  

CCL19 has a more complex role in breast cancer, being used successfully as an adjuvant in cancer 
vaccines [62,63] but also is implicated in lymphogenous tumor metastasis [8]. Cassier et al. analyzed 
breast tumor samples before patients underwent treatment and found that about half of the tumors 
expressed CCL19. Furthermore, the presence of infiltrating CCL19-expressing DC correlated with an 
increased risk of relapse which may implicate CCL19 in metastasis via the lymphatic vessels [8]. 
However, when administered exogenously both intratumorally or intradermally alongside a Her2/neu 
DNA plasmid vaccine, CCL19 was able to elicit a Th1 anti-tumor response in a mouse model of 
Her2/neu positive breast cancer [62,63]. 47 days post-tumor xenograft injection, 58% of mice given 
CCL19 and the Her2/neu adjuvant vaccine were still alive compared to only 22% of mice given the 
Her2/neu plasmid vaccine alone [62].  

In summary, data support that the presence of B, Th1 and Tfh cells within TIL are extremely good 
prognostic cellular markers since these three cell types work in concert to produce both cellular-mediated 
and humoral anti-tumor immune responses. Most striking, however, is the high prognostic power of 
CXCL13 expression across breast cancer subtypes even in triple negative and Her2+ tumors. It seems 
plausible that CXCL13 is the main orchestrator and organizer of TLS. From its ability to recruit 
circulating Tfh and B cells to the site, to increasing the efficiency of antigen presentation and B cell 
activation, this chemokine and its expression by tumor cells is essential for the formation of an  
anti-tumor immune response in breast cancer.  

1.3.2. Colon Cancer  

The immune environment of the colon is markedly different than that of the mammary duct. The 
colon is constantly exposed to foreign antigen which under healthy conditions (non-autoimmune) does 
not elicit an inflammatory response. Surprisingly, even in this relatively tolerant tissue, an anti-tumor 
response can be mounted and similarly to breast cancer, colon cancers can be stratified into IR+ or 
negative (IR-) tumors [40,64]. In particular, Coppola et al. did a metagene analysis with 326 cancer 
specimens and 21 normal and narrowed in on 12 chemokines that correlate with the presence of TIL 
and increased survival [40]. As expected, CXCL13 was included as one of the prognostic genes as well 
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as CCL19, among others [40]. Expression of these genes in the IR+ colon cancers is associated with 
increased survival, independent of tumor stage, previous treatment or microsatellite instability [40]. A 
study by Mumtaz et al. also showed that colon cancer tissue specimens from 74 patients had lower 
expression of CCL21, further diminishing their ability to elicit an immune response [11]. As is the case 
in breast cancer, several immune cell populations constitute TLS in colon cancer. In general, a high density 
of TIL is a more accurate predictor of increased survival than traditional tumors/nodes/metastases 
(TNM) staging [65–67]. Of interest, colon cancers with microsatellite instability usually have more 
TIL [65]. This may be due to an increased mutational burden leading to many more non-self antigens [65].  

T cell infiltrate no doubt plays a role in colon cancer, with high CD3+ and CD8+ signatures 
consistent with a good prognosis [65,68]. Th1 expression markers like interferon regulatory factor 1 
(IRF1) were also good prognostic indicators [66]. Immunosuppressive Tregs have been given some 
attention in colon cancer, conferring a worse prognosis when present without CD8+ T cells [68].  

Evidence of increased B cell activation in colon cancer patients exists via increased Toll-like 
receptor (TLR) signaling in peripheral B cells [69] and tumor-specific antibody production [70] as 
seen in breast cancer. Mouse models of colon cancer demonstrate the capacity for TLS to form. In a 
colitis-associated colon cancer model, TLS were analyzed and found to contain the expected 
aggregation of FDC, B cells, T cells and HEV [38]. While these aggregates were also observed during 
inflammatory colitis, B cell proliferation within follicles was noted only after polyps became 
malignant growths [38]. This may indicate that only after a colon cancer becomes invasive is an 
immunogenic threshold met, but it also points to the interesting possibility that the presence of TLS 
may have played a role in malignant development. Although most evidence demonstrates otherwise, 
this is not a possibility we can ignore as there is no definitive answer as to whether the malignancy or 
TLS formation occurred first. Using human ulcerative colitis tissue, Carlsen et al. saw that 100% of 
samples had expression of CXCL13 and every B cell and a portion of the T cell infiltrate expressed 
CXCR5 [23]. Kirman et al. showed that mice with colon cancer burdens produced tumor-specific 
antibodies [70]. 

Human studies mirror those discussed above. Examples of TLS in colon cancer but not in normal 
tissue have been found [38,40] and shown to contain classic TLS cell populations such as CD21+  
FDC [38]. B cells and other TIL residing in 11 independent colon cancers were EBV-immortalized for 
subsequent study [71]. These cells were found to be CD23+, a sign of antigen exposure or maturation, 
formed clonal populations, had undergone somatic hypermutation and class switch recombination so 
that IgM, IgA and IgG were produced and were specific to tumor antigen [71]. It must be pointed out 
that the process of EBV-transformation may have influenced the cell markers and behavior observed, 
but coupled with our current knowledge of TIL B cells in colon cancer, it seems likely that this 
particular B cell activation is in fact tumor-specific. Maletzki et al. further showed that these B cells 
express high levels of major histocompatibility class I (MHC-I), -II and CD80, indicating that they 
may also be acting as efficient APC in colon cancer [71].  

CCL19, as in breast cancer, slowed tumor growth in a murine colon cancer model while increasing 
the influx of DC and T cells to the tumor site [72]. A later study of human TLS present within tumors 
showed that high expression of CCL19 in resident DC allowed for greater CD8+ T cell expansion and 
an increase in granzyme B expression, one of CD8+ T cell’s methods of cytotoxicity [73]. Thus, it 
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seems likely that TLS formation in colon cancer is similar to that seen in response to pathogen and in 
breast cancer and may also confer a good prognosis. 

Recently, Di Caro et al. investigated the prognostic value of TLS in colorectal cancer by following 
351 stage II or III colon cancer patients with no clinical signs of metastasis to correlate TLS and TIL 
with disease progression and survival [74]. In patients that ended the study with less metastasis and a 
better prognosis, highly vascularized TLS (i.e., TLS with a high density of HEV) were present. The 
presence of TLS also correlated with more CD3+ T cell infiltrate [74]. This confirms the importance of 
TLS as a possible marker for better prognosis in colon cancer and implies that a more effective anti-tumor 
response may occur in tumors with well-organized TLS. 

1.3.3. Melanoma  

The stratification of classically immunogenic melanomas into IR+ and IR− groups has also been 
done. Gene profiling of human melanomas identified CXCL13 and IL-8 as components of a smaller 
group of 12 genes found to be diagnostic markers from a larger 200-gene signature [56]. In a similar 
manner, Jonsson et al. took 57 stage IV melanoma biopsies before treatment and used gene expression 
profiling to further stratify these tumors into 4 subtypes: IR+, pigmentation differentiated, proliferative 
and stromal gene expression [75]. Interestingly, the IR+ group showed upregulated expression of  
pro-inflammatory IFNGR10 and CXCL12; low expression of these genes conferred poorer outcomes. 
In fact, by stratifying all biopsies into either IR+ or IR− groups, the IR+ group mean survival was 55 weeks 
and IR- group was 18 weeks [75]. Furthermore, the IR+ group had dense lymphocytic infiltrate 
made up of mostly T cells but always having a B cell component present as well. The authors 
noted that IR+ tumors had many more gain of function mutations than deletions [75]. Additional 
studies by Messina et al. analyzed over 14,000 solid tumors and found that the expression of 12 
chemokines in particular were indicative of an overall better prognosis in melanoma and presence of 
TLS [41]. Among the 12 are CCL19, CCL21 and CXCL13 [41]. These data offer insight into how 
normal tissue can readily respond to tumors and how loss of these “alarm signal” chemokines allows 
for immune evasion. Data suggest that tumors lacking these deletions may retain their ability to elicit 
an immune response, therefore conferring a better prognosis. Another possible immune signal that may 
be lost during melanoma development is CCL21. Forced expression of CCL21 in melanoma cells 
caused an increase of NK and CD8+ T cell infiltrate resulting in a bolstered immune response when 
compared to melanomas lacking CCL21 [12].  

CCL19 remains more complex, and as with breast cancer, may be implicated in the spread of 
melanoma to neighboring lymph nodes through the CCR7-CCL19 axis [76]. Dobner et al. measured 
CCR7 expression in 70 human melanoma patients and found that it is consistently expressed and 
correlates with liver metastasis which they hypothesize occurs through lymphogenous spread [76]. 
However, the CCR7-CCL19 signaling pathway may not be all bad; evidence exists that CCR7 can 
bring antibodies into endosomes for potential CCL19-conjugated treatment strategies [77]. 

LTαβR is expressed in most melanoma cases [27,78,79]. Exploiting this signaling network, 
Schrama et al. conjugated LTα to a tumor-specific antibody in a melanoma mouse model. When given 
quickly after tumor injection, this treatment complex completely inhibited growth in 75% of mice and 
increased survival time dramatically [79]. Formation of TLS and clonally expanded, active T cells 
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were observed at the tumor site of these animals [79]. Interestingly, this effect is diminished if the 
LTα-antibody complex is administered later than 10 days post xenograft. This may indicate that the 
tumor has already established a powerful immunosuppressive environment or that the tumor burden is 
too great to overcome the simple treatment at that time.  

A brief look at work by Wang et al. confirms the presence of an active T cell response in  
melanoma [80]. Using fine needle aspirates from 25 patients who were under standard treatment for 
melanoma (including IFN-α), they performed gene analysis and saw that markers of an active T cell 
response, such as IRF1, IRF2 and TLA-1, were present in lesions that responded to treatment. They 
also observed an increase in EBI3 (Epstein-Barr virus induced gene-3) which induces IL-12 expression 
and is associated with APC. While it is currently unclear which cell population(s) is responsible for the 
observed gene expression since total tumor tissue was analyzed, evidence of an active immune 
response present after IFN-α treatment in responding lesions is likely to be T cell-dependent [80]. 

It may be the case that in melanoma a T cell response is more effective or is the more common 
result of tumor-specific initiation. However, this does not mean that B cells and possibly TLS do not 
play a role as well. To examine the role of B cells in melanoma, DiLillo et al. used a syngeneic mouse 
model of melanoma and depleted B cell populations with anti-CD20 antibody [81]. Depletion of B 
cells in this manner allowed for a normal immune system and examination of whether B cell loss alters 
tumor formation after injection of the B16 melanoma cell line. At both 7 and 14 days post-tumor 
injection, twice the number of tumors were found in the anti-CD20 treated cohort [81]. The B cell 
depletion didn’t affect the ability of T cells to migrate and survive within lymph nodes but did inhibit 
T cell proliferation due to antigen stimulation, specifically in the CD8+ T cell population. Anti-CD20 
treated mice had 45% less IFN-γ, TNF-α and CD4+ T cells in their draining lymph nodes relative to 
control mice [81]. These data support that B cells are critical for a functional T cell response  
in melanoma. 

Returning to human melanoma, analysis of a panel of 106 melanoma tissue samples revealed that 
about 26% had B cell aggregates that correlated with the presence of activated T cells [82]. Metastatic 
lesions had consistently less B cells than non-metastatic primary tumors. A 78% 5-year survival was 
observed in patients with high B cell density vs. 59% in those with low B cell infiltrate. Interestingly, 
B cell aggregation did not correlate any stronger to survival than B cell infiltrate alone [82].  

In a more specific look at TLS formation in melanoma, Cipponi et al. took 29 metastatic skin 
lesions and analyzed them for B cell and TLS content [17]. 14 of the 29 tumors had CD20+ aggregates, 
10 of 29 had both B cells and FDC aggregates, and 7 of 29 had complete TLS, including follicle 
formation staining positive for Ki67, AID and the presence of HEV and T cells. The TLS were always 
in direct contact with tumor cells. In those primary tumors that resulted in visceral metastasis, no 
complete or functional TLS could be observed [17]. 

While it currently seems likely that fledgling immune responses to melanoma may be T cell 
dominant, there is increasing evidence that B cell function is required for T cell activation and that the 
formation of TLS in melanoma is beneficial. The formation of TLS in melanoma is likely to be 
CXCL13-mediated, as in breast and colon cancer, although melanoma immune response literature is 
currently T cell-focused. 
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1.3.4. Lung Cancer 

The importance of tumor immune signatures across all lung cancer subsets was highlighted by 
Rohrbeck et al. showing that adenocarcinoma, squamous cell carcinoma and small cell lung cancers all 
had dramatic decreases in the expression of immune-regulatory genes [83]. With regard to non-small 
cell lung cancers (NSCLC), others have found that immune response genes are the most dysregulated 
subset of genes [84,85] and that higher expression of immune response genes predicts both  
recurrence-free and overall survival [86]. 

In human NSCLC, 35% of 91 tumors stained for Bcl-6 and CD21, which together indicate the 
presence of proliferating B cells within a follicle of a TLS both intratumorally and on the tumor 
margins [42]. Stage I NSCLC had the highest frequency of germinal center formation. De Chaisemartin 
et al. did a retrospective study on 75 NSCLC tissues compared to 5 healthy lung biopsy tissue samples 
and found that an increased density of DC was prognostic; 90% survival at 40 months compared to 
50% with low DC TIL density [87]. While the densities of B or T cells did not directly correlate with 
survival, their presence was increased in the tumors with high DC infiltrate. It is important to note that 
their aim was to look at general populations so the staining was performed with antibodies recognizing 
CD3, CD4, and CD8 for T cell subsets, CD20 for general B cells and CD21 for FDC [42], therefore 
analysis of specific TLS populations was not possible. In addition to observing TLS within NSCLC 
and detecting CCL19, CCL21, CXCL13, CCL17, CCL22 and IL-16 expression, T cells within TLS 
were found to express significantly higher levels of the receptors for these TLS-associated cytokines/ 
chemokines suggesting recruitment of the T cells to the tumor and formation of an active, functional 
germinal center [87].  

CCL19 was injected into mice with lung tumor burdens in two studies [88,89]. Intranodal injection 
of CCL19 in a bronchoalveolar cell carcinoma mouse model caused an increase in T cell and DC infiltrate 
and also seemed to have a systemic immune effect. Splenic lymphocytes in the CCL19-injected animals 
showed higher levels of IFN-γ and the anti-angiogenic chemokines CXCL9 and CXCL10 [88]. 
Intratumoral injection of both CCL19 and IL-7 slowed tumor growth and completely eradicated lung 
tumors in 5/6 mice [89]. However, as seen in other cancer types, increased risk of tumor cell migration 
might also occur with CCL19 administration. Zhang et al. showed that incubating the A549 lung 
cancer cell line with CCL19 caused increased expression of heparanase which may, along with the 
CCR7-CCL19 axis, facilitate cell migration and metastasis [90]. The exact mechanism should be 
tested in various cell lines and confirmed in vivo but there seems to be a trend across cancer types that 
CCL19 may potentially drive metastasis. 

Two murine studies used adenoviral vectors to express CCL21 in DC populations and both reported 
that increased CCL21 levels caused an increase in lymphocyte migration to tumor [14,91]. Kar et al. 
specifically showed that in addition to an increase in T cell migration, lung tumor growth was inhibited, 
an increase in antigen presentation was observed and antitumor immunity was enhanced [14]. A third 
study introduced CCL21 protein at the tumor site and found that these tumors had reduced angiogenic 
activity and increased T cell activation indicated by high IFN-γ, CXCL9, and CXCL10 levels [88].  

DC infiltrate on its own is a positive prognostic marker in NSCLC as well as in colorectal 
carcinoma and renal cell carcinoma [92,93]. Goc et al. found that TLS-associated DC populations 
correlated significantly with CD8+ T cell infiltrate in NSCLC. After analyzing 458 NSCLC specimens 
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for TLS, DC, and CD8+ T cell densities, they found that the presence of TLS-associated DC and CD8+ 
T cells was a strong, positive, prognostic indicator for overall survival [94]. In mice, T cell activation 
was shown to induce tumor rejection in a mechanism involving NF-κB [95] and in humans, a high 
density of TLS was indicative of long-term survival [87]. Lohr et al. showed after microarray analysis 
of 355 NSCLC cases that the presence of CD138+ plasma cells conferred an 80% 2-year survival vs. 
70% with low CD138+ infiltrate [96]. In a smaller study, one of 7 patients with NSCLC that had  
TLS was still alive at 24 months post-study while 8/36 patients without TLS had metastasis;  
1 died at 18 months post-study [42]. Admittedly, the sample size is small, but is in agreement with the 
data presented above that TLS formation in lung cancer, most explored in NSCLC, is generally a 
positive prognostic indicator and involves the presence of plasma B cells, DC and T cell activation. 

1.3.5. Pancreatic, Cervical, Ovarian, Oral Squamous Cell and Gastric Cancers 

Evidence of humoral immune responses also exist for cancers that are typically hard to treat and 
with a poor prognosis. Serum antibodies to tumor-specific antigens have been documented in pancreatic, 
cervical, gastric and ovarian cancers [35,39,52,54,97]. Presence of antibodies to MUC1, a common 
tumor antigen, showed improved survival for ovarian, gastric, lung and pancreatic cancers [97]. In an 
ovarian cancer study, TIL B cells were examined and found to have undergone somatic hypermutation, 
class switch recombination, and oligoclonal expansion. These cells also co-localized with CD8+ T cells 
and the presence of both B and CD8+ T cells correlated much more closely to survival than just CD8+ 
infiltrate alone [30]. It is estimated that about 40% of serous ovarian cancers of high grade have 
significant B cell infiltrate which correlates with survival [98]. The B cells in ovarian cancer are more 
primed to become APC than any other B cell subtype [98]. B cells themselves have the tools required 
to directly kill tumor cells via IL-21 mediated granzyme B and IFN-α or TLR-induced TRAIL [30]. 
However, any B cell activation observed is most likely context dependent. This means that the 
microenvironment established by the tumor stroma and surrounding cells will dictate whether B cells 
will incite an immune response or become pro-tumorigenic.  

A decent amount of work has been done in several cancer types to determine which LTA variant is 
associated with increased cancer risk [99–101]. There are 4 common single nucleotide polymorphisms 
(SNPs) in the LTA gene, and while the individual functional differences or expression differences  
have not been elucidated, to date, 3 of the 4 have been implicated in a significantly increased cancer 
risk [99,100]. These findings are complex and seem to only be valid for specific populations. For example, 
these variants are associated with increased risk for breast, gastric and lung cancer in Asians [99,100], 
with colon cancer in Germans and Non-Hodgkin’s Lymphoma in Europeans [99]. Without knowing 
exactly what the functional relevance of these SNPs are, it is difficult to speculate on the cause for 
increased risk in specific populations. However, at least in melanoma, hepatocellular and colon cancer, 
it seems that the presence of LTα or LTβ within the tumor slows growth [101]. 

CCL19 brought to the tumor site by endothelial progenitor cells (attracted to tumor sites because of 
ischemic signals) retrovirally infected with a CCL19 vector caused aggressive ovarian tumor growth to 
slow and reduced lung metastasis by 60% in a mouse model [102].  

CCL21 injection into pancreatic tumors has been shown to be beneficial by inhibiting tumor 
growth, decreasing the size of distant metastasis, increasing T cell infiltrate and even enhancing 
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antigen cross-presentation by DC [103]. CCL21 administered intratumorally has even been sufficient 
to establish TLS within pancreatic cancers [15,103]. However, the expression of both CCR7 and CCL21 
in gastric cancer may indicate a poorer prognosis through lymph node metastasis [104] illustrating how 
context/tumor type-dependent chemokine expression may be with regard to prognosis. 

In this regard, although CXCL13 expression has been detected in oral squamous cell carcinoma 
(OSCC) cells by several groups [105–107], expression has not yet been shown to correlate with TLS 
or immune cell infiltrate in OSCC to date, even though a higher number of immune cells does correlate 
with longer disease progression intervals [108]. Immune cell populations characterized in primary 
OSCC samples by Maleki et al. include CD4+ and CD8+ T cells as well as CD20+ B cells [108]. Although 
increased immune cell infiltrate may be a positive prognostic marker in OSCC, the role of CXCL13 in 
this tumor microenvironment may be a double-edged sword. CXCL13 has been shown to increase the 
expression and secretion of RANK ligand (RANKL) from the tumor cells themselves [105–107],  
and RANKL has been shown to contribute to secondary lymphoid organ formation [109,110]; yet 
current data on RANKL expression in OSCC and breast cancer correlate with a more invasive 
phenotype [108,111,112].  

1.4. Regulators of Tumor-Derived Cytokines and Chemokines that Contribute to TLS Formation 

While incoming and resident immune cells no doubt contribute to the pathology of a tumor, the 
cancer cells themselves may be the first to establish an immunosuppressive microenvironment in order 
to survive. By understanding some of the most common forms of immunosuppression in cancer, we 
may begin to unlock the enormous power of our immune systems to eradicate this disease. 

As our focus has been on TLS formation and tumor dysregulation of the chemokines and cytokines 
involved in their development, a cursory search of common transcriptional regulators of CCL19, 
CCL21, CXCL13 and LTA/B gene expression may provide insight into potential biomarkers for 
humoral anti-tumor immunity. The induction of CCL19 and CCL21 expression occurs not only by 
LTαβ, but also by inflammatory cytokines TNF-α, IL-1β, and lipopolysaccharide (LPS) [26,113]. 
LTαβ expression is increased after exposure to IL-1β and IL-6 in hepatocytes [114]. These  
pro-inflammatory signals all channel through the NF-κB pathway. In fact, it has already been shown 
that CCL19 contains two NF-κB binding sites in its promoter [113]. Not surprisingly, CXCL13 and 
LTβ also are transcriptionally regulated by NF-κB signaling [114–116]. NF-κB plays a very complex 
role in cancer. It is normally turned on in response to infections, cellular stress, or by inflammatory 
cytokines TNF-α or IL-1 [117]. It then upregulates proliferative and pro-survival genes as well as  
pro-inflammatory genes [117,118]. NF-κB activation is associated with gastric cancer, colon cancer, 
melanoma and TNF-α-induced EMT in breast cancer [118–120]. Mutations of NF-κB itself are 
relatively rare in solid tumors, indicating that its activation or tumor expression changes are induced by 
extrinsic signals [120]. The pro-survival NF-κB signals most likely contribute to tumor progression, 
but its pro-inflammatory pathways may also indirectly inhibit tumor growth. For example, in 
hepatocellular carcinoma, blockade of NF-κB increases tumor burden [118,120]. The role of NF-κB in 
cancer appears to be extremely cell-specific and under the influence of the extrinsic environment rather 
than direct control of the tumor cell.  
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In addition to NF-κB, STAT1 and STAT2 have been shown to transcriptionally regulate CCL19 [113], 
and STAT3 transcriptionally regulates CCL21 [121]. STAT (Signal transducer and activators of 
transcription) molecules are extremely diverse in their function. With regard to tumorigenesis and 
progression, STAT3 and STAT5 cause increased proliferation, survival, and inhibition of immune 
responses in several cancer types [122,123]. Inhibition of STAT3 and STAT5 causes apoptosis in 
pancreatic, breast, renal, colon carcinomas, melanoma [123] and prostate cancer models [124,125]. 
Increased STAT1 activation, however, is associated with longer overall survival and relapse-free 
survival in breast cancer [126]. STAT1 knockout mice have increased tumor incidence, presumably 
because of a lack of immune surveillance since STAT1 induces IL-12 expression and helps shape a 
Th1-IFN-γ immune response in collaboration with NF-κB [122]. As is the case in NF-κB signaling, 
STAT activation and functional consequences are most likely cell-type dependent and while each 
STAT molecule may have overlapping functions, the individual gene network controlled by each 
STAT molecule may have major implications for tumor suppression or progression. 

Finally, a third major group of key transcriptional regulators of TLS-inducing chemokines is the 
Interferon Regulatory Factor (IRF) family. CCL19, in addition to NF-κB binding sites, also has an 
interferon (IFN)-sensitive response element (ISRE) consensus sequence within its promoter. The ISRE 
is the consensus binding site for IRF molecules. CCL19 expression is controlled by at least IRF1, 
IRF3, IRF7, and IRF9 in the context of particular pathogens in DC [113]. Unpublished work from our 
lab supports that CXCL13 has at least four ISRE sites within its promoter and that IRF5 binds to two of 
them, increasing CXCL13 transcript and protein levels in breast cancer [57]. Additionally, IRF5 
increases the transcript levels of CCL19 and CCL21 [57]. 

Although breast cancer has in the past been considered a relatively non-immunogenic cancer, more 
recent data now provide fairly well-accepted and reproducible findings that the presence of immune 
cell infiltrate confers a better prognosis [127]. In Soliman et al., the authors suggest that the difference 
in immune infiltrate, and therefore prognosis, is due to the regulation of immune-modulating proteins 
secreted or controlled by the tumors [127]. In support of this is the fact that a relatively homogeneous 
group of breast cancer patients (similar age, overall health, and disease type) can be consistently 
grouped into IR+ or IR-groups indicating that the tumors themselves must be intrinsically different. 
These data support that the tumors themselves must have differing abilities to elicit or suppress an 
immune response. Indeed, transcription factors that regulate immune response genes, such as those 
important for IFN signaling, are often missing in breast cancer [128,129]. To this extent, Bidwell et al. 
found that 540 IFN-regulated genes were consistently suppressed in bone metastases of the 4T1.2 
mouse tumor model [128]. Additionally, Bi et al. found that IRF5 expression is decreased in approximately 
80% of invasive ductal carcinoma samples examined and may regulate a network of cytokines and 
chemokines involved in the inhibition of metastasis and increased immunogenicity [57,129]. 

In human lung cancer samples, Li et al. examined the relative levels of IRFs expressed and found 
that IRF5, IRF7 and IRF3 were on average downregulated by 3, 20 and 13-fold, respectively, as 
compared to normal lung cells [130]. IFNA and IFNB were also downregulated about 5- to 10-fold, but 
these numbers varied between samples [130]. Lowered IRF7 expression has also been demonstrated in 
hepatocellular, gastric, lung and pancreatic cancers while IRF5 downregulation has been shown in 
breast, hepatocellular and gastric cancer [130]. 
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Interestingly, as was the case with the LTA gene, certain SNPs in IRF5 have been identified in 
patients with melanoma [131]. A particular SNP in IRF5 may confer protection from autoimmunity 
(e.g., SLE) while others are considered “risk haplotypes” for developing SLE. Melanoma patients with 
the IRF5 SNP considered protective against SLE were more likely to be non-responsive to 
immunotherapy treatments. All of the other IRF5 variants correlated with some level of disease control 
or regression [131]. Other microarray datasets studied in melanoma implicate IL-8, CXCL13, IRF1, 
IRF2 and IL-12 as possible prognostic markers [56,80].  

The mechanisms controlling IRF expression and/or activation in tumors is currently not well 
understood. DNA damage has been shown to upregulate IRF5 expression and induce activation resulting 
in IRF5-mediated apoptosis [132–134]. IRF1 has also been implicated in DNA damage-induced 
apoptosis [135]. Type I and II IFNs have been shown to upregulate both IRF5 and IRF7  
expression [134,136–138]. IRF3, on the other hand, may be activated by irregular protein structure or 
function, based on an Irf3 knockout mouse model that succumbs to prion diseases more rapidly than 
the control cohort [139]. Thus, little is known of the mechanism(s) by which expression of IRFs is lost 
in cancer and whether IR+ tumors are directly dependent on IRF expression. Additional work is 
necessary to understand the activation and function of these transcriptional regulators in IR+ tumors. 

In summary, the three main transcriptional regulators of TLS formation are NF-κB, STATs, and the 
IRFs. While they have been most well-studied in immune cell populations, an understanding of their 
role(s) in normal epithelium is necessary to determine how dysregulation of these factors in cancers 
lead to immune deficits that tumors acquire to become more invasive. In this simple network of genes 
required for functional TLS formation (CCL19, CCL20, CXCL13, and LTA/B) only a few major 
transcription factors are thus far implicated. As such, further work in this area is necessary to understand 
how each of these transcription factors may contribute to the development of solid tumors, as well as 
TLS formation that will ultimately aid in strengthening a patient's anti-tumor immune response. 

2. Conclusions 

In summary, factors regulating TLS formation in epithelial tissues, such as the chemokines CCL19, 
CCL21 and CXCL13, and the cytokine LTαβ, most likely also contribute to an anti-tumor immune 
response in several carcinomas/adenocarcinomas. What remains to be clearly elucidated are (1) 
whether the tumor cell itself is responsible for expression, or lack thereof, of these critical factors or 
their upstream regulators (e.g., IRFs, STATs and NF-κB); (2) the immune deficits present in each 
individual cancer type that result after dysregulation of CCL19, CCL21, CXCL13 and LTαβ 
expression and/or signaling; and (3) how immunotherapy treatment either alone or in conjunction with 
current chemotherapy can be used to manipulate the tumor immune environment to re-activate an  
anti-tumor response. 

While it is thought that current chemotherapy treatment allows for the exposure of tumor antigen 
through tumor necrosis, it is also detrimental to immune cell growth [36,140,141]. Chemotherapy may 
actually be hindering any fledgling immune response to tumor through its killing of lymphocytes in 
addition to the tumor target itself. In addition, after noticing that surgical tumor resection often results 
in metastasis later on, studies on tumor antigen and T cell activation were performed [97,142].  
After resection, it was found that tumor antigen load is decreased as well as markers of T cell 
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activation [142] which may offer insight into what is required for a successful immune response. 
Certainly a high level of tumor antigen would be helpful, as well as the presence of an efficient 
antigen-presenting, T and B cell activating center, i.e., a TLS. Current data support that the presence of 
a TLS augments the tumor immune response. 

Enhancing anti-tumor immune responses through cytokine/chemokine administration and  
tumor antigen vaccination show promise but have yet to lead to consistent, long-term anti-tumor 
immunity [1,81,140]. In the short term, no validated biomarkers are utilized to predict whether a patient 
will mount an immune response to tumor [141]. Understanding the mechanisms of immuno-suppression 
employed by the tumor through dysregulation of TLS-inducing cytokines/chemokines or their 
transcriptional regulators will allow us to select the most appropriate biomarkers for each cancer type. 
Categorizing tumors by the expression of either tumor-derived CXCL13, CCL19, CCL21, LTαβ or 
their key master regulators, such as the IRFs, may allow us to stratify patients more easily into IR+ or 
IR− subtypes. In the long term, understanding how the tumor regulates signals that traffic immune 
cells, influence their activation, and either elicit or suppress the formation of TLS will allow us to 
develop immune therapy regiments that spare patients the side effects of non-specific therapy while 
providing long term tumor immunity. 
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