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ABSTRACT
Pancreatic ductal adenocarcinoma (PDA) is usually unresponsive to immunotherapeutic 
approaches. However, tertiary lymphoid structures (TLS) are associated with favorable patient 
outcomes in PDA. A better understanding of the B cell infiltrate and biological features of TLS 
formation is needed to further explore their potential and improve patient management. We 
analyzed tumor tissues (n = 55) and corresponding blood samples (n = 51) from PDA patients 
by systematical immunohistochemistry and multiplex cytokine measurements. The tissue was 
compartmentalized in “tumor” and “stroma” and separately examined. Clinical patient information 
was used to perform survival analyses. We found that the mere number of B cells is not associated 
with patient survival, but formation of TLS in the peritumoral stroma is a prognostic favorable 
marker in PDA patients. TLS-positive tissues show a higher density of CD8+ T cells and CD20+ 

B cells and a higher IL2 level in the peritumoral stroma than tissues without TLS. Compartmental 
assessment shows that gradients of IL2 expression differ with regard to TLS formation: TLS 
presence is associated with higher IL2 levels in the stromal than in the tumoral compartment, 
while no difference is seen in patients without TLS. Focusing on the stroma-to-serum gradient, 
only patients without TLS show significantly higher IL2 levels in the serum than in stroma. Finally, 
low circulatory IL2 levels are associated with local TLS formation. Our findings highlight that TLS 
are prognostic favorable and associated with antitumoral features in the microenvironment of 
PDA. Also, we propose easily accessible serum IL2 levels as a potential marker for TLS prediction.
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Introduction

The immunological characterization of the tumor microenvir-
onment (TME) is a key aspect to improving patient outcomes 
in various cancer entities. The development and progression of 
pancreatic ductal adenocarcinoma (PDA) is closely linked to 
local and systemic immune responses. The pancreatic TME is 
characterized by a desmoplastic stroma with increased extra-
cellular matrix and collagen, enrichment of immunosuppressor 
cells like FoxP3+ regulatory T cells and tumor-supportive 
CD163+ M2 macrophages and scarcity of CD8+ effector 
T cells.1 All these aspects contribute to the dismal prognosis 
of PDA patients. However, while the presence of B cells is 
common in PDA, their role in disease remains controversial. 
On the one hand, preclinical studies describe the involvement 
of B cells in supporting pancreatic tumorigenesis by suppres-
sion of other immune cells (e. g. CD8+ T cells) and promoting 
pancreatic cancer cell proliferation.2–4 On the other hand, 
clinical data indicate that B cells are a prognostic favorable 
factor for PDA patients.5,6

B cells in malignancies not only appear as scatteringly 
infiltrating immune cells but also organized within tertiary 
lymphoid structures (TLS). TLS are ectopic lymphoid 
aggregates mainly appearing at sites of chronic inflamma-
tion such as tumors.7 Formation of TLS has been identified 
in a large variety of human cancers at all disease stages with 
high variability between tumor entities and patients.6 Their 
grade of organization can vary from mere assembly of 
B and T cells with dendritic cells to lymphoid organs 
containing B and T cell zones, dendritic cells, lymphatic 
vessels and high endothelial venules. The presence of TLS 
positively correlates with clinical benefit in multiple tumor 
entities including PDA.5 Further, it is considered that TLS 
actively enhance anti-tumor immunity, and they are sup-
posed to promote response to immunotherapy (e. g. in 
metastatic melanoma and renal cell carcinoma).8

A compartmental investigation of the local and systemic 
immune landscape can expand our understanding of tumor 
immunity in PDA, especially with regard to B cell infiltration, 
including the formation of TLS. Besides, identification of easily 
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accessible serum biomarkers for TLS formation could improve 
clinical management strategies and help to translate relevant 
findings to the clinic by serving as a stratification tool.

In this study, we systematically analyzed human PDA tis-
sues regarding their immune cell infiltration patterns and dif-
ferential evaluation of compartmental cytokine gradients 
(stroma-to-tumor and stroma-to-serum) on a protein level. 
Our aim was to elucidate the role of B cells in PDA with 
focus on TLS formation and compartmentally decipher their 
impact on the tumor micromilieu and patient outcomes. 
Moreover, we intended to identify easily extractable circulatory 
markers associated with TLS formation.

Materials and methods

Patient cohort

Previously untreated PDA patients with preoperatively 
obtained serum samples, available frozen tumor tissue samples 
as well as available clinical baseline and outcome parameters 
were included. The prospectively maintained electronic pan-
creas database of the Department for General, Visceral and 
Transplantation Surgery at the University Hospital Heidelberg 
was searched for patients undergoing pancreatic surgery 
between 03/2007 and 07/2011. Tissue and data collection 
were approved by the local ethics committee of the 
University of Heidelberg (323/2004). Written informed con-
sent was obtained from all patients.

Data collection and outcome parameters

Baseline data were extracted from the database as follows: 
Gender, age, weight, body mass index and comorbidities (car-
diovascular, pulmonary, renal, hepatic, autoimmune, diabetes). 
Preoperative serum values of carbohydrate antigen 19–9 were 
obtained from the hospital’s laboratory information system. 
The overall survival in days was also assessed. Pathological 
reports included pTNM tumor stage according to the TNM 
Staging Manual, American Joint Committee on Cancer 
(AJCC), tumor grading and resection margin status.9

Immunohistochemical staining

4 μm tissue slices were prepared from cryopreserved tissue and 
mounted on glass slides. Immunohistochemistry was performed 
according to manufacturer’s instructions using an automated 
staining facility (Bond Max, Leica, Germany). The following 
mouse monoclonal antibodies were used: CD3ε (clone PS1, 
1:100), CD20 (clone L26, 1:100), CD4 (clone 4B12, 1:150), 
CD8 (clone 4B11, 1:100), CD163 (clone EDHu-1, 1:500), 
CD21 (clone 2G9, 1:50). CD3ε, CD20, CD4, CD8: Novocastra 
(Leica, Germany); CD163: Bio-Rad AbD Serotec (UK).

Immune cell quantification

Immune cells were quantified using a software-based image 
analyzing system. Whole-slide images were acquired with 
NanoZoomer 2.0 HT scan system (Hamamatsu, Japan). All slides 
were scanned at 40x magnification. Cell density in immune cell 

conglomerates was estimated as described before.10 Further ana-
lysis was conducted using an image analysis software (VIS soft-
ware suite, Visiopharm, Denmark). Quantification algorithms 
were applied individually for each distinctive staining protocol 
according to the strength of DAB staining.

Protein quantification in stromal and tumor epithelial 
compartment

Cryopreserved PDA tissue samples were cut into multiple con-
secutive sections (20 µm) and stained with cresyl-violet. Areas 
of tumor epithelium and stroma were highlighted at 20x mag-
nification by brightfield-microscopy. Laser microdissection was 
performed with the Leica Laser Microdissection V5.0.2.0 soft-
ware. Sufficient protein concentrations for Multiplex analysis 
could be won by dissection of 30–50 × 106 mm2. Tissue was 
lysated using the BioPlex™ Cell Lysis Kit (Bio-Plex Cell Lysis Kit, 
BioRad, USA; 171304011) according to manufacturer’s instruc-
tions. Serum samples were thawed overnight at 4°C and diluted 
1:1 prior to protein quantification (Sample Diluent, BioRad, 
USA). A two-laser array reader simultaneously quantified all 
proteins of interest. The concentrations were calculated with 
Bio-Plex Manager 4.1.1 based on a 5-parameter logistic plot 
regression formula. Bio-Plex Pro Human Cytokine Screening 
Panel 48-plex (BioRad, USA; 12007283), Bio-Plex Pro Human 
Cytokine ICAM-1 (BioRad, USA; 171B6009M) and Bio-Plex 
Pro Human Cytokine VCAM-1 (BioRad, USA; 171B6022M) 
were used for cytokine quantification.

Measurement of CA 19–9

Blood samples of the PDA patients were analyzed in the Core 
Laboratory Facilities of the University Hospital Heidelberg for 
the concentration of CA 19–9 (normal range <34 U/ml), 
according to accredited standards (DIN EN ISO 15189, 
D-ML-13060–01–00).

Statistical analysis

Mann Whitney tests were used for non-paired samples. For 
paired samples, Wilcoxon matched-pairs signed rank tests 
were used. The latest information was used to assess the 
overall survival time. For survival analysis based on stromal 
B cell density, patients were stratified into two groups 
(“high” and “low”) by determining the median cutpoints. 
For survival analysis based on the formation of TLS, 
patients were stratified into two groups (“TLS” and “No 
TLS”) according to immunohistological formation of TLS. 
For survival analysis based on CD21 gene expression, we 
used gene expression data (TCGA Pancreatic Cancer) via 
the Xena platform.11 Survival curves were visualized using 
the Kaplan–Meier estimators. Overall survival between 
patient groups was compared using the log-rank test. 
Differences were considered significant in the case of 
a p-value ≤ and represented as follows: p ≤ .05, 
**p ≤ .005 and ***p ≤ .0001. All analyses were performed 
using the statistical software GraphPad Prism 8.4.1 
software.
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Results

Patients and baseline characteristics

We received serum and tumor tissue samples from 55 PDA 
patients who underwent pancreatic surgery between 
March 2007 and July 2011. As provided in Table 1, the cohort 
consisted of 28 men (50.9%) and 27 women (49.1%), with 
a mean age of 66.12 (± 1.38). In all patients, the histopatholo-
gical diagnosis was PDA, with 54 patients (98.2%) having the 
tumor status pT3 and 1 patient (1.8%) with pT4. None of the 
patients received prior neoadjuvant chemotherapy. The only 
characteristic associated with TLS presence was the resection 
margin status of patients (Table 1).

B cell infiltrate in PDA

To thoroughly investigate how immune cells infiltrate in the 
microenvironment of PDA, we analyzed the density of multiple 
immune cells separately in the stromal and tumoral compart-
ments of the PDA tissue.

B cells show a rather low density in the tumor microenvir-
onment. They were homogeneously distributed in the stromal 
and tumoral compartment with a slight gradient toward the 
stroma (Figure 1a). Overall, B cells accounted for a small 
proportion of the cellular immune landscape in the stroma, 
with a B cell/T cell-ratio of 1:6,1 (mean density of CD20+ 

B cells: 115 cells/mm2, mean density of CD3+ T cells: 704 

cells/mm2). The T cell infiltrate was dominated by CD4+ 

T helper cells with a significant spatial proximity to the 
tumor epithelium (p = .043). On the other hand, CD8+ 

cytotoxic T cells were primarily found in the stroma 
(p < .0001). The same observation was made for CD163+ 

tumor-associated macrophages, which significantly 
assembled in the stromal tissue (p < .0001) (Figure 1a). To 
assess whether the density of B cells was associated with 
a specific cytokine signature within the stromal compartment, 
stroma was classified as “B cell high” or “B cell low” (depend-
ing on B cell quantity relative to median B cell number). 
Focusing on relevant cytokines involved in B cell or TLS 
functionalities according to previous reports12–17 (CCL3, 
CCL4, CXCL9, CXCL10, IL7, IL10, IL17, IFNG, CXCL12, 
VCAM1 and LTA) no significant differences were found 
(Figure S1a). The same observation was made for Th1- and 
Th2-type cytokines18–20 (Th1 activation: IFNG, TNF, IL2, 
IL12, IL12B, IL1B; Th2 activation: IL4, IL5, IL9, IL10) 
(Figure S1b). Also, survival analysis did not reveal 
a significant prognostic relevance for stromal B cell densities 
(Figure 1b).

Formation of TLS and their association with immune 
phenotypes and patient outcome

The appraisal of B cell distribution in the analyzed tissue speci-
mens called attention to an immune cell clustering in the 
peritumoral stroma. Systematic stainings revealed the forma-
tion of TLS, with a core of CD20+ B cell agglomerates, few 
central DC-LAMP+ dendritic cells, a cluster of CD21+ follicular 
dendritic cells and different T cell subtypes (CD3+, CD4+ and 
CD8+ T cells shown) (Figure 2a). Also, CD163+ tumor- 
associated macrophages were present in TLS; however, their 
density was higher in the non-TLS stroma (Figure 2a). 
Interestingly, FoxP3+ regulatory T cells were absent through-
out all observed TLS. TLS were observed in 17 of 55 patient 
samples (30,9%).

To evaluate the association of TLS with clinical outcomes, 
we compared the overall survival of patients with “TLS” versus 
“No TLS” in their PDA specimen. The formation of TLS was 
significantly associated with an improved patient outcome 
(p = .018) (Figure 2b). To further assess the association 
between TLS presence and immune phenotypes, we compared 
densities of stromal immune cells in “TLS” versus “No TLS” 
groups. We found that the presence of TLS was associated with 
significantly higher numbers of stromal CD20+ B cells 
(p = .015) and CD8+ T cells (p = .029) (Figure 2c). No other 
immune cell type showed a difference in distribution 
(Figure S2a).

In order to investigate whether TLS associate with distinct 
cytokine profiles within the peritumoral stroma, we assessed 
concentrations of stromal Th1- and Th2-type cytokines (Th1 
activation: IFNG, TNF, IL2, IL12, IL12B, IL1B; Th2 activation: 
IL4, IL5, IL9, IL10) in both groups. A prevailing activation state 
of either Th1 or Th2 cells could not be confined in the stromal 
compartment of TLS-positive patients (Figure 2d). However, 
a slight but significant difference was observed in the IL2 
concentration, with higher stromal expression in TLS-positive 

Table 1. Patient characteristics.

Subgroup P-Value

TLS No TLS
Characteristic (n = 17) (n = 38)
Female/Male (n/n) 9/8 19/19 > 0.99
Age (years) 68.21 ± 2.24 65.19 ± 1.73
>/≤ Average age (n/n) 12/5 20/18 0.25
BMIa 24.12 ± 0.75 24.81 ± 0.67
>/≤ Average BMI (n/n) 8/7 13/15 0.75
Diabetes mellitus (n) 7 12 0.55
Glucocorticoid or 

immunosuppressive 
drug intake (n)

0 2 > 0.99

Cardiovascular 
comorbidities (n)

10 19 0.57

Pulmonary comorbidities (n) 1 4 > 0.99
Renal comorbidities (n) 2 2 0.58
Hepatic comorbidities (n) 1 0 0.31
Autoimmune comorbidities (n) 0 2 > 0.99
T T3 (n) 17 37 > 0.99

T4 (n) 0 1
N N0 (n) 4 6 0.48

N1 (n) 11 32 0.15
N2 (n) 2 0 0.09

M M0 (n) 16 36 > 0.99
M1 (n) 1 2

Grade G2 (n) 13 23 0.36
G3 (n) 4 15

Rb R0 (n) 6 3 0.02
R1 (n) 11 34

Data are shown as mean ± SEM. Fisher’s exact test was used to compare patients 
of the different groups. BMI = body mass index (calculated as weight in 
kilograms divided by height in meters squared), T = stage of primary tumor, 
N = regional lymph node status, M = distant metastasis status, R = resection 
margin status. 

aInformation available on BMI status from 43 patients. 
bInformation available on resection margin status from 54 patients.
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patients (p = .008) (Figure 2d). No significant differences were 
found in cytokines involved in B cell or TLS functionalities 
(Figures S2b).

Additionally, we evaluated the association of CD21 
gene expression with overall survival in PDA patients 
using data (TCGA Pancreatic Cancer) via the Xena 
platform.11 CD21 gene expression was not significantly 
associated with overall survival (p = .286) but showed 
a tendency toward beneficial patient outcomes 
(Figure S2c).

Compartmental IL2 levels and their association with 
presence of TLS

To further investigate the role of IL2 with regard to the pre-
sence of TLS, we performed compartmental analysis to com-
pare the stroma-to-tumor and stroma-to-serum IL2 gradients 
between patients with and without TLS. Also, we assessed the 
potential of circulatory IL2 as a predictive biomarker for TLS.

In patients with TLS, we detected a significant stroma-to- 
tumor IL2 gradient toward the stromal compartment 
(p = .022), while no significant gradient was detected in stromal 
versus serum IL2 levels (Figure 3a). The opposite observation 
was made in patients without TLS, in whom a significant 
stroma-to-serum IL2 gradient toward the serum compartment 
was found (p < .0001) and no differences were detected 
between the stromal and tumoral compartments (Figure 3a). 
In serum, low levels of IL2 were significantly associated with 

the presence of TLS (p = .037). Meanwhile, serum levels of 
C-reactive protein (CRP), white blood cells (WBC) and CA 19– 
9 did not relate to the local formation of TLS (Figure 3b).

Discussion

The recent decade has emphasized the prognostic relevance of 
the immunological makeup of local microenvironments in 
solid cancers. In this regard, most of the focus concentrated 
on the role of T cells, highlighting the association of tumor- 
infiltrating T lymphocytes with overall patient survival in 
numerous tumor entities, including PDA.21–27 Recently, also 
B cells in context of TLS have been described as critical com-
ponents of the local immune landscape in terms of patient 
prognosis and response to immunotherapy.8,25,28–30 TLS repre-
sent an environment with specific dedicated immunomodula-
tory factors and serve as a site of antigen presentation and 
T cell activation. However, the full cellular makeup of different 
organs varies. It can consist of a typically immunogenic micro-
environment like in non-small cell lung cancer (NSCLC) or 
a generally non-immunogenic local landscape of desmoplastic 
nature in PDA. Consequently, the observed TLS can have 
different ultrastructures depending on the organ, malignancy 
or unique microenvironmental conditions. TLS can be highly 
organized like in NSCLC with exhibition of a structured T cell 
zone, embedded dendritic cells and B cells and surrounding 
high endothelial venules.31–34 TLS in the peritumoral stroma of 
PDA show similar features, including the presence of CD21+ 

Figure 1. B cell infiltrate in PDA. (a) Scatter dot plots comparing the density of immune cells (as indicated) in PDA tissue of patients with stratification in “Tumor” and 
“Stroma”. Information on immune cell density was available as follows: CD3+(n=49), CD4+(n=51), CD8+(n=51), FoxP3+(n=50), CD20+(n=50), CD163+(n=48). (b) Kaplan- 
Meier survival plot of PDA patients with high versus low stromal B cell density (n=25/n=25). The median cutpoints were determined to stratify patients into high and 
low. *p≤.05, ***p≤.0001. PDA=Pancreatic ductal adenocarcinoma.
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Figure 2. Formation of TLS and their association with immune phenotypes and patient outcome. (a) Exemplary detail of TLS in the peritumoral stroma of PDA. 
Immune cell stainings (as indicated) were all counterstained with H/E. All images: 20x magnification. Scale bar: 250μm. (b) Kaplan-Meier survival plot of PDA patients 
with “TLS” versus “No TLS” (n=38/n=17). (c) Scatter dot plots comparing the denstiy of CD8+ T cells and CD20+ B cells in peritumoral stroma of PDA patients with ”TLS” 
(n = 13) versus ”No TLS” (n = 38). (d) Scatter dot plots comparing cytokine concentrations in peritumoral stroma of PDA patients with ”TLS” (n = 13) versus ”No TLS” (n = 
38). Cytokines were categorized in Th1- and Th2-type cytokines (as indicated). *p  ≤ .05, ***p ≤ .005.  TLS = Tertiary lymphoid structures, PDA= Pancreatic ductal 
adenocarcinoma.
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follicular dendritic cells, but they can also appear as less orga-
nized lymphoid aggregates. The dominating presence of 
CD21+ follicular dendritic cells within TLS (86% of TLS+ 
cases) in our analyzed PDA tissues indicates that most peritu-
moral TLSs in PDA patients are mature. The assessment of the 
maturation stage of TLSs is important as it has functional 
implications and differential prognostic relevance in 
tumors.35 Such as the association of mature TLS with treatment 
response to checkpoint inhibition.36 Another interesting fea-
ture of TLS composition that we observe here is the presence of 
(presumably immunosuppressive) CD163+ macrophages in 
PDA. They can potentially undermine antigen presentation 
and T cell activation in TLS, however, CD163+ macrophages 
are known to form lymphoid aggregates upon immunotherapy 
via vaccination in PDA patients37 Despite their presence TLS 
clearly are a prognostic favorable feature in PDA. So, it is 
necessary to further understand specific biological features 
associated with TLS formation in PDA. As discussed above, 
immunologic programs involved in TLS generation can differ 
in different tumor types. Further investigation of the role of 
CD163+ macrophages for example can help to understand the 
decisive factors for the specific cancer entity. This can help to 
better translate relevant findings into the clinic and improve 
patient care, e.g. by using serum markers as a stratification tool 
for immunotherapeutic approaches based on local TLS forma-
tion. In the past, intratumoral TLS in PDA have been described 
as favorable prognosticators. However, we corroborate these 
findings for TLS in the peritumoral stroma and also demon-
strate their association to multicompartmental IL2 levels 
(including matched serum analysis) and present immunologi-
cal differences between TLS and non-TLS PDA tissues.5

A comprehensive assessment of the immune infiltrate con-
sidering the compartmental immune cell distribution and 
cytokine expression patterns revealed that cytotoxic CD8+ 

T lymphocytes and tumor-associated CD163+ macrophages 
were predominant in the stromal compartment of PDA, 
which underlines the often described – but debated – 
immune-excluded nature of PDA.38 B cells only made 
a small proportion of the immune infiltrate and did not 
show a difference in spatial distribution, also their density 
was not associated with overall survival of patients. However, 
peritumoral TLS mainly consist of B cells and in line with 
previous findings formation of TLS proofed to be a prognostic 
favorable marker in our cohort. Further analysis unraveled 
that PDA tissues with TLS were associated with a higher 
number of CD8+ T cells and CD20+ B cells as well as 
a higher stromal IL2 concentration when compared to PDA 
tissues without TLS. This is in line with the observation that 
TLS-rich tumors usually show higher infiltration by effector 
CD8+ T cells which reflects the potential of TLS to activate 
and differentiate T cells and orchestrate immune responses.39 

In NSCLC, the dendritic cell marker DC-LAMP is associated 
with Th1 polarization underscoring that T cell education is 
orchestrated within TLS.40–42 Moreover, it has been shown 
that NSCLC with low TLS density identifies patients with 
poor prognosis within the cohort with high CD8+ T cell 
counts, pointing toward a functional heterogeneity among 
the CD8+ T cells.40 This implies that education of T cells in 
TLS is important to exhibit antitumoral effects. Therefore, it 

fits well that high densities of both CD8+ and CD20+ lympho-
cytes are related to prognostic favorable TLS presence in our 
cohort. The density of B cells alone is not relevant in terms of 
patient prognosis, and one could hypothesize that T cell den-
sity alone only partially reflects the full picture as their func-
tional status (e.g. activation) is not easily assessable and 
therefore not investigated regularly. The other factor related 
to TLS presence in our cohort was IL2. Under steady-state 
conditions IL2 is primarily produced by activated CD4+ 

T cells in secondary lymphoid organs. During an immune 
response, activated CD4+ and CD8+ T lymphocytes secrete 
large quantities of IL2 and duration of the IL2 signal controls 
the expansion of antigen-specific CD8+ T cell populations. In 
malignancies, IL2 exhibits a variety of antitumoral functions 
including the promotion of a Th1 phenotype leading to pro-
liferation and activation of cytotoxic T cells.43 We wondered 
whether compartmental evaluation of IL2 levels could shed 
further light on the role of IL2 with regard to TLS formation. 
In PDA tissues with TLS, higher IL2 levels were found in the 
stromal than in the tumoral compartment whereas no differ-
ence was detected in tissues without TLS. This is indicative of 
an antitumoral environment related to TLS presence or for-
mation in the peritumoral stroma and could explain the 
higher CD8+ T cell density in the stroma of PDA tissues 
with TLS. This observation underlines that knowledge of 
compartmentalization of a given cytokine is important to 
better assess biological features of a TME, especially since 
evaluation of gradients formed by cytokines are 
a prerequisite to comprehend their functionality.44 In our 
study, IL2 compartmentalization in TLS fundamentally dif-
fered from non-TLS PDA specimens. Focusing on the 
stroma-to-serum gradient, patients without TLS showed 
higher IL2 levels in circulation than in the stromal compart-
ment, while no such gradient was found in patients with TLS. 
Additionally, low circulatory IL2 concentration was asso-
ciated with existence of TLS. These findings propose that 
circulatory IL2 is a potential candidate for further biomarker 
studies. Besides, high serum IL2 levels can also be measured 
during inflammatory states. However, the classical inflamma-
tory markers CRP and WBC in patients without TLS did not 
indicate such a state in our cohort and indicate a differential 
regulatory inflammatory state.

TLS are likely to have an impact on immunotherapeutic 
strategies in the future. Open questions include the relation 
of TLS to treatment successes for chemotherapy, radiation 
or other interventions.45–47 Current preclinical approaches 
focus on strategies aiming to induce TLS neogenesis in 
tumors. This could improve anti-tumor immunity and pos-
sibly allow to turn immune-low into immune-high tumors 
in combination with immunotherapies such as immune 
checkpoint inhibition.6,12,48,49 Approaches for specific 
induction of TLS are being investigated using cytokines, 
stromal cells, antigen-presenting cells, antibodies, inflamma-
tory factors or other agents.6,50–55 However, so far, the main 
translatory potential of TLS lies in their ability to predict 
positive immunotherapy responses in various tumor entities. 
Accessibility to tissue samples is especially demanding in 
PDA, also due to the invasive nature of tissue acquisition 
and complications. Therefore, identification of easily 
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accessible and reliable surrogate markers for TLS formation 
is an unmet need when it comes to clinical practice. With 
serum IL2, we have now identified a cytokine of interest in 
this regard. However, this needs to be independently vali-
dated in prospective trials, also focusing on other factors 
influencing the serum IL2 levels in patients and in order to 
define applicable threshold values.

Overall, the results of our study underscore the prognostic 
role of TLS in the peritumoral stroma of PDA and indicate 
their potential to shape local antitumoral properties by being 
associated with higher densities of cytotoxic T cells in the 
TME. Also, we highlight the complex interaction of TLS with 
multi-compartmental IL2 expression, proposing circulatory 
IL2 levels as markers for TLS presence in the tumor micro-
environment. As an outlook, the link between IL2 and TLS 
formation can be exploited clinically by e.g. improving patient 
stratification for immunotherapeutic strategies. We propose 
that circulatory IL2 levels should be regularly assessed in 
clinical studies which investigate TLS formation in malignan-
cies. Their predictive potential for local TLS formation could 
possibly also be applied to other entities. Also, we highlight 
the importance of compartmental evaluation of biological 
features of tumors to better understand dynamics of antitu-
moral immune responses.
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