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In the orchestra, second violins play the harmonic and rhythmic foundation of the music,
supporting the main melody. While sometimes overlooked, this section is essential for the
structure of the music and the depth of the sound. The second violin part often aligns in octaves
with the first violins, providing the support they need to make their melody shine. Similarly,
CD4* T cells support the immune response against cancer by providing help to CD8* T cells, the
main effectors of anti-tumor immunity. CD8* T cells depend on CD4* T-cell help to reach their
full cytotoxic potential, just like the first violins depend on the help of the second violins. Besides
helping CD8* T cells, CD4* T cells can also help B cells or become regulatory T cells that dampen
the immune response. In parallel, second violins can also support the lower string sections of the
orchestra or add an extra layer of complexity to the music by playing a counter-melody.

ISBN: 978-94-6537-644-8

Cover artwork: Julia Busselaar
Cover and layout design: © Sila Akgakoca, 2026 for Ridderprint

Print: Ridderprint | www.ridderprint.nl

© Julia Busselaar, 2026. Rights are reserved. No part of this book may be reproduced, distributed,
stored in a retrieval system, or transmitted in any form or by any means, without prior written

permission of the author.



How CD4* T-cell help shapes functional and dysfunctional

CD8* T-cell differentiation

Proefschrift

ter verkrijging van
de graad van doctor aan de Universiteit Leiden,
op gezag van rector magnificus prof. dr. S. de Rijcke,
volgens besluit van het college voor promoties
te verdedigen op dinsdag 1 september 2026

klokke 14.30 uur

door

Julia Laura Charlotte Busselaar

geboren te Amsterdam

in 1994



Promotor

Prof. Dr. J.G. Borst

Tweede promotor

Prof. Dr. F.A. Ossendorp

Leden promotiecommissie
Prof. Dr. N.F. de Miranda
Prof. Dr. A.N.M. Schumacher
Prof. Dr. L. Meyaard

Prof. Dr. D. Amsen

Dr. D. Thommen

UMC Utrecht

Sanquin, Universiteit van Amsterdam

Nederlands Kanker Instituut



Chapter 1

Chapter 2

Chapter 3

Chapter 4

Chapter 5

Chapter 6

Chapter 7

Chapter 8

Appendix

TABLE OF CONTENTS

General Introduction & Scope of Thesis

CDA4* T-cell help creates memory CD8* T cells with innate and help-

independent recall capacities

Helpless priming sends CD8* T cells on the road to exhaustion

Stem-like PD-1*TCF-1* CD8* T cells result from helpless priming and rely

on CD4* T-cell help to complete their cytotoxic effector differentiation

Requirements for development of T-helperl and T-follicular helper

cells from a common precursor

The importance of type | interferon in orchestrating the cytotoxic

T-cell response to cancer

Mechanism of action of PD-1 receptor/ligand targeted cancer

immunotherapy

General Discussion

Nederlandse Samenvatting
English Summary
Curriculum Vitae

Portfolio

Acknowledgements

17

47

71

115

161

189

211

242
248
253
254
261



