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B cells and tertiary lymphoid structures in cancer:
The knowns and the knowledge gaps

Immature TLS
Our goal is to increase TLS formation, 

maturation, and function in cancer patients

Mature TLS



How do we generate memory (virally-specific) B cells?

CD8 CD20 Ki67 PanCK CD45RO CD31

CD4 CD68 FoxP3 HLADR CD3e CD11c
Images obtained in Bruno lab (CODEX)

Human tonsil

This occurs in secondary lymphoid organs such 
as lymph node, tonsil and spleen
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MULTIPLE immune subsets in the tumor microenvironment (TME) 
contribute to the immune response

Sharma et al, Cell 2017

Including B cells and other components of 
tertiary lymphoid structures (TLS)

Han. Et al Nanoscale 2020

3

Goal:
 Harness the complete TME for improved immunotherapies



B cells and TLS correlate with improved prognosis and superior IO response
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TLS are found in multiple human solid tumors

J Exp Med. 2020;218(1). doi:10.1084/jem.20200851

How do we maximize B cell and TLS function within the TME?



How do we think beyond the current clinical data and get to mechanism?

Resectable Melanoma

Helmink et al. Nature 2020 (Wargo lab)

C
ou

nt
s 

pe
r m

m
2

CD20 density

Baseline On-treatment

# 
TL

Ss
 p

er
 m

m
2

Baseline On-treatment

TLS density
R

at
io

 o
f T

LS
s 

to
 m

m
2

Baseline On-treatment

TLS/tumor area

Resectable Urothelial Carcinoma

Gao J et al., Nat Med 2020
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Current challenges and opportunities in the B cell and TLS field 

Variability of human tissue Lack of in vivo models with TLS Lack of tools for ab recognition

Finding and studying TLS 
requires: 

• State of the art spatial 
techniques

• Ample tissue
• Paired samples from pre 

and post ICI

Most murine models DO NOT:
• Contain TLS
• Reflect penetrance of 

TLS in human tissues
• Reflect TLS composition 

observed in patients

Identifying what B cells 
recognize is:

• More complex than T 
cells with neoantigens

• Requires high throughput 
pipelines
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“It takes an orchestra, not a soloist, to cure cancer”
Quote regarding the contribution of B cells and TLS to anti-tumor immune responses – Jennifer A. Wargo MD

Photograph of the Chicago Symphony Orchestra, c/o the Chicago Tribune

“It takes an orchestra, not a soloist, to cure cancer”
Photograph of the Chicago Symphony Orchestra, c/o the Chicago Tribune

T cell

B cells within tertiary lymphoid structures
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Naive Germinal CenterFollicular Marginal Zone Memory Plasmablasts Plasma cells

The B cell compartment is complex and diverse! 

Migration to 
secondary 
lymphoid
organs

TD responses
in primary 
follicles

Affinity 
Maturation

Memory/plasma 
cell 

differentiation

Rapid 
response to 
secondary 
infection

Antibody 
secreting cells

Responses to 
blood-borne 

pathogens/Lipid 
antigens

Potent activators 
of naïve T cells

How do we develop an effective B cell immunotherapy?
 Determine what B cell subpopulations are present in the TME
 Assess whether phenotype and function are modulated by TME
 Examine interactions of B cells with other cellular and non-cellular components of the TME



There are various functions for B cells in the context of cancer
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Dr. Ayana Ruffin, book chapter update on B cells and TLS in cancer (SITC)



Current biological evidence points to B cells being impactful in the TME
Correlate with improved survival Produce tumor-reactive antibodies Present tumor antigens to T cells

Cellular neighborhoods influence anti-tumor responses in the TME
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 Colorectal
 Lung
 Head and Neck
 Breast 

 Melanoma
 Ovarian
 Prostate
 Pancreatic
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Ref: Germain et al, 2014

 Of note: antibodies were derived 
from serum
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What is a tertiary lymphoid structure (TLS)?

Vanhersecke L et al. 2021

 Infiltration and segregation of CD20+ B cells and CD4+ T cells (T follicular helper lineage)
 Presence of CD21+ mature follicular dendritic cells (germinal center)
 Presence of high endothelial venules (HEV)

CD4

CD8

CD20

CD21

CD23

INTRATUMORAL PERITUMORAL NON-TUMOR

NON-GC TLS

GC TLS

GC TLS

B cells in tumor



Nuclear
AID
CD20
CD21
CD4
Ki67
PNAd

Combining several TLS hallmarks into a multispectral image

High endothelial 
venules (HEV) 

formation

Presence of CD21+ Mature 
follicular dendritic cells

Infiltration and zoning of 
CD20+ B cells and CD4+ 
T cells

Germinal Center 
(GC) formation

Bruno 
Lab



TLS are important mediators of anti-tumor immunity
TLS composition varies TLS correlate with CD8+ T cells TLS maturity improves patient survival

Ref: K. Ching, Goc et al, Can Res 
2013, Helmink et al, Nature 2020
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Ref: Ruffin et al, Nat Comm 2021

GC-rich TLS Non GC-rich TLS

GC-rich TLS Non GC-rich TLS

Tr
eg

C
D

8

Tc
on

v

B
 c

el
l

Tu
m

or

M
ye

lo
id

Myeloid

Tumor

B cell

Tconv

CD8
Treg

Log odds ratio
for interaction

-1.0 0 1.0

B
 c

el
l

Tu
m

or

M
ye

lo
id

Tc
on

v

C
D

8

Tr
eg

B cell

Tumor

Myeloid

Tconv

CD8

Treg

CD8 CD20 CD68 CD4 PanCK DAPI CD8 CD20 CD68 CD4 PanCK DAPI

13

Does a cellular neighborhood 
always have to be a TLS?



TLS are not uniform within the tumor microenvironment
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*Increased TLS frequency correlates with B and T cell responses in NSCLC patients
(Bruno et al, 2017 CIR)

Increased B cell function
Tumor-specific antibodies

T cell engagement

Take home messages:
The tissue matters
Cellular neighborhoods are necessary
Not all B cells are created equal
The TME is not always canonical

Ruffin A, Bruno T Cancer Immunotherapy Principles 
and Practice  2nd edition 2021
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 B cells, T cells, follicular dendritic cells
 TLS initiating and maintaining factors

 CXCL13, LTB, IL21
 Immunogenic tumor antigens

 Virus, microbiome, immunogenic cell death
 Stromal and tumor factors

 Mesenchymal stem cells, FRCs, fibroblasts

What are the necessary factors to create the most functionally 
active intratumoral TLS?

Unique and 
robust patient 

cohorts
Primary tumors 
and metastases

But what is different about the TME?

Physiologically 
relevant 

Mouse models
Mimic human TLS

State-of-the-art 
techniques

Spatial transcriptomics
Multispectral Imaging

scRNAseq
Cytometry

Normal Lymphoid Tissue
Tonsil

It starts with patient tissue!



Evidence that the TME can influence TLS formation and maturation

Ruffin, Cillo et al (Nat Comm 2021)

CD20 CD4 CD8 FoxP3 CD68 PanCK

HPV+ Tumor BOT HPV- Tumor Larynx

CD20 CD4 CD8 FoxP3 CD68 PanCK
100 um 100 um

GC-rich hi, HPV-
GC-rich lo, HPV-

GC-rich lo, HPV+
GC-rich hi, HPV+p=0.0030.00

0.25

0.50

0.75

1.00

 
 

0 2500 5000 7500 10000

O
ve

ra
ll 

su
rv

iv
al

 fr
eq

ue
nc

y

Time (days)

TLS w/GC lo, HPV-
TLS w/GC hi, HPV-
TLS w/GC lo, HPV+
TLS w/GC hi, HPV+

%
 C

XC
R5

 e
xp

re
ss

io
n/

al
l c

el
ls

0

10

20

30

40
60

80

100

HPV+ HPV-

16Overacre-Delgoffe et al (Immunity 2021)

HPV+ Tumor BOT HPV- Tumor Larynx

H. Hep specific CD4+ T follicular helper 
cells reside within TLS



CD8 + T cell states in human cancer: insights from single-
cell analysis
Anne M van der Leun 1, Daniela S Thommen 1, Ton N Schumacher 2 Johansson-Percival et al (Front Immunol 2021)

Reminder: TME is not canonical!
TFH, Treg, and tumor-specific CD8+ T cells 

can produce CXCL13

Tumor-specific CD8+ T cells and other immune cells participate in TLS formation

https://pubmed.ncbi.nlm.nih.gov/?term=van+der+Leun+AM&cauthor_id=32024970
https://pubmed.ncbi.nlm.nih.gov/32024970/#affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?term=Thommen+DS&cauthor_id=32024970
https://pubmed.ncbi.nlm.nih.gov/32024970/#affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?term=Schumacher+TN&cauthor_id=32024970
https://pubmed.ncbi.nlm.nih.gov/32024970/#affiliation-2


Lymphotoxin signaling is an important TLS inducer



TLS = immature or mature
Not TLS = Tumor no TLS 
or TLS Adjacent

Spatial transcriptomics of a lung cancer TMA reveals expression of TLS factors

SMA
CXCR4
CD40
CD20
CD21
CXCR5
LTB
CXCL13

CONFIDENTIAL: DO NOT PHOTOGRAPH OR POST! A big thanks to Brian Isett from Sunny Bao’s research group!



Barone et al (Front Immunol 2016)

The stroma is complex, diverse, and essential for TLS formation



Mature 
TLS

Genes associated with TLS maturation

LIMD2: focal adhesion, motility

TWF2: actin cytoskeletal interaction

PLEKHA2: fibronectin, cell matrix adhesion

Immature and mature TLS are distinct in HGSOC
*Tissue site dictates TLS formation, contexture, maturity, and activity

Increasing TLS maturation

CONFIDENTIAL: DO NOT PHOTOGRAPH OR POST!
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Bone marrow-derived MSCs
(BM-MSCs) 
• Migrate to inflamed areas 

(TME)

• Tumor Suppressive

• Precursors of Fibroblastic 
Reticular Cells (FRC)

• TNF-α and LTα1β2 

Cancer-associated MSCs 
(CA-MSCs)
• Reprogrammed in TME

• Express WT1

• Promote tumor initiation, 
metastasis/chemo resistance 

• A transcriptionally and 
epigenetically distinct 
population

• Immunosuppressive

Cancer reprogramming of MSCs strongly impacts TME and prognosis

Mesenchymal Stem Cells (MSC)
Lan Coffman, MD PhD

The stroma is important!
Cancer educated mesenchymal stem cells (CA-MSCs) regulate immunity



Petitprez et al (Nature 2020) Yang et al (JITC 2021)Ng et al (Nature 2023)

A TLS biomarker is going to be essential for new clinical studies 
and improved IO therapies
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Do we always need a germinal center for effective B cell responses?

Figure courtesy of Dr. Ayana Ruffin
Elsner et al 2020, Immunity
Woodruff et al, 2020 Nature Immun
Jenks et al 2018, Immunity



Accumulation of EF associated memory B cells is a prominent 
feature of chronic infection and autoimmune disorders

Created with Biorender.com

Portgual et al 2017 Cellular Immunology
Jenks et al 2018 Immunity Woodruff et al, 2020 Nature Immunology

Austin et al, 2019 Sci Transl Med

Kardava et al, 2011 J clin Invest



Cellular neighborhoods can dictate memory B cell function

CONFIDENTIAL: DO NOT PHOTOGRAPH OR POST!
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Ruffin et al, IN REVISION



Elsner et al 2020, Immunity
Woodruff et al, 2020 Nature Immun
Jenks et al 2018, Immunity
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Location of memory B cell subsets associates with function



Maravillas-Montero JL, Acevedo-Ochoa E. Human B Regulatory Cells: The New 
Players in Autoimmune Disease. Rev Invest Clin. 2017 Sep-Oct;69(5):243-246. doi: 
10.24875/ric.17002266. PMID: 29077695.

The proposed function of B regulatory cells
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de Masson A, Le Buanec H, Bouaziz JD. Purification and immunophenotypic 
characterization of human B cells with regulatory functions. Methods Mol Biol. 
2014;1190:45-52. doi: 10.1007/978-1-4939-1161-5_4. PMID: 25015272.

Confirmation of IL10 production is important but can be difficult to detect!
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Table 1: Human regulatory B cells in health and disease: therapeutic potential

J Clin Invest DOI: 10.1172/JCI85113

Further complexities with human Bregs
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Cancer immunotherapies aim to reinitiate the cancer immunity cycle

Chen et al 2013 Immunity

Oncolytic virus therapy
immunomodulators

Cancer treatment vaccines
Monoclonal antibodies

Cellular therapies

Immunomodulators
Monoclonal antibodies

How would a B cell immunotherapy fit into the current treatment model?



Cancer treatment vaccines
TLR agonists 

Adoptive cell therapy

Monoclonal antibodies
(Agonistic/blocking)

Targeting B cells and TLS for cancer immunotherapy

Ruffin A, Bruno T Cancer Immunotherapy Principles 
and Practice  2nd edition 2021

Oncolytic virus therapy
immunomodulators
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Take home messages and clinical translation
 B cells are important humoral mediators of adaptive immunity
 B cell function is dictated by cellular neighborhoods
 TLS are complex immunological hubs that are correlated with improved survival and IO response
 TLS frequency and composition is varied depending on the TME
 Spatial transcriptomics is key for revealing differences in TLS formation, maturation, and activity 
 TLS initiating and TLS-maintaining factors are decreased in tumor TLS
 TLS formation and maturation is regulated by the stroma
 B-T cell crosstalk and function is dictated by TLS formation

Mature TLS

Increased 
CD8+ T cells

Anti-PD1 blockade for 
enhanced tumor killingFeedback 

loop from 
CD8+T 
cells via 
CXCL13

Tumor-stroma-
immune-microbiome

Immature TLS
       

     

 

 
       

     

Mature TLS
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Thank you for your attention!
Interested in B cells and TLS? Join our BC^3 consortium!

35
Or come to our IN-PERSON Keystone—October 2023



Despite all these data, there are still key unanswered questions!

Key questions:
• By understanding the function of B cells within TLS, can 

we implement a novel, B cell-focused immunotherapy? 

• What is the specificity of B cells in the TME?

• How do we increase tumor-specific antibody production 
in cancer patients?

• Does ICI modulate B cell and TLS function? 

• How do B cells and TLS improve ICI?
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