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CHAPTER 1

'ĞŶĞƌĂů�/ŶƚƌŽĚƵĐƟŽŶ





9•General Introduction

GENERAL INTRODUCTION AND SCOPE

DƵĐŽƐĂů� ƐƵƌĨĂĐĞƐ� ƐĞŐƌĞŐĂƚĞ� ƚŚĞ� ĞǆƚĞƌŶĂů� ĞŶǀŝƌŽŶŵĞŶƚ� ĨƌŽŵ� ƚŚĞ� ŚŽƐƚ� ĂŶĚ� ƌĞƉƌĞƐĞŶƚ� Ă�
major entry point for pathogenic microorganisms. Therefore, these are strategic sites 
ǁŚĞƌĞ� ŵƵůƟůĞǀĞů� ŝŶƚĞƌĂĐƟŽŶƐ� ďĞƚǁĞĞŶ� ĞƉŝƚŚĞůŝĂů� ĐĞůůƐ� ĂŶĚ� ƚŚĞ� ŝŵŵƵŶĞ� ƐǇƐƚĞŵ� ĂƌĞ�
necessary to maintain host homeostasis. Epithelial cells integrate signals from the local 
ƐƵƌƌŽƵŶĚŝŶŐƐ�ĂŶĚ� ƚƌĂŶƐůĂƚĞ� ƚŚĞŵ� ŝŶƚŽ� ŝŵŵƵŶĞ�ŵĞĚŝĂƚŽƌƐ�ĂĐƟŶŐ�ŽŶ� ƚŚĞ�ŚĞŵĂƚŽƉŽŝĞƟĐ�
ĐŽŵƉĂƌƚŵĞŶƚ�ƵŶĚĞƌŶĞĂƚŚ�ƚŚĞ�ĞƉŝƚŚĞůŝƵŵ͘���ƉŝƚŚĞůŝĂůͲĚĞƌŝǀĞĚ�ƐŝŐŶĂůƐ�ĐĂŶ�ƚƌŝŐŐĞƌ�ƐƉĞĐŝĮĐ�
ƚǇƉĞƐ�ŽĨ� ŝŵŵƵŶĞ� ƌĞƐƉŽŶƐĞƐ�ĚŝƌĞĐƚůǇ� ďǇ� ŝŶŇƵĞŶĐŝŶŐ� ĞīĞĐƚŽƌ� ůǇŵƉŚŽĐǇƚĞƐ͕� Žƌ� ŝŶĚŝƌĞĐƚůǇ�
ďǇ� ĂĐƟǀĂƟŶŐ�ŵǇĞůŽŝĚ� ĐĞůůƐ� ƚŚĂƚ� ƵůƟŵĂƚĞůǇ� ƌĞŐƵůĂƚĞ� ůǇŵƉŚŽĐǇƚĞ� ĂĐƟǀŝƚǇ͘� �ŝƐƌƵƉƟŽŶ� ŽĨ�
ƚŚĞ�ĮŶĞͲƚƵŶĞĚ�ĐƌŽƐƐƚĂůŬ�ƚŚĂƚ�ŽĐĐƵƌƐ�Ăƚ�ŵƵĐŽƐĂů�ƐƵƌĨĂĐĞƐ͕�ŝŶĐƌĞĂƐĞƐ�ƚŚĞ�ƌŝƐŬ�ŽĨ�ŝŶĨĞĐƟŽŶ�
ĂŶĚ�ŝŶŇĂŵŵĂƟŽŶ͕�ĂŶĚ�ĐĂŶ�ůĞĂĚ�ƚŽ�ĐŚƌŽŶŝĐ�ĚŝƐĞĂƐĞƐ�ĂŶĚ�ĐĂŶĐĞƌ�ĚĞǀĞůŽƉŵĞŶƚ͘�dŚƵƐ͕�ŝƚ�ŝƐ�
ĞƐƐĞŶƟĂů�ƚŽ�ƵŶĚĞƌƐƚĂŶĚ�ƚŚĞ�ŵĞĐŚĂŶŝƐŵƐ�ďǇ�ǁŚŝĐŚ�ŝŵŵƵŶĞ�ĐĞůůƐ�ŝŶƚĞƌĂĐƚ�ǁŝƚŚ�ƚŚĞ�ůŽĐĂů�
ĞŶǀŝƌŽŶŵĞŶƚ͕� ĂŶĚ� ŚŽǁ� ƚŚĞƐĞ� ƐŝŐŶĂůƐ� ƌĞŐƵůĂƚĞ� ƟƐƐƵĞͲƐƉĞĐŝĮĐ� ƌĞƐƉŽŶƐĞƐ� ŝŶ� ŚĞĂůƚŚ� ĂŶĚ�
disease.

In the past few years, an emerging group of innate lymphoid cells (ILCs) has been 
ŝĚĞŶƟĮĞĚ� ŝŶ�ŵƵĐŽƐĂů�ƟƐƐƵĞƐϭͲϰ. ILCs are found close to epithelial barriers, where they 
ĐŽŶƐƟƚƵƚĞ�Ă�ŵĂũŽƌ�ƐŽƵƌĐĞ�ŽĨ�ƚŚĞ�ŚŽŵĞŽƐƚĂƟĐ�ĐǇƚŽŬŝŶĞ�ŝŶƚĞƌůĞƵŬŝŶ�ϮϮ�;/>ͲϮϮͿ�;&ŝŐƵƌĞ�ϭͿ͘�
/>��ĐǇƚŽŬŝŶĞ�ƉƌŽĮůĞƐ� ƌĞƐĞŵďůĞ� ƚŚŽƐĞ�ƉƌŽĚƵĐĞĚ�ďǇ�ŚĞůƉĞƌ�d�ĐĞůůƐ͕�ǇĞƚ� ƚŚĞǇ� ůĂĐŬ�ĂŶƟŐĞŶ�
ƐƉĞĐŝĮĐŝƚǇ� ĂŶĚ�ƉƌŽǀŝĚĞ� Ă� ƋƵŝĐŬĞƌ� ŝŵŵƵŶĞ� ƌĞƐƉŽŶƐĞ͘� ZĞĐĞŶƚ� ƐƚƵĚŝĞƐ� ďƌŽƵŐŚƚ� ƚŽ� ůŝŐŚƚ� Ă�
ƉƌĞǀŝŽƵƐůǇ� ƵŶĂƉƉƌĞĐŝĂƚĞĚ� ƌŽůĞ� ŽĨ� />�Ɛ� ŝŶ� ƉƌŽƚĞĐƟŶŐ� ĂŐĂŝŶƐƚ� ĞŶƚĞƌŝĐ� ƉĂƚŚŽŐĞŶƐ� ĂŶĚ�
ƉƌŽŵŽƟŶŐ�ŚŽŵĞŽƐƚĂƐŝƐ�ŝŶ�ŵƵĐŽƐĂů�ƟƐƐƵĞƐ͘�,ŽǁĞǀĞƌ͕ �ƚŚĞ�ƌŽůĞ�ŽĨ�/>�Ɛ�ŝŶ�ƟƐƐƵĞ�ĚĂŵĂŐĞ�ŝŶ�
ƚŚĞ�ĂďƐĞŶĐĞ�ŽĨ�ƉĂƚŚŽŐĞŶŝĐ�ŝŶĨĞĐƟŽŶƐ�ƌĞŵĂŝŶƐ�ƵŶŬŶŽǁŶ͘��

dŚŝƐ�ƚŚĞƐŝƐ�ĂŝŵƐ�ƚŽ�ŝŶǀĞƐƟŐĂƚĞ�ƚŚĞ�ĐŽŶƚƌŝďƵƟŽŶ�ŽĨ�ƚǇƉĞ�ϯ�ŝŶŶĂƚĞ�ůǇŵƉŚŽŝĚ�ĐĞůůƐ�;/>�ϯͿ�
ŝŶ�ŝŶƚĞƐƟŶĂů�ĞƉŝƚŚĞůŝĂů�ĚĂŵĂŐĞ�ƌĞƐƉŽŶƐĞƐ͘��ĐƟǀĂƟŽŶ�ŵĞĐŚĂŶŝƐŵƐ�ĂŶĚ�ĞīĞĐƚŽƌ�ĨƵŶĐƟŽŶƐ�
ŽĨ�/>�ϯ�ǁŝůů�ďĞ�ĚŝƐĐƵƐƐĞĚ�ŝŶ�ƚŚĞ�ĐŽŶƚĞǆƚ�ŽĨ�ŝŶƚĞƐƟŶĂů�ĚĂŵĂŐĞ͘

INTESTINAL EPITHELIUM
dŚĞ� ŝŶƚĞƐƟŶĂů� ĞƉŝƚŚĞůŝƵŵ� ĐŽŶƐŝƐƚƐ� ŽĨ� Ă� ƐŝŶŐůĞ� ůĂǇĞƌ� ŽĨ� ĞƉŝƚŚĞůŝĂů� ĐĞůůƐ� ƚŚĂƚ� ĞĸĐŝĞŶƚůǇ�
combines the uptake of nutrients from the diet, with providing a physicochemical barrier 
between the microbiota and our bodyϱ. 

�ŝīĞƌĞŶƟĂů�ĞǆƉƌĞƐƐŝŽŶ�ǁŝƚŚŝŶ�ŝŶƚĞƐƟŶĂů�ĞƉŝƚŚĞůŝĂů�ĐĞůůƐ�ŽĨ�ƉĂƩĞƌŶ�ƌĞĐŽŐŶŝƟŽŶ�ƌĞĐĞƉƚŽƌƐ�
;WZZͿ͕�ŝŶĐůƵĚŝŶŐ�ƚŽůůͲůŝŬĞ�ƌĞĐĞƉƚŽƌƐ�;d>ZƐͿ�ĂŶĚ�ŶƵĐůĞŽƟĚĞͲďŝŶĚŝŶŐ�ŽůŝŐŽŵĞƌŝǌĂƟŽŶ�ĚŽŵĂŝŶ�
;EK�Ϳ�ƌĞĐĞƉƚŽƌƐ͕�ŐƵĂƌĂŶƚĞĞƐ�ĂŶ�ĞīĞĐƟǀĞ�ĞƉŝƚŚĞůŝĂů�ƌĞƐƉŽŶƐĞ�ƚŽ�ŵŝĐƌŽďŝŽƟĐ�ƉƌĞƐƐƵƌĞ�ǁŚŝůĞ�
ŬĞĞƉŝŶŐ�ƚŚĞ�ƚŽůĞƌŽŐĞŶŝĐ�ƐƚĂƚĞ�ƚŚĂƚ�ŝƐ�ŶĞĐĞƐƐĂƌǇ�ĂůŽŶŐ�ƚŚĞ�ĞƉŝƚŚĞůŝƵŵ�ŽĨ�ƚŚĞ�ŝŶƚĞƐƟŶĞ6.

dŚĞ�ƐŵĂůů�ĂŶĚ�ůĂƌŐĞ�ŝŶƚĞƐƟŶĞƐ�ĂƌĞ�ŚŝŐŚůǇ�ĐŽŵƉĂƌƚŵĞŶƚĂůŝǌĞĚ�ƟƐƐƵĞƐ�ůŝŶĞĚ�ďǇ�ĐŽůƵŵŶĂƌ�
ĞƉŝƚŚĞůŝĂů�ĐĞůůƐ�ĐŽŶŶĞĐƚĞĚ�ďǇ�ƟŐŚƚ�ũƵŶĐƟŽŶƐ͘�dŚĞ�ƐŵĂůů�ŝŶƚĞƐƟŶĞ�ŝƐ�ĚŝǀŝĚĞĚ͕�ĨƌŽŵ�ƉƌŽǆŝŵĂů�
to distal, into duodenum, jejunum an ileum, and it is characterized by the presence of 
ĞƉŝƚŚĞůŝĂů�ƉƌŽũĞĐƟŽŶƐ�ƚŽǁĂƌĚƐ�ƚŚĞ�ůƵŵĞŶ�ĐĂůůĞĚ�ǀŝůůŝ�ƚŚĂƚ�ĞĸĐŝĞŶƚůǇ�ŝŶĐƌĞĂƐĞ�ƚŚĞ�ĂďƐŽƌƉƟŽŶ�
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Chapter 110 •

ƐƵƌĨĂĐĞ͘�dŚĞ�ĐĞĂĐƵŵ�ĚĞůŝŶĞĂƚĞƐ�ƚŚĞ�ďĞŐŝŶŶŝŶŐ�ŽĨ�ƚŚĞ� ůĂƌŐĞ� ŝŶƚĞƐƟŶĞ͕�ĐŽŵƉŽƐĞĚ�ďǇ�ƚŚĞ�
ĂƐĐĞŶĚŝŶŐ͕�ƚƌĂŶƐǀĞƌƐĞ�ĂŶĚ�ĚĞƐĐĞŶĚŝŶŐ�ĐŽůŽŶ͘�/Ŷ�ĐŽŶƚƌĂƐƚ�ƚŽ�ƚŚĞ�ƐŵĂůů�ŝŶƚĞƐƟŶĞ͕�ƚŚĞ�ůĂƌŐĞ�
ŝŶƚĞƐƟŶĞ�ůĂĐŬƐ�ǀŝůůŝ�ĂŶĚ�ĐŽŶƚĂŝŶƐ�ƚŚĞ�ŚŝŐŚĞƐƚ�ŵŝĐƌŽďŝŽƚĂ�ůŽĂĚ7. 

/ŶǀĂŐŝŶĂƟŽŶƐ� ŽĨ� ƚŚĞ� ĞƉŝƚŚĞůŝƵŵ� ŝŶƚŽ� ƚŚĞ� ƵŶĚĞƌůǇŝŶŐ� ůĂŵŝŶĂ� ƉƌŽƉƌŝĂ� ŐĞŶĞƌĂƚĞ� ƚŚĞ�
ŝŶƚĞƐƟŶĂů�ĐƌǇƉƚƐ�Žƌ�ĐƌǇƉƚƐ�ŽĨ�>ŝĞďĞƌŬƺŚŶ͕�ǁŚĞƌĞ�ƉůƵƌŝƉŽƚĞŶƚ� ŝŶƚĞƐƟŶĂů� ƐƚĞŵ�ĐĞůůƐ� ;/^�ƐͿ�
ƌĞƐŝĚĞ͘� /Ŷ�ƚŚĞ�ƐŵĂůů� ŝŶƚĞƐƟŶĞ͕�ĞĂĐŚ�ǀŝůůƵƐ� ŝƐ�ƐƵƌƌŽƵŶĚĞĚ�ďǇ�Ăƚ� ůĞĂƐƚ�Ɛŝǆ� ŝŶƚĞƐƟŶĂů�ĐƌǇƉƚƐ͕�
ǁŚĞƌĞ�ŚŝŐŚůǇ�ƉƌŽůŝĨĞƌĂƟǀĞ�/^�Ɛ�ŐŝǀĞ�ƌŝƐĞ�ƚŽ�Ăůů�ĚŝīĞƌĞŶƟĂƚĞĚ�ĞƉŝƚŚĞůŝĂů�ĐĞůůƐ8,9. Specialized 
ĞƉŝƚŚĞůŝĂů� ĐĞůůƐ�ŵŝŐƌĂƚĞ�ƵƉǁĂƌĚƐ� ĨƌŽŵ�ƚŚĞ�ĐƌǇƉƚƐ� ƚŽ� ƚŚĞ�ƟƉ�ŽĨ� ƚŚĞ�ǀŝůůŝ͕�ǁŚĞƌĞ� ƚŚĞǇ�ĂƌĞ�
released from the epithelial layer by anoikisϴͲϭϬ͘�dŚŝƐ�ĞƉŝƚŚĞůŝĂů�ĐĞůůͲƌĞŶĞǁĂů�ĂŶĚ�ŵŝŐƌĂƟŽŶ�
ŽĨ�ĚŝīĞƌĞŶƟĂƚĞĚ�ĐĞůůƐ�ƚĂŬĞƐ�ƉůĂĐĞ�ŝŶ�ŽŶůǇ�ϯͲϱ�ĚĂǇƐ͕�ŵĂŬŝŶŐ�ƚŚĞ�ŝŶƚĞƐƟŶĂů�ĞƉŝƚŚĞůŝƵŵ�ŽŶĞ�
ŽĨ�ƚŚĞ�ƟƐƐƵĞƐ�ǁŝƚŚ�ƚŚĞ�ŚŝŐŚĞƐƚ�ƉƌŽůŝĨĞƌĂƟǀĞ�ƌĂƚĞ�ŝŶ�ƚŚĞ�ŚƵŵĂŶ�ďŽĚǇϭϭ.

Epithelial barrier
/ŶƚĞƐƟŶĂů�ĞƉŝƚŚĞůŝƵŵ�ĐŽŵďŝŶĞƐ�ƚŚĞ�ĚŝŐĞƐƟǀĞ�ĨƵŶĐƟŽŶ�ǁŝƚŚ�ƚŚĞ�ŵĂŝŶƚĞŶĂŶĐĞ�ĂŶĚ�ƌĞŐƵůĂƟŽŶ�
ŽĨ�ďĂƌƌŝĞƌ�ƉƌŽƉĞƌƟĞƐϱ͘��ĂƐĞĚ�ŽŶ�ƚŚĞŝƌ�ĨƵŶĐƟŽŶ͕�ŝŶƚĞƐƟŶĂů�ĞƉŝƚŚĞůŝĂů�ĐĞůůƐ�ĐĂŶ�ďĞ�ĐůĂƐƐŝĮĞĚ�
ŝŶƚŽ� ĂďƐŽƌƉƟǀĞ� ĂŶĚ� ƐĞĐƌĞƚŽƌǇ� ĐĞůůƐ͘� dŚĞ� ǀĂƐƚ�ŵĂũŽƌŝƚǇ� ŽĨ� ŝŶƚĞƐƟŶĂů� ĞƉŝƚŚĞůŝĂů� ĐĞůůƐ� ĂƌĞ�
ĂďƐŽƌƉƟǀĞ�ĞŶƚĞƌŽĐǇƚĞƐ�ƚŚĂƚ�ĐĂƌƌǇ�ŽƵƚ�ŵĞƚĂďŽůŝĐ�ĂŶĚ�ĚŝŐĞƐƟǀĞ�ĨƵŶĐƟŽŶƐ7͘���ĐŚĂƌĂĐƚĞƌŝƐƟĐ�
brush border formed by microvilli covers the surface of the enterocytes, contains 
ĚŝŐĞƐƟǀĞ�ĞŶǌǇŵĞƐ͕�ĂŶĚ�ŐƌĞĂƚůǇ�ŝŶĐƌĞĂƐĞƐ�ƚŚĞ�ĂďƐŽƌƉƟŽŶ�ƐƵƌĨĂĐĞϭϮ. Moreover, enterocytes 
ĐĂŶ�ƐĞĐƌĞƚĞ�ĂŶƟŵŝĐƌŽďŝĂů�ƉĞƉƟĚĞƐ�;�DWƐͿ͕�ŝŶĐůƵĚŝŶŐ�ƚŚĞ��ͲƚǇƉĞ�ůĞĐƟŶ�ƌĞŐĞŶĞƌĂƟŶŐ�ŝƐůĞƚͲ
ĚĞƌŝǀĞĚ�ƉƌŽƚĞŝŶ�///�ŐĂŵŵĂ�;Z�'ϯɶͿ�ƚŚĂƚ�ĐŽŶƚƌŝďƵƚĞƐ�ƚŽ�ƚŚĞ�ŚŽƐƚͲŵŝĐƌŽďŝĂů�ƐĞŐƌĞŐĂƟŽŶ7. 
The secretory lineage includes enteroendocrine cells, goblet cells and Paneth cells. While 
ĞŶƚĞƌŽĞŶĚŽĐƌŝŶĞ�ĐĞůůƐ�ƐĞĐƌĞƚĞ�ŚŽƌŵŽŶĞƐ�ĂŶĚ�ƉĞƉƟĚĞƐ�ƚŚĂƚ�ƌĞŐƵůĂƚĞ�ƚŚĞ�ŶĞƵƌŽĞŶĚŽĐƌŝŶĞ�
systemϭϯ͕� ŐŽďůĞƚ� ĐĞůůƐ� ĂŶĚ�WĂŶĞƚŚ� ĐĞůůƐ� ĂĐƟǀĞůǇ�ƉĂƌƟĐŝƉĂƚĞ� ŝŶ� ƚŚĞ�ďĂƌƌŝĞƌ� ĨŽƌŵĂƟŽŶ�ďǇ�
ƉƌŽĚƵĐƟŽŶ�ŽĨ�ŵƵĐŝŶƐ�ĂŶĚ��DWƐϭϰ͕ϭϱ�;&ŝŐƵƌĞ�ϭͿ͘�

Goblet cells
Mucins produced by goblet cells are the major component of the mucus layer, which 
ĨŽƌŵƐ�Ă�ŚŝŐŚůǇ�ĐŚĂƌŐĞĚ�ŐĞů͕�ĐĂůůĞĚ�ŐůǇĐŽĐĂůŝǆ͕�ĂŶĚ�ĐŽĂƚƐ�ƚŚĞ�ŝŶƚĞƐƟŶĂů�ĞƉŝƚŚĞůŝƵŵ͘�dŚĞƐĞ�
ŐĞůͲĨŽƌŵŝŶŐ�ŵƵĐŝŶƐ�ĂƌĞ�ŚŝŐŚůǇ�ŐůǇĐŽƐǇůĂƚĞĚ�ƉƌŽƚĞŝŶƐ�ƚŚĂƚ�ĂƌĞ�ƚŽǆŝĐ�ƚŽ�ďĂĐƚĞƌŝĂ�ĂŶĚ�ƉƌĞǀĞŶƚ�
them from directly reaching the epitheliumϭϲ͕ϭϳ͘� dŚĞ�ŵƵĐƵƐ� ůĂǇĞƌ� ƌĞƉƌĞƐĞŶƚƐ� ƚŚĞ� ĮƌƐƚ�
line of defense and as such the number of mucus-producing goblet cells increases from 
ƉƌŽǆŝŵĂů�ƚŽ�ĚŝƐƚĂů�ŝŶ�ĂĐĐŽƌĚĂŶĐĞ�ƚŽ�ƚŚĞ�ďĂĐƚĞƌŝĂ�ůŽĂĚϭϰ͕ϭϲ. In the colon, with the highest 
microbiota content, the mucus barrier is formed by an inner and an outer layer, whereas 
ƚŚĞ�ƐŵĂůů�ŝŶƚĞƐƟŶĞ�ŝƐ�ĐŽĂƚĞĚ�ďǇ�Ă�ƐŝŶŐůĞ�ůĂǇĞƌ�ŽĨ�ŵƵĐƵƐϭϳ͕ϭϴ͘�/Ŷ�ƚŚĞ�ƐŵĂůů�ŝŶƚĞƐƟŶĞ�ĂŶĚ�ŝŶ�
the outer layer of mucus in the colon, the mucine Muc2 is the most abundant structural 
ĐŽŵƉŽŶĞŶƚ�ŽĨ�ƚŚĞ�ŵƵĐƵƐ͘���ĞĮĐŝĞŶĐŝĞƐ�ŝŶ�ƚŚŝƐ�DƵĐϮ�ŝŶ�ŵŽƵƐĞ�ŵŽĚĞůƐ�ĐĂƵƐĞ�ƐĞǀĞƌĞ�ĐŽůŝƟƐ�
ĂŌĞƌ� ĞǆƉŽƐƵƌĞ� ƚŽ� ƚŚĞ� ĐŽůŝƚŽŐĞŶŝĐ� ĂŐĞŶƚ� ĚĞǆƚƌĂŶ� ƐƵůĨĂƚĞ� ƐŽĚŝƵŵ� ;�^^Ϳ� ĂŶĚ� ŚĂǀĞ� ďĞĞŶ�
associated with colorectal cancerϭϵ͕ϮϬ. 
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&ŝŐƵƌĞ�ϭ͘� ^ĐŚĞŵĂƟĐ�ŽǀĞƌǀŝĞǁ�ŽĨ� ƚŚĞ� ƐŵĂůů� ŝŶƚĞƐƟŶĂů� ĞƉŝƚŚĞůŝƵŵ�ĂŶĚ� ůĂŵŝŶĂ�ƉƌŽƉƌŝĂ͘� /ŶƚĞƐƟŶĂů� ĞƉŝƚŚĞůŝƵŵ�
ŝƐ� ĨŽƌŵĞĚ�ďǇ� Ă� ƐŝŶŐůĞ� ůĂǇĞƌ�ŽĨ� ĞƉŝƚŚĞůŝĂů� ĐĞůůƐ͘� >ƵŵŝŶĂů� ƉƌŽũĞĐƟŽŶƐ�ŽĨ� ĚŝīĞƌĞŶƟĂƚĞĚ�ĞƉŝƚŚĞůŝĂů� ĐĞůůƐ� ŝŶĐůƵĚŝŶŐ�
ĞŶƚĞƌŽĐǇƚĞƐ͕�ŐŽďůĞƚ�ĐĞůůƐ�ĂŶĚ�ĞŶƚĞƌŽĞŶĚŽĐƌŝŶĞ�ĐĞůůƐ�ĨŽƌŵ�ƚŚĞ�ǀŝůůŝ͘��ƉŝƚŚĞůŝƵŵ�ŝŶǀĂŐŝŶĂƟŽŶƐ�ĨŽƌŵ�ƚŚĞ�ŝŶƚĞƐƟŶĂů�
ĐƌǇƉƚƐ�ǁŚĞƌĞŝŶ�WĂŶĞƚŚ�ĐĞůůƐ�ĂŶĚ�ŝŶƚĞƐƟŶĂů�ƐƚĞŵ�ĐĞůůƐ�ƌĞƐŝĚĞ͘�dŚĞ�ůƵŵŝŶĂů�ƐŝĚĞ�ŽĨ�ƚŚĞ�ĞƉŝƚŚĞůŝƵŵ�ŝƐ�ĐŽĂƚĞĚ�ǁŝƚŚ�Ă�
ŵƵĐƵƐ�ůĂǇĞƌ�;ŐůǇĐŽĐĂůŝǆͿ�ƚŚĂƚ�ƉƌŽƚĞĐƚƐ�ĞƉŝƚŚĞůŝĂů�ĐĞůůƐ�ĨƌŽŵ�ĚŝƌĞĐƚ�ĐŽŶƚĂĐƚ�ǁŝƚŚ�ƚŚĞ�ŵŝĐƌŽďŝŽƚĂ͘�WĞǇĞƌ Ɛ͛�ƉĂƚĐŚĞƐ�
containing B cell follicles and interfollicular T cell areas connect with the luminal side via microfold (M) cells 
located on top of the dome area of the lymphoid aggregate. Cryptopatches are situated deeper in the lamina 
ƉƌŽƉƌŝĂ͕�ĐůŽƐĞ�ƚŽ�ŝŶƚĞƐƟŶĂů�ĐƌǇƉƚƐ�ĂŶĚ�ĐŽŶƐŝƐƚ�ŽĨ�ĐůƵƐƚĞƌƐ�ŽĨ���Zϲн/>�ϯ�ĞŶĐůŽƐĞĚ�ďǇ�ĚĞŶĚƌŝƟĐ�ĐĞůůƐ͘�E<Ɖϰϲн/>�ϯ�
ĂƌĞ�ůŽĐĂƚĞĚ�ƐĐĂƩĞƌĞĚ�ƚŚƌŽƵŐŚŽƵƚ�ƚŚĞ�ǀŝůůŝ�ƚŽŐĞƚŚĞƌ�ǁŝƚŚ�ůĂŵŝŶĂ�ƉƌŽƉƌŝĂ�ůǇŵƉŚŽĐǇƚĞƐ�ĂŶĚ�ŵŽŶŽĐǇƚĞƐϱ͕ϳ.
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dŚĞ� ƉƌŽĚƵĐƟŽŶ� ŽĨ�ŵƵĐƵƐ� ŝƐ� ŝŶŇƵĞŶĐĞĚ� ďǇ� ŝŵŵƵŶĞ�ŵĞĚŝĂƚŽƌƐ� ŝŶĐůƵĚŝŶŐ� />Ͳϭϯ� ĂŶĚ�
/>Ͳϵ�ƉƌŽĚƵĐĞĚ�ĚƵƌŝŶŐ�ƚǇƉĞ�Ϯ�ŝŵŵƵŶĞ�ƌĞƐƉŽŶƐĞƐ͕�ĨŽƌ�ŝŶƐƚĂŶĐĞ�ĚƵƌŝŶŐ�ǁŽƌŵ�ĞǆƉƵůƐŝŽŶϮϭ͕ϮϮ. 
/ŵƉŽƌƚĂŶƚůǇ͕ �Ă�ŶŽǀĞů�ĨƵŶĐƟŽŶ�ĨŽƌ�/>�Ɛ�ŝŶ�ŵƵĐƵƐ�ƉƌŽĚƵĐƟŽŶ�ŚĂƐ�ďĞĞŶ�ƌĞĐĞŶƚůǇ�ŝĚĞŶƟĮĞĚ͘�
/Ŷ�Ă�ŵŽĚĞů�ŽĨ�ƐĂůŵŽŶĞůůĂ�ŝŶĨĞĐƟŽŶ͕�/&Eɶ�ƉƌŽĚƵĐĞĚ�ďǇ�ůĂŵŝŶĂ�ƉƌŽƉƌŝĂ�E<ƉϰϲнILC3 play a 
ƐŝŐŶŝĮĐĂŶƚ�ƌŽůĞ�ŝŶ�ƚŚĞ�ŵĂŝŶƚĞŶĂŶĐĞ�ŽĨ�ƚŚĞ�ŵƵĐƵƐ�ůĂǇĞƌ23. Moreover, in a Th2–mediated 
ĐŽůŝƟƐ� ŵŽĚĞů͕� />ͲϮϮ� ŐĞŶĞ� ĚĞůŝǀĞƌǇ� ĞŶŚĂŶĐĞĚ� ĂĐƟǀĂƟŽŶ� ŽĨ� ĐŽůŽŶŝĐ� ĞƉŝƚŚĞůŝĂů� ĐĞůůƐ� ĂŶĚ�
ŝŶĚƵĐĞĚ�^d�dϯͲĚĞƉĞŶĚĞŶƚ�ĞǆƉƌĞƐƐŝŽŶ�ŽĨ�ŵƵĐƵƐͲĂƐƐŽĐŝĂƚĞĚ�ŵŽůĞĐƵůĞƐ�ĂŶĚ�ƌĞƐƟƚƵƟŽŶ�ŽĨ�
ŵƵĐƵƐͲƉƌŽĚƵĐŝŶŐ�ŐŽďůĞƚ�ĐĞůůƐ͕�ǁŚŝĐŚ�ƚƌĂŶƐůĂƚĞĚ�ŝŶƚŽ�ƌĂƉŝĚ�ĂŵĞůŝŽƌĂƟŽŶ�ŽĨ�ůŽĐĂů�ŝŶƚĞƐƟŶĂů�
ŝŶŇĂŵŵĂƟŽŶ24͘�dŚŝƐ�ƐƚƵĚǇ�ŝƐ�ŝŶ�ůŝŶĞ�ǁŝƚŚ�ƚŚĞ�ƌĞĐĞŶƚ�ĮŶĚŝŶŐƐ�ƚŚĂƚ�ĚĞƐĐƌŝďĞ�/>�ϯͲĚĞƌŝǀĞĚ�/>Ͳ
ϮϮ�ĂƐ�ĂŶ�ĞƐƐĞŶƟĂů�ĨĂĐƚŽƌ�ĨŽƌ�ŵƵĐƵƐ�ŵĂŝŶƚĞŶĂŶĐĞ�ĂŶĚ�ĞƉŝƚŚĞůŝƵŵ�ŝŶƚĞŐƌŝƚǇ�ŝŶ�ƚŚĞ�ĐŽŶƚĞǆƚ�
of DSS-induced damageϮϱ. 

/Ŷ�ĂĚĚŝƟŽŶ͕�ŐŽďůĞƚ�ĐĞůůƐ�ƐĞĐƌĞƚĞ�ƚƌĞĨŽŝůͲĨĂĐƚŽƌ�ϯ�;d&&ϯͿ͕�Ă�ƐŵĂůů�ƉĞƉƟĚĞ�ƚŚĂƚ�ĐŽŶƚƌŝďƵƚĞƐ�
to the mucin crosslinking, and gives structural integrity to the mucus layer26,27. Moreover, 
Ă�ƉƌŽƚĞĐƟǀĞ�ƌŽůĞ�ĨŽƌ�d&&ϯ�ŚĂƐ�ďĞĞŶ�ƐŚŽǁŶ͕�ĂƐ�ŝƚ�ĐŽŶƚƌŝďƵƚĞƐ�ƚŽ�ŝŶƚĞƐƟŶĂů�ĞƉŝƚŚĞůŝĂů�ǁŽƵŶĚ�
ŚĞĂůŝŶŐ�ĂŶĚ�ƉĂƌƟĐŝƉĂƚĞƐ�ŝŶ�ƚŚĞ�ĂĐƟǀĞ�ŵŝŐƌĂƟŽŶ�ŽĨ�ĞƉŝƚŚĞůŝĂů�ĐĞůůƐ�ƚŚĂƚ�ƚĂŬĞƐ�ƉůĂĐĞ�ŝŶ�ďŽƚŚ�
ƚŚĞ�ŚŽŵĞŽƐƚĂƟĐ�ĞƉŝƚŚĞůŝĂů�ƌĞƐƟƚƵƟŽŶ�ĂŶĚ�ƚŚĞ�ƌĞͲĞƉŝƚŚĞůŝĂůŝǌĂƟŽŶ�ƵƉŽŶ�ĚĂŵĂŐĞ28,29. 

Paneth cells
WĂŶĞƚŚ�ĐĞůůƐ�ĂƌĞ�ƐĞĐƌĞƚŽƌǇ�ĐĞůůƐ�ŽĨ� ƚŚĞ�ƐŵĂůů� ŝŶƚĞƐƟŶĞ�ĐŚĂƌĂĐƚĞƌŝǌĞĚ�ďǇ�ƚŚĞŝƌ�ŶƵŵĞƌŽƵƐ�
ĐǇƚŽƉůĂƐŵĂƟĐ� ŐƌĂŶƵůĞƐ� ŚĂƌďŽƌŝŶŐ� ƐĞǀĞƌĂů� �DWƐ͕� ŝŶĐůƵĚŝŶŐ� ĚĞĨĞŶƐŝŶƐ͕� ůǇƐŽǌǇŵĞ͕�
ĐĂƚŚĞůŝĐŝĚŝŶƐ͕�ĂŶĚ�ƐŝŵŝůĂƌ�ƚŽ�ĞŶƚĞƌŽĐǇƚĞƐ͕�Z�'ϯɶϯϬ͕ϯϭ. 

dŚĞ� ĂŶƟŵŝĐƌŽďŝĂůͲƌŝĐŚ� ŐƌĂŶƵůĞƐ� ĂƌĞ� ƐĞĐƌĞƚĞĚ� ŝŶƚŽ� ƚŚĞ� ůƵŵĞŶ� ĂŶĚ� ŵƵĐƵƐ� ůĂǇĞƌ�
ǁŚĞƌĞ� ƚŚĞǇ� Ŭŝůů� ƚŚĞŝƌ� ƚĂƌŐĞƚ� ŵŝĐƌŽŽƌŐĂŶŝƐŵƐ� ďǇ� ĚŝƐƌƵƉƟŶŐ� ƚŚĞ� ŵĞŵďƌĂŶĞ� ŝŶƚĞŐƌŝƚǇ�
or by interfering with the synthesis of the bacterial wallϯϭ͕ϯϮ. Defensins (cryptdins in 
ŵŝĐĞͿ�ĂƌĞ�ƚŚĞ�ŵŽƐƚ�ĂďƵŶĚĂŶƚ�ĂŶƟŵŝĐƌŽďŝĂů�ƉĞƉƟĚĞƐ� ŝŶ�ƚŚĞ� ŝŶƚĞƐƟŶĞ�ŽĨ�ŵĂŵŵĂůƐ�ǁŝƚŚ�
ďĂĐƚĞƌŝĐŝĚĂů� ĂĐƟǀŝƚǇ� ĂŐĂŝŶƐƚ� 'ƌĂŵͲƉŽƐŝƟǀĞ� ĂŶĚ� 'ƌĂŵͲŶĞŐĂƟǀĞ� ďĂĐƚĞƌŝĂ͘� &ƵŶĐƟŽŶĂů�
ĂĐƟǀŝƚǇ�ŽĨ�_ͲĚĞĨĞŶƐŝŶƐ�ĚĞƉĞŶĚƐ�ŽŶ�ƉƌŽƚĞŽůǇƟĐ�ĐůĞĂǀĂŐĞ�ďǇ�ƚŚĞ�ŵĂƚƌŝǆ�ŵĞƚĂůůŽƉƌŽƚĞŝŶĂƐĞ�
ϳ� ;DDWϳͿ� ĞǆƉƌĞƐƐĞĚ� ďǇ� WĂŶĞƚŚ� ĐĞůůƐ͕� ĂŶĚ�ŵŝĐĞ�ǁŝƚŚ� ŐĞŶĞƟĐ� ĚĞĨĞĐƚƐ� ŝŶ� ƚŚŝƐ� ŐĞŶĞ� ĂƌĞ�
ŵŽƌĞ�ƐƵƐĐĞƉƟďůĞ�ƚŽ�ĞŶƚĞƌŝĐ�ƉĂƚŚŽŐĞŶƐ33͘�KƚŚĞƌ��DWƐ�ƉƌŽĚƵĐĞĚ�ďǇ�WĂŶĞƚŚ�ĐĞůůƐ�ŝŶĐůƵĚĞ�
ůǇƐŽǌǇŵĞƐ�ĂŶĚ�ƉŚŽƐƉŚŽůŝƉĂƐĞƐ͕�ƚŚĂƚ�ƐƉĞĐŝĮĐĂůůǇ�ŚǇĚƌŽůǇƐĞƐ�ďĂĐƚĞƌŝĂů�ǁĂůů�ƉĞƉƟĚŽŐůǇĐĂŶƐ�
ĂŶĚ�ƉŚŽƐƉŚŽƌŐůǇĐĞƌŝĚĞƐ͕�ƌĞƐƉĞĐƟǀĞůǇ33. 

dŚĞ�ĐŽŶƚƌŝďƵƟŽŶ�ŽĨ�WĂŶĞƚŚ�ĐĞůůƐ�ƚŽ�ƚŚĞ�ĞƉŝƚŚĞůŝĂů�ďĂƌƌŝĞƌ�ŚĂƐ�ďĞĞŶ�ĚĞŵŽŶƐƚƌĂƚĞĚ�ŝŶ�
ĚŝīĞƌĞŶƚ�ŵŽƵƐĞ�ŵŽĚĞůƐ͘��ĞƉůĞƟŽŶ�Žƌ�ĂďĞƌƌĂƟŽŶ�ŽĨ�WĂŶĞƚŚ�ĐĞůů�ĨƵŶĐƟŽŶ�ůĞĂĚƐ�ƚŽ�ŝŶĐƌĞĂƐĞĚ�
ďĂĐƚĞƌŝĂů� ƚƌĂŶƐůŽĐĂƟŽŶ� ĂŶĚ� ŚŝŐŚĞƌ� ƐƵƐĐĞƉƟďŝůŝƚǇ� ƚŽ� ŝŶĨĞĐƟŽŶ� ǁŝƚŚ� 'ƌĂŵͲƉŽƐŝƟǀĞ� ĂŶĚ�
ŶĞŐĂƟǀĞ�ďĂĐƚĞƌŝĂ30͘�&ƵƌƚŚĞƌŵŽƌĞ͕�ĚĞĨĞĐƚƐ� ŝŶ�EK�Ϯ͕�Ă�WZZ�ĞǆƉƌĞƐƐĞĚ�ƉƌĞĚŽŵŝŶĂŶƚůǇ�ďǇ�
WĂŶĞƚŚ�ĐĞůůƐ�ŝŶ�ƚŚĞ�ŝŶƚĞƐƟŶĂů�ĞƉŝƚŚĞůŝƵŵ͕�ĐŽƌƌĞůĂƚĞƐ�ǁŝƚŚ�ůŽǁĞƌ�ĞǆƉƌĞƐƐŝŽŶ�ŽĨ�ɲͲĚĞĨĞŶƐŝŶ�
ĂŶĚ� ĂďŶŽƌŵĂů� ĂĐƟǀĂƟŽŶ� ŽĨ� d� ŚĞůƉĞƌ� ϭ� ;dŚϭͿͲŝŶŇĂŵŵĂƚŽƌǇ� ƌĞƐƉŽŶƐĞƐ� ŝŶ� ŵŝĐĞ34. In 
ŚƵŵĂŶƐ͕�EK�Ϯ�ŵƵƚĂƟŽŶƐ�ŚĂǀĞ�ďĞĞŶ�ĚĞƐĐƌŝďĞĚ�ŝŶ��ƌŽŚŶ Ɛ͛�ĚŝƐĞĂƐĞƐ�ƉĂƟĞŶƚƐ�ĂŶĚ�ƐĞǀĞƌĂů�
ĚŝƐĞĂƐĞ�ƐƵƐĐĞƉƟďŝůŝƚǇ�ŐĞŶĞƐ�ĨŽƌ��ƌŽŚŶ Ɛ͛�ĚŝƐĞĂƐĞ�ĂƌĞ�ĂƐƐŽĐŝĂƚĞĚ�ǁŝƚŚ�ĚǇƐĨƵŶĐƟŽŶ�ŽĨ�WĂŶĞƚŚ�
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cellsϯϱ͕ϯϲ. Paneth cells are therefore key players in shaping the chemical component of the 
ŝŶƚĞƐƟŶĂů�ďĂƌƌŝĞƌ͘

�ĞƐŝĚĞƐ� ƚŚĞŝƌ� ǁĞůůͲŬŶŽǁŶ� ĂŶƟŵŝĐƌŽďŝĂů� ĐĂƉĂĐŝƚǇ͕ � WĂŶĞƚŚ� ĐĞůůƐ� ƐĞĐƌĞƚĞ� ƐŝŐŶĂůŝŶŐ�
ŵŽůĞĐƵůĞƐ�ƚŚĂƚ�ĂƌĞ�ƚŚŽƵŐŚƚ�ƚŽ�ƌĞŐƵůĂƚĞ�ƐƚĞŵ�ĐĞůů�ƐƵƌǀŝǀĂů�ĂŶĚ�ĨƵŶĐƟŽŶ37. Strikingly, Paneth 
ĐĞůůƐ�ĂƌĞ�ƚŚĞ�ŽŶůǇ�ƐƉĞĐŝĂůŝǌĞĚ�ĞƉŝƚŚĞůŝĂů�ŝŶ�ƚŚĞ�ŝŶƚĞƐƟŶĞ�ĐĞůů�ǁŝƚŚ�ůŽŶŐĞƌ�ƐĞůĨͲƌĞŶĞǁĂů�ĐǇĐůĞƐ�
;ϯͲϲ�ǁĞĞŬƐ�ŝŶƐƚĞĂĚ�ŽĨ�ϯͲϱ�ĚĂǇƐͿ�ƚŚĂƚ�ƵƉŽŶ�ƚĞƌŵŝŶĂů�ĚŝīĞƌĞŶƟĂƟŽŶ�ŵŝŐƌĂƚĞƐ�ĚŽǁŶǁĂƌĚƐ�
ŝŶƚŽ�ƚŚĞ�ĐƌǇƉƚ�ƚŽ�ƐĞƩůĞ�ŝŶ�ďĞƚǁĞĞŶ�/^�Ɛ38͘��ƚ�ƚŚĞƐĞ�ƉŽƐŝƟŽŶƐ�WĂŶĞƚŚ�ĐĞůůͲĚĞƌŝǀĞĚ�ĨĂĐƚŽƌƐ͕�
ŝŶĐůƵĚŝŶŐ�tŶƚϯĂ͕� ĞƉŝĚĞƌŵĂů� ŐƌŽǁƚŚ� ĨĂĐƚŽƌ� ;�'&Ϳ� ĂŶĚ�EŽƚĐŚ� ůŝŐĂŶĚƐ͕� ĚŝƌĞĐƚůǇ� ŝŶŇƵĞŶĐĞ�
ƐƚĞŵ�ĐĞůů�ďĞŚĂǀŝŽƌ�ĂŶĚ�ĐŽŶƐƟƚƵƚĞ�ƚŚĞ�ƐƚĞŵ�ĐĞůů�ŶŝĐŚĞ37.  

/ŶƚĞƐƟŶĂů�ƐƚĞŵ�ĐĞůůƐ�
�ƌǇƉƚ�ƌĞƐŝĚŝŶŐ�ƐƚĞŵ�ĐĞůůƐ�ĂƌĞ�ƌĞƐƉŽŶƐŝďůĞ�ĨŽƌ�ƚŚĞ�ŵĂŝŶƚĞŶĂŶĐĞ�ĂŶĚ�ƌĞŐĞŶĞƌĂƟŽŶ�ŽĨ�ŝŶƚĞƐƟŶĂů�
ĞƉŝƚŚĞůŝƵŵ͘�WƌŽůŝĨĞƌĂƟŽŶ�ŽĨ� /^�Ɛ� ŝƐ�ĚƌŝǀĞŶ�ďǇ�ĂĐƟǀĂƟŽŶ�ŽĨ� ƚŚĞ�ĐĂŶŽŶŝĐĂů�tŶƚ�ƉĂƚŚǁĂǇ9 
ĂŶĚ�ĚĞĮĐŝĞŶĐŝĞƐ�ŝŶ�tŶƚͲĂƐƐŽĐŝĂƚĞĚ�ƉƌŽƚĞŝŶƐ�ƐƵĐŚ�ĂƐ�dĐĨϰ�Žƌ�`-catenin result in reduced 
ƉƌŽůŝĨĞƌĂƟǀĞ�ĐĂƉĂĐŝƚǇ39,40͘�^ŝŵŝůĂƌ�ƚŽ�ƚŚĞ�tŶƚ�ƉĂƚŚǁĂǇ͕ �ƚŚĞ�EŽƚĐŚ�ƉĂƚŚǁĂǇ�ŝƐ�ĞƐƐĞŶƟĂů�ƚŽ�
ŵĂŝŶƚĂŝŶ�ƉƌŽůŝĨĞƌĂƟŽŶ�ŝŶ�ƚŚĞ�ĐƌǇƉƚ�ĐŽŵƉĂƌƚŵĞŶƚ͕�ďƵƚ�ŝŶ�ĂĚĚŝƟŽŶ͕�EŽƚĐŚ�ƐŝŐŶĂůŝŶŐ�ƉůĂǇƐ�Ă�
ĐƌŝƟĐĂů�ƌŽůĞ�ŝŶ�ĐŽŶƚƌŽůůŝŶŐ�ůŝŶĞĂŐĞ�ĨĂƚĞ�ĚĞĐŝƐŝŽŶƐ͘�dŚŝƐ�ǁĂƐ�ĐůĞĂƌůǇ�ĚĞŵŽŶƐƚƌĂƚĞĚ�ŝŶ�ƐƚƵĚŝĞƐ�
ƵƐŝŶŐ�ŐĞŶĞƟĐ�ĚĞůĞƟŽŶƐ�ŝŶ�ƚŚĞ�EŽƚĐŚ�ƉĂƚŚǁĂǇ͕ �ƚŚĂƚ�ƌĞƐƵůƚĞĚ�ŝŶ�Ă�ĐŽŵƉůĞƚĞ�ĐŽŶǀĞƌƐŝŽŶ�ŽĨ�
all epithelial cells into goblet cellsϰϭ�ĂŶĚ�ŐĂŝŶ�ŽĨ�ĨƵŶĐƟŽŶ�ĞǆƉĞƌŝŵĞŶƚƐ�ƚŚĂƚ�ƌĞǀĞĂůĞĚ�ƚŚĞ�
ŽƉƉŽƐŝƚĞ�ĞīĞĐƚƐ͕�ǁŝƚŚ�ůŽƐƐ�ŽĨ�ŐŽďůĞƚ�ĐĞůůƐ�ĂŶĚ�ƌĞĚƵĐƟŽŶ�ŽĨ�ŶĞƵƌŽĞŶĚŽĐƌŝŶĞ�ĂŶĚ�WĂŶĞƚŚ�
cells42͘��ůƚŚŽƵŐŚ�WĂŶĞƚŚ�ĐĞůůƐ�ƉƌŽǀŝĚĞ� ŝŵƉŽƌƚĂŶƚ�ĨĂĐƚŽƌƐ�ƌĞƋƵŝƌĞĚ�ĨŽƌ�ƐƚĞŵ�ƉƌŽůŝĨĞƌĂƟŽŶ�
ĂŶĚ�ƐƵƌǀŝǀĂů͕�ŝƚ�ŝƐ�ůŝŬĞůǇ�ƚŚĂƚ�ŝŶ�ǀŝǀŽ�ĂĚĚŝƟŽŶĂů�ĐĞůůƵůĂƌ�ƐŽƵƌĐĞƐ�ĐŽŶƚƌŝďƵƚĞ�ƚŽ�ƚŚŝƐ͕�ĂƐ�WĂŶĞƚŚ�
ĐĞůů� ĂďůĂƟŽŶ� Žƌ� ĐŽŶĚŝƟŽŶĂů� ůŽƐƐ� ŽĨ�tŶƚϯĂ� ŝƐ� ŶŽƚ� ƐƵĸĐŝĞŶƚ� ƚŽ� ŝŶŚŝďŝƚ� ƐƚĞŵ� ĐĞůůͲĚƌŝǀĞŶ�
epithelial renewal43,44. 

/Ŷ�ƚŚĞ�ƉĂƐƚ�ĨĞǁ�ǇĞĂƌƐ͕�ĞŶŽƌŵŽƵƐ�ĂĚǀĂŶĐĞƐ�ŚĂǀĞ�ďĞĞŶ�ŵĂĚĞ�ŝŶ�ƚŚĞ�ĮĞůĚ�ŽĨ�ƐƚĞŵ�ĐĞůů�
ƌĞƐĞĂƌĐŚ�ĂŶĚ�ĚŝīĞƌĞŶƚ�ƚĞĐŚŶŝƋƵĞƐ�ŚĂǀĞ�ďĞĞŶ�ĚĞǀĞůŽƉĞĚ�ƚŽ�ĞůƵĐŝĚĂƚĞ�ƚŚĞ�ĚǇŶĂŵŝĐƐ�ĂŶĚ�
ƉůĂƐƟĐŝƚǇ�ŽĨ�ŝŶƚĞƐƟŶĂů�ƐƚĞŵ�ĐĞůůƐ͘�&ĂƚĞͲŵĂƉƉŝŶŐ�ƚĞĐŚŶŽůŽŐŝĞƐ�ĂƐ�ǁĞůů�ĂƐ�ƚŚƌĞĞͲĚŝŵĞŶƐŝŽŶĂů�
ĞǆͲǀŝǀŽ�ĐƵůƚƵƌĞƐ�ŽĨ�ĐƌǇƉƚƐ͕�ŚĂǀĞ�ĂůůŽǁĞĚ�ƚŚĞ�ŝĚĞŶƟĮĐĂƟŽŶ�ĂŶĚ�ĐŚĂƌĂĐƚĞƌŝǌĂƟŽŶ�ŽĨ�ĚŝīĞƌĞŶƚ�
ƉŽƉƵůĂƟŽŶƐ�ŽĨ�ĞƉŝƚŚĞůŝĂů�ĐĞůůƐ�ǁŝƚŚ�ĐĞůůͲƌĞŶĞǁĂů�ĐĂƉĂĐŝƚǇϰϱ͕ϰϲ.

WƌŽůŝĨĞƌĂƟǀĞ� ĐƌǇƉƚ� ďĂƐĞ� ĐŽůƵŵŶĂƌ� ;���Ϳ� ĐĞůůƐ� ƌĞƐŝĚŝŶŐ� Ăƚ� ƚŚĞ� ďŽƩŽŵ�ŽĨ� ƚŚĞ� ĐƌǇƉƚƐ͕�
ĞǆƉƌĞƐƐ� ƚŚĞ� ƌĞĐĞŶƚůǇ� ŝĚĞŶƟĮĞĚ� ŵĂƌŬĞƌ� ůĞƵͲƌŝĐŚ� ƌĞƉĞĂƚͲĐŽŶƚĂŝŶŝŶŐ� '� ƉƌŽƚĞŝŶͲĐŽƵƉůĞ�
ƌĞĐĞƉƚŽƌ�ϱ�;>'ZϱͿϭϬ͘�>Őƌϱ�ŝƐ�Ă�tŶƚ�ƚĂƌŐĞƚ�ŐĞŶĞ�ƚŚĂƚ�ĂĐƚƐ�ďǇ�ĂŵƉůŝĨǇŝŶŐ�ƚŚĞ�ĐĂŶŽŶŝĐĂů�tŶƚ�
ƉĂƚŚǁĂǇ�ďǇ�ƌĞĐƌƵŝƟŶŐ�tŶƚ�ĂŐŽŶŝƐƚƐ͕�ƐƵĐŚ�ĂƐ�ƌŽŽĨ�ƉůĂƚĞͲƐƉĞĐŝĮĐ�ƐƉŽŶĚŝŶ�;ZͲƐƉŽŶĚŝŶ�ϭͲϰͿ47. 
^ƵďƐĞƋƵĞŶƚůǇ͕ �ŽƚŚĞƌ�����ƐƚĞŵ�ĐĞůů�ŵĂƌŬĞƌƐ�ŚĂǀĞ�ďĞĞŶ�ŝĚĞŶƟĮĞĚ͕�ŝŶĐůƵĚŝŶŐ�ŽůĨĂĐƚŽŵĞĚŝŶͲϰ�
;K>&DϰͿ͕��ĐŚĂĞƚĞʹ^ĐƵƚĞ�ŚŽŵŽůŽŐƵĞ�Ϯ�;�^�>ϮͿ͕�DƵƐĂƐŚŝ�ŚŽŵŽůŽŐƵĞ�ϭ�;D^/ϭͿ�ĂŶĚ�̂ W�Z�Ͳ
ƌĞůĂƚĞĚ�ŵŽĚƵůĂƌ�ĐĂůĐŝƵŵͲďŝŶĚŝŶŐ�Ϯ�;^DK�ϮͿϰϴͲϱϭ. 

>Őƌϱн ISCs are rapidly cycling cells that during homeostasis give rise to a progeny of 
ƚƌĂŶƐŝĞŶƚ� ĂŵƉůŝĨǇŝŶŐ� ĐĞůůƐ� ;d�Ϳ� ƚŚĂƚ� ĞǀĞŶƚƵĂůůǇ� ĚŝīĞƌĞŶƟĂƚĞ� ŝŶƚŽ� ƐƉĞĐŝĂůŝǌĞĚ� ĞƉŝƚŚĞůŝĂů�
cellsϭϬ͘��ĂƐĞĚ�ŽŶ�ŵƵůƟĐŽůŽƌ�ƚƌĂĐŝŶŐ�ĞǆƉĞƌŝŵĞŶƚƐ�ĂŶĚ�ĐŽŵƉƵƚĞƌ�ŵŽĚĞůŝŶŐ͕�ŝƚ�ŝƐ�ĐƵƌƌĞŶƚůǇ�
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ĂƐƐƵŵĞĚ�ƚŚĂƚ�>Őƌϱн�/^�Ɛ�ƵŶĚĞƌŐŽ�ƐƚŽĐŚĂƐƟĐ�ƐǇŵŵĞƚƌŝĐĂů�ĚŝǀŝƐŝŽŶ͕�ŝŶ�ǁŚŝĐŚ�ƚŚĞǇ�ŐĞŶĞƌĂƚĞ�
either two stem cells or two TA cellsϱϮ͕ϱϯ. The current model implies a balanced supply 
ŽĨ�ƐƚĞŵ�ĐĞůůƐ�ƚŚĂƚ�ŝƐ�ĂĐŚŝĞǀĞĚ�ďǇ�ĐŽŵƉĞƟƟŽŶ�ĂŵŽŶŐ�ƚŚĞ�ĚŝǀŝĚŝŶŐ�ĐĞůůƐ�ĨŽƌ�ƚŚĞ�ƌĞƐƚƌŝĐƚĞĚ�
ŶŝĐŚĞ�ƐƉĂĐĞ͘��ĂƐĞĚ�ŽŶ�ƚŚĞ�ŚŝŐŚ�ŐƌĂĚĞ�ŽĨ�ƐƉĞĐŝĂůŝǌĂƟŽŶ�ŽĨ�ƚŚĞ�ŝŶƚĞƐƟŶĂů�ĞƉŝƚŚĞůŝƵŵ͕�ŝƚ�ŝƐ�
ůŝŬĞůǇ� ƚŚĂƚ�ĞǆƚĞƌŶĂů� ĨĂĐƚŽƌƐ͕�ƉƌŽǀŝĚĞĚ�ďǇ�ƐƵƌƌŽƵŶĚŝŶŐ�ĐĞůůƐ͕� ƌĂƚŚĞƌ� ƚŚĂŶ� ƌĂŶĚŽŵ�ĞǀĞŶƚƐ͕�
ƌĞŐƵůĂƚĞ�ƚŚĞ�ĨĂƚĞ�ĐŚŽŝĐĞƐ�ĂŶĚ�ƉŽƐŝƟŽŶŝŶŐ�ŽĨ�����ƐƚĞŵ�ĐĞůůƐ͘

/Ŷ�ĂĚĚŝƟŽŶ�ƚŽ�����ƐƚĞŵ�ĐĞůůƐ͕�ůĂďĞů�ƌĞƚĂŝŶŝŶŐ�ĐĞůůƐ�ǁŝƚŚ�ƐƚĞŵ�ĐĞůů�ƉƌŽƉĞƌƟĞƐ�ĂƌĞ�ĨŽƵŶĚ�
Ăƚ� ƚŚĞ� ĨŽƵƌƚŚ� ƉŽƐŝƟŽŶ� ŽĨ� ƚŚĞ� ŝŶƚĞƐƟŶĂů� ĐƌǇƉƚ� ;нϰ� ƐƚĞŵ� ĐĞůůƐͿϱϰ͘� dŚĞƐĞ� ƋƵŝĞƐĐĞŶƚ� ƐƚĞŵ�
ĐĞůůƐ�ĂƌĞ�ŵŽƌĞ�ƌĞƐŝƐƚĂŶƚ�ƚŽ�ĚĂŵĂŐĞ�ĂŶĚ�ĂƌĞ�ĂďůĞ�ƚŽ�ĚŝīĞƌĞŶƟĂƚĞ� ŝŶƚŽ�d��ĐĞůů�ĂƐ�ǁĞůů�ĂƐ�
>Őƌϱн CBCϱϱ͘� DĂƌŬĞƌƐ� ĨŽƌ� нϰ� ƐƚĞŵ� ĐĞůůƐ͕� ŝŶĐůƵĚŝŶŐ� �D/ϭ͕� ŚŽŵĞŽĚŽŵĂŝŶͲŽŶůǇ� ;,KWyͿ͕�
telomerase reverse transcriptase (TERT) and Leu-rich repeats and immunoglobulin-like 
ĚŽŵĂŝŶƐ�ϭ�;>Z/'ϭͿ͕�ŚĂǀĞ�ďĞĞŶ�ƌĞĐĞŶƚůǇ�ŝĚĞŶƟĮĞĚϰϱ͕ϱϬ͕ϱϲ͘�EĞǀĞƌƚŚĞůĞƐƐ͕�ƚŚĞ�ĞǆƉƌĞƐƐŝŽŶ�ŽĨ�
ƚŚĞƐĞ�ŵĂƌŬĞƌƐ�ĐĂŶ�ĂůƐŽ�ďĞ�ĨŽƵŶĚ�ƚŚƌŽƵŐŚŽƵƚ�ƚŚĞ�ƉƌŽůŝĨĞƌĂƟǀĞ�ĐƌǇƉƚ�ĐŽŵƉĂƌƚŵĞŶƚ͕�ĂŶĚ�
ƚŚĞƌĞĨŽƌĞ�ƚŚĞǇ�ĂƌĞ�ŶŽƚ�ƵŶŝƋƵĞ�ŵĂƌŬĞƌƐ�ĨŽƌ�нϰ�ƐƚĞŵ�ĐĞůůƐϰϲ͕ϱϬ. 

dŽ�ŵĂŝŶƚĂŝŶ�ƟƐƐƵĞ�ŚŽŵĞŽƐƚĂƐŝƐ�ĂŶĚ�ƉƌĞǀĞŶƚ�ŵŝĐƌŽďŝŽƚĂ�ƚƌĂŶƐůŽĐĂƟŽŶ͕�ŝƚ�ŝƐ�ĞƐƐĞŶƟĂů�
ƚŚĂƚ�ŝŶƚĞƐƟŶĂů�ĞƉŝƚŚĞůŝƵŵ�ƌĞŐĞŶĞƌĂƚĞƐ�ƌĂƉŝĚůǇ�ĂŌĞƌ�ĚĂŵĂŐĞ͘�ZĞĐĞŶƚ�ƐƚƵĚŝĞƐ�ƐƵŐŐĞƐƚ�ƚŚĂƚ�
ĚƵƌŝŶŐ�ĂĐƵƚĞ�ĞƉŝƚŚĞůŝĂů�ĚĂŵĂŐĞ͕�ŝŶ�ǁŚŝĐŚ�>Őƌϱн�ĐĞůůƐ�ĂƌĞ�ƚƌĂŶƐŝĞŶƚůǇ�ĚĞƉůĞƚĞĚ͕�нϰ�ƋƵŝĞƐĐĞŶƚ�
stem cells take over and contribute to survival of the epithelium. /Ŷ�ǀŝǀŽ lineage tracing 
ƐƚƵĚŝĞƐ� ŚĂǀĞ� ƐŚŽǁŶ� ƚŚĂƚ� ŝŶĚĞĞĚ� �D/ϭн� ƐƚĞŵ� ĐĞůůƐ� ƌĞƉŽƉƵůĂƚĞ� ƚŚĞ� >Őƌϱ� ƐƚĞŵ� ĐĞůů� ƉŽŽů�
ĨŽƌ�ƐƵďƐĞƋƵĞŶƚ�ĞƉŝƚŚĞůŝĂů�ƌĞŐĞŶĞƌĂƟŽŶ46͘�&ƵƌƚŚĞƌŵŽƌĞ͕�ŽƚŚĞƌ�ŵĞĐŚĂŶŝƐŵƐ�ƐĞĞŵ�ƚŽ�ĂůƐŽ�
ĐŽŶƚƌŝďƵƚĞ�ƚŽ�ƚŚĞ�ƌĞŵĂƌŬĂďůĞ�ƌĞŐĞŶĞƌĂƟǀĞ�ĂďŝůŝƚǇ�ŽĨ�ƚŚĞ�ĞƉŝƚŚĞůŝƵŵ͘�&Žƌ�ĞǆĂŵƉůĞ͕�Ă�ĐĞƌƚĂŝŶ�
ŐƌĂĚĞ�ŽĨ�ƉůĂƐƟĐŝƚǇ�ĞǆŝƐƚƐ�ǁŝƚŚŝŶ�ĐŽŵŵŝƩĞĚ�ĐĞůůƐ�ĂŶĚ�ƐƚĞŵ�ĐĞůůƐ͘�/Ŷ�Ă�ŵŽĚĞů�ŽĨ�ŝƌƌĂĚŝĂƟŽŶ�
ŝŶĚƵĐĞĚͲĚĂŵĂŐĞ͕�ůĂďĞůͲƌĞƚĂŝŶŝŶŐ�ĐĞůůƐ�;>Z�Ϳ�ŝĚĞŶƟĮĞĚ�ĂƐ�WĂŶĞƚŚ�ĐĞůůƐ�ƌĂƉŝĚůǇ�ĐŽŶǀĞƌƚĞĚ�
ŝŶƚŽ� ƐĞůĨͲƌĞŶĞǁŝŶŐ͕�ŵƵůƟƉŽƚĞŶƚ� ƐƚĞŵ� ĐĞůůƐϱϳ͕ϱϴ͘� /Ŷ� Ă� ĚŝīĞƌĞŶƚ� ƐƚƵĚǇ͕ � ĂŶ� ĞĂƌůǇ� ƐĞĐƌĞƚŽƌǇ�
ƉƌŽŐĞŶŝƚŽƌ�ĞǆƉƌĞƐƐŝŶŐ�ƚŚĞ�EŽƚĐŚ�ůŝŐĂŶĚ��ĞůƚĂͲůŝŬĞ�ϭ�;�>>ϭͿ�͕�ĚŝīĞƌĞŶƟĂƚĞĚ�ŝŶƚŽ�>Őƌϱн CBC 
ĨŽůůŽǁŝŶŐ�ĂĐƵƚĞ�ŝƌƌĂĚŝĂƟŽŶ͕�ĐŽŶƚƌŝďƵƟŶŐ�ƚŽ�ƐƵďƐĞƋƵĞŶƚ�ĞƉŝƚŚĞůŝĂů�ƌĞŐĞŶĞƌĂƟŽŶϱϵ. 

Therefore, several complementary mechanisms safeguard the maintenance and 
ƌĞŐĞŶĞƌĂƟŽŶ�ŽĨ�ƚŚĞ�ĐƌǇƉƚͲǀŝůůƵƐ�ĂǆŝƐ͘��ůƚŚŽƵŐŚ�ƐƉĞĐŝĮĐ�ĨĂĐƚŽƌƐ�ŚĂǀĞ�ďĞĞŶ�ŝĚĞŶƟĮĞĚ�ƚŚĂƚ�
support the ŝŶ� ǀŝƚƌŽ� ĐƵůƚƵƌĞ� ŽĨ� ŝŶƚĞƐƟŶĂů� ĐƌǇƉƚƐ60͕� ƚŚĞ� ƐŝŐŶĂůƐ� ƚŚĂƚ� ƌĞŐƵůĂƚĞ� ŝŶƚĞƐƟŶĂů�
ƌĞŐĞŶĞƌĂƟŽŶ�ŝŶ�ǀŝǀŽ remain largely unknown. 

�ƵĞ�ƚŽ�ƚŚĞ�ƌĂƉŝĚ�ŶĂƚƵƌĞ�ŽĨ�ƚŚĞ�ĞƉŝƚŚĞůŝĂů�ƌĞŐĞŶĞƌĂƟŽŶ�ĂŶĚ�ƚŚĞ�ŚŝŐŚ�ĞƉŝƚŚĞůŝĂů�ƉůĂƐƟĐŝƚǇ͕ �
it is probable that factors produced by neighboring cells regulate epithelial responses.  
/ŶĚĞĞĚ͕�ŝƚ�ŚĂƐ�ďĞĞŶ�ƉƌŽƉŽƐĞĚ�ƚŚĂƚ�ƉĞƌŝĐƌǇƉƚĂů�ƐƚƌŽŵĂů�ĐĞůůƐ�ƐƵƉƉŽƌƚ�/^�Ɛ�ďǇ�ƉƌŽĚƵĐƟŽŶ�
ŽĨ� ĨĂĐƚŽƌƐ� ŝŶĐůƵĚŝŶŐ�tŶƚ� ůŝŐĂŶĚƐ͕� ƚŚĞ�EŽƚĐŚ� ůŝŐĂŶĚ��ĞůƚĂͲůŝŬĞ�ϭ� ;�>>ϰͿ͕��'&�ĂŶĚ�EŽŐŐŝŶ�
60͘�/ŵƉŽƌƚĂŶƚůǇ͕ �Ă�ƌŽůĞ�ĨŽƌ�ƚŚĞ�ŝŵŵƵŶĞ�ƐǇƐƚĞŵ�ŝŶ�ƐƚĞŵ�ĐĞůů�ƉƌŽƚĞĐƟŽŶ�ĨƌŽŵ�ŝŵŵƵŶĞ�ĐĞůůͲ
mediated killing has recently been shown. In this study, radio-resistant ILC3 protected 
/^�Ɛ�ĨƌŽŵ�ĂůůŽƌĞĂĐƟǀĞ�d�ĐĞůůƐ�ŝŶ�Ă�ŵŽƵƐĞ�ŵŽĚĞů�ŽĨ�ŐƌĂŌ�ǀĞƌƐƵƐ�ŚŽƐƚ�ĚŝƐĞĂƐĞ�;'ǀ,�Ϳϲϭ. In 
this model, IL-22 derived from CCR6нILC3 prevented stem cells from being killed by T cells 
ĂŶĚ�ƉƌŽŵŽƚĞĚ�ƐƵƌǀŝǀĂů�ĂŶĚ�ƌĞŐĞŶĞƌĂƟŽŶ�ŽĨ�ƚŚĞ�ŝŶƚĞƐƟŶĂů�ĞƉŝƚŚĞůŝƵŵ͘�
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�ƉŝƚŚĞůŝĂůͲŝŵŵƵŶĞ�ŝŶƚĞƌĂĐƟŽŶƐ�
DƵĐŽƐĂů� ƐƵƌĨĂĐĞƐ� ĂƌĞ� ƌŝĐŚ� ŝŶ� ŝŵŵƵŶĞ� ĐĞůůƐ� ĂŶĚ� ƌĞƉƌĞƐĞŶƚ� ŽŶĞ� ŽĨ� ƚŚĞ� ŵŽƐƚ� ĐŽŵƉůĞǆ�
immunological sites in the bodyϱ͕ϲϮ. Epithelial integrity can only be achieved if a proper 
ĐŽŵŵƵŶŝĐĂƟŽŶ�ďĞƚǁĞĞŶ�ƚŚĞ� ŝŵŵƵŶĞ�ĐŽŵƉĂƌƚŵĞŶƚ�ĂŶĚ�ĞƉŝƚŚĞůŝĂů� ĐĞůůƐ�ĞǆŝƐƚƐ63,64. This 
ĐŽŵŵƵŶŝĐĂƟŽŶ�ŽĐĐƵƌƐ�ŝŶ�Ă�ďŝĚŝƌĞĐƟŽŶĂů�ŵĂŶŶĞƌ͕ �ǁŚĞƌĞ�ŝŶƚĞƐƟŶĂů�ĞƉŝƚŚĞůŝƵŵ�ŝŶƚĞŐƌĂƚĞƐ�
microbiota-derived signals into clues that modulate immune cells, and translates factors 
ĚĞƌŝǀĞĚ�ĨƌŽŵ�ƚŚĞ�ŝŵŵƵŶĞ�ƐǇƐƚĞŵ�ŝŶƚŽ�ĞƉŝƚŚĞůŝƵŵ�ĨƵŶĐƟŽŶϱ͕ϲϮ͕ϲϱ. Several studies illustrate 
ƚŚŝƐ�ĂĐƟǀĞ�ĐƌŽƐƐƚĂůŬ͘�&Žƌ�ĞǆĂŵƉůĞ͕�ŝƚ�ŚĂƐ�ďĞĞŶ�ƐŚŽǁŶ�ƚŚĂƚ�ĐŽŵŵĞŶƐĂů�ďĂĐƚĞƌŝĂ�ĂĐƟǀĂƚĞ�
/���ǀŝĂ�WZZ�ƐŝŐŶĂůŝŶŐ�ƚŽ�ƉƌŽĚƵĐĞ�ĨĂĐƚŽƌƐ�ŝŶĐůƵĚŝŶŐ�ƚŚǇŵŝĐ�ƐƚƌŽŵĂů�ůǇŵƉŚŽƉŽŝĞƟŶ�;d^>WͿ͕�
ƚƌĂŶƐĨŽƌŵŝŶŐ�ŐƌŽǁƚŚ�ĨĂĐƚŽƌ�ďĞƚĂ�;d'&ɴͿ63,64�ĂŶĚ�ƌĞƟŶŽŝĚ�ĂĐŝĚ�;Z�Ϳ66 to induce tolerance via 
ĂŶƟŐĞŶ�ƉƌĞƐĞŶƟŶŐ�ĐĞůůƐ�;�W�Ϳ͘�DŽƌĞŽǀĞƌ͕ ���ĐĞůů�ĨƵŶĐƟŽŶ�ĐĂŶ�ďĞ�ŝŶŇƵĞŶĐĞĚ�ďǇ�ĞƉŝƚŚĞůŝĂůͲ
ĚĞƌŝǀĞĚ�ĨĂĐƚŽƌƐ�ƐƵĐŚ�ĂƐ���ĐĞůů�ĂĐƟǀĂƟŶŐ�ĨĂĐƚŽƌ�;��&&Ϳ�ĂŶĚ�Ă�ƉƌŽůŝĨĞƌĂƟŽŶ�ŝŶĚƵĐŝŶŐ�ůŝŐĂŶĚ�
;�WZ/>Ϳ͕�ǁŚŝĐŚ� ĂƌĞ� ŝŵƉŽƌƚĂŶƚ� ĨŽƌ� ƚŚĞ� ƌĞŐƵůĂƟŽŶ� ŽĨ� �� ĐĞůů� ĐůĂƐƐ� ƐǁŝƚĐŚŝŶŐ� ĂŶĚ�ŵƵĐŽƐĂů�
immunoglobulin A (IgA) responses67,68͘�/ŵƉŽƌƚĂŶƚ�ĨŽƌ�ĞƉŝƚŚĞůŝƵŵ�ŚŽŵĞŽƐƚĂƐŝƐ͕�/���ĞǆƉƌĞƐƐ�
the polymeric immunoglobulin receptor (pIgR) that directly transport secretory IgA from 
the lamina propria to the lumen69.

�ƵƌŝŶŐ� ŝŶŇĂŵŵĂƟŽŶ� Žƌ� ŝŶĨĞĐƟŽŶ͕� /��� ĞǆƉƌĞƐƐ� Ă� ďƌŽĂĚ� ĂƌƌĂǇ� ŽĨ� ĐŚĞŵŽŬŝŶĞƐ� ĂŶĚ�
ĐǇƚŽŬŝŶĞƐ͕�ŝŶĐůƵĚŝŶŐ��y�>ϭͬϮ70, MIP-2ϳϭ and IL-872 that recruit neutrophils and macrophages 
ĂŶĚ�ŵĞĚŝĂƚĞ� ŝŵŵƵŶĞ� ƌĞƐƉŽŶƐĞƐ͘� &ƵƌƚŚĞƌŵŽƌĞ͕� />ͲϮϱ� ĚĞƌŝǀĞĚ� ĨƌŽŵ� ĞƉŝƚŚĞůŝĂů� ĐĞůůƐ� ŚĂƐ�
ďĞĞŶ�ŝĚĞŶƟĮĞĚ�ĂƐ�ĂŶ�ŝŵƉŽƌƚĂŶƚ�ŵŽĚƵůĂƟŶŐ�ĨĂĐƚŽƌ�ĨŽƌ�dŚϮ�ƌĞƐƉŽŶƐĞƐ73 and to dampen 
/>�ϯ�ĂĐƟǀĂƟŽŶ74͘�/Ŷ�ĐŽŶƚƌĂƐƚ�ƚŽ�/>ͲϮϱ͕�/��ͲĚĞƌŝǀĞĚ�/>ͲϮϯ�ƉƌŽŵŽƚĞƐ�/>�ϯ�ƉƌŽĚƵĐƟŽŶ�ŽĨ�/>ͲϮϮ�
ŝŶ�Ă�ůǇŵƉŚŽƚŽǆŝŶͲ`-Receptor-dependent mannerϮϱ.

INNATE LYMPHOID CELLS
dŚĞ�ĨĂŵŝůǇ�ŽĨ�ŝŶŶĂƚĞ�ůǇŵƉŚŽŝĚ�ĐĞůůƐ�;/>�ƐͿ�ĐŽŵďŝŶĞƐ�ĂƐƉĞĐƚƐ�ŽĨ�ƚŚĞ�ŝŶŶĂƚĞ�ĂŶĚ�ĂĚĂƉƟǀĞ�
ŝŵŵƵŶĞ� ƌĞƐƉŽŶƐĞ�ĂŶĚ�ĂƌĞ�ƉĂƌƚ�ŽĨ� ƚŚĞ�ĮƌƐƚ� ůŝŶĞ�ŽĨ� ĚĞĨĞŶƐĞ�Ăƚ�ďĂƌƌŝĞƌ� ƐƵƌĨĂĐĞƐ͘� ^ŝŵŝůĂƌ�
ƚŽ�ĂĚĂƉƟǀĞ� ŝŵŵƵŶĞ�ĐĞůůƐ͕� />�Ɛ�ĞǆƉƌĞƐƐ� />Ͳϳ�ĂŶĚ� />ͲϮ� ƌĞĐĞƉƚŽƌƐ͕�ďƵƚ�ĂƌĞ�ƐĞƚ�ĂƉĂƌƚ� ĨƌŽŵ�
ĂĚĂƉƟǀĞ�ůǇŵƉŚŽĐǇƚĞƐ�ďǇ�ƚŚĞŝƌ�ŝŶĚĞƉĞŶĚĞŶĐĞ�ŽĨ�Z�'�ŐĞŶĞƐ�ĂŶĚ�ƚŚĞ�ƌĞƐƵůƟŶŐ�ĂďƐĞŶĐĞ�ŽĨ�
ƐƉĞĐŝĮĐ�ĂŶƟŐĞŶ�ƌĞĐĞƉƚŽƌƐϳϱ͕ϳϲ�dŚĞ�ĐĂƉĂĐŝƚǇ�ƚŽ�ƉƌŽĚƵĐĞ�ĞīĞĐƚŽƌ�ŵŽůĞĐƵůĞƐ�ĂƐƐŽĐŝĂƚĞĚ�ǁŝƚŚ�
ĂĚĂƉƟǀĞ�ŝŵŵƵŶŝƚǇ͕ �ďƵƚ�ǁŝƚŚŽƵƚ�ƚŚĞ�ĂŶƟŐĞŶ�ƌĞƐƚƌŝĐƟŽŶ͕�ĞŶĚŽǁƐ�/>�Ɛ�ǁŝƚŚ�ƚŚĞ�ĂďŝůŝƚǇ�ƚŽ�
ƌĞƐƉŽŶĚ�ŵƵĐŚ�ƋƵŝĐŬĞƌ�ƚŚĂŶ�ĂĚĂƉƟǀĞ�ĐĞůůƐ͘

dŚĞ�ĐƵƌƌĞŶƚ�ĐůĂƐƐŝĮĐĂƟŽŶ�ŽĨ� />�� ĨĂŵŝůǇ�ŵĞŵďĞƌƐ�ŵĂŬĞƐ�Ă�ĮƌƐƚ�ĚŝƐƟŶĐƟŽŶ�ďĂƐĞĚ�ŽŶ�
ƚŚĞŝƌ� ĐǇƚŽƚŽǆŝĐ� ĐĂƉĂĐŝƚǇ77,78͘� /Ŷ� ƚŚŝƐ� ĮƌƐƚ� ůĞǀĞů� ŽĨ� ĚŝǀŝƐŝŽŶ͕� E<� ĐĞůůƐ� ƌĞƉƌĞƐĞŶƚ� ƚŚĞ� ŽŶůǇ�
ĐĞůů� ƚǇƉĞ�ǁŝƚŚ�ĐǇƚŽƚŽǆŝĐ�ĂŶĚ�ŬŝůůŝŶŐ�ĂĐƟǀŝƚǇ͘�KŶ� ƚŚĞ�ŶŽŶͲĐǇƚŽƚŽǆŝĐ� ƐŝĚĞ͕� />�Ɛ�ĂƌĞ� ĨƵƌƚŚĞƌ�
ĐůĂƐƐŝĮĞĚ� ďĂƐĞĚ� ŽŶ� ƚŚĞ� ĐĞůůͲƐƵƌĨĂĐĞ� ŵĂƌŬĞƌƐ͕� ƚƌĂŶƐĐƌŝƉƟŽŶ� ĨĂĐƚŽƌƐ� ĂŶĚ� ĞǆƉƌĞƐƐŝŽŶ� ŽĨ�
ĞīĞĐƚŽƌ�ĐǇƚŽŬŝŶĞƐ�ŝŶƚŽ�ŐƌŽƵƉ�ϭ͕�Ϯ�Žƌ�ϯ�;/>�ϭ͕�/>�Ϯ�ĂŶĚ�/>�ϯͿ͘���ĐĞƌƚĂŝŶ�ŐƌĂĚĞ�ŽĨ�ƉůĂƐƟĐŝƚǇ�
ĞǆŝƐƚƐ�ďĞƚǁĞĞŶ�ƚŚĞƐĞ�ŐƌŽƵƉƐ͕�ǁŚŝĐŚ�ƌĞŇĞĐƚ�ƚŚĞ�ǀĞƌƐĂƟůŝƚǇ�ŽĨ�/>�Ɛ�ŝŶ�ŝŵŵƵŶĞ�ƌĞƐƉŽŶƐĞƐ͘��Ɛ�
ƐƵĐŚ͕�ŝŵƉŽƌƚĂŶƚ�ƌŽůĞƐ�ŝŶ�ŝŶƚĞƐƟŶĂů�ŚŽŵĞŽƐƚĂƐŝƐ͕�ŝŶĨĞĐƟŽŶ�ĂŶĚ�ƟƐƐƵĞ�ǁŽƵŶĚ�ŚĞĂůŝŶŐ�ŚĂǀĞ�
ďĞĞŶ�ĂƩƌŝďƵƚĞĚ�ƚŽ�/>�Ɛ�;&ŝŐƵƌĞ�ϮͿ͘�
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&ŝŐƵƌĞ�Ϯ͘��ĞǀĞůŽƉŵĞŶƚ�ĂŶĚ�ĨƵŶĐƟŽŶ�ŽĨ�ƚŚĞ�ĨĂŵŝůǇ�ŽĨ�ŝŶŶĂƚĞ�ůǇŵƉŚŽŝĚ�ĐĞůůƐ͘�A common lymphoid precursor 
;�>WͿ�ŐŝǀĞƐ�ƌŝƐĞ�ƚŽ�Ă�ɲϰɴϳ�ĞǆƉƌĞƐƐŝŶŐ�/>�ͬE<�ĐĞůů�ƉƌĞĐƵƌƐŽƌ͘ ��ŽǁŶƐƚƌĞĂŵ�ŽĨ�ƚŚĞ�ĐŽŵŵŽŶ�/>�ͬE<�ĐĞůů�ƉƌĞĐƵƌƐŽƌ�ŝƐ�
ƚŚĞ�ƉƌĞͲE<�ĐĞůů�ĂŶĚ�ƚŚĞ�/ĚϮ�ĞǆƉƌĞƐƐŝŶŐ�>dŝͬ/>��ƉƌĞĐƵƌƐŽƌ͘ �WƌĞͲE<�ĐĞůůƐ�ĞǆƉƌĞƐƐŝŶŐ��ŽŵĞƐ͕�dͲďĞƚ�ĂŶĚ�/ĚϮ�ĚĞǀĞůŽƉ�
ŝŶƚŽ�E<�ĐĞůůƐ͕�ǁŚŝĐŚ�ƌĞƐƉŽŶĚ�ƚŽ�/>ͲϭϮ͕�/>Ͳϭϱ�ĂŶĚ�/>Ͳϭϴ�ƚŽ�ĐĂƌƌǇ�ŽƵƚ�ĞīĞĐƚŽƌ�ĨƵŶĐƟŽŶƐ�ďǇ�ƉƌŽĚƵĐŝŶŐ�/&Eɶ͕�dE&�ĂŶĚ�
ƉĞƌĨŽƌŝŶ͕�ĂŵŽŶŐ�ŽƚŚĞƌƐ͘�>dŝͬ/>��ƉƌĞĐƵƌƐŽƌ�ĐĂŶ�ĂĐƋƵŝƌĞ�ĞǆƉƌĞƐƐŝŽŶ�ŽĨ�ĚŝīĞƌĞŶƚ�ƚƌĂŶƐĐƌŝƉƟŽŶ�ĨĂĐƚŽƌƐ�ƚŽ�ĚĞǀĞůŽƉ�
ŝŶƚŽ�ƚŚĞ�ĚŝīĞƌĞŶƚ�/>��ĨĂŵŝůǇ�ŵĞŵďĞƌƐ͘�dͲďĞƚ�ĞǆƉƌĞƐƐŝŽŶ�ĐŚĂƌĂĐƚĞƌŝǌĞƐ�ƚǇƉĞ�ϭ�ŝŶŶĂƚĞ�ůǇŵƉŚŽŝĚ�ĐĞůůƐ�;/>�ϭͿ͕�ǁŚŝĐŚ�
ƌĞƐƉŽŶĚ�ƚŽ�/>ͲϭϮ͕�/>Ͳϭϱ�ĂŶĚ�/>Ͳϭϴ�ďǇ�ƐĞĐƌĞƟŶŐ�/&Eɶ�ĂŶĚ�dE&͘ �'ĂƚĂϯ�ĞǆƉƌĞƐƐŝŶŐ�/>�Ϯ�ƉƌŽĚƵĐĞ�/>Ͳϰ͕�/>Ͳϱ͕�/>Ͳϵ͕�/>Ͳϭϯ�
ĂŶĚ��ŵƉŚŝƌĞŐƵůŝŶ�;�ƌĞŐͿ�ŝŶ�ƌĞƐƉŽŶƐĞ�ƚŽ�/>ͲϮϱ͕�/>Ͳϯϯ͕�d^>W�ĂŶĚ�d>ϭ�͘��ǆƉƌĞƐƐŝŽŶ�ŽĨ�ƚŚĞ�ƚƌĂŶƐĐƌŝƉƟŽŶ�ĨĂĐƚŽƌ�ZŽƌɶƚ�
ĂŶĚ�ƚŚĞ��ƌǇů�,ǇĚƌŽĐĂƌďŽŶ�ƌĞĐĞƉƚŽƌ�;�,ZͿ�ĐŚĂƌĂĐƚĞƌŝǌĞ�/>�ϯ͘�tŝƚŚŝŶ�ƚŚĞ�/>�ϯ�ŐƌŽƵƉ͕�ŵƵůƟƉůĞ�ƐƵďƐĞƚƐ�ĂƌĞ�ĨŽƵŶĚ͘�
LTi cells, CCR6нE�Z- ILC3 and CCR6-E<Ɖϰϲн�/>�ϯ�ĂƌĞ�ĂĐƟǀĂƚĞĚ�ďǇ�/>ͲϮϯ�ĂŶĚ�/>Ͳϭɴ�ĂŶĚ��,Z�ůŝŐĂŶĚƐ�ƚŽ�ƐĞĐƌĞƚĞ�/>ͲϮϮ͕�
/>Ͳϭϳ�ĂŶĚ�'DͲ�^&͘ �DĂŝŶ�ĨƵŶĐƟŽŶƐ�ĂƌĞ�ŝŶĚŝĐĂƚĞĚ�ŝŶ�ǁŚŝƚĞ�ďŽǆĞƐϳϱ͕ϳϲ.
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/Ŷ�ƚŚĞ�ůĂƐƚ�ĨĞǁ�ǇĞĂƌƐ͕�ĞǆƚĞŶƐŝǀĞ�ƐƚƵĚŝĞƐ�ŚĂǀĞ�ďĞĞŶ�ĐĂƌƌŝĞĚ�ŽƵƚ�ƚŽ�ƵŶĚĞƌƐƚĂŶĚ�ƚŚĞ�ůŝŶĞĂŐĞ�
ƌĞůĂƟŽŶƐŚŝƉƐ� ĂŶĚ� ĚĞǀĞůŽƉŵĞŶƚ� ŽĨ� ƚŚĞ� />�� ĨĂŵŝůǇ� ŵĞŵďĞƌƐ͘� /ƚ� ŝƐ� ŶŽǁĂĚĂǇƐ� ĂĐĐĞƉƚĞĚ�
ƚŚĂƚ�E<�ĐĞůůƐ�ĂŶĚ�/>��ĨĂŵŝůǇ�ŵĞŵďĞƌƐ�ĚĞƌŝǀĞ�ĨƌŽŵ�Ă�ĐŽŵŵŽŶ�ůǇŵƉŚŽŝĚ�ƉƌĞĐƵƌƐŽƌ�;�>WͿ�
ĞǆƉƌĞƐƐŝŶŐ�ƚŚĞ�ŝŶƚĞŐƌŝŶ�ɲϰɴϭ77͕�ǁŚŝĐŚ�ŐŝǀĞƐ�ƌŝƐĞ�ƚŽ�ƚŚĞ�/>�ͬE<�ĐĞůů�ƉƌĞĐƵƌƐŽƌ�ĞǆƉƌĞƐƐŝŶŐ�
ƚŚĞ�ƚƌĂŶƐĐƌŝƉƟŽŶ�ĨĂĐƚŽƌƐ�E&/>ϯ79�ĂŶĚ�dKy80͘�dŚĞ�ĞǆƉƌĞƐƐŝŽŶ�ŽĨ�ƚŚĞ�ƚƌĂŶƐĐƌŝƉƟŽŶĂů�ŝŶŚŝďŝƚŽƌ�
Id2ϴϭ͕ϴϮ� ĂŶĚ� ƚŚĞ� ƚƌĂŶƐĐƌŝƉƟŽŶ� ĨĂĐƚŽƌ� '�d�ϯ78,83� ƐƉĞĐŝĮĐĂůůǇ� ŐĞŶĞƌĂƚĞ� ƚŚĞ� />�� ƉƌĞĐƵƌƐŽƌ͕ �
ǁŚĞƌĞĂƐ�ƚŚĞ�E<�ĐĞůůƐ�ĚĞǀĞůŽƉ�ŝŶĚĞƉĞŶĚĞŶƚůǇ�ŽĨ�ƚŚĞƐĞ�ƚƌĂŶƐĐƌŝƉƟŽŶ�ĨĂĐƚŽƌƐ͘���ŽǁŶƐƚƌĞĂŵ�
of the Id2н precursor, T-bet84͕� '�d�ϯϴϱͲϴϳ� ĂŶĚ�ZŽƌɶƚ88� ĚĞůŝŶĞĂƚĞ� ƚŚĞ� />�ϭ͕� />�Ϯ� ĂŶĚ� />�ϯ�
ƐƵďƐĞƚƐ�ƌĞƐƉĞĐƟǀĞůǇ�;&ŝŐƵƌĞ�ϮͿ͘

/>�Ɛ�ĚŝƐƉůĂǇ�ƐĞǀĞƌĂů�ĨĞĂƚƵƌĞƐ�ŶŽƌŵĂůůǇ�ĂƐƐŽĐŝĂƚĞĚ�ǁŝƚŚ�ĂĐƟǀĂƚĞĚ�ĐĞůůƐ�ŽĨ�ƚŚĞ�ĂĚĂƉƟǀĞ�
ŝŵŵƵŶĞ� ƐǇƐƚĞŵ͘� ^ŝŵŝůĂƌ� ƚŽ� d� ĐĞůůƐ͕� />�ϯ� ĐĂŶ� ĞǆƉƌĞƐƐ� ƐƵƌĨĂĐĞ� ůǇŵƉŚŽƚŽǆŝŶͲɲϭɴϮ� ;>dͿ�
and secrete IL-289,90͘� /ŵƉŽƌƚĂŶƚůǇ͕ � />�Ɛ�ƉƌŽĚƵĐĞ�ĐǇƚŽŬŝŶĞƐ�ŶŽƌŵĂůůǇ� ƐĞĐƌĞƚĞĚ�ďǇ�ƐƉĞĐŝĮĐ� 
T helper cells and represent the innate version of T helper responses. 

E<� ĐĞůůƐ� ĂƌĞ� ǁĞůů� ŬŶŽǁŶ� ĨŽƌ� ƚŚĞŝƌ� ƚƵŵŽƌ� ŬŝůůŝŶŐ� ĂĐƟǀŝƚǇ� ĂŶĚ� ƚŚĞŝƌ� ƌŽůĞ� ŝŶ� ŝŵŵƵŶĞ�
responses against virusϵϭ͘� dŚĞ� ĐǇƚŽƚŽǆŝĐ� E<� ĐĞůůƐ� ƌĞƐƉŽŶĚ� ƚŽ� />ͲϭϮ͕� />Ͳϭϱ� ĂŶĚ� />Ͳϭϴ� ďǇ�
ƉƌŽĚƵĐŝŶŐ�/&Eɶ͕�dE&ɲ�ĂƐ�ǁĞůů�ĂƐ�ƉĞƌĨŽƌŝŶƐ�ĂŶĚ�ŐƌĂŶǌǇŵĞƐϵϭ͘�^ŝŵŝůĂƌ�ƚŽ�E<�ĐĞůůƐ͕�dͲďĞƚн�/>�ϭ�
ƌĞƐĞŵďůĞ�dŚϭ�ĐĞůůƐ�ĂŶĚ�ƌĞƐƉŽŶĚ�ƚŽ�/>ͲϭϮ�ĂŶĚ�/>Ͳϭϴ�ďǇ�ƉƌŽĚƵĐŝŶŐ�dE&ɲ�ĂŶĚ�/&Eɶ92.  Both 
E<�ĐĞůůƐ�ĂŶĚ� />�ϭ�ŚĂǀĞ�ďĞĞŶ� ŝŵƉůŝĐĂƚĞĚ� ŝŶ� ĐŚƌŽŶŝĐ� ŝŶŇĂŵŵĂƟŽŶ�ŽĨ� ƚŚĞ� ŝŶƚĞƐƟŶĞ͕�ǁŝƚŚ�
Ă�ƉĂƚŚŽŐĞŶŝĐ� ƌŽůĞ� ŝŶ�ŵŽƵƐĞ�ŵŽĚĞůƐ�ŽĨ� ĐŽůŝƟƐ�ĂŶĚ�ŚƵŵĂŶ� ŝŶŇĂŵŵĂƚŽƌǇ�ďŽǁĞů�ĚŝƐĞĂƐĞ�
(IBD)92,93. 

dŚĞ�ĞǆƉƌĞƐƐŝŽŶ�ŽĨ�'�d�ϯ�ŝĚĞŶƟĮĞƐ�/>�Ϯ͘�^ŝŵŝůĂƌ�ƚŽ�dŚϮ�ĐĞůůƐ͕� />�Ϯ�ƉƌŽĚƵĐĞ�ĂŶ�ĂƌƌĂǇ�
ŽĨ� ƚǇƉĞ� Ϯ� ĐǇƚŽŬŝŶĞƐ� ŝŶĐůƵĚŝŶŐ� />Ͳϰ͕� />Ͳϱ͕� />Ͳϵ� ĂŶĚ� />Ͳϭϯ͕� ƚŚĂƚ� ĐĂŶ� ďĞ� ĚŝƌĞĐƚůǇ� ƌĞŐƵůĂƚĞĚ�
ďǇ� ĞƉŝƚŚĞůŝĂůͲĚĞƌŝǀĞĚ� />ͲϮϱ͕� />Ͳϯϯ� ĂŶĚ� d^>W94-96. ILC2 are involved in immunity against 
helminthesϵϰ͕ϵϱ�ĂŶĚ�ĂƌĞ�ĂƐƐŽĐŝĂƚĞĚ�ǁŝƚŚ�ĂůůĞƌŐŝĐ�ĂŶĚ�ĂƐƚŚŵĂƟĐ�ĚŝƐĞĂƐĞƐ97,98͘� /Ŷ�ĂĚĚŝƟŽŶ͕�
/>�ϮͲĚĞƌŝǀĞĚ� ĂŵƉŚŝƌĞŐƵůŝŶ� ŚĂƐ� ďĞĞŶ� ƐŚŽǁŶ� ƚŽ� ƉůĂǇ� ĂŶ� ĞƐƐĞŶƟĂů� ƌŽůĞ� ŝŶ� ůƵŶŐ� ƟƐƐƵĞ�
ƌĞŵŽĚĞůŝŶŐ�ĂŌĞƌ�ŝŶŇƵĞŶǌĂ�ŝŶĨĞĐƟŽŶ99͘�/Ŷ�ƚŚĞ�ŐƵƚ͕�/>ͲϯϯͲƐƟŵƵůĂƚĞĚ�/>�Ϯ�ŝŶĚƵĐĞ�ŐŽďůĞƚ�ĐĞůů�
ŚǇƉĞƌƉůĂƐŝĂ�ĂŶĚ�ĞŶŚĂŶĐĞ�ŵƵĐƵƐ�ƐĞĐƌĞƟŽŶ�ĚƵƌŝŶŐ�ŚĞůŵŝŶƚŚ� ŝŶĨĞĐƟŽŶ�ďǇ�ƉƌŽĚƵĐŝŶŐ� />Ͳϱ�
ĂŶĚ�/>Ͳϭϯϵϰ͕ϵϱ. 
�ǆƉƌĞƐƐŝŽŶ� ŽĨ� ƚŚĞ� ƚƌĂŶƐĐƌŝƉƟŽŶ� ĨĂĐƚŽƌƐ� ZŽƌɶƚ� ;ĞŶĐŽĚĞĚ� ďǇ� ƚŚĞ� ZŽƌĐ� ŐĞŶĞͿ� ĂŶĚ� ƚŚĞ�
ƚƌĂŶƐĐƌŝƉƟŽŶĂů�ŝŶŚŝďŝƚŽƌ�/ĚϮ�ĚĞůŝŶĞĂƚĞƐ�ƚŚĞ�ŚĞƚĞƌŽŐĞŶĞŽƵƐ�ŐƌŽƵƉ�ŽĨ�/>�ϯϴϮ͕ϴϴ͕ϭϬϬ͕ϭϬϭ. Similar 
ƚŽ� dŚϭϳ� ĐĞůůƐ͕� ƐŽŵĞ� ŽĨ� ƚŚĞ� />�ϯ� ƐƵďƐĞƚƐ� ƌĞƋƵŝƌĞ� ƚŚĞ� ĞǆƉƌĞƐƐŝŽŶ� ƚŚĞ� ĂƌǇůͲŚǇĚƌŽĐĂƌďŽŶ�
ƌĞĐĞƉƚŽƌ� ;�,ZͿ� ĨŽƌ�ĚĞǀĞůŽƉŵĞŶƚ�ĂŶĚ� ĨƵŶĐƟŽŶϭϬϮͲϭϬϰ͘�DŽƌĞŽǀĞƌ͕ � />�ϯ�ƐĞĐƌĞƚĞ� />ͲϮϮ͕�'DͲ
�^&�ĂŶĚ�dE&ɲ͕�ŝŶ�ƌĞƐƉŽŶƐĞ�ƚŽ�/>ͲϮϯ�ĂŶĚ�/>Ͳϭɴ͕�ƌĞŵŝŶŝƐĐĞŶƚ�ŽĨ�dŚϭϳ�ĐĞůůƐϭ͕Ϯ͕ϰ͕ϳϰ͕ϴϵ͕ϭϬϱ͕ϭϬϲ. ILC3 
ĚŝƐƉůĂǇ�Ă�ŚŝŐŚĞƌ�ůĞǀĞů�ŽĨ�ĐŽŵƉůĞǆŝƚǇ�ĐŽŵƉĂƌĞĚ�ƚŽ�ŽƚŚĞƌ�/>��ĨĂŵŝůǇ�ŵĞŵďĞƌƐ͕�ĂƐ�ĚŝīĞƌĞŶƚ�
ƐƵďƐĞƚƐ� ĐĂŶ�ďĞ�ĚŝƐƟŶŐƵŝƐŚĞĚ� ŝŶ� ƚŚŝƐ� ŐƌŽƵƉ͘� dŚĞ� ĐůĂƐƐŝĐĂů� ůǇŵƉŚŽŝĚ�ƟƐƐƵĞ� ŝŶĚƵĐĞƌ� ĐĞůůƐ�
;>dŝͿ͕�ŝŶǀŽůǀĞĚ�ŝŶ�ůǇŵƉŚŽŝĚ�ŽƌŐĂŶŽŐĞŶĞƐŝƐ͕�ǁĞƌĞ�ƚŚĞ�ĮƌƐƚ�ƐƵďƐĞƚ�ŽĨ�/>�ϯ�ŝĚĞŶƟĮĞĚ90. In the 
ůĂƐƚ�ĨĞǁ�ǇĞĂƌƐ͕�ŽƚŚĞƌ�ƐƵďƐĞƚƐ�ŚĂǀĞ�ďĞĞŶ�ĐŚĂƌĂĐƚĞƌŝǌĞĚ�ďĂƐĞĚ�ŽŶ�ƚŚĞ�ĞǆƉƌĞƐƐŝŽŶ�ŽĨ�ƐƵƌĨĂĐĞ�
ŵĂƌŬĞƌƐ���Zϲ�ĂŶĚ�ƚŚĞ�ŶĂƚƵƌĂů�ĐǇƚŽƚŽǆŝĐŝƚǇ�ƌĞĐĞƉƚŽƌƐ�;E�ZƐͿϰ͕Ϯϯ͕ϭϬϲͲϭϬϴ. 
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/>�ϯ�ĚŝƐƉůĂǇ�Ă�ŚŝŐŚĞƌ�ůĞǀĞů�ŽĨ�ĐŽŵƉůĞǆŝƚǇ�ĐŽŵƉĂƌĞĚ�ƚŽ�ŽƚŚĞƌ�/>��ĨĂŵŝůǇ�ŵĞŵďĞƌƐ͕�ĂƐ�
ĚŝīĞƌĞŶƚ�ƐƵďƐĞƚƐ�ĐĂŶ�ďĞ�ĚŝƐƟŶŐƵŝƐŚĞĚ�ŝŶ�ƚŚŝƐ�ŐƌŽƵƉ͘�dŚĞ�ĐůĂƐƐŝĐĂů�ůǇŵƉŚŽŝĚ�ƟƐƐƵĞ�ŝŶĚƵĐĞƌ�
ĐĞůůƐ�;>dŝͿ͕�ŝŶǀŽůǀĞĚ�ŝŶ�ůǇŵƉŚŽŝĚ�ŽƌŐĂŶŽŐĞŶĞƐŝƐ͕�ǁĞƌĞ�ƚŚĞ�ĮƌƐƚ�ƐƵďƐĞƚ�ŽĨ�/>�ϯ�ŝĚĞŶƟĮĞĚ90. 
/Ŷ�ƚŚĞ�ůĂƐƚ�ĨĞǁ�ǇĞĂƌƐ͕�ŽƚŚĞƌ�ƐƵďƐĞƚƐ�ŚĂǀĞ�ďĞĞŶ�ĐŚĂƌĂĐƚĞƌŝǌĞĚ�ďĂƐĞĚ�ŽŶ�ƚŚĞ�ĞǆƉƌĞƐƐŝŽŶ�ŽĨ�
ƐƵƌĨĂĐĞ�ŵĂƌŬĞƌƐ���Zϲ�ĂŶĚ�ƚŚĞ�ŶĂƚƵƌĂů�ĐǇƚŽƚŽǆŝĐŝƚǇ�ƌĞĐĞƉƚŽƌƐ�;E�ZƐͿϰ͕Ϯϯ͕ϭϬϲͲϭϬϴ. 

/ŶƚĞƐƟŶĂů�/>�Ɛ
�ůů�ƚŚƌĞĞ�ƚǇƉĞƐ�ŽĨ�/>�Ɛ͕�ĂƌĞ�ĨŽƵŶĚ�ŝŶ�ƚŚĞ�ŐƵƚ�ĂŶĚ�ƌĞƋƵŝƌĞ���Zϵ�ƚŽ�ŵŝŐƌĂƚĞ�ĨƌŽŵ�ƉĞƌŝƉŚĞƌĂů�
ƟƐƐƵĞƐ�ŝŶƚŽ�ƚŚĞ�ƐŵĂůů�ŝŶƚĞƐƟŶĞϭϬϵ͘�/>�Ϯ�ĐĂŶ�ďĞ�ƉƌŽŐƌĂŵĞĚ�ŝŶ�ƚŚĞ�ďŽŶĞ�ŵĂƌƌŽǁ�ƚŽ�ĞǆƉƌĞƐƐ�
ŐƵƚ�ŚŽŵŝŶŐ�ƌĞĐĞƉƚŽƌƐ͕�ǁŚĞƌĞĂƐ�/>�ϭ�ĂŶĚ�/>�ϯ�ĂƌĞ�ƌĞĐƌƵŝƚĞĚ�ƚŽ�ƚŚĞ�ŝŶƚĞƐƟŶĞ�ƵƉŽŶ�ŚŽŵŝŶŐ�
ƌĞĐĞƉƚŽƌ� ƐǁŝƚĐŚ� ƌĞŐƵůĂƚĞĚ�ďǇ� ƌĞƟŶŽŝĚ� ĂĐŝĚ� ;Z�Ϳ� ŝŶ� ƚŚĞ�ƉĞƌŝƉŚĞƌǇϭϬϵ͘� /ŶƚĞƐƟŶĂů� />�ϭ� ĂƌĞ�
ƚŚŽƵŐŚ� ƚŽ� ŝŶŝƟĂƚĞ� /&EͲɶ� ƌĞƐƉŽŶƐĞƐ� ĂŐĂŝŶƐƚ� ƉĂƚŚŽŐĞŶƐ͕� ďƵƚ� ƉƌŽĚƵĐƟŽŶ�ŽĨ� ƚŚŝƐ� ĐǇƚŽŬŝŶĞ�
ŚĂƐ�ĂůƐŽ�ďĞĞŶ�ĂƐƐŽĐŝĂƚĞĚ�ǁŝƚŚ�ƉĂƚŚŽůŽŐŝĐĂů� ŝŶŇĂŵŵĂƟŽŶ͕�ƐƵŐŐĞƐƟŶŐ�ƚŚĂƚ� />�ϭ�ŵĂǇ�ďĞ�
ŝŶǀŽůǀĞĚ� ŝŶ�ĐŚƌŽŶŝĐ� ŝŶŇĂŵŵĂƟŽŶ͘� /Ŷ� ůŝŶĞ�ǁŝƚŚ�ƚŚŝƐ�ĐŽŶĐĞƉƚ͕� ŝŶĐƌĞĂƐĞ� ŝŶ� ŝŶƚƌĂĞƉŝƚŚĞůŝĂů92 
and lamina propria93�/>�ϭ�ŚĂƐ�ďĞĞŶ�ĨŽƵŶĚ�ŝŶ��ƌŽŚŶ Ɛ͛�ĚŝƐĞĂƐĞ�ƉĂƟĞŶƚƐ�;��Ϳ�ĂŶĚ�ĂƉƉĞĂƌĞĚ�
ƚŽ� ďĞ� Ăƚ� ƚŚĞ� ĐŽƐƚ� ŽĨ� ƌĞĚƵĐƟŽŶ� ŝŶ� />�ϯ� ŶƵŵďĞƌƐ͘� /ŶĚĞĞĚ͕� ƌĞĐĞŶƚ� ƐƚƵĚŝĞƐ� ĚĞŵŽŶƐƚƌĂƚĞĚ�
ƚŚĂƚ� ĐĞƌƚĂŝŶ� ƉůĂƐƟĐŝƚǇ� ĞǆŝƐƚƐ� ďĞƚǁĞĞŶ� ŝŶƚĞƐƟŶĂů� />�ϭ� ĂŶĚ� />�ϯ� ƚŚĂƚ� ŝƐ� ĚƌŝǀĞŶ� ďǇ� ƚŚĞ�
environmental cluesϭϭϬ͘�tŚŝůĞ�ƚŚĞ�ƉƌĞƐĞŶĐĞ�ŽĨ���ͲĚĞƌŝǀĞĚ�/>ͲϭϮ�ĨĂǀŽƌƐ�ƚŚĞ�ĚŝīĞƌĞŶƟĂƟŽŶ�
ŽĨ�/>�ϯ�ŝŶƚŽ�/>�ϭ�ĂĐĐŽŵƉĂŶŝĞĚ�ďǇ�ƚŚĞ�ĚŽǁŶƌĞŐƵůĂƟŽŶ�ŽĨ�ZŽƌɶƚ͕�ƚŚĞ�ŽƉƉŽƐŝƚĞ�ĞīĞĐƚ�ŽĐĐƵƌƐ�
ŝŶ�ƚŚĞ�ƉƌĞƐĞŶĐĞ�ŽĨ�/>ͲϮϯ�ĂŶĚ�/>Ͳϭɴ͕�ǁŚĞƌĞ�/>�ϯ�ĚŝīĞƌĞŶƟĂƟŽŶ�ŝƐ�ƉƌŽŵŽƚĞĚ�ϭϭϬ.

�ůƚŚŽƵŐŚ�ƚŚĞ�ƌŽůĞ�ŽĨ�/>�Ϯ�ŝŶ�ŝŶƚĞƐƟŶĂů�ŝŶŇĂŵŵĂƟŽŶ�ŝƐ�ůĞƐƐ�ĐůĞĂƌ͕ �ŝƚ�ŚĂƐ�ďĞĞŶ�ƉƌŽƉŽƐĞĚ�
ƚŚĂƚ� ƚŚĞǇ� ƉůĂǇ� ĂŶ� ŝŵƉŽƌƚĂŶƚ� ƌŽůĞ� ŝŶ� ĐŽŶƚƌŽůůŝŶŐ� ĞŽƐŝŶŽƉŚŝů� ŚŽŵĞŽƐƚĂƐŝƐ� ƚŚƌŽƵŐŚ� />Ͳϱ�
ƐĞĐƌĞƟŽŶϭϭϭ͘�DŽƌĞŽǀĞƌ͕ �ŝŶƚĞƐƟŶĂů�/>�Ϯ�ĂƌĞ�ƐŚŽǁŶ�ƚŽ�ĐŽŶƚƌŽů�ƌĞƐŝƐƚĂŶĐĞ�ĂŶĚ�ƐƵƐĐĞƉƟďŝůŝƚǇ�
ƚŽ�ƉĂƌĂƐŝƚĞ�ŝŶĨĞĐƟŽŶƐϵϱ͕ϭϭϮ. 

/ŶƚĞƐƟŶĂů� />�ϯ� ĂƌĞ� ƉƌŽďĂďůǇ� ƚŚĞ� ďĞƐƚ� ĐŚĂƌĂĐƚĞƌŝǌĞĚ� ŝŶƚĞƐƟŶĂů� />�� ƐƵďƐĞƚ� ĂŶĚ� ƚŚĞŝƌ�
ůŽĐĂƟŽŶ�ĂŶĚ�ĨƵŶĐƟŽŶ�ǁŝůů�ďĞ�ĚĞƐĐƌŝďĞĚ�ŝŶ�ƚŚĞ�ĨŽůůŽǁŝŶŐ�ƉĂƌĂŐƌĂƉŚƐ�ŽĨ�ƚŚŝƐ�ƚŚĞƐŝƐ͘

ILC3 IN LYMPHOID ORGANOGENESIS
dŚĞ�ůǇŵƉŚŽŝĚ�ƟƐƐƵĞƐ�ŽĨ�ƚŚĞ�ŝŶƚĞƐƟŶĞƐ�ĂƌĞ�ĐŽůůĞĐƟǀĞůǇ�ƌĞĨĞƌƌĞĚ�ƚŽ�ĂƐ�ƚŚĞ�'Ƶƚ��ƐƐŽĐŝĂƚĞĚ�
>ǇŵƉŚŽŝĚ�ƟƐƐƵĞƐ�;'�>dͿ�ĂŶĚ�ĐĂŶ�ďĞ�ĚŝǀŝĚĞĚ�ŝŶƚŽ�ƉƌŽŐƌĂŵŵĞĚ�ƟƐƐƵĞƐ�ƚŚĂƚ�ĨŽƌŵ�ĚƵƌŝŶŐ�
ĚĞǀĞůŽƉŵĞŶƚ͕�ƐƵĐŚ�ĂƐ�ƚŚĞ�ŐƵƚͲĚƌĂŝŶŝŶŐ�ůǇŵƉŚ�ŶŽĚĞƐ�ĂŶĚ�ƚŚĞ�WĞǇĞƌ Ɛ͛�ƉĂƚĐŚĞƐ�ĂŶĚ�ŝŶĚƵĐĞĚ�
ƟƐƐƵĞƐ�ƚŚĂƚ�ĨŽƌŵ�ĂŌĞƌ�ďŝƌƚŚ�ĚƌŝǀĞŶ�ďǇ�ĞǆƚĞƌŶĂů�ƐŝŐŶĂůƐϭϭϯ. 

Lymph nodes
In mice, at least 40 lymph nodes are presentϭϭϰ� ĂŶĚ� ŚƵŵĂŶƐ� ĂƌĞ� ĞƐƟŵĂƚĞĚ� ƚŽ� ŚĂǀĞ�
ďĞƚǁĞĞŶ� ϱϬϬ� ĂŶĚ� ϳϬϬ� ŝŶĚŝǀŝĚƵĂů� ůǇŵƉŚ� ŶŽĚĞƐϭϭϱ. Development of these secondary 
ůǇŵƉŚŽŝĚ�ŽƌŐĂŶƐ�ŝƐ�ŝŶĚƵĐĞĚ�ďǇ�ĂĐƟǀĂƟŽŶ�ŽĨ�ƚŚĞ�ůŽĐĂů�ŵĞƐĞŶĐŚǇŵĞ�ďǇ�ůŝŐĂƟŽŶ�ŽĨ�ƚŚĞ�>dɴR 
ƚŚƌŽƵŐŚ�ŵĞŵďƌĂŶĞ�ďŽƵŶĚ�>d�ĞǆƉƌĞƐƐĞĚ�ŽŶ�>dŝ�ĐĞůůƐϭϭϲ͘�dŚŝƐ�ĂĐƟǀĂƟŽŶ�ƌĞƐƵůƚƐ�ŝŶ�ƐĞĐƌĞƟŽŶ�
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ŽĨ�ŚŽŵĞŽƐƚĂƟĐ�ĐŚĞŵŽŬŝŶĞƐ�ĂŶĚ�ĞǆƉƌĞƐƐŝŽŶ�ŽĨ�ĂĚŚĞƐŝŽŶ�ŵŽůĞĐƵůĞƐ͘��Ɛ�Ă�ĐŽŶƐĞƋƵĞŶĐĞ͕�
ĂĚĚŝƟŽŶĂů� ;ƉƌĞĐƵƌƐŽƌͿ�>dŝ�ĐĞůůƐ�ĂƌĞ�ƌĞĐƌƵŝƚĞĚ�ƚŽ�ƚŚĞ�ĚĞǀĞůŽƉŝŶŐ� ůǇŵƉŚ�ŶŽĚĞ�ĂŶůĂŐĞ͘�sŝĂ�
ƉĂƌĂĐƌŝŶĞ�ŝŶƚĞƌĂĐƟŽŶƐ�>dŝ�ĐĞůů�ƉƌĞĐƵƌƐŽƌƐ�ĂƌĞ�ĂůůŽǁĞĚ�ƚŽ�ĚŝīĞƌĞŶƟĂƚĞ�ŝŶƚŽ�ŵĂƚƵƌĞ�>dŝ�ĐĞůůƐ͕�
ĞƐƚĂďůŝƐŚŝŶŐ�Ă�ƉŽƐŝƟǀĞ�ĨĞĞĚďĂĐŬ�ůŽŽƉ�ƌĞƐƵůƟŶŐ�ŝŶ�ƚŚĞ�ŵĂƚƵƌĂƟŽŶ�ŽĨ�ƐƉĞĐŝĮĐ�ƐƚƌŽŵĂů�ĐĞůů�
ƐƵďƐĞƚƐ� ƚŚĂƚ� ŝŶ� ƉƌŽŐƌĞƐƐŝǀĞ� ĚĞǀĞůŽƉŵĞŶƚĂů� ƐƚĞƉƐ�ǁŝůů� ĐŽŶƚƌŽů� ƚŚĞ� ŝŶŇƵǆ� ŽĨ� ƌĞĂƌƌĂŶŐŝŶŐ�
ĂĚĂƉƟǀĞ�ŝŵŵƵŶĞ�ĐĞůůƐϭϭϲ. 

Peyer’s Patches
WĞǇĞƌ Ɛ͛�ƉĂƚĐŚĞƐ�ĂƌĞ� ůŽĐĂƚĞĚ�ŽŶ�ƚŚĞ�ĂŶƟͲŵĞƐĞŶƚĞƌŝĐ�ƐŝĚĞ�ŽĨ�ƚŚĞ�ƐŵĂůů� ŝŶƚĞƐƟŶĞ͕�ĚŝƌĞĐƚůǇ�
ƵŶĚĞƌůǇŝŶŐ�ƚŚĞ�ŝŶƚĞƐƟŶĂů�ĞƉŝƚŚĞůŝƵŵ͘�/ŶďƌĞĚ�ŵŽƵƐĞ�ƐƚƌĂŝŶƐ�ŚĂǀĞ�ŽŶ�ĂǀĞƌĂŐĞ�ϲͲϭϬ�WĞǇĞƌ Ɛ͛�
ƉĂƚĐŚĞƐ͕�ĂůƚŚŽƵŐŚ�ƚŚĞ�ĞǆĂĐƚ�ŶƵŵďĞƌ�ǀĂƌŝĞƐ�ďĞƚǁĞĞŶ�ƐƚƌĂŝŶƐ͘�dŚĞ�ŚƵŵĂŶ�ƐŵĂůů�ŝŶƚĞƐƟŶĞ�
ĐŽŶƚĂŝŶƐ� ĂƉƉƌŽǆŝŵĂƚĞůǇ� ϮϰϬ� WĞǇĞƌ Ɛ͛� ƉĂƚĐŚĞƐ͕� ǁŝƚŚ� ĂŶ� ŝŶĐƌĞĂƐŝŶŐ� ĚĞŶƐŝƚǇ� ƚŽǁĂƌĚƐ� ƚŚĞ�
terminal ileumϭϭϳ͘�WĞǇĞƌ Ɛ͛�ƉĂƚĐŚĞƐ�ĂƌĞ�ĐŚĂƌĂĐƚĞƌŝǌĞĚ�ďǇ�ƚŚĞ�ƉƌĞƐĞŶĐĞ�ŽĨ�ŵŽƌĞ�ƚŚĞŶ�ŽŶĞ�
��ĐĞůů�ĨŽůůŝĐůĞ�ĂŶĚ�ĚŝƐƟŶĐƚ�ŝŶƚĞƌĨŽůůŝĐƵůĂƌ�d�ĐĞůů�ĂƌĞĂƐ�ǁŝƚŚ�ŚŝŐŚ�ĞŶĚŽƚŚĞůŝĂů�ǀĞŶƵůĞƐϭϭϴ. The 
ŝŶƚĞƐƟŶĂů�ĞƉŝƚŚĞůŝƵŵ�ŽǀĞƌůǇŝŶŐ�ƚŚĞ�WĞǇĞƌ Ɛ͛�ƉĂƚĐŚĞƐ�ĐŽŶƚĂŝŶ�DŝĐƌŽĨŽůĚ�ĐĞůůƐ�;D�ĐĞůůƐͿ�ƚŚĂƚ�
ĂĐƟǀĞůǇ�ƚƌĂŶƐƉŽƌƚ�ƉĂƌƟĐůĞƐ�ĨƌŽŵ�ƚŚĞ�ŝŶƚĞƐƟŶĂů�ůƵŵĞŶ�ŝŶƚŽ�ƚŚĞ�WĞǇĞƌ Ɛ͛�ƉĂƚĐŚϭϭϵ�;&ŝŐƵƌĞ�ϭͿ͘

/Ŷ� ŵŝĐĞ͕� WĞǇĞƌ Ɛ͛� ƉĂƚĐŚ� ĚĞǀĞůŽƉŵĞŶƚ� ƐƚĂƌƚƐ� Ăƚ� ĞŵďƌǇŽŶŝĐ� ĚĂǇ� ;�Ϳ� ϭϱ͘ϱ͕� ǁŚĞŶ�
��ϭϭϳн��ϭϭĐн�>ǇŵƉŚŽŝĚ�ƟƐƐƵĞ� ŝŶŝƟĂƚŽƌ�ĐĞůůƐ� ;>dŝŶͿ�ĐůƵƐƚĞƌ�Ăƚ�ĚŝƐƟŶĐƚ�ƐŝƚĞƐ�ŽŶ�ƚŚĞ�ĂŶƟͲ
ŵĞƐĞŶƚĞƌŝĐ�ǁĂůů�ŽĨ�ƚŚĞ�ĨĞƚĂů�ƐŵĂůů�ŝŶƚĞƐƟŶĞ�ĐŽͲůŽĐĂůŝǌŝŶŐ�ǁŝƚŚ�s��DͲϭ�ĞǆƉƌĞƐƐŝŶŐ�ƐƚƌŽŵĂů�
cellsϭϮϬ͕ϭϮϭ͘� /Ŷ� ĂĚĚŝƟŽŶĂů� ĚĞǀĞůŽƉŵĞŶƚĂů� ƐƚĞƉƐ͕� >dŝ� ĐĞůůƐ� ĂƌĞ� ƌĞĐƌƵŝƚĞĚ� ƚŽ� ƚŚĞ� ĚĞǀĞůŽƉŝŶŐ�
WĞǇĞƌ Ɛ͛�ƉĂƚĐŚĞƐ�ĂŶĚ�ƚŚĞ�s��DͲϭн�ƐƚƌŽŵĂ�ǁŝůů�ƐƚĂƌƚ�ƚŽ�ŽƌŐĂŶŝǌĞ�ƚŚĞ�ĂŶůĂŐĞ� ŝŶƚŽ�ĚŝƐƟŶĐƚ�
microdomainsϭϮϬ͕ϭϮϮ.  In the absence of LTi cells, as is the case in mice with a targeted 
ĚĞůĞƟŽŶ�ŽĨ�ZŽƌĐ�Žƌ�/ĚϮ͕�WĞǇĞƌ Ɛ͛�ƉĂƚĐŚ�ĚĞǀĞůŽƉŵĞŶƚ�ŝƐ�ƚĞƌŵŝŶĂƚĞĚ�Ăƚ��ϭϲ͘ϱ͘�

Cryptopatches
^ŝŶĐĞ� ƚŚĞ� ŝŶƚĞƐƟŶĂů� ŝŵŵƵŶĞ� ƐǇƐƚĞŵ� ŚĂƐ� ƚŽ� ďĞ� ĂďůĞ� ƚŽ� ƌĞƐƉŽŶĚ� ƚŽ� ĐŚĂŶŐĞƐ� ŝŶ� ƚŚĞ�
ŝŶƚĞƐƟŶĂů� ŵŝĐƌŽďŝŽƚĂ� ďǇ� ŵŽƵŶƟŶŐ� ŝŵŵƵŶĞ� ƌĞƐƉŽŶƐĞƐ� ĂŐĂŝŶƐƚ� ƉĂƚŚŽŐĞŶƐ� ǁŚŝůĞ� ďĞŝŶŐ�
ŝŶ�Ă�ŚŽŵĞŽƐƚĂƟĐ�ĞƋƵŝůŝďƌŝƵŵ�ǁŝƚŚ�ĐŽŵŵĞŶƐĂů�ďĂĐƚĞƌŝĂϭϭϯ�ŝƚ�ŚĂƐ�ĞǀŽůǀĞĚ�Ă�ƵŶŝƋƵĞ�ƐĞƚ�ŽĨ�
ůǇŵƉŚŽŝĚ�ƟƐƐƵĞƐ�ƚŚĂƚ�ĨƵŶĐƟŽŶƐ�ĂƐ�Ă�ĚǇŶĂŵŝĐ�ƐǇƐƚĞŵ�ǁŝƚŚ�ƚŚĞ�ĂďŝůŝƚǇ�ƚŽ�ƌĞƐƉŽŶĚ�ƐǁŝŌůǇ�
ƚŽ�ĐŚĂŶŐĞƐ�ŝŶ�ŵŝĐƌŽďŝĂů�ƉƌĞƐƐƵƌĞ�ƚŚƌŽƵŐŚ�ƚŚĞ�ŐĞŶĞƌĂƟŽŶ�ŽĨ�/Ő��ƉƌŽĚƵĐŝŶŐ�ƉůĂƐŵĂ�ĐĞůůƐ͘�
dŚĞ�ďĂƐŝƐ�ĨŽƌ�ƚŚŝƐ�ŇĞǆŝďůĞ�ŝŵŵƵŶĞ�ĐŽŵƉĂƌƚŵĞŶƚ�ŝƐ�ĨŽƌŵĞĚ�ďǇ�ƐŵĂůů�ůǇŵƉŚŽĐǇƚĞ�ĐůƵƐƚĞƌƐ�
ƚĞƌŵĞĚ�ĐƌǇƉƚŽƉĂƚĐŚĞƐ�ƚŚĂƚ�ĐŽŶƚĂŝŶ�ŵĂŝŶůǇ�/>�ϯ�ĂŶĚ�ĚĞŶĚƌŝƟĐ�ĐĞůůƐ͕�ďƵƚ�ŽŶůǇ�ǀĞƌǇ�ĨĞǁ���Žƌ�d�
cellsϭϮϯ�;&ŝŐƵƌĞ�ϭͿ͘�dŚĞ�ŵƵƌŝŶĞ�ƐŵĂůů�ŝŶƚĞƐƟŶĞ�ĐŽŶƚĂŝŶƐ�ĂƉƉƌŽǆŝŵĂƚĞůǇ�ϭϱϬϬ�ĐƌǇƉƚŽƉĂƚĐŚĞƐ�
ĂŶĚ�ƚŚĞ�ĐŽůŽŶ�ĂďŽƵƚ�ϭϱϬϭϮϯ͘�^ŝŵŝůĂƌ�ƚŽ�ŽƚŚĞƌ�ƉƌŽŐƌĂŵŵĞĚ�ůǇŵƉŚŽŝĚ�ƟƐƐƵĞƐ͕�ĚĞǀĞůŽƉŵĞŶƚ�
of cryptopatches depends on LTɴR signaling and Rorɶƚ�ĞǆƉƌĞƐƐŝŶŐ�/>�ϯϭϮϰ͕ϭϮϱ. Under the 
ŝŶŇƵĞŶĐĞ�ŽĨ�ŵŝĐƌŽďŝĂůͲĚĞƌŝǀĞĚ�ƐŝŐŶĂůƐ͕�ĐƌǇƉƚŽƉĂƚĐŚĞƐ�ŚĂǀĞ�ƚŚĞ�ĐĂƉĂĐŝƚǇ�ƚŽ�ĂƩƌĂĐƚ���ĐĞůůƐ�
and transform into an isolated lymphoid follicleϭϮϲ͕ϭϮϳ.  

1
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Isolated lymphoid follicles
/ƐŽůĂƚĞĚ� ůǇŵƉŚŽŝĚ� ĨŽůůŝĐůĞƐ� ;/>&ƐͿ� ĂƌĞ� ŚŝƐƚŽůŽŐŝĐĂůůǇ� ĐŚĂƌĂĐƚĞƌŝǌĞĚ� ďǇ� ƚŚĞ� ƉƌĞƐĞŶĐĞ� ŽĨ� Ă�
ƐŝŶŐůĞ��� ĐĞůů� ĨŽůůŝĐůĞ� ĐŽŶƚĂŝŶŝŶŐ� ĨŽůůŝĐƵůĂƌ�ĚĞŶĚƌŝƟĐ� ĐĞůůƐ� ĂŶĚ� ƐĐĂƩĞƌĞĚ�d� ĐĞůůƐ�ǁŝƚŚŽƵƚ�Ă�
ǁĞůů� ĚĞĮŶĞĚ�d� ĐĞůů� ĂƌĞĂϭϮϲ͘� ^ŝŵŝůĂƌ� ƚŽ� ƚŚĞŝƌ� �W� ĂŶĐĞƐƚŽƌƐ͕� />&Ɛ� ƌĞŵĂŝŶ� ŝŶ� ĚŝƌĞĐƚ� ĐŽŶƚĂĐƚ�
ǁŝƚŚ�D�ĐĞůů�ĐŽŶƚĂŝŶŝŶŐ�ŝŶƚĞƐƟŶĂů�ĞƉŝƚŚĞůŝƵŵ͘�hƉŽŶ�ĂĐƟǀĂƟŽŶ͕���ĐĞůůƐ�ǁŝƚŚŝŶ�ƚŚĞ�/>&�ĐĂŶ�
ĞŶƚĞƌ� ŐĞƌŵŝŶĂů� ĐĞŶƚĞƌ� ƌĞĂĐƟŽŶƐ� ĂŶĚ�ĚŝīĞƌĞŶƟĂƚĞ� ŝŶƚŽ�ƉůĂƐŵĂͲ� ĂŶĚ�ŵĞŵŽƌǇ��� ĐĞůůƐϭϮϱ.
EŽƚ�ƐƵƌƉƌŝƐŝŶŐ͕�ƚŚĞ�ŵĂũŽƌŝƚǇ�ŽĨ�ƉůĂƐŵĂ�ĐĞůůƐ�ŐĞŶĞƌĂƚĞĚ�ŝŶ�/>&Ɛ�ƉƌŽĚƵĐĞ�/Ő�͕�Ă�ƉƌŽƚĞĐƟǀĞ�
ŝŵŵƵŶŽŐůŽďƵůŝŶ� ƚŚĂƚ� ĐĂŶ� ďĞ� ĂĐƟǀĞůǇ� ƚƌĂŶƐƉŽƌƚĞĚ� ĂĐƌŽƐƐ� ƚŚĞ� ĞƉŝƚŚĞůŝĂů� ďĂƌƌŝĞƌ� ƵƉŽŶ�
ŵŝŐƌĂƟŽŶ�ŽĨ�ƉůĂƐŵĂ�ĐĞůůƐ�ŝŶƚŽ�ƚŚĞ�ůĂŵŝŶĂ�ƉƌŽƉƌŝĂ͘

dŚĞ�ƚƌĂŶƐŝƟŽŶ�ĨƌŽŵ��WƐ�ŝŶƚŽ�/>&Ɛ�ĚĞƉĞŶĚƐ�ŽŶ�ŵŝĐƌŽďŝĂů�ĚĞƌŝǀĞĚ�ƐŝŐŶĂůƐ͕�ĂŶĚ�ŝŶ�ŐĞƌŵͲ
ĨƌĞĞ�ŵŝĐĞ�ŶŽ�/>&Ɛ�ĚĞǀĞůŽƉ͘� /Ŷ�ĂĚĚŝƟŽŶ͕� />�ϯͲŵĞĚŝĂƚĞĚ�ĂĐƟǀĂƟŽŶ�ŽĨ�ƐƚƌŽŵĂů�ĐĞůůƐ� ŝŶ�ƚŚĞ�
�W� ŝƐ� ĞƐƐĞŶƟĂů� ĨŽƌ� ƚŚĞ� ƌĞŐƵůĂƚĞĚ� ƚƌĂŶƐŝƟŽŶ� ĨƌŽŵ��W� ƚŽ� />&͕ � ĞƐƚĂďůŝƐŚŝŶŐ� />�ϯ�ĂƐ�ŵĂƐƚĞƌ�
ƌĞŐƵůĂƚŽƌƐ�ŽĨ�ĚĞǀĞůŽƉŵĞŶƚ�ŽĨ�ĐƌǇƉƚŽƉĂƚĐŚĞƐ�ĂŶĚ�ĚŝīĞƌĞŶƟĂƟŽŶ�ŽĨ�/>&Ɛ͕�ŝŶ�ůŝŶĞ�ǁŝƚŚ�ƚŚĞŝƌ�
ĨƵŶĐƟŽŶ�ĚƵƌŝŶŐ�ĞŵďƌǇŽŶŝĐ�ĚĞǀĞůŽƉŵĞŶƚ�ŽĨ�ůǇŵƉŚŽŝĚ�ƟƐƐƵĞƐϭϮϰ͕ϭϮϱ.

�Ɛ�ŵĞŶƟŽŶĞĚ�ŝŶ�ƚŚĞ�ƉƌĞǀŝŽƵƐ�ƉĂƌĂŐƌĂƉŚ͕�/>&Ɛ�ĐŽŶƚĂŝŶ�ĂŶ�ŝůůͲĚĞĮŶĞĚ�d�ĐĞůů�ĂƌĞĂ͘�dŚŝƐ�
ĂůƌĞĂĚǇ� ƐƵŐŐĞƐƚƐ� ƚŚĂƚ� />&Ɛ� ĂƌĞ� ůǇŵƉŚŽŝĚ� ŽƌŐĂŶƐ� ŝŶ� ǁŚŝĐŚ� d� ĐĞůůƐ� ĂƌĞ� ŶŽƚ� ĞƐƐĞŶƟĂů� ĨŽƌ�
ƐƵƉƉŽƌƟŶŐ���ĐĞůů�ƌĞƐƉŽŶƐĞƐ͕�Ă�ŶŽƟŽŶ�ƚŚĂƚ�ŝƐ�ĐŽŶĮƌŵĞĚ�ďǇ�ƚŚĞ�ĨĂĐƚ�ƚŚĂƚ�/>&Ɛ�ĐĂŶ�ŐĞŶĞƌĂƚĞ�
IgA producing plasma cells in the absence of T cellsϭϮϱ͘��Ɛ�ƐƵĐŚ͕�Ă�ƚŚŝƌĚ�ĨƵŶĐƟŽŶ�ŽĨ�/>�ϯ�ŝŶ�
�WͲ/>&�ĚĞǀĞůŽƉŵĞŶƚ�ĂŶĚ�ĨƵŶĐƟŽŶ�ďĞĐŽŵĞƐ�ĂƉƉĂƌĞŶƚ͘�dŚƌŽƵŐŚ�ƚŚĞŝƌ�ƉƌŽĚƵĐƟŽŶ�ŽĨ�dE&ɲ, 
/>�ϯ�ĐĂŶ�ĂĐƟǀĂƚĞ�ƉƌŽĚƵĐƟŽŶ�ŽĨ�DDWƐ�;ŵĂƚƌŝǆ�ŵĞƚĂůůŽƉƌŽƚĞŝŶĂƐĞƐͿ�ďǇ�ƐƚƌŽŵĂů�ĐĞůůƐ�ĂŶĚ�
ŵĂĐƌŽƉŚĂŐĞƐ�ǁŝƚŚŝŶ�ƚŚĞ� />&͘ �dŚĞƐĞ�DDWƐ�ĐĂŶ� ŝŶ�ƚƵƌŶ�ĂĐƟǀĂƚĞ� ůĂƚĞŶƚ�d'&` which is an 
ŝŵƉŽƌƚĂŶƚ�ƐǁŝƚĐŚ�ĨĂĐƚŽƌ�ĨŽƌ�ƚŚĞ�ŐĞŶĞƌĂƟŽŶ�ŽĨ�/Ő�ϭϮϱ͘. 

ILC3 IN THE INTESTINE
/>�ϯ�ĂƌĞ�ƉƌĞƐĞŶƚ� ŝŶ� ƚŚĞ�ĞŶƟƌĞ� ŝŶƚĞƐƟŶĂů� ƚƌĂĐƚ͕� ĂůƚŚŽƵŐŚ� ƚŚĞǇ�ĂƌĞ�ƉƌĞĚŽŵŝŶĂŶƚůǇ� ĨŽƵŶĚ�
ŝŶ� ƚŚĞ�ĚŝƐƚĂů�ƉĂƌƚ�ŽĨ� ƚŚĞ� ƐŵĂůů� ŝŶƚĞƐƟŶĞ7͘� /Ŷ� ƚŚĞ� ĨĞƚĂů�ŵƵƌŝŶĞ� ŝŶƚĞƐƟŶĞ�>dŝ� ĐĞůůƐ� ĂƌĞ� ƚŚĞ�
ƉƌĞĚŽŵŝŶĂŶƚ� />��ƉŽƉƵůĂƟŽŶϭϮϴ͕ϭϮϵ�ŌĞƌ�ďŝƌƚŚ͕� ĂĚĚŝƟŽŶĂů� />�ϯ�ƉŽƉƵůĂƟŽŶƐ�ĂƉƉĞĂƌ� ŝŶ� ƚŚĞ�
ŝŶƚĞƐƟŶĞƐ�ŝŶĐůƵĚŝŶŐ�ĐĞůůƐ�ǁŝƚŚ�ůŽǁ���ϭϭϳ�ĞǆƉƌĞƐƐŝŽŶ�ĂŶĚ�Ă�ƉŽƉƵůĂƟŽŶ�ƚŚĂƚ�ĞǆƉƌĞƐƐ�ƚŚĞ�
ŶĂƚƵƌĂů�ĐǇƚŽƚŽǆŝĐŝƚǇ�ƌĞĐĞƉƚŽƌ�;E�ZͿϰϲ͕ϭϮϵ͘�/Ŷ�ĂĚƵůƚ�ŚƵŵĂŶƐ�ĂŶĚ�ŵŝĐĞ͕�Ă�ƐƵďƐƚĂŶƟĂů�ƉŽƉƵůĂƟŽŶ�
ŽĨ� ŵƵĐŽƐĂů� />�ϯ� ŝƐ� ĐŚĂƌĂĐƚĞƌŝǌĞĚ� ďǇ� ƚŚĞ� ĞǆƉƌĞƐƐŝŽŶ� ŽĨ� E�ZƐϯ͕ϰ͕ϭϬϲ͘� DƵƌŝŶĞ� ŝŶƚĞƐƟŶĂůͲ
ĚĞƌŝǀĞĚ�/>�ϯ�ĞǆƉƌĞƐƐ�E<Ɖϰϲ͕�ǁŚŝůĞ�ŚƵŵĂŶ�ŝŶƚĞƐƟŶĂůͲĚĞƌŝǀĞĚ�/>�ϯ�ƉƌĞĚŽŵŝŶĂŶƚůǇ�ĞǆƉƌĞƐƐ�
E<Ɖϰϰϭ͕Ϯ͕ϭϬϴ. 

/Ŷ�ƚŚĞ�ŵŽƵƐĞ�ŝŶƚĞƐƟŶĞ͕�Ă�ƐƵďƐĞƚ�ŽĨ���Zϲн�/>�ϯ�ƚŚĂƚ�ĐĂŶ�ĞǆƉƌĞƐƐ�ƚŚĞ�d�ĐĞůů�ŵĂƌŬĞƌ���ϰ͕�
ĂƌĞ�ĨŽƵŶĚ�ŝŶ�ůǇŵƉŚŽŝĚ�ĐůƵƐƚĞƌƐ�ĐĂůůĞĚ�ĐƌǇƉƚŽƉĂƚĐŚĞƐ͕�ĐůŽƐĞ�ƚŽ�ƚŚĞ�ŝŶƚĞƐƟŶĂů�ĐƌǇƉƚƐ͘�KƵƚƐŝĚĞ�
ŽĨ�ƚŚĞ�ĐƌǇƉƚŽƉĂƚĐŚĞƐ͕�ŝŶ�ƚŚĞ�ůĂŵŝŶĂ�ƉƌŽƉƌŝĂ�ŽĨ�ƚŚĞ�ǀŝůůŝ͕�ŵŽƐƚ���ZϲͲ�/>�ϯ�ĞǆƉƌĞƐƐŝŶŐ�E<Ɖϰϲ�
are locatedϭ͕ϰ�;&ŝŐƵƌĞ�ϭͿ͘�E�ZƐ�ĂƌĞ�/ŐͲůŝŬĞ�ƚƌĂŶƐŵĞŵďƌĂŶĞ�ƌĞĐĞƉƚŽƌƐ�ƚŚĂƚ�ďĞůŽŶŐ�ƚŽ�Ă�ĨĂŵŝůǇ�
ŽĨ�ĂĐƟǀĂƟŶŐ�ƌĞĐĞƉƚŽƌƐ�ĞǆƉƌĞƐƐĞĚ�ŽŶ�E<�ĐĞůůƐ�ƚŚĂƚ�ŝŶĐůƵĚĞ�E<ƉϯϬ͕�E<Ɖϰϲ�ĂŶĚ�E<ƉϰϰϭϯϬ. 
,ƵŵĂŶ�E<�ĐĞůůƐ�ĐŽŶƐƟƚƵƟǀĞůǇ�ĞǆƉƌĞƐƐ�ƚŚĞ�ĮƌƐƚ�ƚǁŽ�ǁŚŝůĞ�EŬƉϰϰ�ŝƐ�ŽŶůǇ�ĞǆƉƌĞƐƐĞĚ�ƵƉŽŶ�
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ƐƟŵƵůĂƟŽŶ͘�E<Ɖϰϲ�ŝƐ�ĐŽŶƐĞƌǀĞĚ�ĂƐ�Ă�ĐŽŶƐƟƚƵƟǀĞ�E<�ĐĞůů�ŵĂƌŬĞƌ�ŝŶ�ŵŝĐĞ͘�/Ŷ�ĂĚĚŝƟŽŶ�ƚŽ�
ƚŚĞƐĞ�E�ZƐ͕�ŚƵŵĂŶ�/>�ϯ�ĐĂŶ�ĞǆƉƌĞƐƐ�ƚŚĞ�E<�ŵĂƌŬĞƌ���ϱϲϭ͕Ϯ�ĂŶĚ�ŵŽƵƐĞ�/>�ϯ�ĞǆƉƌĞƐƐ�ůŽǁ�
ůĞǀĞůƐ�ŽĨ�E<ϭ͘ϭϯ͕ϰ͕ϭϬϲ.

dŚĞ�ĚŝƐƚƌŝďƵƟŽŶ�ŽĨ�/>�ϯ�ǁŝƚŚŝŶ�ƚŚĞ�ůĂŵŝŶĂ�ƉƌŽƉƌŝĂ�ƐĞĞŵƐ�ƚŽ�ďĞ�ďĂƐĞĚ�ŽŶ�ĐŚĞŵŽŬŝŶĞ�
ŐƌĂĚŝĞŶƚƐ� ĂƐ� E<Ɖϰϲн� />�ϯ� ĞǆƉƌĞƐƐ� �y�Zϲ� ĂŶĚ� ĂĐĐƵŵƵůĂƚĞ� ŝŶ� ƚŚĞ� ǀŝůůŝ� ŝŶ� ƌĞƐƉŽŶƐĞ� ƚŽ�
��ͲĚĞƌŝǀĞĚ� �y�>ϭϲϭϯϭ͘� dŚĞ� ĂŶĂƚŽŵŝĐĂů� ƐĞŐƌĞŐĂƟŽŶ� ŽĨ� />�ϯ� ǁŝƚŚŝŶ� ƚŚĞ� ůĂŵŝŶĂ� ƉƌŽƉƌŝĂ�
ƐƵŐŐĞƐƚƐ� ƐƉĞĐŝĂůŝǌĞĚ� ĨƵŶĐƟŽŶƐ� ĨŽƌ� ��Zϲ� ĂŶĚ� E<Ɖϰϲ� ĞǆƉƌĞƐƐŝŶŐ� />�ϯ͘� &ŝƌƐƚ� ĐůƵĞƐ� ĂďŽƵƚ�
ƚŚĞ�ƐƉĞĐŝĂůŝǌĂƟŽŶ�ŽĨ���Zϲн�/>�ϯ�ŝŶ�ƚŚĞ�ĐƌǇƉƚŽƉĂƚĐŚĞƐ�ĂƌŽƐĞ�ĨƌŽŵ�ƚŚĞ�ƉƌŽƚĞĐƟǀĞ�ƌŽůĞ�ƚŚĂƚ�
/>�ϯͲĚĞƌŝǀĞĚ�/>ͲϮϮ�ĞǆŚŝďŝƚĞĚ�ŝŶ�d�ĐĞůů�ŵĞĚŝĂƚĞĚ�ŬŝůůŝŶŐ�ŽĨ�/^�Ɛϲϭ.  Although lamina propria 
E<Ɖϰϲн� />�ϯ�ĂƌĞ�ĂůƐŽ�ĂŶ� ŝŵƉŽƌƚĂŶƚ�ƐŽƵƌĐĞ�ŽĨ� />ͲϮϮ� ŝŶ�ƚŚĞ�ŵŽƵƐĞ� ŝŶƚĞƐƟŶĞ͕�ƚŚĞ�ƐƉĞĐŝĮĐ�
ĨƵŶĐƟŽŶ�ŽĨ�ƚŚŝƐ�ƐƵďƐĞƚ�ƌĞŵĂŝŶƐ�ƵŶĐůĞĂƌ͘ �DŽƵƐĞ�ŵŽĚĞůƐ�ǁŝƚŚ��͘�ƌŽĚĞŶƟƵŵ�ŝŶĨĞĐƟŽŶ�ŚĂǀĞ�
ƐŚŽǁŶ�ƚŚĂƚ�E<Ɖϰϲ�ĞǆƉƌĞƐƐŝŽŶ�ŝƐ�ŶŽƚ�ƌĞƋƵŝƌĞĚ�ƚŽ�ŵĂŝŶƚĂŝŶ�ŝŶƚĞƐƟŶĂů�ŝŶƚĞŐƌŝƚǇϭϯϮ. Although 
ƚŚĞƐĞ�ĞǆƉĞƌŝŵĞŶƚƐ� ĨĂŝůĞĚ�ƚŽ� ŝĚĞŶƟĨǇ�Ă� ĨƵŶĐƟŽŶ�ĨŽƌ�E<Ɖϰϲ͕� ƚŚŝƐ� ŝŶĨĞĐƟŽƵƐ�ĐŽůŝƟƐ�ŵŽĚĞů�
ŵŽƐƚůǇ�ĂīĞĐƚƐ�ƚŚĞ�ůĂƌŐĞ�ŝŶƚĞƐƟŶĞ�ƌĂƚŚĞƌ�ƚŚĂŶ�ƚŚĞ�ƐŵĂůů�ŝŶƚĞƐƟŶĞ͕�ǁŚĞƌĞ�ŵŽƐƚ�ŽĨ�ƚŚĞ�/>�ϯ�
ĂƌĞ�ĨŽƵŶĚ͘�&ƵƌƚŚĞƌŵŽƌĞ͕�E�Z�ůŝŐĂŶĚƐ�ĂƌĞ�ƉƌĞƐƵŵĞĚ�ƚŽ�ďĞ�ŝŶĚƵĐĞĚ�ƵƉŽŶ�ĚĂŵĂŐĞ�Žƌ�ƐƚƌĞƐƐ͕�
ĂŶĚ�ƌĞƐƉŽŶƐĞ�ĂŐĂŝŶƐƚ�ŝŶĨĞĐƟŽƵƐ�ƉĂƚŚŽŐĞŶƐ�ĂŶĚ�ĞƉŝƚŚĞůŝĂů�ĚĂŵĂŐĞ�ŵĂǇ�ďĞ�ƌĞŐƵůĂƚĞĚ�ďǇ�
ĚŝīĞƌĞŶƚ�ŵĞĐŚĂŶŝƐŵƐ͘��ƵƌŝŶŐ�ƟƐƐƵĞ�ĚĂŵĂŐĞ͕� />�ϯ�ĂĐƟǀĂƟŽŶ�ŵĂǇ�ďĞ� ůŽĐĂůůǇ� ƌĞŐƵůĂƚĞĚ�
Ăƚ�ƚŚĞ�ƐŝƚĞ�ŽĨ�ĚĂŵĂŐĞ�ĂŶĚ�ƚŚƵƐ� ůŽĐĂů�ĐĞůů�ƐƵƌĨĂĐĞ�ůŝŐĂŶĚƐ�ĐŽƵůĚ�ĚƌŝǀĞ�ĂĐƟǀĂƟŽŶ�ŽĨ� />�ϯ͘�
dŚĞƌĞĨŽƌĞ�ƚŽ�ƵŶĚĞƌƐƚĂŶĚ�ƚŚĞ�ƌŽůĞ�ŽĨ�E�Z�ĞǆƉƌĞƐƐŝŽŶ�ŽŶ� />�ϯ͕�ĚŝīĞƌĞŶƚ�ŵŽĚĞůƐ�ďĞƐŝĚĞƐ�
ďĂĐƚĞƌŝĂů�ŝŶĨĞĐƟŽŶ�ĂƌĞ�ŶĞĞĚĞĚ͘

ACTIVATION OF ILC3
/>�ϯ� ĚŝƌĞĐƚůǇ� ŝŶŇƵĞŶĐĞ� ŝŶƚĞƐƟŶĂů� ĞƉŝƚŚĞůŝĂů� ĐĞůůƐ� ƚŚƌŽƵŐŚ� ƉƌŽĚƵĐƟŽŶ� ŽĨ� ĐǇƚŽŬŝŶĞƐ� ƚŚĂƚ�
ĂīĞĐƚ�ĞƉŝƚŚĞůŝĂů�ĮƚŶĞƐƐ�ĂŶĚ� ĨƵŶĐƟŽŶϰ͕ϳϬ͕ϭϯϯͲϭϯϱ. In both mice and humans, ILC3 have the 
ĐĂƉĂĐŝƚǇ�ƚŽ�ƉƌŽĚƵĐĞ�ƚŚĞ�dŚϭϳ�ĂƐƐŽĐŝĂƚĞĚ�ĐǇƚŽŬŝŶĞƐ�/>ͲϭϳĂ�ĂŶĚ�/>ͲϮϮϮ͕ϰ͕ϭϯϰͲϭϯϴ. Especially the 
ůĂƩĞƌ�ŝƐ�ĂƐƐŽĐŝĂƚĞĚ�ǁŝƚŚ�/>�ϯ�ůŽĐĂƚĞĚ�ŝŶ�ŵƵĐŽƐĂů�ƟƐƐƵĞƐ�ǁŚĞƌĞ�ŝƚ�ŚĂƐ�ďĞĞŶ�ƐŚŽǁŶ�ƚŽ�ƉůĂǇ�
ĂŶ�ĞƐƐĞŶƟĂů�ƌŽůĞ�ŝŶ�ŝŶƚĞƐƟŶĂů�ŚŽŵĞŽƐƚĂƐŝƐ�ĂŶĚ�ŚŽƐƚ�ĚĞĨĞŶƐĞϳϰ͕ϭϯϮ͕ϭϯϵ 

/Ŷ�ŵƵƌŝŶĞ�ŝŶƚĞƐƟŶĞƐ�/>�ϯ�ĂƌĞ�ƚŚĞ�ŵĂŝŶ�ĐĞůůƵůĂƌ�ƐŽƵƌĐĞ�ŽĨ�/>ͲϮϮϭϯϰ, are located directly 
underneath the epithelium, both in the lamina propria as well as in cryptopatches, ideally 
ƉŽƐŝƟŽŶĞĚ�ĨŽƌ�ƌĞŐƵůĂƟŶŐ�ƚŚĞ�ŝŶƚĞƐƟŶĂů�ĞƉŝƚŚĞůŝƵŵ͘�>ŝŐĂƟŽŶ�ŽĨ�ƚŚĞ�/>ͲϮϮZ�ĞǆƉƌĞƐƐĞĚ�ďǇ�/���
ƌĞŐƵůĂƚĞƐ�ƚŚĞ�ƉƌŽĚƵĐƟŽŶ�ŽĨ�ĂŶƟŵŝĐƌŽďŝĂů�ƉĞƉƟĚĞƐ͕�ǁŚŝĐŚ�ĂƌĞ�ƐĞĐƌĞƚĞĚ�ŝŶƚŽ�ƚŚĞ�ŝŶƚĞƐƟŶĂů�
lumen and are important for maintaining the balance with the microbiotaϰ͕ϳϬ͕ϭϯϯͲϭϯϱ.  

While ŝŶ�ǀŝƚƌŽ͕�ďŽƚŚ�ŵŽƵƐĞ�ĂŶĚ�ŚƵŵĂŶ�/>�ϯ͕�ƌĞƐƉŽŶĚ�ƚŽ�/>ͲϮϯ�ǁŝƚŚ�ŝŶĚƵĐƟŽŶ�ŽĨ�/>ͲϮϮ�
ƐĞĐƌĞƟŽŶϰ͕ϭϯϱͲϭϯϳ͕ϭϰϬ, ŝŶ� ǀŝǀŽ�ŵƵƌŝŶĞ� ŝŶƚĞƐƟŶĂů� />�ϯ� ƌĞƐƉŽŶĚ� ƚŽ� />Ͳϭɴ and do not depend 
ŽŶ�/>ͲϮϯ�ĨŽƌ�ƚŚĞŝƌ�ŚŽŵĞŽƐƚĂƟĐ�ƉƌŽĚƵĐƟŽŶ�ŽĨ�/>ͲϮϮϭϬϳ͕ϭϯϰ.In cultured human tonsil-derived 
/>�ϯ͕�/>ͲϮϯ�ĂůŽŶĞ�ŝƐ�ŶŽƚ�ƐƵĸĐŝĞŶƚ�ƚŽ�ŝŶĚƵĐĞ�/>ͲϮϮ�ĂŶĚ�ƌĞƋƵŝƌĞƐ�ĂŶ�ĂĚĚŝƟŽŶĂů�ĐŽͲƐƟŵƵůĂƚŽƌǇ�
signal. This second signal can be either a cytokine such as IL-2 or a TLR ligand89. Tonsil-
ĚĞƌŝǀĞĚ�/>�ϯ�ĂůƐŽ�ƐĞĐƌĞƚĞ�/>ͲϮ͕�ŵĂŬŝŶŐ�ƚŚĞŵ�Ă�ƵŶŝƋƵĞ�ŶŽŶͲd�ĐĞůů�ƐŽƵƌĐĞ�ŽĨ�ƚŚŝƐ�ĐǇƚŽŬŝŶĞ89.

1
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/Ŷ�ĂĚĚŝƟŽŶ͕�ŚƵŵĂŶ�/>�ϯ�ĞǆƉƌĞƐƐ�d>ZƐ�ĂŶĚ�ƐŝŐŶĂůŝŶŐ�ƚŚƌŽƵŐŚ�d>ZϮ�ĐĂŶ�ĨƵŶĐƟŽŶ�ĂƐ�Ă�ĐŽͲ
ƐƟŵƵůĂƚŽƌǇ�ƐŝŐŶĂů�ŝŶ�ĐŽŶũƵŶĐƟŽŶ�ǁŝƚŚ�/>ͲϮϯ�Žƌ�/>Ͳϭϱ89. /Ŷ�ǀŝǀŽ, the TLR-2 ligand Zymosan 
ŝƐ�ĂďůĞ�ƚŽ�ŝŶĚƵĐĞ�/>ͲϮϮ�ƉƌŽĚƵĐƟŽŶ�ŝŶ�ŵƵƌŝŶĞ�/>�ϯ�ŝŶ�ĂŶ�ŝŶĚŝƌĞĐƚ�ŵĂŶŶĞƌ͕ �ĚĞƉĞŶĚĞŶƚ�ŽŶ�
IL-23ϭϬϱ͘���ůŝŬĞůǇ�ŝŶƚĞƌŵĞĚŝĂƚĞ�ŝŶ�ƚŚŝƐ�/>�ϯ�ĂĐƟǀĂƟŽŶ�ĂƌĞ�ŵĂĐƌŽƉŚĂŐĞƐͬĚĞŶĚƌŝƟĐ�ĐĞůůƐ�ƚŚĂƚ�
ĞǆƉƌĞƐƐ�d>ZƐ�ĂŶĚ�ĐĂŶ�ƉƌŽĚƵĐĞ�/>ͲϮϯ͘

/>�ϯ�ĂůƐŽ�ŚĂǀĞ�ƚŚĞ�ĂďŝůŝƚǇ�ƚŽ�ƉƌŽĚƵĐĞ�ƚŚĞ�ƉƌŽͲŝŶŇĂŵŵĂƚŽƌǇ�dŚͲϭϳ�ĐǇƚŽŬŝŶĞ͕�/>ͲϭϳĂ͘�/Ŷ�
ŚƵŵĂŶƐ͕�/>�ϯ�ĚĞƌŝǀĞĚ�ĨƌŽŵ�ĨĞƚĂů�ĚĞǀĞůŽƉŝŶŐ�ůǇŵƉŚ�ŶŽĚĞƐ�ĐŽŶƚĂŝŶ�ƚƌĂŶƐĐƌŝƉƚƐ�ĨŽƌ�/>ϭϳĂ͕�
while lacking IL-22 transcripts2͘�dŚĞ�ĨƵŶĐƟŽŶ�ŽĨ�/>Ͳϭϳ�ŝŶ�ůǇŵƉŚ�ŶŽĚĞ�ĚĞǀĞůŽƉŵĞŶƚ�ŝƐ�ƐƟůů�
ƵŶĐůĞĂƌ͕ �ĂƐ�/>Ͳϭϳ�ĚĞĮĐŝĞŶƚ�ŵŝĐĞ�ĚŽ�ŶŽƚ�ŚĂǀĞ�ŽďǀŝŽƵƐ�ĚĞĨĞĐƚƐ�ŝŶ�ůǇŵƉŚŽŝĚ�ŽƌŐĂŶŽŐĞŶĞƐŝƐ͘�
/>�ϯ�ŝŶ�ŵƵƌŝŶĞ�ĨĞƚĂů�ŝŶƚĞƐƟŶĞƐ�ĂůƐŽ�ƉƌŽĚƵĐĞ�/>ͲϭϳĂ͕�ŝŶ�ĐŽŶĐĞƌƚ�ǁŝƚŚ�/>ͲϮϮϭϯϰ. 

dŚĞ� ŽŶůǇ� ƌĞƉŽƌƚĞĚ� ŝŶĚƵĐƟŽŶ� ŽĨ� />ͲϭϳĂ� ŝŶ� ĐƵůƚƵƌĞĚ� ŚƵŵĂŶ� />�ϯ� ŝŶǀŽůǀĞĚ� ƐŝŐŶĂůŝŶŐ�
ƚŚƌŽƵŐŚ�ƚŚĞ�/>ϭZϭϰϭ͘�dŚŝƐ�ƐƵŐŐĞƐƚƐ�ƚŚĂƚ�ƐƉĞĐŝĮĐ�ŝŶŇĂŵŵĂƟŽŶͲƌĞůĂƚĞĚ�ƐŝŐŶĂůƐ�ŵŝŐŚƚ�ĐŽŶƚƌŽů�
ƚŚĞ�ƉƌŽĚƵĐƟŽŶ�ŽĨ�/>ͲϭϳĂ�ŝŶ�ĂŶ�ĂŶƟŐĞŶͲŝŶĚĞƉĞŶĚĞŶƚ�ŵĂŶŶĞƌ͘ �/ŶͲǀŝƚƌŽ͕�ŝŶĚƵĐƟŽŶ�ŽĨ�/>ͲϭϳĂ�
ŽĐĐƵƌƌĞĚ�ŝŶ�ĐĞůůƐ�ƚŚĂƚ�ǁĞƌĞ�ĂůƐŽ�ĞǆƉŽƐĞĚ�ƚŽ�/>Ͳϳ�ĂŶĚͬŽƌ�^�&�ĂŶĚ�ŝƚ�ŝƐ�ĐŽŶĐĞŝǀĂďůĞ�ƚŚĂƚ�ŝŶ�
ƉĂƌĂůůĞů�ƚŽ�ƚŚĞ�ŝŶĚƵĐƟŽŶ�ŽĨ�/>ͲϮϮ͕�Ă�ĐŽŵďŝŶĂƟŽŶ�ŽĨ�ƐŝŐŶĂůƐ�ŝƐ�ŶĞĞĚĞĚ�ĨŽƌ�/>ͲϭϳĂ�ƐĞĐƌĞƟŽŶ͘�
^ŝŶĐĞ�/>ͲϭϳĂ�ŝƐ�Ă�ǀĞƌǇ�ƉŽƚĞŶƚ�ƉƌŽͲŝŶŇĂŵŵĂƚŽƌǇ�ĐǇƚŽŬŝŶĞ�ŝƚƐ�ĞǆƉƌĞƐƐŝŽŶ�ŝŶ�d�ŚĞůƉĞƌ�ĐĞůůƐ�ŝƐ�
ƵŶĚĞƌ�ƟŐŚƚ�ĐŽŶƚƌŽů�ĂŶĚ�ƌĞƋƵŝƌĞƐ�Ă�ƐƚƌŽŶŐ�d�Z�ƐŝŐŶĂů�ŝŶ�ĐŽŶũƵŶĐƟŽŶ�ƚŽ�ƚŚĞ�ƌŝŐŚƚ�ĐǇƚŽŬŝŶĞ�
ĞŶǀŝƌŽŶŵĞŶƚ͘�^ŝŶĐĞ�/>�ϯ�ůĂĐŬ�ƐƉĞĐŝĮĐ�ĂŶƟŐĞŶ�ƌĞĐĞƉƚŽƌƐ͕�ĐŽŶƚƌŽů�ŽĨ�/>ͲϭϳĂ�ƉƌŽĚƵĐƟŽŶ�ǁŝůů�
ƉƌŽďĂďůǇ�ďĞ�ƌĞŐƵůĂƚĞĚ�ƚŚƌŽƵŐŚ�Ă�ĐŽŵďŝŶĂƟŽŶ�ŽĨ�ƐƉĞĐŝĮĐ�ƐŝŐŶĂůƐ�ƚŽ�ĂǀŽŝĚ�ƵŶƟŵĞůǇ�ƌĞůĞĂƐĞ�
of this cytokine.

dŚĞƌĞ�ĂƌĞ�ĐŽŶƚƌĂĚŝĐƚŽƌǇ�ĚĂƚĂ�ŽŶ�ƚŚĞ�ƌŽůĞ�ŽĨ�ƚŚĞ�ŵŝĐƌŽďŝŽƚĂ� ŝŶ�ĐŽŶƚƌŽůůŝŶŐ�ĂĐƟǀĂƟŽŶ�
ĂŶĚ�/>ͲϮϮ�ƉƌŽĚƵĐƟŽŶ�ďǇ�/>�ϯ͕�ĞƐƉĞĐŝĂůůǇ�ƌĞŐĂƌĚŝŶŐ�ƚŚĞ�E�Zн�ƐƵďƐĞƚ͘��/ŶŝƟĂů�ĞǆƉĞƌŝŵĞŶƚƐ͕�
had shown that in germ-free mice, LTi cells develop normally, as shown by the presence of 
ůǇŵƉŚ�ŶŽĚĞƐ�ŝŶ�ƚŚĞƐĞ�ŵŝĐĞ͕�ďƵƚ�ƚŚĞ�ĨƌĞƋƵĞŶĐǇ�ŽĨ�E<Ɖϰϲн/>�ϯ�ǁĂƐ�ƐŝŐŶŝĮĐĂŶƚůǇ�ƌĞĚƵĐĞĚϰ͕ϭϯϲ. 
/Ŷ�ůŝŶĞ�ǁŝƚŚ�ƚŚĞ�ƌĞĚƵĐƟŽŶ�ŽĨ�/>�ϯ͕�/>ͲϮϮ�ƉƌŽĚƵĐƟŽŶ�ŝŶ�ƚŚĞ�ŝŶƚĞƐƟŶĞƐ�ǁĂƐ�ŝŵƉĂŝƌĞĚ͘

In contrast, other reports indicate opposite results, where murine ILC3 from the sterile 
ĨĞƚĂů� ŝŶƚĞƐƟŶĞ͕�ĞǆƉƌĞƐƐ�/>ͲϮϮ�ĂŶĚ�/>Ͳϭϳ�ƚƌĂŶƐĐƌŝƉƚƐ͕�ǁŚŝĐŚ�ůĞǀĞůƐ�ĚĞĐƌĞĂƐĞ�ĂƐ�ŵŝĐƌŽďŝŽƚĂ�
ĐŽůŽŶŝǌĂƟŽŶ�ƚĂŬĞƐ�ƉůĂĐĞ74. 

DŽƌĞŽǀĞƌ͕ � ĐŽŵŵĞŶƐĂů� ŵŝĐƌŽďŝŽƚĂͲŝŶĚƵĐĞĚ� ƉƌŽĚƵĐƟŽŶ� ŽĨ� />ͲϮϱ͕� ǁĂƐ� ƐŚŽǁŶ� ƚŽ� ďĞ�
ƌĞƐƉŽŶƐŝďůĞ�ĨŽƌ�ƚŚĞ�ĚĞĐƌĞĂƐĞ�ŝŶ�/>ͲϮϮ�ƐĞĐƌĞƟŽŶ�ďǇ�ĂĚƵůƚ�ŵƵƌŝŶĞ�ŝŶƚĞƐƟŶĂů�/>�ϯ�ĂŶĚ�ŝŶ�ŐĞƌŵ�
ĨƌĞĞ�ŵŝĐĞ�/>ͲϮϮ�ƉƌŽĚƵĐƟŽŶ�ďǇ�/>�ϯ�ǁĂƐ�ŝŶĐƌĞĂƐĞĚϭϯϰ.

�ƚ�ƉƌĞƐĞŶƚ�ŝƚ�ŝƐ�ǀĞƌǇ�ĚŝĸĐƵůƚ�ƚŽ�ƌĞĐŽŶĐŝůĞ�ƚŚĞƐĞ�ĚŝīĞƌĞŶƚ�ǀŝĞǁƉŽŝŶƚƐ͘�dŚĞƌĞ�ŝƐ�ĐůĞĂƌůǇ�
ĂŶ� ŝŵƉŽƌƚĂŶƚ� ƌŽůĞ� ĨŽƌ� ƚŚĞ�ŵŝĐƌŽďŝŽƚĂ� ŝŶ� ƚŚĞ� ƌĞŐƵůĂƟŽŶ� ďĂƐĂů� ĨƵŶĐƟŽŶ� ŽĨ� ŝŶƚĞƐƟŶĂů� >dŝ�
cells. This mere fact might already reveal part of the underlying problem, as microbial 
ĐŽŶƚĞŶƚ�ŝƐ�ůŝŬĞůǇ�ƚŽ�ĚŝīĞƌ�ŝŶ�ƚŚĞ�ǀĂƌŝŽƵƐ�ĂŶŝŵĂů�ĨĂĐŝůŝƟĞƐ͘�dŚŝƐ�ǁŽƵůĚ�ŚŽǁĞǀĞƌ�ŶŽƚ�ĞǆƉůĂŝŶ�
ƚŚĞ�ŽƉƉŽƐŝƚĞ�ĮŶĚŝŶŐƐ�ǁŝƚŚ�ŐĞƌŵ�ĨƌĞĞ�ŵŝĐĞ͘

KĨ�ŶŽƚĞ͕� />ͲϮϯ� ŝƐ�ŶŽƚ�ĞƐƐĞŶƟĂů� ĨŽƌ� ƚŚĞ�ƉƌŽĚƵĐƟŽŶ�ŽĨ� />ͲϮϮ�ďǇ� />�ϯ� ŝŶ� ƚŚĞ� ŝŶƚĞƐƟŶĞƐ͕�
ŝŶĚŝĐĂƟŶŐ� ƚŚĂƚ�ĂĚĚŝƟŽŶĂů�ŵĞĐŚĂŶŝƐŵƐ�ŽĨ� ƌĞŐƵůĂƟŽŶ�ĂƌĞ�Ăƚ�ƉůĂǇϭϯϰ. The microbiota and 
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/>�ϯ� ƚŚƵƐ�ŵĂŝŶƚĂŝŶ� Ă� ĮŶĞ� ďĂůĂŶĐĞ� ƚƵŶĞĚ� ƚŽ� ŽƉƟŵŝǌĞ� ŚŽŵĞŽƐƚĂƐŝƐ͘�tŚĞŶ� ƚŚŝƐ� ďĂůĂŶĐĞ�
ŝƐ� ĚŝƐƌƵƉƚĞĚ� ďǇ� ĞǆƉĞƌŝŵĞŶƚĂůůǇ� ŝŶĚƵĐĞĚ� ĞƉŝƚŚĞůŝĂů� ĚĂŵĂŐĞ͕� />ͲϮϮ� ƉƌŽĚƵĐƟŽŶ� ďǇ� />�ϯ�
ŝŶĐƌĞĂƐĞƐ�ĂŶĚ�ĂŝĚƐ� ŝŶ�ƚŚĞ�ƌĞƐƚŽƌĂƟŽŶ�ŽĨ�ƚŚĞ� ŝŶƚĞƐƟŶĂů�ďĂƌƌŝĞƌ�ƚŚƌŽƵŐŚ�ĚŝƌĞĐƚ�ĞīĞĐƚƐ�ŽŶ�
epithelial cellsϭϰϮ.  

�ĞƐŝĚĞƐ� ƚŚĞ� d>ZͲ� ĂŶĚ� ĐǇƚŽŬŝŶĞͲŝŶĚƵĐĞĚ� ĂĐƟǀĂƟŽŶ� ŽĨ� />�ϯ͕� ĂĚĚŝƟŽŶĂů� ŵĞĐŚĂŶŝƐŵƐ�
ĐŽŶƚƌŝďƵƚĞ� ƚŽ� ƐĞĐƌĞƟŽŶ�ŽĨ� ĐǇƚŽŬŝŶĞƐ�ďǇ� />�ϯ͘��� ůĂƌŐĞ�ŶƵŵďĞƌ�ŽĨ�ŵƵĐŽƐĂů� />�ϯ�ĞǆƉƌĞƐƐ�
E�ZƐ�ĂŶĚ�ƚŚŝƐ�ƉŚĞŶŽƚǇƉĞ�ŝƐ�ĂƐƐŽĐŝĂƚĞĚ�ǁŝƚŚ�ĂŶ�ĂĐƟǀĂƚĞĚ�ƐƚĂƚƵƐ͘�^ŝŶĐĞ�E<Ɖϰϲ�ĂĐƚƐ�ĂƐ�ĂŶ�
ĂĐƟǀĂƟŶŐ�ƌĞĐĞƉƚŽƌ�ŽŶ�E<�ĐĞůůƐ͕�ŝƚ�ŝƐ�ƌĞĂƐŽŶĂďůĞ�ƚŽ�ĐŽŶƐŝĚĞƌ�ƚŚĂƚ�ĞǆƉƌĞƐƐŝŽŶ�ŽĨ�E�ZƐ�ŽŶ�
/>�ϯ�ŵŝŐŚƚ� ĨƵŶĐƟŽŶ�ĂƐ� ĂĐƟǀĂƟŶŐ� ƌĞĐĞƉƚŽƌƐ� ĂƐ�ǁĞůů͘� /ŶĚĞĞĚ͕� ŝŶ� ǀŝƚƌŽ� ĞǆƉĞƌŝŵĞŶƚƐ�ŚĂǀĞ�
ƐŚŽǁŶ�ƚŚĂƚ�E<Ɖϰϰ�ŝƐ�ĨƵŶĐƟŽŶĂů�ŽŶ�ŚƵŵĂŶ�ƚŽŶƐŝůͲĚĞƌŝǀĞĚ�/>�ϯ�ĂŶĚ�ŝƚƐ�ƚƌŝŐŐĞƌŝŶŐ�ƉƌŽŵŽƚĞƐ�
ƚŚĞ�ĞǆƉƌĞƐƐŝŽŶ�ŽĨ�ƉƌŽͲŝŶŇĂŵŵĂƚŽƌǇ�ĐǇƚŽŬŝŶĞƐϭϰϯ͘��ůƚŚŽƵŐŚ�ĞŶŐĂŐĞŵĞŶƚ�ŽĨ�E<Ɖϰϰ�ĂůŽŶĞ�
ŝƐ� ĐĂƉĂďůĞ� ŽĨ� ŝŶĚƵĐŝŶŐ� dE&ɲ� ƉƌŽĚƵĐƟŽŶ͕� ĂĚĚŝƟŽŶĂů� ĐǇƚŽŬŝŶĞ� ƐŝŐŶĂůƐ� ĂƌĞ� ŶĞĐĞƐƐĂƌǇ� ƚŽ�
ƉƌŽŵŽƚĞ�/>ͲϮϮ�ĂŶĚ�'DͲ�^&�ƐĞĐƌĞƟŽŶ�ďǇ�/>�ϯ͘�/Ŷ�ƚŚŝƐ�ŵŽĚĞů�ŽĨ�ĂĐƟǀĂƟŽŶ͕�/>ͲϮϯ͕�/>Ͳϭď�ĂŶĚ�
/>ͲϮ�ĂĐƚ�ƐǇŶĞƌŐŝƐƟĐĂůůǇ�ǁŝƚŚ�E<Ɖϰϰ�ƚŽ�ŝŶĚƵĐĞ�ƚŚĞ�ŚŽŵĞŽƐƚĂƟĐ�ĐǇƚŽŬŝŶĞ�ƉƌŽĚƵĐƟŽŶ͘�^ŝŶĐĞ�
E�Z�ůŝŐĂŶĚƐ�ĂƌĞ�ƚŚŽƵŐŚƚ�ƚŽ�ďĞ�ĚĂŵĂŐĞͲŝŶĚƵĐĞĚ�ůŝŐĂŶĚƐϭϰϰ�͕�ƚŚĞƐĞ�ĮŶĚŝŶŐƐ�ƐƵŐŐĞƐƚ�Ă�ůŽĐĂů�
ĂĐƟǀĂƟŽŶ�ŽĨ�/>�ϯ�ƚŚĂƚ�ŝŶ�ĐŽŶƚƌĂƐƚ�ƚŽ�ƐŽůƵďůĞ�ĐǇƚŽŬŝŶĞƐ�ǁŽƵůĚ�ĚƌŝǀĞ�Ă�ƐƉĞĐŝĮĐ�ŝŶŇĂŵŵĂƚŽƌǇ�
ƌĞƐƉŽŶƐĞ�ďĂƐĞĚ�ŽŶ�ƚŚĞ�ĞǆƉƌĞƐƐŝŽŶ�ŽĨ�E�Z�ůŝŐĂŶĚƐ�ŝŶ�ƚŚĞ�ƟƐƐƵĞ͘��ĞƌƚĂŝŶůǇ͕ �E<Ɖϰϰ�ůŝŐĂŶĚƐ�
ĞǆƉƌĞƐƐĞĚ�ďǇ�ƚƵŵŽƌ�ĞƉŝƚŚĞůŝĂů�ĐĞůů�ůŝŶĞƐ�ƚƌŝŐŐĞƌ�/>�ϯ�ĂĐƟǀĂƟŽŶ�ĂŶĚ�ƉƌŽĚƵĐƟŽŶ�ŽĨ�ďŽƚŚ�/>Ͳ
ϮϮ�ĂŶĚ�dE&ɲϭϰϯ͕�ĚĞŵŽŶƐƚƌĂƟŶŐ�Ă�ĨƵŶĐƟŽŶĂů�ƌŽůĞ�ŽĨ�E�Z�ĞǆƉƌĞƐƐŝŽŶ�ŽŶ�ŚƵŵĂŶ�/>�ϯ͘�

KŶ� ƚŚĞ� ĐŽŶƚƌĂƌǇ͕ � ƚŚĞ� ĨƵŶĐƟŽŶĂů� ƌŽůĞ� ŽĨ�E<Ɖϰϲ� ĞǆƉƌĞƐƐŝŽŶ� ŽŶ�ŵƵƌŝŶĞ� />�ϯ� ƌĞŵĂŝŶƐ�
ĞůƵƐŝǀĞ�ĂƐ�E<Ɖϰϲ�ĐƌŽƐƐͲůŝŶŬŝŶŐ�ĚŽĞƐ�ŶŽƚ�ŝŶĚƵĐĞ�ƉƌŽĚƵĐƟŽŶ�ŽĨ�ĐǇƚŽŬŝŶĞƐϭϰϯ. These results 
ƚŽŐĞƚŚĞƌ�ǁŝƚŚ�ƚŚĞ�ŽďƐĞƌǀĂƟŽŶ�ƚŚĂƚ�E<Ɖϰϲ�ŝƐ�ĚŝƐƉĞŶƐĂďůĞ�ĚƵƌŝŶŐ��͘�ƌŽĚĞŶƟƵŵ�ŝŶĨĞĐƟŽŶϭϯϮ 
ƐƵŐŐĞƐƚ�ƚŚĂƚ�E�Z�ĞǆƉƌĞƐƐŝŽŶ�ŽŶ�ŵƵƌŝŶĞ�/>�ϯ�ŵŝŐŚƚ�ďĞ�ƌĞĚƵŶĚĂŶƚ͘�EĞǀĞƌƚŚĞůĞƐƐ͕�ŵƵƌŝŶĞ�
E<Ɖϰϲн�/>�ϯ�ƌĞƉƌĞƐĞŶƚ�Ă�ĐŽŶƐŝƐƚĞŶƚ�ĂŶĚ�ĂďƵŶĚĂŶƚ�ƉŽƉƵůĂƟŽŶ�ŝŶ�ƚŚĞ�ŝŶƚĞƐƟŶĂů�ŵƵĐŽƐĂ͕�
ĂŶĚ� ŝƚ� ŝƐ� ůŝŬĞůǇ�ƚŚĂƚ�ĂĚĚŝƟŽŶĂů�ƐŝŐŶĂůƐ�ƚƌŝŐŐĞƌ�ƚŚĞŝƌ�ĂĐƟǀĂƟŽŶ͘�WĞƌŚĂƉƐ�E<ƉϰϲͲŵĞĚŝĂƚĞĚ�
ĂĐƟǀĂƟŽŶ�ŽĨ�/>�ϯ�ƌĞƋƵŝƌĞƐ�ĐŽͲƐƟŵƵůĂƚŽƌǇ�ƐŝŐŶĂůƐ�ƚŚĂƚ�ĂƌĞ�ŽŶůǇ�ĨŽƵŶĚ�ŝŶ�ǀŝǀŽ under certain 
ƉŚǇƐŝŽůŽŐŝĐĂů�ĐŽŶĚŝƟŽŶƐ�ĂŶĚ�ƚŚƵƐ�ůŝŵŝƟŶŐ�ƐǇƐƚĞŵ�ƉƌŽĚƵĐƟŽŶ�ŽĨ�ŝŶŇĂŵŵĂƚŽƌǇ�ĐǇƚŽŬŝŶĞƐ͘

ILC3 MAINTAINING INTESTINAL HOMEOSTASIS
&ŽƌŵĂƟŽŶ� ŽĨ� ŝŶĚƵĐŝďůĞ� ůǇŵƉŚŽŝĚ� ƟƐƐƵĞƐ� ŝŶ� ƚŚĞ� ŝŶƚĞƐƟŶĞƐ� ŝƐ� ƉĂƌƚ� ŽĨ� ƚŚĞ� ŶŽƌŵĂů�
ĚĞǀĞůŽƉŵĞŶƚ�ŽĨ�ƚŚĞ�ŚŽŵĞŽƐƚĂƟĐ�ĞƋƵŝůŝďƌŝƵŵ�ŽĨ�ŝŶƚĞƐƟŶĂů�ŝŵŵƵŶŝƚǇ�ĂŶĚ�ƚŚĞ�ĐŽŵŵĞŶƐĂů�
ŵŝĐƌŽŇŽƌĂ͘�,ŽǁĞǀĞƌ͕ �ƚŚĞƌĞ�ĂƌĞ�ŵĂŶǇ�ĞǆĂŵƉůĞƐ�ŽĨ�ůǇŵƉŚŽŝĚ�ƟƐƐƵĞƐ�ĨŽƌŵŝŶŐ�ŝŶ�ĂĚƵůƚŚŽŽĚ�
ŝŶ�ƌĞƐƉŽŶƐĞ�ƚŽ�ĐŚƌŽŶŝĐ�ŝŵŵƵŶĞ�ĂĐƟǀĂƟŽŶ�ĚƵƌŝŶŐ�ŝŶĨĞĐƟŽŶƐ͕�ĂƵƚŽͲŝŵŵƵŶĞ�ĚŝƐĞĂƐĞƐ�ĂŶĚ�
some forms of cancerϭϰϱ͘�dŚĞ�ĞǆĂĐƚ�ĨƵŶĐƟŽŶ�ŽĨ�ƚŚĞƐĞ�ƐŽͲĐĂůůĞĚ�ƚĞƌƟĂƌǇ�ůǇŵƉŚŽŝĚ�ƟƐƐƵĞƐ�ŝƐ�
ƐƟůů�ƵŶƌĞƐŽůǀĞĚ�ĂŶĚ�ŵŝŐŚƚ�ďĞ�ĞŝƚŚĞƌ�ďĞŶĞĮĐŝĂů�Žƌ�ƉĂƚŚŽůŽŐŝĐĂů�ĚĞƉĞŶĚŝŶŐ�ŽŶ�ƚŚĞ�ĚŝƐĞĂƐĞ͕�
ƚŚĞ�ƟƐƐƵĞ�Žƌ�ĞǀĞŶ� ƚŚĞ� ƐƚĂŐĞ�ŽĨ�ĚŝƐĞĂƐĞ͘�DĂŶǇ�ŽĨ� ƚŚĞ�ĞīĞĐƚŽƌ�ŵŽůĞĐƵůĞƐ�ĞǆƉƌĞƐƐĞĚ�ďǇ�
ĨĞƚĂů�/>�ϯ�ƚŚĂƚ�ĂƌĞ�ĞƐƐĞŶƟĂů�ĨŽƌ�ŝŶĚƵĐƟŽŶ�ŽĨ�ƚŚĞ�ƉƌŽŐƌĂŵŵĞĚ�ůǇŵƉŚŽŝĚ�ƟƐƐƵĞƐ�ĂŶĚ�ĞǀĞŶ�
ŽĨ�ƚŚĞ��WƐ�ĂƌĞ�ĂůƐŽ�ĞǆƉƌĞƐƐĞĚ�ďǇ�ĂĐƟǀĂƚĞĚ�d�ĐĞůůƐ͕���ĐĞůůƐ�Žƌ�E<�ĐĞůůƐ͘�dŚŝƐ�ƐƵŐŐĞƐƚƐ�ƚŚĂƚ�
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ĚƵƌŝŶŐ�ŝŶŇĂŵŵĂƟŽŶ͕�ǁŚĞŶ�ƚĞƌƟĂƌǇ�ůǇŵƉŚŽŝĚ�ƟƐƐƵĞƐ�ĐĂŶ�ĨŽƌŵ͕�ŵĂŶǇ�ĚŝīĞƌĞŶƚ�ŝŵŵƵŶĞ�
ĐĞůůƐ�ŵŝŐŚƚ�ŚĂǀĞ�ůǇŵƉŚŽŝĚ�ƟƐƐƵĞ�ŝŶĚƵĐŝŶŐ�ĐĂƉĂĐŝƚǇ͘

dŚĞ�ŝŶƚĞƐƟŶĂů�ŝŵŵƵŶĞ�ƐǇƐƚĞŵ�ŬĞĞƉƐ�ĞƋƵŝůŝďƌŝƵŵ�ǁŝƚŚ�ƚŚĞ�ĐŽŵŵĞŶƐĂů�ŇŽƌĂ�ďǇ�ďĞŝŶŐ�
ŝŶ�Ă�ĐŽŶƟŶƵŽƵƐ�ƐƚĂƚĞ�ŽĨ�ĂĐƟǀĂƟŽŶ͘�,ŽǁĞǀĞƌ͕ �ŵŽƐƚ�ŽĨ�ƚŚĞ�ŽƌŐĂŶŽŐĞŶŝĐ�ĞǀĞŶƚƐ�ƚŚĂƚ�ŽĐĐƵƌ�
ŝŶ�ƚŚĞ� ŝŶƚĞƐƟŶĞƐ͕�ƐƵĐŚ�ĂƐ�ƚŚĞ�ŵĂƚƵƌĂƟŽŶ�ŽĨ� />&Ɛ͕�ĂƌĞ�ĐŽŶƚƌŽůůĞĚ�ďǇ� />�ϯ�ƌĂƚŚĞƌ�ƚŚĂŶ�ďǇ�
ĂĐƟǀĂƚĞĚ� ĂĚĂƉƟǀĞ� ŝŵŵƵŶĞ� ĐĞůůƐ͘� EŽŶĞƚŚĞůĞƐƐ͕� ĚƵƌŝŶŐ� ĐŚƌŽŶŝĐ� ŝŶŇĂŵŵĂƚŽƌǇ� ĚŝƐĞĂƐĞƐ�
ůŝŬĞ� �ƌŽŚŶ Ɛ͛� ĚŝƐĞĂƐĞ� Žƌ� ƉĞƌƐŝƐƚĞŶƚ� ŝŶĨĞĐƟŽŶƐ� ůŝŬĞ� ,ĞůŝĐŽďĂĐƚĞƌ� ƉǇůŽƌŝ in the stomach, 
lymphoid neogenesis occurs which is most likely independent of ILC3ϭϰϱ͘�/Ŷ�ĞǆƉĞƌŝŵĞŶƚĂů�
ƐǇƐƚĞŵƐ͕�ƚŚĞ�ůǇŵƉŚŽŝĚ�ƟƐƐƵĞ�ŝŶĚƵĐŝŶŐ�ĐĂƉĂĐŝƚǇ�ŽĨ�ĂĐƟǀĂƚĞĚ���ĐĞůůƐ�ŝŶ�ƚŚĞ�ŝŶƚĞƐƟŶĞƐ�ǁĂƐ�
ĐŽŵƉĞůůŝŶŐůǇ�ƐŚŽǁŶ͘�DŝĐĞ�ǁŝƚŚ�Ă�ƚĂƌŐĞƚĞĚ�ĚĞůĞƟŽŶ�ŽĨ�ZŽƌĐ͕�ǁŚŝĐŚ�ůĂĐŬ�Ăůů�/>�ϯ͕�WĞǇĞƌ Ɛ͛�
ƉĂƚĐŚĞƐ�ĂŶĚ��W͕ �ŚĂƌďŽƌ�ĂďŽƵƚ�ϯ�ĨŽůĚ�ŵŽƌĞ���ĐĞůů�ĂŐŐƌĞŐĂƚĞƐ� ŝŶ�ƚŚĞ�ŶŽŶͲŝŶŇĂŵĞĚ�ĐŽůŽŶ�
in comparison to wild type miceϭϰϮ͘�dŚĞƐĞ�ĂŐŐƌĞŐĂƚĞƐ͕�ǁŚŝĐŚ�ĂƌĞ�ŵĂŝŶůǇ�/>&�ĂŶĚ�ĐŽůŽŶŝĐ�
patches, develop in mice in the absence of ILC3 and cryptopatches. 

/>&Ɛ� ŝŶĚƵĐĞĚ� ŝŶ� ƚŚĞ� ĂďƐĞŶĐĞ�ŽĨ� />�ϯ� ĂƌĞ� ŚŝƐƚŽůŽŐŝĐĂůůǇ� ŝŶĚŝƐƟŶŐƵŝƐŚĂďůĞ� ĨƌŽŵ� ƚŚŽƐĞ�
ĨŽƵŶĚ�ŝŶ�ǁŝůĚ�ƚǇƉĞ�ŵŝĐĞ͘�,ŽǁĞǀĞƌ͕ �ƚŚĞƌĞ�ŝƐ�Ă�ĐůĞĂƌ�ƐŚŝŌ�ŝŶ�ĨƵŶĐƟŽŶ͘�/Ŷ�ƐƉŝƚĞ�ŽĨ�ƚŚĞ�ŝŶĐƌĞĂƐĞ�
ŝŶ� ƚŽƚĂů�ŶƵŵďĞƌƐ�ŽĨ� />&� ŝŶ� ƚŚĞ�ĂďƐĞŶĐĞ�ŽĨ�ZŽƌɶƚ͕� ƚŚĞ�ŶƵŵďĞƌ�ŽĨ� /Ő��ƉƌŽĚƵĐŝŶŐ�ƉůĂƐŵĂ�
cells is strongly reducedϭϮϱ͘�/ŶƐƚĞĂĚ͕�/Ő'�ƉƌŽĚƵĐŝŶŐ�ĐĞůůƐ�ĂƌĞ�ŶŽǁ�ĨŽƵŶĚ�ǁŝƚŚŝŶ�ƚŚĞ�ůĂŵŝŶĂ�
propriaϭϰϮ͘��dŚŝƐ�ƐŚŝŌ�ĂǁĂǇ�ĨƌŽŵ�ƉƌŽƚĞĐƟǀĞ�/Ő��ĂŶĚ�ƚŽǁĂƌĚƐ�Ă�ŵŽƌĞ�ŝŶŇĂŵŵĂƟŽŶͲƌĞůĂƚĞĚ�
��ĐĞůů�ƌĞƐƉŽŶƐĞ�ĚŽĞƐ�ŶŽƚ�ůĞĂĚ�ƚŽ�ŽǀĞƌƚ�ŝŶƚĞƐƟŶĂů�ŝŶŇĂŵŵĂƟŽŶ�ĚƵƌŝŶŐ�ŶŽƌŵĂů�ŚŽŵĞŽƐƚĂƟĐ�
ĐŽŶĚŝƟŽŶƐ͘�dŚĞ�ŝŵŵƵŶĞ�ƐǇƐƚĞŵ�ŝƐ�ƐƟůů�ŝŶ�ĞƋƵŝůŝďƌŝƵŵ�ǁŝƚŚ�ƚŚĞ�ŵŝĐƌŽďŝŽƚĂ�ĂŶĚ�ďĂĐƚĞƌŝĂů�
ĚŝƐƐĞŵŝŶĂƟŽŶ� ŝƐ� ĞīĞĐƟǀĞůǇ� ƉƌĞǀĞŶƚĞĚϭϰϮ͘� ,ŽǁĞǀĞƌ͕ � ƚŚŝƐ� ĐŚĂŶŐĞƐ� Ăƚ� ƟŵĞƐ� ŽĨ� ŝŶƚĞƐƟŶĂů�
ĚĂŵĂŐĞ͘�tŚĞŶ�ƚŚĞ�ŝŶƚĞƐƟŶĂů�ĞƉŝƚŚĞůŝƵŵ�ŽĨ�ƚŚĞƐĞ�ŵŝĐĞ�ŝƐ�ĚĂŵĂŐĞĚ�ďǇ��^^�ĂĚŵŝŶŝƐƚƌĂƟŽŶ�
ƚŚĞ�ŶƵŵďĞƌ�ŽĨ�/>&�ŝŶĐƌĞĂƐĞƐ�ŝŶ�ZŽƌɶƚͲͬͲ�ŵŝĐĞ�ŝŶ�Ă�ŵĂŶŶĞƌ�ƚŚĂƚ�ŝƐ�ƐƟůů�ĐŽŵƉĂƌĂďůĞ�ƚŽ�ǁŝůĚ�
type mice.�,ŽǁĞǀĞƌ͕ � ŝŶ�ƚŚĞ�ĂďƐĞŶĐĞ�ŽĨ�/>�ϯ�ƚŚŝƐ� ŝŶŇĂŵŵĂƟŽŶͲŝŶĚƵĐĞĚ�/>&�ĨŽƌŵĂƟŽŶ�ŝƐ�
ĚƌŝǀĞŶ� ďǇ� >dͲĞǆƉƌĞƐƐŝŶŐ� ĂĐƟǀĂƚĞĚ� �� ĐĞůůƐϭϰϮ͘� hƉŽŶ� �^^� ĞǆƉŽƐƵƌĞ͕� ZŽƌɶƚ� ĚĞĮĐŝĞŶƚ�ŵŝĐĞ�
ƐƵĐĐƵŵď� ƚŽ� Ă� ƐĞǀĞƌĞ� ĐŽůŝƟƐ͕� ǁŚŝĐŚ� ŝƐ� ĂĐĐŽŵƉĂŶŝĞĚ� ďǇ� ǁĂƐƟŶŐ� ĚŝƐĞĂƐĞ� ĂŶĚ� ĞǆĐĞƐƐŝǀĞ�
recruitment of neutrophilsϭϰϮ͘� dŚĞ� ƐŚŝŌ� ŝŶ� ŝŵŵƵŶŽŐůŽďƵůŝŶ� ƉƌŽĚƵĐƟŽŶ� ƐĞĞŵƐ� ƚŽ� ďĞ�
ŝŶǀŽůǀĞĚ�ŝŶ�ƚŚŝƐ�ĞǆĂĐĞƌďĂƚĞĚ�ƌĞƐƉŽŶƐĞ�ĂƐ�ĚŝƐĞĂƐĞ�ƐĞǀĞƌŝƚǇ�ĐŽƵůĚ�ďĞĞ�ƉĂƌƟĂůůǇ�ƌĞǀĞƌƚĞĚ�ďǇ�
ƚŚĞ�ĂĚŵŝŶŝƐƚƌĂƟŽŶ�ŽĨ�ŝŶƚƌĂͲǀĞŶŽƵƐ�ŝŵŵƵŶŽŐůŽďƵůŝŶ͘��
dŚĞƐĞ�ĚĂƚĂ�ƐƵŐŐĞƐƚ�ƚŚĂƚ�/>�ϯ�ĐŽŶƚƌŽů�ƚŚĞ�ďĂůĂŶĐĞ�ďĞƚǁĞĞŶ�/Ő��ĂŶĚ�/Ő'�ƚŚĂƚ�ŝƐ�ŐĞŶĞƌĂƚĞĚ�
ŝŶ� />&͕ � ĞŶƐƵƌŝŶŐ� ƚŚĂƚ� ĚƵƌŝŶŐ� ŚŽŵĞŽƐƚĂƐŝƐ� ĂŶĚ� ĞƐƉĞĐŝĂůůǇ� ĚƵƌŝŶŐ� ƌĞƐƉŽŶƐĞƐ� ƚŽ� ĞƉŝƚŚĞůŝĂů�
ĚĂŵĂŐĞ͕�ƉƌŽƚĞĐƟǀĞ�/Ő��ŝƐ�ƚŚĞ�ĚŽŵŝŶĂŶƚ�ŝƐŽƚǇƉĞ�ƉƌŽĚƵĐĞĚ�ŝŶ�ƌĞƐƉŽŶƐĞ�ƚŽ�ƚŚĞ�ĐŽŵŵĞŶƐĂů�
microbiota. In the absence of ILC3, IgA producing plasma cells are reduced concomitant 
ǁŝƚŚ� ĂŶ� ŝŶĐƌĞĂƐĞ� ŝŶ� /Ő'ͲƐĞĐƌĞƟŶŐ� ƉůĂƐŵĂ� ĐĞůůƐϭϮϱ͕ϭϰϮ. Indeed, recent studies unveiled 
the mechanisms by which ILC3 balanced IgA responsesϭϰϲ͘� tŚŝůĞ� ƐŽůƵďůĞ� >dɲ� ;Ɛ>dɲϯͿ�
produced by ILC3 regulated T cell dependent IgA via T cell homing in the lamina propria, 
ŵĞŵďƌĂŶĞͲďŽƵŶĚ�>dɴ�ĐŽŶƚƌŽůůĞĚ�d�ĐĞůů�ŝŶĚĞƉĞŶĚĞŶƚ�/Ő��ǀŝĂ�ĚĞŶĚƌŝƟĐ�ĐĞůůƐϭϰϲ.

/Ŷ�ĂĚĚŝƟŽŶ͕�ƚŚĞ�ŶƵŵďĞƌ�ŽĨ�/>&Ɛ�ŝŶĐƌĞĂƐĞƐ�ŝŶ�ĂŶ�>dɴZͲĚĞƉĞŶĚĞŶƚ͕�ǇĞƚ�/>�ϯͲŝŶĚĞƉĞŶĚĞŶƚ�
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mannerϭϰϲ͘�KŶĞ�ŵŝŐŚƚ�ƚŚĞƌĞĨŽƌĞ�ƐƉĞĐƵůĂƚĞ�ƚŚĂƚ�ŝŶƚĞƐƟŶĂů�ůǇŵƉŚŽŝĚ�ƟƐƐƵĞƐ�ƚŚĂƚ�ĂƌĞ�ŶŽƚ�
ƵŶĚĞƌ�ƚŚĞ�ĐŽŶƚƌŽů�ŽĨ�/>�ϯ͕�ŝŶĐůƵĚŝŶŐ�ƉƌĞƐƵŵĂďůǇ�ƚŚŽƐĞ�ĨŽƌŵĞĚ�ĚƵƌŝŶŐ�ĐŚƌŽŶŝĐ�ŝŶŇĂŵŵĂƚŽƌǇ�
ƌĞƐƉŽŶƐĞƐ͕�ĂďŝĚĞ�ƚŽ�ĚŝīĞƌĞŶƚ�ƌƵůĞƐ�ĂŶĚ�ĂƌĞ�ƐƵďũĞĐƚ�ƚŽ�ĂůƚĞƌŶĂƟǀĞ�ĨŽƌŵƐ�ŽĨ�ƌĞŐƵůĂƟŽŶ͘�/Ĩ�
ƚŚŝƐ�ƌĞŐƵůĂƟŽŶ�ĐŚĂŶŐĞƐ͕�ĂŶĚ�/Ő'�ƉůĂƐŵĂ�ĐĞůůƐ�ĂƌĞ�ĨŽƌŵĞĚ͕�ƚŚŝƐ�ĐĂŶ�ĂŐŐƌĂǀĂƚĞ�ĚŝƐĞĂƐĞ͘

�ŶŽƚŚĞƌ�ƐƚƵĚǇ�ĂůƐŽ�ƵŶĚĞƌůŝŶĞƐ�ƚŚĞ�ĞƐƐĞŶƟĂů�ĐƌŽƐƐƚĂůŬ�ŽĨ�ĐŽŵŵĞŶƐĂů�ďĂĐƚĞƌŝĂ�ĂŶĚ�/>�ϯ�
ŝŶ�ŝŶƚĞƐƟŶĂů�ĞƉŝƚŚĞůŝĂů�ŚŽŵĞŽƐƚĂƐŝƐ͘�/>�ϯ�ƌĞŐƵůĂƚĞ�ŝŶƚĞƐƟŶĂů�ĞƉŝƚŚĞůŝĂů�ŐůǇĐŽƐǇůĂƟŽŶ͕�ǁŚŝĐŚ�
is an important mechanism for host-microbiota symbiosisϭϰϳ͘�/>ͲϮϮ�ĂŶĚ�>d�ĞǆƉƌĞƐƐŝŽŶ�ďǇ�
/>�ϯ�ĐŽŶƚƌŝďƵƚĞƐ�ƚŽ�ĞƉŝƚŚĞůŝĂů�ĨƵĐŽƐǇůĂƟŽŶ�ďǇ�ŝŶĚƵĐŝŶŐ�ĞǆƉƌĞƐƐŝŽŶ�ŽĨ�ĨƵĐŽƐǇůƚƌĂŶƐĨĞƌĂƐĞϮ�
;&ƵƚϮͿ�ŝŶ�/��͘��ƉŝƚŚĞůŝĂů�ĨƵĐŽƐǇůĂƟŽŶ�ŶŽƚ�ŽŶůǇ�ƉƌŽŵŽƚĞƐ�ƐǇŵďŝŽƐŝƐ�ŝŶ�ƚŚĞ�ŝŶƚĞƐƟŶĞ�ďƵƚ�ĂůƐŽ�
protects against ^ĂůŵŽŶĞůůĂ�ƚŚǇƉŚŝŵƵƌŝƵŵ�ŝŶĨĞĐƟŽŶ͘��

/>�ϯ�ĂŶĚ�ĂĚĂƉƟǀĞ�ŝŵŵƵŶŝƚǇ
KƚŚĞƌ� ŵĞĐŚĂŶŝƐŵƐ� ďǇ� ǁŚŝĐŚ� />�ϯ� ĐŽŶƚƌŝďƵƚĞ� ƚŽ� ŝŶƚĞƐƟŶĂů� ŚŽŵĞŽƐƚĂƐŝƐ� ŝƐ� ďǇ� ĚŝƌĞĐƚůǇ�
ƌĞŐƵůĂƟŶŐ�ĂĚĂƉƟǀĞ�ŝŵŵƵŶĞ�ƌĞƐƉŽŶƐĞƐ͘���ƐƵďƐĞƚ�ŽĨ�ŝŶƚĞƐƟŶĂů���Zϲн/>�ϯ�ƚŚĂƚ�ĞǆƉƌĞƐƐĞƐ�
MHCII controls CD4нT cell responses against commensal bacteria and protects against 
ĐŽŵŵĞŶƐĂů� ďĂĐƚĞƌŝĂͲƐƉĞĐŝĮĐ� ŝŶŇĂŵŵĂƚŽƌǇ� ƌĞƐƉŽŶƐĞƐϭϰϴ. MHCIIнILC3 can process and 
ƉƌĞƐĞŶƚ� ĂŶƟŐĞŶƐ� ǇĞƚ� ƚŚĞǇ� ůĂĐŬ� ĐŽͲƐƟŵƵůĂƚŽƌǇ� ŵŽůĞĐƵůĞƐ͘� dŚĞ� ƌĞŐƵůĂƚŽƌǇ� ĨƵŶĐƟŽŶ� ŽĨ�
/>�ϯ�ƚĂŬĞƐ�ƉůĂĐĞ� ŝŶ�Ă�D,�//ͲĚĞƉĞŶĚĞŶƚ�ŵĂŶŶĞƌ͕ � ŝŶĚĞƉĞŶĚĞŶƚůǇ�ŽĨ� />ͲϮϮ͕� />Ͳϭϳ�Žƌ� />ͲϮϯ͘�
/Ŷ� ĂĚĚŝƟŽŶ͕� />�ϯ� ƌĞŐƵůĂƚĞ� ĂĚĂƉƟǀĞ� ŝŵŵƵŶĞ� ƌĞƐƉŽŶƐĞƐ� ŝŶ� ŚŽŵĞŽƐƚĂƐŝƐ� ďǇ� ƉƌŽŵŽƟŶŐ�
ƌĞŐƵůĂƚŽƌǇ� d� ĐĞůů� ;dƌĞŐͿ� ĨƵŶĐƟŽŶϭϰϵ͘�DŝĐƌŽďŝŽƚĂͲƐƟŵƵůĂƚĞĚ�ŵĂĐƌŽƉŚĂŐĞƐ� ƉƌŽĚƵĐĞ� />Ͳϭď�
ƚŚĂƚ�ĂĐƚƐ�ŽŶ�/>�ϯ�ƚŽ�ŝŶĚƵĐĞ�'DͲ�^&�ƐĞĐƌĞƟŽŶϭϰϵ͘��ůƚŚŽƵŐŚ�'DͲ�^&�ŝƐ�ĂůƐŽ�ƉƌŽĚƵĐĞĚ�ďǇ�/��͕�
/>�ϯ�ƌĞƉƌĞƐĞŶƚ�ƚŚĞ�ŵĂŝŶ�ƐŽƵƌĐĞ�ŽĨ�ƚŚŝƐ�ĐǇƚŽŬŝŶĞ�Ăƚ�ƐƚĞĂĚǇ�ƐƚĂƚĞ�ŝŶ�ƚŚĞ�ŵƵƌŝŶĞ�ŝŶƚĞƐƟŶĞ͘�
'DͲ�^&�ƉƌŽĚƵĐĞĚ�ďǇ�/>�ϯ�ŵĞĚŝĂƚĞƐ�ƚŚĞ�ƐĞĐƌĞƟŽŶ�ŽĨ�ƌĞŐƵůĂƚŽƌǇ�ĐǇƚŽŬŝŶĞƐ͕�ŝŶĐůƵĚŝŶŐ�/>ͲϭϬ�
ďǇ�ŵĂĐƌŽƉŚĂŐĞƐ�ĂŶĚ�ĚĞŶĚƌŝƟĐ�ĐĞůůƐ�ƚŚĂƚ�ŝŶ�ƚƵƌŶ�ŝŶĚƵĐĞ�dƌĞŐ�ĚĞǀĞůŽƉŵĞŶƚ�ĂŶĚ�ĨƵŶĐƟŽŶ͘�
dŚŝƐ� ŵŝĐƌŽďŝŽƚĂͲŵĂĐƌŽƉŚĂŐĞͲ/>�ϯ� ĂǆŝƐ� ŚŝŐŚůŝŐŚƚƐ� ƚŚĞ� ŝŵƉŽƌƚĂŶĐĞ� ŽĨ� />�ϯͲĚĞƌŝǀĞĚ� 'DͲ
�^&�ŝŶ�dƌĞŐ�ĨƵŶĐƟŽŶ�ĂŶĚ�ŝŶƚĞƐƟŶĂů�ŚŽŵĞŽƐƚĂƐŝƐ͘�^ŝŶĐĞ�'DͲ�^&�ƉůĂǇƐ�ĂŶ�ŝŵƉŽƌƚĂŶƚ�ƌŽůĞ�ŝŶ�
mucosal wound healingϭϱϬ͕�ŝƚ�ŝƐ�ƌĞĂƐŽŶĂďůĞ�ƚŽ�ƐƉĞĐƵůĂƚĞ�ƚŚĂƚ�'DͲ�^&�ƉƌŽĚƵĐĞĚ�ďǇ�/>�ϯ�
ŵŝŐŚƚ�ĂůƐŽ�ĂĐƚ�ŽŶ�ĞƉŝƚŚĞůŝĂů�ĐĞůůƐ�ĂŌĞƌ�ĚĂŵĂŐĞ�ǁŚĞŶ�ŚŝŐŚĞƌ�ůĞǀĞůƐ�ŽĨ�ƚŚŝƐ�ĐǇƚŽŬŝŶĞ�ŵŝŐŚƚ�
ďĞ�ƌĞƋƵŝƌĞĚ�ƚŽ�ƌĞƐƚŽƌĞ�ĞƉŝƚŚĞůŝĂů�ŝŶƚĞŐƌŝƚǇ͘

/ŶƚĞƌĞƐƟŶŐůǇ͕ �ƚŚĞ�ĐƌŽƐƐƚĂůŬ�ďĞƚǁĞĞŶ�/>�ϯ�ĂŶĚ�d�ĐĞůůƐ�ƐĞĞŵƐ�ƚŽ�ŽĐĐƵƌ�ŝŶ�Ă�ďŝĚŝƌĞĐƟŽŶĂů�
ŵĂŶŶĞƌ͘ � �ĞƐŝĚĞƐ� />�ϯ� ƌĞŐƵůĂƟŶŐ� d� ĐĞůů� ƌĞƐƉŽŶƐĞƐ͕� ůĂŵŝŶĂ� ƉƌŽƉƌŝĂ� ��ϰнT cells also 
ŝŶŇƵĞŶĐĞ�/>�ϯ�ďŝŽůŽŐǇ͘���ϰнd�ĐĞůůƐ�ƌĞƐƚƌŝĐƚ�/>�ϯ�ŶƵŵďĞƌƐ�ĂŶĚ�ĨƵŶĐƟŽŶ�ŝŶ�Ă�d�ZͲĚĞƉĞŶĚĞŶƚ�
mannerϭϱϭ. 

EĞǀĞƌƚŚĞůĞƐƐ͕�ƚŚĞ�ďĞƐƚͲĐŚĂƌĂĐƚĞƌŝǌĞĚ�ŚŽŵĞŽƐƚĂƟĐ�ĨƵŶĐƟŽŶ�ŽĨ�/>�ϯ�ŝƐ�ďĂƐĞĚ�ŽŶ�ƚŚĞ�/>Ͳ
ϮϮ�ĞīĞĐƚƐ�ƉƌŽŵŽƟŶŐ��DW�ƉƌŽĚƵĐƟŽŶ�ďǇ�/��͘��ǆƉƌĞƐƐŝŽŶ�ŽĨ�ZĞŐϯɴ and Reg3ɶ�ďǇ�ŝŶƚĞƐƟŶĂů�
ĞƉŝƚŚĞůŝĂů�ĐĞůůƐ�ŝƐ�ĚŝƌĞĐƚůǇ�ůŝŶŬĞĚ�ƚŽ�/>ͲϮϮZ�ƐŝŐŶĂůŝŶŐ͕�ĂŶĚ�ĚĞĮĐŝĞŶĐŝĞƐ�ŝŶ�ƚŚŝƐ�ĂǆŝƐ�ĐĂŶ�ůĞĂĚ�
ƚŽ�ďĂĐƚĞƌŝĂů�ĚŝƐƐĞŵŝŶĂƟŽŶϭϱϮ. Therefore, ILC3 as a major cellular source of IL-22, play an 
ĞƐƐĞŶƟĂů�ƌŽůĞ�ŝŶ�ďĂĐƚĞƌŝĂ�ĐŽŶƚĂŝŶŵĞŶƚ�ĂŶĚ�ŵĂŝŶƚĞŶĂŶĐĞ�ŽĨ�ŝŶƚĞƐƟŶĂů�ŚŽŵĞŽƐƚĂƐŝƐ͘
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/>�ϯ�ŝŶ�ĞǆƉĞƌŝŵĞŶƚĂů�ĐŽůŝƟƐ�ĂŶĚ�ŝŶƚĞƐƟŶĂů�ŝŶŇĂŵŵĂƟŽŶ
^ĞǀĞƌĂů� ŝŶƚĞƐƟŶĂů� ŝŶĨĞĐƟŽŶƐ�ŵŽĚĞůƐ�ĂƌĞ�ƵƐĞĚ�ƚŽ�ƐƚƵĚǇ� />�ϯ� ĨƵŶĐƟŽŶ͘��ŶƚĞƌŽƉĂƚŚŽŐĞŶŝĐ�
ďĂĐƚĞƌŝĂů�ŝŶĨĞĐƟŽŶ�ĂŶĚ��^^ͲĐŽůŝƟƐ�ŵŽĚĞůƐ�ŚĂǀĞ�ƵŶǀĞŝůĞĚ�ƚŚĞ�ƉƌŽƚĞĐƟǀĞ�ƌŽůĞ�ŽĨ�/>�ϯ�ĨƌŽŵ�
ďĂĐƚĞƌŝĂ� ĚŝƐƐĞŵŝŶĂƟŽŶ� ďǇ� ŵĂŝŶƚĂŝŶŝŶŐ� ƚŚĞ� ĞƉŝƚŚĞůŝĂů� ďĂƌƌŝĞƌ͘ � �ůƚŚŽƵŐŚ� />ͲϮϮ� ƉůĂǇƐ� ĂŶ�
ĞƐƐĞŶƟĂů�ƌŽůĞ�ŝŶ�ƚŚĞ�ĂŶƟŵŝĐƌŽďŝĂů�ƌĞƐƉŽŶƐĞ�ĂŶĚ�ŵƵĐƵƐ�ƉƌŽĚƵĐƟŽŶϮϱ͕ϭϱϯ, other ILC-derived 
ĨĂĐƚŽƌƐ� ŝŶĐůƵĚŝŶŐ�'DͲ�^&�ĂŶĚ�>d�ŚĂǀĞ�ďĞĞŶ�ƐŚŽǁŶ�ƚŽ�ƉůĂǇ�Ă� ƌŽůĞ� ŝŶ� ŝŶƚĞƐƟŶĂů�ĚĂŵĂŐĞ�
responses. 

IL-22-mediated responses
A commonly used enterogenic bacterium is �ŝƚƌŽďĂĐƚĞƌ� ƌŽĚĞŶƟƵŵ͕� Ă� ŵƵƌŝŶĞͲƐƉĞĐŝĮĐ�
ĞŶƚĞƌŝĐ� ƉĂƚŚŽŐĞŶ� ƚŚĂƚ� ĐĂƵƐĞƐ� ĂĐƵƚĞ� ĐŽůŝƟƐ͕� ƵƐĞĚ� ƚŽ� ŵŽĚĞů� ŚƵŵĂŶ� ĞŶƚĞƌŽƉĂƚŚŽŐĞŶŝĐ�
and entherohemorrhagic �ƐĐŚĞƌŝĐŚŝĂ� ĐŽůŝ. Studies with �͘� ƌŽĚĞŶƟƵŵ have shown the 
ŝŵƉŽƌƚĂŶĐĞ�ŽĨ�/>�ϯͲĚĞƌŝǀĞĚ�/>ͲϮϮ�ŝŶ�ŵĞĚŝĂƟŶŐ�ĞĂƌůǇ�ĂŶƟ�ďĂĐƚĞƌŝĂů�ĚĞĨĞŶƐĞƐ�ĂŶĚ�ŝŶ�ĂǀŽŝĚŝŶŐ�
ďĂĐƚĞƌŝĂů�ĚŝƐƐĞŵŝŶĂƟŽŶϰ͕ϭϯϯ͕ϭϰϭ. IL-22R signaling on epithelial cells contributed to epithelial 
ŝŶƚĞŐƌŝƚǇ�ĂŶĚ�ĐĂƵƐĞĚ�ƵƉͲƌĞŐƵůĂƟŽŶ�ŽĨ�ŐĞŶĞƐ�ĞŶĐŽĚŝŶŐ�ƚŚĞ�ĂŶƟŵŝĐƌŽďŝĂů�ƉĞƉƟĚĞƐ�ZĞŐ///ɴ͕�
ZĞŐ///ɶ�ĂŶĚ�^ϭϬϬĂ͘

IL-22 producing ILC3 increased in number during the immediate response to C. 
ƌŽĚĞŶƟƵŵ� ŝŶĨĞĐƟŽŶϳϰ͕ϭϯϮ͕ϭϰϮ. The importance of these cells in immunity against this 
ďĂĐƚĞƌŝƵŵ�ǁĂƐ�ƐŚŽǁŶ�ďǇ�ƚŚĞ�ĮŶĚŝŶŐ�ƚŚĂƚ�ŝŶĨĞĐƚĞĚ�ZĂŐϮͲͬͲ�/>ϮZɶͲͬͲ mice, which have less 
ILC3, produce much lower levels of IL-22 as compared to Rag2ͲͬͲ and Rag2ͲͬͲ�/>ϮZɴͲͬͲ mice, 
ƌĞƐƵůƟŶŐ� ŝŶ� ƚŚĞ� ŝŶĂďŝůŝƚǇ� ƚŽ� ĐůĞĂƌ� ƚŚĞ� ƉĂƚŚŽŐĞŶ� ĂŶĚ� ŝŶĐƌĞĂƐĞĚ�ŵŽƌƚĂůŝƚǇϰ͕ϭϯϮ͕ϭϯϯ. In this 
ƐĞƫŶŐ͕�ŽŶůǇ�ƚŚĞ���ϰнE<Ɖϰϲ-�/>�ϯ�ƐƵďƐĞƚ�ĂŶĚ�ŶŽƚ�ƚŚĞ�E<Ɖϰϲн�/>�ϯ�ƐƵďƐĞƚ�ǁĂƐ�ĞƐƐĞŶƟĂů�
for �͘�ƌŽĚĞŶƟƵŵ clearanceϭϱϮ. Moreover, in the presence of pathogens, IL23R signaling 
in CD4н�/>�ϯ�ǁĂƐ�ĂŶ�ĞƐƐĞŶƟĂů�ƉƌĞƌĞƋƵŝƐŝƚĞ�ĨŽƌ�/>ͲϮϮ�ƐĞĐƌĞƟŽŶ�ĂŶĚ�ďĂĐƚĞƌŝĂů�ĐůĞĂƌĂŶĐĞϭϯϯ.

The importance of IL-22 in immunity to �͘�ƌŽĚĞŶƟƵŵ is further underscored by the 
ĮŶĚŝŶŐ�ƚŚĂƚ�/>ͲϮϮ�ĚĞĮĐŝĞŶƚ�ŵŝĐĞ�ĨĂŝů�ƚŽ�ƌĞĐŽǀĞƌ�ĨƌŽŵ��͘�ƌŽĚĞŶƟƵŵ�ŝŶŽĐƵůĂƟŽŶ�ĂŶĚ�ƐƵĐĐƵŵď�
ƚŽ� ƚŚĞ� ŝŶĨĞĐƟŽŶ�ďǇ�ĚĂǇ�ϵϭϯϯ͘�DŽƌĞ�ƉƌĞĐŝƐĞůǇ͕ �ĞǆƉĞƌŝŵĞŶƚƐ�ƵƐŝŶŐ�ŶĞƵƚƌĂůŝǌŝŶŐ�ĂŶƟďŽĚŝĞƐ�
ĂŐĂŝŶƐƚ� />ͲϮϮ� ƐŚŽǁ� ƚŚĂƚ� ƚŚŝƐ� ĐǇƚŽŬŝŶĞ� ŝƐ� ĞƐƐĞŶƟĂů� Ăƚ� ƚŚĞ� ĞĂƌůǇ� ƐƚĂŐĞƐ� ŽĨ� ŝŶĨĞĐƟŽŶϭϯϯ͕ϭϱϰ. 
tŚĞŶ�/>ͲϮϮ�ŝƐ�ŶĞƵƚƌĂůŝǌĞĚ�Ăƚ�ƚŚĞ�ƟŵĞ�ŽĨ�ŝŶĨĞĐƟŽŶ͕�ŵŝĐĞ�ĨĂŝů�ƚŽ�ĐůĞĂƌ�ƚŚĞ�ďĂĐƚĞƌŝƵŵ�ĂŶĚ�
ĚŝĞ͘��/Ŷ�ĐŽŶƚƌĂƐƚ͕�ŶĞƵƚƌĂůŝǌŝŶŐ�/>ͲϮϮ�Ăƚ�ůĂƚĞƌ�ƟŵĞ�ƉŽŝŶƚƐ�ŝƐ�ƉƌŽŐƌĞƐƐŝǀĞůǇ�ůĞƐƐ�ĚĞƚĞƌŝŽƌĂƟŶŐ�
ǁŝƚŚ�ϰϬй�ŽĨ�ƚŚĞ�ĂŶŝŵĂů�ƐƵƌǀŝǀŝŶŐ�/>ͲϮϮ�ŶĞƵƚƌĂůŝǌĂƟŽŶ�Ăƚ�ĚĂǇ�ϰ͘��ŌĞƌ�ϰ�ĚĂǇƐ͕�/>ͲϮϮ�ŝƐ�ŶŽ�
ůŽŶŐĞƌ�ŶĞĐĞƐƐĂƌǇ�ĂƐ�ŶĞƵƚƌĂůŝǌĂƟŽŶ�ĂŌĞƌ�ƚŚŝƐ�ƉŽŝŶƚ�ĚŽĞƐ�ŶŽƚ�ĂīĞĐƚ�ďĂĐƚĞƌŝĂů�ĐůĞĂƌĂŶĐĞ�Žƌ�
survival of the miceϭϯϯ.  

IL-17 and IFNɶ-mediated responses  
��ƐĞĐŽŶĚ�ĞǆƉĞƌŝŵĞŶƚĂů�ŵŽĚĞů�ŽĨ�ĞŶƚĞƌŝĐ�ŝŶŇĂŵŵĂƟŽŶ�ŝŶ�ǁŚŝĐŚ�/>�ϯ�ĂƌĞ�ŝŵƉůŝĐĂƚĞĚ�ŝƐ�ƚŚĞ�
ĐŽůŝƟƐ� ŝŶĚƵĐĞĚ�ďǇ�,ĞůŝĐŽďĂĐƚĞƌ�ŚĞƉĂƟĐƵƐ� ŝŶ�ZĂŐϭͲĚĞĮĐŝĞŶƚ�ŵŝĐĞ͘� � /Ŷ�ƚŚĞƐĞ�ŵŝĐĞ͕� ŝŶ�ƚŚĞ�
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ĂďƐĞŶĐĞ�ŽĨ�ĂĚĂƉƟǀĞ�ŝŵŵƵŶŝƚǇ͕ �,͘�ŚĞƉĂƟĐƵƐ�ŝŶĚƵĐĞƐ�ƚŚĞ�ƉƌŽĚƵĐƟŽŶ�/>ͲϭϳĂ�ĂŶĚ�/&Eɶ by 
ILC3 in an IL-23 dependent mannerϭϱϱ. The pathogenic ILC3 in this model share several 
ƉŚĞŶŽƚǇƉŝĐ�ĐŚĂƌĂĐƚĞƌŝƐƟĐƐ�ǁŝƚŚ�ĐůĂƐƐŝĐĂů�>dŝ�ĐĞůůƐ�ĞǆĐĞƉƚ�ĨŽƌ�ƚŚĞ�ĂďƐĞŶĐĞ�ŽĨ���ϭϭϳ�;ĐͲŬŝƚͿ͘�
dŚĞƐĞ���ϭϭϳlow />�ϯ�ĂĐĐƵŵƵůĂƚĞ�ŝŶ�ƚŚĞ�ŝŶŇĂŵĞĚ�ĐŽůŽŶ�ĂŶĚ�ĂƌĞ�ĚŝƌĞĐƚůǇ�ƌĞƐƉŽŶƐŝďůĞ�ĨŽƌ�ƚŚĞ�
chronic pathologyϭϱϱ͘� /Ŷ�ĂŶ� ŝŶĚĞƉĞŶĚĞŶƚ�ƐƚƵĚǇ͕ � ƚŚĞ�ĚĞǀĞůŽƉŵĞŶƚĂů� ƌĞůĂƟŽŶƐŚŝƉ�ŽĨ� /&Eɶ 
ƉƌŽĚƵĐŝŶŐ� />��ǁĂƐ�ĂĚĚƌĞƐƐĞĚ͘� /Ŷ� ůŝŶĞ�ǁŝƚŚ�d�ŚĞůƉĞƌ�ĐĞůů�ĚŝīĞƌĞŶƟĂƟŽŶ͕� />�ϯ�ĞǆƉƌĞƐƐŝŶŐ�
E<Ɖϰϲ�ĐĂŶ�ĚŽǁŶƌĞŐƵůĂƚĞ�ZŽƌĐ�ĂŶĚ�E<Ɖϰϲϭϱϲ. 

dŚŝƐ� ŝƐ� ĂĐĐŽŵƉĂŶŝĞĚ� ďǇ� Ă� ůŽƐƐ� ŽĨ� />ͲϮϮ� ƉƌŽĚƵĐƟŽŶ� ĂŶĚ� ƚŚĞ� ŐĂŝŶ� ŽĨ� /&Eɶ� ƐĞĐƌĞƟŽŶ͘�
dŚŝƐ� ĐŽŶǀĞƌƐŝŽŶ� ĨƌŽŵ�Ă� ĐĞůů� ƚǇƉĞ�ĂĐƟǀĞůǇ� ŝŶǀŽůǀĞĚ� ŝŶ� ŝŶƚĞƐƟŶĂů�ŚŽŵĞŽƐƚĂƐŝƐ� ƚŽ� Ă�ŵŽƌĞ�
ŝŶŇĂŵŵĂƟŽŶ�ƉƌŽŶĞ�ĐĞůů�ŝƐ�ĚƌŝǀĞŶ�ďǇ�Ă�ůŽƐƐ�ŽĨ�/>ͲϳZ�ƐŝŐŶĂůŝŶŐ͕�ǁŚŝĐŚ�ŝŶ�ƚŚĞ�ŝŶƚĞƐƟŶĞ�ĐĂŶ�
be the result of lower epithelial-derived IL-7 levels due to changes in the commensal 
microbiotaϭϱϲ͘�/ŶĚĞĞĚ͕�ŝŶ�ŐĞƌŵĨƌĞĞ�ŵŝĐĞ�ƚŚŝƐ�ĐŽŶǀĞƌƐŝŽŶ�ŽĐĐƵƌƌĞĚ�ŵƵĐŚ�ŵŽƌĞ�ĨƌĞƋƵĞŶƚůǇ͘�
�ŐĂŝŶ� ƚŚŝƐ� ŚŝŐŚůŝŐŚƚƐ� ƚŚĞ� ŝŵƉŽƌƚĂŶĐĞ� ŽĨ� ƚŚĞ� ŚŽŵĞŽƐƚĂƟĐ� ĞƋƵŝůŝďƌŝƵŵ� ĞŶĐŽŵƉĂƐƐŝŶŐ�
/>�ϯ͕�ĞƉŝƚŚĞůŝĂů�ĐĞůůƐ͕�ůǇŵƉŚŽŝĚ�ƟƐƐƵĞƐ�ĂŶĚ�ƚŚĞ�ĐŽŵŵĞŶƐĂů�ŵŝĐƌŽďŝŽƚĂ�ĂŶĚ�ƚŚĞ�ĨĂĐƚ�ƚŚĂƚ�
ĚŝƐƌƵƉƟŽŶ�ŽĨ�ƚŚŝƐ�ďĂůĂŶĐĞ�ĐĂŶ�ƌĞƐƵůƚ�ŝŶ�ƉĂƚŚŽůŽŐǇ�ĚƌŝǀĞŶ�ďǇ�Ă�ǀĂƌŝĞƚǇ�ŽĨ�ŵĞĐŚĂŶŝƐŵƐ͘

Lymphotoxin-mediated response
�ĞƐŝĚĞƐ� />ͲϮϮZ� ƐŝŐŶĂůŝŶŐ͕� ƚŚĞ� >dɴZ� ƉĂƚŚǁĂǇ� ŝƐ� ĂůƐŽ� ŝŵƉŽƌƚĂŶƚ� ĨŽƌ� ƚŚĞ� ĐůĞĂƌĂŶĐĞ� ŽĨ� C. 
ƌŽĚĞŶƟƵŵ͘��>ŝŐĂƟŽŶ�ŽĨ�ƚŚŝƐ�ƌĞĐĞƉƚŽƌ�ŽŶ�ŝŶƚĞƐƟŶĂů�ĞƉŝƚŚĞůŝĂů�ĐĞůůƐ�ŝŶĚƵĐĞƐ�ƚŚĞ�ƉƌŽĚƵĐƟŽŶ�
ŽĨ�ƚŚĞ�ĐŚĞŵŽŬŝŶĞƐ��y�>ϭ�ĂŶĚ��y�>Ϯ�ƌĞƐƵůƟŶŐ�ŝŶ�ƚŚĞ�ƌĞĐƌƵŝƚŵĞŶƚ�ŽĨ�ŶĞƵƚƌŽƉŚŝůƐ�ƚŽ�ƚŚĞ�ƐŝƚĞ�
ŽĨ�ƚŚĞ�ŝŶĨĞĐƟŽŶ͘�/ŶŚŝďŝƟŶŐ�>dɴZ�ƐŝŐŶĂůŝŶŐ�ƉƌŽǀŽŬĞƐ�ĐŽůŽŶŝĐ�ƉĂƚŚŽůŽŐǇ�ĂŶĚ�ĞĂƌůǇ�ĚĞĂƚŚ�ŝŶ�
mice upon �͘�ƌŽĚĞŶƟƵŵ�ŝŶĨĞĐƟŽŶ70.

Again ILC3 are important in these models, being the cellular source of membrane 
>dɲϭɴϮ�;>dͿ͕�ƚŚĞ�ůŝŐĂŶĚ�ĨŽƌ�ƚŚĞ�>dɴZ͘�DŝĐĞ�ƚŚĂƚ�ƐƉĞĐŝĮĐĂůůǇ�ůĂĐŬ�>d�ŝŶ�/>�ϯ�ƐŚŽǁ�ďĂĐƚĞƌŝĂů�
ĚŝƐƐĞŵŝŶĂƟŽŶ͕�ĚŝƐƌƵƉƟŽŶ�ŽĨ� ƚŚĞ�ĞƉŝƚŚĞůŝĂů� ůĂǇĞƌ�ĂŶĚ�ŚŝŐŚ�ŵŽƌďŝĚŝƚǇ�ĂŌĞƌ��͘�ƌŽĚĞŶƟƵŵ 
ŝŶĨĞĐƟŽŶ70͘� /ŵƉŽƌƚĂŶƚůǇ͕ � ƚŚĞƌĞ� ŝƐ� ĂůƐŽ� Ă� ƌŽůĞ� ĨŽƌ� ŚĞŵĂƚŽƉŽŝĞƟĐ� ĐĞůůƐ� ĞǆƉƌĞƐƐŝŶŐ� >dɴZ�
ĂƐ� ƚƌĂŶƐĨĞƌ� ŽĨ� ďŽŶĞ�ŵĂƌƌŽǁͲĚĞƌŝǀĞĚ� ĐĞůůƐ� ĨƌŽŵ� >dɴZͲͬͲ mice into wild type mice leads 
ƚŽ�ƐƵƐĐĞƉƟďŝůŝƚǇ� ƚŽ� ŝŶĨĞĐƟŽŶ�ĂŶĚ�ƐƵďƐĞƋƵĞŶƚ�ŵŽƌƚĂůŝƚǇ� ŝŶ�ϲϬй�ŽĨ� ƚŚĞ� ŝŶĨĞĐƚĞĚ�ŵŝĐĞ͘� /Ŷ�
ĂĚĚŝƟŽŶ͕�ŝŶ�ŵŝĐĞ�ƚŚĂƚ�ƐƉĞĐŝĮĐĂůůǇ�ůĂĐŬ�>dɴZ�ŝŶ�ŝŶƚĞƐƟŶĂů�ĞƉŝƚŚĞůŝƵŵ�>dɴZ�ĞǆƉƌĞƐƐŝŽŶ�ŽŶ�
ŚĞŵĂƚŽƉŽŝĞƟĐ� ĐĞůůƐ� ĐĂŶ� ƉĂƌƟĂůůǇ� ƉƌŽƚĞĐƚ� ĂŐĂŝŶƐƚ��͘� ƌŽĚĞŶƟƵŵ-induced mortality. This 
ƐŚŽǁƐ�ƚŚĞ�ƌĞůĞǀĂŶĐĞ�ŽĨ�>dɴZ�ƐŝŐŶĂůŝŶŐ�ŝŶ�ďŽƚŚ�ĞƉŝƚŚĞůŝĂů�ĐĞůůƐ�ĂŶĚ�ŚĞŵĂƚŽƉŽŝĞƟĐ�ĐĞůůƐ�ƚŽ�
ŽƌĐŚĞƐƚƌĂƚĞ�ĂŶ�ĞĸĐŝĞŶƚ�ƌĞƐƉŽŶƐĞ�ĂŐĂŝŶƐƚ��͘�ƌŽĚĞŶƟƵŵ�ŝŶĨĞĐƟŽŶ70.  

'ƌĂŌ�ǀĞƌƐƵƐ�,ŽƐƚ��ŝƐĞĂƐĞ�
/Ŷ�ĂĚĚŝƟŽŶ�ƚŽ�ƚŚĞŝƌ�ǁĞůů�ĚĞĮŶĞĚ�ƌŽůĞƐ�ŝŶ�ŵƵĐŽƐĂů�ŚŽŵĞŽƐƚĂƐŝƐ�ĂŶĚ�ĞĂƌůǇ�ƐƚĂŐĞƐ�ŽĨ�ĞŶƚĞƌŝĐ�
ŝŶĨĞĐƟŽŶƐ͕�ƌĞĐĞŶƚ�ƐƚƵĚŝĞƐ�ŚĂǀĞ�ŚŝŐŚůŝŐŚƚĞĚ�ŶŽǀĞů�ĨƵŶĐƟŽŶƐ�ŽĨ�/>�ϯ�ŝŶ�ƟƐƐƵĞ�ƌĞŐĞŶĞƌĂƟŽŶ�
ĂŌĞƌ�ƌĂĚŝĂƟŽŶ�ĚĂŵĂŐĞ�ŝŶ�ƚŚĞ�ƚŚǇŵƵƐϭϱϳ�ĂŶĚ�ƚŚĞ�ƉƌŽƚĞĐƟŽŶ�ŽĨ�ŝŶƚĞƐƟŶĂů�ƐƚĞŵ�ĐĞůůƐ�ĨƌŽŵ�
ŐƌĂŌ�ǀĞƌƐƵƐ�ŚŽƐƚ�ĚŝƐĞĂƐĞ�;'ǀ,�Ϳϲϭ.

1
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�ůůŽŐĞŶĞŝĐ� ŚĞŵĂƚŽƉŽŝĞƟĐ� ƐƚĞŵ� ĐĞůů� ;,^�dͿ� ƚƌĂŶƐƉůĂŶƚĂƟŽŶ� ŝƐ� ƵƐĞĚ� ƚŽ� ƚƌĞĂƚ� ƐĞǀĞƌĂů�
ŚĞŵĂƚŽůŽŐŝĐĂů� ŵĂůŝŐŶĂŶĐŝĞƐ͘� KŶĞ� ŽĨ� ƚŚĞ� ŵĂũŽƌ� ƐŝĚĞ� ĞīĞĐƚƐ� ůŝŵŝƟŶŐ� ƐƵĐĐĞƐƐĨƵů� ƐƚĞŵ�
ĐĞůů� ƚƌĂŶƐƉůĂŶƚĂƟŽŶ� ŝƐ� ƚŚĞ�ŽĐĐƵƌƌĞŶĐĞ�ŽĨ� ŝŶƚĞƐƟŶĂů�'ǀ,�ϭϱϴ�ŵĞĚŝĂƚĞĚ�ďǇ�ĂůůŽƌĞĂĐƟǀĞ�d�
ĐĞůůƐ�ƚŚĂƚ�ƌĞĐŽŐŶŝǌĞ�ƌĞĐŝƉŝĞŶƚ�ƟƐƐƵĞƐ�ĂƐ�ĨŽƌĞŝŐŶ�ĂŶĚ�ĐĂƵƐĞ�ƐĞǀĞƌĞ�ŝŶŇĂŵŵĂƚŽƌǇ�ĚŝƐĞĂƐĞ͘�
Reasoning that factors important during wound healing might also be involved in 
ůŝŵŝƟŶŐ�ƚŚĞ�ĞǆƚĞŶƚ�ŽĨ�ĚĂŵĂŐĞ�ƉƌŽǀŽŬĞĚ�ďǇ�ŝŶƚĞƐƟŶĂů�'ǀ,�͕�ĞǆƉĞƌŝŵĞŶƚƐ�ǁĞƌĞ�ŝŶŝƟĂƚĞĚ�
ŝŶ�ĞǆƉĞƌŝŵĞŶƚĂů�'ǀ,��ŵŽĚĞůƐ�ƚŽ�ĚĞĮŶĞ�Ă�ƉŽƐƐŝďůĞ�ƌŽůĞ�ĨŽƌ�/>ͲϮϮ�ŝŶ�'ǀ,��ƐĞǀĞƌŝƚǇϲϭ As it 
ƚƵƌŶĞĚ�ŽƵƚ͕�ďŽŶĞ�ŵĂƌƌŽǁ�ƚƌĂŶƐƉůĂŶƚ�;�DdͿ�ƌĞĐŝƉŝĞŶƚ�ŵŝĐĞ�ƚŚĂƚ�ůĂĐŬĞĚ�/>ͲϮϮ�ƐƵīĞƌĞĚ�ĨƌŽŵ�
ŝŶĐƌĞĂƐĞĚ�'ǀ,��ƐĞǀĞƌŝƚǇ�ĂŶĚ�ƐŝŐŶŝĮĐĂŶƚůǇ�ŝŶĐƌĞĂƐĞĚ�'ǀ,��ŵŽƌƚĂůŝƚǇϲϭ͘�KŶ�ƚŚĞ�ŽƚŚĞƌ�ŚĂŶĚ͕�
ƚƌĂŶƐƉůĂŶƚĂƟŽŶ�ǁŝƚŚ� />ϮϮͲĚĞĮĐŝĞŶƚ� ĚŽŶŽƌ�ŵĂƌƌŽǁ�ĚŝĚ� ŶŽƚ� ŚĂǀĞ� ĂŶǇ� ŝŵƉĂĐƚ� ŽŶ�'ǀ,�Ͳ
ĂƐƐŽĐŝĂƚĞĚ� ŽƌŐĂŶ� ƉĂƚŚŽůŽŐǇ͘� dŚĞƐĞ� ĮŶĚŝŶŐƐ� ŝŵƉůŝĞĚ� ƚŚĞ� ƉŽƐƚͲƚƌĂŶƐƉůĂŶƚ� ƉƌĞƐĞŶĐĞ� ŽĨ� Ă�
ƐƵďƐĞƚ�ŽĨ�ĐĞůůƐ�ĞůĞŵĞŶƚĂƌǇ�ĨŽƌ�/>ͲϮϮ�ƉƌŽĚƵĐƟŽŶ�ĂŶĚ�ůŝŵŝƟŶŐ�'ǀ,�ͲŝŶĚƵĐĞĚ�ŝŶŇĂŵŵĂƚŽƌǇ�
damageϲϭ. Using bone-marrow chimeras as secondary transplant recipients it became 
ĐůĞĂƌ� ƚŚĂƚ� ƌĞĐŝƉŝĞŶƚͲĚĞƌŝǀĞĚ� ŚĞŵĂƚŽƉŽŝĞƟĐ� ĐĞůůƐ� ǁĞƌĞ� ƌĞƐƉŽŶƐŝďůĞ� ĨŽƌ� ƚŚĞ� ƉƌŽĚƵĐƟŽŶ�
ŽĨ� ƉƌŽƚĞĐƟǀĞ� />ͲϮϮ͘� �ĞƚĂŝůĞĚ� ĂŶĂůǇƐŝƐ� ƌĞǀĞĂůĞĚ� ƚŚĂƚ� />ͲϮϮ� ƉƌŽĚƵĐƟŽŶ�ǁĂƐ� ƌĞƐƚƌŝĐƚĞĚ� ƚŽ�
Ă�ƌĂĚŝŽͲƌĞƐŝƐƚĂŶƚ�ƉŽƉƵůĂƟŽŶ�ŽĨ���Zϲн�/>�ϯ�ƚŚĂƚ�ƐƵƌǀŝǀĞĚ�ƉƌĞͲƚƌĂŶƐƉůĂŶƚ�ĐŽŶĚŝƟŽŶŝŶŐ͘�/Ŷ�
ĂĚĚŝƟŽŶ͕�/>ͲϮϮZ�ǁĂƐ�ĨŽƵŶĚ�ƚŽ�ďĞ�ƉƌĞƐĞŶƚ�ŽŶ�ĞƉŝƚŚĞůŝĂů�ƐƚĞŵ�ĂŶĚ�ƉƌŽŐĞŶŝƚŽƌ�ĐĞůůƐ�ŝŶ�ƚŚĞ�
ƐŵĂůů� ŝŶƚĞƐƟŶĂů� ĐƌǇƉƚƐ� ĂŶĚ� />ͲϮϮ� ƉƌŽĚƵĐƟŽŶ� ďǇ� />�ϯ�ǁĂƐ� ƉŽƐŝƟǀĞůǇ� ƌĞŐƵůĂƚĞĚ� ďǇ� />ͲϮϯ�
ĚĞƌŝǀĞĚ�ĨƌŽŵ�ŝŶƚĞƐƟŶĂů���ϲϭ

/ŵƉŽƌƚĂŶƚůǇ͕ � ŝŶƚĞƐƟŶĂů� ƐƚĞŵ� ĐĞůůƐ� ǁĞƌĞ� Ă� ĚŝƌĞĐƚ� ƚĂƌŐĞƚ� ŽĨ� ƚŚĞ� 'ǀ,�� ĂŶĚ� ĐƌǇƉƚ� ĐĞůů�
ĂƉŽƉƚŽƐŝƐ�ǁĂƐ� ŝŶĐƌĞĂƐĞĚ�ĚƵƌŝŶŐ�'ǀ,�͘�KĨ�ŶŽƚĞ͕�ĂůƐŽ�ŚŽƐƚͲĚĞƌŝǀĞĚ� />�ϯ�ĂƉƉĞĂƌĞĚ�ƚŽ�ďĞ�
ƚĂƌŐĞƚĞĚ�ďǇ�ƚŚĞ�'ǀ,��ĂƐ�ƚŚĞŝƌ�ŶƵŵďĞƌƐ�ƐƵďƐŝĚĞĚ�ĚƵƌŝŶŐ�ĚŝƐĞĂƐĞ͕�ĐŽŶĐŽŵŝƚĂŶƚ�ǁŝƚŚ�ĂŶ�
ŝŶĐƌĞĂƐĞ�ŝŶ�ƚŚĞ�ŶƵŵďĞƌ�ŽĨ�ĂƉŽƉƚŽƟĐ�ĐƌǇƉƚ�ĐĞůůƐϲϭ. Combined these data suggest a role for 
/>�ϯͲĚĞƌŝǀĞĚ�/>ͲϮϮ�ŝŶ�ƉƌŽƚĞĐƟŶŐ�ĞƉŝƚŚĞůŝĂů�ƐƚĞŵ�ĐĞůůƐ�ĨƌŽŵ�'ǀ,�ͲŝŶĚƵĐĞĚ�ĐĞůů�ĚĞĂƚŚ͘

dŚĞ� ĨĂĐƚ� ƚŚĂƚ� ŝŶƚĞƐƟŶĂů� ƐƚĞŵ� ĐĞůůƐ� ;/^�ƐͿ� ĂƐ� ǁĞůů� ĂƐ� ƚŚĞŝƌ� ĚŽǁŶƐƚƌĞĂŵ� ƉƌŽŐĞŶŝƚŽƌƐ�
ĞǆƉƌĞƐƐ� />ͲϮϮZϲϭ͕ϭϱϵ͕ϭϲϬ� ŚĂƐ� ůĞĚ� ƚŽ� ƚŚĞ� ƉĞƌĐĞƉƟŽŶ� ƚŚĂƚ� />ͲϮϮ� ĐŽƵůĚ� ĂĐƚ� ĂƐ� ĂŶ� ŝŶƐƚƌƵĐƚŽƌ�
ŽĨ� ĞƉŝƚŚĞůŝĂů� ĐĞůů� ĨƵŶĐƟŽŶ� Ăƚ� ƚŚĞ� ůĞǀĞů� ŽĨ� ƉƌŽŐĞŶŝƚŽƌ� ĐĞůůƐ͘� />�ϯ͕� ďǇ� ǀŝƌƚƵĞ�ŽĨ� ƚŚĞŝƌ� ŚŝŐŚ�
ƌĂĚŝĂƟŽŶ� ƚŽůĞƌĂŶĐĞ� ĂŶĚ� />ͲϮϮ� ƉƌŽĚƵĐƟŽŶ͕� ƉƌŽƚĞĐƚ� ƚŚĞ� ƉƌŽŐĞŶŝƚŽƌ� ĐŽŵƉĂƌƚŵĞŶƚ� ĨƌŽŵ�
'ǀ,�ͲŝŶĚƵĐĞĚ�ĐĞůů�ĚĞĂƚŚ�ĞŶƐƵƌŝŶŐ�ƉƌŽƉĞƌ�ĞƉŝƚŚĞůŝĂů�ƌĞŐĞŶĞƌĂƟŽŶ�ĂŶĚ�ďĂƌƌŝĞƌ�ĨƵŶĐƟŽŶ͘

dĂŬĞŶ� ƚŽŐĞƚŚĞƌ͕ � ŝƚ� ŝƐ� ĞǀŝĚĞŶƚ� ƚŚĂƚ� />�ϯͲĚĞƌŝǀĞĚ� ĐǇƚŽŬŝŶĞƐ� ƉůĂǇ� ĂŶ� ĞƐƐĞŶƟĂů� ƌŽůĞ� ŝŶ�
ŝŶƚĞƐƟŶĂů� ŚŽŵĞŽƐƚĂƐŝƐ� ĂŶĚ� ĚĂŵĂŐĞ� ƌĞƐƉŽŶƐĞƐ� ŝŶ� ƚŚĞ� ĞƉŝƚŚĞůŝƵŵ͘� dŚĞ� ƉƌŽĚƵĐƟŽŶ� ŽĨ�
ƚŚĞƐĞ�ĐǇƚŽŬŝŶĞƐ�ŵƵƐƚ�ŚŽǁĞǀĞƌ�ďĞ�ƟŐŚƚůǇ�ĐŽŶƚƌŽů�ĂƐ�ŽǀĞƌƉƌŽĚƵĐƟŽŶ�ŵĂǇ�ůĞĂĚ�ƚŽ�ĐŚƌŽŶŝĐ�
ŝŶŇĂŵŵĂƟŽŶ�Žƌ�ŵĂůŝŐŶĂŶƚ� ƚƌĂŶƐĨŽƌŵĂƟŽŶϭϱϬ͘� ^ŝŵŝůĂƌůǇ͕ � ůĂĐŬ�ŽĨ�ŶĞŐĂƟǀĞ� ƌĞŐƵůĂƚŽƌƐ� ĐĂŶ�
ĂůƐŽ� ƉƌŽŵŽƚĞ� ĚŝƐĞĂƐĞ͘� &Žƌ� ĞǆĂŵƉůĞ͕� ůĂĐŬ� ŽĨ� />ͲϮϮ� ďŝŶĚŝŶŐ� ƉƌŽƚĞŝŶ� ;/>ͲϮϮ�WͿ͕� Ă� ƐŽůƵďůĞ�
receptor that neutralizes secreted IL-22, facilitates tumor development in the gutϭϲϭ. 

hŶĚĞƌƐƚĂŶĚŝŶŐ�ƚŚĞ�ŵĞĐŚĂŶŝƐŵƐ�ƚŚĂƚ�ĐŽŶƚƌŽů�/>�ϯ�ĂĐƟǀĂƟŽŶ�ĂŶĚ�ĨƵŶĐƟŽŶ�ŝƐ�ƚŚĞƌĞĨŽƌĞ�
crucial to fully comprehend homeostasis and damage responses in mucosal surfaces.



29•General Introduction

AIMS AND OUTLINE OF THIS THESIS

Type 3 innate lymphoid cells (ILC3) have emerged as important players in mucosal 
ŝŵŵƵŶŽůŽŐǇ� ǁŚĞƌĞ� ƚŚĞǇ� ĂƌĞ� ĂŶ� ĞƐƐĞŶƟĂů� ƐŽƵƌĐĞ� ŽĨ� />ͲϮϮ͕� ĐƌŝƟĐĂů� ŝŶ� ƚŚĞ� ĞĂƌůǇ� ƐƚĂŐĞƐ�
ŽĨ� ďĂĐƚĞƌŝĂů� ŝŶĨĞĐƟŽŶ͘� dŚĞ� ĚŝƐĐŽǀĞƌǇ� ŽĨ� />�ϯ� ƌĂŝƐĞĚ� ŵĂŶǇ� ƋƵĞƐƟŽŶƐ� ƌĞŐĂƌĚŝŶŐ� ƚŚĞŝƌ�
ĞīĞĐƚŽƌ� ĨƵŶĐƟŽŶƐ� ĂŶĚ� ŵĞĐŚĂŶŝƐŵƐ� ŽĨ� ĂĐƟǀĂƟŽŶ͘� tŚŝůĞ� ƚŚĞ� ƉƌŽƚĞĐƟǀĞ� ƌŽůĞ� ĚƵƌŝŶŐ�
ĞŶƚĞƌŽƉĂƚŚŽŐĞŶŝĐ� ŝŶĨĞĐƟŽŶƐ�ŚĂƐ�ďĞĞŶ�ĐŚĂƌĂĐƚĞƌŝǌĞĚ͕�ƚŚĞ�ĨƵŶĐƟŽŶ�ŽĨ� />�ϯ�ĚƵƌŝŶŐ�ƟƐƐƵĞ�
ĚĂŵĂŐĞ� ŝƐ� ƉŽŽƌůǇ� ƵŶĚĞƌƐƚŽŽĚ͘�hŶĚĞƌƐƚĂŶĚŝŶŐ� ƟƐƐƵĞ� ĚĂŵĂŐĞ� ƌĞƐƉŽŶƐĞƐ� ƐƵĐŚ� ĂƐ� ƚŚŽƐĞ�
ŽĐĐƵƌƌŝŶŐ�ĚƵƌŝŶŐ� ĐŚĞŵŽƚŚĞƌĂƉǇ�Žƌ� ƌĂĚŝŽƚŚĞƌĂƉǇ� ŝŶĚƵĐĞĚͲŵƵĐŽƐŝƟƐ� ŝƐ� ĞƐƐĞŶƟĂů� ĨŽƌ� ƚŚĞ�
ĚĞƐŝŐŶ�ŽĨ�ŶĞǁ�ƐƚƌĂƚĞŐŝĞƐ�ŝŶ�ĂŶƟͲĐĂŶĐĞƌ�ƚƌĞĂƚŵĞŶƚƐ͘�ZĞĐĞŶƚ�ĮŶĚŝŶŐƐ�ŝŶ�Ă�ŐƌĂŌ�ǀĞƌƐƵƐ�ŚŽƐƚ�
ĚŝƐĞĂƐĞ�ŵŽĚĞů� ŝĚĞŶƟĮĞĚ�/>ͲϮϮ�ĂƐ�ĂŶ�ŝŵƉŽƌƚĂŶƚ�ĨĂĐƚŽƌ�ƚŚĂƚ�ƉƌŽƚĞĐƚĞĚ�ƐƚĞŵ�ĐĞůůƐ�ĨƌŽŵ�d�
ĐĞůůͲŵĞĚŝĂƚĞĚ�ŬŝůůŝŶŐ͘��ĞƚĞƌŵŝŶŝŶŐ�ƚŚĞ�ĐŽŶƚƌŝďƵƟŽŶ�ŽĨ�/>�ϯ�ƚŽ�ĞƉŝƚŚĞůŝĂů�ƉƌŽƚĞĐƟŽŶ�ĂŌĞƌ�
ŝŶƚĞƐƟŶĂů�ŝŶƐƵůƚ�ĂŶĚ�ƵŶĚĞƌƐƚĂŶĚŝŶŐ�ƚŚĞ�ĐƌŽƐƐƚĂůŬ�ŽĨ�/>�ϯ�ǁŝƚŚ�ƚŚĞ�ůŽĐĂů�ŵŝĐƌŽĞŶǀŝƌŽŶŵĞŶƚ�
is therefore of great interest.  

�ƵƌŝŶŐ� ŝŶƚĞƐƟŶĂů� ĚĂŵĂŐĞ� ƌĞƐƉŽŶƐĞƐ͕� ĂĐƟǀĂƟŶŐ� ƐŝŐŶĂůƐ� ŵĂǇ� ƌĞŐƵůĂƚĞ� ĂĐƟǀĂƟŽŶ� ŽĨ�
/>�ϯ͘�/ƚ�ŝƐ�ĐƵƌƌĞŶƚůǇ�ŬŶŽǁŶ�ƚŚĂƚ��W�ͲĚĞƌŝǀĞĚ�ĐǇƚŽŬŝŶĞƐ�ŝŶĐůƵĚŝŶŐ�/>ͲϮϯ�ĂŶĚ�/>Ͳϭɴ�ƉƌŽŵŽƚĞ�
ĐǇƚŽŬŝŶĞ� ƉƌŽĚƵĐƟŽŶ� ďǇ� />�ϯ͘� EĞǀĞƌƚŚĞůĞƐƐ͕� ŵƵƌŝŶĞ� ŝŶƚĞƐƟŶĂů� />�ϯ� ƐƵďƐĞƚƐ� ĂƌĞ� ĨŽƵŶĚ�
Ăƚ� ĚŝīĞƌĞŶƚ� ĐŽŵƉĂƌƚŵĞŶƚ�ǁŝƚŚŝŶ� ƚŚĞ� ůĂŵŝŶĂ� ƉƌŽƉƌŝĂ� ĂŶĚ� ůŽĐĂů� ƐŝŐŶĂůƐ�ŵĂǇ� ĚƌŝǀĞ� ƚŚĞŝƌ�
ĂĐƟǀĂƟŽŶ͘���Zϲн/>�ϯ� ůŽĐĂůŝǌĞ� ŝŶ�ƚŚĞ�ĐƌǇƉƚŽƉĂƚĐŚĞƐ�ĐůŽƐĞ�ƚŽ�ƚŚĞ� ŝŶƚĞƐƟŶĂů�ĐƌǇƉƚƐ�ǁŚĞƌĞ�
ƚŚĞǇ�ŵĂǇ�ĐŽŵŵƵŶŝĐĂƚĞ�ǁŝƚŚ�ƐƚĞŵ�ĐĞůůƐ�ĂƐ�ƐƵŐŐĞƐƚĞĚ�ďǇ�ƚŚĞ�ŽďƐĞƌǀĂƟŽŶƐ�ŝŶ�ƚŚĞ�ŵŽĚĞů�ŽĨ�
'ǀ,�͘�/Ŷ�ĐŽŶƚƌĂƐƚ͕�E<Ɖϰϲн/>�ϯ�ĂƌĞ�ĐůŽƐĞƌ�ƚŽ�ƚŚĞ�ĚŝīĞƌĞŶƟĂƚĞĚ�ĞƉŝƚŚĞůŝĂů�ĐĞůůƐ͘��ǆƉƌĞƐƐŝŽŶ�
ŽĨ�E�ZƐ�ďǇ�ŚƵŵĂŶ�ĂŶĚ�ŵƵƌŝŶĞ�/>�ϯ�ƌĂŝƐĞƐ�ƚŚĞ�ƉŽƐƐŝďŝůŝƚǇ�ŽĨ�ĂŶ�ĂĚĚŝƟŽŶĂů�ŵĞĐŚĂŶŝƐŵ�ŽĨ�
ĂĐƟǀĂƟŽŶ͘� /ŶĚĞĞĚ͕�E<Ɖϰϰ� ůŝŐĂƟŽŶ�ŽŶ�ŚƵŵĂŶ� />�ϯ� ƚƌŝŐŐĞƌĞĚ�dE&ɲ�ƉƌŽĚƵĐƟŽŶ�ďǇ� />�ϯ͘�
,ŽǁĞǀĞƌ͕ � ĨƵƌƚŚĞƌ� ŝŶǀĞƐƟŐĂƟŽŶ� ŝƐ�ŶĞĞĚĞĚ�ƚŽ�ƵŶĚĞƌƐƚĂŶĚ� ƚŚĞ�ƌŽůĞ�ŽĨ� ƚŚĞƐĞ� ƌĞĐĞƉƚŽƌƐ�ĂƐ�
ǁĞůů�ĂƐ�ƚŚĞŝƌ�ĐŽŶƚƌŝďƵƟŽŶ�ƚŽ�/>�ϯ�ĨƵŶĐƟŽŶ�ŝŶ�ǀŝǀŽ. 

dŚĞ�ŽǀĞƌĂůů�Ăŝŵ�ŽĨ�ƚŚŝƐ�ƚŚĞƐŝƐ� ŝƐ�ƚŽ� ŝŶǀĞƐƟŐĂƚĞ�ƚŚĞ�ƌŽůĞ�ŽĨ� />�ϯ�ĂŌĞƌ�ĂĐƵƚĞ�ŝŶƚĞƐƟŶĂů�
ĚĂŵĂŐĞ͘�tĞ� ƐĞƚ� ƵƉ� Ă�DĞƚŚŽƚƌĞǆĂƚĞͲŝŶĚƵĐĞĚ� ŝŶƚĞƐƟŶĂů� ĚĂŵĂŐĞ�ŵŽĚĞů� ƚŽ� ŐĂŝŶ� ŝŶƐŝŐŚƚ�
ŝŶƚŽ�ƚŚĞ�ĐŽŶƚƌŝďƵƟŽŶ�ŽĨ�/>�ϯ�ƚŽ�ƟƐƐƵĞ�ĚĂŵĂŐĞ�ƌĞƐƉŽŶƐĞƐ͘�/Ŷ�chapter 2, we studied the 
ŝŶƚĞƐƟŶĂů�ĞƉŝƚŚĞůŝĂů�ĚĂŵĂŐĞ�ƌĞƐƉŽŶƐĞ�ĂŌĞƌ�Ddy�ƚƌĞĂƚŵĞŶƚ�ŝŶ�ƚŚĞ�ĂďƐĞŶĐĞ�ŽĨ�/>�ϯ͘�hƐŝŶŐ�
ZŽƌɶƚͲͬͲ�ĂŶĚ�ĂŶƟͲdŚǇϭͲƚƌĞĂƚĞĚ�ZĂŐϭͲͬͲ�mice we demonstrated that ILC3 protect epithelial 
ĐĞůůƐ� ĨƌŽŵ� ĐŚĞŵŽƚŚĞƌĂƉǇͲŝŶĚƵĐĞĚ� ƉĂƚŚŽůŽŐŝĐĂů� ĚĂŵĂŐĞ͘� dŽ� ƵŶĚĞƌƐƚĂŶĚ� ƚŚĞ� ĞīĞĐƚŽƌ�
ĨƵŶĐƟŽŶƐ� ŽĨ� />�ϯ� ĂŌĞƌ� ĐǇƚŽƐƚĂƟĐ� ŝŶƐƵůƚ͕� ǁĞ� ŝƐŽůĂƚĞĚ� ůĂŵŝŶĂ� ƉƌŽƉƌŝĂ� ��ZϲнILC3 and 
E<Ɖϰϲн/>�ϯ�ĂŶĚ�ĂŶĂůǇǌĞĚ�ƚŚĞŝƌ�ĐǇƚŽŬŝŶĞ�ƉƌŽĚƵĐƟŽŶ͘��

In chapter 3͕�ǁĞ�ĨƵƌƚŚĞƌ�ĞǆĂŵŝŶĞĚ�ƚŚĞ�ƌŽůĞ�/>ͲϮϮ�ŝŶ�ƚŚĞ�ĞƉŝƚŚĞůŝĂů�ƌĞƐƉŽŶƐĞ�ĂŌĞƌ�DdyͲ
ŝŶĚƵĐĞĚ�ĚĂŵĂŐĞ͘��Ǉ�ĞǆĂŵŝŶŝŶŐ�ƚŚĞ�ƟƐƐƵĞ�ŚĞĂůŝŶŐͲĂƐƐŽĐŝĂƚĞĚ�ƉĂƚŚǁĂǇ�ŽĨ�̂ d�dϯ�ĂĐƟǀĂƟŽŶ͕�
ĂŶƟŵŝĐƌŽďŝĂů� ƌĞƐƉŽŶƐĞƐ� ĂŶĚ�ŵĂŝŶƚĞŶĂŶĐĞ� ŽĨ� ŐŽďůĞƚ� ĐĞůůƐ� ŝŶ� ƚŚĞ� ĂďƐĞŶĐĞ� ŽĨ� />ͲϮϮ͕� ǁĞ�
ŐĂŝŶĞĚ�ŬŶŽǁůĞĚŐĞ�ŽŶ�ƚŚĞ�ĞīĞĐƚƐ�ŽĨ�/>ͲϮϮ�ŽŶ�ĚŝīĞƌĞŶƟĂƚĞĚ�ĞƉŝƚŚĞůŝĂů�ĐĞůůƐ͘�/ŵƉŽƌƚĂŶƚůǇ͕ �
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ǁĞ�ĚĞŵŽŶƐƚƌĂƚĞ�ĂŶ�ĞƐƐĞŶƟĂů�ĨƵŶĐƟŽŶ�ĨŽƌ�/>ͲϮϮ�ŝŶ�ŝŶƚĞƐƟŶĂů�ƐƚĞŵ�ĐĞůů�ŵĂŝŶƚĞŶĂŶĐĞ͘
tŚŝůĞ�ĂĐƟǀĂƟŽŶ�ŽĨ�/>�ϯ�ďǇ��W�ͲĚĞƌŝǀĞĚ�ĐǇƚŽŬŝŶĞƐ�ŚĂƐ�ďĞĞŶ�ĐŚĂƌĂĐƚĞƌŝǌĞĚ͕�ƚŚĞ�ƌŽůĞ�ŽĨ�

E�Z�ĂƐ�Ă�ƉŽƚĞŶƟĂů�ĂĐƟǀĂƟŶŐ�ŵĞĐŚĂŶŝƐŵ�ƌĞŵĂŝŶƐ�ƉŽŽƌůǇ�ƵŶĚĞƌƐƚŽŽĚ͘��ŶĂůǇƐŝƐ�ŽĨ�ůĂŵŝŶĂ�
ƉƌŽƉƌŝĂ� />�ϯ� ƌĞǀĞĂůĞĚ� ĂŶ� ŝŶĐƌĞĂƐĞ� ŝŶ� ĨƌĞƋƵĞŶĐǇ� ĂŶĚ� ĂĐƟǀĂƟŶŐ� ƉƌŽĮůĞ� ŽĨ� E<Ɖϰϲн ILC3 
ĂŌĞƌ�Ddy�;ĐŚĂƉƚĞƌ�ϮͿ͘�/Ŷ�chapter 4͕�ǁĞ�ĂŝŵĞĚ�ƚŽ�ĐůĂƌŝĨǇ�ƚŚĞ�ŵĞĐŚĂŶŝƐŵ�ŽĨ�ĂĐƟǀĂƟŽŶ�ŽĨ�
/>�ϯ�ĂŶĚ�ƚŚĞ�ĨƵŶĐƟŽŶ�ŽĨ�E�Z�ĞǆƉƌĞƐƐŝŽŶ�ŽŶ�ŵƵĐŽƐĂů�/>�ϯ͘�dŚŝƐ�ĐŚĂƉƚĞƌ�ĚĞƐĐƌŝďĞƐ�ƚŚĞ�ĐŽͲ
ĂĐƟǀĂƟŶŐ�ĨƵŶĐƟŽŶ�ŽĨ�E�Z�ŽŶ�ŚƵŵĂŶ�/>�ϯ͘��

In chapter 5 we further gained knowledge on the in ǀŝǀŽ�ƌŽůĞ�ŽĨ�E<Ɖϰϲ�ŝŶ�ƌĂĚŝĂƟŽŶ�
ĂŶĚ�ĐŚĞŵŽƚŚĞƌĂƉǇͲŝŶĚƵĐĞĚ�ŝŶƚĞƐƟŶĂů�ĚĂŵĂŐĞ͘��

&ŝŶĂůůǇ͕ �ŝŶ�chapter 6 I discuss the main conclusions of this thesis and present the data 
ŝŶ�Ă�ďƌŽĂĚĞƌ�ƉĞƌƐƉĞĐƟǀĞ͘
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� ϱϭ� ��ĂƌŬĞƌ͕ �E͕͘�ǀĂŶ�KƵĚĞŶĂĂƌĚĞŶ͕��͘�Θ��ůĞǀĞƌƐ͕�,͘�/ĚĞŶƟĨǇŝŶŐ�ƚŚĞ�ƐƚĞŵ�ĐĞůů�ŽĨ�ƚŚĞ�ŝŶƚĞƐƟŶĂů�ĐƌǇƉƚ͗�ƐƚƌĂƚĞŐŝĞƐ�
ĂŶĚ�ƉŝƞĂůůƐ͘��Ğůů�ƐƚĞŵ�ĐĞůů 11͕�ϰϱϮͲϰϲϬ͕�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ƐƚĞŵ͘ϮϬϭϮ͘Ϭϵ͘ϬϬϵ�;ϮϬϭϮͿ͘

� ϱϮ� �̂ ŶŝƉƉĞƌƚ͕�,͘�:͘�Ğƚ�Ăů͘�/ŶƚĞƐƟŶĂů�ĐƌǇƉƚ�ŚŽŵĞŽƐƚĂƐŝƐ�ƌĞƐƵůƚƐ�ĨƌŽŵ�ŶĞƵƚƌĂů�ĐŽŵƉĞƟƟŽŶ�ďĞƚǁĞĞŶ�ƐǇŵŵĞƚƌŝĐĂůůǇ�
ĚŝǀŝĚŝŶŐ�>Őƌϱ�ƐƚĞŵ�ĐĞůůƐ͘�Cell 143͕�ϭϯϰͲϭϰϰ͕�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ĐĞůů͘ϮϬϭϬ͘Ϭϵ͘Ϭϭϲ�;ϮϬϭϬͿ͘
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� ϱϯ� �>ŽƉĞǌͲ'ĂƌĐŝĂ͕��͕͘�<ůĞŝŶ͕��͘�D͕͘�^ŝŵŽŶƐ͕��͘��͘�Θ�tŝŶƚŽŶ͕��͘�:͘�/ŶƚĞƐƟŶĂů�ƐƚĞŵ�ĐĞůů�ƌĞƉůĂĐĞŵĞŶƚ�ĨŽůůŽǁƐ�Ă�
ƉĂƩĞƌŶ�ŽĨ�ŶĞƵƚƌĂů�ĚƌŝŌ͘�^ĐŝĞŶĐĞ 330͕�ϴϮϮͲϴϮϱ͕�ĚŽŝ͗ϭϬ͘ϭϭϮϲͬƐĐŝĞŶĐĞ͘ϭϭϵϲϮϯϲ�;ϮϬϭϬͿ͘

� ϱϰ� �WŽƩĞŶ͕��͘�^͘��ǆƚƌĞŵĞ�ƐĞŶƐŝƟǀŝƚǇ�ŽĨ�ƐŽŵĞ�ŝŶƚĞƐƟŶĂů�ĐƌǇƉƚ�ĐĞůůƐ�ƚŽ�y�ĂŶĚ�ŐĂŵŵĂ�ŝƌƌĂĚŝĂƟŽŶ͘�EĂƚƵƌĞ 269, 
ϱϭϴͲϱϮϭ�;ϭϵϳϳͿ͘

� ϱϱ� �dĂŬĞĚĂ͕�E͘�Ğƚ�Ăů͘�/ŶƚĞƌĐŽŶǀĞƌƐŝŽŶ��ĞƚǁĞĞŶ�/ŶƚĞƐƟŶĂů�̂ ƚĞŵ��Ğůů�WŽƉƵůĂƟŽŶƐ�ŝŶ��ŝƐƟŶĐƚ�EŝĐŚĞƐ͘�̂ ĐŝĞŶĐĞ 334, 
ϭϰϮϬͲϭϰϮϰ�;ϮϬϭϭͿ͘

� ϱϲ� �DŽŶƚŐŽŵĞƌǇ͕ �Z͘�<͘�Ğƚ�Ăů͘�DŽƵƐĞ�ƚĞůŽŵĞƌĂƐĞ�ƌĞǀĞƌƐĞ�ƚƌĂŶƐĐƌŝƉƚĂƐĞ�;ŵdĞƌƚͿ�ĞǆƉƌĞƐƐŝŽŶ�ŵĂƌŬƐ�ƐůŽǁůǇ�ĐǇĐůŝŶŐ�
ŝŶƚĞƐƟŶĂů�ƐƚĞŵ�ĐĞůůƐ͘�WƌŽĐĞĞĚŝŶŐƐ�ŽĨ�ƚŚĞ�EĂƟŽŶĂů��ĐĂĚĞŵǇ�ŽĨ�^ĐŝĞŶĐĞƐ�ŽĨ�ƚŚĞ�hŶŝƚĞĚ�^ƚĂƚĞƐ�ŽĨ��ŵĞƌŝĐĂ 
108͕�ϭϳϵͲϭϴϰ͕�ĚŽŝ͗ϭϬ͘ϭϬϳϯͬƉŶĂƐ͘ϭϬϭϯϬϬϰϭϬϴ�;ϮϬϭϭͿ͘

� ϱϳ� ��ƵĐǌĂĐŬŝ͕�^͘�:͘�Ğƚ�Ăů͘�/ŶƚĞƐƟŶĂů�ůĂďĞůͲƌĞƚĂŝŶŝŶŐ�ĐĞůůƐ�ĂƌĞ�ƐĞĐƌĞƚŽƌǇ�ƉƌĞĐƵƌƐŽƌƐ�ĞǆƉƌĞƐƐŝŶŐ�>Őƌϱ͘�EĂƚƵƌĞ 495, 
ϲϱͲϲϵ͕�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬŶĂƚƵƌĞϭϭϵϲϱ�;ϮϬϭϯͿ͘

� ϱϴ� �ZŽƚŚ͕�^͘�Ğƚ�Ăů͘�WĂŶĞƚŚ�ĐĞůůƐ�ŝŶ�ŝŶƚĞƐƟŶĂů�ŚŽŵĞŽƐƚĂƐŝƐ�ĂŶĚ�ƟƐƐƵĞ�ŝŶũƵƌǇ͘�WůŽ^�ŽŶĞ 7͕�Ğϯϴϵϲϱ͕�ĚŽŝ͗ϭϬ͘ϭϯϳϭͬ
ũŽƵƌŶĂů͘ƉŽŶĞ͘ϬϬϯϴϵϲϱ�;ϮϬϭϮͿ͘

� ϱϵ� �ǀĂŶ��Ɛ͕�:͘�,͘�Ğƚ�Ăů͘��ůůϭн�ƐĞĐƌĞƚŽƌǇ�ƉƌŽŐĞŶŝƚŽƌ�ĐĞůůƐ�ƌĞǀĞƌƚ�ƚŽ�ƐƚĞŵ�ĐĞůůƐ�ƵƉŽŶ�ĐƌǇƉƚ�ĚĂŵĂŐĞ͘�EĂƚƵƌĞ�ĐĞůů�
ďŝŽůŽŐǇ 14͕�ϭϬϵϵͲϭϭϬϰ͕�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬŶĐďϮϱϴϭ�;ϮϬϭϮͿ͘

 60  Sato, T.�Ğƚ�Ăů͘�^ŝŶŐůĞ�>Őƌϱ�ƐƚĞŵ�ĐĞůůƐ�ďƵŝůĚ�ĐƌǇƉƚͲǀŝůůƵƐ�ƐƚƌƵĐƚƵƌĞƐ�ŝŶ�ǀŝƚƌŽ�ǁŝƚŚŽƵƚ�Ă�ŵĞƐĞŶĐŚǇŵĂů�ŶŝĐŚĞ͘�
EĂƚƵƌĞ 459͕�ϮϲϮͲϮϲϱ͕�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬŶĂƚƵƌĞϬϳϵϯϱ�;ϮϬϬϵͿ͘

� ϲϭ� �,ĂŶĂƐŚ͕� �͘� D͘� Ğƚ� Ăů͘� /ŶƚĞƌůĞƵŬŝŶͲϮϮ� ƉƌŽƚĞĐƚƐ� ŝŶƚĞƐƟŶĂů� ƐƚĞŵ� ĐĞůůƐ� ĨƌŽŵ� ŝŵŵƵŶĞͲŵĞĚŝĂƚĞĚ� ƟƐƐƵĞ�
ĚĂŵĂŐĞ� ĂŶĚ� ƌĞŐƵůĂƚĞƐ� ƐĞŶƐŝƟǀŝƚǇ� ƚŽ� ŐƌĂŌ� ǀĞƌƐƵƐ� ŚŽƐƚ� ĚŝƐĞĂƐĞ͘� /ŵŵƵŶŝƚǇ 37͕� ϯϯϵͲϯϱϬ͕� ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘
ŝŵŵƵŶŝ͘ϮϬϭϮ͘Ϭϱ͘ϬϮϴ�;ϮϬϭϮͿ͘

� ϲϮ� �<ĂŐŶŽī͕�D͘�&͘ �DŝĐƌŽďŝĂůͲĞƉŝƚŚĞůŝĂů�ĐĞůů�ĐƌŽƐƐƚĂůŬ�ĚƵƌŝŶŐ�ŝŶŇĂŵŵĂƟŽŶ͗�ƚŚĞ�ŚŽƐƚ�ƌĞƐƉŽŶƐĞ͘��ŶŶĂůƐ�ŽĨ�ƚŚĞ�
EĞǁ�zŽƌŬ��ĐĂĚĞŵǇ�ŽĨ�^ĐŝĞŶĐĞƐ 1072͕�ϯϭϯͲϯϮϬ͕�ĚŽŝ͗ϭϬ͘ϭϭϵϲͬĂŶŶĂůƐ͘ϭϯϮϲ͘Ϭϯϴ�;ϮϬϬϲͿ͘

 63  Rimoldi, M.�Ğƚ�Ăů͘�/ŶƚĞƐƟŶĂů�ŝŵŵƵŶĞ�ŚŽŵĞŽƐƚĂƐŝƐ�ŝƐ�ƌĞŐƵůĂƚĞĚ�ďǇ�ƚŚĞ�ĐƌŽƐƐƚĂůŬ�ďĞƚǁĞĞŶ�ĞƉŝƚŚĞůŝĂů�ĐĞůůƐ�
ĂŶĚ�ĚĞŶĚƌŝƟĐ�ĐĞůůƐ͘�EĂƚ�/ŵŵƵŶŽů 6͕�ϱϬϳͲϱϭϰ͕�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬŶŝϭϭϵϮ�;ϮϬϬϱͿ͘

� ϲϰ� ��ĞƵƚŚĞŶ͕� >͘� ,͕͘� &ŝŶŬ͕� >͘� E͘� Θ� &ƌŽŬŝĂĞƌ͕ � ,͘� �ƉŝƚŚĞůŝĂů� ĐĞůůƐ� ƉƌŝŵĞ� ƚŚĞ� ŝŵŵƵŶĞ� ƌĞƐƉŽŶƐĞ� ƚŽ� ĂŶ� ĂƌƌĂǇ� ŽĨ�
ŐƵƚͲĚĞƌŝǀĞĚ�ĐŽŵŵĞŶƐĂůƐ� ƚŽǁĂƌĚƐ�Ă� ƚŽůĞƌŽŐĞŶŝĐ�ƉŚĞŶŽƚǇƉĞ� ƚŚƌŽƵŐŚ�ĚŝƐƟŶĐƚ�ĂĐƟŽŶƐ�ŽĨ� ƚŚǇŵŝĐ�ƐƚƌŽŵĂů�
ůǇŵƉŚŽƉŽŝĞƟŶ� ĂŶĚ� ƚƌĂŶƐĨŽƌŵŝŶŐ� ŐƌŽǁƚŚ� ĨĂĐƚŽƌͲďĞƚĂ͘� /ŵŵƵŶŽůŽŐǇ 123͕� ϭϵϳͲϮϬϴ͕� ĚŽŝ͗ϭϬ͘ϭϭϭϭͬũ͘ϭϯϲϱͲ
Ϯϱϲϳ͘ϮϬϬϳ͘ϬϮϲϴϳ͘ǆ�;ϮϬϬϴͿ͘

� ϲϱ� ��ĂƌŝŽ͕� �͘� ,ĞĂĚƐ� ƵƉ͊� ,Žǁ� ƚŚĞ� ŝŶƚĞƐƟŶĂů� ĞƉŝƚŚĞůŝƵŵ� ƐĂĨĞŐƵĂƌĚƐ� ŵƵĐŽƐĂů� ďĂƌƌŝĞƌ� ŝŵŵƵŶŝƚǇ� ƚŚƌŽƵŐŚ�
ƚŚĞ� ŝŶŇĂŵŵĂƐŽŵĞ� ĂŶĚ� ďĞǇŽŶĚ͘� �ƵƌƌĞŶƚ� ŽƉŝŶŝŽŶ� ŝŶ� ŐĂƐƚƌŽĞŶƚĞƌŽůŽŐǇ 26͕� ϱϴϯͲϱϵϬ͕� ĚŽŝ͗ϭϬ͘ϭϬϵϳͬ
DK'͘ϬďϬϭϯĞϯϮϴϯϯĚϰďϴϴ�;ϮϬϭϬͿ͘

 66  Coombes, J. L.� Ğƚ� Ăů͘� �� ĨƵŶĐƟŽŶĂůůǇ� ƐƉĞĐŝĂůŝǌĞĚ� ƉŽƉƵůĂƟŽŶ� ŽĨ� ŵƵĐŽƐĂů� ��ϭϬϯн� ��Ɛ� ŝŶĚƵĐĞƐ� &ŽǆƉϯн�
ƌĞŐƵůĂƚŽƌǇ�d�ĐĞůůƐ�ǀŝĂ�Ă�d'&ͲďĞƚĂ�ĂŶĚ�ƌĞƟŶŽŝĐ�ĂĐŝĚͲĚĞƉĞŶĚĞŶƚ�ŵĞĐŚĂŶŝƐŵ͘�dŚĞ�:ŽƵƌŶĂů�ŽĨ�ĞǆƉĞƌŝŵĞŶƚĂů�
ŵĞĚŝĐŝŶĞ 204͕�ϭϳϱϳͲϭϳϲϰ͕�ĚŽŝ͗ϭϬ͘ϭϬϴϰͬũĞŵ͘ϮϬϬϳϬϱϵϬ�;ϮϬϬϳͿ͘

 67  He, B.�Ğƚ�Ăů͘�/ŶƚĞƐƟŶĂů�ďĂĐƚĞƌŝĂ�ƚƌŝŐŐĞƌ�d�ĐĞůůͲŝŶĚĞƉĞŶĚĞŶƚ�ŝŵŵƵŶŽŐůŽďƵůŝŶ��;ϮͿ�ĐůĂƐƐ�ƐǁŝƚĐŚŝŶŐ�ďǇ�ŝŶĚƵĐŝŶŐ�
ĞƉŝƚŚĞůŝĂůͲĐĞůů�ƐĞĐƌĞƟŽŶ�ŽĨ�ƚŚĞ�ĐǇƚŽŬŝŶĞ��WZ/>͘�/ŵŵƵŶŝƚǇ 26͕�ϴϭϮͲϴϮϲ͕�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ŝŵŵƵŶŝ͘ϮϬϬϳ͘Ϭϰ͘Ϭϭϰ�
(2007).

� ϲϴ� �yƵ͕�t͘�Ğƚ�Ăů͘ Epithelial cells trigger frontline immunoglobulin class switching through a pathway regulated 
by the inhibitor SLPI. EĂƚ�/ŵŵƵŶŽů 8͕�ϮϵϰͲϯϬϯ͕�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬŶŝϭϰϯϰ�;ϮϬϬϳͿ͘

� ϲϵ� �:ŽŚĂŶƐĞŶ͕�&͘ ��͘�Θ�<ĂĞƚǌĞů͕��͘�^͘�ZĞŐƵůĂƟŽŶ�ŽĨ�ƚŚĞ�ƉŽůǇŵĞƌŝĐ�ŝŵŵƵŶŽŐůŽďƵůŝŶ�ƌĞĐĞƉƚŽƌ�ĂŶĚ�/Ő��ƚƌĂŶƐƉŽƌƚ͗�
ŶĞǁ�ĂĚǀĂŶĐĞƐ�ŝŶ�ĞŶǀŝƌŽŶŵĞŶƚĂů�ĨĂĐƚŽƌƐ�ƚŚĂƚ�ƐƟŵƵůĂƚĞ�Ɖ/ŐZ�ĞǆƉƌĞƐƐŝŽŶ�ĂŶĚ�ŝƚƐ�ƌŽůĞ�ŝŶ�ŵƵĐŽƐĂů�ŝŵŵƵŶŝƚǇ͘�
DƵĐŽƐĂů�ŝŵŵƵŶŽůŽŐǇ 4͕�ϱϵϴͲϲϬϮ͕�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬŵŝ͘ϮϬϭϭ͘ϯϳ�;ϮϬϭϭͿ͘
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� ϳϬ� �tĂŶŐ͕� z͘ � Ğƚ� Ăů͘� >ǇŵƉŚŽƚŽǆŝŶ� ďĞƚĂ� ƌĞĐĞƉƚŽƌ� ƐŝŐŶĂůŝŶŐ� ŝŶ� ŝŶƚĞƐƟŶĂů� ĞƉŝƚŚĞůŝĂů� ĐĞůůƐ� ŽƌĐŚĞƐƚƌĂƚĞƐ� ŝŶŶĂƚĞ�
ŝŵŵƵŶĞ� ƌĞƐƉŽŶƐĞƐ� ĂŐĂŝŶƐƚ� ŵƵĐŽƐĂů� ďĂĐƚĞƌŝĂů� ŝŶĨĞĐƟŽŶ͘� /ŵŵƵŶŝƚǇ 32͕� ϰϬϯͲϰϭϯ͕� ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘
ŝŵŵƵŶŝ͘ϮϬϭϬ͘ϬϮ͘Ϭϭϭ�;ϮϬϭϬͿ͘

� ϳϭ� �KŚƚƐƵŬĂ͕�z͘ ͕�>ĞĞ͕�:͕͘�^ƚĂŵŵ͕��͘�^͘�Θ�^ĂŶĚĞƌƐŽŶ͕�/͘�Z͘�D/WͲϮ�ƐĞĐƌĞƚĞĚ�ďǇ�ĞƉŝƚŚĞůŝĂů�ĐĞůůƐ�ŝŶĐƌĞĂƐĞƐ�ŶĞƵƚƌŽƉŚŝů�
ĂŶĚ�ůǇŵƉŚŽĐǇƚĞ�ƌĞĐƌƵŝƚŵĞŶƚ�ŝŶ�ƚŚĞ�ŵŽƵƐĞ�ŝŶƚĞƐƟŶĞ͘�'Ƶƚ 49͕�ϱϮϲͲϱϯϯ�;ϮϬϬϭͿ͘

 72  Kucharzik, T.�Ğƚ�Ăů͘��ĐƵƚĞ�ŝŶĚƵĐƟŽŶ�ŽĨ�ŚƵŵĂŶ�/>Ͳϴ�ƉƌŽĚƵĐƟŽŶ�ďǇ�ŝŶƚĞƐƟŶĂů�ĞƉŝƚŚĞůŝƵŵ�ƚƌŝŐŐĞƌƐ�ŶĞƵƚƌŽƉŚŝů�
ŝŶĮůƚƌĂƟŽŶ�ǁŝƚŚŽƵƚ�ŵƵĐŽƐĂů�ŝŶũƵƌǇ͘�'Ƶƚ 54͕�ϭϱϲϱͲϭϱϳϮ͕�ĚŽŝ͗ϭϬ͘ϭϭϯϲͬŐƵƚ͘ϮϬϬϰ͘Ϭϲϭϭϲϴ�;ϮϬϬϱͿ͘

 73  Saenz, S. A.� Ğƚ� Ăů͘� />Ϯϱ�ĞůŝĐŝƚƐ� Ă�ŵƵůƟƉŽƚĞŶƚ�ƉƌŽŐĞŶŝƚŽƌ� ĐĞůů� ƉŽƉƵůĂƟŽŶ� ƚŚĂƚ�ƉƌŽŵŽƚĞƐ� d;,ͿϮ� ĐǇƚŽŬŝŶĞ�
responses. EĂƚƵƌĞ 464͕�ϭϯϲϮͲϭϯϲϲ͕�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬŶĂƚƵƌĞϬϴϵϬϭ�;ϮϬϭϬͿ͘

 74  Sawa, S.�Ğƚ�Ăů͘�ZKZŐĂŵŵĂƚн�ŝŶŶĂƚĞ�ůǇŵƉŚŽŝĚ�ĐĞůůƐ�ƌĞŐƵůĂƚĞ�ŝŶƚĞƐƟŶĂů�ŚŽŵĞŽƐƚĂƐŝƐ�ďǇ�ŝŶƚĞŐƌĂƟŶŐ�ŶĞŐĂƟǀĞ�
ƐŝŐŶĂůƐ�ĨƌŽŵ�ƚŚĞ�ƐǇŵďŝŽƟĐ�ŵŝĐƌŽďŝŽƚĂ͘�EĂƚ�/ŵŵƵŶŽů 12͕�ϯϮϬͲϯϮϲ͕�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬŶŝ͘ϮϬϬϮ�;ϮϬϭϭͿ͘

� ϳϱ� �̂ ƉŝƚƐ͕�,͘�Ğƚ�Ăů͘ Innate lymphoid cells--a proposal for uniform nomenclature. EĂƚƵƌĞ�ƌĞǀŝĞǁƐ͘�/ŵŵƵŶŽůŽŐǇ 
13͕�ϭϰϱͲϭϰϵ͕�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬŶƌŝϯϯϲϱ�;ϮϬϭϯͿ͘

� ϳϲ� ��ƌƟƐ͕��͘�Θ�^ƉŝƚƐ͕�,͘�dŚĞ�ďŝŽůŽŐǇ�ŽĨ�ŝŶŶĂƚĞ�ůǇŵƉŚŽŝĚ�ĐĞůůƐ͘�EĂƚƵƌĞ 517͕�ϮϵϯͲϯϬϭ͕�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬŶĂƚƵƌĞϭϰϭϴϵ�
;ϮϬϭϱͿ͘

� ϳϳ� ��ŽŶƐƚĂŶƟŶŝĚĞƐ͕�D͘�'͕͘�DĐ�ŽŶĂůĚ͕��͘��͕͘�sĞƌŚŽĞĨ͕ �W͘ ��͘�Θ��ĞŶĚĞůĂĐ͕��͘���ĐŽŵŵŝƩĞĚ�ƉƌĞĐƵƌƐŽƌ�ƚŽ�ŝŶŶĂƚĞ�
lymphoid cells. EĂƚƵƌĞ 508͕�ϯϵϳͲϰϬϭ͕�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬŶĂƚƵƌĞϭϯϬϰϳ�;ϮϬϭϰͿ͘

� ϳϴ� �zĂŐŝ͕�Z͘�Ğƚ�Ăů͘�dŚĞ�ƚƌĂŶƐĐƌŝƉƟŽŶ�ĨĂĐƚŽƌ�'�d�ϯ�ŝƐ�ĐƌŝƟĐĂů�ĨŽƌ�ƚŚĞ�ĚĞǀĞůŽƉŵĞŶƚ�ŽĨ�Ăůů�/>ͲϳZĂůƉŚĂͲĞǆƉƌĞƐƐŝŶŐ�
innate lymphoid cells. /ŵŵƵŶŝƚǇ 40͕�ϯϳϴͲϯϴϴ͕�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ŝŵŵƵŶŝ͘ϮϬϭϰ͘Ϭϭ͘ϬϭϮ�;ϮϬϭϰͿ͘

� ϳϵ� �'ĞŝŐĞƌ͕ �d͘ �>͘�Ğƚ�Ăů͘�EĮůϯ�ŝƐ�ĐƌƵĐŝĂů�ĨŽƌ�ĚĞǀĞůŽƉŵĞŶƚ�ŽĨ�ŝŶŶĂƚĞ�ůǇŵƉŚŽŝĚ�ĐĞůůƐ�ĂŶĚ�ŚŽƐƚ�ƉƌŽƚĞĐƟŽŶ�ĂŐĂŝŶƐƚ�
ŝŶƚĞƐƟŶĂů�ƉĂƚŚŽŐĞŶƐ͘�dŚĞ�:ŽƵƌŶĂů�ŽĨ�ĞǆƉĞƌŝŵĞŶƚĂů�ŵĞĚŝĐŝŶĞ 211͕�ϭϳϮϯͲϭϳϯϭ͕�ĚŽŝ͗ϭϬ͘ϭϬϴϰͬũĞŵ͘ϮϬϭϰϬϮϭϮ�
;ϮϬϭϰͿ͘

� ϴϬ� ��ůŝĂŚŵĂĚ͕� W͘ ͕� ĚĞ� ůĂ� dŽƌƌĞ͕� �͘� Θ� <ĂǇĞ͕� :͘� ^ŚĂƌĞĚ� ĚĞƉĞŶĚĞŶĐĞ� ŽŶ� ƚŚĞ� �E�ͲďŝŶĚŝŶŐ� ĨĂĐƚŽƌ� dKy� ĨŽƌ� ƚŚĞ�
ĚĞǀĞůŽƉŵĞŶƚ�ŽĨ�ůǇŵƉŚŽŝĚ�ƟƐƐƵĞͲŝŶĚƵĐĞƌ�ĐĞůů�ĂŶĚ�E<�ĐĞůů�ůŝŶĞĂŐĞƐ͘�EĂƚ�/ŵŵƵŶŽů 11͕�ϵϰϱͲϵϱϮ͕�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬ
Ŷŝ͘ϭϵϯϬ�;ϮϬϭϬͿ͘

� ϴϭ� �<ůŽƐĞ͕� �͘� ^͘� Ğƚ� Ăů͘� �ŝīĞƌĞŶƟĂƟŽŶ� ŽĨ� ƚǇƉĞ� ϭ� />�Ɛ� ĨƌŽŵ� Ă� ĐŽŵŵŽŶ� ƉƌŽŐĞŶŝƚŽƌ� ƚŽ� Ăůů� ŚĞůƉĞƌͲůŝŬĞ� ŝŶŶĂƚĞ�
lymphoid cell lineages. Cell 157͕�ϯϰϬͲϯϱϲ͕�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ĐĞůů͘ϮϬϭϰ͘Ϭϯ͘ϬϯϬ�;ϮϬϭϰͿ͘

� ϴϮ� ��ŽŽƐ͕�D͘��͕͘� zŽŬŽƚĂ͕� z͘ ͕� �ďĞƌů͕�'͘�Θ�<ĞĞ͕��͘� >͘�DĂƚƵƌĞ�ŶĂƚƵƌĂů� ŬŝůůĞƌ� ĐĞůů� ĂŶĚ� ůǇŵƉŚŽŝĚ�ƟƐƐƵĞͲŝŶĚƵĐŝŶŐ�
ĐĞůů�ĚĞǀĞůŽƉŵĞŶƚ�ƌĞƋƵŝƌĞƐ�/ĚϮͲŵĞĚŝĂƚĞĚ�ƐƵƉƉƌĞƐƐŝŽŶ�ŽĨ���ƉƌŽƚĞŝŶ�ĂĐƟǀŝƚǇ͘�dŚĞ�:ŽƵƌŶĂů�ŽĨ�ĞǆƉĞƌŝŵĞŶƚĂů�
ŵĞĚŝĐŝŶĞ 204͕�ϭϭϭϵͲϭϭϯϬ͕�ĚŽŝ͗ϭϬ͘ϭϬϴϰͬũĞŵ͘ϮϬϬϲϭϵϱϵ�;ϮϬϬϳͿ͘

� ϴϯ� �̂ ĞƌĂĮŶŝ͕�E͘�Ğƚ�Ăů͘�'ĂƚĂϯ�ĚƌŝǀĞƐ�ĚĞǀĞůŽƉŵĞŶƚ�ŽĨ�ZKZŐĂŵŵĂƚн�ŐƌŽƵƉ�ϯ�ŝŶŶĂƚĞ�ůǇŵƉŚŽŝĚ�ĐĞůůƐ͘�dŚĞ�:ŽƵƌŶĂů�
ŽĨ�ĞǆƉĞƌŝŵĞŶƚĂů�ŵĞĚŝĐŝŶĞ 211͕�ϭϵϵͲϮϬϴ͕�ĚŽŝ͗ϭϬ͘ϭϬϴϰͬũĞŵ͘ϮϬϭϯϭϬϯϴ�;ϮϬϭϰͿ͘

 84  Szabo, S. J.�Ğƚ�Ăů͘���ŶŽǀĞů�ƚƌĂŶƐĐƌŝƉƟŽŶ�ĨĂĐƚŽƌ͕ �dͲďĞƚ͕�ĚŝƌĞĐƚƐ�dŚϭ�ůŝŶĞĂŐĞ�ĐŽŵŵŝƚŵĞŶƚ͘�Cell 100͕�ϲϱϱͲϲϲϵ�
(2000).

� ϴϱ� �,ŽǇůĞƌ͕ � d͘ � Ğƚ� Ăů͘� dŚĞ� ƚƌĂŶƐĐƌŝƉƟŽŶ� ĨĂĐƚŽƌ�'�d�Ͳϯ� ĐŽŶƚƌŽůƐ� ĐĞůů� ĨĂƚĞ� ĂŶĚ�ŵĂŝŶƚĞŶĂŶĐĞ� ŽĨ� ƚǇƉĞ� Ϯ� ŝŶŶĂƚĞ�
lymphoid cells. /ŵŵƵŶŝƚǇ 37͕�ϲϯϰͲϲϰϴ͕�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ŝŵŵƵŶŝ͘ϮϬϭϮ͘Ϭϲ͘ϬϮϬ�;ϮϬϭϮͿ͘

 86  Mjosberg, J.�Ğƚ�Ăů͘�dŚĞ�ƚƌĂŶƐĐƌŝƉƟŽŶ�ĨĂĐƚŽƌ�'�d�ϯ�ŝƐ�ĞƐƐĞŶƟĂů�ĨŽƌ�ƚŚĞ�ĨƵŶĐƟŽŶ�ŽĨ�ŚƵŵĂŶ�ƚǇƉĞ�Ϯ�ŝŶŶĂƚĞ�
lymphoid cells. /ŵŵƵŶŝƚǇ 37͕�ϲϰϵͲϲϱϵ͕�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ŝŵŵƵŶŝ͘ϮϬϭϮ͘Ϭϴ͘Ϭϭϱ�;ϮϬϭϮͿ͘

� ϴϳ� �<ůĞŝŶ�tŽůƚĞƌŝŶŬ͕� Z͘� '͘� Ğƚ� Ăů͘� �ƐƐĞŶƟĂů͕� ĚŽƐĞͲĚĞƉĞŶĚĞŶƚ� ƌŽůĞ� ĨŽƌ� ƚŚĞ� ƚƌĂŶƐĐƌŝƉƟŽŶ� ĨĂĐƚŽƌ�'ĂƚĂϯ� ŝŶ� ƚŚĞ�
ĚĞǀĞůŽƉŵĞŶƚ�ŽĨ�/>Ͳϱн�ĂŶĚ�/>Ͳϭϯн�ƚǇƉĞ�Ϯ�ŝŶŶĂƚĞ�ůǇŵƉŚŽŝĚ�ĐĞůůƐ͘�WƌŽĐĞĞĚŝŶŐƐ�ŽĨ�ƚŚĞ�EĂƟŽŶĂů��ĐĂĚĞŵǇ�ŽĨ�
^ĐŝĞŶĐĞƐ�ŽĨ�ƚŚĞ�hŶŝƚĞĚ�^ƚĂƚĞƐ�ŽĨ��ŵĞƌŝĐĂ 110͕�ϭϬϮϰϬͲϭϬϮϰϱ͕�ĚŽŝ͗ϭϬ͘ϭϬϳϯͬƉŶĂƐ͘ϭϮϭϳϭϱϴϭϭϬ�;ϮϬϭϯͿ͘
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� ϴϴ� ��ďĞƌů͕�'͘�Ğƚ�Ăů͘��Ŷ�ĞƐƐĞŶƟĂů�ĨƵŶĐƟŽŶ�ĨŽƌ�ƚŚĞ�ŶƵĐůĞĂƌ�ƌĞĐĞƉƚŽƌ�ZKZŐĂŵŵĂ;ƚͿ� ŝŶ�ƚŚĞ�ŐĞŶĞƌĂƟŽŶ�ŽĨ�ĨĞƚĂů�
ůǇŵƉŚŽŝĚ�ƟƐƐƵĞ�ŝŶĚƵĐĞƌ�ĐĞůůƐ͘�EĂƚ�/ŵŵƵŶŽů 5͕�ϲϰͲϳϯ͕�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬŶŝϭϬϮϮ�;ϮϬϬϰͿ͘

� ϴϵ� ��ƌĞůůŝŶ͕�E͘�<͘�Ğƚ�Ăů͘�ZĞŐƵůĂƟŽŶ�ŽĨ�ĐǇƚŽŬŝŶĞ�ƐĞĐƌĞƟŽŶ�ŝŶ�ŚƵŵĂŶ���ϭϮϳ;нͿ�>dŝͲůŝŬĞ�ŝŶŶĂƚĞ�ůǇŵƉŚŽŝĚ�ĐĞůůƐ�ďǇ�
Toll-like receptor 2. /ŵŵƵŶŝƚǇ 33͕�ϳϱϮͲϳϲϰ͕�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ŝŵŵƵŶŝ͘ϮϬϭϬ͘ϭϬ͘ϬϭϮ�;ϮϬϭϬͿ͘

� ϵϬ� �DĞďŝƵƐ͕�Z͘��͕͘�ZĞŶŶĞƌƚ͕�W͘ �Θ�tĞŝƐƐŵĂŶ͕�/͘�>͘��ĞǀĞůŽƉŝŶŐ�ůǇŵƉŚ�ŶŽĚĞƐ�ĐŽůůĞĐƚ���ϰн��ϯͲ�>dďĞƚĂн�ĐĞůůƐ�ƚŚĂƚ�
ĐĂŶ�ĚŝīĞƌĞŶƟĂƚĞ�ƚŽ��W�͕�E<�ĐĞůůƐ͕�ĂŶĚ�ĨŽůůŝĐƵůĂƌ�ĐĞůůƐ�ďƵƚ�ŶŽƚ�d�Žƌ���ĐĞůůƐ͘�/ŵŵƵŶŝƚǇ 7͕�ϰϵϯͲϱϬϰ�;ϭϵϵϳͿ͘

� ϵϭ� ��ŝƌŽŶ͕��͘��͕͘�EŐƵǇĞŶ͕�<͘��͕͘�WŝĞŶ͕�'͘��͕͘��ŽƵƐĞŶƐ͕�>͘�W͘ �Θ�^ĂůĂǌĂƌͲDĂƚŚĞƌ͕ �d͘ �W͘ �EĂƚƵƌĂů�ŬŝůůĞƌ�ĐĞůůƐ�ŝŶ�ĂŶƟǀŝƌĂů�
ĚĞĨĞŶƐĞ͗� ĨƵŶĐƟŽŶ� ĂŶĚ� ƌĞŐƵůĂƟŽŶ� ďǇ� ŝŶŶĂƚĞ� ĐǇƚŽŬŝŶĞƐ͘� �ŶŶƵĂů� ƌĞǀŝĞǁ� ŽĨ� ŝŵŵƵŶŽůŽŐǇ 17͕� ϭϴϵͲϮϮϬ͕�
ĚŽŝ͗ϭϬ͘ϭϭϰϲͬĂŶŶƵƌĞǀ͘ ŝŵŵƵŶŽů͘ϭϳ͘ϭ͘ϭϴϵ�;ϭϵϵϵͿ͘

� ϵϮ� �&ƵĐŚƐ͕� �͘� Ğƚ� Ăů͘� /ŶƚƌĂĞƉŝƚŚĞůŝĂů� ƚǇƉĞ� ϭ� ŝŶŶĂƚĞ� ůǇŵƉŚŽŝĚ� ĐĞůůƐ� ĂƌĞ� Ă� ƵŶŝƋƵĞ� ƐƵďƐĞƚ� ŽĨ� />ͲϭϮͲ� ĂŶĚ� />ͲϭϱͲ
ƌĞƐƉŽŶƐŝǀĞ� /&EͲŐĂŵŵĂͲƉƌŽĚƵĐŝŶŐ� ĐĞůůƐ͘� /ŵŵƵŶŝƚǇ 38͕� ϳϲϵͲϳϴϭ͕� ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ŝŵŵƵŶŝ͘ϮϬϭϯ͘ϬϮ͘ϬϭϬ�
;ϮϬϭϯͿ͘

 93  Bernink, J. H.�Ğƚ�Ăů͘�,ƵŵĂŶ�ƚǇƉĞ�ϭ� ŝŶŶĂƚĞ�ůǇŵƉŚŽŝĚ�ĐĞůůƐ�ĂĐĐƵŵƵůĂƚĞ�ŝŶ� ŝŶŇĂŵĞĚ�ŵƵĐŽƐĂů�ƟƐƐƵĞƐ͘�EĂƚ�
/ŵŵƵŶŽů 14͕�ϮϮϭͲϮϮϵ͕�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬŶŝ͘Ϯϱϯϰ�;ϮϬϭϯͿ͘

 94  Moro, K.� Ğƚ� Ăů͘� /ŶŶĂƚĞ� ƉƌŽĚƵĐƟŽŶ� ŽĨ� d;,ͿϮ� ĐǇƚŽŬŝŶĞƐ� ďǇ� ĂĚŝƉŽƐĞ� ƟƐƐƵĞͲĂƐƐŽĐŝĂƚĞĚ� ĐͲ<ŝƚ;нͿ^ĐĂͲϭ;нͿ�
lymphoid cells. EĂƚƵƌĞ 463͕�ϱϰϬͲϱϰϰ͕�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬŶĂƚƵƌĞϬϴϲϯϲ�;ϮϬϭϬͿ͘

� ϵϱ� �EĞŝůů͕��͘�Z͘�Ğƚ�Ăů͘�EƵŽĐǇƚĞƐ�ƌĞƉƌĞƐĞŶƚ�Ă�ŶĞǁ�ŝŶŶĂƚĞ�ĞīĞĐƚŽƌ� ůĞƵŬŽĐǇƚĞ�ƚŚĂƚ�ŵĞĚŝĂƚĞƐ�ƚǇƉĞͲϮ� ŝŵŵƵŶŝƚǇ͘�
EĂƚƵƌĞ 464͕�ϭϯϲϳͲϭϯϳϬ͕�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬŶĂƚƵƌĞϬϴϵϬϬ�;ϮϬϭϬͿ͘

 96  Price, A. E.�Ğƚ�Ăů͘�^ǇƐƚĞŵŝĐĂůůǇ�ĚŝƐƉĞƌƐĞĚ� ŝŶŶĂƚĞ� />ͲϭϯͲĞǆƉƌĞƐƐŝŶŐ�ĐĞůůƐ� ŝŶ�ƚǇƉĞ�Ϯ� ŝŵŵƵŶŝƚǇ͘�WƌŽĐĞĞĚŝŶŐƐ�
ŽĨ�ƚŚĞ�EĂƟŽŶĂů��ĐĂĚĞŵǇ�ŽĨ�^ĐŝĞŶĐĞƐ�ŽĨ�ƚŚĞ�hŶŝƚĞĚ�^ƚĂƚĞƐ�ŽĨ��ŵĞƌŝĐĂ 107͕�ϭϭϰϴϵͲϭϭϰϵϰ͕�ĚŽŝ͗ϭϬ͘ϭϬϳϯͬ
ƉŶĂƐ͘ϭϬϬϯϵϴϴϭϬϳ�;ϮϬϭϬͿ͘

� ϵϳ� �,Ăůŝŵ͕� d͘ � z͘ � Ğƚ� Ăů͘� ZĞƟŶŽŝĐͲĂĐŝĚͲƌĞĐĞƉƚŽƌͲƌĞůĂƚĞĚ� ŽƌƉŚĂŶ� ŶƵĐůĞĂƌ� ƌĞĐĞƉƚŽƌ� ĂůƉŚĂ� ŝƐ� ƌĞƋƵŝƌĞĚ� ĨŽƌ�
ŶĂƚƵƌĂů� ŚĞůƉĞƌ� ĐĞůů� ĚĞǀĞůŽƉŵĞŶƚ� ĂŶĚ� ĂůůĞƌŐŝĐ� ŝŶŇĂŵŵĂƟŽŶ͘� /ŵŵƵŶŝƚǇ 37͕� ϰϲϯͲϰϳϰ͕� ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘
ŝŵŵƵŶŝ͘ϮϬϭϮ͘Ϭϲ͘ϬϭϮ�;ϮϬϭϮͿ͘

 98  Wilhelm, C.�Ğƚ�Ăů͘��Ŷ�/>Ͳϵ�ĨĂƚĞ�ƌĞƉŽƌƚĞƌ�ĚĞŵŽŶƐƚƌĂƚĞƐ�ƚŚĞ�ŝŶĚƵĐƟŽŶ�ŽĨ�ĂŶ�ŝŶŶĂƚĞ�/>Ͳϵ�ƌĞƐƉŽŶƐĞ�ŝŶ�ůƵŶŐ�
ŝŶŇĂŵŵĂƟŽŶ͘�EĂƚ�/ŵŵƵŶŽů 12͕�ϭϬϳϭͲϭϬϳϳ͕�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬŶŝ͘Ϯϭϯϯ�;ϮϬϭϭͿ͘

� ϵϵ� �DŽŶƟĐĞůůŝ͕� >͘� �͘� Ğƚ� Ăů͘� /ŶŶĂƚĞ� ůǇŵƉŚŽŝĚ� ĐĞůůƐ� ƉƌŽŵŽƚĞ� ůƵŶŐͲƟƐƐƵĞ� ŚŽŵĞŽƐƚĂƐŝƐ� ĂŌĞƌ� ŝŶĨĞĐƟŽŶ� ǁŝƚŚ�
ŝŶŇƵĞŶǌĂ�ǀŝƌƵƐ͘�EĂƚ�/ŵŵƵŶŽů 12͕�ϭϬϰϱͲϭϬϱϰ͕�ĚŽŝ͗ϭϬ͘ϭϬϯϭͬŶŝ͘Ϯϭϯϭ�;ϮϬϭϭͿ͘

� ϭϬϬ� �̂ ƵŶ͕� �͘� Ğƚ� Ăů͘� ZĞƋƵŝƌĞŵĞŶƚ� ĨŽƌ� ZKZŐĂŵŵĂ� ŝŶ� ƚŚǇŵŽĐǇƚĞ� ƐƵƌǀŝǀĂů� ĂŶĚ� ůǇŵƉŚŽŝĚ� ŽƌŐĂŶ� ĚĞǀĞůŽƉŵĞŶƚ͘�
^ĐŝĞŶĐĞ 288, 2369-2373 (2000).

� ϭϬϭ� �zŽŬŽƚĂ͕�z͘ �Ğƚ�Ăů͘��ĞǀĞůŽƉŵĞŶƚ�ŽĨ�ƉĞƌŝƉŚĞƌĂů�ůǇŵƉŚŽŝĚ�ŽƌŐĂŶƐ�ĂŶĚ�ŶĂƚƵƌĂů�ŬŝůůĞƌ�ĐĞůůƐ�ĚĞƉĞŶĚƐ�ŽŶ�ƚŚĞ�ŚĞůŝǆͲ
ůŽŽƉͲŚĞůŝǆ�ŝŶŚŝďŝƚŽƌ�/ĚϮ͘�EĂƚƵƌĞ 397͕�ϳϬϮͲϳϬϲ͕�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬϭϳϴϭϮ�;ϭϵϵϵͿ͘

� ϭϬϮ� �<ŝƐƐ͕��͘��͘�Ğƚ�Ăů͘�EĂƚƵƌĂů�ĂƌǇů�ŚǇĚƌŽĐĂƌďŽŶ�ƌĞĐĞƉƚŽƌ�ůŝŐĂŶĚƐ�ĐŽŶƚƌŽů�ŽƌŐĂŶŽŐĞŶĞƐŝƐ�ŽĨ�ŝŶƚĞƐƟŶĂů�ůǇŵƉŚŽŝĚ�
follicles. ^ĐŝĞŶĐĞ 334͕�ϭϱϲϭͲϭϱϲϱ͕�ĚŽŝ͗ϭϬ͘ϭϭϮϲͬƐĐŝĞŶĐĞ͘ϭϮϭϰϵϭϰ�;ϮϬϭϭͿ͘

� ϭϬϯ� �>ĞĞ͕�:͘�̂ ͘�Ğƚ�Ăů͘��,Z�ĚƌŝǀĞƐ�ƚŚĞ�ĚĞǀĞůŽƉŵĞŶƚ�ŽĨ�ŐƵƚ�/>�ϮϮ�ĐĞůůƐ�ĂŶĚ�ƉŽƐƚŶĂƚĂů�ůǇŵƉŚŽŝĚ�ƟƐƐƵĞƐ�ǀŝĂ�ƉĂƚŚǁĂǇƐ�
ĚĞƉĞŶĚĞŶƚ�ŽŶ�ĂŶĚ�ŝŶĚĞƉĞŶĚĞŶƚ�ŽĨ�EŽƚĐŚ͘�EĂƚ�/ŵŵƵŶŽů 13͕�ϭϰϰͲϭϱϭ͕�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬŶŝ͘Ϯϭϴϳ�;ϮϬϭϮͿ͘

� ϭϬϰ� �sĞůĚŚŽĞŶ͕� D͘� Ğƚ� Ăů͘� dŚĞ� ĂƌǇů� ŚǇĚƌŽĐĂƌďŽŶ� ƌĞĐĞƉƚŽƌ� ůŝŶŬƐ� d,ϭϳͲĐĞůůͲŵĞĚŝĂƚĞĚ� ĂƵƚŽŝŵŵƵŶŝƚǇ� ƚŽ�
ĞŶǀŝƌŽŶŵĞŶƚĂů�ƚŽǆŝŶƐ͘�EĂƚƵƌĞ 453͕�ϭϬϲͲϭϬϵ͕�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬŶĂƚƵƌĞϬϲϴϴϭ�;ϮϬϬϴͿ͘

� ϭϬϱ� �dĂŬĂƚŽƌŝ͕�,͘�Ğƚ�Ăů͘�>ǇŵƉŚŽŝĚ�ƟƐƐƵĞ�ŝŶĚƵĐĞƌͲůŝŬĞ�ĐĞůůƐ�ĂƌĞ�ĂŶ�ŝŶŶĂƚĞ�ƐŽƵƌĐĞ�ŽĨ�/>Ͳϭϳ�ĂŶĚ�/>ͲϮϮ͘�dŚĞ�:ŽƵƌŶĂů�
ŽĨ�ĞǆƉĞƌŝŵĞŶƚĂů�ŵĞĚŝĐŝŶĞ 206͕�ϯϱͲϰϭ͕�ĚŽŝ͗ϭϬ͘ϭϬϴϰͬũĞŵ͘ϮϬϬϳϮϳϭϯ�;ϮϬϬϵͿ͘



37•General Introduction

� ϭϬϲ� �>ƵĐŝ͕� �͘� Ğƚ� Ăů͘� /ŶŇƵĞŶĐĞ� ŽĨ� ƚŚĞ� ƚƌĂŶƐĐƌŝƉƟŽŶ� ĨĂĐƚŽƌ� ZKZŐĂŵŵĂƚ� ŽŶ� ƚŚĞ� ĚĞǀĞůŽƉŵĞŶƚ� ŽĨ� E<Ɖϰϲн� ĐĞůů�
ƉŽƉƵůĂƟŽŶƐ�ŝŶ�ŐƵƚ�ĂŶĚ�ƐŬŝŶ͘�EĂƚ�/ŵŵƵŶŽů 10͕�ϳϱͲϴϮ͕�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬŶŝ͘ϭϲϴϭ�;ϮϬϬϵͿ͘

� ϭϬϳ� �ZĞǇŶĚĞƌƐ͕� �͘� Ğƚ� Ăů͘� /ĚĞŶƟƚǇ͕ � ƌĞŐƵůĂƟŽŶ� ĂŶĚ� ŝŶ� ǀŝǀŽ� ĨƵŶĐƟŽŶ� ŽĨ� ŐƵƚ� E<ƉϰϲнZKZŐĂŵŵĂƚн� ĂŶĚ�
E<ƉϰϲнZKZŐĂŵŵĂƚͲ� ůǇŵƉŚŽŝĚ� ĐĞůůƐ͘�dŚĞ� �D�K� ũŽƵƌŶĂů 30͕� ϮϵϯϰͲϮϵϰϳ͕� ĚŽŝ͗ϭϬ͘ϭϬϯϴͬĞŵďŽũ͘ϮϬϭϭ͘ϮϬϭ�
;ϮϬϭϭͿ͘

� ϭϬϴ� �,ŽŽƌǁĞŐ͕� <͘� Ğƚ� Ăů͘� &ƵŶĐƟŽŶĂů� �ŝīĞƌĞŶĐĞƐ� ďĞƚǁĞĞŶ� ,ƵŵĂŶ� E<Ɖϰϰ;ͲͿ� ĂŶĚ� E<Ɖϰϰ;нͿ� ZKZ�;нͿ� /ŶŶĂƚĞ�
Lymphoid Cells. &ƌŽŶƟĞƌƐ�ŝŶ�ŝŵŵƵŶŽůŽŐǇ 3͕�ϳϮ͕�ĚŽŝ͗ϭϬ͘ϯϯϴϵͬĮŵŵƵ͘ϮϬϭϮ͘ϬϬϬϳϮ�;ϮϬϭϮͿ͘

� ϭϬϵ� �<ŝŵ͕�D͘�,͕͘�dĂƉĂƌŽǁƐŬǇ͕ ��͘�:͘�Θ�<ŝŵ͕��͘�,͘�ZĞƟŶŽŝĐ��ĐŝĚ��ŝīĞƌĞŶƟĂůůǇ�ZĞŐƵůĂƚĞƐ�ƚŚĞ�DŝŐƌĂƟŽŶ�ŽĨ�/ŶŶĂƚĞ�
>ǇŵƉŚŽŝĚ��Ğůů�^ƵďƐĞƚƐ�ƚŽ�ƚŚĞ�'Ƶƚ͘�/ŵŵƵŶŝƚǇ 43͕�ϭϬϳͲϭϭϵ͕�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ŝŵŵƵŶŝ͘ϮϬϭϱ͘Ϭϲ͘ϬϬϵ�;ϮϬϭϱͿ͘

� ϭϭϬ� ��ĞƌŶŝŶŬ͕�:͘�,͘�Ğƚ�Ăů͘� /ŶƚĞƌůĞƵŬŝŶͲϭϮ�ĂŶĚ�ͲϮϯ��ŽŶƚƌŽů�WůĂƐƟĐŝƚǇ�ŽĨ���ϭϮϳ;нͿ�'ƌŽƵƉ�ϭ�ĂŶĚ�'ƌŽƵƉ�ϯ�/ŶŶĂƚĞ�
>ǇŵƉŚŽŝĚ��ĞůůƐ�ŝŶ�ƚŚĞ�/ŶƚĞƐƟŶĂů�>ĂŵŝŶĂ�WƌŽƉƌŝĂ͘�/ŵŵƵŶŝƚǇ 43͕�ϭϰϲͲϭϲϬ͕�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ŝŵŵƵŶŝ͘ϮϬϭϱ͘Ϭϲ͘Ϭϭϵ�
;ϮϬϭϱͿ͘

� ϭϭϭ� �EƵƐƐďĂƵŵ͕�:͘��͘�Ğƚ�Ăů͘ Type 2 innate lymphoid cells control eosinophil homeostasis. EĂƚƵƌĞ 502͕�ϮϰϱͲϮϰϴ͕�
ĚŽŝ͗ϭϬ͘ϭϬϯϴͬŶĂƚƵƌĞϭϮϱϮϲ�;ϮϬϭϯͿ͘

� ϭϭϮ� ��ĂŝƐƐ͕� D͘� D͘� Ğƚ� Ăů͘� />ͲϭďĞƚĂ� ƐƵƉƉƌĞƐƐĞƐ� ŝŶŶĂƚĞ� />ͲϮϱ� ĂŶĚ� />Ͳϯϯ� ƉƌŽĚƵĐƟŽŶ� ĂŶĚ� ŵĂŝŶƚĂŝŶƐ� ŚĞůŵŝŶƚŚ�
chronicity. W>Ž^�ƉĂƚŚŽŐĞŶƐ 9͕�ĞϭϬϬϯϱϯϭ͕�ĚŽŝ͗ϭϬ͘ϭϯϳϭͬũŽƵƌŶĂů͘ƉƉĂƚ͘ϭϬϬϯϱϯϭ�;ϮϬϭϯͿ͘

� ϭϭϯ� ��ďĞƌů͕� '͘�Θ� >ŽĐŚŶĞƌ͕ �D͘� dŚĞ� ĚĞǀĞůŽƉŵĞŶƚ� ŽĨ� ŝŶƚĞƐƟŶĂů� ůǇŵƉŚŽŝĚ� ƟƐƐƵĞƐ� Ăƚ� ƚŚĞ� ŝŶƚĞƌĨĂĐĞ� ŽĨ� ƐĞůĨ� ĂŶĚ�
microbiota. DƵĐŽƐĂů�ŝŵŵƵŶŽůŽŐǇ 2͕�ϰϳϴͲϰϴϱ͕�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬŵŝ͘ϮϬϬϵ͘ϭϭϰ�;ϮϬϬϵͿ͘

� ϭϭϰ� �sĂŶ� ĚĞŶ� �ƌŽĞĐŬ͕�t͕͘� �ĞƌŽƌĞ͕� �͘� Θ� ^ŝŵŽĞŶƐ͕� W͘ � �ŶĂƚŽŵǇ� ĂŶĚ� ŶŽŵĞŶĐůĂƚƵƌĞ� ŽĨ�ŵƵƌŝŶĞ� ůǇŵƉŚ� ŶŽĚĞƐ͗�
�ĞƐĐƌŝƉƟǀĞ�ƐƚƵĚǇ�ĂŶĚ�ŶŽŵĞŶĐůĂƚŽƌǇ�ƐƚĂŶĚĂƌĚŝǌĂƟŽŶ� ŝŶ���>�ͬĐ�ŶE�ƌů�ŵŝĐĞ͘� :ŽƵƌŶĂů�ŽĨ� ŝŵŵƵŶŽůŽŐŝĐĂů�
ŵĞƚŚŽĚƐ 312͕�ϭϮͲϭϵ͕�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ũŝŵ͘ϮϬϬϲ͘Ϭϭ͘ϬϮϮ�;ϮϬϬϲͿ͘

� ϭϭϱ� �WĂďƐƚ͕�Z͘�WůĂƐƟĐŝƚǇ�ĂŶĚ�ŚĞƚĞƌŽŐĞŶĞŝƚǇ�ŽĨ�ůǇŵƉŚŽŝĚ�ŽƌŐĂŶƐ͘�tŚĂƚ�ĂƌĞ�ƚŚĞ�ĐƌŝƚĞƌŝĂ�ƚŽ�ĐĂůů�Ă�ůǇŵƉŚŽŝĚ�ŽƌŐĂŶ�
ƉƌŝŵĂƌǇ͕ �ƐĞĐŽŶĚĂƌǇ�Žƌ�ƚĞƌƟĂƌǇ͍�/ŵŵƵŶŽůŽŐǇ�ůĞƩĞƌƐ 112͕�ϭͲϴ͕�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ŝŵůĞƚ͘ϮϬϬϳ͘Ϭϲ͘ϬϬϵ�;ϮϬϬϳͿ͘

� ϭϭϲ� �DĞďŝƵƐ͕�Z͘��͘�KƌŐĂŶŽŐĞŶĞƐŝƐ�ŽĨ�ůǇŵƉŚŽŝĚ�ƟƐƐƵĞƐ͘�EĂƚƵƌĞ�ƌĞǀŝĞǁƐ͘�/ŵŵƵŶŽůŽŐǇ 3͕�ϮϵϮͲϯϬϯ͕�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬ
ŶƌŝϭϬϱϰ�;ϮϬϬϯͿ͘

� ϭϭϳ� ��ŽƌŶĞƐ͕�:͘�^͘�EƵŵďĞƌ͕ �ƐŝǌĞ͕�ĂŶĚ�ĚŝƐƚƌŝďƵƟŽŶ�ŽĨ�WĞǇĞƌ Ɛ͛�ƉĂƚĐŚĞƐ�ŝŶ�ƚŚĞ�ŚƵŵĂŶ�ƐŵĂůů�ŝŶƚĞƐƟŶĞ͗�WĂƌƚ�/�dŚĞ�
ĚĞǀĞůŽƉŵĞŶƚ�ŽĨ�WĞǇĞƌ Ɛ͛�ƉĂƚĐŚĞƐ͘�'Ƶƚ 6͕�ϮϮϱͲϮϮϵ�;ϭϵϲϱͿ͘

� ϭϭϴ� ��ƌĂŶĚƚǌĂĞŐ͕�W͘ ͕�<ŝǇŽŶŽ͕�,͕͘�WĂďƐƚ͕�Z͘�Θ�ZƵƐƐĞůů͕�D͘�t͘�dĞƌŵŝŶŽůŽŐǇ͗�ŶŽŵĞŶĐůĂƚƵƌĞ�ŽĨ�ŵƵĐŽƐĂͲĂƐƐŽĐŝĂƚĞĚ�
ůǇŵƉŚŽŝĚ�ƟƐƐƵĞ͘�DƵĐŽƐĂů�ŝŵŵƵŶŽůŽŐǇ 1͕�ϯϭͲϯϳ͕�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬŵŝ͘ϮϬϬϳ͘ϵ�;ϮϬϬϴͿ͘

� ϭϭϵ� �EĞƵƚƌĂ͕� D͘� Z͕͘� &ƌĞǇ͕ � �͘� Θ� <ƌĂĞŚĞŶďƵŚů͕� :͘� W͘ � �ƉŝƚŚĞůŝĂů� D� ĐĞůůƐ͗� ŐĂƚĞǁĂǇƐ� ĨŽƌ� ŵƵĐŽƐĂů� ŝŶĨĞĐƟŽŶ� ĂŶĚ�
ŝŵŵƵŶŝǌĂƟŽŶ͘�Cell 86͕�ϯϰϱͲϯϰϴ�;ϭϵϵϲͿ͘

� ϭϮϬ� �sĞŝŐĂͲ&ĞƌŶĂŶĚĞƐ͕�,͘�Ğƚ�Ăů͘�dǇƌŽƐŝŶĞ�ŬŝŶĂƐĞ�ƌĞĐĞƉƚŽƌ�Z�d�ŝƐ�Ă�ŬĞǇ�ƌĞŐƵůĂƚŽƌ�ŽĨ�WĞǇĞƌ Ɛ͛�ƉĂƚĐŚ�ŽƌŐĂŶŽŐĞŶĞƐŝƐ͘�
EĂƚƵƌĞ 446͕�ϱϰϳͲϱϱϭ͕�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬŶĂƚƵƌĞϬϱϱϵϳ�;ϮϬϬϳͿ͘

� ϭϮϭ� ��ĚĂĐŚŝ͕�^͕͘�zŽƐŚŝĚĂ͕�,͕͘�<ĂƚĂŽŬĂ͕�,͘�Θ�EŝƐŚŝŬĂǁĂ͕�^͘�dŚƌĞĞ�ĚŝƐƟŶĐƟǀĞ�ƐƚĞƉƐ�ŝŶ�WĞǇĞƌ Ɛ͛�ƉĂƚĐŚ�ĨŽƌŵĂƟŽŶ�ŽĨ�
murine embryo. /Ŷƚ͘�/ŵŵƵŶŽů͘ 9͕�ϱϬϳͲϱϭϰ�;ϭϵϵϳͿ͘

� ϭϮϮ� �,ĂƐŚŝ͕�,͘�Ğƚ�Ăů͘��ŽŵƉĂƌƚŵĞŶƚĂůŝǌĂƟŽŶ�ŽĨ�ƉĞǇĞƌ Ɛ͛�ƉĂƚĐŚ�ĂŶůĂŐĞŶ�ďĞĨŽƌĞ�ůǇŵƉŚŽĐǇƚĞ�ĞŶƚƌǇ͘�:�/ŵŵƵŶŽů 166, 
ϯϳϬϮͲϯϳϬϵ͘�;ϮϬϬϭͿ͘

� ϭϮϯ� �<ĂŶĂŵŽƌŝ͕�z͘ �Ğƚ�Ăů͘�/ĚĞŶƟĮĐĂƟŽŶ�ŽĨ�ŶŽǀĞů�ůǇŵƉŚŽŝĚ�ƟƐƐƵĞƐ�ŝŶ�ŵƵƌŝŶĞ�ŝŶƚĞƐƟŶĂů�ŵƵĐŽƐĂ�ǁŚĞƌĞ�ĐůƵƐƚĞƌƐ�ŽĨ�
ĐͲŬŝƚн�/>ͲϳZн�dŚǇϭн�ůǇŵƉŚŽͲŚĞŵŽƉŽŝĞƟĐ�ƉƌŽŐĞŶŝƚŽƌƐ�ĚĞǀĞůŽƉ͘�:��ǆƉ�DĞĚ 184͕�ϭϰϰϵͲϭϰϱϵ�;ϭϵϵϲͿ͘

� ϭϮϰ� ��ďĞƌů͕� '͘� Θ� >ŝƩŵĂŶ͕� �͘� Z͘� dŚǇŵŝĐ� ŽƌŝŐŝŶ� ŽĨ� ŝŶƚĞƐƟŶĂů� ĂůƉŚĂďĞƚĂ� d� ĐĞůůƐ� ƌĞǀĞĂůĞĚ� ďǇ� ĨĂƚĞ�ŵĂƉƉŝŶŐ� ŽĨ�
ZKZŐĂŵŵĂƚн�ĐĞůůƐ͘�^ĐŝĞŶĐĞ 305͕�ϮϰϴͲϮϱϭ͕�ĚŽŝ͗ϭϬ͘ϭϭϮϲͬƐĐŝĞŶĐĞ͘ϭϬϵϲϰϳϮ�;ϮϬϬϰͿ͘
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� ϭϮϱ� �dƐƵũŝ͕�D͘�Ğƚ�Ăů͘�ZĞƋƵŝƌĞŵĞŶƚ�ĨŽƌ�>ǇŵƉŚŽŝĚ�dŝƐƐƵĞͲ/ŶĚƵĐĞƌ��ĞůůƐ�ŝŶ�/ƐŽůĂƚĞĚ�&ŽůůŝĐůĞ�&ŽƌŵĂƟŽŶ�ĂŶĚ�d��ĞůůͲ
/ŶĚĞƉĞŶĚĞŶƚ�/ŵŵƵŶŽŐůŽďƵůŝŶ���'ĞŶĞƌĂƟŽŶ�ŝŶ�ƚŚĞ�'Ƶƚ͘�/ŵŵƵŶŝƚǇ͘ 29͕�ϮϲϭͲϮϳϭ�;ϮϬϬϴͿ͘

� ϭϮϲ� �,ĂŵĂĚĂ͕�,͘�Ğƚ�Ăů͘�/ĚĞŶƟĮĐĂƟŽŶ�ŽĨ�ŵƵůƟƉůĞ�ŝƐŽůĂƚĞĚ�ůǇŵƉŚŽŝĚ�ĨŽůůŝĐůĞƐ�ŽŶ�ƚŚĞ�ĂŶƟŵĞƐĞŶƚĞƌŝĐ�ǁĂůů�ŽĨ�ƚŚĞ�
ŵŽƵƐĞ�ƐŵĂůů�ŝŶƚĞƐƟŶĞ͘�:ŽƵƌŶĂů�ŽĨ�ŝŵŵƵŶŽůŽŐǇ 168͕�ϱϳͲϲϰ�;ϮϬϬϮͿ͘

� ϭϮϳ� ��ŽƵƐŬƌĂ͕��͘�Ğƚ�Ăů͘�>ǇŵƉŚŽŝĚ�ƟƐƐƵĞ�ŐĞŶĞƐŝƐ� ŝŶĚƵĐĞĚ�ďǇ�ĐŽŵŵĞŶƐĂůƐ�ƚŚƌŽƵŐŚ�EK�ϭ�ƌĞŐƵůĂƚĞƐ�ŝŶƚĞƐƟŶĂů�
homeostasis. EĂƚƵƌĞ 456͕�ϱϬϳͲϱϭϬ͕�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬŶĂƚƵƌĞϬϳϰϱϬ�;ϮϬϬϴͿ͘

� ϭϮϴ� �<ĂŶĂŵŽƌǇ͕ �z͘ �Ğƚ�Ăů͘�/ĚĞŶƟĮĐĂƟŽŶ�ŽĨ�EŽǀĞů�>ǇŵƉŚŽŝĚ�dŝƐƐƵĞƐ�ŝŶ�DƵƌŝŶĞ�/ŶƚĞƐƟŶĂů�DƵĐŽƐĂ�tŚĞƌĞ��ůƵƐƚĞƌƐ�
ŽĨ�ĐͲŬŝƚн�/>ͲϳZнdŚǇϭн�>ǇŵƉŚŽͲŚĞŵŽƉŽŝĞƟĐ�WƌŽŐĞŶŝƚŽƌƐ��ĞǀĞůŽƉ͘�dŚĞ�:ŽƵƌŶĂů�ŽĨ�ĞǆƉĞƌŝŵĞŶƚĂů�ŵĞĚŝĐŝŶĞ 
184͕�ϭϰϰϵͲϭϰϱϵ�;ϭϵϵϲͿ͘

� ϭϮϵ� �̂ ĂǁĂ͕�^͘�Ğƚ�Ăů͘�>ŝŶĞĂŐĞ�ZĞůĂƟŽŶƐŚŝƉ��ŶĂůǇƐŝƐ�ŽĨ�ZKZƚн�/ŶŶĂƚĞ�>ǇŵƉŚŽŝĚ��ĞůůƐ͘�^ĐŝĞŶĐĞ�;ϮϬϭϬͿ͘

� ϭϯϬ� �DŽƌĞƩĂ͕��͘�Ğƚ�Ăů͘��ĐƟǀĂƟŶŐ�ƌĞĐĞƉƚŽƌƐ�ĂŶĚ�ĐŽƌĞĐĞƉƚŽƌƐ� ŝŶǀŽůǀĞĚ�ŝŶ�ŚƵŵĂŶ�ŶĂƚƵƌĂů�ŬŝůůĞƌ�ĐĞůůͲŵĞĚŝĂƚĞĚ�
cytolysis. �ŶŶƵĂů�ƌĞǀŝĞǁ�ŽĨ�ŝŵŵƵŶŽůŽŐǇ 19͕�ϭϵϳͲϮϮϯ͕�ĚŽŝ͗ϭϬ͘ϭϭϰϲͬĂŶŶƵƌĞǀ͘ ŝŵŵƵŶŽů͘ϭϵ͘ϭ͘ϭϵϳ�;ϮϬϬϭͿ͘

� ϭϯϭ� �̂ ĂƚŽŚͲdĂŬĂǇĂŵĂ͕� E͘� Ğƚ� Ăů͘� dŚĞ� ĐŚĞŵŽŬŝŶĞ� ƌĞĐĞƉƚŽƌ� �y�Zϲ� ĐŽŶƚƌŽůƐ� ƚŚĞ� ĨƵŶĐƟŽŶĂů� ƚŽƉŽŐƌĂƉŚǇ� ŽĨ�
ŝŶƚĞƌůĞƵŬŝŶͲϮϮ� ƉƌŽĚƵĐŝŶŐ� ŝŶƚĞƐƟŶĂů� ŝŶŶĂƚĞ� ůǇŵƉŚŽŝĚ� ĐĞůůƐ͘� /ŵŵƵŶŝƚǇ 41͕� ϳϳϲͲϳϴϴ͕� ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘
ŝŵŵƵŶŝ͘ϮϬϭϰ͘ϭϬ͘ϬϬϳ�;ϮϬϭϰͿ͘

� ϭϯϮ� �̂ ĂƚŽŚͲdĂŬĂǇĂŵĂ͕�E͘� Ğƚ� Ăů͘� dŚĞ� ŶĂƚƵƌĂů� ĐǇƚŽƚŽǆŝĐŝƚǇ� ƌĞĐĞƉƚŽƌ�E<Ɖϰϲ� ŝƐ� ĚŝƐƉĞŶƐĂďůĞ� ĨŽƌ� />ͲϮϮͲŵĞĚŝĂƚĞĚ�
ŝŶŶĂƚĞ� ŝŶƚĞƐƟŶĂů� ŝŵŵƵŶĞ� ĚĞĨĞŶƐĞ� ĂŐĂŝŶƐƚ� �ŝƚƌŽďĂĐƚĞƌ� ƌŽĚĞŶƟƵŵ͘� :ŽƵƌŶĂů� ŽĨ� ŝŵŵƵŶŽůŽŐǇ 183͕� ϲϱϳϵͲ
ϲϱϴϳ͕�ĚŽŝ͗ϭϬ͘ϰϬϰϵͬũŝŵŵƵŶŽů͘ϬϵϬϭϵϯϱ�;ϮϬϬϵͿ͘

� ϭϯϯ� �̂ ŽŶŶĞŶďĞƌŐ͕� '͘� &͘ ͕�DŽŶƟĐĞůůŝ͕� >͘� �͕͘� �ůůŽƐŽ͕�D͘�D͕͘� &ŽƵƐĞƌ͕ � >͘� �͘�Θ��ƌƟƐ͕� �͘� ��ϰ;нͿ� >ǇŵƉŚŽŝĚ� dŝƐƐƵĞͲ
/ŶĚƵĐĞƌ� �ĞůůƐ� WƌŽŵŽƚĞ� /ŶŶĂƚĞ� /ŵŵƵŶŝƚǇ� ŝŶ� ƚŚĞ� 'Ƶƚ͘� /ŵŵƵŶŝƚǇ͕͘� ĚŽŝ͗^ϭϬϳϰͲϳϲϭϯ;ϭϬͿϬϬϰϴϴͲϳ� Ɖŝŝ� 
ϭϬ͘ϭϬϭϲͬũ͘ŝŵŵƵŶŝ͘ϮϬϭϬ͘ϭϮ͘ϬϬϵ�;ϮϬϭϬͿ͘

� ϭϯϰ� �̂ ĂǁĂ͕� ^͘� Ğƚ� Ăů͘� ZKZŐĂŵŵĂƚ;нͿ� ŝŶŶĂƚĞ� ůǇŵƉŚŽŝĚ� ĐĞůůƐ� ƌĞŐƵůĂƚĞ� ŝŶƚĞƐƟŶĂů� ŚŽŵĞŽƐƚĂƐŝƐ� ďǇ�
ŝŶƚĞŐƌĂƟŶŐ� ŶĞŐĂƟǀĞ� ƐŝŐŶĂůƐ� ĨƌŽŵ� ƚŚĞ� ƐǇŵďŝŽƟĐ� ŵŝĐƌŽďŝŽƚĂ͘� EĂƚ� /ŵŵƵŶŽů͕� ĚŽŝ͗Ŷŝ͘ϮϬϬϮ� Ɖŝŝ 
ϭϬ͘ϭϬϯϴͬŶŝ͘ϮϬϬϮ�;ϮϬϭϭͿ͘

� ϭϯϱ� ��ĞůůĂ͕�D͘�Ğƚ�Ăů͘ A human natural killer cell subset provides an innate source of IL-22 for mucosal immunity. 
EĂƚƵƌĞ (2008).

� ϭϯϲ� �̂ ĂŶŽƐ͕�̂ ͘�>͘�Ğƚ�Ăů͘�ZKZŐĂŵŵĂƚ�ĂŶĚ�ĐŽŵŵĞŶƐĂů�ŵŝĐƌŽŇŽƌĂ�ĂƌĞ�ƌĞƋƵŝƌĞĚ�ĨŽƌ�ƚŚĞ�ĚŝīĞƌĞŶƟĂƟŽŶ�ŽĨ�ŵƵĐŽƐĂů�
ŝŶƚĞƌůĞƵŬŝŶ�ϮϮͲƉƌŽĚƵĐŝŶŐ�E<Ɖϰϲн�ĐĞůůƐ͘�EĂƚ�/ŵŵƵŶŽů 10͕�ϴϯͲϵϭ�;ϮϬϬϵͿ͘

� ϭϯϳ� �>ƵĐŝ͕��͘� Ğƚ�Ăů͘� /ŶŇƵĞŶĐĞ�ŽĨ� ƚŚĞ� ƚƌĂŶƐĐƌŝƉƟŽŶ� ĨĂĐƚŽƌ�ZKZŐĂŵŵĂƚ�ŽŶ� ƚŚĞ�ĚĞǀĞůŽƉŵĞŶƚ�ŽĨ�E<Ɖϰϲн�ĐĞůů�
ƉŽƉƵůĂƟŽŶƐ�ŝŶ�ŐƵƚ�ĂŶĚ�ƐŬŝŶ͘�EĂƚ�/ŵŵƵŶŽů 10͕�ϳϱͲϴϮ�;ϮϬϬϵͿ͘

� ϭϯϴ� �̂ ĂǁĂ͕� ^͘� Ğƚ� Ăů͘� >ŝŶĞĂŐĞ� ZĞůĂƟŽŶƐŚŝƉ� �ŶĂůǇƐŝƐ� ŽĨ� ZKZŐĂŵŵĂƚн� /ŶŶĂƚĞ� >ǇŵƉŚŽŝĚ� �ĞůůƐ͘� ^ĐŝĞŶĐĞ, 
ƐĐŝĞŶĐĞ͘ϭϭϵϰϱϵϳ͕�ĚŽŝ͗ϭϬ͘ϭϭϮϲͬƐĐŝĞŶĐĞ͘ϭϭϵϰϱϵϳ�;ϮϬϭϬͿ͘

� ϭϯϵ� �sŝǀŝĞƌ͕ � �͕͘� ^ƉŝƚƐ͕� ,͘� Θ� �ƵƉĞĚŽ͕� d͘ � /ŶƚĞƌůĞƵŬŝŶͲϮϮͲƉƌŽĚƵĐŝŶŐ� ŝŶŶĂƚĞ� ŝŵŵƵŶĞ� ĐĞůůƐ͗� ŶĞǁ� ƉůĂǇĞƌƐ�
ŝŶ� ŵƵĐŽƐĂů� ŝŵŵƵŶŝƚǇ� ĂŶĚ� ƟƐƐƵĞ� ƌĞƉĂŝƌ͍� EĂƚ� ZĞǀ� /ŵŵƵŶŽů 9͕� ϮϮϵͲϮϯϰ͕� ĚŽŝ͗ŶƌŝϮϱϮϮ� Ɖŝŝ 
ϭϬ͘ϭϬϯϴͬŶƌŝϮϱϮϮ�;ϮϬϬϵͿ͘

� ϭϰϬ� ��ƌĞůůŝŶ͕� E͘� <͕͘� dƌŝĨĂƌŝ͕� ^͕͘� <ĂƉůĂŶ͕� �͘� �͕͘� �ƵƉĞĚŽ͕� d͘ � Θ� ^ƉŝƚƐ͕� ,͘� ,ƵŵĂŶ�E<Ɖϰϰн/>ͲϮϮн� ĐĞůůƐ� ĂŶĚ� >dŝͲůŝŬĞ�
ĐĞůůƐ� ĐŽŶƐƟƚƵƚĞ� Ă� ƐƚĂďůĞ� ZKZ�н� ůŝŶĞĂŐĞ� ĚŝƐƟŶĐƚ� ĨƌŽŵ� ĐŽŶǀĞŶƟŽŶĂů� ŶĂƚƵƌĂů� ŬŝůůĞƌ� ĐĞůůƐ͘�dŚĞ� :ŽƵƌŶĂů� ŽĨ�
ĞǆƉĞƌŝŵĞŶƚĂů�ŵĞĚŝĐŝŶĞ 207͕�ϮϴϭͲϮϵϬ͕�ĚŽŝ͗ϭϬ͘ϭϬϴϰͬũĞŵ͘ϮϬϬϵϭϱϬϵ�;ϮϬϭϬͿ͘

� ϭϰϭ� ��ĞůůĂ͕�D͕͘�KƚĞƌŽ͕�<͘�Θ��ŽůŽŶŶĂ͕�D͘��ǆƉĂŶƐŝŽŶ�ŽĨ�ŚƵŵĂŶ�E<ͲϮϮ�ĐĞůůƐ�ǁŝƚŚ�/>Ͳϳ͕�/>ͲϮ͕�ĂŶĚ�/>ͲϭďĞƚĂ�ƌĞǀĞĂůƐ�
ŝŶƚƌŝŶƐŝĐ�ĨƵŶĐƟŽŶĂů�ƉůĂƐƟĐŝƚǇ͘�WƌŽĐĞĞĚŝŶŐƐ�ŽĨ�ƚŚĞ�EĂƟŽŶĂů��ĐĂĚĞŵǇ�ŽĨ�^ĐŝĞŶĐĞƐ�ŽĨ�ƚŚĞ�hŶŝƚĞĚ�^ƚĂƚĞƐ�ŽĨ�
�ŵĞƌŝĐĂ 107͕�ϭϬϵϲϭͲϭϬϵϲϲ͕�ĚŽŝ͗ϭϬ͘ϭϬϳϯͬƉŶĂƐ͘ϭϬϬϱϲϰϭϭϬϳ�;ϮϬϭϬͿ͘
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� ϭϰϮ� �>ŽĐŚŶĞƌ͕ �D͘�Ğƚ�Ăů͘�DŝĐƌŽďŝŽƚĂͲŝŶĚƵĐĞĚ�ƚĞƌƟĂƌǇ�ůǇŵƉŚŽŝĚ�ƟƐƐƵĞƐ�ĂŐŐƌĂǀĂƚĞ�ŝŶŇĂŵŵĂƚŽƌǇ�ĚŝƐĞĂƐĞ�ŝŶ�ƚŚĞ�
ĂďƐĞŶĐĞ�ŽĨ�ZKZŐĂŵŵĂ�ƚ�ĂŶĚ�>dŝ�ĐĞůůƐ͘�dŚĞ�:ŽƵƌŶĂů�ŽĨ�ĞǆƉĞƌŝŵĞŶƚĂů�ŵĞĚŝĐŝŶĞ 208͕�ϭϮϱͲϭϯϰ͕�ĚŽŝ͗ϭϬ͘ϭϬϴϰͬ
ũĞŵ͘ϮϬϭϬϬϬϱϮ�;ϮϬϭϭͿ͘

� ϭϰϯ� �'ůĂƚǌĞƌ͕ � d͘ � Ğƚ� Ăů͘� ZKZŐĂŵŵĂƚ;нͿ� ŝŶŶĂƚĞ� ůǇŵƉŚŽŝĚ� ĐĞůůƐ� ĂĐƋƵŝƌĞ� Ă� ƉƌŽŝŶŇĂŵŵĂƚŽƌǇ� ƉƌŽŐƌĂŵ�
ƵƉŽŶ� ĞŶŐĂŐĞŵĞŶƚ� ŽĨ� ƚŚĞ� ĂĐƟǀĂƟŶŐ� ƌĞĐĞƉƚŽƌ� E<Ɖϰϰ͘� /ŵŵƵŶŝƚǇ 38͕� ϭϮϮϯͲϭϮϯϱ͕� ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘
ŝŵŵƵŶŝ͘ϮϬϭϯ͘Ϭϱ͘Ϭϭϯ�;ϮϬϭϯͿ͘

� ϭϰϰ� �,ŽƌƚŽŶ͕�E͘��͘�Θ�DĂƚŚĞǁ͕�W͘ ��͘�E<Ɖϰϰ�ĂŶĚ�EĂƚƵƌĂů��ǇƚŽƚŽǆŝĐŝƚǇ�ZĞĐĞƉƚŽƌƐ�ĂƐ��ĂŵĂŐĞͲ�ƐƐŽĐŝĂƚĞĚ�DŽůĞĐƵůĂƌ�
WĂƩĞƌŶ�ZĞĐŽŐŶŝƟŽŶ�ZĞĐĞƉƚŽƌƐ͘�&ƌŽŶƟĞƌƐ�ŝŶ�ŝŵŵƵŶŽůŽŐǇ 6͕�ϯϭ͕�ĚŽŝ͗ϭϬ͘ϯϯϴϵͬĮŵŵƵ͘ϮϬϭϱ͘ϬϬϬϯϭ�;ϮϬϭϱͿ͘

� ϭϰϱ� ��ůŽŝƐŝ͕� &͘ � Θ� WƵũŽůͲ�ŽƌƌĞůů͕� Z͘� >ǇŵƉŚŽŝĚ� ŶĞŽŐĞŶĞƐŝƐ� ŝŶ� ĐŚƌŽŶŝĐ� ŝŶŇĂŵŵĂƚŽƌǇ� ĚŝƐĞĂƐĞƐ͘�EĂƚƵƌĞ� ƌĞǀŝĞǁƐ͘�
/ŵŵƵŶŽůŽŐǇ 6͕�ϮϬϱͲϮϭϳ͕�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬŶƌŝϭϳϴϲ�;ϮϬϬϲͿ͘

� ϭϰϲ� �<ƌƵŐůŽǀ͕ ��͘��͘�Ğƚ�Ăů͘�EŽŶƌĞĚƵŶĚĂŶƚ� ĨƵŶĐƟŽŶ�ŽĨ�ƐŽůƵďůĞ�>dĂůƉŚĂϯ�ƉƌŽĚƵĐĞĚ�ďǇ� ŝŶŶĂƚĞ� ůǇŵƉŚŽŝĚ�ĐĞůůƐ� ŝŶ�
ŝŶƚĞƐƟŶĂů�ŚŽŵĞŽƐƚĂƐŝƐ͘�^ĐŝĞŶĐĞ 342͕�ϭϮϰϯͲϭϮϰϲ͕�ĚŽŝ͗ϭϬ͘ϭϭϮϲͬƐĐŝĞŶĐĞ͘ϭϮϰϯϯϲϰ�;ϮϬϭϯͿ͘

� ϭϰϳ� �'ŽƚŽ͕�z͘ �Ğƚ�Ăů͘�/ŶŶĂƚĞ�ůǇŵƉŚŽŝĚ�ĐĞůůƐ�ƌĞŐƵůĂƚĞ�ŝŶƚĞƐƟŶĂů�ĞƉŝƚŚĞůŝĂů�ĐĞůů�ŐůǇĐŽƐǇůĂƟŽŶ͘�^ĐŝĞŶĐĞ 345͕�ϭϮϱϰϬϬϵ͕�
ĚŽŝ͗ϭϬ͘ϭϭϮϲͬƐĐŝĞŶĐĞ͘ϭϮϱϰϬϬϵ�;ϮϬϭϰͿ͘

� ϭϰϴ� �,ĞƉǁŽƌƚŚ͕�D͘�Z͘� Ğƚ�Ăů͘� /ŶŶĂƚĞ� ůǇŵƉŚŽŝĚ� ĐĞůůƐ� ƌĞŐƵůĂƚĞ���ϰн�dͲĐĞůů� ƌĞƐƉŽŶƐĞƐ� ƚŽ� ŝŶƚĞƐƟŶĂů� ĐŽŵŵĞŶƐĂů�
bacteria. EĂƚƵƌĞ 498͕�ϭϭϯͲϭϭϳ͕�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬŶĂƚƵƌĞϭϮϮϰϬ�;ϮϬϭϯͿ͘

� ϭϰϵ� �DŽƌƚŚĂ͕��͘�Ğƚ�Ăů͘�DŝĐƌŽďŝŽƚĂͲ�ĞƉĞŶĚĞŶƚ��ƌŽƐƐƚĂůŬ����ĞƚǁĞĞŶ�DĂĐƌŽƉŚĂŐĞƐ�ĂŶĚ�/>�ϯ�WƌŽŵŽƚĞƐ�/ŶƚĞƐƟŶĂů�
Homeostasis. ^ĐŝĞŶĐĞ�;ϮϬϭϰͿ͘

� ϭϱϬ� ��Ăďƌŝƚǌ͕� :͘� 'ƌĂŶƵůŽĐǇƚĞ�ŵĂĐƌŽƉŚĂŐĞ� ĐŽůŽŶǇͲƐƟŵƵůĂƟŶŐ� ĨĂĐƚŽƌ� ĂŶĚ� ƚŚĞ� ŝŶƚĞƐƟŶĂů� ŝŶŶĂƚĞ� ŝŵŵƵŶĞ� ĐĞůů�
ŚŽŵĞŽƐƚĂƐŝƐ� ŝŶ��ƌŽŚŶ Ɛ͛�ĚŝƐĞĂƐĞ͘��ŵĞƌŝĐĂŶ� ũŽƵƌŶĂů�ŽĨ�ƉŚǇƐŝŽůŽŐǇ͘�'ĂƐƚƌŽŝŶƚĞƐƟŶĂů�ĂŶĚ� ůŝǀĞƌ�ƉŚǇƐŝŽůŽŐǇ 
306͕�'ϰϱϱͲϰϲϱ͕�ĚŽŝ͗ϭϬ͘ϭϭϱϮͬĂũƉŐŝ͘ϬϬϰϬϵ͘ϮϬϭϯ�;ϮϬϭϰͿ͘

� ϭϱϭ� �<ŽƌŶ͕� >͘� >͘� Ğƚ� Ăů͘� �ŽŶǀĞŶƟŽŶĂů� ��ϰн� d� ĐĞůůƐ� ƌĞŐƵůĂƚĞ� />ͲϮϮͲƉƌŽĚƵĐŝŶŐ� ŝŶƚĞƐƟŶĂů� ŝŶŶĂƚĞ� ůǇŵƉŚŽŝĚ� ĐĞůůƐ͘�
DƵĐŽƐĂů�ŝŵŵƵŶŽůŽŐǇ 7͕�ϭϬϰϱͲϭϬϱϳ͕�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬŵŝ͘ϮϬϭϯ͘ϭϮϭ�;ϮϬϭϰͿ͘

� ϭϱϮ� �̂ ŽŶŶĞŶďĞƌŐ͕�'͘�&͘ �Ğƚ�Ăů͘ Innate Lymphoid Cells Promote Anatomical Containment of Lymphoid-Resident 
Commensal Bacteria. ^ĐŝĞŶĐĞ 336͕�ϭϯϮϭͲϭϯϮϱ�;ϮϬϭϮͿ͘

� ϭϱϯ� �̂ ŽǀƌĂŶ͕� �͘� Ğƚ� Ăů͘ IL-22-STAT3 pathway plays a key role in the maintenance of ileal homeostasis 
in mice lacking secreted mucus barrier. /ŶŇĂŵŵĂƚŽƌǇ� ďŽǁĞů� ĚŝƐĞĂƐĞƐ 21͕� ϱϯϭͲϱϰϮ͕� ĚŽŝ͗ϭϬ͘ϭϬϵϳͬ
D/�͘ϬϬϬϬϬϬϬϬϬϬϬϬϬϯϭϵ�;ϮϬϭϱͿ͘

� ϭϱϰ� ��ŚĞŶŐ͕� z͘ � Ğƚ� Ăů͘� /ŶƚĞƌůĞƵŬŝŶͲϮϮ� ŵĞĚŝĂƚĞƐ� ĞĂƌůǇ� ŚŽƐƚ� ĚĞĨĞŶƐĞ� ĂŐĂŝŶƐƚ� ĂƩĂĐŚŝŶŐ� ĂŶĚ� ĞīĂĐŝŶŐ� ďĂĐƚĞƌŝĂů�
pathogens. EĂƚƵƌĞ�ŵĞĚŝĐŝŶĞ 14͕�ϮϴϮͲϮϴϵ͕�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬŶŵϭϳϮϬ�;ϮϬϬϴͿ͘

� ϭϱϱ� ��ƵŽŶŽĐŽƌĞ͕�^͘�Ğƚ�Ăů͘� /ŶŶĂƚĞ� ůǇŵƉŚŽŝĚ�ĐĞůůƐ�ĚƌŝǀĞ� ŝŶƚĞƌůĞƵŬŝŶͲϮϯͲĚĞƉĞŶĚĞŶƚ� ŝŶŶĂƚĞ� ŝŶƚĞƐƟŶĂů�ƉĂƚŚŽůŽŐǇ͘�
EĂƚƵƌĞ 464͕�ϭϯϳϭͲϭϯϳϱ͕�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬŶĂƚƵƌĞϬϴϵϰϵ�;ϮϬϭϬͿ͘

� ϭϱϲ� �sŽŶĂƌďŽƵƌŐ͕��͘�Ğƚ�Ăů͘�ZĞŐƵůĂƚĞĚ�ĞǆƉƌĞƐƐŝŽŶ�ŽĨ�ŶƵĐůĞĂƌ�ƌĞĐĞƉƚŽƌ�ZKZŐĂŵŵĂƚ�ĐŽŶĨĞƌƐ�ĚŝƐƟŶĐƚ�ĨƵŶĐƟŽŶĂů�
ĨĂƚĞƐ� ƚŽ� E<� ĐĞůů� ƌĞĐĞƉƚŽƌͲĞǆƉƌĞƐƐŝŶŐ� ZKZŐĂŵŵĂƚ;нͿ� ŝŶŶĂƚĞ� ůǇŵƉŚŽĐǇƚĞƐ͘� /ŵŵƵŶŝƚǇ 33͕� ϳϯϲͲϳϱϭ͕�
ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ŝŵŵƵŶŝ͘ϮϬϭϬ͘ϭϬ͘Ϭϭϳ�;ϮϬϭϬͿ͘

� ϭϱϳ� ��ƵĚĂŬŽǀ͕ �:͘��͘�Ğƚ�Ăů͘�/ŶƚĞƌůĞƵŬŝŶͲϮϮ�ĚƌŝǀĞƐ�ĞŶĚŽŐĞŶŽƵƐ�ƚŚǇŵŝĐ�ƌĞŐĞŶĞƌĂƟŽŶ�ŝŶ�ŵŝĐĞ͘�^ĐŝĞŶĐĞ 336͕�ϵϭͲϵϱ͕�
ĚŽŝ͗ϭϬ͘ϭϭϮϲͬƐĐŝĞŶĐĞ͘ϭϮϭϴϬϬϰ�;ϮϬϭϮͿ͘

� ϭϱϴ� ��ůĂǌĂƌ͕ ��͘�Z͕͘�DƵƌƉŚǇ͕ �t͘�:͘�Θ��ďĞĚŝ͕�D͘��ĚǀĂŶĐĞƐ�ŝŶ�ŐƌĂŌͲǀĞƌƐƵƐͲŚŽƐƚ�ĚŝƐĞĂƐĞ�ďŝŽůŽŐǇ�ĂŶĚ�ƚŚĞƌĂƉǇ͘�EĂƚƵƌĞ�
ƌĞǀŝĞǁƐ͘�/ŵŵƵŶŽůŽŐǇ 12͕�ϰϰϯͲϰϱϴ͕�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬŶƌŝϯϮϭϮ�;ϮϬϭϮͿ͘

� ϭϱϵ� �WŝĐŬĞƌƚ͕�'͘�Ğƚ�Ăů͘�^d�dϯ�ůŝŶŬƐ�/>ͲϮϮ�ƐŝŐŶĂůŝŶŐ�ŝŶ�ŝŶƚĞƐƟŶĂů�ĞƉŝƚŚĞůŝĂů�ĐĞůůƐ�ƚŽ�ŵƵĐŽƐĂů�ǁŽƵŶĚ�ŚĞĂůŝŶŐ͘�dŚĞ�
:ŽƵƌŶĂů�ŽĨ�ĞǆƉĞƌŝŵĞŶƚĂů�ŵĞĚŝĐŝŶĞ 206͕�ϭϰϲϱͲϭϰϳϮ͕�ĚŽŝ͗ϭϬ͘ϭϬϴϰͬũĞŵ͘ϮϬϬϴϮϲϴϯ�;ϮϬϬϵͿ͘
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� ϭϲϬ� �tŝƩĞ͕��͕͘�tŝƩĞ͕�<͕͘�tĂƌƐǌĂǁƐŬĂ͕�<͕͘�^ĂďĂƚ͕�Z͘�Θ�tŽůŬ͕�<͘�/ŶƚĞƌůĞƵŬŝŶͲϮϮ͗�Ă�ĐǇƚŽŬŝŶĞ�ƉƌŽĚƵĐĞĚ�ďǇ�d͕ �E<�
ĂŶĚ�E<d�ĐĞůů�ƐƵďƐĞƚƐ͕�ǁŝƚŚ�ŝŵƉŽƌƚĂŶĐĞ�ŝŶ�ƚŚĞ�ŝŶŶĂƚĞ�ŝŵŵƵŶĞ�ĚĞĨĞŶƐĞ�ĂŶĚ�ƟƐƐƵĞ�ƉƌŽƚĞĐƟŽŶ͘��ǇƚŽŬŝŶĞ�Θ�
ŐƌŽǁƚŚ�ĨĂĐƚŽƌ�ƌĞǀŝĞǁƐ 21͕�ϯϲϱͲϯϳϵ͕�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ĐǇƚŽŐĨƌ͘ ϮϬϭϬ͘Ϭϴ͘ϬϬϮ�;ϮϬϭϬͿ͘

� ϭϲϭ� �,ƵďĞƌ͕ �^͘�Ğƚ�Ăů͘�/>ͲϮϮ�W�ŝƐ�ƌĞŐƵůĂƚĞĚ�ďǇ�ƚŚĞ�ŝŶŇĂŵŵĂƐŽŵĞ�ĂŶĚ�ŵŽĚƵůĂƚĞƐ�ƚƵŵŽƌŝŐĞŶĞƐŝƐ�ŝŶ�ƚŚĞ�ŝŶƚĞƐƟŶĞ͘�
EĂƚƵƌĞ 491͕�ϮϱϵͲϮϲϯ͕�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬŶĂƚƵƌĞϭϭϱϯϱ�;ϮϬϭϮͿ͘
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SUMMARY

�ŝƐƌƵƉƟŽŶ�ŽĨ�ƚŚĞ�ŝŶƚĞƐƟŶĂů�ĞƉŝƚŚĞůŝĂů�ďĂƌƌŝĞƌ�ĂůůŽǁƐ�ďĂĐƚĞƌŝĂů�ƚƌĂŶƐůŽĐĂƟŽŶ�ĂŶĚ�ƉƌĞĚŝƐƉŽƐĞƐ�
ƚŽ�ĚĞƐƚƌƵĐƟǀĞ�ŝŶŇĂŵŵĂƟŽŶ͘�dŽ�ĞŶƐƵƌĞ�ƉƌŽƉĞƌ�ďĂƌƌŝĞƌ�ĐŽŵƉŽƐŝƟŽŶ͕�ĐƌǇƉƚͲƌĞƐŝĚŝŶŐ�ƐƚĞŵ�
ĐĞůůƐ�ĐŽŶƟŶƵŽƵƐůǇ�ƉƌŽůŝĨĞƌĂƚĞ�ĂŶĚ�ƌĞƉůĞŶŝƐŚ�Ăůů� ŝŶƚĞƐƟŶĂů�ĞƉŝƚŚĞůŝĂů�ĐĞůůƐ�ǁŝƚŚŝŶ�ĚĂǇƐ͘��Ɛ�
Ă�ĐŽŶƐĞƋƵĞŶĐĞ�ŽĨ�ƚŚŝƐ�ŚŝŐŚ�ŵŝƚŽƟĐ�ĂĐƟǀŝƚǇ͕ �ŵƵĐŽƐĂů�ƐƵƌĨĂĐĞƐ�ĂƌĞ�ĨƌĞƋƵĞŶƚůǇ�ƚĂƌŐĞƚĞĚ�ďǇ�
ĂŶƟͲĐĂŶĐĞƌ�ƚŚĞƌĂƉŝĞƐ͕�ůĞĂĚŝŶŐ�ƚŽ�ĚŽƐĞͲůŝŵŝƟŶŐ�ƐŝĚĞ�ĞīĞĐƚƐ͘�dŚĞ�ĐĞůůƵůĂƌ�ŵĞĐŚĂŶŝƐŵƐ�ƚŚĂƚ�
ĐŽŶƚƌŽů�ƟƐƐƵĞ�ƉƌŽƚĞĐƟŽŶ�ĂŶĚ�ŵƵĐŽƐĂů�ŚĞĂůŝŶŐ�ŝŶ�ƌĞƐƉŽŶƐĞ�ƚŽ�ŝŶƚĞƐƟŶĂů�ĚĂŵĂŐĞ�ƌĞŵĂŝŶ�
poorly understood. Type 3 innate lymphoid cells (ILC3) are regulators of homeostasis 
ĂŶĚ�ƟƐƐƵĞ� ƌĞƐƉŽŶƐĞƐ� ƚŽ� ŝŶĨĞĐƟŽŶ� Ăƚ�ŵƵĐŽƐĂů� ƐƵƌĨĂĐĞƐ� ĂŶĚ�ǁĞ� ŚǇƉŽƚŚĞƐŝǌĞĚ� ƚŚĂƚ� />�ϯ�
ĂƌĞ�ŝŶǀŽůǀĞĚ�ŝŶ�ŝŶƚĞƐƟŶĂů�ĞƉŝƚŚĞůŝĂů�ƌĞĐŽǀĞƌǇ�ĂŌĞƌ�ŝŶƐƵůƚ͘�tĞ�ĚĞŵŽŶƐƚƌĂƚĞ�ƚŚĂƚ�/>�ϯ�ĂƌĞ�
ƌĞƋƵŝƌĞĚ�ĨŽƌ�ĞƉŝƚŚĞůŝĂů�ĂĐƟǀĂƟŽŶ�ŝŶ�ƌĞƐƉŽŶƐĞ�ƚŽ�ƐŵĂůů�ŝŶƚĞƐƟŶĂů�ƟƐƐƵĞ�ĚĂŵĂŐĞ�ŝŶĚƵĐĞĚ�ďǇ�
ƚŚĞ�ĐŚĞŵŽƚŚĞƌĂƉĞƵƟĐ�ĂŐĞŶƚ�ŵĞƚŚŽƚƌĞǆĂƚĞ�;DdyͿ͘�DƵůƟƉůĞ�ƐƵďƐĞƚƐ�ŽĨ�/>�ϯ�ǁĞƌĞ�ĂĐƟǀĂƚĞĚ�
ƌĂƉŝĚůǇ�ĂŌĞƌ�ŝŶƚĞƐƟŶĂů�ƟƐƐƵĞ�ĚĂŵĂŐĞ�ĂŶĚ�ŝŶ�ƚŚĞ�ĂďƐĞŶĐĞ�ŽĨ�/>�ϯ�ĞƉŝƚŚĞůŝĂů�ĂĐƟǀĂƟŽŶ�ǁĂƐ�
ůŽƐƚ͕� ĐŽƌƌĞůĂƟŶŐ�ǁŝƚŚ� ŝŶĐƌĞĂƐĞĚ�ƉĂƚŚŽůŽŐǇ�ĂŶĚ� ƐĞǀĞƌĞ�ĚĂŵĂŐĞ� ƚŽ� ƚŚĞ� ŝŶƚĞƐƟŶĂů� ĐƌǇƉƚƐ͘�
hƐŝŶŐ� />�ϯͲĚĞĮĐŝĞŶƚ� >Őƌϱ� ƌĞƉŽƌƚĞƌ�ŵŝĐĞ�ǁĞ� ƐŚŽǁ� ƚŚĂƚ�ŵĂŝŶƚĞŶĂŶĐĞ�ŽĨ� ŝŶƚĞƐƟŶĂů� ƐƚĞŵ�
ĐĞůůƐ�ĂŌĞƌ�ĚĂŵĂŐĞ�ŝƐ�ƐĞǀĞƌĞůǇ�ŝŵƉĂŝƌĞĚ�ŝŶ�ƚŚĞ�ĂďƐĞŶĐĞ�ŽĨ�/>�ϯ͘�These data unveil a novel 
ĨƵŶĐƟŽŶ�ŽĨ�/>�ϯ�ŝŶ�ůŝŵŝƟŶŐ�ƟƐƐƵĞ�ĚĂŵĂŐĞ�ďǇ�ƉƌĞƐĞƌǀŝŶŐ�ƟƐƐƵĞͲƐƉĞĐŝĮĐ�ƐƚĞŵ�ĐĞůůƐ
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INTRODUCTION

dŚĞ� ŝŶƚĞƐƟŶĂů�ĞƉŝƚŚĞůŝƵŵ�ĐŽŶƐŝƐƚƐ�ŽĨ�Ă� ƐŝŶŐůĞ� ůĂǇĞƌ�ŽĨ� ĐĞůůƐ� ƚŚĂƚ� ĐŽŵďŝŶĞƐ� ƚŚĞ�ĞĸĐŝĞŶƚ�
ƵƉƚĂŬĞ�ŽĨ�ŶƵƚƌŝĞŶƚƐ�ĂŶĚ�ǁĂƚĞƌ�ǁŝƚŚ�ƉƌŽǀŝĚŝŶŐ�Ă�ƉŚǇƐŝĐĂů�ďĂƌƌŝĞƌ�ďĞƚǁĞĞŶ�ƚŚĞ� ŝŶƚĞƐƟŶĂů�
microbiota and our bodyϭ͘��ĂŵĂŐĞ�ƐƵƐƚĂŝŶĞĚ�ďǇ� ŝŶƚĞƐƟŶĂů�ĞƉŝƚŚĞůŝĂů� ĐĞůůƐ�ŶĞĞĚƐ� ƚŽ�ďĞ�
ƐǁŝŌůǇ�ĂŶĚ�ĞĸĐŝĞŶƚůǇ�ƌĞƉĂŝƌĞĚ�ƚŽ�ƉƌĞǀĞŶƚ�ŝŶĂƉƉƌŽƉƌŝĂƚĞ�ŝŵŵƵŶĞ�ƌĞƐƉŽŶƐĞƐ�ƚŽ�ĐŽŵŵĞŶƐĂů�
ďĂĐƚĞƌŝĂ͘��ĞĐĂƵƐĞ�Ăůů�ŝŶƚĞƐƟŶĂů�ĞƉŝƚŚĞůŝĂů�ĐĞůůƐ�ĂƌĞ�ƌĞŶĞǁĞĚ�ǁŝƚŚŝŶ�ϯͲϱ�ĚĂǇƐ�ƚŚĞ�ŝŶƚĞƐƟŶĞƐ�
ĂƌĞ�ŽŶĞ�ŽĨ�ƚŚĞ�ŵŽƐƚ�ŵŝƚŽƟĐĂůůǇ�ĂĐƟǀĞ�ŽƌŐĂŶƐ�ŝŶ�ƚŚĞ�ďŽĚǇ2,3͘�dŚĞ�ĐŽŵďŝŶĂƟŽŶ�ŽĨ�ƚŚŝƐ�ŚŝŐŚ�
ŵŝƚŽƟĐ�ŝŶĚĞǆ�ĂŶĚ�ƚŚĞ�ŚŝŐŚ�ĂŶƟŐĞŶŝĐ�ƉƌĞƐƐƵƌĞ�ŵĂŬĞ�ƚŚĞ�ŝŶƚĞƐƟŶĞƐ�ƐĞŶƐŝƟǀĞ�ƚŽ�ĚĂŵĂŐĞͲ
ŝŶĚƵĐĞĚ�ŝŶŇĂŵŵĂƚŽƌǇ�ĐŽŶĚŝƟŽŶƐ͘�/ŶƚĞƐƟŶĂů�ĚĂŵĂŐĞ�ŝƐ�ĂŶ�ĞĂƌůǇ�ĞǀĞŶƚ�ŝŶ�ƚŚĞ�ĚĞǀĞůŽƉŵĞŶƚ�
ŽĨ� ďŽƚŚ� 'ƌĂŌͲǀĞƌƐƵƐͲ,ŽƐƚ� ĚŝƐĞĂƐĞ� ;'ǀ,�Ϳ4� ĂŶĚ� ĂůŝŵĞŶƚĂƌǇ� ŵƵĐŽƐŝƟƐϱ and a driver of 
ďĂĐƚĞƌŝĂů�ƚƌĂŶƐůŽĐĂƟŽŶ�ĂŶĚ�d�ĐĞůů�ĂĐƟǀĂƟŽŶ�ŝŶ�ŝŶŇĂŵŵĂƚŽƌǇ�ďŽǁĞů�ĚŝƐĞĂƐĞ�;/��Ϳ6. 

DƵĐŽƐŝƟƐ�ŝƐ�Ă�ŵĂũŽƌ�ĚŽƐĞͲůŝŵŝƟŶŐ�ƐŝĚĞ�ĞīĞĐƚ�ŽĨ�ĂŶƟͲĐĂŶĐĞƌ�ĐŚĞŵŽ�ĂŶĚ�ƌĂĚŝŽƚŚĞƌĂƉǇ�
ƚŚĂƚ�ŝƐ�ĚŝƌĞĐƚůǇ�ƌĞůĂƚĞĚ�ƚŽ�ƚŚĞ�ƐĞŶƐŝƟǀŝƚǇ�ŽĨ�ŚŝŐŚůǇ�ƉƌŽůŝĨĞƌĂƟǀĞ�ŝŶƚĞƐƟŶĂů�ĞƉŝƚŚĞůŝĂů�ĐĞůůƐ�ƚŽ�
ƚŚĞƐĞ�ĐǇƚŽƚŽǆŝĐ�ƚƌĞĂƚŵĞŶƚƐ͘�

��ŵĂũŽƌ�ƉĂƚŚǁĂǇ�ŝŶǀŽůǀĞĚ�ŝŶ�ƚŚĞ�ŝŶƚĞƐƟŶĂů�ĞƉŝƚŚĞůŝĂů�ƌĞƐƉŽŶƐĞ�ƚŽ�ĚĂŵĂŐĞ�ŝƐ�ŵĞĚŝĂƚĞĚ�
ďǇ� ĂĐƟǀĂƟŽŶ� ŽĨ� ^d�dϯ͕�ǁŚŝĐŚ� ŝƐ� ĞǆƉƌĞƐƐĞĚ� ĂůŽŶŐ� ƚŚĞ� ĐƌǇƉƚͲǀŝůůƵƐ� ĂǆŝƐ� ŽĨ� ƚŚĞ� ŝŶƚĞƐƟŶĂů�
epithelium7,8͘� WŚŽƐƉŚŽƌǇůĂƚĞĚ� ^d�dϯ� ƚƌĂŶƐůŽĐĂƚĞƐ� ƚŽ� ƚŚĞ� ŶƵĐůĞƵƐ� ƚŽ� ĂĐƟǀĂƚĞ� ŐĞŶĞƐ�
ŝŶǀŽůǀĞĚ�ŝŶ�ƉƌŽůŝĨĞƌĂƟŽŶ͕�ƐƵƌǀŝǀĂů�ĂŶĚ�ŵƵĐŽƐĂů�ĚĞĨĞŶƐĞϵͲϭϭ͘�/Ŷ�ŚƵŵĂŶƐ͕�ŵƵƚĂƟŽŶƐ�ŝŶ�^d�dϯ 
ŚĂǀĞ� ďĞĞŶ� ŝĚĞŶƟĮĞĚ� ĂƐ� ƐƵƐĐĞƉƟďŝůŝƚǇ� ĨĂĐƚŽƌƐ� ĨŽƌ� /��ϵ͕ϭϮ͕ϭϯ. In mice, upon DSS-induced 
ĐŽůŝƟƐ͕� ^d�dϯ� ĂĐƟǀĂƟŽŶ� ŝŶ� ŝŶƚĞƐƟŶĂů� ĞƉŝƚŚĞůŝĂů� ĐĞůůƐ� ŝƐ� ƌĞƋƵŝƌĞĚ� ƚŽ� ƉƌŽŵŽƚĞ� ŵƵĐŽƐĂů�
wound healingϭϬ. 

/ŶƚĞƐƟŶĂů� ƌĞŐĞŶĞƌĂƟŽŶ� ĚĞƉĞŶĚƐ� ŽŶ� ƚŚĞ� ĐŽŶƟŶƵŽƵƐ� ĚŝīĞƌĞŶƟĂƟŽŶ� ŽĨ� ĞƉŝƚŚĞůŝĂů�
ĐĞůůƐ�ĨƌŽŵ�ĐƌǇƉƚ�ƌĞƐŝĚŝŶŐ�ŝŶƚĞƐƟŶĂů�ƐƚĞŵ�ĐĞůůƐ�;/^�Ϳϯ͕ϭϰ͕ϭϱ͘��ǀĞŶ�ƚŚŽƵŐŚ�ŵƵůƟƉůĞ�ŝŶƚĞƐƟŶĂů�
ƉƌŽŐĞŶŝƚŽƌ� ĐĞůůƐ� ŚĂǀĞ� ďĞĞŶ� ĚĞƐĐƌŝďĞĚ͕� ƚŚĞ� ďĞƐƚͲĐŚĂƌĂĐƚĞƌŝǌĞĚ� ƉŽƉƵůĂƟŽŶ� ĂƌĞ� ƚŚĞ� >Őƌϱ�
ĞǆƉƌĞƐƐŝŶŐ�ĐĞůůƐ� ƚŚĂƚ�ƌĞƐŝĚĞ�Ăƚ� ƚŚĞ�ĐƌǇƉƚ�ďŽƩŽŵ͕� ŝŶƚĞƌƐƉĞƌƐĞĚ�ǁŝƚŚ�WĂŶĞƚŚ�ĐĞůůƐ͘�dŚĞƐĞ�
ƐƚĞŵ�ĐĞůůƐ�ŚĂǀĞ�ƚŚĞ�ĂďŝůŝƚǇ�ƚŽ�ŐŝǀĞ�ƌŝƐĞ�ƚŽ�Ăůů�ŝŶƚĞƐƟŶĂů�ĞƉŝƚŚĞůŝĂů�ĐĞůůƐ�Ğǆ�ǀŝǀŽϭϲ. Similar to 
ŝƚƐ�ƌŽůĞ�ŝŶ�ĚŝīĞƌĞŶƟĂƚĞĚ�ĞƉŝƚŚĞůŝĂů�ĐĞůůƐ͕�^d�dϯ�ĂĐƟǀĂƟŽŶ�ŚĂƐ�ĂůƐŽ�ďĞĞŶ�ƌĞĐŽŐŶŝǌĞĚ�ĂƐ�ĂŶ�
ŝŵƉŽƌƚĂŶƚ�ƉĂƚŚǁĂǇ�ŝŶǀŽůǀĞĚ�ŝŶ�ŝŶƚĞƐƟŶĂů�ĞƉŝƚŚĞůŝĂů�ƐƚĞŵ�ĐĞůů�ƐƵƌǀŝǀĂůϭϳ. 

Type 3 innate lymphoid cells (ILC3) are innate immune cells that reside in the lamina 
ƉƌŽƉƌŝĂ�ŽĨ�ďŽƚŚ�ƚŚĞ�ƐŵĂůů�ĂŶĚ�ůĂƌŐĞ�ŝŶƚĞƐƟŶĞƐ�ĂŶĚ�ĂƌĞ�ŝŶǀŽůǀĞĚ�ŝŶ�ƟƐƐƵĞ�ŚŽŵĞŽƐƚĂƐŝƐ͕�ĞĂƌůǇ�
defense against enteric pathogens and containment of microbiotaϭϴ͕ϭϵ͘�/Ŷ�ƚŚĞ�ŝŶƚĞƐƟŶĞƐ͕�
ŵƵůƟƉůĞ� />�ϯ� ƐƵďƐĞƚƐ� ĞǆŝƐƚ͕� ƚǁŽ� ŽĨ� ǁŚŝĐŚ� ĐĂŶ� ďĞ� ĚŝƐƟŶŐƵŝƐŚĞĚ� ďǇ� ŵƵƚƵĂů� ĞǆĐůƵƐŝǀĞ�
ĞǆƉƌĞƐƐŝŽŶ� ŽĨ� ƚŚĞ� ŶĂƚƵƌĂů� ĐǇƚŽƚŽǆŝĐŝƚǇ� ƌĞĐĞƉƚŽƌ� E<Ɖϰϲ� ĂŶĚ� ƚŚĞ� ĐŚĞŵŽŬŝŶĞ� ƌĞĐĞƉƚŽƌ�
CCR6ϮϬ͕Ϯϭ͘�DŽƐƚ�ŽĨ�ƚŚĞ�EŬƉϰϲн ILC3 are found dispersed throughout the lamina propria, 
ĂŶĚ�ƚŚŝƐ�ůŽĐĂůŝǌĂƟŽŶ�ĚĞƉĞŶĚƐ�ŽŶ�ƚŚĞŝƌ�ĞǆƉƌĞƐƐŝŽŶ�ŽĨ��y�Zϲ22. In contrast, the majority of 
E<Ɖϰϲ-CCR6н� />�ϯ�ĂƌĞ� ůŽĐĂƚĞĚ� ŝŶ�ĂŶĂƚŽŵŝĐĂůůǇ�ĚĞĮŶĞĚ�ƐŝƚĞƐ�ŬŶŽǁŶ�ĂƐ� ĐƌǇƉƚŽƉĂƚĐŚĞƐ23. 
�ƌǇƉƚŽƉĂƚĐŚĞƐ�ĂƌĞ�ůŽĐĂƚĞĚ�ŝŶ�ĐůŽƐĞ�ƉƌŽǆŝŵŝƚǇ�ƚŽ�ƚŚĞ�ŝŶƚĞƐƟŶĂů�ĐƌǇƉƚƐ�ĂŶĚ�ĐĂŶ�ĞǀŽůǀĞ�ŝŶƚŽ�
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ŝƐŽůĂƚĞĚ���ĐĞůů�ĨŽůůŝĐůĞƐ�;/>&Ϳ�ƚŽ�ƐĞƌǀĞ�ĂƐ�ŝŶĚƵĐƟǀĞ�ƐŝƚĞƐ�ĨŽƌ�/Ő�24͘�ZĞĐĞŶƚ�ĮŶĚŝŶŐƐ�ŝŶĚŝĐĂƚĞ�
ƚŚĂƚ�ƵŶĚĞƌ�ŝŶŇĂŵŵĂƚŽƌǇ�ĐŽŶĚŝƟŽŶƐ͕�ƐƵĐŚ�ĂƐ�ĞǆƉĞƌŝŵĞŶƚĂů�'ǀ,�͕�/>�ϯ�ŚĂǀĞ�ƚŚĞ�ĐĂƉĂĐŝƚǇ�
ƚŽ� ŝŶƚĞƌĂĐƚ� ǁŝƚŚ� ƚŚĞ� ĞƉŝƚŚĞůŝĂů� ƐƚĞŵ� ĐĞůůƐ� ŝŶ� ƚŚĞ� ĐƌǇƉƚƐ͕� ƉƌŽƚĞĐƟŶŐ� ƚŚĞŵ� ĨƌŽŵ� d� ĐĞůůͲ
mediated killingϮϱ. 

dŚĞ�ǁĞůůͲŬŶŽǁŶ�ĂďŝůŝƚǇ�ŽĨ�/>�ϯ�ƚŽ�ĐŽŶĚŝƟŽŶ�ƚŚĞŝƌ� ůŽĐĂů�ŵŝĐƌŽĞŶǀŝƌŽŶŵĞŶƚ͕�ƚŚĞ�ĐůŽƐĞ�
ƉƌŽǆŝŵŝƚǇ�ŽĨ�/>�ϯ�ƚŽ�ŝŶƚĞƐƟŶĂů�ĐƌǇƉƚƐ�ĂŶĚ�ƚŚĞ�ĂďŝůŝƚǇ�ŽĨ�/>�ϯ�ƚŽ�ĐŽŵŵƵŶŝĐĂƚĞ�ǁŝƚŚ�ĞƉŝƚŚĞůŝĂů�
ƐƚĞŵ�ĐĞůůƐ� ůĞĚ�ƵƐ�ƚŽ�ŚǇƉŽƚŚĞƐŝǌĞ�ƚŚĂƚ� />�ϯ�ĂƌĞ� ŝŶǀŽůǀĞĚ� ŝŶ�ĚŝƌĞĐƟŶŐ� ŝŶƚĞƐƟŶĂů�ĞƉŝƚŚĞůŝĂů�
ƌĞƐƉŽŶƐĞƐ� ƚŽ� ƟƐƐƵĞ� ĚĂŵĂŐĞ͘�hƐŝŶŐ� ƚŚĞ�DĞƚŚŽƚƌĞǆĂƚĞ� ;DdyͿͲŵŽĚĞů� ŽĨ� ƐŵĂůů� ŝŶƚĞƐƟŶĂů�
ĚĂŵĂŐĞ�ǁĞ�ŶŽǁ�ƐŚŽǁ�ƚŚĂƚ�/>�ϯ�ĂƌĞ�ĂĐƟǀĂƚĞĚ�ŝŵŵĞĚŝĂƚĞůǇ�ĂŌĞƌ�DdyͲŝŶĚƵĐĞĚ�ĚĂŵĂŐĞ�
ůĞĂĚŝŶŐ�ƚŽ�Ă�ƌĂƉŝĚ�ĂĐƟǀĂƟŽŶ�ŽĨ�ĞƉŝƚŚĞůŝĂů�^d�dϯ͘�/Ŷ�ƚŚĞ�ĂďƐĞŶĐĞ�ŽĨ�/>�ϯ͕�Ddy�ƚƌĞĂƚŵĞŶƚ�
ůĞĂĚƐ� ƚŽ�ƐĞǀĞƌĞ�ƉĂƚŚŽůŽŐǇ͕ �ŵĂŝŶůǇ� ůŽĐĂůŝǌĞĚ� ŝŶ� ƚŚĞ� ŝŶƚĞƐƟŶĂů� ĐƌǇƉƚƐ�ĂŶĚ� ƚŚĞ� ŝŶĂďŝůŝƚǇ� ƚŽ�
ƉƌĞƐĞƌǀĞ� >Őƌϱн� ŝŶƚĞƐƟŶĂů� ƐƚĞŵ�ĐĞůůƐ� ;/^�Ϳ͘�KƵƌ�ĚĂƚĂ� ƌĞǀĞĂů� Ă�ŶŽǀĞů� ĨƵŶĐƟŽŶ� ĨŽƌ� />�ϯ�ĂƐ�
ŽƌŐĂŶŝǌĞƌƐ� ŽĨ� ƚŚĞ� ŝŶƚĞƐƟŶĂů� ĞƉŝƚŚĞůŝĂů� ƌĞƐƉŽŶƐĞ� ƚŽ� ƟƐƐƵĞ� ĚĂŵĂŐĞ� ƚŚƌŽƵŐŚ� ĂĐƟǀĂƟŽŶ�
of epithelial cells and maintenance of ISC and suggest that ILC3s might in future be 
ƚŚĞƌĂƉĞƵƟĐĂůůǇ�ŚĂƌŶĞƐƐĞĚ�ƚŽ�ƉƌĞǀĞŶƚ�ƐƚĞŵ�ĐĞůů�ůŽƐƐ�ĚƵƌŝŶŐ�ĐŚĞŵŽƚŚĞƌĂƉǇ͘
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RESULTS AND DISCUSSION

�ĂŵĂŐĞͲŝŶĚƵĐĞĚ�ĞƉŝƚŚĞůŝĂů�ĂĐƟǀĂƟŽŶ�ĚĞƉĞŶĚƐ�ŽŶ�dŚǇϭ+ cells 
dŽ� ƐƚƵĚǇ�ƟƐƐƵĞ�ĚĂŵĂŐĞ� ƌĞƐƉŽŶƐĞƐ� ŝŶ� ƚŚĞ� ƐŵĂůů� ŝŶƚĞƐƟŶĞ͕�ǁŚĞƌĞ�ŵŽƐƚ� />�ϯ� ƌĞƐŝĚĞ͕�ǁĞ�
ĞǆƉŽƐĞĚ�ŵŝĐĞ�ƚŽ�Ddy͕�ĂŶ�ĂŶƟͲŵĞƚĂďŽůŝƚĞ�ƚŚĂƚ�ŝŶŚŝďŝƚƐ�ĨŽůŝĐ�ĂĐŝĚ�ŵĞƚĂďŽůŝƐŵ�ĂŶĚ�ƚĂƌŐĞƚƐ�
cells in S-phase26͘� DdyͲŝŶĚƵĐĞĚ� ŝŶƚĞƐƟŶĂů� ĚĂŵĂŐĞ� ŝƐ� Ă� ǁĞůůͲĞƐƚĂďůŝƐŚĞĚ͕� ƐĞůĨͲƌĞƐŽůǀŝŶŐ�
ŵŽĚĞů� ŽĨ� ƐŵĂůů� ŝŶƚĞƐƟŶĂů� ĚĂŵĂŐĞ� ƚŚĂƚ� ŚĂƐ� ďĞĞŶ� ƵƐĞĚ� ƚŽ� ĚŝƐƐĞĐƚ� ĞƉŝƚŚĞůŝĂů� ƌĞƐƉŽŶƐĞƐ�
to sterile insult27-29͘�hƉŽŶ�Ddy�ĂĚŵŝŶŝƐƚƌĂƟŽŶ͕�ŵŝĐĞ�ůŽƐƚ�ǁĞŝŐŚƚ�ƵŶƟů�ĚĂǇ�ϰ͕�ĂŌĞƌ�ǁŚŝĐŚ�
ƚŚĞǇ�ĨƵůůǇ�ƌĞĐŽǀĞƌĞĚ�ďǇ�ĚĂǇ�ϳ�;&ŝŐƵƌĞ�ϭ�Ϳ͘�dŚĞ�ƌĂƉŝĚ�ǁĞŝŐŚƚ�ůŽƐƐ�ĐŽƌƌĞůĂƚĞĚ�ǁŝƚŚ�ŝŶƚĞƐƟŶĂů�
ƉĂƚŚŽůŽŐǇ͕ �ǁŚŝĐŚ�ƉĞĂŬĞĚ�ĂƐ�ĞĂƌůǇ�ĂƐ�ĚĂǇ�ϭ�ĂŌĞƌ�ƚŚĞ�ůĂƐƚ�Ddy�ŝŶũĞĐƟŽŶ�ĂŶĚ�ƐƵďƐĞƋƵĞŶƚůǇ�
ƐƚĂďŝůŝǌĞĚ� Ăƚ� ĚĂǇ� ϰ� ;&ŝŐƵƌĞ� ϭ�Ϳ� ďĞĨŽƌĞ� ƌĞĐŽǀĞƌŝŶŐ� ďǇ� ĚĂǇ� ϳ� ;ŶŽƚ� ƐŚŽǁŶͿ͘� WĂƚŚŽůŽŐŝĐĂů�
ĞǆĂŵŝŶĂƟŽŶ�ŽĨ� ƚŚĞ�ƐŵĂůů� ŝŶƚĞƐƟŶĞ�ƐŚŽǁĞĚ�ǀŝůůƵƐ�ŇĂƩĞŶŝŶŐ�ĂŶĚ�ĐƌǇƉƚ�ŚǇƉĞƌƉůĂƐŝĂ�ǁŝƚŚ�
ĂŶ�ŽǀĞƌĂůů� ůŽƐƐ�ŽĨ�ĞƉŝƚŚĞůŝĂů�ĂƌĐŚŝƚĞĐƚƵƌĞ�;&ŝŐƵƌĞ�ϭ�Ϳ͘�dŽ�ǀŝƐƵĂůŝǌĞ�ĚĂŵĂŐĞ�ƌĞƐƉŽŶƐĞƐ�ďǇ�
ĞƉŝƚŚĞůŝĂů�ĐĞůůƐ�ǁĞ�ĂƐƐĞƐƐĞĚ�ƉŚŽƐƉŚŽƌǇůĂƟŽŶ�ŽĨ�ĞƉŝƚŚĞůŝĂů�^d�dϯ͕�ƐŝŶĐĞ�ĂĐƟǀĂƟŽŶ�ŽĨ�ƚŚŝƐ�
ƉĂƚŚǁĂǇ�ŝŶ�ŝŶƚĞƐƟŶĂů�ĞƉŝƚŚĞůŝĂů�ĐĞůůƐ�;/��Ϳ�ƉůĂǇƐ�Ă�ĐĞŶƚƌĂů�ƌŽůĞ�ŝŶ�ŵƵĐŽƐĂů�ǁŽƵŶĚ�ŚĞĂůŝŶŐϭϭ. 
WŚŽƐƉŚŽƌǇůĂƟŽŶ�ŽĨ�̂ d�dϯ�ǁĂƐ�ŝŶĚƵĐĞĚ�ĞĂƌůǇ�ĂŌĞƌ�Ddy�ĂƉƉůŝĐĂƟŽŶ͕�ƉĞĂŬŝŶŐ�Ăƚ�ĚĂǇ�ϭ�;&ŝŐƵƌĞ�
ϭ�Ϳ͘�&ŽƵƌ�ĚĂǇƐ�ĂŌĞƌ� ƚŚĞ� ůĂƐƚ�Ddy� ŝŶũĞĐƟŽŶ͕� ƚŚĞ�ƉŚŽƐƉŚŽƌǇůĂƟŽŶ�ŽĨ�^d�dϯ�ŚĂĚ�ĂůƌĞĂĚǇ�
ƌĞƚƵƌŶĞĚ� ƚŽ� ďĂƐĞůŝŶĞ� ;&ŝŐƵƌĞ� ϭ�Ϳ͘� dŚĞƐĞ� ĚĂƚĂ� ƐŚŽǁ� ƚŚĂƚ�DdyͲŝŶĚƵĐĞĚ� ƐŵĂůů� ŝŶƚĞƐƟŶĂů�
ĚĂŵĂŐĞ�ŝŶĚƵĐĞƐ�ƌĂƉŝĚ�ĂŶĚ�ƚƌĂŶƐŝĞŶƚ�ĞƉŝƚŚĞůŝĂů�ĂĐƟǀĂƟŽŶ�ǀŝƐƵĂůŝǌĞĚ�ďǇ�ƉŚŽƐƉŚŽƌǇůĂƟŽŶ�ŽĨ�
^d�dϯ͘�/ŵŵĞĚŝĂƚĞ�DdyͲŝŶĚƵĐĞĚ�ƉĂƚŚŽůŽŐǇ�ŚĂƐ�ďĞĞŶ�ĂƩƌŝďƵƚĞĚ�ŵĂŝŶůǇ�ƚŽ�ĚŝƌĞĐƚ�ĞīĞĐƚƐ�ŽŶ�
ŝŶƚĞƐƟŶĂů�ĞƉŝƚŚĞůŝĂů�ĐĞůůƐ͕�ůĞĂĚŝŶŐ�ƚŽ�ĞƉŝƚŚĞůŝĂů�ĐĞůůͲŝŶƚƌŝŶƐŝĐ�ƌĞƐƉŽŶƐĞƐ�ƚŽ�ƟƐƐƵĞ�ĚĂŵĂŐĞ29. 
dŽ�ĚĞƚĞƌŵŝŶĞ�ǁŚĞƚŚĞƌ�ƚŚĞ�ĞĂƌůǇ�^d�dϯ�ƉŚŽƐƉŚŽƌǇůĂƟŽŶ�Ăƚ�ĚĂǇ�ϭ�ŝƐ�ŝŶĚĞĞĚ�ĞƉŝƚŚĞůŝĂů�ĐĞůů�
ŝŶƚƌŝŶƐŝĐ�Žƌ�ǁŚĞƚŚĞƌ� ŝŵŵƵŶĞ�ĐĞůůƐ�ĂƌĞ� ŝŶǀŽůǀĞĚ͕�ǁĞ�ĂĚŵŝŶŝƐƚĞƌĞĚ�Ddy� ƚŽ�ZĂŐϭͲͬͲ mice, 
ǁŚŝĐŚ� ůĂĐŬ� ĂĚĂƉƟǀĞ� ŝŵŵƵŶŝƚǇ� ĂŶĚ� ƚŽ� ZĂŐϭͲͬͲ� ŵŝĐĞ� ƉƌĞͲƚƌĞĂƚĞĚ� ǁŝƚŚ� dŚǇϭͲĚĞƉůĞƟŶŐ�
ĂŶƟďŽĚŝĞƐ�ƚŽ�ĂůƐŽ�ƌĞŵŽǀĞ�ŝŶŶĂƚĞ�ŝŵŵƵŶĞ�ĐĞůů�ƐƵďƐĞƚƐ͘�KŶĞ�ĚĂǇ�ĂŌĞƌ�Ddy�ĂĚŵŝŶŝƐƚƌĂƟŽŶ͕�
^d�dϯ�ƉŚŽƐƉŚŽƌǇůĂƟŽŶ�ǁĂƐ� ŝŶĚƵĐĞĚ� ŝŶ� /���ŽĨ�ZĂŐϭͲͬͲ mice treated with isotype control 
ĂŶƟďŽĚŝĞƐ͕� ĐŽŶĮƌŵŝŶŐ� ƚŚĂƚ� ĂĚĂƉƟǀĞ� ŝŵŵƵŶĞ� ĐĞůůƐ� ĂƌĞ� ĚŝƐƉĞŶƐĂďůĞ� ĨŽƌ� ƚŚŝƐ� ŝŶĚƵĐƟŽŶ�
;&ŝŐƵƌĞ�ϭ�Ϳ͘�/Ŷ�ĐŽŶƚƌĂƐƚ͕�ĚĞƉůĞƟŽŶ�ŽĨ�dŚǇϭн�ĐĞůůƐ�ŝŶ�ZĂŐϭͲͬͲ mice strongly impaired STAT3 
ƉŚŽƐƉŚŽƌǇůĂƟŽŶ�ŝŶ�/���ŝŶ�ƌĞƐƉŽŶƐĞ�ƚŽ�ƟƐƐƵĞ�ĚĂŵĂŐĞ�;&ŝŐƵƌĞ�ϭ�Ϳ͘�dŽ�ǀĂůŝĚĂƚĞ�ƚŚĞ�ƌĞĚƵĐƟŽŶ�
ŝŶ�ƉŚŽƐƉŚŽƌǇůĂƟŽŶ�ŽĨ�^d�dϯ�ǁĞ�ƋƵĂŶƟĮĞĚ�ƚŚĞ�ŝŶƚĞŶƐŝƚǇ�ŽĨ�Ɖ^d�dϯ�ƐƚĂŝŶŝŶŐ�ŽŶ�ƐĞĐƟŽŶƐ�
ƵƐŝŶŐ�ƐĞŵŝͲĂƵƚŽŵĂƚĞĚ�ĂŶĂůǇƐŝƐ�ĂŶĚ�ĨŽƵŶĚ�Ă�ƐŝŐŶŝĮĐĂŶƚ�ƌĞĚƵĐƟŽŶ�ŽĨ�Ɖ^d�dϯ�ŝŶƚĞŶƐŝƚǇ�Ăƚ�
ĚĂǇ�ϭ�ĂŌĞƌ�ƚŚĞ�ůĂƐƚ�Ddy�ĂĚŵŝŶŝƐƚƌĂƟŽŶ�;&ŝŐƵƌĞ�ϭ&Ϳ͘�/Ŷ�ĂĚĚŝƟŽŶ͕�ƚƌĂŶƐĐƌŝƉƚ�ĂŶĂůǇƐŝƐ�ŽĨ�ƚŽƚĂů�
ŝůĞƵŵ�ƌĞǀĞĂůĞĚ�Ă�ƐŝŐŶŝĮĐĂŶƚ�ƌĞĚƵĐƟŽŶ�ŝŶ�ůĞǀĞůƐ�ŽĨ�ƚŚĞ�^d�dϯ�ƚĂƌŐĞƚ�ŐĞŶĞ�^ŽĐƐϯ͕�ŝŶĚŝĐĂƟǀĞ�
ŽĨ�ƌĞĚƵĐĞĚ�̂ d�dϯ�ƐŝŐŶĂůŝŶŐ�;&ŝŐƵƌĞ�ϭ'Ϳ͘��KĨ�ŶŽƚĞ͕�Ɖ^d�dϯ�ƉŽƐŝƟǀĞ�ŚĞŵĂƚŽƉŽŝĞƟĐ�ĐĞůůƐ�ǁĞƌĞ�
ĨŽƵŶĚ�ŝŶ�ƚŚĞ�ůĂŵŝŶĂ�ƉƌŽƉƌŝĂ�ŽĨ�ďŽƚŚ�ĐŽŶƚƌŽů�ZĂŐϭͲͬͲ�ĂŶĚ�dŚǇϭͲĚĞƉůĞƚĞĚ�ZĂŐϭͲͬͲ�ŵŝĐĞ�;&ŝŐƵƌĞ�
ϭ�Ϳ͕�ƐƵŐŐĞƐƟŶŐ�ĚŝīĞƌĞŶƟĂů�ƌĞŐƵůĂƟŽŶ�ŽĨ�^d�dϯ�ĂĐƟǀĂƟŽŶ�ŝŶ�ĞƉŝƚŚĞůŝĂů�ĂŶĚ�ŚĞŵĂƚŽƉŽŝĞƟĐ�
ĐĞůůƐ͘�/Ŷ�ĐŽŶĐůƵƐŝŽŶ͕�ƚŚĞƐĞ�ĞǆƉĞƌŝŵĞŶƚƐ�ĞƐƚĂďůŝƐŚ�ƚŚĂƚ�ĞƉŝƚŚĞůŝĂů�ƉŚŽƐƉŚŽƌǇůĂƟŽŶ�ŽĨ�^d�dϯ�
ĂŌĞƌ�ƟƐƐƵĞ�ĚĂŵĂŐĞ�ŝƐ�ŶŽƚ�ĐĞůů�ŝŶƚƌŝŶƐŝĐ�ĂŶĚ�ƌĞƋƵŝƌĞƐ�ƚŚĞ�ƉƌĞƐĞŶĐĞ�ŽĨ�dŚǇϭн cells.
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&ŝŐƵƌĞ�ϭ͘��ƉŝƚŚĞůŝĂů�^d�dϯ�ƉŚŽƐƉŚŽƌǇůĂƟŽŶ�ĂŌĞƌ�Ddy�ĚĞƉĞŶĚƐ�ŽŶ�dŚǇϭ+ cells. (A) Body weight of wild-type 
;tdͿ�ŵŝĐĞ� ;ŶсϳͿ� ƚƌĞĂƚĞĚ�ǁŝƚŚ�Ddy͘� ;ƉĞƌĐĞŶƚĂŐĞ� ŽĨ� ŝŶŝƟĂů� ǁĞŝŐŚƚͿ� ;�Ϳ�DdyͲŝŶĚƵĐĞĚ� ƉĂƚŚŽůŽŐǇ� ĂƐ� ĚĞƐĐƌŝďĞĚ�
ŝŶ�ŵĂƚĞƌŝĂůƐ�ĂŶĚ�ŵĞƚŚŽĚƐ͘�;Ŷхϱ�ƉĞƌ�ƟŵĞ�ƉŽŝŶƚ�Ϳ�;�Ϳ�ZĞƉƌĞƐĞŶƚĂƟǀĞ�,Θ��ƐƚĂŝŶŝŶŐ�;�Ϳ�ĂŶĚ�ŝŵŵƵŶŽƐƚĂŝŶŝŶŐ�ŽĨ�
Ɖ^d�dϯ�ŝŶ�ŝůĞĂů�ƐĞĐƟŽŶƐ�ĨƌŽŵ�td�ĂŶŝŵĂůƐ�Ăƚ�ƚŚĞ�ŝŶĚŝĐĂƚĞĚ�ƟŵĞ�ƉŽŝŶƚƐ͘;Ŷхϱ�ƉĞƌ�ƟŵĞ�ƉŽŝŶƚͿ�;�Ϳ�ZĞƉƌĞƐĞŶƚĂƟǀĞ�
ŝŵŵƵŶŽƐƚĂŝŶŝŶŐ�ŽĨ�Ɖ^d�dϯ�ŝŶ�ŝůĞĂů�ƐĞĐƟŽŶƐ�ĨƌŽŵ�ŝƐŽƚǇƉĞ�ĂŶĚ�ɲͲdŚǇϭ�ƚƌĞĂƚĞĚ�ZĂŐϭͲͬͲ�ŵŝĐĞ�Ăƚ�ƚŚĞ�ŝŶĚŝĐĂƚĞĚ�ƟŵĞ�
ƉŽŝŶƚƐ͘�;&Ϳ�Ɖ^d�dϯ�ŝŶƚĞŶƐŝƚǇ�ŝŶ�ŝůĞĂů�ƐĞĐƟŽŶƐ�Ăƚ�ƚŚĞ�ŝŶĚŝĐĂƚĞĚ�ƟŵĞ�ƉŽŝŶƚƐ͘�;Ŷсϰ�ƉĞƌ�ŐƌŽƵƉͿ�;'Ϳ�^ŽĐƐϯ�transcript 
ůĞǀĞůƐ�ƌĞůĂƟǀĞ�ƚŽ�'ĂƉĚŚ�ĨƌŽŵ�ŝůĞƵŵ�Ăƚ�ĚĂǇ�ϭ�ĂŌĞƌ�Ddy͘�;ŶхϰͿ�Ύ͕�WфϬ͘Ϭϱ�͘��ĂƌƐ͕�ϱϬʅŵ͘
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/>�ϯ�ĂƌĞ�ĂĐƟǀĂƚĞĚ�ŝŶ�ƌĞƐƉŽŶƐĞ�ƚŽ�ŝŶƚĞƐƟŶĂů�ƟƐƐƵĞ�ĚĂŵĂŐĞ
dŚĞ�ĮŶĚŝŶŐ�ƚŚĂƚ�ƉŚŽƐƉŚŽƌǇůĂƟŽŶ�ŽĨ�ĞƉŝƚŚĞůŝĂů�^d�dϯ�ĚĞƉĞŶĚĞĚ�ŽŶ�dŚǇϭн cells led us to 
ŚǇƉŽƚŚĞƐŝǌĞ�ƚŚĂƚ�dŚǇϭн�/>�ϯ�ĂƌĞ�ŝŶǀŽůǀĞĚ�ŝŶ�ƚŚĞ�ŝŶƚĞƐƟŶĂů�ƌĞƐƉŽŶƐĞ�ƚŽ�DdyͲŝŶĚƵĐĞĚ�ƟƐƐƵĞ�
ĚĂŵĂŐĞ͘�dŽ�ĚĞƚĞƌŵŝŶĞ�ǁŚĞƚŚĞƌ�/>�ϯ�ĂƌĞ�ĂĐƟǀĂƚĞĚ�ŝŶ�ƌĞƐƉŽŶƐĞ�ƚŽ�ŝŶƚĞƐƟŶĂů�ĚĂŵĂŐĞ͕���Zϲн 
ĂŶĚ�E<Ɖϰϲн�ůĂŵŝŶĂ�ƉƌŽƉƌŝĂ�/>�ϯ�ǁĞƌĞ�ĂŶĂůǇǌĞĚ�ĨŽƌ�ĞǆƉƌĞƐƐŝŽŶ�ŽĨ�ƚƌĂŶƐĐƌŝƉƚƐ�ĂƐƐŽĐŝĂƚĞĚ�
ǁŝƚŚ� ĂĐƟǀĂƟŽŶ� Ăƚ� ϭ� ĚĂǇ� ĂŌĞƌ� ƚŚĞ� ůĂƐƚ�Ddy� ŝŶũĞĐƟŽŶ� ;&ŝŐƵƌĞ� Ϯ�� ĂŶĚ� �Ϳ͘� �ŽŵƉĂƌĞĚ� ƚŽ�
homeostasis, CCR6н� />�ϯ�ŵĂŝŶƚĂŝŶĞĚ� ƚƌĂŶƐĐƌŝƉƟŽŶ�ŽĨ�>ƚď, ZŽƌĐ, /ĨŶŐ, /ůϮϮ and �ƐĨϮ but 
ƐŚŽǁĞĚ� ŝŶĐƌĞĂƐĞĚ� ƚƌĂŶƐĐƌŝƉƟŽŶ�ŽĨ�dŶĨ and /ůϭϳĂ� ;&ŝŐƵƌĞ�Ϯ�Ϳ͘�E<Ɖϰϲн� />�ϯ� ƐŝŐŶŝĮĐĂŶƚůǇ�
ŝŶĐƌĞĂƐĞĚ�ƚƌĂŶƐĐƌŝƉƟŽŶ�ŽĨ�>ƚď, ZŽƌĐ, /ůϮϮ, /ĨŶŐ, �ƐĨϮ and dŶĨ�;&ŝŐƵƌĞ�Ϯ�Ϳ͘�dŚĞƐĞ�ĚĂƚĂ�ƐŚŽǁ�
ƚŚĂƚ�ŝŶ�ƌĞƐƉŽŶƐĞ�ƚŽ�ŝŶƚĞƐƟŶĂů�ƟƐƐƵĞ�ĚĂŵĂŐĞ͕�ďŽƚŚ�E<Ɖϰϲн and CCR6н�/>�ϯ�ĂƌĞ�ĂĐƟǀĂƚĞĚ͕�
ĂůďĞŝƚ� ŝŶ�Ă�ĚŝīĞƌĞŶƟĂů�ŵĂŶŶĞƌ͘ � /Ŷ� ůŝŶĞ�ǁŝƚŚ�ƚŚĞ�ĂĐƟǀĂƟŽŶ�ŽĨ� />�ϯ�Ăƚ�ƚŚĞ�ĐǇƚŽŬŝŶĞ� ůĞǀĞů͕�
ǁĞ�ĂůƐŽ�ŶŽƚĞĚ�ƚŚĂƚ�ĞǆƉƌĞƐƐŝŽŶ�ŽĨ�E<Ɖϰϲ�ǁĂƐ�ŝŶĐƌĞĂƐĞĚ�ŽŶ�/>�ϯ�Ăƚ�ĚĂǇ�ϭ�ĂŌĞƌ�ŝŶƐƵůƚ͘�dŚŝƐ�
ŝŶĐƌĞĂƐĞĚ�ĞǆƉƌĞƐƐŝŽŶ�ǁĂƐ�ĂƉƉĂƌĞŶƚ�ďŽƚŚ�Ăƚ�ƚŚĞ�ƉƌŽƚĞŝŶ�;&ŝŐƵƌĞ�Ϯ�Ϳ�ĂŶĚ�ƚƌĂŶƐĐƌŝƉƚ� ůĞǀĞů�
;&ŝŐƵƌĞ�Ϯ�Ϳ͘��ŽůůĞĐƟǀĞůǇ�ƚŚŝƐ�ƐŚŽǁƐ�ƚŚĂƚ�ŝŵŵĞĚŝĂƚĞůǇ�ĂŌĞƌ�ƟƐƐƵĞ�ĚĂŵĂŐĞ͕�ůĂŵŝŶĂ�ƉƌŽƉƌŝĂ�
/>�ϯ�ĂƌĞ�ŝŶ�ĂŶ�ĂĐƟǀĂƚĞĚ�ƐƚĂƚĞ͘�dŽ�ĐŽŶĮƌŵ�ƚŚĞ�ƚƌĂŶƐĐƌŝƉƟŽŶ�ŽĨ�ƚŚĞƐĞ�ĐǇƚŽŬŝŶĞƐ�ŝŶ�ĂŶ�ŝŶ�ǀŝǀŽ 
ƐĞƫŶŐ�ǁĞ�ĂŶĂůǇǌĞĚ�ƚŚĞ� ŝŶƚĞƐƟŶĞƐ�ŽĨ�ZĂŐϭͲͬͲ�ŵŝĐĞ� ŝŶ�ƚŚĞ�ƉƌĞƐĞŶĐĞ�Žƌ�ĂďƐĞŶĐĞ�ŽĨ�dŚǇϭн 
ĐĞůůƐ͘�dƌĂŶƐĐƌŝƉƚ�ĂŶĂůǇƐŝƐ�ŽĨ�ƚŽƚĂů� ŝůĞƵŵ͕�Žƌ�ƉƌŽƚĞŝŶ�ĂŶĂůǇƐŝƐ�ĂŌĞƌ�ŽǀĞƌŶŝŐŚƚ� ŝůĞĂů�ĞǆƉůĂŶƚ�
ĐƵůƚƵƌĞƐ�ĐůĞĂƌůǇ�ƐŚŽǁĞĚ�ƚŚĂƚ�ƚŚĞ�ƉƌĞƐĞŶĐĞ�ŽĨ�dŚǇϭн�ĐĞůůƐ�ǁĂƐ�ĞƐƐĞŶƟĂů�ĨŽƌ�ŐĞŶĞƌĂƟŽŶ�ŽĨ�
transcripts for �ƐĨϮ, dŶĨ, /ůϮϮ, >ƚď and /ĨŶŐ͕�;&ŝŐƵƌĞ�Ϯ�Ϳ�ĂƐ�ǁĞůů�ĂƐ�ƉƌŽƚĞŝŶ�ĨŽƌ�ďŽƚŚ�/>ͲϮϮ�ĂŶĚ�
'DͲ�^&� ;&ŝŐƵƌĞ�Ϯ&Ϳ� ŝŶ� ƌĞƐƉŽŶƐĞ�ƚŽ�ƟƐƐƵĞ�ĚĂŵĂŐĞ͘�dŚĞƐĞ�ĞǆƉĞƌŝŵĞŶƚƐ�ƵŶǀĞŝů� ƚŚĞ�ƌĂƉŝĚ�
ĂĐƟǀĂƟŽŶ�ŽĨ�/>�ϯ�ƐƵďƐĞƚƐ�ŝŶ�ƌĞƐƉŽŶƐĞ�ƚŽ�ŝŶƚĞƐƟŶĂů�ƟƐƐƵĞ�ĚĂŵĂŐĞ͘
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&ŝŐƵƌĞ�Ϯ͘� />�ϯ�ĂƌĞ�ĂĐƟǀĂƚĞĚ�ƵƉŽŶ�DdyͲŝŶĚƵĐĞĚ�ĚĂŵĂŐĞ͘� &ŽůĚ� ŝŶĚƵĐƟŽŶ�ŽĨ� ŝŶĚŝĐĂƚĞĚ� ƚƌĂŶƐĐƌŝƉƚƐ� ƌĞůĂƟǀĞ� ƚŽ�
steady state, of lamina propria CCR6нE<Ɖϰϲ-ILC3 (A) and CCR6-E<Ɖϰϲн�/>�ϯ�;�Ϳ�Ăƚ�ĚĂǇ�ϭ�ĂŌĞƌ�Ddy͘�Eсϲ�ĚĂƚĂ�
ƉŽŝŶƚƐ͘��ĂĐŚ�ĚĂƚĂ�ƉŽŝŶƚ�ƌĞƉƌĞƐĞŶƚƐ�ƉŽŽůĞĚ�/>�ϯ�ĨƌŽŵ�ĮǀĞ�ƚŽ�ƐĞǀĞŶ�ŵŝĐĞ͘�;�Ϳ�ZĞƉƌĞƐĞŶƚĂƟǀĞ�ŇŽǁ�ĐǇƚŽŵĞƚƌǇ�ƉůŽƚ�
ŽĨ�E<Ɖϰϲ�ĂŶĚ���Zϲ�ĞǆƉƌĞƐƐŝŽŶ�ŽŶ�ůĂŵŝŶĂ�ƉƌŽƉƌŝĂ�/>�ϯ�Ăƚ�ƐƚĞĂĚǇ�ƐƚĂƚĞ�ĂŶĚ�Ăƚ�ĚĂǇ�ϭ�ĂŌĞƌ�Ddy͘�;�Ϳ�dƌĂŶƐĐƌŝƉƚ�
levels of EĐƌϭ�ƌĞůĂƟǀĞ�ƚŽ 'ĂƉĚŚ from CCR6-E<Ɖϰϲн�/>�ϯ͘�;Ŷсϲ�ƉĞƌ�ŐƌŽƵƉͿ�;�Ϳ�dƌĂŶƐĐƌŝƉƟŽŶĂů�ĂŶĂůǇƐĞƐ�ŽĨ�ŝŶĚŝĐĂƚĞĚ�
ŐĞŶĞƐ�ƌĞůĂƟǀĞ�ƚŽ 'ĂƉĚŚ ĨƌŽŵ�ƚŽƚĂů�ŝůĞĂů�ŵZE��ŽĨ�ŝƐŽƚǇƉĞ�ĐŽŶƚƌŽů�Žƌ�dŚǇϭʹĚĞƉůĞƚĞĚ�ZĂŐϭͲͬͲ�ŵŝĐĞ�Ăƚ�ĚĂǇ�ϭ�ĂŌĞƌ�
Ddy͘�;&Ϳ�WƌŽƚĞŝŶ�ůĞǀĞůƐ�ŽĨ�/>ͲϮϮ�ĂŶĚ�'DͲ�^&�ĂŌĞƌ�ŽǀĞƌŶŝŐŚƚ�ŝůĞĂů�ĞǆƉůĂŶƚ�ĐƵůƚƵƌĞƐ�ŝƐŽůĂƚĞĚ�Ăƚ�ĚĂǇ�ϭ�ĂŌĞƌ�Ddy͘�
;Ŷхϰ�Ϳ�Ύ͕�WфϬ͘Ϭϱ͖�ΎΎ͕�WфϬ͘Ϭϭ͘�E�͕�ŶŽƚ�ĚĞƚĞĐƚĞĚ͘
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/>�ϯ�ĚĞĮĐŝĞŶĐǇ�ĂŐŐƌĂǀĂƚĞƐ�DdyͲŝŶĚƵĐĞĚ�ĚĂŵĂŐĞ
�ĞƉůĞƟŽŶ�ŽĨ�dŚǇϭн�ĐĞůůƐ�ĚŝŵŝŶŝƐŚĞĚ�ĂĐƟǀĂƟŽŶ�ŽĨ�ĞƉŝƚŚĞůŝĂů�^d�dϯ�ŝŶ�ƌĞƐƉŽŶƐĞ�ƚŽ�Ddy�ĂŶĚ�
/>�ϯ�ǁĞƌĞ�ĂĐƟǀĂƚĞĚ�ĞĂƌůǇ�ĂŌĞƌ�ƟƐƐƵĞ�ĚĂŵĂŐĞ͘�,ŽǁĞǀĞƌ͕ �ďĞĐĂƵƐĞ�dŚǇϭ�ĂŶƟďŽĚŝĞƐ�ĚŽ�ŶŽƚ�
ƐƉĞĐŝĮĐĂůůǇ�ƚĂƌŐĞƚ�/>�ϯ�ǁĞ�ŶĞǆƚ�ĞǆƉŽƐĞĚ�/>�ϯͲĚĞĮĐŝĞŶƚ�ZŽƌɶƚͲͬͲ�ŵŝĐĞ�ƚŽ�Ddy�ƚŽ�ĐŽŶĮƌŵ�ƚŚĂƚ�
/>�ϯ�ĂƌĞ�ƌĞƐƉŽŶƐŝďůĞ�ĨŽƌ�ƚŚĞ�ŽďƐĞƌǀĞĚ�ĚĂŵĂŐĞͲĂƐƐŽĐŝĂƚĞĚ�ĞƉŝƚŚĞůŝĂů�ĂĐƟǀĂƟŽŶ͘�/Ŷ�ĐŽŶƚƌĂƐƚ�
ƚŽ�td�ĂŶŝŵĂůƐ͕� ŝŶƚĞƐƟŶĂů�ĞƉŝƚŚĞůŝĂů�ĐĞůůƐ� ŝŶ�ZŽƌɶƚͲͬͲ�ŵŝĐĞ�ĚŝĚ�ŶŽƚ�ƐŚŽǁ�ƉŚŽƐƉŚŽƌǇůĂƟŽŶ�
ŽĨ�^d�dϯ�ŝŶ�/���ŝŶ�ƌĞƐƉŽŶƐĞ�ƚŽ�ƟƐƐƵĞ�ĚĂŵĂŐĞ�;&ŝŐƵƌĞ�ϯ�Ϳ�ĂŶĚ�ĐŽŶƐĞƋƵĞŶƚůǇ�ŚĂĚ�ƌĞĚƵĐĞĚ�
STAT3 signaling as evidenced by lower levels of ^ŽĐƐϯ�ƚƌĂŶƐĐƌŝƉƚƐ�;&ŝŐƵƌĞ�ϯ�Ϳ͘�

,ŝƐƚŽůŽŐŝĐĂů� ĂŶĂůǇƐŝƐ� ŽĨ� ƚŚĞ� ƐŵĂůů� ŝŶƚĞƐƟŶĞƐ� ŽĨ�DdyͲĞǆƉŽƐĞĚ� ZŽƌɶƚͲͬͲ mice revealed 
Ă� ƐůŝŐŚƚ� ŝŶĐƌĞĂƐĞ� ŝŶ� ŽǀĞƌĂůů� ƉĂƚŚŽůŽŐǇ� Ăƚ� ĚĂǇ� ϰ� ĂŌĞƌ�Ddy� ;&ŝŐƵƌĞ� ϯ�Ϳ͘� dŚĞ� ĚŝīĞƌĞŶĐĞƐ�
ďĞƚǁĞĞŶ�ŽǀĞƌĂůů�ƉĂƚŚŽůŽŐǇ�ŝŶ�td�ĂŶĚ�ZŽƌɶƚͲͬͲ�ŵŝĐĞ�ĚŝĚ�ŶŽƚ�ƌĞĂĐŚ�ƐƚĂƟƐƟĐĂů�ƐŝŐŶŝĮĐĂŶĐĞ͕�
ĞǀĞŶ�ƚŚŽƵŐŚ�ƚŚĞƌĞ�ƐĞĞŵĞĚ�ƚŽ�ďĞ�Ă�ƚƌĞŶĚ�ƚŽǁĂƌĚƐ�ŝŶĐƌĞĂƐĞĚ�ŽĨ�ƉĂƚŚŽůŽŐǇ�ŝŶ�ZŽƌɶƚͲͬͲ mice 
Ăƚ�ĚĂǇ�ϰ�;&ŝŐƵƌĞ�ϯ�Ϳ͘

dŽ�ƵŶĚĞƌƐƚĂŶĚ�ƚŚŝƐ�ƚƌĞŶĚ͕�ǁĞ�ƉĞƌĨŽƌŵĞĚ�ĚŝīĞƌĞŶƟĂů�ƉĂƚŚŽůŽŐǇ�ƐĐŽƌŝŶŐ�ŽŶ�ŝŶƚĞƐƟŶĂů�
ǀŝůůŝ�ĂŶĚ�ĐƌǇƉƚ�ĐŽŵƉĂƌƚŵĞŶƚƐ͘�dŚŝƐ�ƌĞǀĞĂůĞĚ�Ă�ƐŝŐŶŝĮĐĂŶƚ�ŝŶĐƌĞĂƐĞ�ŝŶ�ƚŚĞ�ĚĂŵĂŐĞ�ƐƵƐƚĂŝŶĞĚ�
ďǇ�ƚŚĞ�ƐŵĂůů�ŝŶƚĞƐƟŶĂů�ĐƌǇƉƚƐ�ŝŶ�ZŽƌɶƚͲͬͲ�ŵŝĐĞ�ĐŽŵƉĂƌĞĚ�ƚŽ�td�ĐŽŶƚƌŽů�ŵŝĐĞ�;&ŝŐƵƌĞ�ϯ�Ϳ d͘ŚĞ�
ĞǆƚĞŶƚ�ŽĨ�ĐƌǇƉƚ�ĞƉŝƚŚĞůŝĂů�ŇĂƩĞŶŝŶŐ͕�ƚŚĞ�ƉƌĞƐĞŶĐĞ�ŽĨ�ĐƌǇƉƚ�ĂďƐĐĞƐƐĞƐ�ĂŶĚ�ƚŚĞ�ĞǀĞŶƚƵĂů�ůŽƐƐ�
ŽĨ�ĐƌǇƉƚƐ�ǁĞƌĞ�Ăůů�ƐŝŐŶŝĮĐĂŶƚůǇ�ŝŶĐƌĞĂƐĞĚ�ŝŶ�ƚŚĞ�ĂďƐĞŶĐĞ�ŽĨ�ZŽƌɶƚ�;&ŝŐƵƌĞ�ϯ&Ϳ͘�

dŽ� ĨƵƌƚŚĞƌ�ĞǀĂůƵĂƚĞ�ĞƉŝƚŚĞůŝĂů� ĮƚŶĞƐƐ͕�ǁĞ�ĂŶĂůǇǌĞĚ�ŵƵĐŝŶͲƉƌŽĚƵĐŝŶŐ� ŐŽďůĞƚ� ĐĞůůƐ� ĂƐ�
ŵĂŝŶƚĞŶĂŶĐĞ�ŽĨ�ƚŚĞ�ŵƵĐƵƐ�ůĂǇĞƌ�ŝƐ�Ă�ƌĞƋƵŝƐŝƚĞ�ƚŽ�ĞŶƐƵƌĞ�Ă�ƉƌŽƉĞƌ�ĞƉŝƚŚĞůŝĂů�ďĂƌƌŝĞƌϯϬ͕ϯϭ. 
,ŝƐƚŽůŽŐŝĐĂů�ĂŶĂůǇƐŝƐ�ŽĨ�ƐŵĂůů�ŝŶƚĞƐƟŶĞ�Ăƚ�ĚĂǇ�ϰ�ĂŌĞƌ�Ddy�ƌĞǀĞĂůĞĚ�ƌĞĚƵĐĞĚ�ŶƵŵďĞƌƐ�ŽĨ�
ŐŽďůĞƚ� ĐĞůů� ŝŶ�ZŽƌɶƚͲͬͲ�ŵŝĐĞ� ĐŽŵƉĂƌĞĚ� ƚŽ�td�ŵŝĐĞ� ;&ŝŐ͘� ϯ'�ĂŶĚ�,Ϳ͘�tŚŝůĞ�ƉƌŽǆŝŵĂů� ĂŶĚ�
ĚŝƐƚĂů�ƐŵĂůů� ŝŶƚĞƐƟŶĞ�ƐŚŽǁĞĚ�ƐŝŐŶŝĮĐĂŶƚůǇ� ůĞƐƐ�ŐŽďůĞƚ�ĐĞůůƐ� ŝŶ�ZŽƌɶƚͲͬͲ�mice compared to 
td�ĂŶŝŵĂůƐ͕��ũĞũƵũƵŶŵ�ƐŚŽǁĞĚ�ƐŝŵŝůĂƌ�ŶƵŵďĞƌƐ�;&ŝŐ͘�ϯ,Ϳ

^ƵƌǀŝǀĂů�ŽĨ�ĞƉŝƚŚĞůŝĂů�ĐĞůůƐ�ŝŶ�ƌĞƐƉŽŶƐĞ�ƚŽ�ƟƐƐƵĞ�ĚĂŵĂŐĞ�ŝƐ�ƌĞŐƵůĂƚĞĚ�ďǇ�ƚŚĞ�ďĂůĂŶĐĞ�
ďĞƚǁĞĞŶ�ƐĞǀĞƌĂů�ƉƌŽͲ�ĂŶĚ�ĂŶƟͲ�ĂƉŽƉƚŽƟĐ�ŵŽůĞĐƵůĞƐ2. To assess whether this balance was 
ƐŚŝŌĞĚ�ŝŶ�ƚŚĞ�ĂďƐĞŶĐĞ�ŽĨ�ZŽƌɶƚ�ǁĞ�ĚĞƚĞƌŵŝŶĞĚ�ƚƌĂŶƐĐƌŝƉƚ�ůĞǀĞůƐ�ŽĨ�ƚŚĞ�ƉƌŽͲĂƉŽƉƚŽƟĐ�ŐĞŶĞ�
Bax�ĂŶĚ�ƚŚĞ�ĂŶƟͲĂƉŽƉƚŽƟĐ�ŐĞŶĞ��ĐůϮůϭ�;�Đůy>Ϳ�ŝŶ�ŝůĞƵŵ�;&ŝŐƵƌĞ�ϯ/Ϳ͘�/Ŷ�ZŽƌɶƚͲͬͲ�mice, one 
ĚĂǇ�ĂŌĞƌ�Ddy͕�ƚŚĞ�Bax - �ĐůϮůϭ�ƌĂƟŽ�ǁĂƐ�ƐŝŐŶŝĮĐĂŶƚůǇ�ŝŶĐƌĞĂƐĞĚ͕�ŝŶĚŝĐĂƟŶŐ�Ă�ƐŚŝŌ�ƚŽǁĂƌĚƐ�
Ă�ŵŽƌĞ�ƉƌŽͲĂƉŽƉƚŽƟĐ�ƉƌŽŐƌĂŵ�ŝŶ�ƚŚĞ�ĂďƐĞŶĐĞ�ŽĨ�/>�ϯ͘

�ŽŵďŝŶĞĚ͕� ƚŚĞƐĞ� ĚĂƚĂ� ƐƵŐŐĞƐƚ� ƚŚĂƚ� ƚŚĞ� ĂďƐĞŶĐĞ� ŽĨ� ZŽƌɶƚн� />�ϯ� ĂƵŐŵĞŶƚƐ� ƟƐƐƵĞ�
ĚĂŵĂŐĞ�ƚŽ�ƚŚĞ�ƐƚĞŵ�ĐĞůůͲĐŽŶƚĂŝŶŝŶŐ�ŝŶƚĞƐƟŶĂů�ĐƌǇƉƚƐ�ŝŶ�ƌĞƐƉŽŶƐĞ�ƚŽ�Ddy͘
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Figure 3. Absence of Rorɶƚ�ĂƵŐŵĞŶƚƐ�ĐƌǇƉƚ�ĚĂŵĂŐĞ�ĂŌĞƌ�Ddy͘� ;�Ϳ�Ɖ^d�dϯ� ŝŶ� ŝůĞƵŵ�ƐĞĐƟŽŶƐ� ĨƌŽŵ�td�ĂŶĚ�
ZŽƌɶƚͲͬͲ�ŵŝĐĞ�Ăƚ�ƚŚĞ�ŝŶĚŝĐĂƚĞĚ�ƟŵĞ�ƉŽŝŶƚƐ͘�;�Ϳ�^ŽĐƐϯ�ƚƌĂŶƐĐƌŝƉƚƐ�ƌĞůĂƟǀĞ�ƚŽ 'ĂƉĚŚ�ĨƌŽŵ�ƚŽƚĂů�ŝůĞĂů�ŵZE��ŽĨ�td�
;ŶсϲͿ�ĂŶĚ�ZŽƌɶƚͲͬͲ�;ŶсϰͿ�ŵŝĐĞ�Ăƚ�ĚĂǇ�ϭ�ĂŌĞƌ�Ddy͘�;�Ϳ�ZĞƉƌĞƐĞŶƚĂƟǀĞ�,Θ��ƐƚĂŝŶŝŶŐ�ŽĨ�ŝůĞĂů�ƐĞĐƟŽŶƐ�Ăƚ�ƚŚĞ�ŝŶĚŝĐĂƚĞĚ�
ƟŵĞ�ƉŽŝŶƚƐ͘� ;�Ϳ�DdyͲŝŶĚƵĐĞĚ�ƐŵĂůů� ŝŶƚĞƐƟŶĂů�ĚĂŵĂŐĞ� ŝŶ� �td�ĂŶĚ�ZŽƌɶƚͲͬͲ�ŵŝĐĞ�ĂƐ�ƐƉĞĐŝĮĞĚ� ŝŶ�ŵĂƚĞƌŝĂůƐ�ĂŶĚ�
ŵĞƚŚŽĚƐ͘�;^^͗^ƚĞĂĚǇ�^ƚĂƚĞͿ�;�Ϳ��ZĞƉƌĞƐĞŶƚĂƟǀĞ�ŚŝŐŚͲƉŽǁĞƌ�ŵĂŐŶŝĮĐĂƟŽŶ�ŽĨ�ŝůĞĂů�ĐƌǇƉƚƐ�ŽĨ�td�ĂŶĚ�ZŽƌɶƚͲͬͲ mice 
ϰ�ĚĂǇƐ�ĂŌĞƌ�Ddy�;&Ϳ��ƌǇƉƚ�ĚĂŵĂŐĞ�ŝŶ�td�ĂŶĚ�ZŽƌɶƚͲͬͲ�ŵŝĐĞ�Ăƚ�ĚĂǇ�ϭ�ĂŶĚ�ĚĂǇ�ϰ͘�;Ŷхϰ�ƉĞƌ�ŐƌŽƵƉ�ƉĞƌ�ƟŵĞ�ƉŽŝŶƚͿ�
;'Ϳ���ͬͬW�^�ƐƚĂŝŶŝŶŐ�ƐŚŽǁŝŶŐ�ŐŽďůĞƚ�ĐĞůůƐ�ŽĨ�ƐŵĂůů�ŝŶƚĞƐƟŶĂů�ƐĞĐƟŽŶƐ�ŽĨ�td�ĂŶĚ�ZŽƌɶƚͲͬͲ�ŵŝĐĞ�Ăƚ�ϰ�ĂŌĞƌ�Ddy͘�;,Ϳ�
'ŽďůĞƚ�ĐĞůů�ŶƵŵďĞƌ�ƉĞƌ�ǀŝůůƵƐ�ŽĨ�ĚƵŽĚĞŶƵŵ͕�ũĞũƵŶƵŵ�ĂŶĚ�ŝůĞƵŵ�Ăƚ�ĚĂǇ�ϰ�ĂŌĞƌ�Ddy͘�;/Ϳ�ZĂƟŽ�ďĞƚǁĞĞŶ�Bax and 
�ĐůϮůϭ�ƚƌĂŶƐĐƌŝƉƚ�ůĞǀĞůƐ�ŝŶ�ŝůĞƵŵ�ŽĨ�td�;ŶсϲͿ�ĂŶĚ�ZŽƌɶƚͲͬͲ�;ŶсϱͿ�ŵŝĐĞ�Ăƚ�ĚĂǇ�ϭ�ĂŌĞƌ�Ddy͘�Ύ͕�WфϬ͘Ϭϱ͘��ĂƌƐ͕�ϱϬʅŵ�
;��ĂŶĚ��Ϳ͕�ϭϬʅŵ�;�Ϳ͘
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/>�ϯ�ƉƌĞƐĞƌǀĞ�ŝŶƚĞƐƟŶĂů�ƐƚĞŵ�ĐĞůůƐ�ĂŌĞƌ�ƟƐƐƵĞ�ĚĂŵĂŐĞ
��ƉƌĞƌĞƋƵŝƐŝƚĞ�ĨŽƌ�ŝŶƚĞƐƟŶĂů�ĞƉŝƚŚĞůŝƵŵ�ƌĞŐĞŶĞƌĂƟŽŶ�ŝƐ�ƚŚĞ�ƐƵƌǀŝǀĂů�ŽĨ�ĐƌǇƉƚͲƌĞƐŝĚŝŶŐ�/^�32. 
�ĞĐĂƵƐĞ�ZŽƌɶƚͲͬͲ�ŵŝĐĞ�ĞǆƉŽƐĞĚ�ƚŽ�Ddy�ŚĂĚ�ŝŶĐƌĞĂƐĞĚ�ĐƌǇƉƚ�ƉĂƚŚŽůŽŐǇ͕ �ǁĞ�ŝŶǀĞƐƟŐĂƚĞĚ�ƚŚĞ�
ĨĂƚĞ�ŽĨ�>Őƌϱн�/^��ŝŶ�ƌĞƐƉŽŶƐĞ�ƚŽ�Ddy͘�/Ŷ�ŽƌĚĞƌ�ƚŽ�ĚĞƚĞƌŵŝŶĞ�ǁŚĞƚŚĞƌ�>Őƌϱн�/^��ĂƌĞ�ƐĞŶƐŝƟǀĞ�
ƚŽ�Ddy͕�ǁĞ�ĞǆƉŽƐĞĚ�>ŐƌϱͲ'&W�ƌĞƉŽƌƚĞƌ�ŵŝĐĞ�ƚŽ�Ddy�ĂŶĚ�ĂƐƐĞƐƐĞĚ�ƚŚĞ�ƉĞƌĐĞŶƚĂŐĞ�ŽĨ�'&Wн 
ĐĞůůƐ�ŝŶ�ŝƐŽůĂƚĞĚ�ĐƌǇƉƚƐ�Ăƚ�ƐĞǀĞƌĂů�ƟŵĞ�ƉŽŝŶƚƐ�ƉŽƐƚ�ƚƌĞĂƚŵĞŶƚ�;&ŝŐƵƌĞ�ϰ�Ϳ͘�>Őƌϱн ISC numbers 
ĚĞĐůŝŶĞĚ�ĚŝƌĞĐƚůǇ�ĂŌĞƌ� ƚƌĞĂƚŵĞŶƚ͕� ŝŶĚŝĐĂƟŶŐ� ƚŚĂƚ� /^��ǁĞƌĞ� ƚĂƌŐĞƚĞĚ�ďǇ�Ddy͘�^ƚĞŵ�ĐĞůů�
ƌĞĐŽǀĞƌǇ�ƐƚĂƌƚĞĚ�ĂŌĞƌ�ĚĂǇ�ϰ�ĂŶĚ�ŶƵŵďĞƌƐ�ŶŽƌŵĂůŝǌĞĚ�ďǇ�ĚĂǇ�ϲ�;&ŝŐƵƌĞ�ϰ�Ϳ�dŽ�ŝŶǀĞƐƟŐĂƚĞ�
ƚŚĞ� ƌŽůĞ� ŽĨ� ZŽƌɶƚͲĞǆƉƌĞƐƐŝŶŐ� />�ϯ� ŝŶ� ĞƉŝƚŚĞůŝĂů� ƐƚĞŵ� ĐĞůů� ŵĂŝŶƚĞŶĂŶĐĞ͕� ǁĞ� ŐĞŶĞƌĂƚĞĚ�
ƌĂĚŝĂƟŽŶ�ďŽŶĞͲŵĂƌƌŽǁ�ĐŚŝŵĞƌĂƐ�ďǇ�ƚƌĂŶƐĨĞƌƌŝŶŐ�ĞŝƚŚĞƌ�ǁŝůĚ�ƚǇƉĞ�Žƌ�ZŽƌɶƚͲĚĞĮĐŝĞŶƚ�ďŽŶĞ�
ŵĂƌƌŽǁ�ŝŶƚŽ�ůĞƚŚĂůůǇ�ŝƌƌĂĚŝĂƚĞĚ�>ŐƌϱͲ'&W�ƌĞĐŝƉŝĞŶƚ�ŵŝĐĞ͘�dŽ�ĞůŝŵŝŶĂƚĞ�ŚŽƐƚͲĚĞƌŝǀĞĚ�ƌĂĚŝŽͲ
ƌĞƐŝƐƚĂŶƚ�/>�ϯ͕�ďŽƚŚ�ŐƌŽƵƉƐ�ǁĞƌĞ�ƚƌĞĂƚĞĚ�ǁŝƚŚ�ĚĞƉůĞƟŶŐ�ɲdŚǇϭ�ĂŶƟďŽĚŝĞƐ͕�ĂŌĞƌ�ǁŚŝĐŚ�ĚĞͲ
ŶŽǀŽ�ŐĞŶĞƌĂƟŽŶ�ŽĨ�/>�ϯ�ĐŽƵůĚ�ŽĐĐƵƌ�ĨƌŽŵ�ƚŚĞ�td�ďƵƚ�ŶŽƚ�ĨƌŽŵ�ƚŚĞ�ZŽƌɶƚͲͬͲ�bone marrow. 
dŚƵƐ͕�ZŽƌɶƚͲͬͲͲ>ŐƌϱͲ'&W�ĐŚŝŵĞƌŝĐ�ŵŝĐĞ�ƉƌŽǀŝĚĞ�Ă�ŵŽĚĞů�ƚŽ�ƐƚƵĚǇ�'&WͲůĂďĞůĞĚ�>Őƌϱн�ISC in 
ƚŚĞ�ĂďƐĞŶĐĞ�ŽĨ�ZŽƌɶƚн�ŚĞŵĂƚŽƉŽŝĞƟĐ�ĐĞůůƐ͘�/Ŷ�ƌĞƐƉŽŶƐĞ�ƚŽ�Ddy͕�ZŽƌɶƚͲͬͲͲ>ŐƌϱͲ'&W�ĐŚŝŵĞƌŝĐ�
ŵŝĐĞ�ĚĞǀĞůŽƉĞĚ�ŝŶĐƌĞĂƐĞĚ�ŝŶƚĞƐƟŶĂů�ƉĂƚŚŽůŽŐǇ�ĐŽŵƉĂƌĞĚ�ƚŽ�td�ĐŚŝŵĞƌŝĐ�ŵŝĐĞ�;&ŝŐƵƌĞ�ϰ��
ĂŶĚ��Ϳ�ĂŶĚ�ƚŚŝƐ�ǁĂƐ�ĐŚĂƌĂĐƚĞƌŝǌĞĚ�ďǇ�ĐƌǇƉƚ�ĞƉŝƚŚĞůŝĂů�ŇĂƩĞŶŝŶŐ͕�ĐƌǇƉƚ�ĂďƐĐĞƐƐĞƐ�ĂŶĚ�ĐƌǇƉƚ�
ůŽƐƐ͘�;&ŝŐƵƌĞ�ϰ�Ϳ͘�/Ŷ�ĂŐƌĞĞŵĞŶƚ�ǁŝƚŚ�ƚŚĞƐĞ�ƌĞƐƵůƚƐ͕�ŚŝƐƚŽůŽŐŝĐĂů�ĂŶĂůǇƐŝƐ�ŽĨ�ƐŵĂůů�ŝŶƚĞƐƟŶĂů�
ƐĂŵƉůĞƐ�ƌĞǀĞĂůĞĚ�ƌĞĚƵĐĞĚ�ŶƵŵďĞƌƐ�ŽĨ�ŐŽďůĞƚ�ĐĞůůƐ�ŝŶ�ZŽƌɶƚͲͬͲͲ>ŐƌϱͲ'&W�ĐŚŝŵĞƌŝĐ�ŵŝĐĞ�ĂƐ�
ĐŽŵƉĂƌĞĚ� ƚŽ�tdͲ>ŐƌϱͲ'&W� ĐŚŝŵĞƌĂƐ� ;&ŝŐ͘� ϰ� �� ĂŶĚ� &Ϳ͕� ƌĞƐĞŵďůŝŶŐ� ƚŚĞ�ƉĂƚŚŽůŽŐǇ� ŝŶ� ĨƵůů�
ZŽƌɶƚͲĚĞĮĐŝĞŶƚ�ŵŝĐĞ͘
������dŽ�ĚĞƚĞƌŵŝŶĞ�ƚŚĞ�ĞīĞĐƚƐ�ŽĨ�ĂďƐĞŶĐĞ�ŽĨ�ZŽƌɶƚн�ůǇŵƉŚŽĐǇƚĞƐ�ŽŶ�/^��ǁĞ�ƉƵƌŝĮĞĚ�ƐŵĂůů�
ŝŶƚĞƐƟŶĂů�ĐƌǇƉƚƐ�ĨƌŽŵ�ZŽƌɶƚ�ƐƵĸĐŝĞŶƚ�ĂŶĚ�ĚĞĮĐŝĞŶƚ�ĐŚŝŵĞƌŝĐ�ŵŝĐĞ͘��ƚ�ĚĂǇ�ϰ�ĂŌĞƌ�Ddy͕�
ŇŽǁ�ĐǇƚŽŵĞƚƌŝĐ�ĂŶĂůǇƐĞƐ�ƌĞǀĞĂůĞĚ�Ă�ƐŝŐŶŝĮĐĂŶƚ�ƌĞĚƵĐƟŽŶ�ŝŶ�ƚŚĞ�ƉĞƌĐĞŶƚĂŐĞ�ŽĨ�>ŐƌϱͲ'&Wн 
/^��ǁŝƚŚŝŶ�ƚŚĞ��Ɖ��DͲϭн�ĐƌǇƉƚ�ĞƉŝƚŚĞůŝĂů�ĐĞůů�ĨƌĂĐƟŽŶ�;&ŝŐƵƌĞ�ϰ�Ϳ͘�dŚŝƐ�ƌĞĚƵĐƟŽŶ�ŝŶ�>Őƌϱн 
/^��ŽĐĐƵƌƌĞĚ�ĂůŽŶŐ�ƚŚĞ�ĞŶƟƌĞ�ůĞŶŐƚŚ�ŽĨ�ƚŚĞ�ƐŵĂůů�ŝŶƚĞƐƟŶĞ͘�/Ŷ�ĚƵŽĚĞŶƵŵ͕�ũĞũƵŶƵŵ�ĂŶĚ�
ŝůĞƵŵ�>Őƌϱн� /^��ǁĞƌĞ� ƌĞĚƵĐĞĚ�ďǇ�ϲϴй� ;ϲϴ͘ϯ�цϯ͘ϭͿ͕�ϳϭй� ;ϳϭ͘Ϯцϭ͘ϰͿ�ĂŶĚ�ϱϮй� ;ϱϮ͘ϭцϴ͘ϭͿ�
ƌĞƐƉĞĐƟǀĞůǇ� ;&ŝŐƵƌĞ�ϰ��ĂŶĚ�&Ϳ͕�ŚŝŐŚůŝŐŚƟŶŐ�ƚŚĞ� ŝŵƉŽƌƚĂŶĐĞ�ŽĨ�ZŽƌɶƚн ILC3 as guardians 
ŽĨ�ŝŶƚĞƐƟŶĂů�ƐƚĞŵ�ĐĞůůƐ�ĂŌĞƌ�ĚĂŵĂŐĞ͘���ƚ�ƐƚĞĂĚǇ�ƐƚĂƚĞ͕�ƚŚĞ�ƉĞƌĐĞŶƚĂŐĞƐ�ŽĨ�>ŐƌϱͲ'&Wн cells 
were comparable between both groups (not shown).
�����������ŽůůĞĐƟǀĞůǇ�ŽƵƌ�ĮŶĚŝŶŐƐ�ƌĞǀĞĂů�ƚŚĂƚ�/>�ϯ�ƉƌĞƐĞƌǀĞ�ŽƌŐĂŶͲƐƉĞĐŝĮĐ�ƐƚĞŵ�ĐĞůůƐ�ŝŶ�ƌĞƐƉŽŶƐĞ�
ƚŽ� ƟƐƐƵĞ� ŝŶƐƵůƚ͘�Ddy� ĂƉƉůŝĐĂƟŽŶ� ĞǀŽŬĞƐ� Ă� ƌĂƉŝĚ� ĂŶĚ� ƚƌĂŶƐŝĞŶƚ� ĂĐƟǀĂƟŽŶ� ŽĨ� ĞƉŝƚŚĞůŝĂů�
^d�dϯ�ƚŚĂƚ�ĚĞƉĞŶĚƐ�ŽŶ�dŚǇϭнZŽƌɶƚн�ĐĞůůƐ͘�DƵůƟƉůĞ�ƐƵďƐĞƚƐ�ŽĨ�/>�ϯ�ƌĞƐƉŽŶĚ�ƚŽ�ŝŶƚĞƐƟŶĂů�
ƟƐƐƵĞ�ĚĂŵĂŐĞ�ĂŶĚ�ĂďƐĞŶĐĞ�ŽĨ�/>�ϯ�ĂŐŐƌĂǀĂƚĞƐ�ƉĂƚŚŽůŽŐǇ�ŝŶ�ŝŶƚĞƐƟŶĂů�ĐƌǇƉƚƐ͘�/ŵƉŽƌƚĂŶƚůǇ͕ �
ǁĞ�ĐŽƵůĚ�ƐŚŽǁ�ƚŚĂƚ�ƚŚĞ�ŵĂŝŶƚĞŶĂŶĐĞ�ŽĨ� ŝŶƚĞƐƟŶĂů�ƐƚĞŵ�ĐĞůůƐ�ĂŌĞƌ�ĐǇƚŽƚŽǆŝĐ�ƚŚĞƌĂƉǇ� ŝƐ�
ƌĞŐƵůĂƚĞĚ�ďǇ�/>�ϯ͘�KƵƌ�ĮŶĚŝŶŐƐ�ƚŚƵƐ�ŚŝŐŚůŝŐŚƚ�Ă�ƉƌĞǀŝŽƵƐůǇ�ƵŶĂƉƉƌĞĐŝĂƚĞĚ�ĨĞĂƚƵƌĞ�ŽĨ�/>�ϯ�
ŝŶ�ĐŽŽƌĚŝŶĂƟŶŐ�ĞƉŝƚŚĞůŝĂů�ƌĞƐƉŽŶƐĞƐ�ƚŽ�ƟƐƐƵĞ�ĚĂŵĂŐĞ�ŝŶ�ƚŚĞ�ƐŵĂůů�ŝŶƚĞƐƟŶĞ͘�dŚĞŝƌ�ůŽĐĂƟŽŶ�
ŝŶ�ĐůŽƐĞ�ƉƌŽǆŝŵŝƚǇ�ƚŽ�ƚŚĞ�ĐƌǇƉƚƐ�ĂŶĚ�ƚŚĞŝƌ�ƌĞƐŝƐƚĂŶĐĞ�ƚŽ�ĐŚĞŵŽͲ�ĂŶĚ�ƌĂĚŝŽƚŚĞƌĂƉǇͲŝŶĚƵĐĞĚ�
ĐĞůů�ĚĞĂƚŚ�ƉƵƚ�/>�ϯ�ŝŶ�ƚŚĞ�ŝĚĞĂů�ƉŽƐŝƟŽŶ�ƚŽ�ŵŝŶŝŵŝǌĞ�ƟƐƐƵĞ�ĚĂŵĂŐĞ�ĂŌĞƌ�ĐǇƚŽƚŽǆŝĐ�ŝŶƐƵůƚ�ĂŶĚ�
ĐŽŶƚƌŽůůŝŶŐ�/>�ϯ�ƌĞƐƉŽŶƐĞƐ�ŵŝŐŚƚ�ŚŽůĚ�ƚŚĞ�ŬĞǇ�ƚŽ�ĚĞƐŝŐŶŝŶŐ�ĨƵƚƵƌĞ�ƚŚĞƌĂƉĞƵƟĐ�ƐƚƌĂƚĞŐŝĞƐ�
ĂŝŵĞĚ� Ăƚ� ŵŝŶŝŵŝǌŝŶŐ� ŝŶƚĞƐƟŶĂů� ĚĂŵĂŐĞ� ŝŶ� ƉĂƟĞŶƚƐ� ƵŶĚĞƌŐŽŝŶŐ� ĂŶƟͲĐĂŶĐĞƌ� ƚŚĞƌĂƉŝĞƐ͘

2



56 • Chapter 2

A

B

C D

E F



57•Type 3 innate lymphoid cells maintain intestinal epithelial stem cells after tissue damage

&ŝŐƵƌĞ�ϰ͘�/>�ϯ�ƉƌĞƐĞƌǀĞ�ŝŶƚĞƐƟŶĂů�ƐƚĞŵ�ĐĞůů�ĂŌĞƌ�DdyͲŝŶĚƵĐĞĚ�ĚĂŵĂŐĞ�;�Ϳ�WĞƌĐĞŶƚĂŐĞ�ŽĨ�'&Wн�stem cells within 
�Ɖ��Dϭн�ĐĞůůƐ�ĨƌŽŵ�ƉƵƌŝĮĞĚ�ŝŶƚĞƐƟŶĂů�ĐƌǇƉƚƐ�Ăƚ�ƚŚĞ�ŝŶĚŝĐĂƚĞĚ�ƟŵĞ�ƉŽŝŶƚƐ͘�;WĞƌĐĞŶƚĂŐĞ�>Őƌϱ�ƌĞůĂƟǀĞ�ƚŽ�ƐƚĞĂĚǇ�
ƐƚĂƚĞͿ�;�Ϳ�ZĞƉƌĞƐĞŶƚĂƟǀĞ�,Θ��ƐƚĂŝŶŝŶŐ�ŽĨ�ŝůĞĂů�ƐĞĐƟŽŶƐ�ŽĨ�td�ĂŶĚ�ZŽƌɶƚͲͬͲ�ĐŚŝŵĞƌĂƐ�Ăƚ�ĚĂǇ�ϰ�ĂŌĞƌ�Ddy͘�;�Ϳ�^ŵĂůů�
ŝŶƚĞƐƟŶĂů�ĚĂŵĂŐĞ�ŝŶ�td�ĂŶĚ�ZŽƌɶƚͲͬͲ�ĐŚŝŵĞƌĂƐ�Ăƚ�ĚĂǇ�ϰ�ĂŌĞƌ�Ddy�ĂƐ�ĚĞƐĐƌŝďĞĚ�ŝŶ�ŵĂƚĞƌŝĂůƐ�ĂŶĚ�ŵĞƚŚŽĚƐ�;ŶсϯͿ͘�
;�Ϳ��ƌǇƉƚ�ƉĂƚŚŽůŽŐǇ�ƐĐŽƌĞ�ĨŽƌ�ĐƌǇƉƚ�ĞƉŝƚŚĞůŝĂů�ŇĂƩĞŶŝŶŐ͕�ĐƌǇƉƚ�ĂďƐĐĞƐƐ�ĂŶĚ�ĐƌǇƉƚ�ůŽƐƐ͘�;�Ϳ�'ŽďůĞƚ�ĐĞůů�ƐƚĂŝŶŝŶŐ�ŽĨ�
ŝůĞĂů�ƐĞĐƟŽŶ�ŽĨ�td�ĂŶĚ�ZŽƌɶƚͲͬͲ�ŵŝĐĞ�Ăƚ�ϰ�ĂŌĞƌ�Ddy͘�;&Ϳ��ŽƵŶƟŶŐ�ŽĨ�ŐŽďůĞƚ�ĐĞůůƐ�ƉĞƌ�ǀŝůůƵƐ�ĨƌŽŵ�ƐŵĂůů�ŝŶƚĞƐƟŶĂů�
ƐĞĐƟŽŶƐ�Ăƚ�ĚĂǇ�ϰ�ĂŌĞƌ�Ddy͘�;'Ϳ�&ƌĞƋƵĞŶĐǇ�ŽĨ�'&Wн�ĨƌŽŵ�td�ĂŶĚ�ZŽƌɶƚͲͬͲ�ĐŚŝŵĞƌĂƐ�Ăƚ�ĚĂǇ�ϰ�ĂŌĞƌ�Ddy͘�EƵŵďĞƌƐ�
adjacent to outlined areas indicate percent of EpCAMн>ŐƌϱͲ'&Wн cells. (H) Percent of EpCAMн�>ŐƌϱͲ'&Wн cells in 
ĚƵŽĚĞŶƵŵ͕�ũĞũƵŶƵŵ�ĂŶĚ�ŝůĞƵŵ�ŽĨ�td�;ŶсϰͿ�ĂŶĚ�ZŽƌɶƚͲͬͲ�;ŶсϳͿ�ĐŚŝŵĞƌŝĐ�ŵŝĐĞ�͘�Ύ͕�WфϬ͘Ϭϱ͘��ĂƌƐ͕�ϱϬʅŵ
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MATERIALS AND METHODS

Mice͘��ϱϳ�>ͬϲ͕�ZŽƌɶƚͲͬͲ͕�ZĂŐϭͲͬͲ�ĂŶĚ�>ŐƌϱͲ'&W�ŵŝĐĞ�ǁĞƌĞ�ďƌĞĚ�ŝŶ�ƚŚĞ�ĂŶŝŵĂů�ĨĂĐŝůŝƚǇ�ŽĨ�ƚŚĞ�
�ƌĂƐŵƵƐ�hŶŝǀĞƌƐŝƚǇ�DĞĚŝĐĂů��ĞŶƚĞƌ�ZŽƩĞƌĚĂŵ͘��ŶŝŵĂů�ĞǆƉĞƌŝŵĞŶƚƐ�ǁĞƌĞ�ĂƉƉƌŽǀĞĚ�ďǇ�
ƚŚĞ�ƌĞůĞǀĂŶƚ�ĂƵƚŚŽƌŝƟĞƐ�ĂŶĚ�ƉƌŽĐĞĚƵƌĞƐ�ǁĞƌĞ�ƉĞƌĨŽƌŵĞĚ�ŝŶ�ĂĐĐŽƌĚĂŶĐĞ�ǁŝƚŚ�ŝŶƐƟƚƵƟŽŶĂů�
ŐƵŝĚĞůŝŶĞƐ͘��ŐĞ�ĂŶĚ�ŐĞŶĚĞƌͲŵĂƚĐŚĞĚ�ůŝƩĞƌŵĂƚĞƐ�ǁĞƌĞ�ƵƐĞĚ�ǁŚĞŶĞǀĞƌ�ƉŽƐƐŝďůĞ͘

dŚǇϭн�ĐĞůůƐ�ǁĞƌĞ�ĚĞƉůĞƚĞĚ�ƵƐŝŶŐ�ɲͲdŚǇϭ�ĂŶƟďŽĚŝĞƐ�;ĐůŽŶĞ�zd^ϭϱϰ͕�ƉƌŽǀŝĚĞĚ�ďǇ�,ĞƌŵĂŶ�
tĂůĚŵĂŶŶ͕��ĂŵďƌŝĚŐĞͿ�Žƌ� ŝƐŽƚǇƉĞ�ĐŽŶƚƌŽůƐ�;ĂͲWŚǇƚŽĐŚƌŽŵĞ��&Z��D��ϱ͘ϭͿ͘��ŶƟďŽĚŝĞƐ�
were diluted in saline and mice were injected i.p. with 200ug every other day, for 2 weeks.  

Methotrexate͘�ϴͲϭϮ�ǁĞĞŬƐ�ŽůĚ�ŵŝĐĞ�ǁĞƌĞ�ŝŶũĞĐƚĞĚ�ŝ͘Ɖ͘�ǁŝƚŚ�ϭϮϬŵŐͬŬŐ�Ddy�;W�,Ϳ�Ăƚ�ĚĂǇͲϭ�
ĂŶĚ�ǁŝƚŚ�ϲϬŵŐͬŬŐ�Ăƚ�ĚĂǇ�Ϭ͘��ŽĚǇ�ǁĞŝŐŚƚ�ǁĂƐ�ŵŽŶŝƚŽƌĞĚ�ĚĂŝůǇ�ĂŶĚ�ƟƐƐƵĞƐ�ǁĞƌĞ�ĐŽůůĞĐƚĞĚ�
Ăƚ�ĚĂǇ�ϭ�ĂŶĚ�ĚĂǇ�ϰ�ĂŌĞƌ�ƚŚĞ�ůĂƐƚ�Ddy�ŝŶũĞĐƟŽŶ͘�

ZĂĚŝĂƟŽŶ�ĐŚŝŵĞƌĂƐ͘�ϴ�ǁĞĞŬƐ�ŽůĚ�>ŐƌϱͲ'&W�ŵŝĐĞ�ǁĞƌĞ�ŝƌƌĂĚŝĂƚĞĚ�Ăƚ�ϵ'Ǉ�ĂŶĚ�ƐƵďƐĞƋƵĞŶƚůǇ�
ƌĞĐŽŶƐƟƚƵƚĞĚ�ďǇ�ŝ͘ǀ�ŝŶũĞĐƟŽŶ�ŽĨ�ϭͲϮ͘ϭϬ6�ďŽŶĞ�ŵĂƌƌŽǁ�ĐĞůůƐ�ĨƌŽŵ�ĞŝƚŚĞƌ�td�Žƌ�ZŽƌɶƚͲͬͲ mice. 
DŝĐĞ�ǁĞƌĞ� ƵŶĚĞƌ� ĂŶƟďŝŽƟĐ�ǁĂƚĞƌ� ĨŽƌ� Ϯ�ǁĞĞŬƐ� ĂŌĞƌ� ďŽŶĞ�ŵĂƌƌŽǁ� ƚƌĂŶƐƉůĂŶƚĂƟŽŶ͘� dŽ�
ĞůŝŵŝŶĂƚĞ�ƌĂĚŝŽͲƌĞƐŝƐƚĂŶƚ�/>�ϯ͕�Ϯ�ǁĞĞŬƐ�ĂŌĞƌ�ƌĞĐŽŶƐƟƚƵƟŽŶ͕�>ŐƌϱͲ'&W�ĐŚŝŵĞƌĂƐ�ƌĞĐĞŝǀĞĚ�
ϯ�ŝ͘Ɖ͘�ŝŶũĞĐƟŽŶƐ�ǁŝƚŚ�ϮϬϬʅŐ�ŽĨ�ɲͲdŚǇϭ�ĂŶƟďŽĚǇ�;zd^ϭϱϰ͕�ƉƌŽǀŝĚĞĚ�ďǇ�,ĞƌŵĂŶ�tĂůĚŵĂŶŶ͕�
�ĂŵďƌŝĚŐĞͿ�ĚƵƌŝŶŐ�ŽŶĞ�ǁĞĞŬ͘�&ŽƵƌ�ǁĞĞŬƐ�ĂŌĞƌ�dŚǇϭ�ĚĞƉůĞƟŽŶ͕�>ŐƌϱͲ'&W�ĐŚŝŵĞƌĂƐ�ǁĞƌĞ�
ĞǆƉŽƐĞĚ�ƚŽ�Ddy͘

�ƌǇƉƚ�ŝƐŽůĂƟŽŶ͘� /ƐŽůĂƟŽŶ�ŽĨ�ŝŶƚĞƐƟŶĂů�ĐƌǇƉƚƐ�ǁĂƐ�ƉĞƌĨŽƌŵĞĚ�ĂƐ�ƉƌĞǀŝŽƵƐůǇ�ĚĞƐĐƌŝďĞĚ�ϭϲ. 
�ƌŝĞŇǇ͕ �ŝƐŽůĂƚĞĚ�ƐŵĂůů�ŝŶƚĞƐƟŶĞƐ�ǁĞƌĞ�ŽƉĞŶĞĚ�ůŽŶŐŝƚƵĚŝŶĂůůǇ�ĂŶĚ�ǁĂƐŚĞĚ�ǁŝƚŚ�ĐŽůĚ�W�^͘�
dŝƐƐƵĞƐ�ǁĞƌĞ�ĐƵƚ�ŝŶƚŽ�ϱŵŵ�ƉŝĞĐĞƐ�ĂŶĚ�ƐƵďƐĞƋƵĞŶƚůǇ�ǁĂƐŚĞĚ�ďǇ�ŵĞĐŚĂŶŝĐĂů�ƉŝƉĞƫŶŐ�ǁŝƚŚ�
ĐŽůĚ�W�^�ƵŶƟů�ƐƵƉĞƌŶĂƚĂŶƚ�ǁĂƐ�ĐůĞĂƌ͘ �dŝƐƐƵĞ�ǁĞƌĞ�ŝŶĐƵďĂƚĞĚ�ǁŝƚŚ���d��;ϮŵDͿ�ŝŶ�W�^�Ăƚ�
ϰΣ��ĨŽƌ�ϯϬ�ŵŝŶ͘�dŝƐƐƵĞƐ�ǁĞƌĞ�ƚŚĞŶ�ǁĂƐŚĞĚ�ƐĞǀĞƌĂů�ƟŵĞƐ�ǁŝƚŚ�ĐŽůĚ�W�^�ĂŶĚ�ƐƵƐƉĞŶĚĞĚ�ďǇ�
ǀŝŐŽƌŽƵƐ�ƉŝƉĞƫŶŐ͘��ƌǇƉƚͲĞŶƌŝĐŚĞĚ�ƐĞĚŝŵĞŶƚƐ�ǁĞƌĞ�ƉĂƐƐĞĚ�ƚŚƌŽƵŐŚ�Ă�ϳϬʅŵ�ĐĞůů�ƐƚƌĂŝŶĞƌ�
and centrifuge at 600rpm for 3 min to separate the crypts from single cells. Crypts 
ǁĞƌĞ� ŝŶĐƵďĂƚĞĚ�ǁŝƚŚ�ϭ�ŵů�ŽĨ� dƌǇƉ>���ǆƉƌĞƐƐ� ;'ŝďĐŽͿ�Ăƚ�ϯϳΣ�� ĨŽƌ�ϭϬͲϭϱ�ŵŝŶ�ƵŶƟů� ĐƌǇƉƚ�
ĚŝƐƐŽĐŝĂƟŽŶ� ǁĂƐ� ŽďƐĞƌǀĞĚ͘� ^ŝŶŐůĞ� ĐĞůů� ƐƵƐƉĞŶƐŝŽŶƐ� ǁĞƌĞ� ƐƚĂŝŶĞĚ� ǁŝƚŚ� ƚŚĞ� ĐŽŶũƵŐĂƚĞĚ�
ĂŶƟďŽĚŝĞƐ��Ɖ��DͲϭ�;'ϴ͘ϴ��ŝŽůĞŐĞŶĚͿ�ĂŶĚ���ϰϱ�;ϯϬ&ϭϭ͕�/ŶǀŝƚƌŽŐĞŶͿ and analyzed for the 
ĞǆƉƌĞƐƐŝŽŶ�ŽĨ�'&W�ďǇ�ŇŽǁ�ĐǇƚŽŵĞƚƌǇ�;&��^�ĂŶƚŽ//͕���Ϳ͘�

Histology. ^ŵĂůů� ŝŶƚĞƐƟŶĂů�ƟƐƐƵĞ�ƉŝĞĐĞƐ�;ϱŵŵͿ�ǁĞƌĞ�ĮǆĞĚ�ŝŶ�ϰй�W&��ĂŶĚ�ĞŵďĞĚĚĞĚ�ŝŶ�
ƉĂƌĂĸŶ͘� &ŽƵƌͲђŵ� ƐĞĐƟŽŶƐ� ǁĞƌĞ� ĚĞƉĂƌĂĸŶŝǌĞĚ� ĂŶĚ� ƐƚĂŝŶĞĚ� ǁŝƚŚ� ŚĞŵĂƚŽǆǇůŝŶ� ;sĞĐƚŽƌ�
>ĂďŽƌĂƚŽƌŝĞƐͿ�ĂŶĚ�ĞŽƐŝŶ�;^ŝŐŵĂͲ�ůĚƌŝĐŚͿ͘�&Žƌ�Ɖ^d�dϯ�ĚĞƚĞĐƟŽŶ�ĞŶĚŽŐĞŶŽƵƐ�ƉĞƌŽǆŝĚĂƐĞƐ�
ǁĞƌĞ� ďůŽĐŬĞĚ� ĂŶĚ� ĂŶƟŐĞŶ� ƌĞƚƌŝĞǀĂů� ǁĂƐ� ĂĐŚŝĞǀĞĚ� ďǇ� ŵŝĐƌŽǁĂǀĞ� ƚƌĞĂƚŵĞŶƚ� ŝŶ� ĐŝƚƌĂƚĞ�
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ďƵīĞƌ�;ϭϬŵD͕�Ɖ,�ϲ͘ϬͿ͘�WƌŝŽƌ�ƚŽ�ƐƚĂŝŶŝŶŐ͕�&Đ�ƌĞĐĞƉƚŽƌƐ�ǁĞƌĞ�ďůŽĐŬĞĚ�ŝŶ�ďůŽĐŬŝŶŐ�ƐŽůƵƟŽŶ�
;^ƵƉƉůĞŵĞŶƚĂƌǇ�ŵĂƚĞƌŝĂůƐ� ĂŶĚ�ŵĞƚŚŽĚƐͿ͘� dŝƐƐƵĞ� ƐĞĐƟŽŶƐ�ǁĞƌĞ� ŝŶĐƵďĂƚĞĚ�ŽǀĞƌŶŝŐŚƚ� Ăƚ�
ϰΣ��ǁŝƚŚ�ƌĂďďŝƚ�Ɖ^d�dϯ�ƉƌŝŵĂƌǇ�ĂŶƟďŽĚǇ�;�ϯ�ϳ͕��Ğůů�ƐŝŐŶĂůŝŶŐͿ͘�/ŵŵƵŶŽƌĞĂĐƟŽŶƐ�ǁĞƌĞ�
ĚĞƚĞĐƚĞĚ�ƵƐŝŶŐ�ďŝŽƟŶǇůĂƚĞĚ�ŐŽĂƚͲĂŶƟͲƌĂďďŝƚ�;sĞĐƚŽƌ�>ĂďŽƌĂƚŽƌŝĞƐͿ�ĂŶĚ�ŝŶĐƵďĂƚĞĚ�ǁŝƚŚ�ƚŚĞ�
sĞĐƚĂƐƟŶ������ůŝƚĞ�<ŝƚ�;sĞĐƚŽƌ�>ĂďŽƌĂƚŽƌŝĞƐͿ�ĂŶĚ�ϯ͕ϯ͛ͲĚŝĂŵŝŶŽďĞŶǌŝĚŝŶĞ�ƚĞƚƌĂŚǇĚƌŽĐŚůŽƌŝĚĞ�
;^ŝŐŵĂͲ�ůĚƌŝĐŚͿ͘�^ĞĐƟŽŶƐ�ǁĞƌĞ�ĐŽƵŶƚĞƌƐƚĂŝŶĞĚ�ǁŝƚŚ�ŚĞŵĂƚŽǆǇůŝŶ͘�

WĂƚŚŽůŽŐǇ�ǁĂƐ�ƐĐŽƌĞĚ�ďůŝŶĚĞĚ�ďǇ�Ăƚ�ůĞĂƐƚ�ƚǁŽ�ŝŶĚĞƉĞŶĚĞŶƚ�ĂŶĂůǇƐƚƐ�ďǇ�ƋƵĂŶƟĮĐĂƟŽŶ�
ŽĨ� ĚĂŵĂŐĞ� ŝŶ� ǀŝůůƵƐ͕� ĐƌǇƉƚƐ͕� ĞƉŝƚŚĞůŝƵŵ͕� ŝŶŇĂŵŵĂƟŽŶ� ĂŶĚ� ďůĞĞĚŝŶŐ� ĂƐ� ƉƌĞǀŝŽƵƐůǇ�
described 27͘�DĞĂƐƵƌĞŵĞŶƚ�ŽĨ�Ɖ^d�dϯ�ŝŶƚĞŶƐŝƚǇ�ŝŶ�/���ĨƌŽŵ�ƐĞĐƟŽŶƐ�ǁĂƐ�ĚĞƚĞƌŵŝŶĞĚ�ƵƐŝŶŐ�
,ŝƐƚŽYƵĞƐƚ�ƐŽŌǁĂƌĞ�;dŝƐƐƵĞ'ŶŽƐƟĐƐͿ͘�

Explant cultures. /ƐŽůĂƚĞĚ� ƐŵĂůů� ŝŶƚĞƐƟŶĞ�ǁĂƐ�ŽƉĞŶĞĚ� ůŽŶŐŝƚƵĚŝŶĂůůǇ� ĂŶĚ� ĐůĞĂŶĞĚ�ǁŝƚŚ�
ĐŽůĚ� W�^͘� �� ƉŝĞĐĞ� ŽĨ� ϭĐŵ� ůĞŶŐƚŚ� ǁĂƐ� ĐƵůƚƵƌĞĚ� ŝŶ� ZWD/� ǁŝƚŚ� ϭϬй&�^ŝ� ĂŶĚ� ϭйWͬ^� Ăƚ�
37oC for 24 hours. Protein content of supernatants was determined by enzyme-linked 
ŝŵŵƵŶŽƐŽƌďĞŶƚ� ĂƐƐĂǇ� ;Ğ�ŝŽƐĐŝĞŶĐĞͿ� ĂŶĚ� ĂďƐŽƌďĂŶĐĞ� ǁĂƐ� ŵĞĂƐƵƌĞĚ� Ăƚ� ϰϱϬŶŵ� ƵƐŝŶŐ�
sŝĐƚŽƌ� yϰ� ;WĞƌŬŝŶ� �ůŵĞƌͿ͘� WƌŽƚĞŝŶ� ĐŽŶƚĞŶƚ� ƉƌĞƐĞŶƚ� ŝŶ� ƚŚĞ� ƐƵƉĞƌŶĂƚĂŶƚƐ� ǁĂƐ� ĐĂůĐƵůĂƚĞĚ�
ƌĞůĂƟǀĞ�ƚŽ�ƚŚĞ�ƟƐƐƵĞ�ǁĞŝŐŚƚ͘

/ƐŽůĂƟŽŶ� ŽĨ� ůĂŵŝŶĂ� ƉƌŽƉƌŝĂ� ůǇŵƉŚŽĐǇƚĞƐ͘� /ƐŽůĂƚĞĚ� ƐŵĂůů� ŝŶƚĞƐƟŶĞ� ǁĂƐ� ŽƉĞŶĞĚ�
ůŽŶŐŝƚƵĚŝŶĂůůǇ� ĂŶĚ�ǁĂƐŚĞĚ�ǁŝƚŚ� ĐŽůĚ�,�^^�ĐŽŶƚĂŝŶŝŶŐ�,ĞƉĞƐ� ;ϭϱ�ŵDͿ͕�Ɖ,�ϳ͘Ϯ͘�dŝƐƐƵĞƐ�
ǁĞƌĞ�ĐƵƚ�ŝŶ�ϭĐŵ�ƉŝĞĐĞƐ�ĂŶĚ�ŝŶĐƵďĂƚĞĚ�ŝŶ�,�^^�ďƵīĞƌ�ĐŽŶƚĂŝŶŝŶŐ���d��;^ƵƉƉůĞŵĞŶƚĂƌǇ�
ŵĂƚĞƌŝĂůƐ� ĂŶĚ� ŵĞƚŚŽĚƐͿ� Ăƚ� ϯϳΣ�͕� ƚǁŽ� ƟŵĞƐ� ĨŽƌ� ϮϬ� ŵŝŶ� ƚŽ� ƌĞŵŽǀĞ� ĞƉŝƚŚĞůŝƵŵ� ĂŶĚ�
ŝŶƚƌĂĞƉŝƚŚĞůŝĂů� ůǇŵƉŚŽĐǇƚĞƐ͘� dŚĞ� ƟƐƐƵĞƐ� ǁĞƌĞ� ĚŝŐĞƐƚĞĚ� ǁŝƚŚ� �ŽůůĂŐĞŶĂƐĞ� s///� ;ϭϬϬhͬ
ŵů͕�^ŝŐŵĂͿ�ŝŶ�ZWD/�Ăƚ�ϯϳΣ��ŝŶ�Ă�ƐŚĂŬĞƌ͕ �ƚǁŽ�ƟŵĞƐ�ĨŽƌ�ϭ�ŚŽƵƌ͘ �^ƵƉĞƌŶĂƚĂŶƚƐ�ǁĞƌĞ�ƉĂƐƐĞĚ�
ƚŚƌŽƵŐŚ� Ă� ϳϬʅŵ� ĐĞůů� ƐƚƌĂŝŶĞƌ� ĂŶĚ� ǁĂƐŚĞĚ� ŝŶ� ĐŽůĚ� ,�^^͘� WĞůůĞƚƐ� ǁĞƌĞ� ƐƵƐƉĞŶĚĞĚ� ŝŶ�
ϵϬй�ƉĞƌĐŽůů�͕�ŽǀĞƌůĂŝĚ�ǁŝƚŚ�ϰϬй�ƉĞƌĐŽůů�ĂŶĚ�ĐĞŶƚƌŝĨƵŐĞ�Ăƚ�ϭϴϬϬƌƉŵ�ĨŽƌ�ϮϬ�ŵŝŶ�ƚŽ�ĂůůŽǁ�
ƐĞƉĂƌĂƟŽŶ�ŽĨ�ŵŽŶŽŶƵĐůĞĂƌ�ĐĞůůƐ�;DE�Ϳ�ďǇ�ĚĞŶƐŝƚǇ�ŐƌĂĚŝĞŶƚ͘�/ŶƚĞƌƉŚĂƐĞ�ǁĂƐ�ǁĂƐŚĞĚ�ĂŶĚ�
ƐƚĂŝŶĞĚ�ǁŝƚŚ�ĐŽŶũƵŐĂƚĞĚ�ĂŶƟďŽĚŝĞƐ�;��ϰϱ�;ϯϬ&ϭϭ͕� /ŶǀŝƚƌŽŐĞŶͿ͖�>ŝŶͲďŝŽƟŶ�;Ğ�ŝŽƐĐŝĞŶĐĞͿ͗��
��ϭϵ�;ϭ�ϯͿ͕���ϯ�;ϭϰϱͲϮ�ϭϭͿ͕���ϭϭĐ�;EϰϭϴͿ͕���ϭϭď�;DϭͬϳϬͿ͕�'ƌϭ�;Z�ϲͲϴ�ϱͿ͖�^ƚƌĞƉƚĂǀŝĚŝŶ�
;�ŝŽůĞŐĞŶĚͿ͕�E<ϭ͘ϭ�;W<ϭϯϲ͕�Ğ�ŝŽƐĐŝĞŶĐĞͿ͖���ϭϮϳ�;�ϳZϯϰ͕�Ğ�ŝŽƐĐŝĞŶĐĞͿ͖���ϭϭϳ�;Ϯ�ϴ͕���Ϳ͕�
E<Ɖϰϲ�;Ϯϵϰϭ͘ϰ͕�Ğ�ŝŽƐĐŝĞŶĐĞͿ͖���Zϲ�;ϮϵͲϮ>ϭϳ͕��ŝŽůĞŐĞŶĚͿ). Lamina propria lymphocytes 
ǁĞƌĞ�ĂŶĂůǇǌĞĚ�ďǇ�ŇŽǁ�ĐǇƚŽŵĞƚƌǇ� ;&ĂĐƐ��Z/�///͕���Ϳ�ĂŶĚ� />�ϯ�ǁĞƌĞ�ƐŽƌƚĞĚ�ĂƐ���ϰϱнLin-

E<ϭ͘ϭ-��ϭϮϳн��ϭϭϳнCCR6нͬͲE<ƉϰϲнͬͲ

Transcript analysis. ZE��ǁĂƐ�ĞǆƚƌĂĐƚĞĚ�ƵƐŝŶŐ�ƚŚĞ�ZE�Ͳy^�Ŭŝƚ�;DĂĐŚĞƌǇ�EĂŐĞůͿ�ĨŽůůŽǁĞĚ�ďǇ�
ƌĞǀĞƌƐĞͲƚƌĂŶƐĐƌŝƉƟŽŶ�ǁŝƚŚ�ƌĂŶĚŽŵ�ŚĞǆĂŵĞƌ�ƉƌŝŵĞƌƐ͘�ZE��ĨƌŽŵ�ƐŽƌƚĞĚ�ĐĞůůƐ�ǁĂƐ�ĂŵƉůŝĮĞĚ�
ĂĐĐŽƌĚŝŶŐ�ƚŽ�ƚŚĞ�ŵĂŶƵĨĂĐƚƵƌĞƌ Ɛ͛�ƉƌŽƚŽĐŽů�;KǀĂƟŽŶ�WŝĐŽ^>�td��^ǇƐƚĞŵ�sϮ͕�EƵ'ĞŶͿ͘�&Žƌ�
ƋƵĂŶƟƚĂƟǀĞ�W�Z͕�Ă�EĞǀŝƟ�dŚĞƌŵĂů��ǇĐůĞƌ�;�ƉƉůŝĞĚ��ŝŽƐǇƐƚĞŵƐͿ�ĂŶĚ��ǇE�ŵŽ�&ůĂƐŚ�^z�Z�
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'ƌĞĞŶ�ƋW�Z�Ŭŝƚ�;&ŝŶŶǌǇŵĞƐͿ�ǁĞƌĞ�ƵƐĞĚ͕�ǁŝƚŚ�ƚŚĞ�ĂĚĚŝƟŽŶ�ŽĨ�DŐ�ůϮ�ƚŽ�Ă�ĮŶĂů�ĐŽŶĐĞŶƚƌĂƟŽŶ�
ŽĨ�ϰ�ŵD͘��ůů�ƌĞĂĐƟŽŶƐ�ǁĞƌĞ�ĚŽŶĞ�ŝŶ�ĚƵƉůŝĐĂƚĞ�ĂŶĚ�ĂƌĞ�ŶŽƌŵĂůŝǌĞĚ�ƚŽ�ƚŚĞ�ĞǆƉƌĞƐƐŝŽŶ�ŽĨ�
'ĂƉĚŚ͘�ZĞůĂƟǀĞ�ĞǆƉƌĞƐƐŝŽŶ�ǁĂƐ�ĐĂůĐƵůĂƚĞĚ�ďǇ�ƚŚĞ�ĐǇĐůŝŶŐ�ƚŚƌĞƐŚŽůĚ�;�dͿ�ŵĞƚŚŽĚ�ĂƐ�ϮͲѐ�d. 
dŚĞ�ƉƌŝŵĞƌƐ�ƐĞƋƵĞŶĐĞƐ�ĐĂŶ�ďĞ�ĨŽƵŶĚ�ŝŶ�dĂďůĞ�ϭ͘

^ƚĂƟƐƟĐĂů�ĂŶĂůǇƐŝƐ͘�Samples were analyzed using unpaired Mann-Whitney test. P values 
ф�Ϭ͘Ϭϱ�ǁĞƌĞ�ĐŽŶƐŝĚĞƌĞĚ�ƐŝŐŶŝĮĐĂŶƚ͘��ĂƚĂ�ĂƌĞ�ƐŚŽǁŶ�ĂƐ�ŵĞĂŶ�ц�^�D͘

Table 1. Primer sequences

Gene name &ŽƌǁĂƌĚ�ƉƌŝŵĞƌ Reverse primer

ŵ'ĂƉĚŚ TCAACGGCACAGTCAAG GCTCCACCCTTCAAGTG
ŵ^ŽĐƐϯ GGAGCCCCTTTGTAGACT CGGGAAACTTGCTGTG
ŵ�ĐůϮůϭ;�ĐůǆůͿ CGTGGCCTTTTTCTCC GGCTGCTGCATTGTTC
mBax AAGGCCCTGTGCACTAA GAGGCGGTGAGGACTC
ŵ/ůϮϮ CTCCCCCAGTCAGACAG CAATCGCCTTGATCTCTC
ŵ�ƐĨϮ�;'ŵͲĐƐĨͿ GACCCGCCTGAAGATATT ATCCGCATAGGTGGTAACT
ŵdŶĨ�;dŶĨĂͿ GGGGGCTTCCAGAACT GGGCCATAGAACTGATGAG
ŵ/ůϭϳ CTTGGCGCAAAAGTGA TTGCTGGATGAGAACAGAA
ŵ/ĨŶŐ CAAAAGGATGGTGACATGA GGGTTGTTGACCTCAAACT
ŵZŽƌĐ GTGGGGACAAGTCATCTG CGGCCAAACTTGACAG
ŵ>ƚď ACGTCGGGTTGAGAAGA GGATGTGGAGGCTAGATTC
ŵEĐƌϭ�;E<ƉϰϲͿ CCCCCTGAAACTGGTAGTA GTGGCAGTCTTCAGTTGG
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SUMMARY

dŚĞ�ĞƉŝƚŚĞůŝƵŵ�ŽĨ�ƚŚĞ�ƐŵĂůů�ŝŶƚĞƐƟŶĞ�ĐŽŶƚĂŝŶƐ�ƚŚĞ�ŚŝŐŚĞƐƚ�ŶƵŵďĞƌ�ŽĨ�ƌĂƉŝĚůǇ�ĐǇĐůŝŶŐ�ĐĞůůƐ�
ŝŶ�ƚŚĞ�ŚƵŵĂŶ�ďŽĚǇ�ĂŶĚ�ĂƐ�Ă�ƌĞƐƵůƚ�ŝƐ�ǀĞƌǇ�ƐĞŶƐŝƟǀĞ�ƚŽ�ĂŶƟͲĐĂŶĐĞƌ�ĚƌƵŐƐ�ƚŚĂƚ�ƚĂƌŐĞƚ�ĐǇĐůŝŶŐ�
ĐĞůůƐ͘�/Ŷ�ƚŚĞ�ŝŶƚĞƐƟŶĞƐ͕�ŵŽƐƚ�/>�ϯ�ĂƌĞ�ůŽĐĂůŝǌĞĚ�ŝŶ�ĐƌǇƉƚŽƉĂƚĐŚĞƐ�ŝŶ�ĐůŽƐĞ�ƉƌŽǆŝŵŝƚǇ�ƚŽ�ƚŚĞ�
ĐƌǇƉƚƐ�ƚŚĂƚ�ĐŽŶƚĂŝŶ�ƚŚĞ�ŝŶƚĞƐƟŶĂů�ƐƚĞŵ�ĐĞůůƐ͘�/>�ϯ�ĂƌĞ�ĂŶ�ŝŵƉŽƌƚĂŶƚ�ƐŽƵƌĐĞ�ŽĨ�/>ͲϮϮ͕�ǁŚŝĐŚ�
ŚĂƐ�Ă�ƉŝǀŽƚĂů�ĨƵŶĐƟŽŶ�ŝŶ�ŝŶƚĞƐƟŶĂů�ŚŽŵĞŽƐƚĂƐŝƐ͘�ZĞĐĞŶƚ�ƐƚƵĚŝĞƐ�ŚŝŐŚůŝŐŚƚĞĚ�ƚŚĞ�ŝŵƉŽƌƚĂŶƚ�
ƌŽůĞ� ŽĨ� ƚŚĞ� />ͲϮϮͲ^d�dϯ� ĂǆŝƐ� ŝŶ� ĐŽŶƚƌŽůůŝŶŐ� ƟƐƐƵĞ� ĚĂŵĂŐĞ� ŝŶ� ƚŚĞ� ĐŽůŽŶ͘� KƵƌ� ƉƌĞǀŝŽƵƐ�
ĮŶĚŝŶŐƐ�ĚĞŵŽŶƐƚƌĂƚĞĚ�ƚŚĂƚ�/>�ϯ�ĂƌĞ�ĞƐƐĞŶƟĂů�ĨŽƌ�ƉƌŽƚĞĐƟŽŶ�ŽĨ�ƐŵĂůů�ŝŶƚĞƐƟŶĂů�ĞƉŝƚŚĞůŝĂů�
ĐĞůůƐ� ĂŌĞƌ� ĐŚĞŵŽƚŚĞƌĂƉǇ� ŝŶƐƵůƚ� ďƵƚ� ƚŚĞ� ŵĞĐŚĂŶŝƐŵƐ� ďǇ� ǁŚŝĐŚ� />�ϯ� ƐŚŝĞůĚ� ŝŶƚĞƐƟŶĂů�
epithelium remain unknown. Therefore, we hypothesized that ILC3-derived IL-22 is 
ŝŶǀŽůǀĞĚ�ŝŶ�ƉƌŽƚĞĐƟŽŶ�ŽĨ�ŝŶƚĞƐƟŶĂů�ĞƉŝƚŚĞůŝĂů�ĐĞůůƐ�ĂŌĞƌ�ĐŚĞŵŽƚŚĞƌĂƉǇͲŝŶĚƵĐĞĚ�ĚĂŵĂŐĞ͘�
dŽ�ƚĞƐƚ�ƚŚŝƐ�ŚǇƉŽƚŚĞƐŝƐ͕�ǁĞ�ŝŶĚƵĐĞĚ�ŝŶƚĞƐƟŶĂů�ƚŽǆŝĐŝƚǇ�ďǇ�ĂĚŵŝŶŝƐƚĞƌŝŶŐ�ƚŚĞ�ĐǇƚŽƐƚĂƟĐ�ĚƌƵŐ�
ŵĞƚŚŽƚƌĞǆĂƚĞ�;DdyͿ�ŝŶ�/>ͲϮϮͲͬͲ�ŵŝĐĞ�ĂŶĚ�ƐƚƵĚŝĞĚ�ĞƉŝƚŚĞůŝĂů�ƌĞƐƉŽŶƐĞƐ͘�/>ͲϮϮ�ĚĞĮĐŝĞŶƚ��ŵŝĐĞ�
ƐŚŽǁĞĚ�Ă�ĐŽŶƐĞƌǀĞĚ�ŝŶƚĞƐƟŶĂů�ĂƌĐŚŝƚĞĐƚƵƌĞ�ĂŶĚ�ŐŽďůĞƚ�ĐĞůů�ŶƵŵďĞƌƐ�ĂŌĞƌ�DdyͲŝŶĚƵĐĞĚ�
ĚĂŵĂŐĞ�ƚŚĂƚ�ǁĂƐ�ĐŽŵƉĂƌĂďůĞ�ƚŽ�td�ĂŶŝŵĂůƐ͘�/Ŷ�ĐŽŶƚƌĂƐƚ�ƚŽ�/>�ϯ�ĚĞĮĐŝĞŶƚ�ŵŝĐĞ͕�/>ͲϮϮͲͬͲ�

ŵŝĐĞ�ĞǆƉƌĞƐƐĞĚ�ŚŝŐŚĞƌ� ůĞǀĞůƐ�ŽĨ�Ɖ^d�dϯ͘��ůƚŚŽƵŐŚ�ĂĐƟǀĂƟŽŶ�ŽĨ�^d�dϯ�ǁĂƐ�ŽďƐĞƌǀĞĚ� ŝŶ�
IL-22ͲͬͲ�ŵŝĐĞ͕�Ă�ĚĞĐƌĞĂƐĞ�ŝŶ�ĂŶƟŵŝĐƌŽďŝĂů�ƌĞƐƉŽŶƐĞƐ�ƐƵŐŐĞƐƚĞĚ�ƌĞĚƵĐĞĚ�ĞƉŝƚŚĞůŝĂů�ďĂƌƌŝĞƌ�
ĨƵŶĐƟŽŶ͘�/ŵƉŽƌƚĂŶƚůǇ͕ �ĂŶĂůǇƐŝƐ�ŽĨ�ƚŚĞ�ƉƌŽŐĞŶŝƚŽƌ�ĐŽŵƉĂƌƚŵĞŶƚ�ŽĨ�ŵŝĐĞ�ĞǆƉŽƐĞĚ�ƚŽ�Ddy�
ƵŶǀĞŝůĞĚ�Ă�ƌŽůĞ�ĨŽƌ�/>ͲϮϮ�ŝŶ�ŵĂŝŶƚĂŝŶŝŶŐ�ƐƚĞŵ�ĐĞůůƐ�ĂŌĞƌ�ĐŚĞŵŽƚŚĞƌĂƉǇ�ŝŶƐƵůƚ͘��ŽůůĞĐƟǀĞůǇ�
ƚŚĞƐĞ�ĚĂƚĂ�ŝĚĞŶƟĨǇ�/>ͲϮϮ�ĂƐ�ĂŶ�ŝŵƉŽƌƚĂŶƚ�ĨĂĐƚŽƌ�ƚŽ�ƉƌĞƐĞƌǀĞ�ƚŚĞ�ƌĞŐĞŶĞƌĂƟǀĞ�ƌĞƐƉŽŶƐĞƐ�
of damaged epithelium.
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/>�ϯ�ƉůĂǇ�Ă�ƉŝǀŽƚĂů�ƌŽůĞ� ŝŶ�ĐŽŽƌĚŝŶĂƟŶŐ�ĞƉŝƚŚĞůŝĂů�ƌĞƐƉŽŶƐĞƐ�ĂŌĞƌ�ĂĚŵŝŶŝƐƚƌĂƟŽŶ�ŽĨ�ƚŚĞ�
ĐǇƚŽƐƚĂƟĐ�ĚƌƵŐ�ŵĞƚŚŽƚƌĞǆĂƚĞ� ;DdyͿ� ;�ŚĂƉƚĞƌ�ϮͿ͘� /ŵŵĞĚŝĂƚĞůǇ� ĂŌĞƌ� ŝŶƚĞƐƟŶĂů� ĚĂŵĂŐĞ͕�
ĞƉŝƚŚĞůŝĂů� ^d�dϯ� ŝƐ� ĂĐƟǀĂƚĞĚ� ĂŶĚ� />�ϯ� ƚƌĂŶƐĐƌŝďĞ� Ă� ƐĞƚ� ŽĨ� ŐĞŶĞƐ� ŝŶǀŽůǀĞĚ� ŝŶ� ĞƉŝƚŚĞůŝĂů�
ŚŽŵĞŽƐƚĂƐŝƐ�ĂŶĚ�ƟƐƐƵĞ�ƌĞƉĂŝƌ͘ �,ŽǁĞǀĞƌ͕ �ƚŚĞ�ĞǆĂĐƚ�ŵĞĐŚĂŶŝƐŵƐ�ďǇ�ǁŚŝĐŚ�/>�ϯ�ůŝŵŝƚ�ƟƐƐƵĞ�
ĚĂŵĂŐĞ�ĂŌĞƌ�ĐŚĞŵŽƚŚĞƌĂƉǇ�ŝŶƐƵůƚ�ƌĞŵĂŝŶ�ƵŶĐůĞĂƌ͘

/>�ϯͲĚĞƌŝǀĞĚ�ĐǇƚŽŬŝŶĞƐ͕� ŝŶĐůƵĚŝŶŐ� />ͲϮϮ�ĂŶĚ�'DͲ�^&͕ � ĐŽŶƚƌŝďƵƚĞ� ƚŽ� ƚŚĞ�ŚŽŵĞŽƐƚĂƟĐ�
cytokine pool that is necessary to maintain epithelial integrity. 

/Ŷ� ƚŚĞ� ŵƵƌŝŶĞ� ŝŶƚĞƐƟŶĞ͕� />�ϯ� ĂƌĞ� ƚŚĞ� ŵĂŝŶ� ĐĞůůƵůĂƌ� ƐŽƵƌĐĞ� ŽĨ� />ͲϮϮ� ĂŶĚ� ĚŝƌĞĐƚůǇ�
contribute to bacterial clearance. Studies with the murine enteropathogenic bacteria 
�ŝƚƌŽďĂĐƚĞƌ�ƌŽĚĞŶƟƵŵ�ŝĚĞŶƟĮĞĚ�/>ͲϮϮ�ĂƐ�ƚŚĞǇ�ŬĞǇ�ĐǇƚŽŬŝŶĞ�ĨŽƌ�ďĂĐƚĞƌŝĂů�ĐŽŶƚĂŝŶŵĞŶƚ�ĂŶĚ�
epithelial integrityϭ͕Ϯ͘�>ŝŐĂƟŽŶ�ŽĨ�ƚŚĞ�/>ͲϮϮZ�ĞǆƉƌĞƐƐĞĚ�ďǇ� ŝŶƚĞƐƟŶĂů�ĞƉŝƚŚĞůŝĂů�ĐĞůůƐ�;/��Ϳ�
ŵĞĚŝĂƚĞƐ�ĂŶ�ĂŶƟŵŝĐƌŽďŝĂů�ƌĞƐƉŽŶƐĞ�ďǇ�ƉƌŽŵŽƟŶŐ�ƚŚĞ�ĞǆƉƌĞƐƐŝŽŶ�ŽĨ�ZĞŐϯɴ͕�ZĞŐϯɶ�ĂŶĚ�
^ϭϬϬĂ�ƉƌŽƚĞŝŶƐ2-4͘�hƉŽŶ�ĐŽůŽŶŝĐ�ĚĂŵĂŐĞ�ŝŶĚƵĐĞĚ�ďǇ�ĚĞǆƚƌĂŶ�ƐƵůĨĂƚĞ�ƐŽĚŝƵŵ�;�^^Ϳ͕�/>ͲϮϮZ�
ůŝŐĂƟŽŶ�ŽŶ�ĞƉŝƚŚĞůŝĂů�ĐĞůůƐ�ůĞĂĚƐ�ƚŽ�ƉŚŽƐƉŚŽƌǇůĂƟŽŶ�ŽĨ�^d�dϯ͕�ǁŚŝĐŚ�ƚƌĂŶƐůŽĐĂƚĞƐ�ƚŽ�ƚŚĞ�
ŶƵĐůĞƵƐ� ƚŽ� ĂĐƟǀĂƚĞ� ŐĞŶĞƐ� ŝŵƉůŝĐĂƚĞĚ� ŝŶ�ƉƌŽůŝĨĞƌĂƟŽŶ͕� ƐƵƌǀŝǀĂů� ĂŶĚ�ŵƵĐŽƐĂů� ŝŶƚĞŐƌŝƚǇϱͲϳ. 
tŚŝůĞ� ƚŚĞ� ƌŽůĞ�ŽĨ� />ͲϮϮ� ŝŶ� ŝŶŇĂŵŵĂƚŽƌǇ�ďŽǁĞů�ĚŝƐĞĂƐĞ� ;/��Ϳ� ƌĞŵĂŝŶƐ� ĐŽŶƚƌŽǀĞƌƐŝĂů͕� ĂƐ�
ďŽƚŚ�ƉĂƚŚŽŐĞŶŝĐ�ĂŶĚ�ƉƌŽƚĞĐƟǀĞ�ƌŽůĞƐ�ŚĂǀĞ�ďĞĞŶ�ĚĞƐĐƌŝďĞĚ8,9͕�ŝŶ�ĞǆƉĞƌŝŵĞŶƚĂů�ĐŽůŝƟƐ�/>ͲϮϮ�
ŚĂƐ�Ă�ƉƌŽƚĞĐƟǀĞ�ĨƵŶĐƟŽŶ�ďǇ�ƉƌŽŵŽƟŶŐ�ƉƌŽůŝĨĞƌĂƟŽŶ�ĂŶĚ�ƌĞĚƵĐŝŶŐ�ĂƉŽƉƚŽƐŝƐ�ŝŶ�/��ϭϬ. In 
ƚŚĞ��^^ͲŝŶĚƵĐĞĚ�ĐŽůŝƟƐ�ŵŽĚĞů͕�/>ͲϮϮ�ĚŝƌĞĐƚůǇ�ƌĞŐƵůĂƚĞĚ�ĞƉŝƚŚĞůŝĂů�^d�dϯ�ĂĐƟǀĂƟŽŶ�ƚŚĂƚ�ŝŶ�
ƚƵƌŶ�ƉƌŽŵŽƚĞĚ�ŝŶƚĞƐƟŶĂů�ǁŽƵŶĚ�ŚĞĂůŝŶŐϭϬ. 

�ŽŶǀĞƌƐĞůǇ͕ � ƵŶĐŽŶƚƌŽůůĞĚ� />ͲϮϮ� ƉƌŽĚƵĐƟŽŶ� ĂŶĚ� ŝŶĂƉƉƌŽƉƌŝĂƚĞ� ^d�dϯ� ĂĐƟǀĂƟŽŶ�
ƉƌĞĚŝƐƉŽƐĞƐ� ƚŽ� ƚƵŵŽƌŝŐĞŶĞƐŝƐ� ŝŶ� ƚŚĞ� ŝŶƚĞƐƟŶĂů� ƚƌĂĐƚ͘� /Ŷ� ŚƵŵĂŶƐ͕� ^d�dϯ genes were 
ŝĚĞŶƟĮĞĚ�ĂƐ�ƐƵƐĐĞƉƟďŝůŝƚǇ�ůŽĐŝ�ĨŽƌ�/��ϳ͕ϭϭ͕ϭϮ. In mice, models using ,ĞůŝĐŽďĂĐƚĞƌ�ŚĞƉĂƟĐƵƐ 
ĂŶĚ�ƚŚĞ�ŵƵƚĂŐĞŶ��KD�ŝŶ�ZĂŐϭͲͬͲ�ŵŝĐĞ�ƵŶǀĞŝůĞĚ�ƚŚĂƚ�/>ͲϮϮ�ƉƌŽĚƵĐĞĚ�ďǇ�/>�ϯ�ǁĂƐ�ĐĂƵƐĂƟǀĞ�
for carcinoma progressionϭϯ͘� dŚĞƌĞĨŽƌĞ͕� ƌĞŐƵůĂƟŽŶ� ŽĨ� ƚŚĞ� />ͲϮϮͲ^d�dϯ� ĂǆŝƐ� ŝƐ� ĞƐƐĞŶƟĂů�
ĨŽƌ�ĐŽŶƚƌŽůůŝŶŐ�ƟƐƐƵĞ�ĚĂŵĂŐĞ�ǁŚŝůĞ�ƉƌĞǀĞŶƟŶŐ�ŝŶŇĂŵŵĂƟŽŶ�ĂŶĚ�ŝŶŇĂŵŵĂƟŽŶͲƌĞůĂƚĞĚ�
cancer development.

/Ŷ�ĂĚĚŝƟŽŶ͕�ƚŚĞ�ĞīĞĐƚŽƌ�ĨƵŶĐƟŽŶ�ŽĨ�/>ͲϮϮ�ŽŶ�ƉƌŽůŝĨĞƌĂƟŽŶ�ĂŶĚ�ĐĞůů�ƐƵƌǀŝǀĂů�ŽĨ�ĞƉŝƚŚĞůŝĂů�
ĐĞůůƐ� ƐƵŐŐĞƐƚ� ƚŚĂƚ� />�ϯͲĚĞƌŝǀĞĚ� />ͲϮϮ� ĐŽƵůĚ� ĐŽŶƚƌŝďƵƚĞ� ƚŽ� ƟƐƐƵĞ� ŵĂŝŶƚĞŶĂŶĐĞ� ĂŶĚ�
ƌĞŐĞŶĞƌĂƟŽŶ͘�/Ŷ�Ă�ŵŽĚĞů�ŽĨ�ŐƌĂŌ�ǀĞƌƐƵƐ�ŚŽƐƚ�ĚŝƐĞĂƐĞ�;'ǀ,�Ϳ͕�ŚŽƐƚͲĚĞƌŝǀĞĚ�ƌĂĚŝŽ�ƌĞƐŝƐƚĂŶƚ�
CCR6н/>�ϯ�ǁĞƌĞ�ƐŚŽǁŶ�ƚŽ�ďĞ�ƚŚĞ�ƐŽƵƌĐĞ�ŽĨ�/>ͲϮϮ͕�ǁŚŝĐŚ�ƉƌŽƚĞĐƚĞĚ�ŝŶƚĞƐƟŶĂů�ĐƌǇƉƚƐ�ĨƌŽŵ�
allogenic T cell-mediated killingϭϰ͘� dŚĞƐĞ� ĮŶĚŝŶŐƐ� ŚŝŐŚůŝŐŚƚ� ƚŚĞ� ŝŵƉŽƌƚĂŶƚ� ĨƵŶĐƟŽŶ� ŽĨ�
/>ͲϮϮ� ŝŶ�ŵĂŝŶƚĂŝŶŝŶŐ� ŝŶƚĞŐƌŝƚǇ�ŽĨ� ƚŚĞ�ĚŝīĞƌĞŶƟĂƚĞĚ�ĞƉŝƚŚĞůŝƵŵ�ĂƐ�ǁĞůů� ĂƐ�ĮƚŶĞƐƐ� ŝŶ� ƚŚĞ�
progenitor compartment.

Thus, emerging evidence indicates a pivotal role for IL-22 in epithelial homeostasis 
ĂŶĚ�ďĂĐƚĞƌŝĂů�ĐŽŶƚĂŝŶŵĞŶƚ͘�,ŽǁĞǀĞƌ�ůŝƩůĞ�ŝƐ�ŬŶŽǁŶ�ǁŝƚŚ�ƌĞŐĂƌĚ�ƚŽ�ƚŚĞ�ƌŽůĞ�ŽĨ�/>ͲϮϮ�ŝŶ�ƚŚĞ�
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ƉĂƚŚŽďŝŽůŽŐǇ�ŽĨ�ƐŵĂůů�ŝŶƚĞƐƟŶĂů�ŵƵĐŽƐŝƟƐ�ĂŶĚ�ŝŶ�ŵƵĐŽƐĂů�ŚĞĂůŝŶŐ͘
/>�ϯ� ƐĞĐƌĞƚĞ� ůĂƌŐĞ� ĂŵŽƵŶƚƐ� ŽĨ� />ͲϮϮ� ŝŶ� ƚŚĞ� ƐŵĂůů� ŝŶƚĞƐƟŶĞ� ĂŶĚ� ƵƉƌĞŐƵůĂƚĞ� /ůϮϮ 

ƚƌĂŶƐĐƌŝƉƟŽŶ�ĂŌĞƌ�DdyͲŝŶĚƵĐĞĚ�ĚĂŵĂŐĞ͘�^ŝŶĐĞ�Ɖ^d�dϯ�ǁĂƐ�ĞǆƉƌĞƐƐĞĚ�Ăƚ�ůŽǁĞƌ�ůĞǀĞůƐ�ŝŶ�
ƚŚĞ�ĂďƐĞŶĐĞ�ŽĨ�/>�ϯ͕�ĂŶĚ�/>ͲϮϮ�ĐĂŶ�ƐŝŐŶĂů�ƚƌŽƵŐŚ�^d�dϯ͕�ǁĞ�ŝŶǀĞƐƟŐĂƚĞĚ�ƚŚĞ�ƉŽƚĞŶƟĂů�ƌŽůĞ�
ŽĨ�/>ͲϮϮ�ŝŶ�ĞƉŝƚŚĞůŝĂů�ĂĐƟǀĂƟŽŶ�ŽĨ�^d�dϯ�ĂŶĚ�ŝƚƐ�ƉŽƐƐŝďůĞ�ĨƵŶĐƟŽŶ�ŝŶ�ĞƉŝƚŚĞůŝƵŵ�ƉƌŽƚĞĐƟŽŶ�
ĨƌŽŵ�ĐŚĞŵŽƚŚĞƌĂƉĞƵƟĐ�ĚĂŵĂŐĞ͘

Therefore, the aim of this study was to understand whether the mechanisms underlying 
ƚŚĞ�ƉƌŽƚĞĐƟǀĞ�ĨƵŶĐƟŽŶƐ�ŽĨ�/>�ϯ�ĂƌĞ�ĚƌŝǀĞŶ�ďǇ�/>ͲϮϮ͘�tĞ�ĂĚĚƌĞƐƐĞĚ�ƚŚŝƐ�ƋƵĞƐƟŽŶ�ƵƐŝŶŐ�/>Ͳ
ϮϮ�ĚĞĮĐŝĞŶƚ�ŵŝĐĞ�ĞǆƉŽƐĞĚ�ƚŽ�ƚŚĞ�ĐǇƚŽƐƚĂƟĐ�ĚƌƵŐ�Ddy�ĂŶĚ�ƐƚƵĚǇŝŶŐ�ĞƉŝƚŚĞůŝĂů�ĂĐƟǀĂƟŽŶ͕�
ďĂƌƌŝĞƌ�ĨƵŶĐƟŽŶ�ĂŶĚ�ĮƚŶĞƐƐ�ŽĨ�ŝŶƚĞƐƟŶĂů�ƐƚĞŵ�ĐĞůůƐ͘

RESULTS

/ŶƚĞƐƟŶĂů�ĞƉŝƚŚĞůŝĂů�ĞǆƉƌĞƐƐŝŽŶ�ŽĨ�Ɖ^d�dϯ�ŝŶ�ƚŚĞ�ĂďƐĞŶĐĞ�ŽĨ�/>ͲϮϮ

dŽ�ƐƚƵĚǇ�ƚŚĞ�ƌŽůĞ�ŽĨ� />ͲϮϮ� ŝŶ�^d�dϯ�ƌĞŐƵůĂƟŽŶ�ĂŌĞƌ�ĂĐƵƚĞ�ĐǇƚŽƐƚĂƟĐ�ĚĂŵĂŐĞ͕�ǁŝůĚ�ƚǇƉĞ�
(WT) and IL-22ͲͬͲ�ŵŝĐĞ�ǁĞƌĞ� ƚƌĞĂƚĞĚ�ǁŝƚŚ�Ddy�ĂŶĚ�ƚŚĞ�ƐŵĂůů� ŝŶƚĞƐƟŶĂů�ĞƉŝƚŚĞůŝƵŵ�ǁĂƐ�
ĂŶĂůǇǌĞĚ�ĨŽƌ�^d�dϯ�ĂĐƟǀĂƟŽŶ�ďĞĨŽƌĞ�ĂŶĚ�ĂŌĞƌ�Ddy�ĂĚŵŝŶŝƐƚƌĂƟŽŶ͘�
In contrast to WT mice, IL-22ͲͬͲ�ŵŝĐĞ�ĞǆŚŝďŝƚĞĚ�ŚŝŐŚĞƌ� ůĞǀĞůƐ�ŽĨ�Ɖ^d�dϯ�Ăƚ�ŚŽŵĞŽƐƚĂƟĐ�
ĐŽŶĚŝƟŽŶƐ�;&ŝŐ͘�ϭ�Ϳ͘�KŶĞ�ĚĂǇ�ĂŌĞƌ�Ddy͕�/>ͲϮϮͲͬͲ�ĂŶĚ�td�ŵŝĐĞ�ĞǆƉƌĞƐƐĞĚ�ƐŝŵŝůĂƌ�ůĞǀĞůƐ�ŽĨ�
ƉŚŽƐƉŚŽƌǇůĂƚĞĚ�^d�dϯ�ďƵƚ�ŝŶ�ĐŽŶƚƌĂƐƚ�ƚŽ�td�ŵŝĐĞ͕�Ɖ^d�dϯ�ĞǆƉƌĞƐƐŝŽŶ�ŝŶ�/>ͲϮϮͲͬͲ�ŝŶƚĞƐƟŶĂů�
ĞƉŝƚŚĞůŝĂů�ĐĞůůƐ�ǁĂƐ�ƉƌĞƐĞƌǀĞĚ�ĨŽƵƌ�ĚĂǇƐ�ĂŌĞƌ�Ddy�ĂĚŵŝŶŝƐƚƌĂƟŽŶ�;&ŝŐ͘�ϭ�Ϳ͘�/Ŷ�ůŝŶĞ�ǁŝƚŚ�
ƚŚĞƐĞ�ƌĞƐƵůƚƐ͕�ƋƵĂŶƟĮĐĂƟŽŶ�ŽĨ�Ɖ^d�dϯ�ŝŶƚĞŶƐŝƚǇ�ĚĞŵŽŶƐƚƌĂƚĞĚ�ƚŚĞ�ĐŽŶƐƟƚƵƟǀĞ�ĂŶĚ�ƐƚĂďůĞ�
ƉŚŽƐƉŚŽƌǇůĂƟŽŶ�ŽĨ�ĞƉŝƚŚĞůŝĂů�^d�dϯ�ŝŶ�/>ͲϮϮͲͬͲ�ŵŝĐĞ�ďĞĨŽƌĞ�ĂŶĚ�ĂŌĞƌ�Ddy�ĂĚŵŝŶŝƐƚƌĂƟŽŶ�
;&ŝŐ͘�ϭ�Ϳ͘�^ƚƌŝŬŝŶŐůǇ͕ �ĂůƚŚŽƵŐŚ�/>ͲϮϮͲͬͲ�ĂŶĚ�td�ŵŝĐĞ�ĞǆƉƌĞƐƐĞĚ�ƐŝŵŝůĂƌ�ůĞǀĞůƐ�ŽĨ�Ɖ^d�dϯ�ŽŶĞ�
ĚĂǇ� ĂŌĞƌ�Ddy͕� ƚƌĂŶƐĐƌŝƉƚ� ůĞǀĞůƐ� ŽĨ� ƚŚĞ� ĚŽǁŶƐƚƌĞĂŵ� ƚĂƌŐĞƚ� ŐĞŶĞ� ^ŽĐƐϯ in IL-22ͲͬͲ mice 
ƐĞĞŵĞĚ� ůŽǁĞƌ� ƚŚĂŶ� ŝŶ�td�ŵŝĐĞ� ;ƉͲǀĂůƵĞ�Ϭ͘ϮϮͿ� ;&ŝŐ͘�ϭ�Ϳ͘� � ^ŝŵŝůĂƌůǇ͕ � Ăƚ�ĚĂǇ�ϰ�ĂŌĞƌ�Ddy�
^ŽĐƐϯ transcript levels in IL-22ͲͬͲ remained reduced compared to WT animals (p-value 
Ϭ͘ϰϮͿ�ĚĞƐƉŝƚĞ�ƚŚĞ�ŚŝŐŚĞƌ�Ɖ^d�dϯ�ĞǆƉƌĞƐƐŝŽŶ�ŽďƐĞƌǀĞĚ�ŝŶ�/>ͲϮϮ�ĚĞĮĐŝĞŶƚ�ŵŝĐĞ�;&ŝŐ͘�ϭ�Ϳ͘�

In contrast, transcript levels of the STAT3 target gene �ĐůϮůϭ� ;�ĐůǆůͿ, a pro-survival 
ĨĂĐƚŽƌ͕ �ǁĞƌĞ�ƐŝŵŝůĂƌ�ƚŽ�td�Ăƚ�ĚĂǇ�ϭ�;ƉͲǀĂůƵĞ�Ϭ͘ϲϯͿ�ĂŌĞƌ�ƚŚĞ�ůĂƐƚ�ŝŶũĞĐƟŽŶ�ĂŶĚ�Ăƚ�ĚĂǇ�ϰ�ĂŌĞƌ�
Ddy�;ƉͲǀĂůƵĞ�Ϭ͘ϰϮͿ�;&ŝŐ͘�ϭ�Ϳ͘�

�ůƚŚŽƵŐŚ�Ă�ƌŽůĞ�ĨŽƌ�/>ͲϮϮ�ŝŶ�ĞƉŝƚŚĞůŝĂů�^d�dϯ�ĂĐƟǀĂƟŽŶ�ŚĂƐ�ďĞĞŶ�ŝĚĞŶƟĮĞĚ͕�ŚĞƌĞ�ǁĞ�
ƐŚŽǁ�ƚŚĂƚ�ĞƉŝƚŚĞůŝĂů�ƉŚŽƐƉŚŽƌǇůĂƟŽŶ�ŽĨ�^d�dϯ�ĐĂŶ�ŽĐĐƵƌ�ŝŶĚĞƉĞŶĚĞŶƚůǇ�ŽĨ�ƚŚŝƐ�ĐǇƚŽŬŝŶĞ�
ƐƵŐŐĞƐƟŶŐ�ƚŚĂƚ�ĂĚĚŝƟŽŶĂů�ƐŝŐŶĂůƐ�ĂƌĞ�ĚƌŝǀŝŶŐ�ŝƚƐ�ĂĐƟǀĂƟŽŶ͘

The higher pSTAT3 levels observed in IL-22ͲͬͲ� ŵŝĐĞ� Ăƚ� ŚŽŵĞŽƐƚĂƟĐ� ĐŽŶĚŝƟŽŶƐ� ĂŶĚ�
Ăƚ� ƚŚĞ� ůĂƚĞƐƚ� ƟŵĞ� ƉŽŝŶƚƐ� ŝŶĚŝĐĂƚĞ� Ă� ĚĞƌĞŐƵůĂƚĞĚ� ^d�dϯ� ĂĐƟǀĂƟŽŶ� ĂŶĚ� ƐƵŐŐĞƐƚƐ� Ă� ƉƌĞͲ
ŝŶŇĂŵŵĂƚŽƌǇ�ƐƚĂƚĞ�ŝŶ�/>ͲϮϮͲͬͲ mice. 
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&ŝŐƵƌĞ�ϭ͘��ŽŶƐƟƚƵƟǀĞ�ĞǆƉƌĞƐƐŝŽŶ�ŽĨ�Ɖ^d�dϯ�ŝŶ�/>ͲϮϮ�ĚĞĮĐŝĞŶƚ�ŵŝĐĞ͘�(A) Immunohistochemistry for pSTAT3 in 
ŝůĞĂů�ƐĞĐƟŽŶƐ�ŽĨ�td�ĂŶĚ�/>ͲϮϮͲͬͲ�ŵŝĐĞ�Ăƚ�ƐƚĞĂĚǇ�ƐƚĂƚĞ�;^^Ϳ�ĂŶĚ�Ăƚ�ĚĂǇ�ϭ�ĂŶĚ�ϰ�ĂŌĞƌ�ƚŚĞ�ůĂƐƚ�Ddy�ŝŶũĞĐƟŽŶ͘�;�Ϳ�
YƵĂŶƟĮĐĂƟŽŶ�ŽĨ� Ɖ^d�dϯ� ŝŶƚĞŶƐŝƚǇ� ŝŶ� ŝŶƚĞƐƟŶĂů� ĞƉŝƚŚĞůŝĂů� ĐĞůůƐ� ŝŶ�td� ĂŶĚ� />ͲϮϮͲͬͲ mice measured with semi-
ĂƵƚŽŵĂƚĞĚ� ƐŽŌǁĂƌĞ͘� ;�Ϳ�dƌĂŶƐĐƌŝƉƚ�ĂŶĂůǇƐŝƐ�ŽĨ� ƚŚĞ�^d�dϯ�ĚŽǁŶƐƚƌĞĂŵ�ƚĂƌŐĞƚ�ŐĞŶĞ�^ŽĐƐϯ� from ileal samples 
of WT and IL-22ͲͬͲ�ŵŝĐĞ�Ăƚ�ĚĂǇ�ϭ�ĂŶĚ�ĚĂǇ�ϰ�ĂŌĞƌ�Ddy�ĂĚŵŝŶŝƐƚƌĂƟŽŶ͘�;�Ϳ�ZĞůĂƟǀĞ�ĞǆƉƌĞƐƐŝŽŶ�ŽĨ��ĐůϮůϭ ;�ĐůǆůͿ� 
ŝŶ�ŝůĞƵŵ�ŽĨ�td�ĂŶĚ�/>ͲϮϮ�ĚĞĮĐŝĞŶƚ�ŵŝĐĞ�Ăƚ�ĚĂǇ�ϭ�ĂŶĚ�ϰ�ĂŌĞƌ�DdyͲŝŶĚƵĐĞĚ�ĚĂŵĂŐĞ͘�^ĐĂůĞ�ďĂƌ͗�ϱϬ�Ƶŵ͖�;ŶсϯͲϰ�
per group).

3

A

C D

C D

B



•Role of ILC3-derived IL-22 in epithelial responses after intestinal damage� 7�

/ŶƚĞƐƟŶĂů�ƉĂƚŚŽůŽŐǇ�ŝŶ�/>ͲϮϮ�ĚĞĮĐŝĞŶƚ�ŵŝĐĞ�ĞǆƉŽƐĞĚ�ƚŽ�Ddy

/ŶƚĞƐƟŶĂů�ĚĂŵĂŐĞ�ǁĂƐ�ĞǀŝĚĞŶƚ�ŽŶĞ�ĚĂǇ�ĂŌĞƌ�Ddy�ĂĚŵŝŶŝƐƚƌĂƟŽŶ�ŝŶ� />ͲϮϮͲͬͲ and WT 
ŵŝĐĞ�ĂŶĚ�ĚĂŵĂŐĞͲŝŶĚƵĐĞĚ�ŵŽƌƉŚŽůŽŐŝĐĂů�ĐŚĂŶŐĞƐ�ƌĞŵĂŝŶĞĚ�ǀŝƐŝďůĞ�Ăƚ�ĚĂǇ�ϰ�ĂŌĞƌ�Ddy�
ƚƌĞĂƚŵĞŶƚ�;&ŝŐ͘�Ϯ�Ϳ͘�/ŶƚĞƐƟŶĂů�ĚĂŵĂŐĞ�ŝŶ�/>ͲϮϮ�ĚĞĮĐŝĞŶƚ�ŵŝĐĞ�ǁĂƐ�ƐŝŵŝůĂƌ�ƚŽ�td�ŵŝĐĞ�ĂŶĚ�
consisted of increased villus atrophy, decreased epithelial thickness and increased lamina 
ƉƌŽƉƌŝĂ�ŝŶĮůƚƌĂƟŽŶ͘�/Ŷ�ĐŽŶƚƌĂƐƚ�ƚŽ�td�ŵŝĐĞ͕�/>ͲϮϮͲͬͲ�ŵŝĐĞ�ĚŝĚ�ŶŽƚ�ůŽƐĞ�ǁĞŝŐŚƚ�ĚƵƌŝŶŐ�Ddy�
ƚƌĞĂƚŵĞŶƚ�;&ŝŐ͘�Ϯ�Ϳ͘�dŚĞ�ŬŝŶĞƟĐƐ�ŽĨ�ƚŚĞ�ƉĂƚŚŽůŽŐǇ�ŝŶ�/>ͲϮϮ�ĚĞĮĐŝĞŶƚ�ŵŝĐĞ�ƌĞƐĞŵďůĞĚ�ƚŚŽƐĞ�
ŽďƐĞƌǀĞĚ�ŝŶ�DdyͲƚƌĞĂƚĞĚ�td�ŵŝĐĞ�;&ŝŐ�Ϯ��ĂŶĚ��ŚĂƉƚĞƌ�ϮͿ͕�ǁŝƚŚ�Ă�ƐŝŐŶŝĮĐĂŶƚ�ŝŶĐƌĞĂƐĞ�ŽĨ�ŝŶͲ
ƚĞƐƟŶĂů�ĚĂŵĂŐĞ�ŽŶĞ�ĚĂǇ�ĂŌĞƌ�ƚŚĞ�ůĂƐƚ�Ddy�ŝŶũĞĐƟŽŶ�ĂŶĚ�ƐƚĂďŝůŝǌĞĚ�ůĞǀĞůƐ�ďǇ�ĚĂǇ�ϰ�;&ŝŐ͘�Ϯ�Ϳ͘�

�ĞƚĂŝůĞĚ�ĞǆĂŵŝŶĂƟŽŶ�ŽĨ�ƐŵĂůů� ŝŶƚĞƐƟŶĂů�ƐĞĐƟŽŶƐ�ŽĨ�ĚƵŽĚĞŶƵŵ͕� ũĞũƵŶƵŵ�ĂŶĚ� ŝůĞƵŵ�
ƌĞǀĞĂůĞĚ�ĐŽŵƉĂƌĂďůĞ�ŝŶƚĞƐƟŶĂů�ĚĂŵĂŐĞ�ŝŶ�/>ͲϮϮͲͬͲ�ĂŶĚ�td�ŵŝĐĞ�ĂŌĞƌ�Ddy�ƚƌĞĂƚŵĞŶƚ͕�ĂŶĚ�
only slightly higher pathology was observed in duodenum of IL-22ͲͬͲ�ŵŝĐĞ�Ăƚ�ĚĂǇ�ϭ�ĂŌĞƌ�
ĐǇƚŽƐƚĂƟĐ� ŝŶƐƵůƚ� ;ƉͲǀĂůƵĞ�Ϭ͘ϮϮͿ� ;&ŝŐ͘�Ϯ�Ϳ�dŚĞƐĞ�ƌĞƐƵůƚƐ�ĂƌĞ� ŝŶ� ůŝŶĞ�ǁŝƚŚ�ƉƌĞǀŝŽƵƐ�ƌĞƉŽƌƚƐ�
ƚŚĂƚ�ŝĚĞŶƟĮĞĚ�ƚŚĞ�ƉƌŽǆŝŵĂů�ƐŵĂůů�ŝŶƚĞƐƟŶĞ�ĂƐ�ƚŚĞ�ŵŽƐƚ�ĂīĞĐƚĞĚ�ƌĞŐŝŽŶ�ƵƉŽŶ�ĐǇƚŽƐƚĂƟĐ�
treatmentϭϱ͘�^ƉĞĐŝĮĐ�ĂŶĂůǇƐŝƐ�ŽĨ�ƚŚĞ�ĐƌǇƉƚ�ĐŽŵƉĂƌƚŵĞŶƚ�ƐŚŽǁĞĚ�ĐŽŵƉĂƌĂďůĞ�ƉĂƚŚŽůŽŐǇ�
in WT and IL-22ͲͬͲ�ŵŝĐĞ͕�ǁŝƚŚ�Ă�ƐŝŐŶŝĮĐĂŶƚ�ŝŶĐƌĞĂƐĞ�ŽĨ�ĚĂŵĂŐĞ�Ăƚ�ĚĂǇ�ϭ�ƚŚĂƚ�ĐŽŶƐŝƐƚĞĚ�ŽĨ�
ĐƌǇƉƚ�ĂďƐĐĞƐƐĞƐ͕�ĞƉŝƚŚĞůŝĂů�ŇĂƩĞŶŝŶŐ�ĂŶĚ�ƐŽŵĞ�ĐƌǇƉƚ�ůŽƐƐ�;&ŝŐ͘�Ϯ�Ϳ͘� �/Ŷ�ĂĐĐŽƌĚĂŶĐĞ�ǁŝƚŚ�
ƚŚĞƐĞ�ĚĂƚĂ͕�ĞǆƉƌĞƐƐŝŽŶ�ŽĨ�ƚŚĞ�ƉƌŽͲĂƉŽƉƚŽƟĐ�ŐĞŶĞ�Bax�ŝŶ�ƐŵĂůů�ŝŶƚĞƐƟŶĂů�ƐĂŵƉůĞƐ�ĨƌŽŵ�/>Ͳ
22ͲͬͲ�ŵŝĐĞ��ǁĂƐ�ĐŽŵƉĂƌĂďůĞ�ƚŽ�td�ĂŶŝŵĂůƐ͘�;&ŝŐ͘�Ϯ&Ϳ

KǀĞƌĂůů͕�ŝŶƚĞƐƟŶĂů�ĂƌĐŚŝƚĞĐƚƵƌĞ�ĂŶĚ�ŵŽƌƉŚŽůŽŐǇ�ŽĨ�/>ͲϮϮ�ĚĞĮĐŝĞŶƚ�ŵŝĐĞ�ǁĂƐ�ĐŽŵƉĂƌĂďůĞ�
ƚŽ�td�ĂŶŝŵĂůƐ�ĂŌĞƌ�ĂĚŵŝŶŝƐƚƌĂƟŽŶ�ŽĨ�ƚŚĞ�ĐǇƚŽƐƚĂƟĐ�ĚƌƵŐ�Ddy͘

�ƉŝƚŚĞůŝĂů�ďĂƌƌŝĞƌ�ĂŌĞƌ�DdyͲŝŶĚƵĐĞĚ�ĚĂŵĂŐĞ�ŝŶ�ƚŚĞ�ĂďƐĞŶĐĞ�ŽĨ�/>ͲϮϮ

dŽ�ĚĞƚĞƌŵŝŶĞ�ǁŚĞƚŚĞƌ�ƚŚĞ�ƉƌĞƐĞƌǀĂƟŽŶ�ŽĨ�ĞƉŝƚŚĞůŝĂů�ďĂƌƌŝĞƌ�ĨƵŶĐƟŽŶƐ�ĂŌĞƌ�ĐŚĞŵŽƚŚĞƌĂƉǇ�
ŝŶƐƵůƚ� ŝƐ� ĂůƚĞƌĞĚ� ŝŶ� ƚŚĞ�ĂďƐĞŶĐĞ�ŽĨ� />ͲϮϮ͕� ĂŶƟŵŝĐƌŽďŝĂů� ƌĞƐƉŽŶƐĞ�ĂŶĚ�ŵƵĐƵƐ�ƉƌŽĚƵĐŝŶŐ�
ŐŽďůĞƚ�ĐĞůůƐ�ǁĞƌĞ�ĂŶĂůǇǌĞĚ�ĨƌŽŵ�ƐŵĂůů�ŝŶƚĞƐƟŶĂů�ƐĂŵƉůĞƐ͘�dƌĂŶƐĐƌŝƉƟŽŶĂů�ĂŶĂůǇƐŝƐ�ŽĨ�ƚŽƚĂů�
ZE��ĨƌŽŵ�ŝůĞƵŵ�ŽĨ�/>ͲϮϮͲͬͲ�ŵŝĐĞ�ƌĞǀĞĂůĞĚ�ůŽǁĞƌ�ůĞǀĞůƐ�ŽĨ�ƚŚĞ�ĂŶƟŵŝĐƌŽďŝĂů�ƉĞƉƟĚĞƐ�ZĞŐϯɶ 
and �ĞĨĞŶƐŝŶ�ɲϱ�;&ŝŐ͘�ϯ�Ϳ͘�

�ĞĐƌĞĂƐĞĚ�ŵZE��ůĞǀĞůƐ�ǁĞƌĞ�ĨŽƵŶĚ�Ăƚ�ƐƚĞĂĚǇ�ƐƚĂƚĞ�ĂŶĚ�ƌĞŵĂŝŶĞĚ�ƵŶĐŚĂŶŐĞĚ�ĂŌĞƌ�
Ddy�ĂĚŵŝŶŝƐƚƌĂƟŽŶ͘�/Ŷ�ĐŽŶƚƌĂƐƚ͕�ŝŶ�td�ŵŝĐĞ͕�ƚƌĂŶƐĐƌŝƉƚ�ůĞǀĞůƐ�ŽĨ�ZĞŐϯɶ rapidly decreased 
ŽŶĞ�ĚĂǇ� ĂŌĞƌ�Ddy� ĂĚŵŝŶŝƐƚƌĂƟŽŶ� ĂŶĚ� ƐƵďƐĞƋƵĞŶƚůǇ� ƌĞĐŽǀĞƌĞĚ�ďǇ� ĚĂǇ� ϰ͘��ĞĨĞŶƐŝŶ�ɲϱ 
ƚƌĂŶƐĐƌŝƉƚ� ůĞǀĞůƐ�ƉƌŽŐƌĞƐƐŝǀĞůǇ�ĚĞĐƌĞĂƐĞĚ�ĂŌĞƌ�Ddy͕�ďŽƚŚ�Ăƚ�ĚĂǇ�ϭ� ĂŶĚ�ĚĂǇ�ϰ͘��ĞƐƉŝƚĞ�
ƚŚĞ� ĂďĞƌƌĂŶƚ� ĂŶƟŵŝĐƌŽďŝĂů� ƌĞƐƉŽŶƐĞ͘� ŐŽďůĞƚ� ĐĞůůƐ�ǁĞƌĞ�ƉƌĞƐĞŶƚ� ŝŶ� />ͲϮϮͲͬͲ mice and no 
ĂůƚĞƌĂƟŽŶƐ�ǁĞƌĞ�ŽďƐĞƌǀĞĚ�ǁŝƚŚ�ƌĞŐĂƌĚ�ƚŽ�ƚŚĞ�ŶƵŵďĞƌƐ͕�ĚŝƐƚƌŝďƵƟŽŶ�Žƌ�ŵŽƌƉŚŽůŽŐǇ�ŽĨ�ƚŚĞ�
ŵƵĐƵƐ�ƉƌŽĚƵĐŝŶŐ�ĐĞůůƐ�;&ŝŐ͘�ϯ��ĂŶĚ��Ϳ͘�

dŚĞƐĞ�ĚĂƚĂ�ƐŚŽǁ�ƚŚĞ�ĚĞƉĞŶĚĞŶĐǇ�ĨŽƌ�ĂŶƟŵŝĐƌŽďŝĂů�ƌĞƐƉŽŶƐĞƐ�ŽŶ�/>ͲϮϮ�ĂŶĚ�ƚŚĞ�ĚŝƐƉĞŶͲ
ƐĂďůĞ�ƌŽůĞ�ŽĨ�/>ͲϮϮ�ŝŶ�ƚŚĞ�ŐĞŶĞƌĂƟŽŶ�ĂŶĚ�ŵĂŝŶƚĞŶĂŶĐĞ�ŽĨ�ŵƵĐƵƐͲƉƌŽĚƵĐŝŶŐ�ŐŽďůĞƚ�ĐĞůůƐ͘
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&ŝŐƵƌĞ�Ϯ͘��ŽŶƐĞƌǀĞĚ�ƉĂƚŚŽůŽŐǇ�ŝŶ�DdyͲƚƌĞĂƚĞĚ�/>ͲϮϮ-/- mice.�;�Ϳ�ZĞƉƌĞƐĞŶƚĂƟǀĞ�,Θ��ƐƚĂŝŶŝŶŐ�ŽĨ�td�ĂŶĚ�/>ͲϮϮͲͬͲ 
ĂŌĞƌ�DdyͲŝŶĚƵĐĞĚ�ĚĂŵĂŐĞ�Ăƚ�ƚŚĞ�ŝŶĚŝĐĂƚĞĚ�ƟŵĞ�ƉŽŝŶƚƐ͘�;�Ϳ��ŽĚǇ�ǁĞŝŐŚƚ�ŽĨ�td�ĂŶĚ�/>ͲϮϮͲͬͲ mice over the course 
ŽĨ�ƚŚĞ�Ddy�ƚƌĞĂƚŵĞŶƚ�ƌĞůĂƟǀĞ�ƚŽ�ƚŚĞ�ŝŶŝƟĂů�ďŽĚǇ�ǁĞŝŐŚƚ͘�;�Ϳ�KǀĞƌĂůů�ŝŶƚĞƐƟŶĂů�ƉĂƚŚŽůŽŐǇ�ŝŶ�/>ͲϮϮ�ĚĞĮĐŝĞŶƚ�ŵŝĐĞ�
Ăƚ�ƐƚĞĂĚǇ�ƐƚĂƚĞ�ĐŽŶĚŝƟŽŶƐ�;^^Ϳ�ĂŶĚ�ĂŌĞƌ�DdyͲŝŶĚƵĐĞĚ�ĚĂŵĂŐĞ͘�;�Ϳ͘�WĂƚŚŽůŽŐǇ�ƐĐŽƌĞ�ŽĨ�ĚƵŽĚĞŶƵŵ͕�ũĞũƵŶƵŵ�ĂŶĚ�
ileum of WT mice compared to IL-22ͲͬͲ�ŵŝĐĞ�ĚƵƌŝŶŐ�ƚŚĞ�ĐŽƵƌƐĞ�Ăƚ�ƐƚĞĂĚǇ�ƐƚĂƚĞ͕�ĂŶĚ�ĚĂǇ�ϭ�ĂŶĚ�ϰ�ĂŌĞƌ�Ddy͘�;�Ϳ�
�ŶĂůǇƐŝƐ�ŽĨ�ƚŚĞ�ĐƌǇƉƚ�ĐŽŵƉĂƌƚŵĞŶƚ�ŝŶ�/>ͲϮϮ�ĚĞĮĐŝĞŶƚ�ŵŝĐĞ͘�;&Ϳ�Bax transcript levels of ileums of IL-22ͲͬͲ and WT 
ŵŝĐĞ�Ăƚ�ĚĂǇ�ϭ�ĂŌĞƌ�Ddy͘�Ύ͕�WфϬ͘Ϭϱ͖�^ĐĂůĞ�ďĂƌ͗�ϱϬ�Ƶŵ�͖�;ŶсϯͲϰ�ƉĞƌ�ŐƌŽƵƉͿ͘
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&ŝŐƵƌĞ�ϯ͘��ĞĐƌĞĂƐĞĚ�ĂŶƟŵŝĐƌŽďŝĂů�ƌĞƐƉŽŶƐĞ�ŝŶ�/>ͲϮϮ�ĚĞĮĐŝĞŶƚ�ŵŝĐĞ͘�;�Ϳ�dƌĂŶƐĐƌŝƉƟŽŶĂů�ĂŶĂůǇƐŝƐ�ŽĨ�ŝůĞƵŵ�ŽĨ�td�
and IL-22ͲͬͲ�ŵŝĐĞ�Ăƚ�ƐƚĞĂĚǇ�ƐƚĂƚĞ͕�ĚĂǇ�ϭ�ĂŶĚ�ϰ�ĂŌĞƌ�Ddy�ĂĚŵŝŶŝƐƚƌĂƟŽŶ͘�ZĞůĂƟǀĞ�ĞǆƉƌĞƐƐŝŽŶ�ŽĨ�ƚŚĞ�ĂŶƟŵŝĐƌŽďŝĂů�
ƉĞƉƟĚĞƐ� ZĞŐϯɶ� ĂŶĚ� �ĞĨĞŶƐŝŶͲɲϱ� ŝƐ� ƐŚŽǁŶ͘� ;�Ϳ� �ůĐŝĂŶ� ďůƵĞ�Θ� W�^� ƐƚĂŝŶŝŶŐ� ĨŽƌ� ŐŽďůĞƚ� ĐĞůůƐ� ŝŶ�td� ĂŶĚ� />ͲϮϮ�
ĚĞĮĐŝĞŶƚ�ŵŝĐĞ�Ăƚ�ĚĂǇ�ϭ�ĂŶĚ�ϰ�ĂŌĞƌ�DdyͲŝŶĚƵĐĞĚ�ĚĂŵĂŐĞ͘�;�Ϳ�'ŽďůĞƚ�ĐĞůů�ĐŽƵŶƟŶŐ�ŝŶ�ŝůĞĂů�ƐĞĐƟŽŶƐ�ĨƌŽŵ�td�ĂŶĚ�
/>ͲϮϮ�ĚĞĮĐŝĞŶƚ�ŵŝĐĞ�ĨŽƵƌ�ĚĂǇƐ�ĂŌĞƌ�DdyͲĂĚŵŝŶŝƐƚƌĂƟŽŶ͘�͘
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B C
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/>ͲϮϮ�ŝƐ�ŶĞĐĞƐƐĂƌǇ�ĨŽƌ�ƐƚĞŵ�ĐĞůů�ŵĂŝŶƚĞŶĂŶĐĞ�ĂŌĞƌ�DdyͲŝŶĚƵĐĞĚ�ĚĂŵĂŐĞ

�ƌǇƉƚŽƉĂƚĐŚ�/>�ϯ�ĂƌĞ�ƐƚƌĂƚĞŐŝĐĂůůǇ�ůŽĐĂƚĞĚ�ŝŶ�ƚŚĞ�ǀŝĐŝŶŝƚǇ�ŽĨ�ŝŶƚĞƐƟŶĂů�ĐƌǇƉƚƐ͕�ƐƵŐŐĞƐƟŶŐ�
a possible crosstalk between epithelial cells and ILC3. Indeed, in the absence of ILC3, 
ƚŚĞ�ĨƌĞƋƵĞŶĐǇ�ŽĨ�ŝŶƚĞƐƟŶĂů�ƐƚĞŵ�ĐĞůůƐ�ĚĞĐƌĞĂƐĞĚ�ĂŌĞƌ�DdyͲŝŶĚƵĐĞĚ�ĚĂŵĂŐĞ�;�ŚĂƉƚĞƌ�ϮͿ͘� 
dŽ� ĚĞƚĞƌŵŝŶĞ� ǁŚĞƚŚĞƌ� />ͲϮϮ� ĐŽŶƚƌŝďƵƚĞĚ� ƚŽ� ƐƚĞŵ� ĐĞůůƐ� ŵĂŝŶƚĞŶĂŶĐĞ� ĂŌĞƌ� ĐǇƚŽƐƚĂƟĐ�
ŝŶƐƵůƚ͕� ǁĞ� ŶĞƵƚƌĂůŝǌĞĚ� />ͲϮϮ� ŝŶ� DdyͲƚƌĞĂƚĞĚ� >ŐƌϱͲ'&W� ŵŝĐĞ͘� tĞ� ƵƐĞĚ� ŶĞƵƚƌĂůŝǌŝŶŐ�
ĂŶƟďŽĚŝĞƐ� ƚŽ� ďůŽĐŬ� />ͲϮϮ� ƉƌŝŽƌ� ƚŽ� Ddy� ĞǆƉŽƐƵƌĞ� ĂŶĚ� ĚƵƌŝŶŐ� ĚƌƵŐ� ĂĚŵŝŶŝƐƚƌĂƟŽŶ�
;&ŝŐ͘� ϰ�Ϳ͘� �ŶĂůǇƐŝƐ� ŽĨ� ƉƵƌŝĮĞĚ� ĐƌǇƉƚƐ� ĨƌŽŵ� >ŐƌϱͲ'&W�ŵŝĐĞ� Ăƚ� ĚĂǇ� ϰ� ĂŌĞƌ�Ddy� ƌĞǀĞĂůĞĚ�
Ă� ĚĞĐƌĞĂƐĞĚ� ŝŶ� ƚŚĞ� ĨƌĞƋƵĞŶĐǇ� ŽĨ� �Ɖ��Dн� '&Wн� ƐƚĞŵ� ĐĞůůƐ� ŝŶ� ƐŵĂůů� ŝŶƚĞƐƟŶĞ� ŽĨ� />ͲϮϮ�
ŶĞƵƚƌĂůŝǌĞĚ�ĂŶŝŵĂůƐ�;&ŝŐ͘�ϰ�Ϳ͘�dŚŝƐ�ƌĞĚƵĐƟŽŶ�ǁĂƐ�ĂƉƉƌŽǆŝŵĂƚĞůǇ�Ϯ�ĨŽůĚ�ŝŶ�ĚƵŽĚĞŶƵŵ�ĂŶĚ�
ŝůĞƵŵ͕�ǁŚĞƌĞĂƐ�ƚŚĞ�ĨƌĞƋƵĞŶĐǇ�ŝŶ�ũĞũƵŶƵŵ�ǁĂƐ�ƵŶĂůƚĞƌĞĚ�;&ŝŐ�ϰ�Ϳ͘�dŚĞƐĞ�ƌĞƐƵůƚƐ�ƌĞǀĞĂůĞĚ�
ƚŚĞ� ƌŽůĞ� ŽĨ� />ͲϮϮ� ŝŶ�ŵĂŝŶƚĞŶĂŶĐĞ� ŽĨ� ƐƚĞŵ� ĐĞůů� ŶƵŵďĞƌƐ� ĚƵƌŝŶŐ�DdyͲŝŶĚƵĐĞĚ� ĚĂŵĂŐĞ͘�
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&ŝŐƵƌĞ�ϰ͘�/>ͲϮϮ�ƉƌŽƚĞĐƚƐ�ŝŶƚĞƐƟŶĂů�ƐƚĞŵ�ĐĞůůƐ�ĨƌŽŵ�ĐŚĞŵŽƚŚĞƌĂƉǇͲŝŶĚƵĐĞĚ�ĚĂŵĂŐĞ͘�(A) Setup of IL-22 blocking 
ĞǆƉĞƌŝŵĞŶƚƐ�ŝŶ�>ŐƌϱͲ'&W�ƌĞƉŽƌƚĞƌ�ŵŝĐĞ�ƚƌĞĂƚĞĚ�ǁŝƚŚ�Ddy͘�/>ͲϮϮ�ŶĞƵƚƌĂůŝǌŝŶŐ�Žƌ�ŝƐŽƚǇƉĞ�ĐŽŶƚƌŽů�ĂŶƟďŽĚŝĞƐ�ǁĞƌĞ�
ĂĚŵŝŶŝƐƚĞƌĞĚ�ŝ͘Ɖ͘�ĞǀĞƌǇ�ŽƚŚĞƌ�ĚĂǇ�ďĞĨŽƌĞ�ĂŶĚ�ĚƵƌŝŶŐ�Ddy�ĂĚŵŝŶŝƐƚƌĂƟŽŶ͘�&ŽƵƌ�ĚĂǇƐ�ĂŌĞƌ�ƚŚĞ�ůĂƐƚ�Ddy�ŝŶũĞĐƟŽŶ͕�
ŝŶƚĞƐƟŶĂů�ĐƌǇƉƚƐ�ǁĞƌĞ�ŝƐŽůĂƚĞĚ͘�;�Ϳ�ZĞƉƌĞƐĞŶƚĂƟǀĞ�ƉůŽƚƐ�ŽĨ�ƐŝŶŐůĞ�ĐĞůů�ƐƵƐƉĞŶƐŝŽŶƐ�ŽĨ�ĐƌǇƉƚƐ�ŽĨ�ŝƐŽƚǇƉĞ�ĂŶĚ�ɲͲ/>ϮϮ�
ƚƌĞĂƚĞĚ�ĂŶŝŵĂůƐ͘�WĞƌĐĞŶƚĂŐĞ�ŽĨ�'&Wн�ĐĞůůƐ�ŝŶ�ĚƵŽĚĞŶƵŵ͕�ũĞũƵŶƵŵ�ĂŶĚ�ŝůĞƵŵ�Ăƚ�ĚĂǇ�ϰ�ĂŌĞƌ�Ddy�ĂƌĞ�ƐŚŽǁŶ͘�;�Ϳ�
&ƌĞƋƵĞŶĐǇ�ŽĨ�>ŐƌϱͲ'&Wн�ĐĞůůƐ�ǁŝƚŚŝŶ�ƚŚĞ��Ɖ��D�ƉŽƉƵůĂƟŽŶ�ŝƐŽůĂƚĞĚ�ĨƌŽŵ�ĐƌǇƉƚƐ�ŽĨ�/>ͲϮϮ�ŶĞƵƚƌĂůŝǌĞĚ�ĂŶŝŵĂůƐ�ĂŶĚ�
ŝƐŽƚǇƉĞ�ĐŽŶƚƌŽůƐ͘�Ύ͕�WфϬ͘Ϭϱ͖�;ŶсϲͲϳ�ƉĞƌ�ŐƌŽƵƉͿ͘

A

B

C
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DISCUSSION

�ĂŵĂŐĞ�ƚŽ�ŵƵĐŽƐĂů�ƐƵƌĨĂĐĞƐ�ĐĂŶ�ƐĞƚ�ƚŚĞ�ƐƚĂŐĞ�ĨŽƌ�ƉĂƚŚŽůŽŐŝĐĂů�ŝŶŇĂŵŵĂƟŽŶ�ĂŶĚ�ŶĞĞĚƐ�
ƚŽ�ďĞ�ƌĞƉĂŝƌĞĚ�ŝŶ�Ă�ƌĂƉŝĚ�ĂŶĚ�ƌŽďƵƐƚ�ŵĂŶŶĞƌ͘ ��ǇƚŽƐƚĂƟĐ�ĚƌƵŐƐ�ƐƵĐŚ�ĂƐ�ƚŚŽƐĞ�ƵƐĞĚ�ĚƵƌŝŶŐ�
ĐŚĞŵŽƚŚĞƌĂƉǇ�ĂƐ�ƉĂƌƚ�ŽĨ�ĂŶƟͲĐĂŶĐĞƌ�ƚƌĞĂƚŵĞŶƚƐ͕�ĚĂŵĂŐĞ�ƚŚĞ�ŵƵĐŽƐĂů�ĞƉŝƚŚĞůŝƵŵ�ĂŶĚ�
ĂƌĞ�ĐĂƵƐĂƟǀĞ�ĨŽƌ�ƚŚĞ�ĚĞǀĞůŽƉŵĞŶƚ�ŽĨ�ŵƵĐŽƐŝƟƐ͘�DƵĐŽƐŝƟƐ�ŽĐĐƵƌƐ�ŝŶ�ĂƉƉƌŽǆŝŵĂƚĞůǇ�ŚĂůĨ�
ŽĨ� ƚŚĞ� ƉĂƟĞŶƚƐ� ƌĞĐĞŝǀŝŶŐ� ƐƚĂŶĚĂƌĚ� ĐŚĞŵŽ� Žƌ� ƌĂĚŝŽƚŚĞƌĂƉǇ͕ � ĂŶĚ� ŝŶ� ĂůŵŽƐƚ� Ăůů� ƉĂƟĞŶƚƐ�
ƌĞĐĞŝǀŝŶŐ� ŚŝŐŚ� ĚŽƐĞ� ŽĨ� ĐŚĞŵŽƚŚĞƌĂƉǇ� ĂƐ� ĐŽŶĚŝƟŽŶŝŶŐ� ĨŽƌ� ,^�� ƚƌĂŶƐƉůĂŶƚĂƟŽŶϭϲ͕ϭϳ. 
��ŵƵůƟƐƚĞƉ�ŵŽĚĞů� ŽĨ� ƚŚĞ� ƉĂƚŚŽďŝŽůŽŐǇ� ŽĨ�ŵƵĐŽƐŝƟƐ� ŚĂƐ� ďĞĞŶ�ƉƌŽƉŽƐĞĚϭϴ. During the 
ŝŶŝƟĂƟŽŶ�ƉŚĂƐĞ͕��E��ďƌĞĂŬƐ�ĂŶĚ�ƌĞĂĐƟǀĞ�ŽǆǇŐĞŶ�ƐƉĞĐŝĞƐ� ;ZK^Ϳ�ĂƌĞ�ŐĞŶĞƌĂƚĞĚ�ĐĂƵƐŝŶŐ�
cell death and injury. These events lead to a second phase of primary damage responses, 
ŝŶ�ǁŚŝĐŚ�ƚŚĞ�E&ͲŬ��ƉĂƚŚǁĂǇ�ŝƐ�ĂĐƟǀĂƚĞĚ�ĂŶĚ�ƉƌŽͲŝŶŇĂŵŵĂƚŽƌǇ�ĐǇƚŽŬŝŶĞƐ�ĂƌĞ�ƐĞĐƌĞƚĞĚ͘�
�ƵƌŝŶŐ� ƚŚĞ� ƚŚŝƌĚ�ƉŚĂƐĞ͕�ƉƌŽͲŝŶŇĂŵŵĂƚŽƌǇ�ƐŝŐŶĂůƐ� ŝŶĐůƵĚŝŶŐ�dE&ɲ�ĂŶĚ� />ϭɴ amplify the 
E&ͲŬ��ƉĂƚŚǁĂǇ�ŝŶ�Ă�ƉŽƐŝƟǀĞͲĨĞĞĚďĂĐŬ�ůŽŽƉ͘��Ɛ�Ă�ƌĞƐƵůƚ�ŽĨ�ƚŚĞ�ŝŶŇĂŵŵĂƟŽŶ͕�ƚŚĞ�ƵůĐĞƌĂƟǀĞ�
ƉŚĂƐĞ�ďĞŐŝŶƐ͘�dŚŝƐ�ƉŚĂƐĞ�ŝƐ�ĐŚĂƌĂĐƚĞƌŝǌĞĚ�ďǇ�ƚŚĞ�ůŽƐƐ�ŽĨ�ĞƉŝƚŚĞůŝĂů�ŝŶƚĞŐƌŝƚǇ�ĂŶĚ�ƐƵďƐĞƋƵĞŶƚ�
ďĂĐƚĞƌŝĂů�ƚƌĂŶƐůŽĐĂƟŽŶ͕�ŝŶĚƵĐŝŶŐ�ŵŽŶŽĐǇƚĞ�ŝŶĮůƚƌĂƟŽŶ�ĂŶĚ�ĨƵƌƚŚĞƌ�ŝŶŇĂŵŵĂƟŽŶ͘�&ŝŶĂůůǇ͕ �
ŚĞĂůŝŶŐ� ŽĐĐƵƌƐ� ĂŌĞƌ� ĐĞƐƐĂƟŽŶ� ŽĨ� ƚŚĞ� ĚĂŵĂŐŝŶŐ� ĂŐĞŶƚ� ƚŚƌŽƵŐŚ� ƌĞŐĞŶĞƌĂƟŽŶ� ŽĨ� ƚŚĞ�
epitheliumϭϴ͕ϭϵ͘��ůƚŚŽƵŐŚ�ƚŚĞ�ƉĂƚŚŽďŝŽůŽŐǇ�ŽĨ�ŵƵĐŽƐŝƟƐ�ŚĂƐ�ďĞĞŶ�ĞǆƚĞŶƐŝǀĞůǇ�ƐƚƵĚŝĞĚ͕�ƚŚĞ�
ĞǆĂĐƚ�ŵĞĐŚĂŶŝƐŵƐ�ďĞŚŝŶĚ�ŵƵĐŽƐĂů�ǁŽƵŶĚ�ŚĞĂůŝŶŐ� ĂŶĚ�ŵĂŝŶƚĞŶĂŶĐĞ� ĂƌĞ� ŝŶĐŽŵƉůĞƚĞůǇ�
understood.  

The STAT3 pathway has been linked to mucosal wound healing and defects in 
ĂĐƟǀĂƟŽŶ� ŽĨ� ƚŚŝƐ� ƚƌĂŶƐĐƌŝƉƟŽŶ� ĨĂĐƚŽƌ� ůĞĂĚ� ƚŽ� ĂďĞƌƌĂŶƚ� ĞƉŝƚŚĞůŝĂů� ƌĞƐƉŽŶƐĞƐ� ŝŶ� ĐŽůŝƟƐ�
modelsϱͲϳ͘�tĞ�ŚĂǀĞ�ƐŚŽǁŶ�ƚŚĂƚ�ĚƵƌŝŶŐ�ĐǇƚŽƐƚĂƟĐͲŝŶĚƵĐĞĚ�ĚĂŵĂŐĞ͕�ŝŶƚĞƐƟŶĂů�/>�ϯ�ǁĞƌĞ�
ƌĞƋƵŝƌĞĚ� ĨŽƌ� ƉŚŽƐƉŚŽƌǇůĂƟŽŶ� ŽĨ� ĞƉŝƚŚĞůŝĂů� ^d�dϯ� Ăƚ� ƚŚĞ� ƉĞĂŬ� ŽĨ� ĚĂŵĂŐĞ� ;�ŚĂƉƚĞƌ� ϮͿ͘�
�ƚ�ƚŚŝƐ�ƟŵĞ�ƉŽŝŶƚ͕�/>�ϯ�ƐĞĐƌĞƚĞĚ�ĂŶ�ĂƌƌĂǇ�ŽĨ�ĐǇƚŽŬŝŶĞƐ�ƚŚĂƚ�ĂƌĞ�ƚŚŽƵŐŚƚ�ƚŽ�ĂĐƟǀĂƚĞ�ƚŚĞ�
^d�dϯ� ƉĂƚŚǁĂǇ� ĂŶĚ� ĂƌĞ� ŬŶŽǁŶ� ƚŽ� ďĞ� ŝŶǀŽůǀĞĚ� ŝŶ� ƟƐƐƵĞ� ŚŽŵĞŽƐƚĂƐŝƐ� ĂŶĚ� ƌĞƉĂŝƌ͘ � >ĂĐŬ�
ŽĨ� />�ϯ� ĚƵƌŝŶŐ� ĐǇƚŽƐƚĂƟĐ� ƚƌĞĂƚŵĞŶƚ� ůĞĚ� ƚŽ� ĚĞĐƌĞĂƐĞĚ� ĞǆƉƌĞƐƐŝŽŶ� ŽĨ� ĞƉŝƚŚĞůŝĂů� Ɖ^d�dϯ�
ĂŶĚ� ĐŽƌƌĞůĂƚĞĚ�ǁŝƚŚ� ŝŶĐƌĞĂƐĞĚ� ŝŶƚĞƐƟŶĂů� ĚĂŵĂŐĞ� ĂŶĚ� ůŽƐƐ� ŽĨ� ƐƚĞŵ� ĐĞůůƐ͘�,ŽǁĞǀĞƌ͕ � ƚŚĞ�
mechanisms by which ILC3 protected epithelium remained unknown. In the murine 
ŝŶƚĞƐƟŶĞƐ͕� />�ϯ� ƌĞƉƌĞƐĞŶƚ� ƚŚĞ�ŵĂũŽƌ� ƐŽƵƌĐĞ� ŽĨ� />ͲϮϮ20. Although IL-22 can also signal 
ƚŚƌŽƵŐŚ�ĂĐƟǀĂƟŽŶ�ŽĨ�^d�dϭ�ĂŶĚ�^d�dϱ�ƉĂƚŚǁĂǇƐϮϭ͕ϮϮ͕�^d�dϯ�ƉŚŽƐƉŚŽƌǇůĂƟŽŶ�ĂƉƉĞĂƌƐ�ƚŽ�
be the primary mediator of IL-22 signaling. Because ILC3 transcribed high levels of IL-22, 
ǁĞ�ŶĞǆƚ�ŝŶǀĞƐƟŐĂƚĞĚ�ǁŚĞƚŚĞƌ�/>ͲϮϮ�ůŝŶŬĞĚ�ƚŚĞ�ƉŚĞŶŽƚǇƉĞ�ŽďƐĞƌǀĞĚ�ŝŶ�DdyͲƚƌĞĂƚĞĚ�ŵŝĐĞ�
ƚŽ�ƚŚĞ�ĂďƐĞŶĐĞ�ŽĨ�/>�ϯ͘�dŽ�ĂĚĚƌĞƐƐ�ƚŚŝƐ�ƋƵĞƐƟŽŶ͕�ǁĞ�ŵĞĂƐƵƌĞĚ�̂ d�dϯ�ƉŚŽƐƉŚŽƌǇůĂƟŽŶ�ĂŶĚ�
ĂŶĂůǇǌĞĚ�ŝŶƚĞƐƟŶĂů�ŝŶƚĞŐƌŝƚǇ�ĂŶĚ�ĮƚŶĞƐƐ�ŝŶ�/>ϮϮͲͬͲ�ŵŝĐĞ�ĞǆƉŽƐĞĚ�ƚŽ�Ddy͘��/ŶƚĞƌĞƐƟŶŐůǇ͕ �ƚŚĞ�
ŬŝŶĞƟĐƐ�ŽĨ�̂ d�dϯ�ƉŚŽƐƉŚŽƌǇůĂƟŽŶ�ŝŶ�/>ͲϮϮ�ĚĞĮĐŝĞŶƚ�ŵŝĐĞ�ǁĞƌĞ�ĚŝīĞƌĞŶƚ�ĨƌŽŵ�td�ĂŶŝŵĂůƐ͘�
tŚŝůĞ�td�ĂŶŝŵĂůƐ�ĞǆŚŝďŝƚĞĚ�Ă�ƉĞĂŬ�ŽĨ�Ɖ^d�dϯ�ĞǆƉƌĞƐƐŝŽŶ�Ăƚ�ĚĂǇ�ϭ�ĂŌĞƌ�Ddy͕�Ɖ^d�dϯ�ŝŶ�
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IL-22ͲͬͲ�ƌĞŵĂŝŶĞĚ�Ăƚ�ĐŽŶƐƚĂŶƚ�ůĞǀĞůƐ�ĚƵƌŝŶŐ�ƚŚĞ�ĞŶƟƌĞ�ĂŶĂůǇƐŝƐ͘��ƵĞ�ƚŽ�ƚŚĞ�ƉŝǀŽƚĂů�ƌŽůĞ�ŽĨ�
/>ͲϮϮ�ŝŶ�ĞƉŝƚŚĞůŝĂů�ŚŽŵĞŽƐƚĂƐŝƐ͕�ŝƚ�ŝƐ�ůŝŬĞůǇ�ƚŚĂƚ�ĐŽŵƉĞŶƐĂƚŽƌǇ�ŵĞĐŚĂŶŝƐŵƐ�ĂƌĞ�ĂĐƟŶŐ�ŝŶ�
IL-22ͲͬͲ�ŵŝĐĞ� ůĞĂĚŝŶŐ� ƚŽ�^d�dϯ�ĂĐƟǀĂƟŽŶ� ƚŽ�ŵĂŝŶƚĂŝŶ�ĞƉŝƚŚĞůŝĂů� ŝŶƚĞŐƌŝƚǇ͘�DŽƌĞŽǀĞƌ͕ � ƚŚĞ�
ůĂĐŬ�ŽĨ�/>ͲϮϮ�ĐĂŶ�ůĞĂĚ�ƚŽ�ƐƵďĐůŝŶŝĐĂůůǇ�ŝŶŇĂŵĞĚ�ŝŶƚĞƐƟŶĞƐ�ĂŶĚ�ĂŶ�ŝŶĐƌĞĂƐĞ�ŝŶ�ŝŶŇĂŵŵĂƚŽƌǇ�
ĐǇƚŽŬŝŶĞƐ�ƚŚĂƚ�ĂĐƟǀĂƚĞ�^d�dϯ͘�

�ůƚĞƌŶĂƟǀĞůǇ͕ � ŝŵƉĂŝƌĞĚ� ĨƵŶĐƟŽŶ� ŽĨ� ŶĞŐĂƟǀĞ� ƌĞŐƵůĂƚŽƌƐ� ŽĨ� ^d�dϯ� ƐƵĐŚ� ĂƐ� ^ŽĐƐϯ23, 
ĐŽƵůĚ�ĐĂƵƐĞ�ĂŶ�ŝŵƉĂŝƌĞĚ�ŚǇƉĞƌĂĐƟǀĂƟŽŶ�ŽĨ�ƚŚŝƐ�ƉĂƚŚǁĂǇ͘�^ƵƉƉŽƌƟŶŐ�ƚŚŝƐ�ĐŽŶĐĞƉƚ͕�^ŽĐƐϯ 
transcripts seemed lower in IL-22ͲͬͲ mice compared to WT animals. In contrast, analysis of 
�ĐůϮůϭ�ƚƌĂŶƐĐƌŝƉƚƐ�ĂƉƉĞĂƌĞĚ�ƚŽ�ďĞ�ƐŝŵŝůĂƌ�ƚŽ�td�ŵŝĐĞ�Ăƚ�ĚĂǇ�ϭ�ĂŶĚ�ϰ�ĂŌĞƌ�Ddy�ƚƌĞĂƚŵĞŶƚ͘��
KĨ�ŶŽƚĞ͕� ƚŚĞ�^d�dϯ�ƚĂƌŐĞƚ�ŐĞŶĞ��ĐůϮůϭ� ;�ĐůǆůͿ is a pro-survival factorϮϰ͕Ϯϱ, which may be 
ŝŶĚƵĐĞĚ�ĂƐ� Ă� ƌĞƐƵůƚ� ŽĨ� ƚŚĞ�ƉƌĞͲŝŶŇĂŵŵĂƚŽƌǇ� ƐƚĂƚĞ� ƐƵīĞƌĞĚ�ďǇ� />ͲϮϮͲͬͲ mice. Therefore, 
ĨƵƌƚŚĞƌ�ĞǆƉĞƌŝŵĞŶƚƐ�ĂƌĞ�ŶĞĞĚĞĚ�ƚŽ�ƵŶĚĞƌƐƚĂŶĚ�ƚŚĞ�ĂĐƟǀĂƚĞĚ�ƐƚĂƚĞ�ŽĨ�^d�dϯ�ƉĂƚŚǁĂǇ�ŝŶ�
IL-22ͲͬͲ�ŵŝĐĞ͕�ĨŽƌ�ŝŶƐƚĂŶĐĞ�ďǇ�ĂŶĂůǇǌŝŶŐ�ĂĚĚŝƟŽŶĂů�ĚŽǁŶƐƚƌĞĂŵ�ƚĂƌŐĞƚ�ŐĞŶĞƐ�ĂŶĚ�ŶĞŐĂƟǀĞ�
ƌĞŐƵůĂƚŽƌƐ͘�EĞǀĞƌƚŚĞůĞƐƐ͕�ƚŚĞƐĞ�ƌĞƐƵůƚƐ�ƐƵŐŐĞƐƚ�ƚŚĂƚ�ĂĚĚŝƟŽŶĂů�ĐǇƚŽŬŝŶĞƐ�ĂƌĞ�ŝŶǀŽůǀĞĚ�ŝŶ�
ƚŚĞ�ĂĐƟǀĂƟŽŶ�ŽĨ�^d�dϯ�ŝŶ�ƚŚĞ�ĂďƐĞŶĐĞ�ŽĨ�/>ͲϮϮ͘

/Ŷ�ĂŐƌĞĞŵĞŶƚ�ǁŝƚŚ�ƚŚĞ�ƉƌŽůŽŶŐĞĚ�ƉŚŽƐƉŚŽƌǇůĂƟŽŶ�ŽĨ�ĞƉŝƚŚĞůŝĂů�^d�dϯ͕�/>ͲϮϮ�ĚĞĮĐŝĞŶƚ�
ŵŝĐĞ� ƐŚŽǁĞĚ�ŶŽ� ƐŝŐŶŝĮĐĂŶƚ� ĚŝīĞƌĞŶĐĞƐ� ŝŶ�DdyͲŝŶĚƵĐĞĚ�ƉĂƚŚŽůŽŐǇ�ǁŚĞŶ� ĐŽŵƉĂƌĞĚ� ƚŽ�
td�ĂŶŝŵĂůƐ͘� /Ŷ�ĂĚĚŝƟŽŶ͕�ŐŽďůĞƚ�ĐĞůůƐ�ŶĞĐĞƐƐĂƌǇ�ĨŽƌ�ƚŚĞ�ŐĞŶĞƌĂƟŽŶ�ŽĨ�ƚŚĞ�ŵƵĐƵƐͲďĂƐĞĚ�
ŐůǇĐŽĐĂůŝǆ�ƚŚĂƚ�ƉƌŽƚĞĐƚƐ�ƚŚĞ�ŝŶƚĞƐƟŶĂů�ĞƉŝƚŚĞůŝƵŵ26,27, were conserved in the absence of 
/>ͲϮϮ�ĂŶĚ�ĚŝƐƚƌŝďƵƚĞĚ�ƚŚƌŽƵŐŚŽƵƚ�ƚŚĞ�ǀŝůůŝ�ƐŝŵŝůĂƌ�ƚŽ�td�ŵŝĐĞ͘�ZĞĐĞŶƚ�ĮŶĚŝŶŐƐ�ŚŝŐŚůŝŐŚƚĞĚ�
ƚŚĞ�ƌŽůĞ�ŽĨ�/>ͲϮϮ�ŝŶ�ƟƐƐƵĞ�ŚĞĂůŝŶŐ�ďǇ�ƉƌŽŵŽƟŶŐ�ŵƵĐƵƐ�ƉƌŽĚƵĐƟŽŶ27͘�KƵƌ�ĮŶĚŝŶŐƐ�ƐŚŽǁĞĚ�
ƚŚĂƚ� />ͲϮϮ�ǁĂƐ�ĚŝƐƉĞŶƐĂďůĞ� ĨŽƌ� ŐŽďůĞƚ� ĐĞůů�ŵĂŝŶƚĞŶĂŶĐĞ�ĂŌĞƌ� ĂĐƵƚĞ� ŝŶƚĞƐƟŶĂů� ĚĂŵĂŐĞ͘�
EĞǀĞƌƚŚĞůĞƐƐ͕� Ɖ^d�dϯ� ǁĂƐ� ĐŽŶƐƟƚƵƟǀĞůǇ� ĂĐƟǀĞ� ŝŶ� />ͲϮϮͲͬͲ� ŵŝĐĞ͕� ƐƵŐŐĞƐƟŶŐ� ƚŚĂƚ� ^d�dϯ�
rather than IL-22 might control goblet cell maintenance. Therefore, it is necessary to 
ĨƵƌƚŚĞƌ�ĂŶĂůǇǌĞ�^d�dϯͲĂĐƟǀĂƟŶŐ�ĐǇƚŽŬŝŶĞƐ�ƉƌĞƐĞŶƚ�Ăƚ�ďĂƐĞůŝŶĞ�ůĞǀĞůƐ�ŝŶ�/>ͲϮϮͲͬͲ mice, such 
ĂƐ�ƚŚĞ�ǁĞůůͲƐƚƵĚŝĞĚ�/>Ͳϲ�Žƌ�/>Ͳϭϭ7,28. These studies could reveal compensatory mechanism 
ƚŚĂƚ�ŵĂǇ�ďĞ�ĂĐƟŶŐ�ŝŶ�ƚŚĞ�ĂďƐĞŶĐĞ�ŽĨ�/>ͲϮϮ͘�

�� ƌŽůĞ� ĨŽƌ� ĞƉŝƚŚĞůŝĂů� ^d�dϯ� ĂĐƟǀĂƟŽŶ� ŝŶ� ĂŶƟŵŝĐƌŽďŝĂů� ƌĞƐƉŽŶƐĞƐ� ŚĂƐ� ĂůƐŽ� ďĞĞŶ�
described29,30͘� �ƉŝƚŚĞůŝĂů� ĐĞůůͲƐƉĞĐŝĮĐ�^d�dϯ�ǁĂƐ�ĞƐƐĞŶƟĂů� ĨŽƌ�ĞƉŝƚŚĞůŝĂů�ƉƌŽƚĞĐƟŽŶ� ĨƌŽŵ�
�͘ ƌŽĚĞŶƟƵŵ�ŝŶĨĞĐƟŽŶ�ďǇ�ƌĞŐƵůĂƟŶŐ��DW�ĞǆƉƌĞƐƐŝŽŶ29͘�/ŶƚĞƌĞƐƟŶŐůǇ͕ �ŝŶ�ŽƵƌ�Ddy�ŵŽĚĞů͕
ĂŶƟŵŝĐƌŽďŝĂů�ƌĞƐƉŽŶƐĞƐ�ŝŶ�/>ͲϮϮ�ĚĞĮĐŝĞŶƚ�ŵŝĐĞ�ǁĞƌĞ�ƌĞĚƵĐĞĚ�ĂŶĚ�ƌĞŵĂŝŶĞĚ�Ăƚ�ůŽǁ�ůĞǀĞůƐ
ĚĞƐƉŝƚĞ�ƚŚĞ�ĨĂĐƚ�ƚŚĂƚ�̂ d�dϯ�ĂƉƉĞĂƌĞĚ�ƚŽ�ďĞ�ĂĐƟǀĂƚĞĚ�Ăƚ�ƚŚĞ�ƐĂŵĞ�ĞǆƚĞŶƚ�ĂƐ�ŝŶ�td�ĂŶŝŵĂůƐ͘
dŚĞƐĞ�ĮŶĚŝŶŐƐ�ŝŶĚŝĐĂƚĞ�ƚŚĂƚ�ĞǀĞŶ�ŝŶ�ƚŚĞ�ƉƌĞƐĞŶĐĞ�ŽĨ�^d�dϯ͕�/>ͲϮϮ�ŝƐ�Ă�ŵĂƐƚĞƌ�ƌĞŐƵůĂƚŽƌ�ŽĨ
�DW�ƉƌŽĚƵĐƟŽŶ͘

�ƵƌŝŶŐ� ĐǇƚŽƐƚĂƟĐ� ƚƌĞĂƚŵĞŶƚ� ŚŝŐŚůǇ� ƉƌŽůŝĨĞƌĂƟŶŐ� ƐƚĞŵ� ĐĞůůƐ� ůŽĐĂƚĞĚ� Ăƚ� ƚŚĞ� ďĂƐĞ� ŽĨ�
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the crypts are targeted (ϯϭ� ĂŶĚ��ŚĂƉƚĞƌ�ϮͿ͘� dŚĞƌĞĨŽƌĞ� ƚŚĞ� ŝŶƚĞƐƟŶĂů� ĐƌǇƉƚƐ� ƌĞƉƌĞƐĞŶƚ�Ă�
very vulnerable compartment that needs to be maintained to guarantee epithelial 
ƌĞŐĞŶĞƌĂƟŽŶ�ĂŶĚ�ŝŶƚĞŐƌŝƚǇ͘���ƌĞĐĞŶƚ�ƐƚƵĚŝĞĚ�ƌĞƉŽƌƚĞĚ�ƚŚĞ�ƉƌŽƚĞĐƟǀĞ�ƌŽůĞ�ŽĨ�/>ͲϮϮ�ŝŶ�ƚŚĞ�
ĐƌǇƉƚ� ĐŽŵƉĂƌƚŵĞŶƚ� ŝŶ� Ă� 'ǀ,��ŵŽĚĞů� ĂŶĚ� ƐŚŽǁĞĚ� />ͲϮϮ� ƌĞĐĞƉƚŽƌ� ĞǆƉƌĞƐƐŝŽŶ� ďǇ� >Őƌϱн 
stem cellsϭϰ͘�tĞ�ƌĞǀĞĂůĞĚ�ƚŚĂƚ�/>�ϯ�ǁĞƌĞ�ƌĞƋƵŝƌĞĚ�ĨŽƌ�ƐƚĞŵ�ĐĞůů�ŵĂŝŶƚĞŶĂŶĐĞ�ĂŌĞƌ�DdyͲ
induced damage (Chapter 2). In the current study we show the crucial role of IL-22 in 
ƐƚĞŵ�ĐĞůů�ŵĂŝŶƚĞŶĂŶĐĞ�ĂŌĞƌ�ĐŚĞŵŽƚŚĞƌĂƉǇ�ŝŶƐƵůƚ͘�/Ŷ�ƚŚĞ�ĂďƐĞŶĐĞ�ŽĨ�/>ͲϮϮ͕�ƚŚĞ�ĨƌĞƋƵĞŶĐǇ�
ŽĨ� >Őƌϱн� ƐƚĞŵ�ĐĞůůƐ� ŝƐ�ĚĞĐƌĞĂƐĞĚ�ĂŶĚ� >Őƌϱ� ƚƌĂŶƐĐƌŝƉƚ� ůĞǀĞůƐ� ĂƌĞ� ƌĞĚƵĐĞĚ͘� dŚĞ� ƌĞĚƵĐƟŽŶ�
ŽĨ�>Őƌϱн�ƐƚĞŵ�ĐĞůůƐ�ŝŶ�ƚŚĞ�ƉƌĞƐĞŶĐĞ�ŽĨ�/>ͲϮϮ�ŶĞƵƚƌĂůŝǌŝŶŐ�ĂŶƟďŽĚǇ�ƌĞƐĞŵďůĞƐ�ƚŚĞ�ƌĞƐƵůƚƐ�
observed in >ŐƌϱͲ'&W�ĐŚŝŵĞƌŝĐ�ŵŝĐĞ�;�ŚĂƉƚĞƌ�ϮͿ͘�DŽƌĞŽǀĞƌ͕ �ZĂŐϭͲͬͲ�ŵŝĐĞ�ƚƌĞĂƚĞĚ�ǁŝƚŚ�ĂŶƟͲ
ƚŚǇϭ�ĂŶƟďŽĚǇ�ďƵƚ�ŶŽƚ�ƚŚĞ�ůŝƩĞƌŵĂƚĞ�ĐŽŶƚƌŽůƐ�ĞǆŚŝďŝƚĞĚ�Ă�ƌĞĚƵĐƟŽŶ�ŝŶ�/>ͲϮϮ�ƉƌŽĚƵĐƟŽŶ͘�
dŚĞƌĞĨŽƌĞ�ƚŚĞ�ĮŶĚŝŶŐƐ�ŽĨ�ƚŚŝƐ�ĐŚĂƉƚĞƌ�ŝŶĚŝĐĂƚĞ that ILC3 rather than T cells are the main 
ƐŽƵƌĐĞ�ŽĨ�/>ͲϮϮ�ĐŽŶƚƌŝďƵƟŶŐ�ƚŽ�ƚŚĞ�ŵĂŝŶƚĞŶĂŶĐĞ�ŽĨ� ŝŶƚĞƐƟŶĂů�ĞƉŝƚŚĞůŝĂů�ƐƚĞŵ�ĐĞůůƐ�ĂŌĞƌ�
DdyͲŝŶĚƵĐĞ�ĚĂŵĂŐĞ͘�EĞǀĞƌƚŚĞůĞƐƐ͕�ǁŚĞƚŚĞƌ�^d�dϯ�ƉůĂǇƐ�Ă�ƌŽůĞ�ŝŶ�ƚŚĞ�ůŽƐƐ�ŽĨ�ƐƚĞŵ�ĐĞůůƐ�
ĂŌĞƌ�DdyͲŝŶĚƵĐĞĚ� ŝŶƚĞƐƟŶĂů�ĚĂŵĂŐĞ�ƌĞŵĂŝŶƐ�ƵŶŬŶŽǁŶ͘�&Žƌ� ŝŶƐƚĂŶĐĞ͕�Ɖ^d�dϯ�ďůŽĐŬŝŶŐ�
ƐƚƌĂƚĞŐŝĞƐ� ŝŶ� >ŐƌϱͲ'&W� ƌĞƉŽƌƚĞƌ� ŵŝĐĞ� ŵŝŐŚƚ� ŚĞůƉ� ƚŽ� ĨƵůůǇ� ƵŶĚĞƌƐƚĂŶĚ� ƚŚĞ� ƌŽůĞ� ŽĨ� ƚŚŝƐ�
pathway in stem cell maintenance.      

In conclusion, IL-22ͲͬͲ� ŵŝĐĞ� ŵĂŝŶƚĂŝŶĞĚ� ĞǆƉƌĞƐƐŝŽŶ� ŽĨ� ĞƉŝƚŚĞůŝĂů� Ɖ^d�dϯ� ĚƵƌŝŶŐ� ƚŚĞ�
ĐŽƵƌƐĞ�ŽĨ�ƚŚĞ�Ddy�ƚƌĞĂƚŵĞŶƚ͕�ǁŚŝĐŚ�ĐŽƌƌĞůĂƚĞĚ�ǁŝƚŚ�Ă�ŶŽƌŵĂů�ƉĂƚŚŽůŽŐǇ�ĂŶĚ�ŐŽďůĞƚ�ĐĞůů�
ŶƵŵďĞƌƐ� ĂŶĚ� ĚŝƐƚƌŝďƵƟŽŶ͘� dŚĞ� ĐŽŶƐƟƚƵƟǀĞ� ĞǆƉƌĞƐƐŝŽŶ� ŽĨ� Ɖ^d�dϯ� ƐƵŐŐĞƐƚƐ� ƚŚĂƚ� ŽƚŚĞƌ�
ĐǇƚŽŬŝŶĞƐ�ĐŽŶƚƌŝďƵƚĞ�ƚŽ�ƚŚĞ�ĂĐƟǀĂƟŽŶ�ŽĨ�ƚŚŝƐ�ƉĂƚŚǁĂǇ�ŝŶ�ƚŚĞ�ĂďƐĞŶĐĞ�ŽĨ�/>ͲϮϮ�ĂŶĚ�ƐƵŐŐĞƐƚ�
Ă� ƉŽƐƐŝďůĞ� ƉƌĞͲŝŶŇĂŵŵĂƚŽƌǇ� ƐƚĂƚĞ� ŽĨ� />ͲϮϮ� ĚĞĮĐŝĞŶƚ�ŵŝĐĞ͘� EĞǀĞƌƚŚĞůĞƐƐ͕� ĂŶƟŵŝĐƌŽďŝĂů�
ƌĞƐƉŽŶƐĞƐ�ǁĞƌĞ�ƌĞĚƵĐĞĚ�ŝŶ�ƚŚĞ�ĂďƐĞŶĐĞ�ŽĨ�/>ͲϮϮ�ŝŶĚŝĐĂƟŶŐ�ƌĞĚƵĐĞĚ�ĮƚŶĞƐƐ�ŽĨ�ƚŚĞ�ĞƉŝƚŚĞůŝĂů�
ďĂƌƌŝĞƌ͘ � /ŵƉŽƌƚĂŶƚůǇ͕ �ǁĞ�ƐŚŽǁĞĚ�ƚŚĂƚ� />ͲϮϮ�ĐŽŶƚƌŝďƵƚĞĚ�ƚŽ�ƐƚĞŵ�ĐĞůů�ŵĂŝŶƚĞŶĂŶĐĞ�ĂŌĞƌ�
ĐǇƚŽƐƚĂƟĐ�ŝŶƐƵůƚ͘�dŚĞƌĞĨŽƌĞ͕�ƚŚŝƐ�ƐƚƵĚǇ�ŝĚĞŶƟĮĞƐ�/>ͲϮϮ�ĂƐ�ĂŶ�ĞƐƐĞŶƟĂů�ĨĂĐƚŽƌ�ĨŽƌ�ƐƚĞŵ�ĐĞůů�
ƉƌŽƚĞĐƟŽŶ�ĂŐĂŝŶƐƚ�DdyͲŝŶĚƵĐĞĚ�ĚĂŵĂŐĞ͘
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MATERIALS AND METHODS

Mice͘� �ϱϳ�>ͬϲ͕� />ͲϮϮͲͬͲ� ;t͘� KƵǇĂŶŐ͕� 'ĞŶĞŶƚĞĐŚͿ� ĂŶĚ� >ŐƌϱͲ'&W� ŵŝĐĞ� ǁĞƌĞ� ŚŽƵƐĞĚ� ŝŶ�
ƚŚĞ�ĂŶŝŵĂů�ĨĂĐŝůŝƚǇ�ŽĨ�ƚŚĞ��ƌĂƐŵƵƐ�hŶŝǀĞƌƐŝƚǇ�DĞĚŝĐĂů��ĞŶƚĞƌ͘ ��ŶŝŵĂů�ĞǆƉĞƌŝŵĞŶƚƐ�ǁĞƌĞ�
ĂƉƉƌŽǀĞĚ� ďǇ� ƚŚĞ� ƌĞůĞǀĂŶƚ� ĂƵƚŚŽƌŝƟĞƐ� ĂŶĚ� ƉƌŽĐĞĚƵƌĞƐ� ǁĞƌĞ� ƉĞƌĨŽƌŵĞĚ� ŝŶ� ĂĐĐŽƌĚĂŶĐĞ�
ǁŝƚŚ�ŝŶƐƟƚƵƟŽŶĂů�ŐƵŝĚĞůŝŶĞƐ͘��ŐĞ�ĂŶĚ�ŐĞŶĚĞƌͲŵĂƚĐŚĞĚ�ůŝƩĞƌŵĂƚĞƐ�ǁĞƌĞ�ƵƐĞĚ�ǁŚĞŶĞǀĞƌ�
possible.

Ddy�ŵŽĚĞů͘�ϴͲϭϮ�ǁĞĞŬƐ�ŵŝĐĞ�ǁĞƌĞ�ŝŶũĞĐƚĞĚ�ŝ͘Ɖ͘�ǁŝƚŚ�ϭϮϬŵŐͬ<Ő�Ddy�;W�,Ϳ�Ăƚ�ĚĂǇͲϭ�ĂŶĚ�
ǁŝƚŚ�ϲϬŵŐͬ<Ő�Ăƚ�ĚĂǇ�Ϭ͘��ŽĚǇ�ǁĞŝŐŚƚ�ǁĂƐ�ĚĂŝůǇ�ŵŽŶŝƚŽƌĞĚ�ĂŶĚ�ƟƐƐƵĞƐ�ǁĞƌĞ�ĐŽůůĞĐƚĞĚ�Ăƚ�
ĚĂǇ�ϭ�ĂŶĚ�ĚĂǇ�ϰ�ĂŌĞƌ�ƚŚĞ�ůĂƐƚ�Ddy�ŝŶũĞĐƟŽŶ͘�

Histology. ̂ ŵĂůů�ŝŶƚĞƐƟŶĞ�ƐĞĐƟŽŶƐ�;ϱ�ŵŵͿ�ǁĞƌĞ�ĮǆĞĚ�ŝŶ�ϰй�W&��ĂŶĚ�ĞŵďĞĚĚĞĚ�ŝŶ�ƉĂƌĂĸŶ͘�
&ŽƵƌͲµm sĞĐƟŽŶƐ�ǁĞƌĞ�ĚĞƉĂƌĂĸŶŝǌĞĚ�ĂŶĚ�ƐƚĂŝŶĞĚ�ǁŝƚŚ�ŚĞŵĂƚŽǆǇůŝŶ�;sĞĐƚŽƌ�>ĂďŽƌĂƚŽƌŝĞƐͿ�
ĂŶĚ�ĞŽƐŝŶ�;^ŝŐŵĂͲ�ůĚƌŝĐŚͿ͘�&Žƌ�ĚĞƚĞĐƟŽŶ�ŽĨ�ŐŽďůĞƚ�ĐĞůůƐ�ƐĞĐƟŽŶƐ�ǁĞƌĞ�ƐƚĂŝŶĞĚ�ǁŝƚŚ��ůĐŝĂŶͲ
�ůƵĞ�;&ůƵŬĂͿ�ͬW�^�;>ĞŝĐĂͿ͘��&Žƌ�WͲ^d�dϯ�ĚĞƚĞĐƟŽŶ�ĞŶĚŽŐĞŶŽƵƐ�ƉĞƌŽǆŝĚĂƐĞƐ�ǁĞƌĞ�ďůŽĐŬ�ĂŶĚ�
ĂŶƟŐĞŶ�ƌĞƚƌŝĞǀĂů�ǁĂƐ�ĂĐŚŝĞǀĞĚ�ďǇ�ŵŝĐƌŽǁĂǀĞ�ƚƌĞĂƚŵĞŶƚ�ŝŶ�ĐŝƚƌĂƚĞ�ďƵīĞƌ�;ϭϬŵD͕�Ɖ,�ϲ͘ϬͿ͘�
WƌŝŽƌ�ƚŽ�ƐƚĂŝŶŝŶŐ�&��ƌĞĐĞƉƚŽƌƐ�ǁĞƌĞ�ďůŽĐŬ�ŝŶ�ďůŽĐŬŝŶŐ�ƐŽůƵƟŽŶ�ĐŽŶƐŝƐƟŶŐ�ŽĨ�ϭϬй��ŵŽƵƐĞ�
ƐĞƌƵŵ�ĂŶĚ�ϭϬй�ŐŽĂƚ�ƐĞƌƵŵ͘�dŝƐƐƵĞ�ƐĞĐƟŽŶƐ�ǁĞƌĞ�ŝŶĐƵďĂƚĞĚ�ŽǀĞƌŶŝŐŚƚ�Ăƚ�ϰΣ��ǁŝƚŚ�ƌĂďďŝƚ�
WͲ^d�dϯ�ƉƌŝŵĂƌǇ�ĂŶƟďŽĚǇ�;�ϯ�ϳ͕��Ğůů�ƐŝŐŶĂůŝŶŐͿ͘�/ŵŵƵŶŽƌĞĂĐƟŽŶƐ�ǁĞƌĞ�ĚĞƚĞĐƚĞĚ�ƵƐŝŶŐ
ďŝŽƟŶǇůĂƚĞĚ�ŐŽĂƚͲĂŶƟͲƌĂďďŝƚ�;sĞĐƚŽƌ�>ĂďŽƌĂƚŽƌŝĞƐͿ�ĂŶĚ�ŝŶĐƵďĂƚĞĚ�ǁŝƚŚ�ƚŚĞ�sĞĐƚĂƐƟŶ����
�ůŝƚĞ� <ŝƚ� ;sĞĐƚŽƌ� >ĂďŽƌĂƚŽƌŝĞƐͿ� ĂŶĚ� ϯ͕ϯ͛ͲĚŝĂŵŝŶŽďĞŶǌŝĚŝŶĞ� ƚĞƚƌĂŚǇĚƌŽĐŚůŽƌŝĚĞ� ;^ŝŐŵĂͲ
�ůĚƌŝĐŚͿ͘� ^ĞĐƟŽŶƐ� ǁĞƌĞ� ĐŽƵŶƚĞƌƐƚĂŝŶĞĚ� ǁŝƚŚ� ŚĞŵĂƚŽǆǇůŝŶ͘� &Žƌ� ĐŽƵŶƟŶŐ� ŽĨ� ƉŽƐŝƟǀĞ
ĐĞůůƐ͕�ϱͲϭϬ�ǀŝůůƵƐ�ǁĞƌĞ�ĂŶĂůǇǌĞĚ�ƉĞƌ�ƐĞĐƟŽŶ�ƉĞƌ�ŵŽƵƐĞ�ĂŶĚ�ŶсϯͲϱ�ŵŝĐĞ�ǁĞƌĞ�ƵƐĞĚ�ƉĞƌ
ĞǆƉĞƌŝŵĞŶƚ͘�/ŶƚĞŶƐŝƚǇ�ŽĨ�Ɖ^d�dϯ�ƐƚĂŝŶŝŶŐ�ŽŶ�ƐĞĐƟŽŶƐ�ǁĂƐ�ƋƵĂŶƟĮĞĚ�ƵƐŝŶŐ�Ă�,ŝƐƚŽYƵĞƐƚ
ƐŽŌǁĂƌĞ�;dŝƐƐƵĞ'ŶŽƐƟĐƐͿ

�ƌǇƉƚ� ŝƐŽůĂƟŽŶ͘� /ƐŽůĂƟŽŶ�ŽĨ� ŝŶƚĞƐƟŶĂů� ĐƌǇƉƚƐ�ǁĂƐ�ƉĞƌĨŽƌŵĞĚ�ĂƐ�ƉƌĞǀŝŽƵƐůǇ�ĚĞƐĐƌŝďĞĚ32. 
�ƌŝĞŇǇ͕ �ŝƐŽůĂƚĞĚ�ƐŵĂůů�ŝŶƚĞƐƟŶĞƐ�ǁĞƌĞ�ŽƉĞŶĞĚ�ůŽŶŐŝƚƵĚŝŶĂůůǇ�ĂŶĚ�ǁĂƐŚĞĚ�ǁŝƚŚ�ĐŽůĚ�W�^͘�
dŚĞ�ƟƐƐƵĞ�ǁĂƐ�ĐƵƚ�ŝŶƚŽ�ϱ�ŵŵ�ƉŝĞĐĞƐ�ĂŶĚ�ĐŽŶƐĞƋƵĞŶƚůǇ�ǁĂƐŚĞĚ�ďǇ�ŵĞĐŚĂŶŝĐĂů�ƉŝƉĞƫŶŐ�
ǁŝƚŚ�ĐŽůĚ�W�^�ƵŶƟů�ƐƵƉĞƌŶĂƚĂŶƚ�ǁĂƐ�ĐůĞĂƌ͘ �dŚĞ�ƟƐƐƵĞ�ǁĂƐ� ŝŶĐƵďĂƚĞĚ�ŝŶ���d��;ϮŵDͿ�ŝŶ�
W�^�Ăƚ�ϰΣ��ĨŽƌ�ϯϬ�ŵŝŶ͘�dŚĞ�ƟƐƐƵĞƐ�ǁĞƌĞ�ƚŚĞŶ�ǁĂƐŚĞĚ�ƐĞǀĞƌĂů�ƟŵĞƐ�ǁŝƚŚ�ĐŽůĚ�W�^�ĂŶĚ�
ƐƵƐƉĞŶĚĞĚ� ďǇ� ǀŝŐŽƌŽƵƐ� ƉŝƉĞƫŶŐ͕� ƌĞŵŽǀŝŶŐ� ĞĂĐŚ� ƟŵĞ� ƚŚĞ� ƐƵƉĞƌŶĂƚĂŶƚ� ĐŽŶƚĂŝŶŝŶŐ�
ƚŚĞ�ǀŝůůŽƵƐ� ĨƌĂĐƟŽŶ͘�dŚĞ� ƐĞĚŝŵĞŶƚ�ĞŶƌŝĐŚĞĚ� ŝŶ� ĐƌǇƉƚƐ�ǁĂƐ�ƉĂƐƐĞĚ� ƚŚƌŽƵŐŚ�Ă�ϳϬʅŵ�ĐĞůů�
strainer and centrifuge at 600 rpm for 3 min to separate the crypts from the single cells 
ŝŶ�ƐƵƐƉĞŶƐŝŽŶ͘�dŚĞ�ĐƌǇƉƚƐ�ǁĞƌĞ�ŝŶĐƵďĂƚĞĚ�ǁŝƚŚ�ϭ�ŵů�ŽĨ�dƌǇƉ>���ǆƉƌĞƐƐ�;'ŝďĐŽͿ�Ăƚ�ϯϳ°C for 
ϭϬͲϭϱ�ŵŝŶ�ƵŶƟů�ĐƌǇƉƚ�ĚŝƐƐŽĐŝĂƟŽŶ�ǁĂƐ�ŽďƐĞƌǀĞĚ͘�^ŝŶŐůĞ�ĐĞůů�ƐƵƐƉĞŶƐŝŽŶ�ǁĂƐ�ƐƚĂŝŶĞĚ�ǁŝƚŚ
ĐŽŶũƵŐĂƚĞĚ�ĂŶƟďŽĚŝĞƐ�;dĂďůĞ�ϮͿ�ĂŶĚ��Ɖ��Dн�ĐƌǇƉƚ�ĐĞůůƐ�ǁĞƌĞ�ĂŶĂůǇǌĞĚ�ĨŽƌ�ƚŚĞ�ĞǆƉƌĞƐƐŝŽŶ
ŽĨ�'&W�ďǇ�ŇŽǁ�ĐǇƚŽŵĞƚƌǇ�;&��^��ĂŶƚŽ//͕���Ϳ
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PCR. ZE�� ǁĂƐ� ĞǆƚƌĂĐƚĞĚ� ƵƐŝŶŐ� ƚŚĞ� ZE�Ͳy^� Ŭŝƚ� ;DĂĐŚĞƌǇ� EĂŐĞůͿ� ĨŽůůŽǁĞĚ� ďǇ� ƌĞǀĞƌƐĞͲ
ƚƌĂŶƐĐƌŝƉƟŽŶ� ǁŝƚŚ� ƌĂŶĚŽŵ� ŚĞǆĂŵĞƌ� ƉƌŝŵĞƌƐ͘� &Žƌ� ƋƵĂŶƟƚĂƟǀĞ� W�Z͕� Ă� EĞǀŝƟ� dŚĞƌŵĂů�
�ǇĐůĞƌ�;�ƉƉůŝĞĚ��ŝŽƐǇƐƚĞŵƐͿ�ĂŶĚ��ǇE�ŵŽ�&ůĂƐŚ�^z�Z�'ƌĞĞŶ�ƋW�Z�Ŭŝƚ�;&ŝŶŶǌǇŵĞƐͿ�ǁĞƌĞ�
ƵƐĞĚ͕�ǁŝƚŚ�ƚŚĞ�ĂĚĚŝƟŽŶ�ŽĨ�DŐ�ůϮ�ƚŽ�Ă�ĮŶĂů�ĐŽŶĐĞŶƚƌĂƟŽŶ�ŽĨ�ϰ�ŵD͘��ůů� ƌĞĂĐƟŽŶƐ�ǁĞƌĞ�
ĚŽŶĞ�ŝŶ�ĚƵƉůŝĐĂƚĞ�ĂŶĚ�ĂƌĞ�ŶŽƌŵĂůŝǌĞĚ�ƚŽ�ƚŚĞ�ĞǆƉƌĞƐƐŝŽŶ�ŽĨ�'�W�,͘�ZĞůĂƟǀĞ�ĞǆƉƌĞƐƐŝŽŶ�
was calculated by the cycling threshold (CT) method as 2Ͳѐƚ.
dŚĞ�ƉƌŝŵĞƌƐ�ƐĞƋƵĞŶĐĞƐ�ĐĂŶ�ďĞ�ĨŽƵŶĚ�ŝŶ�dĂďůĞ�ϭ

^ƚĂƟƐƟĐĂů�ĂŶĂůǇƐŝƐ͘�̂ ĂŵƉůĞƐ�ǁĞƌĞ�ĂŶĂůǇǌĞĚ�ƵƐŝŶŐ�ƵŶƉĂŝƌĞĚ�DĂŶŶͲtŚŝƚŶĞǇ Ɛ͛�ƚĞƐƚ͘�W�ǀĂůƵĞƐ�
ф�Ϭ͘Ϭϱ�ǁĞƌĞ�ĐŽŶƐŝĚĞƌĞĚ�ƐŝŐŶŝĮĐĂŶƚ͘

Table 1͘�WƌŝŵĞƌ�ƐĞƋƵĞŶĐĞƐ
'ĞŶĞ�ŶĂŵĞ &ŽƌǁĂƌĚ�ƉƌŝŵĞƌ Reverse primer

ŵ'ĂƉĚŚ TCAACGGCACAGTCAAG GCTCCACCCTTCAAGTG

ŵ^ŽĐƐϯ GGAGCCCCTTTGTAGACT CGGGAAACTTGCTGTG

ŵ�ĐůϮůϭ;�ĐůǆůͿ CGTGGCCTTTTTCTCC GGCTGCTGCATTGTTC

mBax AAGGCCCTGTGCACTAA GAGGCGGTGAGGACTC

ŵ>Őƌϱ GGGGGTGTGAGAATGTCT AGGGCCTTCAGGTCTTC

ŵZĞŐϯɶ CCATCTTCACGTAGCAGC CAAGATGTCCTGAGGGC

ŵ�ĞĨĞŶƐŝŶ�ɲϱ CCACAAAACAGATGAAGAGAC TCTTTTGCAGCCTCTTATTC

3
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SUMMARY

'ƌŽƵƉ�ϯ�ŝŶŶĂƚĞ�ůǇŵƉŚŽŝĚ�ĐĞůůƐ�;/>�ϯͿ�ƉůĂǇ�Ă�ƉŝǀŽƚĂů�ƌŽůĞ�ŝŶ�ŚŽŵĞŽƐƚĂƐŝƐ͕�ƟƐƐƵĞ�ƌĞƉĂŝƌ�ĂŶĚ�
ĞĂƌůǇ�ŝŶŶĂƚĞ�ĚĞĨĞŶƐĞ�ŝŶ�ŵƵĐŽƐĂů�ƟƐƐƵĞƐ͘��Ŷ�ŝŵƉŽƌƚĂŶƚ�/>�ϯ�ĞīĞĐƚŽƌ�ĐǇƚŽŬŝŶĞ�ŝƐ�/>ͲϮϮ͘�/Ŷ�
ǀŝƚƌŽ͕� />ͲϮϮ�ƐĞĐƌĞƟŽŶ�ďǇ�ŚƵŵĂŶ� />�ϯ� ŝƐ� ŝŶĚƵĐĞĚ�ďǇ�ĐŽŵďŝŶĂƟŽŶƐ�ŽĨ� ĐǇƚŽŬŝŶĞƐ�ĂŶĚ�d>Z�
ligands, which are all soluble factors. However, ŝŶ�ǀŝǀŽ�/>�ϯ�ĂĐƟǀĂƟŽŶ�ǁŝůů�ďĞ�Ă�ůŽĐĂů�ƉƌŽĐĞƐƐ�
occurring at the site of damage and we thus hypothesize that local cell surface ligands 
ǁŝůů�ĚƌŝǀĞ�ĂĐƟǀĂƟŽŶ�ŽĨ� />�ϯ͘�dŽ� ŝĚĞŶƟĨǇ�ƌĞĐĞƉƚŽƌƐ�ĨŽƌ�ĐĞůů�ƐƵƌĨĂĐĞ�ŵŽůĞĐƵůĞƐ�ĐĂƉĂďůĞ�ŽĨ�
ĂĐƟǀĂƟŶŐ� />�ϯ�ǁĞ�ĂŶĂůǇǌĞĚ�ƚŚĞ�ĂďŝůŝƚǇ�ŽĨ�EĂƚƵƌĂů�ĐǇƚŽƚŽǆŝĐŝƚǇ� ƌĞĐĞƉƚŽƌƐ� ;E�ZͿ͕�E<ƉϯϬ͕�
E<Ɖϰϰ�ĂŶĚ�E<Ɖϰϲ�ƚŽ�ŝŶĚƵĐĞ�/>ͲϮϮ�ƉƌŽĚƵĐƟŽŶ͘�hƐŝŶŐ�ĂŐŽŶŝƐƚ�ĂŶƟďŽĚŝĞƐ�ĂŐĂŝŶƐƚ�ŝŶĚŝǀŝĚƵĂů�
E�ZƐ�ŝŶ�ĐŽŵďŝŶĂƟŽŶ�ǁŝƚŚ�ƚŚĞ�d>ZϮ�ůŝŐĂŶĚ�WĂŵϯ�ǇƐ�ǁĞ�ƐŚŽǁ�ƚŚĂƚ�E�ZƐ�ĂƌĞ�ĐŽͲƐƟŵƵůĂƚŽƌǇ�
ƌĞĐĞƉƚŽƌƐ�ŽŶ�/>�ϯ�ŝŶ�ƚŚĞ�ĐŽŶƚĞǆƚ�ŽĨ�d>Z�ĐŽͲƐƟŵƵůĂƟŽŶ͘�/Ŷ�ĂĚĚŝƟŽŶ͕�E�ZͲůŝŐĂŶĚƐ�ĞǆƉƌĞƐƐĞĚ�
ŽŶ�ŝŶƚĞƐƟŶĂů�ĞƉŝƚŚĞůŝĂů�ĐĞůů�ůŝŶĞƐ͕�ĂƌĞ�ĐĂƉĂďůĞ�ŽĨ�ĂĐƟǀĂƟŶŐ�/>�ϯ�ŝŶ�ĐŽŵďŝŶĂƟŽŶ�ǁŝƚŚ�ƚŚĞ�
d>ZϮ�ůŝŐĂŶĚ�WĂŵϯ�ǇƐ͘��Ɛ�E�Z�ůŝŐĂŶĚƐ�ĂƌĞ�ƐƚƌĞƐƐͲŝŶĚƵĐĞĚ�ŵŽůĞĐƵůĞƐ�ŽŶ�ŶŽƌŵĂů�ĐĞůůƐ͕�E�Z�
ůŝŐĂƟŽŶ�ĐŽƵůĚ�ĂůůŽǁ�ĨŽƌ�ƐƉĂƟĂů�ĐŽŶƚƌŽů�ŽĨ�/>�ϯ�ĂĐƟǀĂƟŽŶ�ŝŶ�ƌĞƐƉŽŶƐĞ�ƚŽ�ŝŶƚĞƐƟŶĂů�ĚĂŵĂŐĞ͘
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INTRODUCTION

In the last few years, IL-22 producing ILC3 have emerged as important players in early 
ŝŵŵƵŶŝƚǇ� ĂŐĂŝŶƐƚ� ĞŶƚĞƌŝĐ� ŝŶĨĞĐƟŽŶƐϭ͕Ϯ͘� �ĐƟǀĂƟŽŶ� ĂŶĚ� ĐǇƚŽŬŝŶĞ� ƉƌŽĚƵĐƟŽŶ� ŽĨ� />�ϯ� ŝƐ�
ƌĞŐƵůĂƚĞĚ�ďǇ�ĐǇƚŽŬŝŶĞƐ�ƉƌŽĚƵĐĞĚ�ďǇ�ĚĞŶĚƌŝƟĐ�ĐĞůůƐ͘�/>ͲϮϯ�ĂŶĚ�/>Ͳϭɴ�ĂƌĞ�ƉŽƚĞŶƚ�ĂĐƟǀĂƚŽƌƐ�
ŽĨ�/>�ϯ�ĂŶĚ�ĂƌĞ�ĞƐƐĞŶƟĂů�ƚŽ�ĞŶƐƵƌĞ�ƉƌŽƉĞƌ�/>�ϯ�ĂĐƟǀĂƟŽŶ�ĂŌĞƌ�ŝŶĨĞĐƟŽŶ͕�ůĞĂĚŝŶŐ�ƚŽ�/>ͲϮϮ�
ŵĞĚŝĂƚĞĚ� ĞƉŝƚŚĞůŝĂů� ĂĐƟǀĂƟŽŶ� ĂŶĚ� ŝŶŶĂƚĞ� ŝŵŵƵŶĞ� ƌĞƐƉŽŶƐĞƐϭ͕ϯͲϱ͘� /Ŷ� ĂĚĚŝƟŽŶ͕� />�ϯ� ĐĂŶ�
directly sense environmental signals by TLRs and the aryl hydrocarbon receptor (AHR) 6,7.

,ŽǁĞǀĞƌ͕ �ƚŚŝƐ�ŵŽĚĞů�ŽĨ�/>�ϯ�ĂĐƟǀĂƟŽŶ�ĚŽĞƐ�ŶŽƚ�ĂůůŽǁ�ĨŽƌ�ƐƉĂƟĂůůǇ�ĐŽŶƚƌŽůůĞĚ�ĂĐƟǀĂƟŽŶ�
ŽĨ�/>�ϯ�Ăƚ�ƐŝƚĞƐ�ŽĨ�ƟƐƐƵĞ�ĚĂŵĂŐĞ͘��ŽŶƚƌŽůůŝŶŐ�/>�ϯ�ĂĐƟǀĂƟŽŶ�ŝƐ�ŽĨ�ƌĞůĞǀĂŶĐĞ�ĂƐ�ĞǀŝĚĞŶĐĞ�ŝƐ�
ĂĐĐƵŵƵůĂƟŶŐ�ƚŚĂƚ�ƵŶĐŽŶƚƌŽůůĞĚ�Žƌ�ĚĞƌĞŐƵůĂƚĞĚ�ƉƌŽĚƵĐƟŽŶ�ŽĨ�/>ͲϮϮ�ŝƐ�ƐƵĸĐŝĞŶƚ�ƚŽ�ŝŶĚƵĐĞ�
ŵĂůŝŐŶĂŶƚ� ƚƌĂŶƐĨŽƌŵĂƟŽŶ� ŽĨ� ƚŚĞ� ŝŶƚĞƐƟŶĂů� ĞƉŝƚŚĞůŝƵŵ8͘� KŶ� ƚŚĞ� ĐŽŶƚƌĂƌǇ͕ � ůĂĐŬ� ŽĨ� />ͲϮϮ�
ĞǆĂĐĞƌďĂƚĞƐ�ŝŶƚĞƐƟŶĂů�ďĂĐƚĞƌŝĂů�ŝŶĨĞĐƟŽŶƐϭ͕ϵ�ĂŶĚ�ĐŽŵƉƌŽŵŝƐĞƐ�ŵĂŝŶƚĞŶĂŶĐĞ�ŽĨ�ŝŶƚĞƐƟŶĂů�
stem cellsϭϬ�;�ŚĂƉƚĞƌ�ϯ�ŽĨ�ƚŚŝƐ�ƚŚĞƐŝƐͿ͘��dŚƵƐ͕�ĂĚĚŝƟŽŶĂů�ŵĞĐŚĂŶŝƐŵƐ�ŵƵƐƚ�ďĞ�ŝŶǀŽůǀĞĚ�ƚŽ�
ĞŶƐƵƌĞ�ƚŚĞ�ůŽĐĂů�ĨƵŶĐƟŽŶ�ŽĨ�/>�ϯ�ĂŶĚ�ƉƌĞǀĞŶƚ�ƵŶĐŽŶƚƌŽůůĞĚ�ĂĐƟǀĂƟŽŶ�ďǇ�ƐŽůƵďůĞ�ĨĂĐƚŽƌƐ͘�

WƌŽĚƵĐƟŽŶ� ŽĨ� />ͲϮϮ� ďǇ� />�ϯ� ǁĂƐ� ŽƌŝŐŝŶĂůůǇ� ƌĞƉŽƌƚĞĚ� ƚŽ� ďĞ� ŝŶĚƵĐĞĚ� ďǇ� ůŝŐĂƟŽŶ� ŽĨ�
the IL-23 receptor9͘� ,ŽǁĞǀĞƌ͕ � ĞǆƉĞƌŝŵĞŶƚƐ� ƵƐŝŶŐ� ĞǆƉĂŶĚĞĚ� Žƌ� ĐůŽŶĞĚ� ŚƵŵĂŶ� ƚŽŶƐŝůĂƌ�
/>�ϯ� ŝŶĚŝĐĂƚĞĚ�ƚŚĂƚ�ĂŌĞƌ�ĞǆƉĂŶƐŝŽŶ�ǁŝƚŚ� />ͲϮ�ĂŶĚ�ĨĞĞĚĞƌ�ĐĞůůƐ͕� />ͲϮϯ� ŝƐ�ŶŽƚ�ƐƵĸĐŝĞŶƚ�ƚŽ�
ĂĐƟǀĂƚĞ� />ͲϮϮ�ƉƌŽĚƵĐƟŽŶ�ĂŶĚ� ƚŚĂƚ�ĂŶ�ĂĚĚŝƟŽŶĂů� ĐŽͲƐƟŵƵůĂƚŽƌǇ� ƐŝŐŶĂů� ŝƐ�ŶĞĞĚĞĚϭϭ. Co-
ƐƟŵƵůĂƟŽŶ�ĐĂŶ�ĐŽŶƐŝƐƚ�ŽĨ�ĞŝƚŚĞƌ�Ă�ƐĞĐŽŶĚ�ĐǇƚŽŬŝŶĞ�ƐƵĐŚ�ĂƐ�/>Ͳϭɴ�Žƌ�Ă�dŽůůͲůŝŬĞ�ƌĞĐĞƉƚŽƌ�
ligandϭϭͲϭϯ͘�^ŝŵŝůĂƌůǇ͕ �ŵŝĐƌŽďŝĂů�ƉƌŽĚƵĐƚƐ�ŝŶ�ƚŚĞ�ĂďƐĞŶĐĞ�ŽĨ�ĐǇƚŽŬŝŶĞ�ƐƟŵƵůĂƟŽŶ�ĂůƐŽ�ůĞĂĚ�
ƚŽ�ƐƵďŽƉƟŵĂů�/>�ϯ�ĂĐƟǀĂƟŽŶϭϭ. This suggests that ILC3, which are strategically located at 
ƚŚĞ�ŵƵĐŽƐĂů�ƐƵƌĨĂĐĞƐ͕�ŚĂǀĞ�ƚŚĞ�ĐĂƉĂĐŝƚǇ�ƚŽ�ƐĞŶƐĞ�ŵŝĐƌŽďŝĂů�ƉĂƩĞƌŶƐ�ĂŶĚ�ƚŚƵƐ�ĐŚĂŶŐĞƐ�ŝŶ�
ŵŝĐƌŽďŝĂů�ĐŽŵƉŽƐŝƟŽŶ͕�ďƵƚ�ǁŝůů�ŽŶůǇ�ƌĞƐƉŽŶĚ�ƚŽ�ƚŚĞƐĞ�ƐŝŐŶĂůƐ�ŝŶ�ƚŚĞ�ĐŽŶƚĞǆƚ�ŽĨ�ƚŚĞ�ĐŽƌƌĞĐƚ�
ĞŶǀŝƌŽŶŵĞŶƚĂů�Žƌ�ŝŶŇĂŵŵĂƚŽƌǇ�ĐƵĞƐ͘�

/ŶƚĞƌĞƐƟŶŐůǇ͕ � ŵƵĐŽƐĂů� />�ϯ� ĐĂŶ� ĞǆƉƌĞƐƐ� ƚŚĞ� ŶĂƚƵƌĂů� ĐǇƚŽƚŽǆŝĐŝƚǇ� ƌĞĐĞƉƚŽƌƐ� ;E�ZƐͿ͕�
E<ƉϯϬ͕� E<ƉϰϬ� ĂŶĚ� E<Ɖϰϲϭϰ͕ϭϱ͘� E�ZƐ�ǁĞƌĞ� ŽƌŝŐŝŶĂůůǇ� ĚĞƐĐƌŝďĞĚ� ĂƐ� ĂĐƟǀĂƟŶŐ� ƌĞĐĞƉƚŽƌƐ�
ĞǆƉƌĞƐƐĞĚ� ŽŶ� E<� ĐĞůůƐ� ǁŝƚŚ� ƚŚĞ� ĐĂƉĂĐŝƚǇ� ƚŽ� ƚƌŝŐŐĞƌ� ƌŽďƵƐƚ� ĐǇƚŽƚŽǆŝĐ� ĂĐƟǀŝƚǇϭϲ. While 
ŚƵŵĂŶƐ�ĐĂŶ�ĞǆƉƌĞƐƐ�ƚŚĞ�ƚŚƌĞĞ�E�ZƐ͕�ŽŶůǇ�EŬƉϰϲ�ŝƐ�ĐŽŶƐĞƌǀĞĚ�ŝŶ�ŵŝĐĞϭϳ͘�E<Ɖϰϰ�ůŝŐĂƟŽŶ�
ŽŶ�ŚƵŵĂŶ�/>�ϯ�ůĞĂĚƐ�ƚŽ�dE&ɲ�ƉƌŽĚƵĐƟŽŶ�ĂŶĚ�ƐǇŶĞƌŐŝǌĞƐ�ǁŝƚŚ�ŽƚŚĞƌ�ĐǇƚŽŬŝŶĞƐ�ƚŽ�ŝŶĚƵĐĞ�
/>ͲϮϮ�ƐĞĐƌĞƟŽŶϭϴ.

E�ZƐ� ĂƌĞ� ƚŚŽƵŐŚƚ� ƚŽ� ƌĞĐŽŐŶŝǌĞ� ůŝŐĂŶĚƐ� ĞǆƉƌĞƐƐĞĚ� ŽŶ�ŵĂůŝŐŶĂŶƚ� ĂŶĚ� ƐƚƌĞƐƐĞĚ� ĐĞůůƐ͕�
ŶĞǀĞƌƚŚĞůĞƐƐ͕�ŽŶůǇ�ǀĞƌǇ�ĨĞǁ�E�Z�ůŝŐĂŶĚƐ�ŚĂǀĞ�ďĞĞŶ�ŝĚĞŶƟĮĞĚ͘�^ŽŵĞ�ŽĨ�ƚŚĞ�E�Z�ůŝŐĂŶĚƐ�
discovered are of viral originϭϵ�ĂŶĚ�ďŝŶĚ�ƚŽ�ŽŶĞ�Žƌ�ŵŽƌĞ�E�ZƐ�ƚƌŝŐŐĞƌŝŶŐ�E<�ĐĞůů�ĨƵŶĐƟŽŶ20. 
>ŝŐĂŶĚƐ�ĨŽƌ�E<ƉϯϬϮϭ�ĂŶĚ�E<Ɖϰϰ22�ĂƌĞ�ĂůƐŽ�ĞǆƉƌĞƐƐĞĚ�ďǇ�ƚƵŵŽƌ�ĐĞůůƐ�ĂŶĚ�ĐĂŶ�ƚƌŝŐŐĞƌ�E<�
ĐĞůů�ĂĐƟǀŝƚǇ͘�dŚĞƐĞ� ŝŶĐůƵĚĞ�Ă�ŵĞŵďƌĂŶĞ�ďŽƵŶĚ�ĨŽƌŵ�ŽĨ�D>>ϱ͕�Ă� ůŝŐĂŶĚ�ĨŽƌ�E<Ɖϰϰ͕�ĂŶĚ�
�ϳ,ϲ͕�Ă�ůŝŐĂŶĚ�ĨŽƌ�E<ƉϯϬ23 Ϯϭ͘��ϳ,ϲ�ĐĂŶ�ĂůƐŽ�ďĞ�ĞǆƉƌĞƐƐĞĚ�ŽŶ�ŶŽŶͲƚƌĂŶƐĨŽƌŵĞĚ�ĐĞůůƐ�ƵƉŽŶ�
ƐƟŵƵůĂƟŽŶ�ǁŝƚŚ�d>Z�ůŝŐĂŶĚƐ�Žƌ�ƉƌŽͲŝŶŇĂŵŵĂƚŽƌǇ�ĐǇƚŽŬŝŶĞƐϮϭ͕Ϯϰ.
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dŚƵƐ͕�E�Z�ĂĐƟǀĂƟŽŶ�ŽĨ�/>�ϯ�ďǇ�ŵĞŵďƌĂŶĞ�ďŽƵŶĚ�ůŝŐĂŶĚƐ�ŵĂǇ�ƌĞƉƌĞƐĞŶƚ�Ă�ŵĞĐŚĂŶŝƐŵ�
that in contrast to soluble factors such as cytokines and TLR ligands, could control 
ĂĐƟǀĂƟŽŶ�ŽĨ�/>�ϯ�ŝŶ�Ă�ůŽĐĂů�ŵĂŶŶĞƌ�ŝŶ�ƌĞƐƉŽŶƐĞ�ƚŽ�ƐƚƌĞƐƐ�Žƌ�ĚĂŵĂŐĞͲŝŶĚƵĐĞĚ�ůŝŐĂŶĚƐ͘

dŚŝƐ� ĐŚĂƉƚĞƌ�ĚĞƐĐƌŝďĞƐ� ƚŚĞ�ŵĞĐŚĂŶŝƐŵƐ�ŽĨ� ĂĐƟǀĂƟŽŶ�ŽĨ�ŚƵŵĂŶ� />�ϯ�ĂŶĚ� ŝĚĞŶƟĮĞƐ�
ƚŚĞ�E�Z�ĂƐ�ĐŽͲĂĐƟǀĂƟŶŐ�ƌĞĐĞƉƚŽƌƐ�ŽŶ�ŚƵŵĂŶ�/>�ϯ�ŝŶ�ƚŚĞ�ƉƌĞƐĞŶĐĞ�ŽĨ�d>ZϮ�ůŝŐĂŶĚƐ�ĂŶĚ�
ŝŶĚĞƉĞŶĚĞŶƚůǇ�ŽĨ�ĐǇƚŽŬŝŶĞƐ͘�/Ŷ�ĂĚĚŝƟŽŶ͕�ǁĞ�ĚĞŵŽŶƐƚƌĂƚĞĚ�ƚŚĂƚ��ϳ,ϲ�ĞǆƉƌĞƐƐŝŶŐ�ĞƉŝƚŚĞůŝĂů�
ĐĞůůƐ�ĐŽͲĂĐƟǀĂƚĞ�ŚƵŵĂŶ�/>�ϯ�ĂŶĚ�ƚŚĂƚ�ŝƚƐ�ĞǆƉƌĞƐƐŝŽŶ�ĐĂŶ�ďĞ�ŵŽĚƵůĂƚĞĚ�ďǇ�ĚĂŵĂŐĞ�ŝŶĚƵĐĞĚ�
ďǇ�ĐǇƚŽƐƚĂƟĐ�ĚƌƵŐƐ͘��

RESULTS

�ĐƟǀĂƟŽŶ�ŽĨ�/>�ϯ�ďǇ�ƐŽůƵďůĞ�ĐǇƚŽŬŝŶĞƐ�ĂŶĚ�d>Z�ůŝŐĂŶĚƐ
�ůƚŚŽƵŐŚ� ƌĞĐĞŶƚ� ĮŶĚŝŶŐƐ� ŚĂǀĞ� ĚĞŵŽŶƐƚƌĂƚĞĚ� ƚŚĞ� ĐĂƉĂĐŝƚǇ� ŽĨ� />�ϯ� ƚŽ� ƌĞƐƉŽŶĚ� ƚŽ�

ĐǇƚŽŬŝŶĞ�ƐƟŵƵůŝ�ĂŶĚ�d>Z�ůŝŐĂŶĚƐ͕�ŝƚ�ŝƐ�ƐƟůů�ƵŶĐůĞĂƌ�ǁŚĞƚŚĞƌ�Ă�ƐŝŶŐůĞ�ƐŝŐŶĂů�ŝƐ�ƐƵĸĐŝĞŶƚ�ƚŽ�
ĨƵůůǇ�ĂĐƟǀĂƚĞ�/>�ϯ�ƚŽ�ƉƌŽĚƵĐĞ�ĐǇƚŽŬŝŶĞƐ͘�dŽ�ĂĚĚƌĞƐƐ�ƚŚŝƐ�ƋƵĞƐƟŽŶ͕�ǁĞ�ŝƐŽůĂƚĞĚ�/>�ϯ�ĨƌŽŵ�
pediatric tonsils and performed various ŝŶ�ǀŝƚƌŽ�ƐƟŵƵůĂƟŽŶƐ�ǁŝƚŚ�ĞŝƚŚĞƌ�Ă�ƐŝŶŐůĞ�ƐŝŐŶĂů�Žƌ�
Ă�ĐŽŵďŝŶĂƟŽŶ�ŽĨ�ƐŝŐŶĂůƐ͘��ŶĂůǇƐŝƐ�ŽĨ�ƐƵƉĞƌŶĂƚĂŶƚƐ�ŽĨ�ĐƵůƚƵƌĞĚ�/>�ϯ�ƐƟŵƵůĂƚĞĚ�ǁŝƚŚ�/>ͲϮϯ�
ĂůŽŶĞ� ƌĞǀĞĂůĞĚ�ŶŽ� ƐŝŐŶŝĮĐĂŶƚ� ŝŶĚƵĐƟŽŶ�ŽĨ� />ͲϮϮ�ƉƌŽƚĞŝŶ� ĐŽŵƉĂƌĞĚ� ƚŽ� ĐƵůƚƵƌĞƐ�ǁŝƚŚŽƵƚ�
ƐƟŵƵůĂƟŽŶ�;&ŝŐ͘�ϭ�Ϳ͘�/Ŷ�ĐŽŶƚƌĂƐƚ͕�ƐƟŵƵůĂƟŽŶ�ŽĨ�/>�ϯ�ǁŝƚŚ�ƚŚĞ�ĐŽŵďŝŶĂƟŽŶ�ŽĨ�/>ͲϮϯ�ĂŶĚ�
/>Ͳϭɴ�ĨƵůůǇ�ĂĐƟǀĂƚĞĚ�/>�ϯ�ĂƐ�ŵĞĂƐƵƌĞĚ�ďǇ�ƚŚĞ�ŚŝŐŚĞƌ�ĐŽŶĐĞŶƚƌĂƟŽŶƐ�ŽĨ� />ͲϮϮ�ƉƌŽƚĞŝŶ� ŝŶ�
ƚŚĞ� ƐƵƉĞƌŶĂƚĂŶƚ� ŽĨ� ƚŚĞ� ĐƵůƚƵƌĞƐ� ;&ŝŐ͘� ϭ�Ϳ͘� dƌĂŶƐĐƌŝƉƚ� ĂŶĂůǇƐŝƐ� ŽĨ� ĐƵůƚƵƌĞ� />�ϯ�ĚŝĚ� ƐŚŽǁ�
higher levels of /ůϮϮ�ŵZE��ŝŶ�/>�ϯ�ĐƵůƚƵƌĞĚ�ŝŶ�ƚŚĞ�ƉƌĞƐĞŶĐĞ�ŽĨ�/>ͲϮϯ�ĐŽŵƉĂƌĞĚ�ƚŽ�ŶŽŶͲ
ƐƟŵƵůĂƚĞĚ�/>�ϯ͕�ŶĞǀĞƌƚŚĞůĞƐƐ�ƐƟŵƵůĂƟŽŶ�ŽĨ�/>�ϯ�ǁŝƚŚ�/>ͲϮϯ�ĂŶĚ�/>Ͳϭɴ greatly increased 
/ůϮϮ�ƚƌĂŶƐĐƌŝƉƚ�ůĞǀĞůƐ�ďǇ�/>�ϯ�;&ŝŐ͘�ϭ�Ϳ͘�^ŝŵŝůĂƌůǇ͕ �ƐƟŵƵůĂƟŽŶ�ŽĨ�/>�ϯ�ǁŝƚŚ�ƚŚĞ�d>ZϮ�ůŝŐĂŶĚ�
WĂŵϯ�ǇƐ�;Wϯ�Ϳ�ŝŶ�ĐŽŵďŝŶĂƟŽŶ�ǁŝƚŚ�/>ͲϮϯ�ƉƌŽŵŽƚĞĚ�/>ͲϮϮ�ƉƌŽĚƵĐƟŽŶ�ďǇ�/>�ϯ͕�ďƵƚ�ĞŝƚŚĞƌ�
Wϯ��Žƌ�/>ͲϮϯ�ĂůŽŶĞ�ĨĂŝůĞĚ�ƚŽ�ĚŽ�ƐŽ�;&ŝŐ͘�ϭ�Ϳ͘�tĞ�ĨƵƌƚŚĞƌ�ǀĂůŝĚĂƚĞĚ�ƚŚĞƐĞ�ƌĞƐƵůƚƐ�ƉĞƌĨŽƌŵŝŶŐ�
ŝŶƚƌĂĐĞůůƵůĂƌ�ƐƚĂŝŶŝŶŐ�ŽŶ�ƐƟŵƵůĂƚĞĚ�/>�ϯ͘�/ŶĚĞĞĚ͕�ƐƟŵƵůĂƟŽŶ�ǁŝƚŚ�/>ͲϮϯ�ĂŶĚ�Wϯ��ƚŽŐĞƚŚĞƌ�
ƉƌŽŵŽƚĞĚ�ĨƵůů�ĂĐƟǀĂƟŽŶ�ŽĨ�/>�ϯ�ĂƐ�ƐĞĞŶ�ďǇ�ƚŚĞ�ŚŝŐŚĞƌ�ĨƌĞƋƵĞŶĐǇ�ŽĨ�/>ͲϮϮн�/>�ϯ�;ϭϱ͘ϱйͿ�ĂƐ�
ĐŽŵƉĂƌĞĚ�ƚŽ�/>�ϯ�ƐƟŵƵůĂƚĞĚ�ǁŝƚŚ�/>ͲϮϯ�;ϲ͘ϲйͿ�Žƌ�Wϯ��;Ϭ͘ϵйͿ�ĂůŽŶĞ�;&ŝŐ͘�ϭ�Ϳ͘

dŽ�ĨƵƌƚŚĞƌ�ŐĂŝŶ�ŬŶŽǁůĞĚŐĞ�ŽŶ�ƚŚĞ�ĐŽͲĂĐƟǀĂƟŶŐ�ĨƵŶĐƟŽŶƐ�ŽĨ�ĂĚĚŝƟŽŶĂů�d>Z�ůŝŐĂŶĚƐ�ŽŶ�
/>�ϯ͕�ǁĞ�ƉĞƌĨŽƌŵĞĚ�ŝŶ�ǀŝƚƌŽ�ƐƟŵƵůĂƟŽŶƐ�ŽĨ�/>�ϯ�ǁŝƚŚ�ƐĞǀĞƌĂů�ĂŐŽŶŝƐƚ�d>Z�ůŝŐĂŶĚƐ͘���Ɛ�Ă�
ƐĞĐŽŶĚ�ƐŝŐŶĂů͕�ǁĞ�ƵƐĞĚ�/>ͲϮϯ�ĂƐ�ƚŚŝƐ�ĂƉƉĞĂƌĞĚ�ƚŽ�ďĞ�ĂŶ�ĞĸĐŝĞŶƚ�ĐŽͲĂĐƟǀĂƚŽƌ�ŽĨ�/>�ϯ͘��Ɛ�
ŽďƐĞƌǀĞĚ�ďĞĨŽƌĞ͕�ƐƟŵƵůĂƟŽŶ�ǁŝƚŚ�ƚŚĞ�d>ZϮ�ůŝŐĂŶĚ�Wϯ��ŝŶ�ĐŽŵďŝŶĂƟŽŶ�ǁŝƚŚ�/>ͲϮϯ�ŝŶĚƵĐĞĚ�
ƌŽďƵƐƚ�/>ͲϮϮ�ƉƌŽƚĞŝŶ�ƉƌŽĚƵĐƟŽŶ�ďǇ�/>�ϯ�;&ŝŐ͘�ϭ�Ϳ͘��ůƚŚŽƵŐŚ�ĐŽͲƐƟŵƵůĂƟŽŶ�ŽĨ�/>�ϯ�ǁŝƚŚ�/>Ͳ
Ϯϯ�ĂŶĚ�ƚŚĞ�d>Zϰ�ůŝŐĂŶĚ�ůŝƉŽƉŽůǇƐĂĐĐŚĂƌŝĚĞ�;>W^Ϳ�ƉƌŽŵŽƚĞĚ�ƐŽŵĞ�/>ͲϮϮ�ƉƌŽĚƵĐƟŽŶ͕�ůŽǁĞƌ�
ůĞǀĞůƐ�ǁĞƌĞ�ŽďƐĞƌǀĞĚ�ĂƐ�ĐŽŵƉĂƌĞĚ�ƚŽ�ĐŽͲƐƟŵƵůĂƟŽŶ�ǁŝƚŚ�Wϯ�͘�^ƟŵƵůĂƟŽŶ�ǁŝƚŚ�WŽůǇ�/͗��
ĂŶĚ��Ɖ'͕�ƚŚĞ�ƐǇŶƚŚĞƟĐ�ůŝŐĂŶĚƐ�ŽĨ�d>Zϯ�ĂŶĚ�d>Zϵ�ƌĞƐƉĞĐƟǀĞůǇ͕ �ŚĂĚ�ŽŶůǇ�Ă�ŵŝŶŽƌ�ĞīĞĐƚ�ŽŶ�
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&ŝŐƵƌĞ�ϭ͘��ĐƟǀĂƟŽŶ�ŽĨ� />�ϯ�ďǇ�ĐǇƚŽŬŝŶĞƐ�ĂŶĚ�d>ZƐ͘� ;�Ϳ� />ͲϮϮ�ƉƌŽƚĞŝŶ� ůĞǀĞůƐ�ŽĨ�ĐƵůƚƵƌĞƐ�ŽĨ�ƚŽŶƐŝůĂƌ�E�Zн ILC3 
ƐƟŵƵůĂƚĞĚ� ĨŽƌ�ϰ�ĚĂǇƐ�ǁŝƚŚ� />ͲϮϯ�ĂůŽŶĞ�Žƌ� ĐŽŵďŝŶĞĚ�ǁŝƚŚ� />Ͳϭɴ͕� ĐŽŵƉĂƌĞĚ� ƚŽ�ŶŽƚ� ƐƟŵƵůĂƚĞĚ�E�Zн� />�ϯ� ;E^Ϳ�
measured by ELISA. (B) />ͲϮϮ ƚƌĂŶƐĐƌŝƉƚƐ�ůĞǀĞůƐ�ŽĨ�E�Zн/>�ϯ�ƐƟŵƵůĂƚĞĚ�ǁŝƚŚ�/>ͲϮϯ�ĨŽƌ�ϰ�ĚĂǇƐ�ŝŶ�ƚŚĞ�ƉƌĞƐĞŶĐĞ�Žƌ�
ĂďƐĞŶĐĞ�ŽĨ�/>Ͳϭɴ͘�;�Ϳ�/>ͲϮϮ�ƉƌŽƚĞŝŶ�ůĞǀĞůƐ�ŵĞĂƐƵƌĞĚ�ŝŶ�ĐƵůƚƵƌĞƐ�ŽĨ�ƚŽŶƐŝůĂƌ�E�Zн�/>�ϯ�ƐƟŵƵůĂƚĞĚ�ĨŽƌ�ϰ�ĚĂǇƐ�ǁŝƚŚ�/>Ͳ
Ϯϯ͕�WĂŵϯ�ǇƐ�;Wϯ�Ϳ�Žƌ�ƚŚĞ�ĐŽŵďŝŶĂƟŽŶ�ŽĨ�ďŽƚŚ�;�Ϳ�/>ͲϮϮ�ŝŶƚƌĂĐĞůůƵůĂƌ�ƐƚĂŝŶŝŶŐ�ŽĨ�E�ZнILC3 cultured for 4 days in 
ƚŚĞ�ƉƌĞƐĞŶĐĞ�ŽĨ�/>ͲϮϯ͕�Wϯ��Žƌ�ƚŚĞ�ĐŽŵďŝŶĂƟŽŶ�ŽĨ�ďŽƚŚ͘�;�Ϳ�/>ͲϮϮ�ƉƌŽƚĞŝŶ�ƐĞĐƌĞƟŽŶ�ŽĨ�E�Zн�/>�ϯ�ƐƟŵƵůĂƚĞĚ�ĨŽƌ�Ϯ�
ĚĂǇƐ�ǁŝƚŚ�/>ͲϮϯ�ĐŽŵďŝŶĞĚ�ǁŝƚŚ�ƚŚĞ�ƐǇŶƚŚĞƟĐ�ůŝŐĂŶĚƐ�ĨŽƌ�d>ZϮ͕�ϰ͕�ϯ�ĂŶĚ�ϵ͕�Wϯ�͕�>W^͕�WŽůǇ�/͗��ĂŶĚ��Ɖ'�ƌĞƐƉĞĐƟǀĞůǇ͘�
;&Ϳ�ŵZE��ůĞǀĞůƐ�ŽĨ />ͲϮϮ�ŝŶ�E�Zн/>�ϯ�ƐƟŵƵůĂƚĞĚ�ǁŝƚŚ�/>ͲϮϯ�ŝŶ�ƚŚĞ�ƉƌĞƐĞŶĐĞ�ŽĨ�ǀĂƌŝŽƵƐ�d>Z�ůŝŐĂŶĚƐ͘
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/>ͲϮϮ�ƉƌŽĚƵĐƟŽŶ�ďǇ�ƚŽŶƐŝů�ĚĞƌŝǀĞĚ�/>�ϯ͘�;&ŝŐ͘ϭ�Ϳ͘�dƌĂŶƐĐƌŝƉƟŽŶ�ŽĨ�/ůϮϮ was also detected 
ŝŶ� />�ϯ� ƐƟŵƵůĂƚĞĚ� ǁŝƚŚ� d>Z� ůŝŐĂŶĚƐ� ;&ŝŐ͘� ϭ&Ϳ͘� /ůϮϮ transcripts were detected in ILC3 
ƐƟŵƵůĂƚĞĚ�ǁŝƚŚ�Wϯ�͕�>W^�ĂŶĚ�WŽůǇ�/͗��ŝŶ�ĐŽŵďŝŶĂƟŽŶ�ǁŝƚŚ�/>ͲϮϯ͕�ďƵƚ�ŽŶůǇ�Ă�ƐŵĂůů�ŝŶĐƌĞĂƐĞ�
ŝŶ�/>ͲϮϮ�ƚƌĂŶƐĐƌŝƉƟŽŶ�ǁĂƐ�ĨŽƵŶĚ�ŝŶ�ƚŚĞ�ƉƌĞƐĞŶĐĞ�ŽĨ��Ɖ'�ĂƐ�ĐŽŵƉĂƌĞĚ�ƚŽ�ŶŽŶͲƐƟŵƵůĂƚĞĚ�
/>�ϯ�;&ŝŐ͘�ϭ&Ϳ͘��ůƚŚŽƵŐŚ�ĐŽͲĂĐƟǀĂƟŽŶ�ǁŝƚŚ�ĚŝīĞƌĞŶƚ�d>ZƐ�ĚƌŽǀĞ�/ůϮϮ�ƚƌĂŶƐĐƌŝƉƟŽŶ�ďǇ�/>�ϯ͕�
ĐŽͲƐƟŵƵůĂƟŽŶ�ǁŝƚŚ� Wϯ�� ĂƉƉĞĂƌĞĚ� ƚŽ� ďĞ� ƚŚĞ� ƐƚƌŽŶŐĞƐƚ�ŵŝĐƌŽďŝĂů� ĐŽͲĂĐƟǀĂƚŽƌ� ŝŶ� ƚŚĞƐĞ�
ĞǆƉĞƌŝŵĞŶƚƐ͘�

dŚĞƐĞ�ĚĂƚĂ�ĚĞŵŽŶƐƚƌĂƚĞĚ�ƚŚĂƚ�ŽŶĞ�ƐŝŐŶĂů�ŝƐ�ƐƵďͲŽƉƟŵĂů�ƚŽ�ĚƌŝǀĞ�ĨƵůů�/>�ϯ�ĂĐƟǀĂƟŽŶ�
ĂŶĚ� ĐǇƚŽŬŝŶĞ�ƉƌŽƚĞŝŶ�ƉƌŽĚƵĐƟŽŶ�ĂŶĚ� ƚŚĂƚ� ĨŽƌ� ĨƵůů� ĂĐƟǀĂƟŽŶ�ŽĨ� />�ϯ�Ă� ƐĞĐŽŶĚ� ƐŝŐŶĂů� ŝƐ�
needed. 

E�Z�ĂƌĞ�ĐŽͲĂĐƟǀĂƟŶŐ�ƌĞĐĞƉƚŽƌƐ�ŽŶ�ŚƵŵĂŶ�/>�ϯ
dŚĞ�ĨƵŶĐƟŽŶĂů�ƌŽůĞ�ŽĨ�ƚŚĞ�E�ZƐ�ĞǆƉƌĞƐƐĞĚ�ďǇ�/>�ϯ�ŝƐ�ƐƟůů�ƉŽŽƌůǇ�ƵŶĚĞƌƐƚŽŽĚ͘�ZĞĐĞŶƚ�ƐƚƵĚŝĞƐ�
ƐŚŽǁĞĚ� ƚŚĂƚ� ůŝŐĂƟŽŶ� ŽĨ� E<Ɖϰϰ� ŝŶ� ĐŽŵďŝŶĂƟŽŶ�ǁŝƚŚ� />ͲϮϯ� ƚƌŝŐŐĞƌĞĚ� dE&ɲ� ƉƌŽĚƵĐƟŽŶ͕�
ǁŚĞƌĞĂƐ� />ͲϮϮ�ƉƌŽĚƵĐƟŽŶ�ǁĂƐ�ŵĂŝŶůǇ�ĚƌŝǀĞŶ�ďǇ�ĐǇƚŽŬŝŶĞ�ƐƟŵƵůĂƟŽŶϭϴ. Since TLR2 can 
ĂůƐŽ�ĨƵŶĐƟŽŶƐ�ĂƐ�Ă�ĐŽͲĂĐƟǀĂƟŶŐ�ĨĂĐƚŽƌ�ĨŽƌ�/>�ϯ͕�ĂŶĚ�d>Z�ůŝŐĂŶĚ�ĂƌĞ�ůŝŬĞůǇ�ƉƌĞƐĞŶƚ�ŝŶ�ƚŚĞ�
ŝŶƚĞƐƟŶĂů�ŵŝĐƌŽĞŶǀŝƌŽŶŵĞŶƚ͕�ǁĞ�ŶĞǆƚ�ĞǆƉůŽƌĞĚ�ƚŚĞ�ĂďŝůŝƚǇ�ŽĨ�ŚƵŵĂŶ�/>�ϯ�ƚŽ�ďĞ�ĂĐƟǀĂƚĞĚ�
ƚŚƌŽƵŐŚ�E�ZƐ�ŝŶ�ƚŚĞ�ƉƌĞƐĞŶĐĞ�ŽĨ�Wϯ�͘�dŽ�ĂĚĚƌĞƐƐ�ƚŚŝƐ�ƋƵĞƐƟŽŶ͕�E�Zн ILC3 were isolated 
ĨƌŽŵ�ŚƵŵĂŶ�ƉĞĚŝĂƚƌŝĐ�ƚŽŶƐŝůƐ�ĂŶĚ�ĂĐƟǀĂƚĞĚ�ǁŝƚŚ�ƉůĂƚĞͲďŽƵŶĚ�ĂŐŽŶŝƐƚ�ĂŶƟďŽĚŝĞƐ�ĂŐĂŝŶƐƚ�
E<ƉϯϬ͕�E<Ɖϰϰ�ĂŶĚ�E<Ɖϰϲ�ŝŶ�ĐŽŵďŝŶĂƟŽŶ�ǁŝƚŚ�ƚŚĞ�ƐǇŶƚŚĞƟĐ�d>ZϮ�ůŝŐĂŶĚ�WĂŵϯ�ǇƐ�;&ŝŐ͘�
Ϯ�Ͳ/Ϳ͘�>ŝŐĂƟŽŶ�ŽĨ�ĞŝƚŚĞƌ�ŽŶĞ�ŽĨ�ƚŚĞ�E�ZƐ�ŝŶ�ĐŽŵďŝŶĂƟŽŶ�ǁŝƚŚ�Wϯ��ƌĞƐƵůƚĞĚ�ŝŶ�ŝŶĐƌĞĂƐĞĚ�
ƉƌŽĚƵĐƟŽŶ�ŽĨ� dE&ɲ� ;&ŝŐ� Ϯ�Ͳ�Ϳ͕� ŝŶ� ůŝŶĞ�ǁŝƚŚ� ƉƌĞǀŝŽƵƐůǇ� ƉƵďůŝƐŚĞĚ�ĚĂƚĂ�ŽŶ� ĐǇƚŽŬŝŶĞ� ĐŽͲ
ƐƟŵƵůĂƟŽŶϭϴ.

/Ŷ�ĐŽŶƚƌĂƐƚ�ƚŽ�ƉƌĞǀŝŽƵƐ�ǁŽƌŬ�ƚŚĂƚ�ƐŚŽǁĞĚ�ƚŚĂƚ�ĐŽͲĂĐƟǀĂƟŽŶ�ŽĨ�/>�ϯ�ƚŚƌŽƵŐŚ�ĐǇƚŽŬŝŶĞƐ�
ĂŶĚ� E�ZƐ� ƌĂƚŚĞƌ� ƚŚĂŶ� E�Z� ůŝŐĂƟŽŶ� ĂůŽŶĞ� ŝŶĚƵĐĞĚ� />ͲϮϮ� ƉƌŽĚƵĐƟŽŶ͕� ŽƵƌ� ĞǆƉĞƌŝŵĞŶƚƐ�
ƐŚŽǁĞĚ�ƚŚĂƚ�ĞŶŐĂŐĞŵĞŶƚ�ŽĨ�ŝŶĚŝǀŝĚƵĂů�E�ZƐ�ŝŶ�ĐŽŵďŝŶĂƟŽŶ�ǁŝƚŚ�Wϯ��ŝŶĚƵĐĞĚ�ŚŝŐŚ�ůĞǀĞůƐ�
ŽĨ�/>ͲϮϮ�;&ŝŐ͘�Ϯ�Ͳ&Ϳ͘�&ƵƌƚŚĞƌŵŽƌĞ͕�'DͲ�^&�ƉƌŽƚĞŝŶ�ǁĂƐ�ĂůƐŽ�ƉƌŽĚƵĐĞĚ�ďǇ�/>�ϯ�ŝŶ�ƌĞƐƉŽŶƐĞ�
ƚŽ�E�Zͬd>ZϮ�ĐŽͲƐƟŵƵůĂƟŽŶ͘�;&ŝŐ͘�Ϯ'Ͳ/Ϳ͘�tŚĞŶ�ĐŽŵďŝŶĞĚ�ǁŝƚŚ�ĐǇƚŽŬŝŶĞƐ�E<Ɖϰϰ�ŝƐ�ƚŚĞ�ŵĂŝŶ�
ĂĐƟǀĂƟŶŐ�E�Z�ĞǆƉƌĞƐƐĞĚ�ďǇ�/>�ϯϭϴ͘�KƵƌ�ƌĞƐƵůƚƐ�ƌĞǀĞĂůĞĚ�ƚŚĞ�ĐŽͲĂĐƟǀĂƟŶŐ�ƌŽůĞ�ŽĨ�E<ƉϯϬ͕�
E<Ɖϰϰ�ĂŶĚ�E<Ɖϰϲ�ĞǆƉƌĞƐƐĞĚ�ŽŶ�/>�ϯ�ŝŶ�ƚŚĞ�ƉƌĞƐĞŶĐĞ�ŽĨ�d>Z�ůŝŐĂŶĚƐ͘�̂ ŝŶĐĞ�E�Z�ůŝŐĂŶĚƐ�ĂƌĞ�
ĐŽŶƐŝĚĞƌĞĚ�ƚŽ�ďĞ�ĚĂŵĂŐĞ�Žƌ�ƐƚƌĞƐƐͲŝŶĚƵĐĞĚ�ůŝŐĂŶĚƐ͕�ƚŚŝƐ�ĐŽƵůĚ�ŵŝŵŝĐ�Ă�ƐŝƚƵĂƟŽŶ�ŝŶ�ǁŚŝĐŚ�
ďĂĐƚĞƌŝĂů�ƚƌĂŶƐůŽĐĂƟŽŶ�ŽĐĐƵƌƐ�ŝŶ�ƚŚĞ�ĐŽŶƚĞǆƚ�ŽĨ�ƟƐƐƵĞ�ĚĂŵĂŐĞ͘
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&ŝŐƵƌĞ�Ϯ͘�E�Z�ĂƌĞ�ĐŽͲĂĐƟǀĂƟŶŐ�ƌĞĐĞƉƚŽƌƐ�ŝŶ�ŚƵŵĂŶ�/>�ϯ͘�;�Ͳ/Ϳ�WƌŽƚĞŝŶ�ůĞǀĞůƐ�ŝŶ�ƐƵƉĞƌŶĂƚĂŶƚƐ�ŽĨ�ƚŽŶƐŝůĂƌ�E�Zн 
/>�ϯ�ĐƵůƚƵƌĞĚ�ĨŽƌ�ϰ�ĚĂǇƐ�ǁŝƚŚ�ƚŚĞ�d>ZϮ�ůŝŐĂŶĚ�WĂŵϯ�ǇƐ�;Wϯ�Ϳ�ĂŶĚ�E�Z�;ɲͲE<ƉϯϬ͕�ɲͲE<Ɖϰϰ�ĂŶĚ�ɲͲE<ƉϰϲͿͲĂŐŽŶŝƐƚ�
ĂŶƟďŽĚŝĞƐ�ĂƐ�ŵĞĂƐƵƌĞĚ�ďǇ��>/^�͘�/ƐŽƚǇƉĞ�ĐŽŶƚƌŽůƐ�ĨŽƌ�E<ƉϯϬ͕�E<Ɖϰϰ�;/Ő'ϮĂͿ�ĂŶĚ�E<Ɖϰϲ�;/Ő'ϮďͿ�ǁĞƌĞ�ƵƐĞĚ�ŝŶ�
ĐŽŵďŝŶĂƟŽŶ�ǁŝƚŚ�Wϯ�͘�;�Ͳ�Ϳ�dE&ɲ�ƉƌŽƚĞŝŶ�ůĞǀĞůƐ�ƐĞĐƌĞƚĞĚ�ƚŽ�ĐƵůƚƵƌĞ�ƐƵƉĞƌŶĂƚĂŶƚ͘�;�Ͳ&Ϳ�/>ͲϮϮ�ƐĞĐƌĞƟŽŶ�ŽĨ�E�Zн�

/>�ϯ�;'Ͳ/Ϳ�'DͲ�^&�ƉƌŽƚĞŝŶ�ůĞǀĞůƐ�ŽĨ�E�Z-�ƐƟŵƵůĂƚĞĚ�/>�ϯ�ŝŶ�ƚŚĞ�ƉƌĞƐĞŶĐĞ�ŽĨ�Wϯ�͘��ĂƚĂ�ĂƌĞ�ƌĞƉƌĞƐĞŶƚĂƟǀĞ�ŽĨ�ƚŚƌĞĞ�
ŝŶĚĞƉĞŶĚĞŶƚ�ĞǆƉĞƌŝŵĞŶƚƐ
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/ŶƚĞƐƟŶĂů�ĞƉŝƚŚĞůŝĂů�ĐĞůů�ĐŽŶƚĂĐƚ�ĐŽͲĂĐƟǀĂƚĞƐ�ŚƵŵĂŶ�/>�ϯ�
dŽ� ƐƚƵĚǇ� ŚƵŵĂŶ� />�ϯ� ĂĐƟǀĂƟŽŶ� ŝŶ� ŵŽƌĞ� ƉŚǇƐŝŽůŽŐŝĐĂů� ĐŽŶĚŝƟŽŶƐ͕� ǁĞ� ĞƐƚĂďůŝƐŚĞĚ� ĐŽͲ
ĐƵůƚƵƌĞƐ� ŽĨ� ƉƌŝŵĂƌǇ� />�ϯ� ĂŶĚ� ŝŶƚĞƐƟŶĂů� ĞƉŝƚŚĞůŝĂů� ĐĞůů� ůŝŶĞƐ͘� />�ϯ� ĨƌŽŵ�ƉĞĚŝĂƚƌŝĐ� ƚŽŶƐŝůƐ�
were cultured together with the epithelial cell line Caco-2 in the presence or absence of 
Wϯ��;&ŝŐ͘�ϯ�Ϳ͘��ŽͲĐƵůƚƵƌĞ�ŽĨ�/>�ϯ�ĂŶĚ�ĞƉŝƚŚĞůŝĂů�ĐĞůů�ůŝŶĞƐ�ĚŝĚ�ŶŽƚ�ƉƌŽŵŽƚĞ�/>ͲϮϮ�ƉƌŽĚƵĐƟŽŶ�
ǁŚĞƌĞĂƐ�ĂĚĚŝƟŽŶ�ŽĨ�Wϯ��ƚŽ�ƚŚĞ�ĐŽͲĐƵůƚƵƌĞ�ƐǇƐƚĞŵ�ŐƌĞĂƚůǇ�ŝŶĐƌĞĂƐĞĚ�/>ͲϮϮ�ůĞǀĞůƐ�;&ŝŐ͘�ϯ�Ϳ͘�dŽ�
ŝĚĞŶƟĨǇ�ǁŚĞƚŚĞƌ�ƚŚĞ�ĞƉŝƚŚĞůŝĂůͲĚĞƌŝǀĞĚ�ĐŽͲĂĐƟǀĂƟŶŐ�ƐŝŐŶĂů�ǁĂƐ�Ă�ƐŽůƵďůĞ�Žƌ�Ă�ŵĞŵďƌĂŶĞ�
bound factor, co-cultures were established using a transwell insert that prevented cell-
ĐĞůů�ĐŽŶƚĂĐƚ�ďĞƚǁĞĞŶ�/>�ϯ�ĂŶĚ��ĂĐŽͲϮ�ĐĞůůƐ�;&ŝŐ͘�ϯ�Ϳ͘��ŶĂůǇƐŝƐ�ŽĨ�ƚŚĞ�ƚƌĂŶƐǁĞůů�ĐŽͲĐƵůƚƵƌĞ�
of ILC3 and Caco-2 cells showed that indeed direct contact between ILC3 and epithelial 
ĐĞůůƐ�ǁĂƐ�ŶĞĐĞƐƐĂƌǇ� ƚŽ� ĨƵůůǇ� ĂĐƟǀĂƚĞ� />�ϯ� ĂƐ� ƌĞĚƵĐĞĚ� /ůϮϮ transcript levels were found 
ŝŶ� ƚŚĞ� ƉƌĞƐĞŶĐĞ� Žƌ� ĂďƐĞŶĐĞ� ŽĨ� Wϯ�͕� ŝŶĚŝĐĂƟŶŐ� ƚŚĂƚ� ĞƉŝƚŚĞůŝĂůͲĚĞƌŝǀĞĚ� ĂĐƟǀĂƟŶŐ� ƐŝŐŶĂů�
ŝƐ� Ă� ĐĞůůͲďŽƵŶĚ� ĨĂĐƚŽƌ͘ � /Ŷ� ĐŽŶƚƌĂƐƚ͕� ƐƟŵƵůĂƟŽŶ�ǁŝƚŚ� ƚŚĞ� ƐŽůƵďůĞ� ĐǇƚŽŬŝŶĞƐ� />ͲϮϯ�ĂŶĚ� />Ͳ
ϭɴ promoted /ůϮϮ�ƚƌĂŶƐĐƌŝƉƟŽŶ�ďǇ�/>�ϯ�;&ŝŐ͘�ϯ�Ϳ�ĐŽŶĮƌŵŝŶŐ�ƚŚĞ�ƌĞƋƵŝƌĞŵĞŶƚ�ŽĨ�ƚǁŽ�ĐŽͲ
ĂĐƟǀĂƟŶŐ�ƐŝŐŶĂůƐ�ĨŽƌ�ŽƉƟŵĂů�ĐǇƚŽŬŝŶĞ�ƉƌŽĚƵĐƟŽŶ�ďǇ�/>�ϯ͘� �^ŝŵŝůĂƌůǇ͕ �ĐŽͲĐƵůƚƵƌĞ�ŽĨ�/>�ϯ�
ǁŝƚŚ�ƚŚĞ�ĞƉŝƚŚĞůŝĂů�ĐĞůů�ůŝŶĞ�>ŽsŽ�ůĞĚ�ƚŽ�/>ͲϮϮ�ƉƌŽĚƵĐƟŽŶ͕�ƚŚĂƚ�ǁĂƐ�ĐĞůůͲĐŽŶƚĂĐƚ�ĚĞƉĞŶĚĞŶƚ�
ĂƐ�ƐŚŽǁŶ�ďǇ�ƚŚĞ�ĂďƐĞŶĐĞ�ŽĨ� />ͲϮϮ�ƉƌŽƚĞŝŶ� ŝŶ�ƚŚĞ�ƚƌĂŶƐǁĞůů�ĐŽͲĐƵůƚƵƌĞƐ� ;&ŝŐ͘�ϯ�Ϳ͘� /Ŷ� ůŝŶĞ�
with these results, supernatant from co-cultures of ILC3 and Caco-2 in the presence of 
Wϯ��ƉƌŽŵŽƚĞĚ�ŽŶůǇ�ǀĞƌǇ�ůŝƩůĞ�ƉƌŽĚƵĐƟŽŶ�ŽĨ�/>ͲϮϮ�ǁŚĞŶ�ĂĚĚĞĚ�ƚŽ�/>�ϯ�ŝŶ�ƚŚĞ�ƉƌĞƐĞŶĐĞ�ŽĨ�Ă�
d>ZϮ�ůŝŐĂŶĚ�;&ŝŐ͘�ϯ�Ϳ͘�dŚĞƐĞ�ĚĂƚĂ�ƌĞǀĞĂů�ƚŚĂƚ�ƚŚĞ�ĞƉŝƚŚĞůŝĂůͲĚĞƌŝǀĞĚ�ĐŽͲĂĐƟǀĂƟŶŐ�ƐŝŐŶĂů�ĨŽƌ�
/>�ϯ�ŝƐ�Ă�ĐĞůůͲďŽƵŶĚ�ĨĂĐƚŽƌ�ĂŶĚ�ƚŚĂƚ�ŝŶ�ƚŚŝƐ�ĐŽŶƚĞǆƚ�/>�ϯ�ĂĐƟǀĂƟŽŶ�ƌĞƋƵŝƌĞƐ�ĐĞůůͲĐĞůů�ĐŽŶƚĂĐƚ�
ǁŝƚŚ�ůŝŐĂŶĚͲĞǆƉƌĞƐƐŝŶŐ�ĞƉŝƚŚĞůŝĂů�ĐĞůůƐ͘�

^ŝŶĐĞ�ĞƉŝƚŚĞůŝĂů�ĐĞůůƐ�ĂůƐŽ�ĞǆƉƌĞƐƐ�d>ZϮ͕�ǁĞ�ŶĞǆƚ�ŝŶǀĞƐƟŐĂƚĞĚ�ǁŚĞƚŚĞƌ�Wϯ��ŝŶ�ƚŚĞ�ĐŽͲ
ĐƵůƚƵƌĞ�ǁĂƐ�ĂĐƟŶŐ�ŽŶ�/>�ϯ�Žƌ�ŽŶ�ƚŚĞ�ĞƉŝƚŚĞůŝƵŵ͘�dŽ�ƐƚƵĚǇ�ƚŚĞ�ĞīĞĐƚ�ŽĨ�Wϯ��ŽŶ�ĞƉŝƚŚĞůŝĂů�
ĐĞůůƐ͕�d>ZϮ�ŽŶ�ĞƉŝƚŚĞůŝĂů�ĐĞůůƐ�ǁĂƐ�ŶĞƵƚƌĂůŝǌĞĚ�ďǇ�Ă�ďůŽĐŬŝŶŐ�ĂŶƟďŽĚǇ�ďĞĨŽƌĞ�ĂĚĚŝƟŽŶ�ŽĨ�
/>�ϯ� ;&ŝŐ͘�ϯ&͕ �ĐŽŶĚŝƟŽŶ�ĂͿ�Žƌ�ƐŝŵƵůƚĂŶĞŽƵƐůǇ�ǁŝƚŚ� />�ϯ�ĂŶĚ�Wϯ��ĂĚŵŝŶŝƐƚƌĂƟŽŶ�;&ŝŐ͘�ϯ&͕ �
ĐŽŶĚŝƟŽŶ�ďͿ͘��ůŽĐŬŝŶŐ�d>ZϮ� ƐŝŐŶĂůŝŶŐ�ŽŶ�ĞƉŝƚŚĞůŝĂů� ĐĞůů� ůŝŶĞƐ�ŽŶůǇ͕ � ĚŝĚ�ŶŽƚ� ŝŶŇƵĞŶĐĞ� />Ͳ
ϮϮ� ƉƌŽĚƵĐƟŽŶ�ďǇ� />�ϯ� ĐŽŵƉĂƌĞĚ� ƚŽ� ĐŽͲĐƵůƚƵƌĞ� ŝŶ� ƚŚĞ� ƉƌĞƐĞŶĐĞ�ŽĨ� Wϯ�͕�ǁŚĞƌĞĂƐ� d>ZϮ�
ďůŽĐŬŝŶŐ�ŽŶ�ďŽƚŚ�ĞƉŝƚŚĞůŝĂů�ĐĞůůƐ�ĂŶĚ�/>�ϯ͕�ĚƌĂƐƟĐĂůůǇ�ƌĞĚƵĐĞĚ�/>ͲϮϮ�ƉƌŽƚĞŝŶ�ůĞǀĞůƐ�;&ŝŐ͘�ϯ&Ϳ͘

dŚĞƐĞ� ĚĂƚĂ� ƐŚŽǁ� ƚŚĂƚ� ĞƉŝƚŚĞůŝĂů� ĐĞůů� ůŝŶĞƐ� ĐŽͲĂĐƟǀĂƚĞ� />�ϯ� ŝŶ� Ă� ĐĞůůͲĐĞůů� ĐŽŶƚĂĐƚ�
ĚĞƉĞŶĚĞŶƚ� ŵĂŶŶĞƌ͘ � dŚŝƐ� ĂĐƟǀĂƟŽŶ� ƌĞƋƵŝƌĞĚ� Ă� d>ZϮ� ĐŽͲĂĐƟǀĂƟŶŐ� ƐŝŐŶĂů� ŽŶ� />�ϯ� ĂŶĚ�
ŽĐĐƵƌƌĞĚ�ŝŶĚĞƉĞŶĚĞŶƚ�ŽĨ�ĞǆŽŐĞŶŽƵƐůǇ�ĂĚĚĞĚ�ĐǇƚŽŬŝŶĞƐ͘�
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&ŝŐƵƌĞ� ϯ͘� �ƉŝƚŚĞůŝĂů� ĐĞůůƐ� ĐŽͲĂĐƟǀĂƚĞ�ŵƵĐŽƐĂů�E�Zн� />�ϯ� (A) ELISA of IL-22 protein levels in supernatant of 
ƚŽŶƐŝůĂƌ�E�Zн ILC3 co-cultured with epithelial cell lines for 48 h in the presence or absence of the TLR2 ligand 
Pam3Cys (P3C). (B)�/>ͲϮϮ�ƚƌĂŶƐĐƌŝƉƚ�ůĞǀĞůƐ�ŽĨ�E�Zн ILC3 cultured 48 h in a transwell system (TW) in the presence 
ŽĨ��ĂĐŽͲϮ�ĞƉŝƚŚĞůŝĂů�ĐĞůů�ǁŝƚŚ�Žƌ�ǁŝƚŚŽƵƚ�Wϯ��ƐƟŵƵůĂƟŽŶ͕�ĂŶĚ�ĐŽŵƉĂƌĞĚ�ƚŽ�/>�ϯ�ƐƟŵƵůĂƚĞĚ�ǁŝƚŚ�/>ͲϮϯ�ĂŶĚ�/>Ͳϭɴ͘�
;�Ϳ��ŽͲĐƵůƚƵƌĞ�ŽĨ�E�Zн ILC3 and LoVo epithelial cells for 48 h in the presence or absence of P3C compared to
ĐƵůƚƵƌĞ�ŽĨ�/>�ϯ�ŝŶ�Ă�ƚƌĂŶƐǁĞůů�ƐǇƐƚĞŵ�;dtͿ͘�;�Ϳ�/>ͲϮϮ�ƉƌŽƚĞŝŶ�ůĞǀĞůƐ�ŽĨ�ĐƵůƚƵƌĞ�ŽĨ�E�Zн/>�ϯ�ǁŝƚŚŽƵƚ�ƐƟŵƵůŝ͕�ǁŝƚŚ�
supernatant of co-culture of ILC3 and Caco-2 (Sup) in the presence or absence of P3C for 48 h and ILC3 cultured 
ǁŝƚŚ��ĂĐŽͲϮ� ŝŶ�ƚŚĞ�ƉƌĞƐĞŶĐĞ�ŽĨ�Wϯ�͘�;�Ϳ� />ͲϮϮ�ƉƌŽƚĞŝŶ�ƐĞĐƌĞƟŽŶ� ŝŶ�Wϯ��ƐƟŵƵůĂƚĞĚ�E�ZнILC3 co-cultured with
�ĂĐŽͲϮ�ŝŶ�ƚŚĞ�ƉƌĞƐĞŶĐĞ�ŽĨ�d>ZϮ�ŶĞƵƚƌĂůŝǌŝŶŐ�ĂŶƟďŽĚǇ͘�;&͕ �Ă�ĂŶĚ�ďͿ��ǆƉĞƌŝŵĞŶƚĂů�ƐĞƚƵƉ�ŽĨ�d>ZϮ�ďůŽĐŬŝŶŐ�ƐƚƌĂƚĞŐŝĞƐ�
ŝŶ� />�ϯͲ�ĂĐŽͲϮ�ĐŽͲĐƵůƚƵƌĞ͘��ĂĐŽͲϮ�ĐĞůůƐ�ǁĞƌĞ�ĐƵůƚƵƌĞĚ� ĨŽƌ�ϭϲŚ�ǁŝƚŚ�Wϯ��ďĞĨŽƌĞ�ĂĚĚŝƟŽŶ�ŽĨ� />�ϯ� ;&͕ �ĂͿ��ĂĐŽͲϮ�
ĞƉŝƚŚĞůŝĂů�ĐĞůůƐ�ǁĞƌĞ�ƉƌĞͲƚƌĞĂƚĞĚ�ǁŝƚŚ�ĂŶƟͲd>ZϮ�ĂŶƟďŽĚǇ�ĨŽƌ�ϭϴ�ŚŽƵƌƐ�ďĞĨŽƌĞ�ĂĚĚŝƟŽŶ�ŽĨ�/>�ϯ�;&͕ �ďͿ�d>ZϮ�ďůŽĐŬŝŶŐ�
ĂŶƟďŽĚǇ�ǁĂƐ�ĂĚĚĞĚ�ƚŽ�ƚŚĞ�ĐŽͲĐƵůƚƵƌĞ�ŝŶ�ĐŽŵďŝŶĂƟŽŶ�ǁŝƚŚ�/>�ϯ͘�^ƵƉĞƌŶĂƚĂŶƚ�ǁĂƐ�ŚĂƌǀĞƐƚĞĚ�Ϯ�ĚĂǇƐ�ĂŌĞƌ�/>�ϯ�
ĂĚĚŝƟŽŶ�ĂŶĚ�/>ͲϮϮ�ƉƌŽƚĞŝŶ�ĐŽŶƚĞŶƚ�ǁĂƐ�ŵĞĂƐƵƌĞĚ�ŝŶ�ƚŚĞ�ĐƵůƚƵƌĞ�ƐƵƉĞƌŶĂƚĂŶƚƐ�ĂŶĚ�ĐŽŵƉĂƌĞĚ�ƚŽ�/>�ϯ�ĐŽͲĐƵůƚƵƌĞĚ�
with Caco-2 in the presence of P3C .
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/>�ϯ�ĂƌĞ�ĐŽͲĂĐƟǀĂƚĞĚ�ďǇ�ŵĞŵďƌĂŶĞͲďŽƵŶĚ�E�Z�ůŝŐĂŶĚƐ�
^ŝŶĐĞ�ĞƉŝƚŚĞůŝĂů�ĐĞůůƐ�ŚĂǀĞ�ƚŚĞ�ĐĂƉĂĐŝƚǇ�ƚŽ�ĐŽͲĂĐƟǀĂƚĞĚ�/>�ϯ�ǁĞ�ŶĞǆƚ�ĚĞƚĞƌŵŝŶĞĚ�ǁŚĞƚŚĞƌ�
ĞƉŝƚŚĞůŝĂů� ĐĞůů� ůŝŶĞƐ� ĞǆƉƌĞƐƐĞĚ�ŵĞŵďƌĂŶĞͲďŽƵŶĚ�ĞŶĚŽŐĞŶŽƵƐ�E�Z� ůŝŐĂŶĚƐ͘�KŶĞ�ŽĨ� ƚŚĞ�
ƉƌŽƚŽƚǇƉŝĐ�E�Z�ůŝŐĂŶĚƐ�ŝƐ��ϳ,ϲ͕�Ă�ŵĞŵďƌĂŶĞ�ďŽƵŶĚ�E<ƉϯϬ�ůŝŐĂŶĚ�Ϯϭ͕Ϯϱ͘��ŶĂůǇƐŝƐ�ŽĨ�ĚŝīĞƌĞŶƚ�
ĞƉŝƚŚĞůŝĂů�ĐĞůů�ůŝŶĞƐ�ƐŚŽǁĞĚ�ĞǆƉƌĞƐƐŝŽŶ�ŽĨ��ϳ,ϲ�ďŽƚŚ�Ăƚ�ŵZE��;&ŝŐ͘�ϰ�Ϳ�ĂŶĚ�ƉƌŽƚĞŝŶ�ůĞǀĞů�
;&ŝŐ͘�ϰ�Ϳ͘�>ŽsŽ�ĂŶĚ��ĂĐŽͲϮ�ĐĞůů�ůŝŶĞƐ�ǁĞƌĞ�ĂŶĂůǇǌĞĚ�ĂŶĚ�ĐŽŵƉĂƌĞĚ�ƚŽ�<ϱϲϮ�ĂŶĚ�ZĂũŝ�ĐĞůůƐ�ĂƐ�
Ă�ƉŽƐŝƟǀĞ�ĐŽŶƚƌŽůϮϭ͘�>ŽsŽ�ĐĞůůƐ�ĞǆƉƌĞƐƐĞĚ�ŚŝŐŚĞƐƚ�ůĞǀĞůƐ�ŽĨ��ϳ,ϲ�Ăƚ�ƚŚĞ�ƚƌĂŶƐĐƌŝƉƟŽŶĂů�ĂŶĚ�
ƉƌŽƚĞŝŶ�ůĞǀĞůƐ�;&ŝŐ͘�ϰ���ĂŶĚ��Ϳ͘��ĞĐĂƵƐĞ�ĐŽͲĐƵůƚƵƌĞ�ŽĨ�/>�ϯ�ĂŶĚ�ĞƉŝƚŚĞůŝĂů�ĐĞůůƐ�ŝŶ�ĐŽŵďŝŶĂƟŽŶ�
ǁŝƚŚ�ƚŚĞ�d>ZϮ�ůŝŐĂŶĚ�Wϯ��ůĞĚ�ƚŽ�/>ͲϮϮ�ƉƌŽĚƵĐƟŽŶ�ďǇ�/>�ϯ�ŝŶ�Ă�ĐĞůůͲĐĞůů�ĐŽŶƚĂĐƚ�ĚĞƉĞŶĚĞŶƚ�
ŵĂŶŶĞƌ�;&ŝŐ͘�ϯ�Ϳ͕�ǁĞ�ŶĞǆƚ�ĚĞƚĞƌŵŝŶĞĚ�ǁŚĞƚŚĞƌ�ƚŚĞ�ĞƉŝƚŚĞůŝĂůͲĚĞƌŝǀĞĚ�ĐŽͲ�ĂĐƟǀĂƟŶŐ�ƐŝŐŶĂů�
ŝŶǀŽůǀĞĚ�E�Z�ůŝŐĂŶĚƐ͘��ŽͲĐƵůƚƵƌĞ�ŽĨ�/>�ϯ�ǁŝƚŚ�>ŽsŽ�Žƌ��ĂĐŽͲϮ�ĐĞůů�ůŝŶĞƐ�ďĂƌĞůǇ�ŝŶĚƵĐĞĚ�/>Ͳ
ϮϮ�ƉƌŽĚƵĐƟŽŶ�ďǇ�/>�ϯ�;&ŝŐ͘�ϰ��ĂŶĚ��Ϳ͘��Ɛ�ŽďƐĞƌǀĞĚ�ďĞĨŽƌĞ�;&ŝŐ͘�ϯ�Ϳ͕�ĂĚĚŝƟŽŶ�ŽĨ�Wϯ��ƚŽ�ƚŚĞ�
ĐƵůƚƵƌĞƐ�ƐƚƌŽŶŐůǇ�ŝŶĚƵĐĞĚ�/>ͲϮϮ�ŝŶ�ďŽƚŚ�ĐŽͲĐƵůƚƵƌĞ�ƐǇƐƚĞŵƐ�;&ŝŐ͘�ϰ��ĂŶĚ��Ϳ͘�/ŶƚĞƌĞƐƟŶŐůǇ͕ �
ǁŚĞŶ�ĞŶĚŽŐĞŶŽƵƐ�E�Z�ůŝŐĂŶĚƐ�ǁĞƌĞ�ďůŽĐŬĞĚ�ƵƐŝŶŐ�ƐŽůƵďůĞ�E�ZͲ&Đ�ƉƌŽƚĞŝŶƐ�;ĐŽŵďŝŶĂƟŽŶ�
ŽĨ�E<ƉϯϬͲ&Đ͕�E<ƉϰϰͲ&Đ�ĂŶĚ�E<ƉϰϲͲ&ĐͿ͕�/>ͲϮϮ�ƉƌŽĚƵĐƟŽŶ�ǁĂƐ�ĚŝŵŝŶŝƐŚĞĚ�ďŽƚŚ�ŝŶ��ĂĐŽͲϮ�
ĂŶĚ�>ŽsŽ�ĐŽͲĐƵůƚƵƌĞƐ�;&ŝŐ͘�ϰ��ĂŶĚ��Ϳ͘� /Ŷ�ĐŽŶƚƌĂƐƚ͕�ĞǀĞŶ�ƚŚŽƵŐŚ�ĐŽͲĂĐƟǀĂƟŽŶ�ŽĨ�/>�ϯ�ďǇ�
E�Z�ůŝŐĂŶĚͲĞǆƉƌĞƐƐŝŶŐ�ĐĞůů�ůŝŶĞƐ�ƉƌŽŵŽƚĞĚ�'DͲ�^&�ƐĞĐƌĞƟŽŶ͕�ůĞǀĞůƐ�ŽĨ�'DͲ�^&�ǁĞƌĞ�ŽŶůǇ�
ŵŽĚĞƐƚůǇ�ƌĞĚƵĐĞĚ�ŝŶ�ƚŚĞ�ƉƌĞƐĞŶĐĞ�ŽĨ�E�ZͲ&Đ�ƉƌŽƚĞŝŶƐ�;&ŝŐ͘�ϰ�Ϳ� /Ŷ�ƐƵŵ͕�ƚŚŝƐ�ƐĞƚ�ŽĨ�ĚĂƚĂ�
ƌĞǀĞĂůĞĚ�ƚŚĂƚ�E�ZͲůŝŐĂŶĚƐ�ŽŶ�ĞƉŝƚŚĞůŝĂů�ĐĞůůƐ�ĐĂŶ�ĐŽͲĂĐƟǀĂƚĞ�ŚƵŵĂŶ�/>�ϯ͘�
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&ŝŐƵƌĞ�ϰ͘��ƉŝƚŚĞůŝĂů�ĐĞůůƐ�ĂĐƟǀĂƚĞ�/>�ϯ�ǀŝĂ�E�Z�ůŝŐĂƟŽŶ͘�;�Ϳ�dƌĂŶƐĐƌŝƉƟŽŶĂů�ĂŶĂůǇƐŝƐ�ŽĨ��ĂĐŽͲϮ�ĂŶĚ�>ŽsŽ�ĞƉŝƚŚĞůŝĂů�
ĐĞůůƐ� ĨŽƌ� ƚŚĞ�E<ƉϯϬ� ůŝŐĂŶĚ͕� �ϳ,ϲ͘� <ϱϲϮ� ĂŶĚ�ZĂũŝ� ĐĞůůƐ�ǁĞƌĞ� ƵƐĞĚ� ĂƐ� Ă� ƉŽƐŝƟǀĞ� ĐŽŶƚƌŽů� ĂƐ� ĞǆƉƌĞƐƐŝŽŶ� ŽĨ� ƚŚŝƐ�
ligand has been previously shownϮϭ͘� ;�Ϳ��ϳ,ϲ�ƉƌŽƚĞŝŶ�ĞǆƉƌĞƐƐŝŽŶ� ŝŶ�>ŽsŽ�ĂŶĚ��ĂĐŽͲϮ�ĐĞůůƐ� ĐŽŵƉĂƌĞĚ� ƚŽ� ƚŚĞ�
isotype control. (C-D) IL-22 protein levels in supernatant of ILC3 co-cultured with epithelial cell lines for 48 h in 
ƚŚĞ�ƉƌĞƐĞŶĐĞ�Žƌ�ĂďƐĞŶĐĞ�ŽĨ�Wϯ��ĂŶĚ�E�ZͲ&��;E<ƉϯϬͲ&�͕�E<ƉϰϰͲ&��ĂŶĚ�E<ƉϰϲͲ&�Ϳ͘��ĂƚĂ�ĂƌĞ�ƌĞƉƌĞƐĞŶƚĂƟǀĞ�ŽĨ�
ƚŚƌĞĞ�ŝŶĚĞƉĞŶĚĞŶƚ�ĞǆƉĞƌŝŵĞŶƚƐ͘�;�Ϳ�'DͲ�^&�ƉƌŽĚƵĐƟŽŶ�ŝŶ�ĐŽͲĐƵůƚƵƌĞ�ŽĨ�Wϯ��ƐƟŵƵůĂƚĞĚ�>�ϯ�ĂŶĚ��ĂĐŽͲϮ�ŝŶ�ƚŚĞ�
ƉƌĞƐĞŶĐĞ�ŽĨ�E�ZͲ&��ĂŶƟďŽĚŝĞƐ͘�
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DŽĚƵůĂƟŽŶ�ŽĨ��ϳ,ϲ�ĞǆƉƌĞƐƐŝŽŶ�ŝŶ�ĞƉŝƚŚĞůŝĂů�ĐĞůůƐ�ƵƉŽŶ�ĐǇƚŽƐƚĂƟĐ�ŝŶƐƵůƚ
&ƵŶĐƟŽŶĂů�ĂĐƟǀĂƟŽŶ�ŽĨ�/>�ϯ�ďǇ�ŵĞŵďƌĂŶĞ�ďŽƵŶĚ�E�Z�ůŝŐĂŶĚƐ�ƐƵŐŐĞƐƚƐ�ƚŚĞ�ƉŽƐƐŝďŝůŝƚǇ�ŽĨ�
ĂĐƟǀĞ�ĐƌŽƐƐƚĂůŬ�ďĞƚǁĞĞŶ�/>�ϯ�ĂŶĚ�ĞƉŝƚŚĞůŝĂů�ĐĞůůƐ͘�/ŶƚĞƐƟŶĂů�/>�ϯ�ĂƌĞ�ĨƌĞƋƵĞŶƚůǇ�ĨŽƵŶĚ�ĐůŽƐĞ�
to epithelial cells9�ǁŚĞƌĞ�ƚŚĞǇ�ĐĂŶ�ƐĞĐƌĞƚĞ�ĂŶ�ĂƌƌĂǇ�ŽĨ�ĞīĞĐƚŽƌ�ĐǇƚŽŬŝŶĞƐ͘�ZĞĐŽŐŶŝƟŽŶ�ŽĨ�
ůŝŐĂŶĚƐ�ĞǆƉƌĞƐƐĞĚ�ďǇ�ĞƉŝƚŚĞůŝĂ�ĐĞůůƐ͕�ĐŽƵůĚ�ƚŚĞƌĞĨŽƌĞ�ŵŽĚƵůĂƚĞ�/>�ϯ�ƌĞƐƉŽŶƐĞƐ�ŝŶ�Ă�ƐƉĂƟĂůůǇ�
ĐŽŶƚƌŽůůĞĚ�ŵĂŶŶĞƌ͘ �dŽ�ĨƵƌƚŚĞƌ�ƵŶĚĞƌƐƚĂŶĚ�ƚŚĞ�ŝŶƚĞƌĂĐƟŽŶƐ�ďĞƚǁĞĞŶ�/>�ϯ�ĂŶĚ�ĞƉŝƚŚĞůŝĂů�
ĐĞůůƐ͕�ǁĞ�ĞǆƉůŽƌĞĚ�ƚŚĞ�ŝŶŇƵĞŶĐĞ�ŽĨ�/>�ϯͲĚĞƌŝǀĞĚ�ĐǇƚŽŬŝŶĞƐ�ĂŶĚ�ďĂĐƚĞƌŝĂů�ƉƌŽĚƵĐƚƐ�ŝŶ�ƚŚĞ�
ƌĞŐƵůĂƟŽŶ�ŽĨ�ĞƉŝƚŚĞůŝĂů��ϳ,ϲ�ĞǆƉƌĞƐƐŝŽŶ͘�^ƟŵƵůĂƟŽŶ�ŽĨ��ĂĐŽͲϮ�ĞƉŝƚŚĞůŝĂů�ĐĞůů�ůŝŶĞƐ�ǁŝƚŚ�
Wϯ�͕�/>ͲϮϮ�ĂŶĚ�dE&ɲ�ĨĂŝůĞĚ�ƚŽ�ƌĞŐƵůĂƚĞ��ϳ,ϲ�ĞǆƉƌĞƐƐŝŽŶ�ĂƐ�ĐŽŵƉĂƌĞĚ�ƚŽ�ŶŽŶͲƐƟŵƵůĂƚĞĚ�
ĐĞůůƐ�ǇĞƚ�Ă� ƐŵĂůů� ƌĞĚƵĐƟŽŶ� ŝŶ��ϳ,ϲ� ƚƌĂŶƐĐƌŝƉƚƐ�ǁĂƐ� ĨŽƵŶĚ� ŝŶ�ĞƉŝƚŚĞůŝĂů� ĐĞůůƐ� ƐƟŵƵůĂƚĞĚ�
ǁŝƚŚ�ƌĞĐŽŵďŝŶĂŶƚ�ŚƵŵĂŶ�/>ͲϮϮ�ƉƌŽƚĞŝŶ�;ƉͲǀĂůƵĞ�Ϭ͘ϬϱͿ��;&ŝŐ͘�ϱ�Ϳ͘�̂ ŝŵŝůĂƌůǇ͕ �ƉƌŽƚĞŝŶ�ůĞǀĞůƐ�ŽĨ�
�ϳ,ϲ�ŝŶ�ƐƟŵƵůĂƚĞĚ��ĂĐŽͲϮ�ĞƉŝƚŚĞůŝĂů�ĐĞůůƐ�ǁĞƌĞ�ĐŽŵƉĂƌĂďůĞ�ƚŽ�ŶŽŶͲƐƟŵƵůĂƚĞĚ�ĐĞůůƐ�;&ŝŐ͘�
ϱ�͕�ƵƉƉĞƌ�ƉĂŶĞůͿ͘� �^ŝŵŝůĂƌůǇ͕ �ƐƟŵƵůĂƟŽŶ�ŽĨ�>ŽsŽ�ĞƉŝƚŚĞůŝĂů�ĐĞůůƐ�ǁŝƚŚ�Wϯ��ĂŶĚ� />ͲϮϮ�ĚŝĚ�
ŶŽƚ�ŵŽĚƵůĂƚĞ��ϳ,ϲ�ƚƌĂŶƐĐƌŝƉƟŽŶ�ĂŶĚ�ŽŶůǇ�Ă�ŵŝůĚ�ƵƉƌĞŐƵůĂƟŽŶ�ǁĂƐ�ŽďƐĞƌǀĞĚ�ĨŽůůŽǁŝŶŐ�
dE&ɲ�ƐƟŵƵůĂƟŽŶ�;ƉͲǀĂůƵĞ�Ϭ͘ϬϳͿ�;&ŝŐ͘�ϱ�Ϳ͘�^ŝŵŝůĂƌ�ƚŽ�ƚƌĂŶƐĐƌŝƉƚ�ůĞǀĞůƐ͕��ϳ,ϲ�ƉƌŽƚĞŝŶ�ůĞǀĞůƐ�
ŝŶ�>ŽsŽ�ĐĞůůƐ�ŝŶ�ƚŚĞ�ƉƌĞƐĞŶĐĞ�ŽĨ�ĞĂĐŚ�ŽĨ�ƚŚĞ�ƐƟŵƵůŝ�ǁĞƌĞ�ĐŽŵƉĂƌĂďůĞ�ƚŽ�ŶŽŶͲƐƟŵƵůĂƚĞĚ�
>ŽsŽ�ĞƉŝƚŚĞůŝĂů�ĐĞůůƐ�;&ŝŐ͘�ϱ�͕�ůŽǁĞƌ�ƉĂŶĞůͿ͘�^ŝŶĐĞ�E�Z�ůŝŐĂŶĚƐ�ĂƌĞ�ƚŚŽƵŐŚƚ�ƚŽ�ďĞ�ŝŶĚƵĐĞĚ�
ŝŶ�ƌĞƐƉŽŶƐĞ�ƚŽ�ƐƚƌĞƐƐ�ĐŽŶĚŝƟŽŶƐ͕�ǁĞ�ŶĞǆƚ�ĞǆƉůŽƌĞĚ�ƚŚĞ�ĞīĞĐƚ�ŽĨ�ƚŚĞ�ĐǇƚŽƐƚĂƟĐ�ĚƌƵŐ�Ddy�
ŽŶ�ĞǆƉƌĞƐƐŝŽŶ�ŽĨ�E�Z�ůŝŐĂŶĚƐ͘�dƌĂŶƐĐƌŝƉƚ�ĂŶĂůǇƐŝƐ�ĨŽƌ��ϳ,ϲ�ŝŶ��ĂĐŽͲϮ�ĐĞůůƐ�ĚŝĚ�ŶŽƚ�ĐŚĂŶŐĞ�
ŝŶ�ƌĞƐƉŽŶƐĞ�ƚŽ�Ddy�;&ŝŐ͘�ϱ�Ϳ�ǁŚĞƌĞĂƐ�>ŽsŽ�ĐĞůůƐ�ƵƉƌĞŐƵůĂƚĞĚ��ϳ,ϲ�ĞǆƉƌĞƐƐŝŽŶ�ŝŶ�Ă�ĚŽƐĞͲ
ĚĞƉĞŶĚĞŶƚ�ŵĂŶŶĞƌ�;&ŝŐ͘�ϱ�Ϳ͘

dŚĞƐĞ� ĞǆƉĞƌŝŵĞŶƚƐ� ƐŚŽǁ� ƚŚĂƚ� ĐǇƚŽŬŝŶĞƐ� ĂŶĚ� d>Z� ůŝŐĂŶĚƐ� ĨĂŝů� ƚŽ� ƌĞŐƵůĂƚĞ� �ϳ,ϲ�
ĞǆƉƌĞƐƐŝŽŶ�ǁŚĞƌĞĂƐ�ƚŚĞ�ĐǇƚŽƐƚĂƟĐ�ĚƌƵŐ�Ddy�ŝƐ�ĐĂƉĂďůĞ�ŽĨ�ŝŶĚƵĐŝŶŐ��ϳ,ϲ�ĞǆƉƌĞƐƐŝŽŶ�ďǇ�
ĞƉŝƚŚĞůŝĂů� ĐĞůůƐ�ĂŶĚ�ƐƵŐŐĞƐƚ�Ă�ƉŽƚĞŶƟĂů�ŵĞĐŚĂŶŝƐŵ�ŽĨ� />�ϯ�ĂĐƟǀĂƟŽŶ�ƵŶĚĞƌ�ĐǇƚŽƐƚĂƟĐͲ
induced damage.
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&ŝŐƵƌĞ�ϱ͘�DŽĚƵůĂƟŽŶ�ŽĨ�E�Z�ůŝŐĂŶĚƐ�ďǇ�ĐǇƚŽƐƚĂƟĐ�ĚƌƵŐƐ͘�(A) �ϳŚϲ transcript levels of Caco-2 epithelial cells 
ƐƟŵƵůĂƚĞĚ�ĨŽƌ�ϰϴ�Ś�ǁŝƚŚ�ĞŝƚŚĞƌ�ƚŚĞ�d>ZϮ� ůŝŐĂŶĚ�WĂŵϯ�ǇƐ�;Wϯ�Ϳ͕�ƌĞĐŽŵďŝŶĂŶƚ�ŚƵŵĂŶ�/>ͲϮϮ�;ƌŚ/>ϮϮͿ�Žƌ�dE&ɲ͕�
ĐŽŵƉĂƌĞĚ�ƚŽ�ŶŽƚ�ƐƟŵƵůĂƚĞĚ�ĞƉŝƚŚĞůŝĂů�ĐĞůůƐ�;E^Ϳ�;�Ϳ��ϳ,ϲ�ƉƌŽƚĞŝŶ�ĞǆƉƌĞƐƐŝŽŶ�ŝŶ��ĂĐŽͲϮ�ĂŶĚ�>ŽsŽ�ĞƉŝƚŚĞůŝĂů�ĐĞůůƐ�
ƐƟŵƵůĂƚĞĚ�ǁŝƚŚ�Wϯ�͕�ƌŚ/>ϮϮ�ĂŶĚ�dE&ɲ�ĨŽƌ�ϰϴ�ŚŽƵƌƐ�;ƌĞĚͿ��ĐŽŵƉĂƌĞĚ�ƚŽ�ŶŽƚ�ƐƟŵƵůĂƚĞĚ�ĞƉŝƚŚĞůŝĂů�ĐĞůůƐ�;ŐƌĞǇ�Ϳ͘�;�Ϳ�
�ϳŚϲ�ƚƌĂŶƐĐƌŝƉƚ�ůĞǀĞůƐ�ŽĨ�>ŽsŽ�ĞƉŝƚŚĞůŝĂů�ĐĞůůƐ�ƐƟŵƵůĂƚĞĚ�ĨŽƌ�ϰϴ�Ś�ǁŝƚŚ�Wϯ�͕��ƌŚ/>ϮϮ�Žƌ�dE&ɲ͕�ĐŽŵƉĂƌĞĚ�ƚŽ�ŶŽƚ�
ƐƟŵƵůĂƚĞĚ�ĞƉŝƚŚĞůŝĂů�ĐĞůůƐ�;E^Ϳ�;�Ͳ�Ϳ�dƌĂŶƐĐƌŝƉƚ�ůĞǀĞůƐ�ŽĨ��ϳŚϲ�ŝŶ��ĂĐŽͲϮ�ĂŶĚ�>ŽsŽ�ĞƉŝƚŚĞůŝĂů�ĐĞůů�ůŝŶĞƐ�ƐƟŵƵůĂƚĞĚ�
ŽǀĞƌŶŝŐŚƚ�ǁŝƚŚ�ƚŚĞ�ŝŶĚŝĐĂƚĞĚ�ĐŽŶĐĞŶƚƌĂƟŽŶƐ�ŽĨ�ƚŚĞ�ĐǇƚŽƐƚĂƟĐ�ĚƌƵŐ�ŵĞƚŚŽƚƌĞǆĂƚĞ�;DdyͿ͘
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DISCUSSION

/Ŷ�ƚŚĞ�ƉƌĞǀŝŽƵƐ�ĐŚĂƉƚĞƌƐ�ŽĨ�ƚŚŝƐ�ƚŚĞƐŝƐ͕�/�ĚĞƐĐƌŝďĞĚ�ƚŚĞ�ƉƌŽƚĞĐƟǀĞ�ĨƵŶĐƟŽŶƐ�ŽĨ�/>�ϯ�ĂŌĞƌ�
ĂĐƵƚĞ� ŝŶƚĞƐƟŶĂů� ĚĂŵĂŐĞ͘� EĞǀĞƌƚŚĞůĞƐƐ͕� ƚŚĞ� ŵĞĐŚĂŶŝƐŵƐ� ďǇ� ǁŚŝĐŚ� />�ϯ� ƐĞŶƐĞ� ƟƐƐƵĞ�
ĚĂŵĂŐĞ�ĂŶĚ�ĐĂƌƌǇ�ŽƵƚ�ĞīĞĐƚŽƌ�ĨƵŶĐƟŽŶƐ�ƌĞŵĂŝŶ�ƉŽŽƌůǇ�ƵŶĚĞƌƐƚŽŽĚ͘�,ĞƌĞ�ǁĞ�ƐĞƚ�ŽƵƚ�ƚŽ�
ŐĂŝŶ�ŬŶŽǁůĞĚŐĞ�ŽŶ�ƚŚĞ�ĨĂĐƚŽƌƐ�ƚŚĂƚ�ĚƌŝǀĞ�ĂĐƟǀĂƟŽŶ�ŽĨ�ŵƵĐŽƐĂů�/>�ϯ͘�

WƌĞǀŝŽƵƐ�ƐƚƵĚŝĞƐ�ŚĂĚ�ƐŚŽǁŶ�ƚŚĞ�ĂĐƟǀĂƟŶŐ�ƌŽůĞ�ŽĨ�ĐǇƚŽŬŝŶĞƐ�ƐƵĐŚ�ĂƐ�/>ͲϮϯ�ĂŶĚ�/>Ͳϭɴ͘��
tŚĞƚŚĞƌ�Ă�ƐŝŶŐůĞ�ĐǇƚŽŬŝŶĞ�ƐƟŵƵůƵƐ�ƉƌŽŵŽƚĞƐ�ĐǇƚŽŬŝŶĞ�ƉƌŽĚƵĐƟŽŶ�ďǇ�/>�ϯ�Žƌ�ǁŚĞƚŚĞƌ�Ă�
ĐŽŵďŝŶĂƟŽŶ�ŽĨ�ƐŝŐŶĂůƐ�ĂƌĞ�ƌĞƋƵŝƌĞĚ͕�ŝƚ�ŝƐ�ƐƟůů�ƵŶĐůĞĂƌ͘ �dŽ�ŐĂŝŶ�ŬŶŽǁůĞĚŐĞ�ŽŶ�ƚŚĞ�ƐŝŐŶĂůƐ�
ƚŚĂƚ�ůĞĂĚ�ƚŽ�ĐǇƚŽŬŝŶĞ�ƉƌŽĚƵĐƟŽŶ�ďǇ�ŵƵĐŽƐĂů�/>�ϯ͕�ǁĞ�ƉĞƌĨŽƌŵĞĚ�ŝŶ�ǀŝƚƌŽ�ƐƟŵƵůĂƟŽŶƐ�ŽĨ�
tonsil-derived ILC3 with cytokines and TLR ligands, which are found under physiological 
ĐŽŶĚŝƟŽŶƐ͘� dŚĞƐĞ� ĞǆƉĞƌŝŵĞŶƚƐ� ƐŚŽǁĞĚ� ƚŚĂƚ� ŝŶ� ŽƵƌ� ĐƵůƚƵƌĞ� ƐǇƐƚĞŵ͕� ƚǁŽ� ƐŝŐŶĂůƐ� ĂƌĞ�
ƌĞƋƵŝƌĞĚ�ĨŽƌ�ĨƵůů�ĂĐƟǀĂƟŽŶ�ŽĨ�/>�ϯ�ĂƐ�ƐƟŵƵůĂƟŽŶ�ǁŝƚŚ�Ă�ƐŝŶŐůĞ�ƐŝŐŶĂů� ůĞĚ�ƚŽ�ƐƵďŽƉƟŵĂů�
ĐǇƚŽŬŝŶĞ�ƉƌŽĚƵĐƟŽŶ͘

�ĞƐŝĚĞƐ�ƚŚĞ�ǁĞůůͲƐƚƵĚŝĞĚ�ƌŽůĞ�ŽĨ�ĐǇƚŽŬŝŶĞƐ͕�ĞǆƉƌĞƐƐŝŽŶ�ŽĨ�E�ZƐ�ďǇ�/>�ϯ�ŵĂǇ�ƌĞƉƌĞƐĞŶƚ�
ĂŶ�ĂĚĚŝƟŽŶĂů�ĂĐƟǀĂƟŶŐ�ŵĞĐŚĂŶŝƐŵ�ŽŶ�/>�ϯ͘�/ŶĚĞĞĚ͕�ŚƵŵĂŶ�ƚŽŶƐŝůͲĚĞƌŝǀĞĚ�/>�ϯ�ƉƌŽĚƵĐĞĚ�
dE&ɲ�ƵƉŽŶ�E<Ɖϰϰ�ůŝŐĂƟŽŶ�ǁŝƚŚ�ĂŐŽŶŝƐƚ�ĂŶƟďŽĚǇͲĐŽĂƚĞĚ�ďĞĂĚƐϭϴ͘�KŶ�ƚŚĞ�ĐŽŶƚƌĂƌǇ͕ �/>ͲϮϮ�
ĂŶĚ�'DͲ�^&�ƉƌŽĚƵĐƟŽŶ�ǁĞƌĞ�ŝŶĚƵĐĞĚ�ďǇ�ĐǇƚŽŬŝŶĞƐ�ŝŶĐůƵĚŝŶŐ�/>ͲϮϯ�ĂŶĚ�/>Ͳϭɴ͘��ůƚŚŽƵŐŚ�
E<Ɖϰϰ� ůŝŐĂƟŽŶ� ĂůŽŶĞ� ĨĂŝůĞĚ� ƚŽ� ƚƌŝŐŐĞƌ� />ͲϮϮ� ƉƌŽĚƵĐƟŽŶ� ďǇ� />�ϯ͕� E<Ɖϰϰ� ĞŶŐĂŐĞŵĞŶƚ�
ƐǇŶĞƌŐŝǌĞĚ�ǁŝƚŚ�ĐǇƚŽŬŝŶĞ�ƐƟŵƵůĂƟŽŶ�ƚŽ�ŝŶĚƵĐĞ�/>ͲϮϮϭϴ͘��,ĞƌĞ�ǁĞ�ƐŚŽǁ�ƚŚĂƚ�ŝŶ�ĂĚĚŝƟŽŶ�ƚŽ�
ĐǇƚŽŬŝŶĞƐ͕�E�ZƐ�ĂůƐŽ�ĨƵŶĐƟŽŶ�ĂƐ�ĐŽͲƐƟŵƵůĂƚŽƌǇ�ƐŝŐŶĂůƐ�ƚŚĂƚ�ƐǇŶĞƌŐŝƐĞ�ǁŝƚŚ�d>Z�ƐŝŐŶĂůƐ�ƚŽ�
ƉƌŽŵŽƚĞ�/>ͲϮϮ͕�'DͲ�^&�ĂŶĚ�dE&ɲ�ƉƌŽĚƵĐƟŽŶ͘�

/Ŷ� ĐŽŶƚƌĂƐƚ� ƚŽ� ƉƌĞǀŝŽƵƐ� ĮŶĚŝŶŐƐ� ƚŚĂƚ� ƵƐĞĚ� ĂŐŽŶŝƐƚ� ĂŶƟďŽĚǇͲĐŽĂƚĞĚ� ďĞĂĚƐ� ĂŶĚ�
ŝĚĞŶƟĮĞĚ�E<Ɖϰϰ� ĂƐ� ƚŚĞ�ŵĂũŽƌ� ĂĐƟǀĂƟŶŐ�E�Z� ŽŶ� />�ϯϭϴ͕� ŽƵƌ� ĞǆƉĞƌŝŵĞŶƚƐ�ǁĞƌĞ� ďĂƐĞĚ�
ŽŶ�ƉůĂƚĞͲďŽƵŶĚ�E�Z�ĂŐŽŶŝƐƚ�ĂŶƟďŽĚŝĞƐ�ĂŶĚ�ƐŚŽǁĞĚ�ƚŚĂƚ�ŝŶ�ƚŚŝƐ�ĐŽŶƚĞǆƚ�E<ƉϯϬ�ǁĂƐ�ƚŚĞ�
ŵĂũŽƌ�ĂĐƟǀĂƟŶŐ�E�Z�ĂƐ�ŵĞĂƐƵƌĞĚ�ďǇ�ŚŝŐŚĞƌ�ůĞǀĞůƐ�ŽĨ�ƐĞĐƌĞƚĞĚ�/>ͲϮϮ͕�'DͲ�^&�ĂŶĚ�dE&Ă͘�
dŽ�ĨƵƌƚŚĞƌ�ƵŶĚĞƌƐƚĂŶĚ�ǁŚĞƚŚĞƌ�ƚŚŝƐ�ĚŝƐĐƌĞƉĂŶĐǇ�ŝƐ�ĚƵĞ�ƚŽ�ƚŚĞ�ĚŝīĞƌĞŶƚ�ŵĞƚŚŽĚŽůŽŐǇ�ƵƐĞĚ�
ďĞƚǁĞĞŶ�ƚŚĞ�ƚǁŽ�ůĂďƐ�Žƌ�ǁŚĞƚŚĞƌ�ŝƚ�ƌĞŇĞĐƚƐ�ƚŚĞ�ƉƌĞĨĞƌĞŶƟĂů�ƌĞƐƉŽŶƐĞ�ŽĨ�ƐƉĞĐŝĮĐ�E�ZƐ�
ĂĐĐŽƌĚŝŶŐ�ƚŽ�ƚŚĞ�ƐĞĐŽŶĚ�ƐŝŐŶĂůƐ͕�Ă�ĐǇƚŽŬŝŶĞ�Žƌ�Ă�d>Z�ůŝŐĂŶĚ͕�ĂĚĚŝƟŽŶĂů�ĞǆƉĞƌŝŵĞŶƚƐ�ĂƌĞ�
needed that directly compare the two methodologies.

dŚĞ�ĨĞǁ�ĞŶĚŽŐĞŶŽƵƐ�E�Z�ůŝŐĂŶĚƐ�ŝĚĞŶƟĮĞĚ�ĂƌĞ�ĐĞůů�ƐƵƌĨĂĐĞ�ƉƌŽƚĞŝŶƐ�ŽŌĞŶ�ŝŶĚƵĐĞĚ�ďǇ�
ĐĞůůƵůĂƌ�ƐƚƌĞƐƐ�Žƌ�ƚƌĂŶƐĨŽƌŵĂƟŽŶ22,24-26͘��ĂƐĞĚ�ŽŶ�ƚŚŝƐ�ǁĞ�ŚǇƉŽƚŚĞƐŝǌĞĚ�ƚŚĂƚ�ĂĐƟǀĂƟŽŶ�ŽĨ�
/>�ϯ�ǀŝĂ�E�Z�ůŝŐĂƟŽŶ�ďǇ�ŵĞŵďƌĂŶĞ�ďŽƵŶĚ�ůŝŐĂŶĚƐ�ǁŽƵůĚ�ďĞ�Ă�ƉŽƚĞŶƟĂů�ƐǇƐƚĞŵ�ƚŽ�ĐŽŶƚƌŽů�
/>�ϯ�ĂĐƟǀĂƟŽŶ�Ăƚ�ƐŝƚĞƐ�ŽĨ�ƟƐƐƵĞ�ĚĂŵĂŐĞ͘�/ŶĚĞĞĚ͕�ŝŶƚĞƐƟŶĂů�ĞƉŝƚŚĞůŝĂů�ĐĞůů�ůŝŶĞƐ�ĞǆƉƌĞƐƐŝŶŐ�
�ϳ,ϲ�ĐŽͲĂĐƟǀĂƚĞ�ŚƵŵĂŶ�E�Zн�/>�ϯ�ŝŶ�ƚŚĞ�ƉƌĞƐĞŶĐĞ�ŽĨ�Ă�d>ZϮ�ůŝŐĂŶĚ͘�/Ŷ�ƚŚŝƐ�ĐŽŶƚĞǆƚ͕�ĨƵůů�
ĂĐƟǀĂƟŽŶ�ŽĨ� />�ϯ�ƌĞƋƵŝƌĞĚ�d>ZϮ� ůŝŐĂƟŽŶ�ĂŶĚ�ĐĞůů�ĐŽŶƚĂĐƚ�ǁŝƚŚ�ĞƉŝƚŚĞůŝĂů�ĐĞůůƐ͘��ůŽĐŬŝŶŐ�
E�Z�ďŝŶĚŝŶŐ� ŝŶ� ƚŚĞ� />�ϯͲĞƉŝƚŚĞůŝĂů� ĐĞůů� ĐƵůƚƵƌĞ� ƐǇƐƚĞŵ� ƐŚŽǁĞĚ�Ă� ƌĞĚƵĐĞĚ�ĂĐƟǀĂƟŽŶ�ŽĨ�
/>�ϯ�ƌĞǀĞĂůŝŶŐ�ĂŶ�E�ZͲĚĞƉĞŶĚĞŶƚ�ĂĐƟǀĂƟŽŶ�ŽĨ�/>�ϯ͘�^ŝŶĐĞ�ŚƵŵĂŶ�/>�ϯ�ĐĂŶ�ďĞ�ĂĐƟǀĂƚĞĚ�
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ƚŚƌŽƵŐŚ�E�ZƐ͕�ŝƚ�ŝƐ�ƚĞŵƉƟŶŐ�ƚŽ�ƐƉĞĐƵůĂƚĞ�ƚŚĂƚ�ƐŝŵŝůĂƌ�ŵĞĐŚĂŶŝƐŵƐ�ŵŝŐŚƚ�ďĞ�ŽƉĞƌĂƟŽŶĂů�
ŝŶ�ŚƵŵĂŶ�ŝŶƚĞƐƟŶĞ�ĂŌĞƌ�ƟƐƐƵĞ�ĚĂŵĂŐĞ�ŝŶĚƵĐĞĚ�ĚƵƌŝŶŐ�ĨŽƌ�ŝŶƐƚĂŶĐĞ�ĂŶƟͲĐĂŶĐĞƌ�ĐŚĞŵŽ�Žƌ�
ƌĂĚŝŽ�ƚŚĞƌĂƉǇ͕ �ĐŽŶĚŝƟŽŶŝŶŐ�ĨŽƌ�ŚĞŵĂƚŽƉŽŝĞƟĐ�ƐƚĞŵ�ĐĞůů�ƚƌĂŶƐƉůĂŶƚĂƟŽŶ�Žƌ�ĂƐ�ƚŚĞ�ƌĞƐƵůƚ�ŽĨ�
ƵŶĐŽŶƚƌŽůůĞĚ�ŝŵŵƵŶŝƚǇ�ŝŶ�ŝŶŇĂŵŵĂƚŽƌǇ�ďŽǁĞů�ĚŝƐĞĂƐĞƐ͘�dŚŝƐ�ŶŽƟŽŶ�ŵŝŐŚƚ�ďĞ�ŝŶ�ůŝŶĞ�ǁŝƚŚ�
ƌĞĐĞŶƚ�ĮŶĚŝŶŐƐ�ƐŚŽǁŝŶŐ�ƚŚĞ�ĂƉƉĞĂƌĂŶĐĞ�ŽĨ�E�Zн�/>�ϯ�ŝŶ�ĐŝƌĐƵůĂƟŽŶ�ŽĨ�ůĞƵŬĞŵŝĂ�ƉĂƟĞŶƚƐ�
ƵŶĚĞƌŐŽŝŶŐ� ŝŶĚƵĐƟŽŶ� ĐŚĞŵŽƚŚĞƌĂƉǇ� ƉƌŝŽƌ� ƚŽ� ŚĞŵĂƚŽƉŽŝĞƟĐ� ƐƚĞŵ� ĐĞůů� ƚƌĂŶƐƉůĂŶƚĂƟŽŶ�
(HSCT)27͘�dŚĞ�ƉƌĞƐĞŶĐĞ�ŽĨ�E�Zн�/>�ϯ�ĐŽƌƌĞůĂƚĞĚ�ǁŝƚŚ�ƌĞĚƵĐĞĚ�ĚĞǀĞůŽƉŵĞŶƚ�ŽĨ�'ǀ,��ĂŌĞƌ�
ƐƵďƐĞƋƵĞŶƚ�,^�d͕ �ǁŚŝĐŚ�ŵŝŐŚƚ�ƉŽƐƐŝďůǇ�ďĞ�ƚŚĞ�ƌĞƐƵůƚ�ŽĨ�ŝŶĐƌĞĂƐĞĚ�ŵƵĐŽƐĂů�ƟƐƐƵĞ�ƌĞƉĂŝƌ͘ �

�ǆƉƌĞƐƐŝŽŶ�ŽĨ�E�Z� ůŝŐĂŶĚƐ�ĐĂŶ�ďĞ� ŝŶĚƵĐĞĚ�ďǇ�ƉƌŽͲŝŶŇĂŵŵĂƚŽƌǇ�ĐǇƚŽŬŝŶĞƐ�ĂŶĚ�d>ZƐ�
on non-transformed cellsϮϭ͕Ϯϰ͘�KƵƌ�ĚĂƚĂ� ƐŚŽǁĞĚ� ƚŚĂƚ� ĐǇƚŽŬŝŶĞƐ�ĂŶĚ�d>Z� ůŝŐĂŶĚƐ�ĚŽ�ŶŽƚ�
ƌĞŐƵůĂƚĞ�ĞǆƉƌĞƐƐŝŽŶ�ŽĨ� ƚŚĞ�E<ƉϯϬ� ůŝŐĂŶĚ��ϳ,ϲ�ŽŶ�ĞƉŝƚŚĞůŝĂů�ĐĞůůƐ� ůŝŶĞƐ͘� /Ŷ�ĐŽŶƚƌĂƐƚ͕�ǁĞ�
ŽďƐĞƌǀĞĚ�ƚŚĂƚ�ƚŚĞ�ĐǇƚŽƐƚĂƟĐ�ĚƌƵŐ�Ddy�ǁĂƐ�ĐĂƉĂďůĞ�ŽĨ�ŝŶĚƵĐŝŶŐ��ϳ,ϲ�ĞǆƉƌĞƐƐŝŽŶ�ŽŶ�>ŽsŽ�
cells in a dose-dependent manner. These data suggest that B7H6 may be a damage-
ŝŶĚƵĐĞĚ�ƉƌŽƚĞŝŶ�ƵƐĞĚ�ďǇ�/>�ϯ�ƚŽ�ƐǁŝƚĐŚ�ŽŶ�Ă�ƟƐƐƵĞͲƉƌŽƚĞĐƟǀĞ�ƉƌŽŐƌĂŵ͘��ůƚŚŽƵŐŚ�/>�ϯͲ
ĚĞƌŝǀĞĚ�ĐǇƚŽŬŝŶĞƐ�ŚĂĚ�ŽŶůǇ�Ă�ŵŝŶŽƌ�ĞīĞĐƚ�ŽŶ�ĞǆƉƌĞƐƐŝŽŶ�ŽĨ��ϳ,ϲ�ďǇ�ĞƉŝƚŚĞůŝĂů�ĐĞůů�ůŝŶĞƐ͕�
ĨƵƌƚŚĞƌ� ĞǆƉĞƌŝŵĞŶƚƐ� ĂƌĞ� ŶĞĞĚĞĚ� ƚŽ� ĞǆĐůƵĚĞ� ƚŚĞ� ƌŽůĞ� ŽĨ� />�ϯͲĚĞƌŝǀĞĚ� ĐǇƚŽŬŝŶĞƐ� ŝŶ�E�Z�
ůŝŐĂŶĚƐ�ĞǆƉƌĞƐƐŝŽŶ�ĂŶĚ�ƚŽ�ĐůĂƌŝĨǇ�ƚŚĞ�ƌŽůĞ�ŽĨ�E�ZͲĚĞƉĞŶĚĞŶƚ�ĂĐƟǀĂƟŽŶ�ŽĨ�/>�ϯ�ĂƐ�ǁĞůů�ĂƐ�
ŝƚƐ�ĞīĞĐƚŽƌ�ĨƵŶĐƟŽŶ�ŽŶ�ĞƉŝƚŚĞůŝĂů�ĐĞůůƐ͘

�ŽůůĞĐƟǀĞůǇ͕ �ƚŚĞƐĞ�ĚĂƚĂ�ƐŚŽǁ�ƚŚĂƚ�/>�ϯ�ĐĂŶ�ƌĞƐƉŽŶĚ�ƚŽ�ďĂĐƚĞƌŝĂů�ƉƌŽĚƵĐƚƐ�ĂŶĚ�ƐƚƌĞƐƐͲ
ŝŶĚƵĐĞĚ� ůŝŐĂŶĚƐ� ŝŶ� Ă� ƐƉĂƟĂůůǇ� ĐŽŶƚƌŽůůĞĚ� ŵĂŶŶĞƌ� ůĞĂĚŝŶŐ� ƚŽ� ƐĞĐƌĞƟŽŶ� ŽĨ� ŵŽůĞĐƵůĞƐ�
ŝŶǀŽůǀĞĚ�ŝŶ�ŵƵĐŽƐĂů�ƟƐƐƵĞ�ƉƌŽƚĞĐƟŽŶ͘�
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/ƐŽůĂƟŽŶ�ŽĨ�ŚƵŵĂŶ�/>�ϯ�ĨƌŽŵ�ƚŽŶƐŝůƐ��
dŽŶƐŝůƐ� ĨƌŽŵ� ƌŽƵƟŶĞ�ƉĞĚŝĂƚƌŝĐ� ƚŽŶƐŝůůĞĐƚŽŵŝĞƐ�ǁĞƌĞ� ŬŝŶĚůǇ� ƉƌŽǀŝĚĞĚ�ďǇ�ƉĂƟĞŶƚƐ� Ăƚ� ƚŚĞ�
^ŽƉŚŝĂ� ĐŚŝůĚƌĞŶ Ɛ͛� ŚŽƐƉŝƚĂů� ;ZŽƩĞƌĚĂŵͿ� ĐŽŶƟŶŐĞŶƚ� ŽŶ� ŝŶĨŽƌŵĞĚ� ĐŽŶƐĞŶƚ� ĂŶĚ� ĂŌĞƌ�
approval by the Medical Ethical Commission of the Erasmus University Medical Center 
ZŽƩĞƌĚĂŵ͘�dŝƐƐƵĞ�ǁĂƐ�ĚŝƐƐŽĐŝĂƚĞĚ�ƵƐŝŶŐ�'ĞŶƚůĞ�D��Ɛ�;DŝůƚĞŶǇŝ��ŝŽƚĞĐͿ�ĂŶĚ�ĚŝŐĞƐƚĞĚ�ǁŝƚŚ�
�ŽůĂŐĞŶĂƐĞ�/s�;ϭŵŐͬŵů͕�ZŽĐŚĞͿ�ĨŽƌ�ϭϱ�ŵŝŶ�Ăƚ�ϯϳΣ�͘��Ğůů�ƐƵƐƉĞŶƐŝŽŶƐ�ǁĞƌĞ�ƉĂƐƐĞĚ�ƚŚƌŽƵŐŚ�
Ă�ϭϬϬʅŵ�ĐĞůů�ƐƚƌĂŝŶĞƌ�ĂŶĚ�ǁĂƐŚĞĚ�ǁŝƚŚ��D�D�ĐŽŶƚĂŝŶŝŶŐ�ϭϬй�&�^�ĂŶĚ�Wͬ^�;ϭϬϬhͬŵůͿ͘�
DŽŶŽŶƵĐůĞĂƌ�ĐĞůů�;DE�Ϳ�ĨƌĂĐƟŽŶƐ�ǁĞƌĞ�ŝƐŽůĂƚĞĚ�ďǇ�ĮĐŽůů�ĚĞŶƐŝƚǇ�ŐƌĂĚŝĞŶƚ�ĐĞŶƚƌŝĨƵŐĂƟŽŶ͘��
��ϭϭϳн�ĐĞůůƐ�ǁĞƌĞ�ĞŶƌŝĐŚĞĚ� ĨƌŽŵ�ƚŚĞ�DE��ĨƌĂĐƟŽŶ�ƵƐŝŶŐ���ϭϭϳ�DŝĐƌŽ�ĞĂĚƐ� ;�ϯ�ϲ�Ϯ͕�
D��^�ƐĞƉĂƌĂƟŽŶ͕�DŝůƚĞŶǇŝ��ŝŽƚĞĐͿ�ĂŶĚ�ƐƵďƐĞƋƵĞŶƚůǇ�ƐƚĂŝŶĞĚ�ǁŝƚŚ�ĐŽŶũƵŐĂƚĞĚ�ĂŶƟďŽĚŝĞƐ͘�
��ϭϭϳͲĞŶƌŝĐŚĞĚ�DE�Ɛ�ǁĞƌĞ�ĂŶĂůǇǌĞĚ�ďǇ�ŇŽǁ�ĐǇƚŽŵĞƚƌǇ�;�Z/�͕���Ϳ�ĂŶĚ�/>�ϯ�ǁĞƌĞ�ƐŽƌƚĞĚ�
ĂƐ���ϰϱнLin- ��ϱϲ-��ϭϮϳн��ϭϭϳнCD69нE<Ɖϰϰн. Sorted ILC3 were rested for 7 days in IL-7 
ĂŶĚ�^�&�ƉƌŝŽƌ�ƚŽ�ƵƐĞ͘

>ŝƐƚ�ŽĨ�ŵŽŶŽĐůŽŶĂů�ĂŶƟďŽĚŝĞƐ
,ƵŵĂŶ�ŵŽŶŽĐůŽŶĂů� ĂŶƟďŽĚŝĞƐ͗� ��ϰϱ� ;,/ϯϬ͕� Ğ�ŝŽƐĐŝĞŶĐĞͿ͖� >ŝŶ� ;�ǆ�ŝŽͿ͗� ��ϯ� ;DĞŵϱϳͿ͕�
��ϭϵ� ;>dϭϵͿ͕���ϭϰ� ;DĞŵϭϱͿ͕���ϯϰ� ;ϰ,ϭϭͿ͖���ϵϰ� ;�yϮϮ͕�Ğ�ŝŽƐĐŝĞŶĐĞͿ͖���ϭϮϳ� ;ϭϬϰ�Ϯ͕�
�ŝŽůĞŐĞŶĚͿ͖���ϭϭϳ�;Z�Zϱ͕�Ğ�ŝŽƐĐŝĞŶĐĞͿ͖���ϲϵ�;&EϱϬ͕��ŝŽůĞŐĞŶĚͿ͖�E<Ɖϰϰ�;Wϰϰϴ͕��ŝŽůĞŐĞŶĚͿ

E�Z�ƐƟŵƵůĂƟŽŶ�ŽĨ�ŚƵŵĂŶ�/>�ϯ
�ƵůƚƵƌĞͲƚƌĞĂƚĞĚ� ƌŽƵŶĚͲďŽƩŽŵ� ϵϲ�ǁĞůůͲƉůĂƚĞƐ�ǁĞƌĞ� ĐŽĂƚĞĚ�ǁŝƚŚ� ĂŐŽŶŝƐƚ� ĂŶƟďŽĚŝĞƐ͕� Žƌ�
ƚŚĞŝƌ� ŝƐŽƚǇƉĞƐ͕�ƚŽ�E<ƉϯϬ�;ϱƵŐͬŵů͕�ZΘ��ƐǇƐƚĞŵƐ͕� /Ő'ϮĂͿ͕�E<Ɖϰϰ�;ϱƵŐͬŵů͕�ZΘ��ƐǇƐƚĞŵƐ͕�
/Ő'ϮĂͿ�ĂŶĚ�E<Ɖϰϲ�;ϱƵŐͬŵů͕�ZΘ��ƐǇƐƚĞŵƐ͕�/Ő'ϮďͿ�ŝŶ�W�^�ĨŽƌ�ϯ�ŚŽƵƌƐ�Ăƚ�ϯϳΣ�͘�WůĂƚĞƐ�ǁĞƌĞ�
washed and sorted tonsilar ILC3 were added in the presence or absence of Pam3Cys 
;Wϯ�͕�ϭƵŐͬŵů͕�/ŶǀŝǀŽŐĞŶͿ�ĨŽƌ�ϮϰŚ͘��ǇƚŽŬŝŶĞ�ĐŽŶƚĞŶƚ�ŝŶ�ƐƵƉĞƌŶĂƚĂŶƚƐ�ǁĂƐ�ĚĞƚĞƌŵŝŶĞĚ�ďǇ�
ĞŶǌǇŵĞͲůŝŶŬĞĚ�ŝŵŵƵŶŽƐŽƌďĞŶƚ�ĂƐƐĂǇ�;�ƵŽ^Ğƚ��>/^�͕�ZΘ��ƐǇƐƚĞŵƐͿ�ĂŶĚ�ĂďƐŽƌďĂŶĐĞ�ǁĂƐ�
ŵĞĂƐƵƌĞĚ�Ăƚ�ϰϱϬŶŵ�ƵƐŝŶŐ�sŝĐƚŽƌ�yϰ�;WĞƌŬŝŶ��ůŵĞƌͿ͘

�ƵůƚƵƌĞ�ĂŶĚ�ĂŶĂůǇƐŝƐ�ŽĨ�ŝŶƚĞƐƟŶĂů�ĞƉŝƚŚĞůŝĂů�ĐĞůů�ůŝŶĞƐ
/ŶƚĞƐƟŶĂů� ĞƉŝƚŚĞůŝĂů� ĐĞůů� ůŝŶĞƐ�ǁĞƌĞ� ĐƵůƚƵƌĞĚ�ǁŝƚŚ��D�D� ĐŽŶƚĂŝŶŝŶŐ� ϭϬй� &�^ŝ� ĂŶĚ� Wͬ^�
;ϭϬϬhͬŵůͿ͘��ĂĐŽͲϮ�ĂŶĚ�>ŽsŽ�ĞƉŝƚŚĞůŝĂů�ĐĞůůƐ�ǁĞƌĞ�ƐĞĞĚĞĚ�ŝŶ�Ă�ϵϲͲǁĞůů�ƉůĂƚĞƐ�ĂŶĚ�ƐƟŵƵůĂƚĞĚ�
ĨŽƌ�ϰϴ�Ś�ǁŝƚŚ�ƚŚĞ�ĨŽůůŽǁŝŶŐ�d>Z�ůŝŐĂŶĚƐ͖�d>ZϮ�ůŝŐĂŶĚ�Wϯ��;ϭƵŐͬŵůͿ͕�d>Zϯ�ůŝŐĂŶĚ�WŽůǇ�/͗��
;ϭƵŐͬŵůͿ͕� �d>Zϰ� ůŝŐĂŶĚ�>W^� ;ϭƵŐͬŵů͖�Ăůů� ĨƌŽŵ� /ŶǀŝǀŽŐĞŶͿ͖�^ŝŵŝůĂƌůǇ͕ �ĞƉŝƚŚĞůŝĂů� ĐĞůůƐ�ǁĞƌĞ�
ĐƵůƚƵƌĞĚ�ĨŽƌ�ϰϴ�Ś�ŝŶ�ƚŚĞ�ƉƌĞƐĞŶĐĞ�ŽĨ�ĐǇƚŽŬŝŶĞƐ��dE&ɲ�;ϭϬ�ŶŐͬŵů͖�ZΘ��ƐǇƐƚĞŵƐͿ��Žƌ�ƌŚ/>ͲϮϮ�
;ϭϬ�ŶŐͬƵů͖�WĞƉƌŽƚĞĐŚͿ͘�^ƟŵƵůĂƟŽŶ�ǁŝƚŚ�ƚŚĞ�ĐǇƚŽƐƚĂƟĐ�ĚƌƵŐ�ŵĞƚŚŽƚƌĞǆĂƚĞ�ǁĂƐ�ƉĞƌĨŽƌŵĞĚ�
ŽǀĞƌŶŝŐŚƚ�Ăƚ�ϭͲϭϬϬ�ŶŐͬŵů͘��ĞůůƐ�ǁĞƌĞ�ĞŝƚŚĞƌ�ůǇƐĞĚ�ĨŽƌ�ZE��ŝƐŽůĂƟŽŶ�ĂŶĚ�ƚƌĂŶƐĐƌŝƉƚ�ĂŶĂůǇƐŝƐ�
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ŽĨ��ϳ,ϲ�Žƌ�ƐƚĂŝŶĞĚ�ǁŝƚŚ��ϳ,ϲ�ĂŶƟďŽĚǇ�;ŬŝŶĚůǇ�ƉƌŽǀŝĚĞĚ�ďǇ��͘�sŝǀŝĞƌ͕ ��/D>͕�DĂƌƐĞŝůůĞͿ�ĨŽƌ�
ŇŽǁ�ĐǇƚŽŵĞƚƌŝĐ�ĂŶĂůǇƐŝƐ͘ 

�ŽͲĐƵůƚƵƌĞ�ŽĨ�ŝŶƚĞƐƟŶĂů�ĞƉŝƚŚĞůŝĂů�ĐĞůů�ůŝŶĞƐ�ĂŶĚ�/>�ϯ
�ĂĐŽͲϮ�ĂŶĚ�>ŽsŽ�ĐĞůů� ůŝŶĞƐ�ǁĞƌĞ�ĐŽͲĐƵůƚƵƌĞĚ�ǁŝƚŚ�ƐŽƌƚĞĚ�ƚŽŶƐŝůĂƌ� />�ϯ�;ƌĂƟŽ�Ϯ͗ϯͿ� ŝŶ�ƚŚĞ�
ƉƌĞƐĞŶĐĞ�Žƌ�ĂďƐĞŶĐĞ�ŽĨ�WĂŵϯ�ǇƐ�;Wϯ�͕�ϭƵŐͬŵůͿ�ĂŶĚ�E�ZͲ&Đ�ĨƵƐŝŽŶ�ƉƌŽƚĞŝŶƐ�;E<ƉϯϬͲ&Đ͕�
E<ƉϰϰͲ&Đ�ĂŶĚ�E<ƉϰϲͲ&Đ͕�Ăůů�Ăƚ�ϱƵŐͬŵů͕�ZΘ��ƐǇƐƚĞŵƐͿ�ĨŽƌ�ϰϴ�ŚŽƵƌƐ͘�

&Žƌ�d>ZϮ�ďůŽĐŬŝŶŐ�ĞǆƉĞƌŝŵĞŶƚƐ͕�ĞŝƚŚĞƌ�/>�ϯ�Žƌ��ĂĐŽͲϮ�ĞƉŝƚŚĞůŝĂů�ĐĞůůƐ�ǁĞƌĞ�ƚƌĞĂƚĞĚ�ǁŝƚŚ�
d>ZϮ�ŶĞƵƚƌĂůŝǌŝŶŐ�ĂŶƟďŽĚǇ�;ϭϬ�ƵŐͬŵů͕�ϯϴϯϵϯϲ͕�ZΘ��ƐǇƐƚĞŵƐͿ�ĂƐ�ĚĞƐĐƌŝďĞĚ�ŝŶ�ĮŐƵƌĞ�ϯ&͘ �

Cytokine content in supernatant was determined by enzyme-linked immunosorbent 
ĂƐƐĂǇ�;�ƵŽ^Ğƚ��>/^�͕�ZΘ��ƐǇƐƚĞŵƐͿ�ĂŶĚ�ĂďƐŽƌďĂŶĐĞ�ǁĂƐ�ŵĞĂƐƵƌĞĚ�Ăƚ�ϰϱϬŶŵ�ƵƐŝŶŐ�sŝĐƚŽƌ�
yϰ�;WĞƌŬŝŶ��ůŵĞƌͿ͘

PCR
ZE��ǁĂƐ�ĞǆƚƌĂĐƚĞĚ�ƵƐŝŶŐ�ƚŚĞ�ZE�Ͳy^�Ŭŝƚ�;DĂĐŚĞƌǇ�EĂŐĞůͿ�ĨŽůůŽǁĞĚ�ďǇ�ƌĞǀĞƌƐĞͲƚƌĂŶƐĐƌŝƉƟŽŶ�
ǁŝƚŚ� ƌĂŶĚŽŵ�ŚĞǆĂŵĞƌ�ƉƌŝŵĞƌƐ͘�&Žƌ�ƋƵĂŶƟƚĂƟǀĞ�W�Z͕�Ă�EĞǀŝƟ�dŚĞƌŵĂů��ǇĐůĞƌ� ;�ƉƉůŝĞĚ�
�ŝŽƐǇƐƚĞŵƐͿ�ĂŶĚ��ǇE�ŵŽ�&ůĂƐŚ�^z�Z�'ƌĞĞŶ�ƋW�Z�Ŭŝƚ� ;&ŝŶŶǌǇŵĞƐͿ�ǁĞƌĞ�ƵƐĞĚ͕�ǁŝƚŚ�ƚŚĞ�
ĂĚĚŝƟŽŶ�ŽĨ�DŐ�ůϮ�ƚŽ�Ă�ĮŶĂů�ĐŽŶĐĞŶƚƌĂƟŽŶ�ŽĨ�ϰ�ŵD͘��ůů�ƌĞĂĐƟŽŶƐ�ǁĞƌĞ�ĚŽŶĞ�ŝŶ�ĚƵƉůŝĐĂƚĞ�
ĂŶĚ�ǁĞƌĞ�ŶŽƌŵĂůŝǌĞĚ�ƚŽ�ƚŚĞ�ĞǆƉƌĞƐƐŝŽŶ�ŽĨ�'ĂƉĚŚ͘�ZĞůĂƟǀĞ�ĞǆƉƌĞƐƐŝŽŶ�ǁĂƐ�ĐĂůĐƵůĂƚĞĚ�ďǇ�
the cycling threshold (CT) method as 2Ͳѐƚ.
WƌŝŵĞƌƐ�ƐĞƋƵĞŶĐĞƐ�ĐĂŶ�ďĞ�ĨŽƵŶĚ�ŝŶ�dĂďůĞ�ϭ

Table 1. List of primers

Gene�ŶĂŵĞ &ŽƌǁĂƌĚ�WƌŝŵĞƌ Reverse Primer

Ś'�W�, GTCGGAGTCAACGGATT AAGCTTCCCGTTCTCAG
Ś�ϳ,ϲ CCCAACCCCTCAACAT GGTCGGAATGCCTCTT
Ś/>ϮϮ GCTGCCTCCTTCTCTTG TCCGTGGAACAGTTTCTC

^ƚĂƟƐƟĐĂů�ĂŶĂůǇƐŝƐ
^ĂŵƉůĞƐ� ǁĞƌĞ� ĂŶĂůǇǌĞĚ� ƵƐŝŶŐ� ƵŶƉĂŝƌĞĚ� DĂŶŶͲtŚŝƚŶĞǇ� ƚĞƐƚ͘� W� ǀĂůƵĞƐ� ф� Ϭ͘Ϭϱ� ǁĞƌĞ�
ĐŽŶƐŝĚĞƌĞĚ�ƐŝŐŶŝĮĐĂŶƚ͘

4



100 • Chapter 4

REFERENCES

ϭ� ��ŚĞŶŐ͕� z͘ � Ğƚ� Ăů͘� /ŶƚĞƌůĞƵŬŝŶͲϮϮ� ŵĞĚŝĂƚĞƐ� ĞĂƌůǇ� ŚŽƐƚ� ĚĞĨĞŶƐĞ� ĂŐĂŝŶƐƚ� ĂƩĂĐŚŝŶŐ� ĂŶĚ� ĞīĂĐŝŶŐ� ďĂĐƚĞƌŝĂů�
pathogens. EĂƚƵƌĞ�ŵĞĚŝĐŝŶĞ 14͕�ϮϴϮͲϮϴϵ͕�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬŶŵϭϳϮϬ�;ϮϬϬϴͿ͘

2  Mielke, L. A.�Ğƚ�Ăů͘�ZĞƟŶŽŝĐ�ĂĐŝĚ�ĞǆƉƌĞƐƐŝŽŶ�ĂƐƐŽĐŝĂƚĞƐ�ǁŝƚŚ�ĞŶŚĂŶĐĞĚ�/>ͲϮϮ�ƉƌŽĚƵĐƟŽŶ�ďǇ�ŐĂŵŵĂĚĞůƚĂ�d�
ĐĞůůƐ�ĂŶĚ�ŝŶŶĂƚĞ�ůǇŵƉŚŽŝĚ�ĐĞůůƐ�ĂŶĚ�ĂƩĞŶƵĂƟŽŶ�ŽĨ�ŝŶƚĞƐƟŶĂů�ŝŶŇĂŵŵĂƟŽŶ͘�dŚĞ�:ŽƵƌŶĂů�ŽĨ�ĞǆƉĞƌŝŵĞŶƚĂů�
ŵĞĚŝĐŝŶĞ 210͕�ϭϭϭϳͲϭϭϮϰ͕�ĚŽŝ͗ϭϬ͘ϭϬϴϰͬũĞŵ͘ϮϬϭϮϭϱϴϴ�;ϮϬϭϯͿ͘

ϯ� ��ŽůŽŶŶĂ͕�D͘�/ŶƚĞƌůĞƵŬŝŶͲϮϮͲƉƌŽĚƵĐŝŶŐ�ŶĂƚƵƌĂů�ŬŝůůĞƌ�ĐĞůůƐ�ĂŶĚ�ůǇŵƉŚŽŝĚ�ƟƐƐƵĞ�ŝŶĚƵĐĞƌͲůŝŬĞ�ĐĞůůƐ�ŝŶ�ŵƵĐŽƐĂů�
immunity. /ŵŵƵŶŝƚǇ 31͕�ϭϱͲϮϯ͕�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ŝŵŵƵŶŝ͘ϮϬϬϵ͘Ϭϲ͘ϬϬϴ�;ϮϬϬϵͿ͘

ϰ� �sŝǀŝĞƌ͕ ��͕͘�^ƉŝƚƐ͕�,͘�Θ��ƵƉĞĚŽ͕�d͘ �/>ϮϮ�ƉƌŽĚƵĐŝŶŐ�ŝŶŶĂƚĞ�ŝŵŵƵŶĞ�ĐĞůůƐͲŶĞǁ�ƉůĂǇĞƌƐ�ŝŶ�ŵƵĐŽƐĂů�ŝŵŵƵŶŝƚǇ�
ĂŶĚ�ƟƐƐƵĞ�ƌĞƉĂŝƌ͘ �EĂƚƵƌĞ�/ŵŵƵŶŽůŽŐǇ (2009).

ϱ� �̂ ƉŝƚƐ͕�,͘�Θ��ƵƉĞĚŽ͕�d͘ �/ŶŶĂƚĞ�ůǇŵƉŚŽŝĚ�ĐĞůůƐ͗�ĞŵĞƌŐŝŶŐ�ŝŶƐŝŐŚƚƐ�ŝŶ�ĚĞǀĞůŽƉŵĞŶƚ͕�ůŝŶĞĂŐĞ�ƌĞůĂƟŽŶƐŚŝƉƐ͕�ĂŶĚ�
ĨƵŶĐƟŽŶ͘� �ŶŶƵĂů� ƌĞǀŝĞǁ� ŽĨ� ŝŵŵƵŶŽůŽŐǇ 30͕� ϲϰϳͲϲϳϱ͕� ĚŽŝ͗ϭϬ͘ϭϭϰϲͬĂŶŶƵƌĞǀͲŝŵŵƵŶŽůͲϬϮϬϳϭϭͲϬϳϱϬϱϯ�
;ϮϬϭϮͿ͘

6  Kiss, E. A.�Ğƚ�Ăů͘�EĂƚƵƌĂů�ĂƌǇů�ŚǇĚƌŽĐĂƌďŽŶ�ƌĞĐĞƉƚŽƌ�ůŝŐĂŶĚƐ�ĐŽŶƚƌŽů�ŽƌŐĂŶŽŐĞŶĞƐŝƐ�ŽĨ�ŝŶƚĞƐƟŶĂů�ůǇŵƉŚŽŝĚ�
follicles. ^ĐŝĞŶĐĞ 334͕�ϭϱϲϭͲϭϱϲϱ͕�ĚŽŝ͗ϭϬ͘ϭϭϮϲͬƐĐŝĞŶĐĞ͘ϭϮϭϰϵϭϰ�;ϮϬϭϭͿ͘

7  Lee, J. S.�Ğƚ�Ăů͘��,Z�ĚƌŝǀĞƐ�ƚŚĞ�ĚĞǀĞůŽƉŵĞŶƚ�ŽĨ�ŐƵƚ�/>�ϮϮ�ĐĞůůƐ�ĂŶĚ�ƉŽƐƚŶĂƚĂů�ůǇŵƉŚŽŝĚ�ƟƐƐƵĞƐ�ǀŝĂ�ƉĂƚŚǁĂǇƐ�
ĚĞƉĞŶĚĞŶƚ�ŽŶ�ĂŶĚ�ŝŶĚĞƉĞŶĚĞŶƚ�ŽĨ�EŽƚĐŚ͘�EĂƚ�/ŵŵƵŶŽů 13͕�ϭϰϰͲϭϱϭ͕�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬŶŝ͘Ϯϭϴϳ�;ϮϬϭϮͿ͘

8  Huber, S.�Ğƚ�Ăů͘�/>ͲϮϮ�W�ŝƐ�ƌĞŐƵůĂƚĞĚ�ďǇ�ƚŚĞ�ŝŶŇĂŵŵĂƐŽŵĞ�ĂŶĚ�ŵŽĚƵůĂƚĞƐ�ƚƵŵŽƌŝŐĞŶĞƐŝƐ�ŝŶ�ƚŚĞ�ŝŶƚĞƐƟŶĞ͘�
EĂƚƵƌĞ 491͕�ϮϱϵͲϮϲϯ͕�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬŶĂƚƵƌĞϭϭϱϯϱ�;ϮϬϭϮͿ͘

9  Cella, M.�Ğƚ�Ăů͘ A human natural killer cell subset provides an innate source of IL-22 for mucosal immunity. 
EĂƚƵƌĞ 457͕�ϳϮϮͲϳϮϱ͕�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬŶĂƚƵƌĞϬϳϱϯϳ�;ϮϬϬϵͿ͘

ϭϬ� �,ĂŶĂƐŚ͕� �͘� D͘� Ğƚ� Ăů͘� /ŶƚĞƌůĞƵŬŝŶͲϮϮ� ƉƌŽƚĞĐƚƐ� ŝŶƚĞƐƟŶĂů� ƐƚĞŵ� ĐĞůůƐ� ĨƌŽŵ� ŝŵŵƵŶĞͲŵĞĚŝĂƚĞĚ� ƟƐƐƵĞ�
ĚĂŵĂŐĞ� ĂŶĚ� ƌĞŐƵůĂƚĞƐ� ƐĞŶƐŝƟǀŝƚǇ� ƚŽ� ŐƌĂŌ� ǀĞƌƐƵƐ� ŚŽƐƚ� ĚŝƐĞĂƐĞ͘� /ŵŵƵŶŝƚǇ 37͕� ϯϯϵͲϯϱϬ͕� ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘
ŝŵŵƵŶŝ͘ϮϬϭϮ͘Ϭϱ͘ϬϮϴ�;ϮϬϭϮͿ͘

ϭϭ� ��ƌĞůůŝŶ͕�E͘�<͘�Ğƚ�Ăů͘�ZĞŐƵůĂƟŽŶ�ŽĨ�ĐǇƚŽŬŝŶĞ�ƐĞĐƌĞƟŽŶ�ŝŶ�ŚƵŵĂŶ���ϭϮϳ;нͿ�>dŝͲůŝŬĞ�ŝŶŶĂƚĞ�ůǇŵƉŚŽŝĚ�ĐĞůůƐ�ďǇ�
Toll-like receptor 2. /ŵŵƵŶŝƚǇ 33͕�ϳϱϮͲϳϲϰ͕�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ŝŵŵƵŶŝ͘ϮϬϭϬ͘ϭϬ͘ϬϭϮ�;ϮϬϭϬͿ͘

ϭϮ� ��ĞůůĂ͕�D͕͘�KƚĞƌŽ͕�<͘�Θ��ŽůŽŶŶĂ͕�D͘��ǆƉĂŶƐŝŽŶ�ŽĨ�ŚƵŵĂŶ�E<ͲϮϮ�ĐĞůůƐ�ǁŝƚŚ�/>Ͳϳ͕�/>ͲϮ͕�ĂŶĚ�/>ͲϭďĞƚĂ�ƌĞǀĞĂůƐ�
ŝŶƚƌŝŶƐŝĐ�ĨƵŶĐƟŽŶĂů�ƉůĂƐƟĐŝƚǇ͘�WƌŽĐĞĞĚŝŶŐƐ�ŽĨ�ƚŚĞ�EĂƟŽŶĂů��ĐĂĚĞŵǇ�ŽĨ�^ĐŝĞŶĐĞƐ�ŽĨ�ƚŚĞ�hŶŝƚĞĚ�^ƚĂƚĞƐ�ŽĨ�
�ŵĞƌŝĐĂ 107͕�ϭϬϵϲϭͲϭϬϵϲϲ͕�ĚŽŝ͗ϭϬ͘ϭϬϳϯͬƉŶĂƐ͘ϭϬϬϱϲϰϭϭϬϳ�;ϮϬϭϬͿ͘

ϭϯ� �DŽƌƚŚĂ͕��͘�Ğƚ�Ăů͘�DŝĐƌŽďŝŽƚĂͲ�ĞƉĞŶĚĞŶƚ��ƌŽƐƐƚĂůŬ����ĞƚǁĞĞŶ�DĂĐƌŽƉŚĂŐĞƐ�ĂŶĚ�/>�ϯ�WƌŽŵŽƚĞƐ�/ŶƚĞƐƟŶĂů�
Homeostasis. ^ĐŝĞŶĐĞ�;ϮϬϭϰͿ͘

ϭϰ� �̂ ĂŶŽƐ͕�^͘�>͘�Ğƚ�Ăů͘�ZKZŐĂŵŵĂƚ�ĂŶĚ�ĐŽŵŵĞŶƐĂů�ŵŝĐƌŽŇŽƌĂ�ĂƌĞ�ƌĞƋƵŝƌĞĚ�ĨŽƌ�ƚŚĞ�ĚŝīĞƌĞŶƟĂƟŽŶ�ŽĨ�ŵƵĐŽƐĂů�
ŝŶƚĞƌůĞƵŬŝŶ�ϮϮͲƉƌŽĚƵĐŝŶŐ�E<Ɖϰϲн�ĐĞůůƐ͘�EĂƚ�/ŵŵƵŶŽů 10͕�ϴϯͲϵϭ͕�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬŶŝ͘ϭϲϴϰ�;ϮϬϬϵͿ͘

ϭϱ� ��ƌĞůůŝŶ͕� E͘� <͕͘� dƌŝĨĂƌŝ͕� ^͕͘� <ĂƉůĂŶ͕� �͘� �͕͘� �ƵƉĞĚŽ͕� d͘ � Θ� ^ƉŝƚƐ͕� ,͘� ,ƵŵĂŶ�E<Ɖϰϰн/>ͲϮϮн� ĐĞůůƐ� ĂŶĚ� >dŝͲůŝŬĞ�
ĐĞůůƐ� ĐŽŶƐƟƚƵƚĞ� Ă� ƐƚĂďůĞ� ZKZ�н� ůŝŶĞĂŐĞ� ĚŝƐƟŶĐƚ� ĨƌŽŵ� ĐŽŶǀĞŶƟŽŶĂů� ŶĂƚƵƌĂů� ŬŝůůĞƌ� ĐĞůůƐ͘�dŚĞ� :ŽƵƌŶĂů� ŽĨ�
ĞǆƉĞƌŝŵĞŶƚĂů�ŵĞĚŝĐŝŶĞ 207͕�ϮϴϭͲϮϵϬ͕�ĚŽŝ͗ϭϬ͘ϭϬϴϰͬũĞŵ͘ϮϬϬϵϭϱϬϵ�;ϮϬϭϬͿ͘

ϭϲ� �DŽƌĞƩĂ͕��͘�Ğƚ�Ăů͘��ĐƟǀĂƟŶŐ�ƌĞĐĞƉƚŽƌƐ�ĂŶĚ�ĐŽƌĞĐĞƉƚŽƌƐ� ŝŶǀŽůǀĞĚ�ŝŶ�ŚƵŵĂŶ�ŶĂƚƵƌĂů�ŬŝůůĞƌ�ĐĞůůͲŵĞĚŝĂƚĞĚ�
cytolysis. �ŶŶƵĂů�ƌĞǀŝĞǁ�ŽĨ�ŝŵŵƵŶŽůŽŐǇ 19͕�ϭϵϳͲϮϮϯ͕�ĚŽŝ͗ϭϬ͘ϭϭϰϲͬĂŶŶƵƌĞǀ͘ ŝŵŵƵŶŽů͘ϭϵ͘ϭ͘ϭϵϳ�;ϮϬϬϭͿ͘
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ϭϳ� �,ŽůůǇŽĂŬĞ͕�D͕͘� �ĂŵƉďĞůů͕� Z͘� �͘� Θ� �ŐƵĂĚŽ͕� �͘� E<ƉϯϬ� ;E�ZϯͿ� ŝƐ� Ă� ƉƐĞƵĚŽŐĞŶĞ� ŝŶ� ϭϮ� ŝŶďƌĞĚ� ĂŶĚ�ǁŝůĚ�
ŵŽƵƐĞ�ƐƚƌĂŝŶƐ͕�ďƵƚ�ĂŶ�ĞǆƉƌĞƐƐĞĚ�ŐĞŶĞ� ŝŶ�DƵƐ�ĐĂƌŽůŝ͘�DŽůĞĐƵůĂƌ�ďŝŽůŽŐǇ�ĂŶĚ�ĞǀŽůƵƟŽŶ 22͕�ϭϲϲϭͲϭϲϳϮ͕�
ĚŽŝ͗ϭϬ͘ϭϬϵϯͬŵŽůďĞǀͬŵƐŝϭϲϮ�;ϮϬϬϱͿ͘

ϭϴ� �'ůĂƚǌĞƌ͕ � d͘ � Ğƚ� Ăů͘� ZKZŐĂŵŵĂƚ;нͿ� ŝŶŶĂƚĞ� ůǇŵƉŚŽŝĚ� ĐĞůůƐ� ĂĐƋƵŝƌĞ� Ă� ƉƌŽŝŶŇĂŵŵĂƚŽƌǇ� ƉƌŽŐƌĂŵ�
ƵƉŽŶ� ĞŶŐĂŐĞŵĞŶƚ� ŽĨ� ƚŚĞ� ĂĐƟǀĂƟŶŐ� ƌĞĐĞƉƚŽƌ� E<Ɖϰϰ͘� /ŵŵƵŶŝƚǇ 38͕� ϭϮϮϯͲϭϮϯϱ͕� ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘
ŝŵŵƵŶŝ͘ϮϬϭϯ͘Ϭϱ͘Ϭϭϯ�;ϮϬϭϯͿ͘

ϭϵ� �DĂŶĚĞůďŽŝŵ͕�K͘�Ğƚ�Ăů͘�ZĞĐŽŐŶŝƟŽŶ�ŽĨ�ŚĂĞŵĂŐŐůƵƟŶŝŶƐ�ŽŶ�ǀŝƌƵƐͲŝŶĨĞĐƚĞĚ�ĐĞůůƐ�ďǇ�E<Ɖϰϲ�ĂĐƟǀĂƚĞƐ�ůǇƐŝƐ�ďǇ�
ŚƵŵĂŶ�E<�ĐĞůůƐ͘�EĂƚƵƌĞ 409͕�ϭϬϱϱͲϭϬϲϬ͕�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬϯϱϬϱϵϭϭϬ�;ϮϬϬϭͿ͘

ϮϬ� ��ƌƵƐŝůŽǀƐŬǇ͕ �D͕͘�ZŽƐĞŶƚĂů͕��͕͘� ^ŚĞŵĞƐŚ͕��͕͘��ƉƉĞů͕�D͘� z͘ �Θ�WŽƌŐĂĚŽƌ͕ ��͘�,ƵŵĂŶ�E<�ĐĞůů� ƌĞĐŽŐŶŝƟŽŶ�ŽĨ�
ƚĂƌŐĞƚ�ĐĞůůƐ�ŝŶ�ƚŚĞ�ƉƌŝƐŵ�ŽĨ�ŶĂƚƵƌĂů�ĐǇƚŽƚŽǆŝĐŝƚǇ�ƌĞĐĞƉƚŽƌƐ�ĂŶĚ�ƚŚĞŝƌ�ůŝŐĂŶĚƐ͘�:ŽƵƌŶĂů�ŽĨ�ŝŵŵƵŶŽƚŽǆŝĐŽůŽŐǇ 
9͕�ϮϲϳͲϮϳϰ͕�ĚŽŝ͗ϭϬ͘ϯϭϬϵͬϭϱϰϳϲϵϭy͘ϮϬϭϮ͘ϲϳϱϯϲϲ�;ϮϬϭϮͿ͘

Ϯϭ� ��ƌĂŶĚƚ͕��͘�^͘�Ğƚ�Ăů͘�dŚĞ��ϳ�ĨĂŵŝůǇ�ŵĞŵďĞƌ��ϳͲ,ϲ�ŝƐ�Ă�ƚƵŵŽƌ�ĐĞůů� ůŝŐĂŶĚ�ĨŽƌ�ƚŚĞ�ĂĐƟǀĂƟŶŐ�ŶĂƚƵƌĂů�ŬŝůůĞƌ�
ĐĞůů� ƌĞĐĞƉƚŽƌ�E<ƉϯϬ� ŝŶ� ŚƵŵĂŶƐ͘�dŚĞ� :ŽƵƌŶĂů� ŽĨ� ĞǆƉĞƌŝŵĞŶƚĂů�ŵĞĚŝĐŝŶĞ 206͕� ϭϰϵϱͲϭϱϬϯ͕� ĚŽŝ͗ϭϬ͘ϭϬϴϰͬ
ũĞŵ͘ϮϬϬϵϬϲϴϭ�;ϮϬϬϵͿ͘

ϮϮ� ��ĂǇĐŚĞůŝĞƌ͕ �&͘ �Ğƚ�Ăů͘�/ĚĞŶƟĮĐĂƟŽŶ�ŽĨ�Ă�ĐĞůůƵůĂƌ�ůŝŐĂŶĚ�ĨŽƌ�ƚŚĞ�ŶĂƚƵƌĂů�ĐǇƚŽƚŽǆŝĐŝƚǇ�ƌĞĐĞƉƚŽƌ�E<Ɖϰϰ͘�Blood 
122͕�ϮϵϯϱͲϮϵϰϮ͕�ĚŽŝ͗ϭϬ͘ϭϭϴϮͬďůŽŽĚͲϮϬϭϯͲϬϯͲϰϴϵϬϱϰ�;ϮϬϭϯͿ͘

Ϯϯ� ��ĂǇĐŚĞůŝĞƌ͕ �&͘ �Ğƚ�Ăů͘�/ĚĞŶƟĮĐĂƟŽŶ�ŽĨ�Ă�ĐĞůůƵůĂƌ�ůŝŐĂŶĚ�ĨŽƌ�ƚŚĞ�ŶĂƚƵƌĂů�ĐǇƚŽƚŽǆŝĐŝƚǇ�ƌĞĐĞƉƚŽƌ�E<Ɖϰϰ͘�Blood 
122͕�ĚŽŝ͗ϭϬ͘ϭϭϴϮͬďůŽŽĚͲϮϬϭϯͲϬϯͲ�;ϮϬϭϯͿ͘

Ϯϰ� �DĂƩĂ͕� :͘� Ğƚ� Ăů͘� /ŶĚƵĐƟŽŶ� ŽĨ� �ϳͲ,ϲ͕� Ă� ůŝŐĂŶĚ� ĨŽƌ� ƚŚĞ� ŶĂƚƵƌĂů� ŬŝůůĞƌ� ĐĞůůͲĂĐƟǀĂƟŶŐ� ƌĞĐĞƉƚŽƌ� E<ƉϯϬ͕� ŝŶ�
ŝŶŇĂŵŵĂƚŽƌǇ�ĐŽŶĚŝƟŽŶƐ͘�Blood 122͕�ϯϵϰͲϰϬϰ͕�ĚŽŝ͗ϭϬ͘ϭϭϴϮͬďůŽŽĚͲϮϬϭϯͲϬϭͲϰϴϭϳϬϱ�;ϮϬϭϯͿ͘

Ϯϱ� �&ůĂũŶŝŬ͕�D͘�&͘ ͕�důĂƉĂŬŽǀĂ͕�d͘ ͕��ƌŝƐĐŝƟĞůůŽ͕�D͘�&͘ ͕�<ƌǇůŽǀ͕ �s͘ �Θ�KŚƚĂ͕�z͘ ��ǀŽůƵƟŽŶ�ŽĨ�ƚŚĞ��ϳ�ĨĂŵŝůǇ͗�ĐŽͲĞǀŽůƵƟŽŶ�
ŽĨ��ϳ,ϲ�ĂŶĚ�E<ƉϯϬ͕�ŝĚĞŶƟĮĐĂƟŽŶ�ŽĨ�Ă�ŶĞǁ��ϳ�ĨĂŵŝůǇ�ŵĞŵďĞƌ͕ ��ϳ,ϳ͕�ĂŶĚ�ŽĨ��ϳ Ɛ͛�ŚŝƐƚŽƌŝĐĂů�ƌĞůĂƟŽŶƐŚŝƉ�
with the MHC. /ŵŵƵŶŽŐĞŶĞƟĐƐ 64͕�ϱϳϭͲϱϵϬ͕�ĚŽŝ͗ϭϬ͘ϭϬϬϳͬƐϬϬϮϱϭͲϬϭϮͲϬϲϭϲͲϮ�;ϮϬϭϮͿ͘

Ϯϲ� �,ŽƌƚŽŶ͕�E͘��͘�Θ�DĂƚŚĞǁ͕�W͘ ��͘�E<Ɖϰϰ�ĂŶĚ�EĂƚƵƌĂů��ǇƚŽƚŽǆŝĐŝƚǇ�ZĞĐĞƉƚŽƌƐ�ĂƐ��ĂŵĂŐĞͲ�ƐƐŽĐŝĂƚĞĚ�DŽůĞĐƵůĂƌ�
WĂƩĞƌŶ�ZĞĐŽŐŶŝƟŽŶ�ZĞĐĞƉƚŽƌƐ͘�&ƌŽŶƟĞƌƐ�ŝŶ�ŝŵŵƵŶŽůŽŐǇ 6͕�ϯϭ͕�ĚŽŝ͗ϭϬ͘ϯϯϴϵͬĮŵŵƵ͘ϮϬϭϱ͘ϬϬϬϯϭ�;ϮϬϭϱͿ͘

27  Munneke, J. M.� Ğƚ�Ăů͘��ĐƟǀĂƚĞĚ� ŝŶŶĂƚĞ� ůǇŵƉŚŽŝĚ�ĐĞůůƐ�ĂƌĞ�ĂƐƐŽĐŝĂƚĞĚ�ǁŝƚŚ�Ă� ƌĞĚƵĐĞĚ�ƐƵƐĐĞƉƟďŝůŝƚǇ� ƚŽ�
ŐƌĂŌͲǀĞƌƐƵƐͲŚŽƐƚ�ĚŝƐĞĂƐĞ͘�Blood 124͕�ϴϭϮͲϴϮϭ͕�ĚŽŝ͗ϭϬ͘ϭϭϴϮͬďůŽŽĚͲϮϬϭϯͲϭϭͲϱϯϲϴϴϴ�;ϮϬϭϰͿ͘
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Patricia Aparicio-Domingoϭ, Monica Romera-Hernandezϭ͕�EĂƚĂůŝĞ�WĂƉĂǌŝĂŶϭ͕�WĂƉĂǌŝĂŶϭ͕�
&ĞƌƌǇ��ŽƌŶĞůŝƐƐĞŶϭ, Julien J. Karrichϭ, James Butler2, Mark C. Coles2 and Tom Cupedoϭ

ϭ��ĞƉĂƌƚŵĞŶƚ�ŽĨ�,ĞŵĂƚŽůŽŐǇ͕ ��ƌĂƐŵƵƐ�hŶŝǀĞƌƐŝƚǇ�DĞĚŝĐĂů��ĞŶƚĞƌ͕ �ZŽƩĞƌĚĂŵ͕�dŚĞ�EĞƚŚĞƌůĂŶĚƐ
2 �ĞŶƚƌĞ�ĨŽƌ�/ŵŵƵŶŽůŽŐǇ�ĂŶĚ�/ŶĨĞĐƟŽŶ͕��ĞƉĂƌƚŵĞŶƚ�ŽĨ��ŝŽůŽŐǇ�ĂŶĚ�,Ƶůů�zŽƌŬ�DĞĚŝĐĂů�^ĐŚŽŽů͕�zŽƌŬ͕�h<

DĂŶƵƐĐƌŝƉƚ�ŝŶ�ƉƌĞƉĂƌĂƟŽŶ
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SUMMARY

/Ŷ� ƚŚĞ� ƉĂƐƚ� ĨĞǁ� ǇĞĂƌƐ͕� ƐĞǀĞƌĂů� ƐƚƵĚŝĞƐ� ŚĂǀĞ� ŝĚĞŶƟĮĞĚ� />�ϯ� ĂŶĚ� />�ϯͲĚĞƌŝǀĞĚ� ĐǇƚŽŬŝŶĞƐ�
ĂƐ� ŝŵƉŽƌƚĂŶƚ�ƉůĂǇĞƌƐ� ŝŶ�ŵƵĐŽƐĂů�ƉƌŽƚĞĐƟŽŶ�ĂŐĂŝŶƐƚ�ĚŝīĞƌĞŶƚ�ƉĂƚŚŽŐĞŶƐ͘��ƵƌŝŶŐ�ĞŶƚĞƌŝĐ�
ŝŶĨĞĐƟŽŶƐ͕� ĂĐƟǀĂƟŽŶ� ŽĨ� />�ϯ� ŝƐ� ĚƌŝǀĞŶ� ďǇ� �W�ͲĚĞƌŝǀĞĚ� ĨĂĐƚŽƌƐ� ŝŶĐůƵĚŝŶŐ� />ͲϮϯ� ĂŶĚ� />Ͳ
ϭɴ͘�dŚĞƐĞ�ĂƌĞ�Ăůů�ƐŽůƵďůĞ�ĨĂĐƚŽƌƐ͕�ǁŚŝĐŚ�ĚŽ�ŶŽƚ�ĂůůŽǁ�ĨŽƌ�ƐƉĂƟĂů�ĐŽŶƚƌŽů�ŽĨ�ŝŵŵƵŶĞ�ĐĞůů�
ĂĐƟǀĂƟŽŶ͘�,ŽǁĞǀĞƌ͕ �ĚƵƌŝŶŐ�ĞƉŝƚŚĞůŝĂů�ĚĂŵĂŐĞ͕�/>�ϯ�ĂĐƟǀĂƟŽŶ�ƐŚŽƵůĚ�ďĞ�Ă�ůŽĐĂů�ƉƌŽĐĞƐƐ�
ŽĐĐƵƌƌŝŶŐ�ŽŶůǇ�Ăƚ�ƚŚĞ�ƐŝƚĞ�ŽĨ�ĚĂŵĂŐĞ�ĂŶĚ�ƚŚƵƐ�ĐĞůů�ƐƵƌĨĂĐĞ�ůŝŐĂŶĚƐ�ĂƌĞ�ĞǆƉĞĐƚĞĚ�ƚŽ�ĚƌŝǀĞ�
ĂĐƟǀĂƟŽŶ�ŽĨ�/>�ϯ�ŝŶ�ƌĞƐƉŽŶƐĞ�ƚŽ�ĚĂŵĂŐĞ͘�/Ŷ�ƚŚĞ�ƐŵĂůů�ŝŶƚĞƐƟŶĞ͕�ƚŚĞ�E<ƉϰϲнILC3 subset 
ŝƐ� ĚŝƐƉĞƌƐĞĚ� ŝŶ� ƚŚĞ� ůĂŵŝŶĂ� ƉƌŽƉƌŝĂ� ĐůŽƐĞ� ƚŽ� ƚŚĞ� ĚŝīĞƌĞŶƟĂƚĞĚ� ĞƉŝƚŚĞůŝƵŵ͘� �ůƚŚŽƵŐŚ�
ŝŶ� ǀŝƚƌŽ� ĂƐƐĂǇƐ� ŚĂǀĞ� ŝĚĞŶƟĮĞĚ� EĂƚƵƌĂů� ĐǇƚŽƚŽǆŝĐŝƚǇ� ƌĞĐĞƉƚŽƌƐ� ;E�ZƐͿ� ĂƐ� ĐŽͲĂĐƟǀĂƟŶŐ�
receptors on human ILC3, the ŝŶ� ǀŝǀŽ� ƌŽůĞ� ĨŽƌ�E�ZƐ� ƌĞŵĂŝŶƐ�ƵŶĐůĞĂƌ͘ � ^ƚƵĚŝĞƐ�ǁŝƚŚ� ƚŚĞ�
enterobacterium �͘� ƌŽĚĞŶƟƵŵ� ƐŚŽǁĞĚ� ƚŚĂƚ� E�ZƐ� ǁĞƌĞ� ĚŝƐƉĞŶƐĂďůĞ� ĨŽƌ� ďĂĐƚĞƌŝĂů�
ĐŽŶƚĂŝŶŵĞŶƚ͘�EĞǀĞƌƚŚĞůĞƐƐ͕�E�Z�ůŝŐĂŶĚƐ�ĂƌĞ�ĐŽŶƐŝĚĞƌĞĚ�ƚŽ�ďĞ�ĚĂŵĂŐĞ�ŝŶĚƵĐĞĚͲůŝŐĂŶĚƐ͕�
ĂŶĚ�ƚŚĞƌĞĨŽƌĞ�ƚŚĞǇ�ĐŽƵůĚ�ĐŽŶƚƌŽů�/>�ϯ�ĂĐƟǀĂƟŽŶ�ƵƉŽŶ�ŝŶƚĞƐƟŶĂů�ƐƚƌĞƐƐ�ŝŶ�ƚŚĞ�ĂďƐĞŶĐĞ�ŽĨ�
ƉĂƚŚŽŐĞŶƐ͘� ^ŝŶĐĞ�E<Ɖϰϲн/>�ϯ� ƌĞƐƉŽŶĚĞĚ� ƚŽ� ĂĐƵƚĞ� ĞƉŝƚŚĞůŝĂů� ĚĂŵĂŐĞ� ŝŶĚƵĐĞĚ� ďǇ�Ddy͕�
ǁĞ�ŶĞǆƚ�ĞǆƉůŽƌĞĚ�ƚŚĞ�ƌŽůĞ�ŽĨ�E�ZƐ� ŝŶ�ĞƉŝƚŚĞůŝĂů� ƌĞƐƉŽŶƐĞƐ�ĂŌĞƌ�DdyͲŝŶĚƵĐĞĚ�ĚĂŵĂŐĞ͘�
/ŶĚĞĞĚ͕�ƚŚĞ�ĂďƐĞŶĐĞ�ŽĨ�E�ZƐ�ĂŐŐƌĂǀĂƚĞĚ�ĞƉŝƚŚĞůŝĂů�ƉĂƚŚŽůŽŐǇ�ƵƉŽŶ�ĐŚĞŵŽƚŚĞƌĂƉĞƵƟĐĂů�
ŝŶƐƵůƚ� ĂŶĚ� ƌĂĚŝĂƟŽŶͲŝŶĚƵĐĞĚ� ĚĂŵĂŐĞ͘� dŚĞ� ƉƌŽƚĞĐƟǀĞ� ĨƵŶĐƟŽŶƐ� ŵĞĚŝĂƚĞĚ� ďǇ� E<Ɖϰϲ�
ĂƉƉĞĂƌĞĚ�ƚŽ�ďĞ�ŝŶĚĞƉĞŶĚĞŶƚ�ŽĨ�/>ͲϮϮ�ĂŶĚ�'DͲ�^&͘ ��ŽůůĞĐƟǀĞůǇ�ƚŚĞƐĞ�ƌĞƐƵůƚƐ�ŝĚĞŶƟĨǇ�ĂŶ�ŝŶ�
ǀŝǀŽ�ƌŽůĞ�ĨŽƌ�E�ZƐ�ĂŌĞƌ�DdyͲŝŶĚƵĐĞĚ�ĚĂŵĂŐĞ�ĂŶĚ�ƐƵŐŐĞƐƚ�ƚŚĂƚ�ĂĐƟǀĂƟŽŶ�ŽĨ�/>�ϯ�ĚƵƌŝŶŐ�
ŝŶĨĞĐƟŽŶ�Žƌ�ƟƐƐƵĞ�ĚĂŵĂŐĞ�ŝƐ�ĐŽŶƚƌŽůůĞĚ�ďǇ�ƐĞƉĂƌĂƚĞ�ŵĞĐŚĂŶŝƐŵƐ͘
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INTRODUCTION

KǀĞƌ�ƚŚĞ�ůĂƐƚ�ĨĞǁ�ǇĞĂƌƐ͕�ŝŶƚĞƐƟŶĂů�/>�ϯ�ŚĂǀĞ�ŐĂŝŶĞĚ�ĂƉƉƌĞĐŝĂƟŽŶ�ŝŶ�ŵƵĐŽƐĂů�ŝŵŵƵŶŽůŽŐǇ�
ĚƵĞ� ƚŽ� ƚŚĞŝƌ� ĂďŝůŝƚǇ� ƚŽ� ƌĂƉŝĚůǇ� ƌĞƐƉŽŶĚ� ƚŽ�ŵŝĐƌŽďŝŽƚĂ� ĂŶĚ� ĐĂƌƌǇ�ŽƵƚ� ĞīĞĐƚŽƌ� ĨƵŶĐƟŽŶƐ͕�
ŵĂŝŶůǇ� ƚŚƌŽƵŐŚ� ƉƌŽĚƵĐƟŽŶ� ŽĨ� />ͲϮϮϭͲϱ͘� �ǆĂŵŝŶĂƟŽŶ� ŽĨ� />�ϯ� ǁŝƚŚŝŶ� ƚŚĞ� ƐŵĂůů� ŝŶƚĞƐƟŶĞ�
ƌĞǀĞĂůĞĚ� ƚŚĞ� ĞǆŝƐƚĞŶĐĞ� ŽĨ� ŵƵůƟƉůĞ� ƐƵďƐĞƚƐ� ƚŚĂƚ� ůŽĐĂƚĞ� ŝŶ� ĚŝīĞƌĞŶƚ� ĐŽŵƉĂƌƚŵĞŶƚƐ6,7, 
ƐƵŐŐĞƐƟŶŐ� ƐƉĂƟĂůůǇ� ĐŽŶƚƌŽůůĞĚ� ĨƵŶĐƟŽŶĂů� ƐƉĞĐŝĂůŝǌĂƟŽŶ� ŽĨ� />�ϯ͘� E<Ɖϰϲ-CCR6н ILC3 are 
mainly found within cryptopatches, small cell clusters located in the deeper parts of 
ƚŚĞ�ůĂŵŝŶĂ�ƉƌŽƉƌŝĂ�ĐůŽƐĞ�ƚŽ�ƚŚĞ�ŝŶƚĞƐƟŶĂů�ĐƌǇƉƚƐ͕�ǁŚŝůĞ�E<ƉϰϲнCCR6- ILC3 are dispersed 
throughout the lamina propria8,9͘� dŚĞ� E<Ɖϰϲн� />�ϯ� ƉŽƉƵůĂƟŽŶ� ŝƐ� ƚŚƵƐ� ƉůĂĐĞĚ� ŝŶ� ĐůŽƐĞ�
ƉƌŽǆŝŵŝƚǇ� ƚŽ� ƚŚĞ� ĚŝīĞƌĞŶƟĂƚĞĚ� ĞƉŝƚŚĞůŝƵŵ͕� ǁŚŝĐŚ� ƌĞƉƌĞƐĞŶƚƐ� ƚŚĞ� ĮƌƐƚ� ůŝŶĞ� ŽĨ� ĚĞĨĞŶƐĞ�
ĂŐĂŝŶƐƚ�ĞŶƚĞƌŝĐ�ƉĂƚŚŽŐĞŶƐ͘� /Ŷ� ůŝŶĞ�ǁŝƚŚ� ƚŚĞƐĞ�ŽďƐĞƌǀĂƟŽŶƐ͕�Ă� ƌĞĐĞŶƚ� ƌĞƉŽƌƚ�ŚĂƐ� ƐŚŽǁŶ�
ƚŚĂƚ�ƚŚĞ�E<Ɖϰϲн�/>�ϯ�ƉŽƉƵůĂƟŽŶ�ĐŽŶƚƌŝďƵƚĞĚ�ƚŽ�ƚŚĞ�ŵƵĐŽƐĂů�ďĂƌƌŝĞƌ�ďǇ�ƉƌŽĚƵĐŝŶŐ�/&Eɶ�
upon ^ĂůŵŽŶĞůůĂ�ŝŶĨĞĐƟŽŶ͕�ŝŵƉŽƌƚĂŶƚ�ĨŽƌ�ĨŽƌŵĂƟŽŶ�ŽĨ�ƚŚĞ�ŵƵĐƵƐ�ůĂǇĞƌ6. During enteric 
ŝŶĨĞĐƟŽŶƐ�ƐƵĐŚ�ĂƐ�ǁŝƚŚ��͘�ƌŽĚĞŶƟƵŵ, the epithelial barrier gets compromised and bacterial 
ƚƌĂŶƐůŽĐĂƟŽŶ�ĐĂŶ�ŽĐĐƵƌ͘ �^ĞǀĞƌĂů�ĮŶĚŝŶŐƐ�ŚĂǀĞ�ŚŝŐŚůŝŐŚƚĞĚ� ƚŚĞ�ƉŝǀŽƚĂů� ĨƵŶĐƟŽŶ�ŽĨ� />�ϯͲ
ĚĞƌŝǀĞĚ�/>ͲϮϮ�ŝŶ�ƉƌŽǀŝĚŝŶŐ�Ă�ƌĂƉŝĚ�ƌĞƐƉŽŶƐĞ�ƚŽ�ŝŶĨĞĐƟŽŶƐ�ƚŽ�ĞŶƐƵƌĞ�ŝŶƚĞƐƟŶĂů�ŚŽŵĞŽƐƚĂƐŝƐ�
ĂŶĚ�ƉƌĞǀĞŶƚ�ďĂĐƚĞƌŝĂů�ĚŝƐƐĞŵŝŶĂƟŽŶϭϬͲϭϮ͘� /Ŷ�ƚŚŝƐ�ƐĐĞŶĂƌŝŽ͕�ĂĐƟǀĂƟŽŶ�ŽĨ�/>�ϯ�ŝƐ�ĚƌŝǀĞŶ�ďǇ�
APC-derived cytokines, including IL-23ϭϯ�ĂŶĚ�/>Ͳϭɴ7͘�^ŝŶĐĞ�E<ƉϰϲнILC3 are located close 
ƚŽ� ƚŚĞ�ĞƉŝƚŚĞůŝƵŵ�ĂŶĚ�ŚĂǀĞ� ƚŚĞ� ĐĂƉĂĐŝƚǇ� ƚŽ� ƌĂƉŝĚůǇ� ƌĞƐƉŽŶĚ�ďǇ�ƉƌŽĚƵĐƟŽŶ�ŽĨ� ĞīĞĐƚŽƌ�
ĐǇƚŽŬŝŶĞƐ�ŽŶĞ�ĐĂŶ�ĞŶǀŝƐŝŽŶ�ƚŚĂƚ�ƚŚĞǇ�ĂůƐŽ�ĐŽŶƚƌŝďƵƚĞ�ƚŽ�ĞƉŝƚŚĞůŝĂů�ƉƌŽƚĞĐƟŽŶ�ƵƉŽŶ�ƟƐƐƵĞ�
ĚĂŵĂŐĞ�ŝŶ�ƚŚĞ�ĂďƐĞŶĐĞ�ŽĨ�ĞŶƚĞƌŝĐ�ŝŶĨĞĐƟŽŶƐ͕�ǁŚĞŶ�ŝŶƚĞŐƌŝƚǇ�ŽĨ�ƚŚĞ�ŵƵĐŽƐĂů�ďĂƌƌŝĞƌ�ŝƐ�ŽŶĐĞ�
ĂŐĂŝŶ�ĞƐƐĞŶƟĂů�ƚŽ�ƉƌĞǀĞŶƚ�ďĂĐƚĞƌŝĂů�ƚƌĂŶƐůŽĐĂƟŽŶ͘

/Ŷ�ƚŚĞ�ƉƌĞǀŝŽƵƐ�ĐŚĂƉƚĞƌ�ŽĨ�ƚŚŝƐ�ƚŚĞƐŝƐ� /�ĚŝƐĐƵƐƐĞĚ�ƚŚĞ�ĨƵŶĐƟŽŶĂů�ƌŽůĞ�ĨŽƌ�E�Z�ĂƐ�ĐŽͲ
ĂĐƟǀĂƟŶŐ� ƌĞĐĞƉƚŽƌ� ŽŶ� ŚƵŵĂŶ� />�ϯ͕� ǁŚŝĐŚ� ĐŽŶĮƌŵƐ� ĂŶĚ� ĞǆƚĞŶĚƐ� ƉƵďůŝƐŚĞĚ� ĚĂƚĂϭϰ. 
DŽƌĞŽǀĞƌ͕ � ǁĞ� ĚĞŵŽŶƐƚƌĂƚĞĚ� ƚŚĞ� ĐŽͲĂĐƟǀĂƟŶŐ� ƌŽůĞ� ŽĨ� E<ƉϯϬͲůŝŐĂŶĚƐ� ĞǆƉƌĞƐƐĞĚ� ďǇ�
ĞƉŝƚŚĞůŝĂů�ĐĞůů�ůŝŶĞƐ�ŽŶ�ĐǇƚŽŬŝŶĞͲƐƟŵƵůĂƚĞĚ�/>�ϯ�ŝŶ�ǀŝƚƌŽ. 

�ƚ�ƉƌĞƐĞŶƚ͕�ŽŶůǇ�ĨĞǁ�E�Z�ůŝŐĂŶĚƐ�ŚĂǀĞ�ďĞĞŶ�ĐŚĂƌĂĐƚĞƌŝǌĞĚ͕�ǇĞƚ�E�ZƐ�ĂƌĞ�ƉƌĞƐƵŵĞĚ�ƚŽ�
ďĞ�ĚĂŵĂŐĞͲ�ĂŶĚ�ƉĂƚŚŽŐĞŶͲĂƐƐŽĐŝĂƚĞĚ�ŵŽůĞĐƵůĂƌ�ƉĂƩĞƌŶ�ƌĞĐŽŐŶŝƟŽŶ�ƌĞĐĞƉƚŽƌƐϭϱͲϭϵ. Most 
ŽĨ� ƚŚĞ�E�Z� ůŝŐĂŶĚƐ� ŝĚĞŶƟĮĞĚ�ĂƌĞ�ǀŝƌƵƐ�ŚĞŵĂŐŐůƵƟŶŝŶƐ�Žƌ� ƚƵŵŽƌͲĞǆƉƌĞƐƐĞĚ� ůŝŐĂŶĚƐϮϬ͕Ϯϭ, 
ǁŚŝĐŚ� ƚƌŝŐŐĞƌ�ƉƌŽůŝĨĞƌĂƟŽŶ�ĂŶĚ�ĐǇƚŽƚŽǆŝĐŝƚǇ�ŽĨ�E<�ĐĞůůƐ22,23͘� /ŶĚĞĞĚ͕� ƐƚƵĚŝĞƐ�ŽŶ�E<�ĐĞůůƐ�
ŝĚĞŶƟĮĞĚ�Ă�ƌŽůĞ�ĨŽƌ�E<Ɖϰϲ�ŝŶ�ƚƵŵŽƌ�ƐƵƌǀĞŝůůĂŶĐĞ͕�ďŽƚŚ�ŝŶ�ǀŝǀŽ and ŝŶ�ǀŝƚƌŽϮϰ͕Ϯϱ Moreover, 
E<'Ϯ�͕�Ă�ĨƵŶĐƟŽŶĂůůǇ�ƐŝŵŝůĂƌ�ƌĞĐĞƉƚŽƌ�ĞǆƉƌĞƐƐĞĚ�ďǇ�E<�ĐĞůůƐ�ĨŽƌ�ǁŚŝĐŚ�ŵŽƌĞ�ůŝŐĂŶĚƐ�ŚĂǀĞ�
ďĞĞŶ� ŝĚĞŶƟĮĞĚ͕� ƉůĂǇƐ� ĂŶ� ŝŵƉŽƌƚĂŶƚ� ƌŽůĞ� ŝŶ� ƌĞĐŽŐŶŝƟŽŶ� ŽĨ� ĚĂŵĂŐĞĚ� ĂŶĚ� ƚƌĂŶƐĨŽƌŵĞĚ�
cells22,23,26͘�,ŽǁĞǀĞƌ͕ �ǁŚĞƚŚĞƌ�E�ZƐ�ĞǆƉƌĞƐƐĞĚ�ŽŶ�/>�ϯ�ŚĂǀĞ�Ă�ĨƵŶĐƟŽŶĂů�ƌŽůĞ�ŝŶ�ǀŝǀŽ�ŝƐ�ƐƟůů�
unknown.
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/Ŷ�ĐŽŶƚƌĂƐƚ�ƚŽ�ŚƵŵĂŶƐ�ƚŚĂƚ�ĞǆƉƌĞƐƐ�E<ƉϯϬ͕�E<Ɖϰϰ�ĂŶĚ�E<Ɖϰϲ͕�E<Ɖϰϲ�ŝƐ�ƚŚĞ�ŽŶůǇ�E�Z�
conserved in mice27͘�dŚĞ� ĨƵŶĐƟŽŶĂů� ƌŽůĞ�ŽĨ�E<Ɖϰϲ�ĞǆƉƌĞƐƐŝŽŶ�ŽŶ�ŵƵƌŝŶĞ� />�ϯ� ƌĞŵĂŝŶƐ�
ĞůƵƐŝǀĞ�ĂƐ�E<Ɖϰϲ�ĐƌŽƐƐͲůŝŶŬŝŶŐ�ĚŽĞƐ�ŶŽƚ�ŝŶĚƵĐĞ�ƉƌŽĚƵĐƟŽŶ�ŽĨ�ĐǇƚŽŬŝŶĞƐϭϰ͘�EĞǀĞƌƚŚĞůĞƐƐ͕�
E<ƉϰϲͲŵĞĚŝĂƚĞĚ� ĂĐƟǀĂƟŽŶ� ŽĨ� />�ϯ� ŵĂǇ� ƌĞƋƵŝƌĞ� ĐŽͲƐƟŵƵůĂƚŽƌǇ� ƐŝŐŶĂůƐ� ƚŚĂƚ� ĂƌĞ� ŽŶůǇ�
found ŝŶ�ǀŝǀŽ�ƵŶĚĞƌ�ĐĞƌƚĂŝŶ�;ƉĂƚŚŽͲͿ�ƉŚǇƐŝŽůŽŐŝĐĂů�ĐŽŶĚŝƟŽŶƐ͘��ŽŶǀĞƌƐĞůǇ͕ �ĞǆƉƌĞƐƐŝŽŶ�ŽĨ�
E<Ɖϰϲ� ŝƐ� ĚŝƐƉĞŶƐĂďůĞ� ĨŽƌ� />�ϯͲŵĞĚŝĂƚĞĚ� ĐŽŶƚƌŽů� ŽĨ� ĞŶƚĞƌŝĐ� ŝŶĨĞĐƟŽŶƐ�ǁŝƚŚ� ƚŚĞ�ŵƵƌŝŶĞ�
enterobacterium �ŝƚƌŽďĂĐƚĞƌ� ƌŽĚĞŶƟƵŵϮϴ͕� ŝŶĚŝĐĂƟŶŐ� ƚŚĂƚ�E�Z� ƐŝŐŶĂůŝŶŐ� ŽŶ� />�ϯ� ŝƐ� ŶŽƚ�
ƌĞƋƵŝƌĞĚ�ĨŽƌ�ŝŶŶĂƚĞ�ŝŵŵƵŶĞ�ƌĞƐƉŽŶƐĞƐ�ĂŐĂŝŶƐƚ�ƚŚŝƐ�ƉĂƚŚŽŐĞŶ͘�

^ŝŶĐĞ�E�ZƐ�ĂƌĞ�ƚŚŽƵŐŚƚ�ƚŽ�ƌĞĐŽŐŶŝǌĞ�ƐƚƌĞƐƐͲŝŶĚƵĐĞĚ�ůŝŐĂŶĚƐ�ĂŶĚ�ŝŶƚĞƐƟŶĂů�E<Ɖϰϲн ILC3 
ƌĞƐƉŽŶĚĞĚ�ƚŽ�ŝŶƚĞƐƟŶĂů�ĚĂŵĂŐĞ�ŝŶĚƵĐĞĚ�ďǇ�ƚŚĞ�ĐǇƚŽƐƚĂƟĐ�ĚƌƵŐ�ŵĞƚŚŽƚƌĞǆĂƚĞ�;DdyͿ͕�ǁĞ�
ŚĞƌĞ�ĚŝƐƐĞĐƚĞĚ�ƚŚĞ�ĨƵŶĐƟŽŶ�ŽĨ�ƚŚŝƐ�ƌĞĐĞƉƚŽƌ�ŝŶ�ĐŽŶƚƌŽůůŝŶŐ�ĞƉŝƚŚĞůŝĂů�ƌĞƐƉŽŶƐĞƐ�ƚŽ�ĂĐƵƚĞ�
ŝŶƐƵůƚƐ͘� �Ǉ�ƵƐŝŶŐ�E<Ɖϰϲ�ĚĞĮĐŝĞŶƚ�ŵŝĐĞ�ĂŶĚ�E<ƉϰϲͲƚĂƌŐĞƟŶŐ�ĂŶƟďŽĚŝĞƐ͕�ǁĞ� ƐŚŽǁ� ƚŚĂƚ�
ƚŚĞ�ĂďƐĞŶĐĞ�ŽĨ�E<Ɖϰϲ�ĂŐŐƌĂǀĂƚĞƐ�ŝŶƚĞƐƟŶĂů�ĞƉŝƚŚĞůŝĂů�ĚĂŵĂŐĞ�ƵƉŽŶ�Ddy�ŝŶƐƵůƚ͘�E<Ɖϰϲ�
ĂƉƉĞĂƌĞĚ�ƚŽ�ŵĞĚŝĂƚĞ�ƚŚĞ�ƉƌŽƚĞĐƟǀĞ�ĨƵŶĐƟŽŶƐ�ďǇ�ĨĂĐƚŽƌƐ�ĚŝīĞƌĞŶƚ�ĨƌŽŵ�/>ͲϮϮ͕�'DͲ�^&�Žƌ�
dE&ɲ.

RESULTS

EŬƉϰϲͲĚĞĮĐŝĞŶƚ�ŵŝĐĞ�ĂƌĞ�ŵŽƌĞ�ƐƵƐĐĞƉƟďůĞ�ƚŽ�DdyͲŝŶĚƵĐĞĚ�ĚĂŵĂŐĞ
dŽ�ĚĞƚĞƌŵŝŶĞ�ƚŚĞ�ƌŽůĞ�ŽĨ�E�ZƐ�ŝŶ�ƟƐƐƵĞ�ĚĂŵĂŐĞ�ƌĞƐƉŽŶƐĞƐ͕�ŝŶƚĞƐƟŶĂů�ĚĂŵĂŐĞ�ǁĂƐ�ŝŶĚƵĐĞĚ�
ŝŶ�EĐƌϭͲĚĞĮĐŝĞŶƚ�ŵŝĐĞ�ƚŚĂƚ�ůĂĐŬ�E<Ɖϰϲ͕�ƚŚĞ�ŽŶůǇ�E�Z�ĞǆƉƌĞƐƐĞĚ�ŝŶ�ŵŝĐĞ͕�ďǇ�ĂĚŵŝŶŝƐƚƌĂƟŽŶ�
ŽĨ�ƚŚĞ�ĐǇƚŽƐƚĂƟĐ�ĚƌƵŐ�ŵĞƚŚŽƚƌĞǆĂƚĞ�;DdyͿ͘�,ŝƐƚŽůŽŐŝĐĂů�ĞǆĂŵŝŶĂƟŽŶ�ŽĨ�ƐŵĂůů� ŝŶƚĞƐƟŶĂů�
ƟƐƐƵĞ� ĨƌŽŵ� E<Ɖϰϲ� ĚĞĮĐŝĞŶƚ� ŵŝĐĞ� ĂŶĚ� ůŝƩĞƌŵĂƚĞ� ĐŽŶƚƌŽůƐ� ƌĞǀĞĂůĞĚ� ŶŽ� ĚŝīĞƌĞŶĐĞƐ� ŝŶ�
ůĂŵŝŶĂ� ƉƌŽƉƌŝĂ� ŝŶĮůƚƌĂƟŽŶ͕� ĞƉŝƚŚĞůŝƵŵ� ŇĂƩĞŶŝŶŐ� ĂŶĚ� ĐƌǇƉƚ� ĂďƐĐĞƐƐĞƐ� ĐŚĂƌĂĐƚĞƌŝƐƟĐ� ŽĨ�
DdyͲŝŶĚƵĐĞĚ�ĚĂŵĂŐĞ�;&ŝŐ͘�ϭ�Ϳ͘��ŽĚǇ�ǁĞŝŐŚƚ�ĚƌŽƉƉĞĚ�ŝŶ�ďŽƚŚ�ŐƌŽƵƉƐ�ŽŶĞ�ĚĂǇ�ĂŌĞƌ�ƚŚĞ�
ůĂƐƚ�Ddy�ŝŶũĞĐƟŽŶ͕�ŚŽǁĞǀĞƌ�E<Ɖϰϲ�ĚĞĮĐŝĞŶƚ�ŵŝĐĞ�ĞǆŚŝďŝƚĞĚ�ĚŝīĞƌĞŶƚ�ŬŝŶĞƟĐƐ�ǁŝƚŚ�ƚŚĞ�
ŵĂǆŝŵĂů�ďŽĚǇ�ǁĞŝŐŚƚ� ůŽƐƐ�Ɛŝǆ�ĚĂǇƐ�ĂŌĞƌ�Ddy�ŝŶ�ĐŽŶƚƌĂƐƚ�ƚŽ�E<Ɖϰϲ�ƐƵĸĐŝĞŶƚ�ŵŝĐĞ�ƚŚĂƚ�
ƐŚŽǁĞĚ�ƚŚĞ�ƉĞĂŬ�ŽĨ�ďŽĚǇ�ǁĞŝŐŚƚ� ůŽƐƐ�Ăƚ�ĚĂǇ�ĨŽƵƌ�;&ŝŐ͘�ϭ�Ϳ͘��ŽĚǇ�ǁĞŝŐŚƚ� ůŽƐƐ� ŝŶ�E<Ɖϰϲ�
ĚĞĮĐŝĞŶƚ�ŵŝĐĞ�ƐƚĂďŝůŝǌĞĚ�ĂŌĞƌ�ƚŚĞ�ĮƌƐƚ�Ddy�ŝŶũĞĐƟŽŶ�ĂŶĚ�ƐŚŽǁĞĚ�ƐƚĂƟƐƟĐĂůůǇ�ƐŝŐŶŝĮĐĂŶƚ�
ĚŝīĞƌĞŶĐĞƐ� ĐŽŵƉĂƌĞĚ� ƚŽ�E<Ɖϰϲ� ƐƵĸĐŝĞŶƚ�ŵŝĐĞ�Ăƚ�ĚĂǇ�Ϯ�ĂŶĚ�ĚĂǇ�ϯ�ĂŌĞƌ� ƚŚĞ� ůĂƐƚ�Ddy�
ŝŶũĞĐƟŽŶ͘�

�ůƚŚŽƵŐŚ�ƉĂƚŚŽůŽŐǇ�ĂŶĂůǇƐŝƐ�ŽĨ�ƚŚĞ�ƐĞƉĂƌĂƚĞ�ĐƌǇƉƚ�ĂŶĚ�ǀŝůůŝ�ĐŽŵƉĂƌƚŵĞŶƚƐ�ŽĨ�E<Ɖϰϲ�
ƐƵĸĐŝĞŶƚ�ĂŶĚ�ĚĞĮĐŝĞŶƚ�ŵŝĐĞ�ĚŝĚ�ŶŽƚ�ƐŚŽǁ�ƐƚĂƟƐƟĐĂůůǇ�ƐŝŐŶŝĮĐĂŶƚ�ĚŝīĞƌĞŶĐĞƐ͕�ǁĞ�ŽďƐĞƌǀĞĚ�
Ă�ƚƌĞŶĚ�ƚŽǁĂƌĚƐ�ĂŶ�ŝŶĐƌĞĂƐĞĚ�ĐƌǇƉƚ�ĚĂŵĂŐĞ�ŝŶ�ƚŚĞ�ĂďƐĞŶĐĞ�ŽĨ�E<Ɖϰϲ͘�;&ŝŐ͘�ϭ�Ϳ�/ŶĚĞĞĚ͕�
ŽǀĞƌĂůů�ƐŵĂůů�ŝŶƚĞƐƟŶĂů�ĚĂŵĂŐĞ�Ăƚ�ƚŚŝƐ�ƟŵĞ�ƉŽŝŶƚ�ǁĂƐ�ŝŶĐƌĞĂƐĞĚ�ŝŶ�EĐƌϭͲͬͲ mice compared 
ƚŽ� ůŝƩĞƌŵĂƚĞ� ĐŽŶƚƌŽůƐ� ;&ŝŐ͘� ϭ�Ϳ� ĂŶĚ�ĚĞƚĂŝůĞĚ� ĞǆĂŵŝŶĂƟŽŶ� ƌĞǀĞĂůĞĚ�ŚŝŐŚĞƌ� ƉĂƚŚŽůŽŐŝĐĂů�
ƐĐŽƌĞ�ŝŶ�ũĞũƵŶƵŵ�ĂŶĚ�ŝůĞƵŵ�ŽĨ�EĐƌϭͲͬͲ�ŵŝĐĞ�ĐŽŵƉĂƌĞĚ�ƚŽ�ůŝƩĞƌŵĂƚĞ�ĐŽŶƚƌŽůƐ�;&ŝŐ͘�ϭ�Ϳ͘�
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&ŝŐƵƌĞ�ϭ͘�E<ƉϰϲͲĚĞĮĐŝĞŶĐǇ�ĂŐŐƌĂǀĂƚĞƐ�DdyͲŝŶĚƵĐĞĚ� ŝŶƚĞƐƟŶĂů�ĚĂŵĂŐĞ͘� ;�Ϳ�ZĞƉƌĞƐĞŶƚĂƟǀĞ�,Θ��ƐƚĂŝŶŝŶŐ�ŽĨ�
ŝůĞĂů�ƐĞĐƟŽŶƐ�ŽĨ�EĐƌϭнͬн�ĂŶĚ�EĐƌϭͲͬͲ�ŵŝĐĞ�ĨŽƵƌ�ĚĂǇƐ�ĂŌĞƌ�ƚŚĞ�ůĂƐƚ�Ddy�ŝŶũĞĐƟŽŶ͘�;�Ϳ��ŽĚǇ�ǁĞŝŐŚƚ�ĐŚĂŶŐĞƐ�ŝŶ�EĐƌϭнͬн 
ĂŶĚ�EĐƌϭͲͬͲ�ŵŝĐĞ�ĚƵƌŝŶŐ�ĂŶĚ�ĂŌĞƌ�Ddy�ĂĚŵŝŶŝƐƚƌĂƟŽŶ�ƌĞůĂƟǀĞ�ƚŽ� ƚŚĞ� ŝŶŝƟĂů�ďŽĚǇ�ǁĞŝŐŚƚ͘� ;�Ϳ�^ŵĂůů� ŝŶƚĞƐƟŶĂů�
ƉĂƚŚŽůŽŐǇ�Ăƚ�ĚĂǇ�ϰ�ĂŌĞƌ�Ddy͕�ĂƐ�ĚĞƐĐƌŝďĞĚ�ŝŶ�ŵĂƚĞƌŝĂů�ĂŶĚ�ŵĞƚŚŽĚƐ͘�;�Ϳ�WĂƚŚŽůŽŐǇ�ƐĐŽƌĞ�ŽĨ�ĚƵŽĚĞŶƵŵ͕�ũĞũƵŶƵŵ�
ĂŶĚ�ŝůĞƵŵ�ŝŶ�EĐƌϭнͬн�ĂŶĚ�EĐƌϭͲͬͲ�ŵŝĐĞ�Ăƚ�ĚĂǇ�ϰ�ĂŌĞƌ�ƚŚĞ�ůĂƐƚ�Ddy�ŝŶũĞĐƟŽŶ͘�;�Ϳ�WĂƚŚŽůŽŐǇ�ƐĐŽƌĞ�ŝŶ�ƚŚĞ�ŝŶƚĞƐƟŶĂů�
ĐƌǇƉƚƐ�ŽĨ�EĐƌϭнͬн�ĂŶĚ�EĐƌϭͲͬͲ�ŵŝĐĞ�ĨŽƵƌ�ĚĂǇƐ�ĂŌĞƌ�Ddy�ĂĚŵŝŶŝƐƚƌĂƟŽŶ͘�;&Ϳ�/ůĞĂů�ƐĞĐƟŽŶ�ŽĨ�EĐƌϭнͬн�ĂŶĚ�EĐƌϭͲͬͲ mice 
Ăƚ�ĚĂǇ�ϰ�ĂŌĞƌ�Ddy�ƐŚŽǁŝŶŐ���ͬW�^�ƐƚĂŝŶŝŶŐ�ĨŽƌ�ŐŽďůĞƚ�ĐĞůůƐ͘�;Ŷсϰ�ƉĞƌ�ŐƌŽƵƉͿ͖�Ύ͕�WфϬ͘Ϭϱ͖�ŶƐ͕�ŶŽƚ�ƐŝŐŶŝĮĐĂŶƚ͘
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Maintenance of the mucus layer is of great importance to safeguard epithelial 
ŚŽŵĞŽƐƚĂƐŝƐ�ĂŶĚ�ŐƵĂƌĂŶƚĞĞ�ďĂƌƌŝĞƌ�ĨƵŶĐƟŽŶƐ͘�tĞ�ƉƌĞǀŝŽƵƐůǇ�ŽďƐĞƌǀĞĚ�ƚŚĂƚ�ŝŶ�ƚŚĞ�ĂďƐĞŶĐĞ�
ŽĨ�/>�ϯ͕�ŐŽďůĞƚ�ĐĞůů�ŶƵŵďĞƌƐ�ĂƌĞ�ƌĞĚƵĐĞĚ͘�dŽ�ĂĚĚƌĞƐƐ�ƚŚĞ�ƌŽůĞ�ŽĨ�E<Ɖϰϲ�ŝŶ�ŵĂŝŶƚĞŶĂŶĐĞ�ŽĨ�
ŵƵĐƵƐ�ƉƌŽĚƵĐŝŶŐ�ĐĞůůƐ͕�ŐŽďůĞƚ�ĐĞůůƐ�ĨƌŽŵ�EĐƌϭͲͬͲ�ŵŝĐĞ�ĂŶĚ�EĐƌϭнͬн mice were stained with 
��ͬW�^�ĨŽƵƌ�ĚĂǇƐ�ĂŌĞƌ�ƚŚĞ�ůĂƐƚ�Ddy�ŝŶũĞĐƟŽŶ�;&ŝŐ͘�ϭ&Ϳ͘�,ŝƐƚŽůŽŐŝĐĂů�ĞǆĂŵŝŶĂƟŽŶ�ƐŚŽǁĞĚ�
ƚŚĞ�ƉƌĞƐĞŶĐĞ�ŽĨ�ŐŽďůĞƚ�ĐĞůůƐ� ŝŶ�ďŽƚŚ�EĐƌϭͲƐƵĸĐŝĞŶƚ�ĂŶĚ�ĚĞĮĐŝĞŶƚ�ŵŝĐĞ͕�ƐƵŐŐĞƐƟŶŐ�ƚŚĂƚ�
E<Ɖϰϲ�ŝƐ�ĚŝƐƉĞŶƐĂďůĞ�ĨŽƌ�ŐŽďůĞƚ�ĐĞůů�ŵĂŝŶƚĞŶĂŶĐĞ�ĂŌĞƌ�DdyͲŝŶĚƵĐĞĚ�ĚĂŵĂŐĞ͘�

/Ŷ�ĐŽŶƚƌĂƐƚ�ƚŽ�ďĂĐƚĞƌŝĂů�ŝŶĨĞĐƟŽŶ�ŵŽĚĞůƐ�ƚŚĂƚ�ĨĂŝůĞĚ�ƚŽ�ŝĚĞŶƟĨǇ�Ă�ƌŽůĞ�ĨŽƌ�E<Ɖϰϲ�ŝŶ�ǀŝǀŽ, 
ƚŚĞ�ĂŐŐƌĂǀĂƚĞĚ�ŝŶƚĞƐƟŶĂů�ƉĂƚŚŽůŽŐǇ�ŽďƐĞƌǀĞĚ�ŝŶ�EĐƌϭͲͬͲ�ŵŝĐĞ�ŝŶĚŝĐĂƚĞĚ�Ă�ƉƌŽƚĞĐƟǀĞ�ƌŽůĞ�ŽĨ�
E<Ɖϰϲ�ĞǆƉƌĞƐƐŝŽŶ�ĂŌĞƌ�DdyͲŝŶĚƵĐĞĚ�ŝŶƚĞƐƟŶĂů�ĚĂŵĂŐĞ͘��

ZĞĚƵĐĞĚ�ĞƉŝƚŚĞůŝĂů�Ɖ^d�dϯ�ŝŶ�E<ƉϰϲͲĚĞĮĐŝĞŶƚ�ŵŝĐĞ�
�ƉŝƚŚĞůŝĂů� ĂĐƟǀĂƟŽŶ�ĂŌĞƌ�ĐŚĞŵŽƚŚĞƌĂƉĞƵƟĐ� ŝŶƐƵůƚ� ƌĞƐƵůƚƐ� ŝŶ�ƉŚŽƐƉŚŽƌǇůĂƟŽŶ�ŽĨ�^d�dϯ�
ĞĂƌůǇ�ĂŌĞƌ�ĚĂŵĂŐĞ͘�dŽ�ĂƐƐĞƐƐ�ƚŚĞ�ƌŽůĞ�ŽĨ�E<Ɖϰϲ�ŝŶ�ƚŚĞ�ĞĂƌůǇ�ĞƉŝƚŚĞůŝĂů�^d�dϯ�ĂĐƟǀĂƟŽŶ͕�
ǁĞ�ĞǆƉŽƐĞĚ�EĐƌϭͲͬͲ�ŵŝĐĞ� ƚŽ�Ddy�ĂŶĚ�ĞǆĂŵŝŶĞĚ�ĂĐƟǀĂƟŽŶ�ŽĨ� ƚŚĞ�^d�dϯ�ƉĂƚŚǁĂǇ͘�tŝůĚ�
ƚǇƉĞ�;tdͿ�ŵŝĐĞ͕�ĂƐ�ǁĞůů�ĂƐ�EĐƌϭнͬͲ�ŵŝĐĞ�ƐŚŽǁĞĚ�ƉŚŽƐƉŚŽƌǇůĂƟŽŶ�ŽĨ�ĞƉŝƚŚĞůŝĂů�^d�dϯ�ŽŶĞ�
ĚĂǇ�ĂŌĞƌ�ƚŚĞ�ůĂƐƚ�Ddy�ŝŶũĞĐƟŽŶ�;&ŝŐ͘�Ϯ�Ϳ͘��ŶĂůǇƐŝƐ�ŽĨ�ƐŵĂůů�ŝŶƚĞƐƟŶĂů�ƐĞĐƟŽŶƐ�ĨƌŽŵ�E<Ɖϰϲ�
ƐƵĸĐŝĞŶƚ� ŵŝĐĞ� ƌĞǀĞĂůĞĚ� ^d�dϯ� ƉŚŽƐƉŚŽƌǇůĂƟŽŶ� ŝŶ� ĐŽŶƚƌĂƐƚ� ƚŽ� E<Ɖϰϲ� ĚĞĮĐŝĞŶƚ� ŵŝĐĞ�
ƚŚĂƚ� ƐŚŽǁĞĚ� ƌĞĚƵĐĞĚ� ůĞǀĞůƐ� ŽĨ� ĞƉŝƚŚĞůŝĂů� Ɖ^d�dϯ� ;&ŝŐ͘� Ϯ�Ϳ͘� dŚĞ� ůŽǁĞƌ� Ɖ^d�dϯ� ůĞǀĞůƐ� ŝŶ�
EĐƌϭͲͬͲ�ŵŝĐĞ�ǁĞƌĞ�ƐƉĞĐŝĮĐ� ĨŽƌ�ĞƉŝƚŚĞůŝĂů� ĐĞůůƐ�ĂƐ�Ɖ^d�dϯ�ƉŽƐŝƟǀĞ�ĐĞůůƐ�ǁĞƌĞ�ƐƟůů�ƉƌĞƐĞŶƚ�
ŝŶ�ƚŚĞ�ůĂŵŝŶĂ�ƉƌŽƉƌŝĂ�ŽĨ�ƚŚĞƐĞ�ŵŝĐĞ�;&ŝŐ͘�Ϯ�Ϳ͘�YƵĂŶƟĮĐĂƟŽŶ�ŽĨ�Ɖ^d�dϯ�ŝŶƚĞŶƐŝƚǇ�ŝŶ�ƐŵĂůů�
ŝŶƚĞƐƟŶĂů�ƐĞĐƟŽŶƐ�ĚĞŵŽŶƐƚƌĂƚĞĚ�ƐŝŐŶŝĮĐĂŶƚůǇ�ƌĞĚƵĐĞĚ�Ɖ^d�dϯ�ŝŶƚĞŶƐŝƚǇ�ŝŶ�ĞƉŝƚŚĞůŝĂů�ĐĞůůƐ�
ĨƌŽŵ�E<Ɖϰϲ�ĚĞĮĐŝĞŶƚ�ŵŝĐĞ�ĐŽŵƉĂƌĞĚ�ƚŽ�td�ĐŽŶƚƌŽůƐ�;&ŝŐ͘�Ϯ�Ϳ͘��ĞƐƉŝƚĞ�ƚŚĞ�ƌĞĚƵĐĞĚ�ůĞǀĞůƐ�
ŽĨ�Ɖ^d�dϯ�ŝŶ�ĞƉŝƚŚĞůŝƵŵ�ŽĨ�EĐƌϭͲͬͲ�ŵŝĐĞ͕�ƚƌĂŶƐĐƌŝƉƟŽŶĂů�ĂŶĂůǇƐŝƐ�ŽĨ�ƚŽƚĂů�ŵZE��ĨƌŽŵ�ƐŵĂůů�
ŝŶƚĞƐƟŶĂů� ƟƐƐƵĞƐ� ƐŚŽǁĞĚ� ƐŝŵŝůĂƌ� ĞǆƉƌĞƐƐŝŽŶ� ŽĨ� ƚŚĞ� ĚŽǁŶƐƚƌĞĂŵ� ƚĂƌŐĞƚ� ŐĞŶĞ� ^ŽĐƐϯ in 
E<Ɖϰϲ�ƐƵĸĐŝĞŶƚ�ĂŶĚ�ĚĞĮĐŝĞŶƚ�ŵŝĐĞ�ŽŶĞ�ĚĂǇ�ĂŌĞƌ�ƚŚĞ�ůĂƐƚ�Ddy�ŝŶũĞĐƟŽŶ�;&ŝŐ͘�Ϯ�Ϳ͘�̂ ŝŵŝůĂƌůǇ͕ �
transcript levels of �Đůǆů, a pro-survival gene and known STAT3 target gene, were also 
ĐŽŵƉĂƌĂďůĞ�ďĞƚǁĞĞŶ�td�ĂŶĚ�EĐƌϭͲͬͲ�ŵŝĐĞ�ĂŶĚ�ŶŽ�ƐŝŐŶŝĮĐĂŶƚ�ĚŝīĞƌĞŶĐĞƐ�ǁĞƌĞ�ŽďƐĞƌǀĞĚ�Ăƚ�
ƚŚŝƐ�ƟŵĞ�ƉŽŝŶƚ�ĂŶĚ�;&ŝŐ͘�Ϯ�Ϳ͘�EĞǀĞƌƚŚĞůĞƐƐ͕�ƐŝŶĐĞ�ƚƌĂŶƐĐƌŝƉƟŽŶĂů�ĂŶĂůǇƐŝƐ�ǁĂƐ�ƉĞƌĨŽƌŵĞĚ�
ŝŶ�ƚŽƚĂů�ŵZE��ĨƌŽŵ�ƐŵĂůů�ŝŶƚĞƐƟŶĂů�ƐĂŵƉůĞƐ͕�ĂŶǇ�ĚŝīĞƌĞŶĐĞ�ŵĂǇ�ŚĂǀĞ�ďĞĞŶ�ŵĂƐŬĞĚ�ďǇ�
ƚŚĞ�ŚŝŐŚĞƌ�ŶƵŵďĞƌ�ŽĨ�ŝŶĮůƚƌĂƟŶŐ�ĐĞůůƐ�ŝŶ�ƚŚĞ�ůĂŵŝŶĂ�ƉƌŽƉƌŝĂ�ŽĨ�E<Ɖϰϲ�ĚĞĮĐŝĞŶƚ�ŵŝĐĞ�ƚŚĂƚ�
ĞǆƉƌĞƐƐĞĚ�Ɖ^d�dϯ�ĂŶĚ�ƚŚĞƌĞĨŽƌĞ�ŵĂǇ�ƚƌĂŶƐĐƌŝďĞ�ĚŽǁŶƐƚƌĞĂŵ�ŐĞŶĞƐ͘�EĞǀĞƌƚŚĞůĞƐƐ͕�ƚŚĞƐĞ�
ĚĂƚĂ�ƐŚŽǁ�Ă�ƌŽďƵƐƚ�ƌĞĚƵĐƟŽŶ�ŽĨ�ĞƉŝƚŚĞůŝĂů�Ɖ^d�dϯ�ŝŶ�EĐƌϭͲͬͲ mice at the protein level and 
ƐƵŐŐĞƐƚ�Ă�ƌŽůĞ�ĨŽƌ�E<Ɖϰϲ�ŝŶ�ŝŶƚĞƐƟŶĂů�ĞƉŝƚŚĞůŝĂů�ĂĐƟǀĂƟŽŶ�ŝŶ�ƌĞƐƉŽŶƐĞ�ƚŽ�ƟƐƐƵĞ�ĚĂŵĂŐĞ͘
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Figure 2. Reduced pSTAT3 expression in the absence of NKp46. (A) Immunohistochemical staining for pSTAT3 in 
ŝůĞĂů�ƐĞĐƟŽŶƐ�ŽĨ�td͕ �EĐƌϭнͬͲ�ĂŶĚ�EĐƌϭͲͬͲ�ŵŝĐĞ�ŽŶĞ�ĚĂǇ�ĂŌĞƌ�ƚŚĞ�ůĂƐƚ�Ddy�ŝŶũĞĐƟŽŶ͘�;�Ϳ�YƵĂŶƟĮĐĂƟŽŶ�ŽĨ�ĞƉŝƚŚĞůŝĂů�
Ɖ^d�dϯ�ŝŶƚĞŶƐŝƚǇ�ŝŶ�td�ĂŶĚ�EĐƌϭͲͬͲ�ŵŝĐĞ�Ăƚ�ĚĂǇ�ϭ�ĂŌĞƌ�Ddy�ĂĚŵŝŶŝƐƚƌĂƟŽŶ͘�;�Ϳ�dƌĂŶƐĐƌŝƉƚ�ĂŶĂůǇƐŝƐ�ŽĨ ^ŽĐƐϯ from 
ƚŽƚĂů�ŵZE��ŝŶ�ŝůĞĂů�ƐĂŵƉůĞƐ�ĨƌŽŵ�td�EĐƌϭͲͬͲ�ŵŝĐĞ�ŽŶĞ�ĚĂǇ�ĂŌĞƌ�ƚŚĞ�ůĂƐƚ�Ddy�ŝŶũĞĐƟŽŶ͕�ƌĞůĂƟǀĞ�ƚŽ 'ĂƉĚŚ (D) 
Transcript analysis of �Đůǆů�ƌĞůĂƟǀĞ�ƚŽ�'ĂƉĚŚ,�ĨƌŽŵ�ƚŽƚĂů�ŵZE��ŝŶ�ŝůĞĂů�ƐĂŵƉůĞƐ�ĨƌŽŵ�td�ĂŶĚ�EĐƌϭͲͬͲ mice at day 
ϭ�ĂŌĞƌ�Ddy͘�;ŶсϯͲϰ�ƉĞƌ�ŐƌŽƵƉͿ͖�ΎΎ͕�WфϬ͘Ϭϭ͘
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�ǇƚŽŬŝŶĞ�ƉƌŽĚƵĐƟŽŶ�ŝŶ�E<Ɖϰϲ�ĚĞĮĐŝĞŶƚ�ŵŝĐĞ
/>�ϯͲĚĞƌŝǀĞĚ�ĐǇƚŽŬŝŶĞƐ�ŚĂǀĞ�ďĞĞŶ�ŝŵƉůŝĐĂƚĞĚ�ŝŶ�ĞƉŝƚŚĞůŝĂů�ƌĞƐƉŽŶƐĞƐ�ĂŌĞƌ�ĂĐƵƚĞ�ĚĂŵĂŐĞ�
ĂŶĚ� ďĂĐƚĞƌŝĂů� ŝŶĨĞĐƟŽŶƐ͘� dŽ� ƐƚƵĚǇ� ǁŚĞƚŚĞƌ� E<Ɖϰϲ� ŝƐ� ŝŶǀŽůǀĞĚ� ŝŶ� ƚŚĞ� ƉƌŽĚƵĐƟŽŶ� ŽĨ�
ĞīĞĐƚŽƌ� ĐǇƚŽŬŝŶĞƐ� ĂŌĞƌ� ĞƉŝƚŚĞůŝĂů� ĚĂŵĂŐĞ͕�ǁĞ�ƉĞƌĨŽƌŵĞĚ� Ă� ƚƌĂŶƐĐƌŝƉƟŽŶĂů� ĂŶĂůǇƐŝƐ� ŽĨ�
ƐŵĂůů� ŝŶƚĞƐƟŶĂů� ƐĂŵƉůĞƐ� ĨƌŽŵ�E<Ɖϰϲ� ƐƵĸĐŝĞŶƚ� ĂŶĚ� ĚĞĮĐŝĞŶƚ�ŵŝĐĞ� ŽŶĞ� ĚĂǇ� ĂŌĞƌ�Ddy�
ĂĚŵŝŶŝƐƚƌĂƟŽŶ͘� �ŶĂůǇƐŝƐ� ŽĨ� ƚŽƚĂů� ŵZE�� ůĞǀĞůƐ� ĨƌŽŵ� ŝůĞƵŵ� ƐŚŽǁĞĚ� ƐŝŵŝůĂƌ� ĞǆƉƌĞƐƐŝŽŶ�
levels of /ůϮϮ� ŝŶ� ƚŚĞ�ƉƌĞƐĞŶĐĞ�Žƌ�ĂďƐĞŶĐĞ�ŽĨ�E<Ɖϰϲ� ;&ŝŐ͘�ϯ�Ϳ͘��ƐĨϮ� ;'DͲ�^&Ϳ transcript 
ůĞǀĞůƐ�ĂƉƉĞĂƌĞĚ�ƚŽ�ďĞ�ƌĞĚƵĐĞĚ�ŝŶ�E<Ɖϰϲ�ĚĞĮĐŝĞŶƚ�ĂŶŝŵĂůƐ�ĐŽŵƉĂƌĞĚ�ƚŽ�td�ĐŽŶƚƌŽůƐ͕�ďƵƚ�
ŶŽ�ƐŝŐŶŝĮĐĂŶƚ�ĚŝīĞƌĞŶĐĞƐ�ǁĞƌĞ�ŽďƐĞƌǀĞĚ�;&ŝŐ͘�ϯ�Ϳ͘�/Ŷ�ĐŽŶƚƌĂƐƚ͕�ƐŵĂůů�ŝŶƚĞƐƟŶĂů�ƚƌĂŶƐĐƌŝƉƚ�
levels of dŶĨ�;dE&ɲͿ�ǁĞƌĞ�ƐŝŐŶŝĮĐĂŶƚůǇ�ƌĞĚƵĐĞĚ�ŝŶ�EĐƌϭͲͬͲ�ŵŝĐĞ�ĐŽŵƉĂƌĞĚ�ƚŽ�EĐϭ�ƐƵĸĐŝĞŶƚ�
ŵŝĐĞ�;&ŝŐ͘�ϯ�Ϳ͘

/Ŷ� ĂĚĚŝƟŽŶ͕� ǁĞ� ĞǆĂŵŝŶĞĚ� ĐǇƚŽŬŝŶĞ� ƉƌŽƚĞŝŶ� ƉƌŽĚƵĐƟŽŶ� ŝŶ� ƐŵĂůů� ŝŶƚĞƐƟŶĂů� ĞǆƉůĂŶƚƐ�
ĂŌĞƌ�ŽǀĞƌŶŝŐŚƚ�ĐƵůƚƵƌĞ͘�^ƵƌƉƌŝƐŝŶŐůǇ͕ �ĂŶĂůǇƐŝƐ�ŽĨ�ĞǆƉůĂŶƚ�ĐƵůƚƵƌĞƐ�ŽŶĞ�ĚĂǇ�ĂŌĞƌ�ƚŚĞ� ůĂƐƚ�
Ddy�ŝŶũĞĐƟŽŶ�ƌĞǀĞĂůĞĚ�ƐŝŐŶŝĮĐĂŶƚůǇ�ŚŝŐŚĞƌ�ůĞǀĞůƐ�ŽĨ�/>ͲϮϮ�ŝŶ�E�Z ĚĞĮĐŝĞŶƚ�ŵŝĐĞ�ĐŽŵƉĂƌĞĚ�
ƚŽ�td�ĐŽŶƚƌŽůƐ�;&ŝŐ͘�ϯ�Ϳ͘�'DͲ�^&�ƉƌŽƚĞŝŶ�ůĞǀĞůƐ�ŚŽǁĞǀĞƌ͕ �ǁĞƌĞ�ƐŝŵŝůĂƌ�ŝŶ�E�Z�ĚĞĮĐŝĞŶƚ�
ĂŶĚ�ƐƵĸĐŝĞŶƚ�ŵŝĐĞ�Ăƚ�ĚĂǇ�ϭ�ĂŌĞƌ�Ddy�ĂĚŵŝŶŝƐƚƌĂƟŽŶ�;&ŝŐ͘�ϯ�Ϳ͘

dŽ� ƐƉĞĐŝĮĐĂůůǇ� ƐƚƵĚǇ� ƚŚĞ� ƌŽůĞ�ŽĨ�E<Ɖϰϲ� ŝŶ� ĐǇƚŽŬŝŶĞ�ƉƌŽĚƵĐƟŽŶ�ŽĨ� />�ϯ͕�ǁĞ� ŝƐŽůĂƚĞĚ�
E<Ɖϰϲн� />�ϯ� ĨƌŽŵ� ůĂŵŝŶĂ� ƉƌŽƉƌŝĂ� ŽĨ� td� ŵŝĐĞ͕� ĂŶĚ� ƚŚĞ� ĐŽƌƌĞƐƉŽŶĚŝŶŐ� '&Wн ILC3 
ƉŽƉƵůĂƟŽŶ� ĨƌŽŵ� E<ƉϰϲͲĚĞĮĐŝĞŶƚ͕� EĐƌϭŐĨƉͬŐĨƉ� ŵŝĐĞ͘� dƌĂŶƐĐƌŝƉƟŽŶĂů� ĂŶĂůǇƐŝƐ� ŽĨ� ůĂŵŝŶĂ�
ƉƌŽƉƌŝĂ� E<Ɖϰϲн/>�ϯ� ŽŶĞ� ĚĂǇ� ĂŌĞƌ� ƚŚĞ� ůĂƐƚ�Ddy� ŝŶũĞĐƟŽŶ� ƐŚŽǁĞĚ� Ă� ƌĞĚƵĐƟŽŶ� ŝŶ� /ůϮϮ 
ƚƌĂŶƐĐƌŝƉƚ� ůĞǀĞůƐ� ĂůƚŚŽƵŐŚ�ŶŽ� ƐƚĂƟƐƟĐĂůůǇ� ĚŝīĞƌĞŶĐĞƐ� ;ƉͲǀĂůƵĞ�Ϭ͕ϬϲͿ�ǁĞƌĞ� ƌĞĂĐŚĞĚ� ;&ŝŐ͘�
ϯ&Ϳ� �ŝīĞƌĞŶĐĞƐ� ŝŶ� ĞǆƉƌĞƐƐŝŽŶ� ůĞǀĞůƐ� ŽĨ� �ƐĨϮ and dŶĨ� ǁĞƌĞ� ŵŽĚĞƐƚ� ĂŶĚ� ŶŽ� ƐŝŐŶŝĮĐĂŶƚ�
ĚŝīĞƌĞŶĐĞƐ�ǁĞƌĞ�ŽďƐĞƌǀĞĚ�ďĞƚǁĞĞŶ�E<Ɖϰϲ�ĚĞĮĐŝĞŶƚ�ŵŝĐĞ�ĂŶĚ�td�ĂŶŝŵĂůƐ�;&ŝŐ͘�ϯ'�ĂŶĚ�
,Ϳ͘�dŚĞƐĞ�ƌĞƐƵůƚƐ�ƐƵŐŐĞƐƚ�ƚŚĂƚ�ƌĞŐƵůĂƟŽŶ�ŽĨ�ĂĚĚŝƟŽŶĂů�ĐǇƚŽŬŝŶĞƐ�ŵĂǇ�ƵŶĚĞƌůŝĞ�ƚŚĞ�ĞīĞĐƚƐ�
ŽďƐĞƌǀĞĚ�ŝŶ�E<ƉϰϲͲͬͲ�mice.
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&ŝŐƵƌĞ�ϯ͘� �ǇƚŽŬŝŶĞ�ƉƌŽĚƵĐƟŽŶ� ŝŶ� ƚŚĞ� ƐŵĂůů� ŝŶƚĞƐƟŶĞ�ŽĨ�E<ƉϰϲͲĚĞĮĐŝĞŶƚ�ŵŝĐĞ�ĂŌĞƌ�DdyͲŝŶĚƵĐĞĚ�ĚĂŵĂŐĞ͘� 
(A-C) Transcript levels of /ůϮϮ, �ƐĨϮ and dŶĨ ƌĞůĂƟǀĞ�ƚŽ�'ĂƉĚŚ͕�ŝŶ�ƚŽƚĂů�ŝůĞĂů�ŵZE��ĨƌŽŵ�td�ĂŶĚ�EĐƌϭͲͬͲ mice at 
ĚĂǇ�ϭ�ĂŌĞƌ�Ddy�ĂĚŵŝŶŝƐƚƌĂƟŽŶ͘�;�Ͳ�Ϳ WƌŽƚĞŝŶ�ůĞǀĞůƐ�ŽĨ�/>ͲϮϮ�ĂŶĚ�'DͲ�^&�ĂŌĞƌ�ŽǀĞƌŶŝŐŚƚ�ŝůĞĂů�ĞǆƉůĂŶƚ�ĐƵůƚƵƌĞƐ�
ŝƐŽůĂƚĞĚ�Ăƚ�ĚĂǇ�ϭ�ĂŌĞƌ�Ddy͘� ;&Ͳ,Ϳ�dƌĂŶƐĐƌŝƉƚ� ůĞǀĞůƐ�ŽĨ� /ůϮϮ, �ƐĨϮ and dŶĨ� ƌĞůĂƟǀĞ�ƚŽ�'ĂƉĚŚ͕� ĨƌŽŵ�E<ƉϰϲнILC3 
ŝƐŽůĂƚĞĚ�ĨƌŽŵ�ƚŚĞ�ůĂŵŝŶĂ�ƉƌŽƉƌŝĂ�ŽĨ�td�ĂŶĚ�EĐƌϭͲͬͲ�ŵŝĐĞ�Ăƚ�ĚĂǇ�ϭ�ĂŌĞƌ�Ddy͘�;ŶсϯͲϱ�ƉĞƌ�ŐƌŽƵƉͿ͖�Ύ͕�WфϬ͘Ϭϱ͘
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In vivo�ƚĂƌŐĞƟŶŐ�ŽĨ�E<Ɖϰϲн�/>�ϯ�ĚƵƌŝŶŐ�DdyͲŝŶĚƵĐĞĚ�ĚĂŵĂŐĞ
dŽ� ĨƵƌƚŚĞƌ� ŝŶǀĞƐƟŐĂƚĞ� ƚŚĞ� ŝŶ� ǀŝǀŽ� ƌŽůĞ� ŽĨ� E<Ɖϰϲ� ĂŌĞƌ� ƐŵĂůů� ŝŶƚĞƐƟŶĂů� ĚĂŵĂŐĞ͕� ǁĞ�
ƚƌĞĂƚĞĚ�ZĂŐϭͲͬͲ�ŵŝĐĞ�ǁŝƚŚ�ĂŶ�E<Ɖϰϲ� ƚĂƌŐĞƟŶŐ�ĂŶƟďŽĚǇ�ĂŶĚ� ŝŶĚƵĐĞĚ� ŝŶƚĞƐƟŶĂů�ĚĂŵĂŐĞ�
ďǇ�ĂĚŵŝŶŝƐƚƌĂƟŽŶ�ŽĨ�Ddy� ;&ŝŐ͘�ϰ�Ϳ͘� ^ŵĂůů� ŝŶƚĞƐƟŶĂů�ƟƐƐƵĞ�ƐĂŵƉůĞƐ�ǁĞƌĞ�ĂŶĂůǇǌĞĚ�ŽŶĞ�
ĚĂǇ�ĂŌĞƌ�ĂĚŵŝŶŝƐƚƌĂƟŽŶ�ŽĨ�ƚŚĞ�ĐǇƚŽƐƚĂƟĐ�ĚƌƵŐ�ĨŽƌ�ĞǆƉƌĞƐƐŝŽŶ�ŽĨ�/>�ϯͲĚĞƌŝǀĞĚ�ĐǇƚŽŬŝŶĞƐ͘�
dƌĂŶƐĐƌŝƉƚ� ůĞǀĞůƐ� ĨƌŽŵ� ƚŽƚĂů� ŝůĞĂů�ŵZE�� ŝŶĚŝĐĂƚĞĚ� ƐŝŵŝůĂƌ� ůĞǀĞůƐ�ŽĨ� /ůϮϮ, �ƐĨϮ and dŶĨ� in 
ɲE<ƉϰϲͲƚƌĞĂƚĞĚ�ŵŝĐĞ�ĂŶĚ�ŝƐŽƚǇƉĞ�ĐŽŶƚƌŽů�;&ŝŐ͘�ϰ�Ϳ͘�/Ŷ�ĂĚĚŝƟŽŶ͕�/>ͲϮϮ�ĂŶĚ�'DͲ�^&�ƉƌŽƚĞŝŶ�
ƐĞĐƌĞƟŽŶ�ǁĂƐ�ĂŶĂůǇǌĞĚ�ĨƌŽŵ�ŝůĞĂů�ĞǆƉůĂŶƚƐ�Ăƚ�ĚĂǇ�ϭ�ĂŌĞƌ�Ddy�ĂĚŵŝŶŝƐƚƌĂƟŽŶ�;&ŝŐ͘�ϰ�Ϳ͘�
^ŝŵŝůĂƌ� ƚŽ� ŐĞŶĞ� ĞǆƉƌĞƐƐŝŽŶ͕� />ͲϮϮ� ĂŶĚ� 'DͲ�^&� ƉƌŽƚĞŝŶ� ƉƌŽĚƵĐƟŽŶ� ǁĂƐ� ĐŽŵƉĂƌĂďůĞ�
between ɲE<ƉϰϲͲƚƌĞĂƚĞĚ�ŵŝĐĞ�ĂŶĚ�ŝƐŽƚǇƉĞ�ĐŽŶƚƌŽů�ĂŶĚ�ŶŽ�ƐƚĂƚŝƐƚŝĐĂůůǇ�ƐŝŐŶŝĨŝĐĂŶĐĞ�ǁĂƐ�
ŽďƐĞƌǀĞĚ�;&ŝŐ͘�ϰ�Ϳ͘�dŽ�ƐƉĞĐŝĮĐĂůůǇ�ƐƚƵĚǇ�ƚŚĞ�ĞīĞĐƚ�ŽĨ�E<Ɖϰϲ�ƚĂƌŐĞƟŶŐ�ŽŶ�/>�ϯ͕�ǁĞ�ŝƐŽůĂƚĞĚ�
ůĂŵŝŶĂ�ƉƌŽƉƌŝĂ�E<Ɖϰϲн�/>�ϯ�ĨƌŽŵ�ɲE<ƉϰϲͲƚƌĞĂƚĞĚ�ŵŝĐĞ�ĂŶĚ�ŝƐŽƚǇƉĞ�ĐŽŶƚƌŽůƐ�ŽŶĞ�ĚĂǇ�ĂŌĞƌ�
Ddy�ĂĚŵŝŶŝƐƚƌĂƟŽŶ�;&ŝŐ͘�ϰ�Ϳ͘�dŽ�ĂƐƐĞƐƐ�ƚŚĞ�ĞīĞĐƟǀĞŶĞƐƐ�ŽĨ�ƚŚĞ�ďŝŶĚŝŶŐ�ŽĨ�ƚŚĞ�ɲE<Ɖϰϲ�
anƟďŽĚǇ͕ �ǁĞ�ƐƚĂŝŶĞĚ�ƚŚĞ� ŝŶ�ǀŝǀŽ ɲE<Ɖϰϲ�ĂŶƟďŽĚǇ�ǁŝƚŚ�Ă�ĚĞƚĞĐƟŽŶ�ĂŶƟďŽĚǇ�;�ŽŶŬĞǇͲ
ĂZĂƚͿ͘�E<Ɖϰϲ-�/>�ϯ�ƌĞƉƌĞƐĞŶƚĞĚ�ĂůŵŽƐƚ�ŚĂůĨ�ŽĨ�ƚŚĞ�ƚŽƚĂů�ƉŽƉƵůĂƟŽŶ�ŽĨ�ůĂŵŝŶĂ�ƉƌŽƉƌŝĂ�/>�ϯ�
ŝŶ�ƚŚĞ�ĐŽŶƚƌŽů�ŐƌŽƵƉ�;ϱϳйцϯ͘ϴͿ�ǁŚĞƌĞĂƐ�ɲE<ƉϰϲͲƚƌĞĂƚĞĚ�ŵŝĐĞ�ĞǆŚŝďŝƚĞĚ�ĂŶ�ŝŶĐƌĞĂƐĞĚ�ŝŶ�
ƚŚĞ�ĨƌĞƋƵĞŶĐǇ�ŽĨ�E<Ɖϰϲ-�/>�ϯ�;ϳϳ͘Ϯйцϴ͘ϵͿ�;&ŝŐ͘�ϰ�Ϳ͘�^ƚĂŝŶŝŶŐ�ĨŽƌ�ɲE<Ɖϰϲ�ĂŶƟďŽĚǇ�ĚŝĚ�ŶŽƚ�
ƐŚŽǁ�ƉŽƐŝƟǀĞ�ĐĞůůƐ�ŝŶ�ƚŚĞ�ŝƐŽƚǇƉĞͲƚƌĞĂƚĞĚ�ŐƌŽƵƉ͕�ǁŚĞƌĞĂƐ�ĂŶĂůǇƐŝƐ�ŽĨ�ƚŚĞ�ɲE<ƉϰϲͲƚƌĞĂƚĞĚ�
ŐƌŽƵƉ� ƌĞǀĞĂůĞĚ�ĂƉƉƌŽǆŝŵĂƚĞůǇ� ƚǁŽ� ƚŚŝƌĚƐ�ŽĨ� ƚŚĞ�E<Ɖϰϲн� />�ϯ�ƉŽƉƵůĂƟŽŶ�ďŽƵŶĚ� ƚŽ� ƚŚĞ�
E<ƉϰϲͲƚĂƌŐĞƟŶŐ�ĂŶƟďŽĚǇ� ;ϭϲ͘ϯйцϱ͘ϰͿ͘� ^ƚƌŝŬŝŶŐůǇ͕ �ɲE<ƉϰϲͲƚƌĞĂƚĞĚ�ŵŝĐĞ�ĂůƐŽ� ƐŚŽǁĞĚ�Ă�
ŶƵŵďĞƌ�ŽĨ�/>�ϯ�ƚŚĂƚ�ǁĞƌĞ�ƉŽƐŝƟǀĞ�ĨŽƌ�ƚŚĞ�ŝŶ�ǀŝǀŽ�ĂŶƟďŽĚǇ�ĂƐ�ǁĞůů�ĂƐ�ĨŽƌ�E<Ɖϰϲ�;ϲ͘ϰйцϯ͘ϴͿ�
;&ŝŐ͘�ϰ�Ϳ͘

dƌĂŶƐĐƌŝƉƟŽŶĂů�ĂŶĂůǇƐŝƐ�ŽĨ�ůĂŵŝŶĂ�ƉƌŽƉƌŝĂ�E<Ɖϰϲн�/>�ϯ�ŽŶĞ�ĚĂǇ�ĂŌĞƌ�Ddy�ƚƌĞĂƚŵĞŶƚ�
ĚŝĚ�ŶŽƚ�ƐŚŽǁ�ƐŝŐŶŝĮĐĂŶƚ�ĚŝīĞƌĞŶĐĞƐ�ĂŶĚ�ƌĞǀĞĂůĞĚ�ƐŝŵŝůĂƌ�ĞǆƉƌĞƐƐŝŽŶ�ŽĨ�/ůϮϮ, �ƐĨϮ and dŶĨ 
ŝŶ�ɲE<ƉϰϲͲƚƌĞĂƚĞĚ�ŵŝĐĞ�ĐŽŵƉĂƌĞĚ�ƚŽ�ĐŽŶƚƌŽů�ůŝƩĞƌŵĂƚĞƐ�;&ŝŐ͘�ϱ�Ϳ͘�

�ŽůůĞĐƟǀĞůǇ�ƚŚĞƐĞ�ƌĞƐƵůƚƐ�ƐƵŐŐĞƐƚ�ƚŚĂƚ�ƚŚĞ�ƉƌŽĚƵĐƟŽŶ�ŽĨ�/>ͲϮϮ͕�'DͲ�^&�ĂŶĚ�dE&ɲ by 
/>�ϯ�ĚŽĞƐ�ŶŽƚ�ƌĞƋƵŝƌĞ�E<Ɖϰϲ�ĞǆƉƌĞƐƐŝŽŶ�ĂŶĚ�ĂƌĞ�ŝŶ�ůŝŶĞ�ǁŝƚŚ�ƚŚĞ�ĮŶĚŝŶŐƐ�ŽďƐĞƌǀĞĚ�ŝŶ�EĐƌϭ�
ĚĞĮĐŝĞŶƚ�ŵŝĐĞ͘��ůƚĞƌŶĂƟǀĞůǇ͕ �E<Ɖϰϲ�ŵĂǇ�ĐŽŶƚƌŽů�ƚŚĞ�ƉƌŽĚƵĐƟŽŶ�ŽĨ�ĚŝīĞƌĞŶƚ�ĨĂĐƚŽƌƐ�ďǇ�
/>�ϯ�ĂŶĚ�ƚŚƵƐ�ƚŚĞ�ƉƌŽĚƵĐƟŽŶ�ŽĨ�ĂĚĚŝƟŽŶĂů�ĐǇƚŽŬŝŶĞƐ�ŝŶ�ƚŚĞ�ĂďƐĞŶĐĞ�ŽĨ�E<Ɖϰϲ�ƌĞŵĂŝŶƐ�ƚŽ�
ďĞ�ŝŶǀĞƐƟŐĂƚĞĚ͘�
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&ŝŐƵƌĞ�ϰ͘�dĂƌŐĞƟŶŐ�ŽĨ�E<Ɖϰϲ�ĚƵƌŝŶŐ�DdyͲŝŶĚƵĐĞĚ�ĚĂŵĂŐĞ͘�;�Ϳ�^ĐŚĞŵĂƟĐ�ŽǀĞƌǀŝĞǁ�ŽĨ�ƚŚĞ�ĞǆƉĞƌŝŵĞŶƚĂů�ƐĞƚƵƉ͘�
ZĂŐϭͲͬͲ�ŵŝĐĞ�ƌĞĐĞŝǀĞĚ�Ddy�ĂŶĚ�E<ƉϰϲͲƚĂƌŐĞƟŶŐ�ĂŶƟďŽĚǇ�Žƌ�ŝƐŽƚǇƉĞ�ĐŽŶƚƌŽů�Ăƚ�ĚĂǇ�Ͳϭ�ĂŶĚ�ĚĂǇ�Ϭ�ĂƐ�ĚĞƐĐƌŝďĞĚ�
ŝŶ�ŵĂƚĞƌŝĂů�ĂŶĚ�ŵĞƚŚŽĚƐ͘��ƚ�ĚĂǇ�ϭ�ĂŌĞƌ�ƚŚĞ� ůĂƐƚ� ŝŶũĞĐƟŽŶ͕�ŵŝĐĞ�ǁĞƌĞ�ƐĂĐƌŝĮĐĞĚ͘� ;�Ϳ�dƌĂŶƐĐƌŝƉƚ� ůĞǀĞůƐ�ŽĨ� /ůϮϮ, 
�ƐĨϮ and dŶĨ ƌĞůĂƟǀĞ�ƚŽ 'ĂƉĚŚ͕�ŝŶ�ƚŽƚĂů�ŝůĞĂů�ŵZE��ĨƌŽŵ�E<Ɖϰϲ�ĂŶĚ�ŝƐŽƚǇƉĞ�ƚƌĞĂƚĞĚ�ŵŝĐĞ�Ăƚ�ĚĂǇ�ϭ�ĂŌĞƌ�Ddy�
ĂĚŵŝŶŝƐƚƌĂƟŽŶ͘�;�Ϳ�WƌŽƚĞŝŶ�ůĞǀĞůƐ�ŽĨ�/>ͲϮϮ�ĂŶĚ�'DͲ�^&�ĂŌĞƌ�ŽǀĞƌŶŝŐŚƚ�ŝůĞĂů�ĞǆƉůĂŶƚ�ĐƵůƚƵƌĞƐ�ŝƐŽůĂƚĞĚ�Ăƚ�ĚĂǇ�ϭ�
ĂŌĞƌ�Ddy͘� ;�Ϳ�ZĞƉƌĞƐĞŶƚĂƟǀĞ�ŇŽǁ�ĐǇƚŽŵĞƚƌǇ�ƉůŽƚƐ�ŽĨ� ůĂŵŝŶĂ�ƉƌŽƉƌŝĂ� />�ϯ� ĨƌŽŵ�E<Ɖϰϲ�ĂŶĚ� ŝƐŽƚǇƉĞͲƚƌĞĂƚĞĚ�
ŵŝĐĞ�Ăƚ�ĚĂǇ�ϭ�ĂŌĞƌ�Ddy�;�ĂZĂƚ�;�ŽŶŬĞǇ�ĂͲZĂƚͿсĚĞƚĞĐƟŽŶ�ĂŶƟďŽĚǇ�ĨŽƌ�E<ƉϰϲͲƚĂƌŐĞƟŶŐ�ĂŶƟďŽĚǇͿ͘�;�Ϳ�dƌĂŶƐĐƌŝƉƚ�
levels of /ůϮϮ, �ƐĨϮ and dŶĨ ƌĞůĂƟǀĞ�ƚŽ�'ĂƉĚŚ͕�ĨƌŽŵ�E<Ɖϰϲн/>�ϯ�ŝƐŽůĂƚĞĚ�ĨƌŽŵ�ƚŚĞ�ůĂŵŝŶĂ�ƉƌŽƉƌŝĂ�ŽĨ�E<Ɖϰϲ�ĂŶĚ�
ŝƐŽƚǇƉĞͲƚƌĞĂƚĞĚ�ŵŝĐĞ�Ăƚ�ĚĂǇ�ϭ�ĂŌĞƌ�Ddy͘�;ŶсϲͲϳ�ƉĞƌ�ŐƌŽƵƉͿ
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E<ƉϰϲͲƚĂƌŐĞƚĞĚ�ŵŝĐĞ�ƐƵĐĐƵŵď�ƚŽ�ƌĂĚŝĂƟŽŶͲŝŶĚƵĐĞĚ�ĚĂŵĂŐĞ�
�ĞƐŝĚĞƐ� ƐƚƵĚǇŝŶŐ� ƚŚĞ� ƌŽůĞ� ŽĨ�E<Ɖϰϲ� ŝŶ� ŝŶƚĞƐƟŶĂů� ĚĂŵĂŐĞ� ŝŶĚƵĐĞĚ� ďǇ� ĐǇƚŽƐƚĂƟĐ� ĚƌƵŐƐ͕�
ǁĞ� ĞǆƉůŽƌĞĚ� ƚŚĞ� ƌŽůĞ� ŽĨ� ƚŚŝƐ� ƌĞĐĞƉƚŽƌ� ŝŶ� ƌĂĚŝĂƟŽŶͲŝŶĚƵĐĞĚ� ƟƐƐƵĞ� ĚĂŵĂŐĞ� ƌĞƐƉŽŶƐĞƐ͘�
/Ŷ� ƚŚŝƐ�ŵŽĚĞů͕�td�ŵŝĐĞ�ǁĞƌĞ� ƐƵďůĞƚŚĂůůǇ� ŝƌƌĂĚŝĂƚĞĚ� ĨŽůůŽǁĞĚ�ďǇ� ĂĚŵŝŶŝƐƚƌĂƟŽŶ�ŽĨ� ƚŚĞ�
ɲE<ƉϰϲͲƚĂƌŐĞƟŶŐ�ĂŶƟďŽĚǇ� ;&ŝŐ͘� ϱ�Ϳ͘� �ŽĚǇ�ǁĞŝŐŚƚ�ǁĂƐ�ŵŽŶŝƚŽƌĞĚ�ĚĂŝůǇ� ĨŽƌ� ϭϮ�ĚĂǇƐ� ŝŶ�
ɲE<ƉϰϲͲƚƌĞĂƚĞĚ�ŵŝĐĞ� ĂŶĚ� ŝƐŽƚǇƉĞ� ĐŽŶƚƌŽůͲŝŶũĞĐƚĞĚ�ŵŝĐĞ� ;&ŝŐ͘� ϱ�Ϳ͘� /ƐŽƚǇƉĞ� ĐŽŶƚƌŽů� ĂŶĚ�
ɲE<ƉϰϲͲƚƌĞĂƚĞĚ�ŵŝĐĞ�ĞǆŚŝďŝƚĞĚ�ƐŝŵŝůĂƌ�ďŽĚǇ�ǁĞŝŐŚƚ�ŬŝŶĞƟĐƐ�ŝŶ�ƚŚĞ�ĮƌƐƚ�ǁĞĞŬ�ďƵƚ�ďǇ�ĚĂǇ�
8, ɲE<ƉϰϲͲƚƌĞĂƚĞĚ�ŵŝĐĞ�ĚĞǀĞůŽƉĞĚ�ƐŝŐŶŝĮĐĂŶƚ�ǁĞŝŐŚƚ�ůŽƐƐ�ĂŶĚ�ĐŽŶƟŶƵĞĚ�ƚŽ�ůŽŽƐĞ�ǁĞŝŐŚƚ�
ŽǀĞƌ� ƚŚĞ� ĐŽƵƌƐĞ� ŽĨ� ƚŚĞ� ĞǆƉĞƌŝŵĞŶƚ� ;&ŝŐ͘� ϱ�Ϳ͘� /ŵƉŽƌƚĂŶƚůǇ͕ � ɲE<ƉϰϲͲƚƌĞĂƚĞĚ� ĚŝƐƉůĂǇĞĚ�
ƌĞĚƵĐĞĚ�ƐƵƌǀŝǀĂů�ĂŶĚ�ƐƵĐĐƵŵďĞĚ�ƚŽ�ƌĂĚŝĂƟŽŶͲŝŶĚƵĐĞĚ�ĚĂŵĂŐĞ�ďǇ�ĚĂǇ�ϭϬ�ǁŚŝůĞ�ŝƐŽƚǇƉĞ�
ĐŽŶƚƌŽůͲƚƌĞĂƚĞĚ�ůŝƩĞƌŵĂƚĞƐ�ƐƵƌǀŝǀĞĚ�ĂŶĚ�Ăůů�ƚŚĞ�ĞǆƉĞƌŝŵĞŶƚĂů�ĂŶŝŵĂůƐ�ǁĞƌĞ�ƐĂĐƌŝĮĐĞĚ�Ăƚ�
ƚŚĞ�ůĂƚĞƐƚ�ƟŵĞ�ƉŽŝŶƚ�;&ŝŐ͘�ϱ�Ϳ

�,ŝƐƚŽůŽŐŝĐĂů�ĞǆĂŵŝŶĂƟŽŶ�ŽĨ�ƐŵĂůů�ŝŶƚĞƐƟŶĂů�ƐĞĐƟŽŶƐ�ĨƌŽŵ�ɲE<ƉϰϲͲƚƌĞĂƚĞĚ�ŵŝĐĞ�ĂŶĚ�
ŝƐŽƚǇƉĞ�ĐŽŶƚƌŽůƐ�ƐŚŽǁĞĚ�ƐŝŵŝůĂƌ�ŝŶƚĞƐƟŶĂů�ĚĂŵĂŐĞ�ŝŶ�ďŽƚŚ�ŐƌŽƵƉƐ�ƚŚĂƚ�ŝŶĐƌĞĂƐĞĚ�Ăƚ�ůĂƚĞƌ�
ƟŵĞ�ƉŽŝŶƚƐ�ĂŶĚ�ǁĂƐ�ĐŚĂƌĂĐƚĞƌŝǌĞĚ�ďǇ�ůĂŵŝŶĂ�ƉƌŽƉƌŝĂ�ŝŶĮůƚƌĂƟŽŶ�ĂŶĚ�ďůĞĞĚŝŶŐ�;&ŝŐ͘�ϱ�Ϳ͘�
'ŽďůĞƚ�ĐĞůůƐ�ĂƉƉĞĂƌĞĚ�ƚŽ�ďĞ�ĐŽŶƐĞƌǀĞĚ�ĂŶĚ�ĚŝƐƚƌŝďƵƚĞĚ�ƐŝŵŝůĂƌůǇ�ŝŶ�ɲE<ƉϰϲͲƚƌĞĂƚĞĚ�ŵŝĐĞ�
ĂŶĚ� ƚŚĞ� ĐŽŶƚƌŽů� ŐƌŽƵƉ� ĂŌĞƌ� ƌĂĚŝĂƟŽŶͲŝŶĚƵĐĞĚ� ĚĂŵĂŐĞ� ;&ŝŐ͘� ϱ�Ϳ͘� dƌĂŶƐĐƌŝƉƚ� ĂŶĂůǇƐŝƐ� ŽĨ�
ƚŽƚĂů�ŵZE��ĨƌŽŵ�ƐŵĂůů�ŝŶƚĞƐƟŶĂů�ƟƐƐƵĞƐ�ƐŚŽǁĞĚ�ŚŝŐŚĞƌ�ůĞǀĞůƐ�ŽĨ��ƐĨϮ�ŝŶ�ɲE<ƉϰϲͲƚƌĞĂƚĞĚ�
ŵŝĐĞ�ĐŽŵƉĂƌĞĚ�ƚŽ�ĐŽŶƚƌŽů�ŐƌŽƵƉ�Ăƚ�ĚĂǇ�ϰ� ;&ŝŐ͘�ϱ&Ϳ͘�EĞǀĞƌƚŚĞůĞƐƐ� ƚŚĞƐĞ�ĚŝīĞƌĞŶĐĞƐ�ĚŝĚ�
ŶŽƚ�ƌĞĂĐŚ�ƐŝŐŶŝĮĐĂŶĐĞ�ĂŶĚ�ǁĞƌĞ�ĂďƐĞŶƚ�Ăƚ�ĚĂǇ�ϭϮ͘�/Ŷ�ĐŽŶƚƌĂƐƚ͕�dŶĨ� levels at day 4 were 
ƐŝŵŝůĂƌ�ŝŶ�ɲE<ƉϰϲͲƚƌĞĂƚĞĚ�ŵŝĐĞ�ĂŶĚ�ŝƐŽƚǇƉĞͲŝŶũĞĐƚĞĚ�ĂŶŝŵĂůƐ�ĂŶĚ�ŽŶůǇ�ĚŝīĞƌĞĚ�Ăƚ�ĚĂǇ�ϭϮ͕�
ǁŚĞŶ�ɲE<ƉϰϲͲƚƌĞĂƚĞĚ�ŵŝĐĞ�ĞǆŚŝďŝƚĞĚ�ƐůŝŐŚƚ�ƌĞĚƵĐĞĚ�ůĞǀĞůƐ�;&ŝŐ͘�ϱ&Ϳ͘��ůƚŚŽƵŐŚ�ƚŚĞ�ĨĂĐƚŽƌƐ�
ŝŶǀŽůǀĞĚ�ŝŶ�ƟƐƐƵĞ�ƉƌŽƚĞĐƟŽŶ�ƌĞŵĂŝŶ�ƚŽ�ďĞ�ŝĚĞŶƟĮĞĚ͕�ƚŚĞƐĞ�ĚĂƚĂ�ŝŶĚŝĐĂƚĞ�Ă�ƉŽƚĞŶƟĂů�ƌŽůĞ�
ŽĨ�E<Ɖϰϲ�ŝŶ�ƌĞƐƉŽŶƐĞƐ�ƚŽ�ƌĂĚŝĂƟŽŶͲŝŶĚƵĐĞ�ĚĂŵĂŐĞ͘��
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&ŝŐƵƌĞ� ϱ͘� E<ƉϰϲͲƚƌĞĂƚĞĚ� ŵŝĐĞ� ƐƵĐĐƵŵďĞĚ� ƚŽ� ƌĂĚŝĂƟŽŶͲŝŶĚƵĐĞĚ� ĚĂŵĂŐĞ͘� ;�Ϳ� ^ĐŚĞŵĂƟĐ� ŽǀĞƌǀŝĞǁ� ŽĨ� ƚŚĞ�
ĞǆƉĞƌŝŵĞŶƚĂů� ƐĞƚƵƉ͘� td� ŵŝĐĞ� ǁĞƌĞ� ƐƵďůĞƚŚĂůůǇ� ŝƌƌĂĚŝĂƚĞĚ� Ăƚ� ĚĂǇ� Ϭ� ĨŽůůŽǁĞĚ� ďǇ� ĂĚŵŝŶŝƐƚƌĂƟŽŶ� ŽĨ� E<ƉϰϲͲ
ƚĂƌŐĞƟŶŐ�ĂŶƟďŽĚǇ�Žƌ�ŝƐŽƚǇƉĞ�ĐŽŶƚƌŽů�Ăƚ�ĚĂǇ�ϭ�ĂŶĚ�ĚĂǇ�ϯ�ĂŌĞƌ�ŝƌƌĂĚŝĂƟŽŶ͘��ƚ�ĚĂǇ�ϰ�ĂŶĚ�ϭϮ�ĂŌĞƌ�ŝƌƌĂĚŝĂƟŽŶ�ŵŝĐĞ�
ǁĞƌĞ�ƐĂĐƌŝĮĐĞĚ͘�;�Ϳ��ŽĚǇ�ǁĞŝŐŚƚ�ĐŚĂŶŐĞ�ŽǀĞƌ�ƚŚĞ�ĐŽƵƌƐĞ�ŽĨ�ƚŚĞ�ĞǆƉĞƌŝŵĞŶƚ͕�ƌĞůĂƟǀĞ�ƚŽ�ƚŚĞ�ŝŶŝƟĂů�ďŽĚǇ�ǁĞŝŐŚƚ͘�
;�Ϳ�^ƵƌǀŝǀĂů�ĐƵƌǀĞ�ŽĨ�E<ƉϰϲͲƚƌĞĂƚĞĚ�ŵŝĐĞ�;ŐƌĞĞŶ�ůŝŶĞͿ�ĂŶĚ�ŝƐŽƚǇƉĞ�ĐŽŶƚƌŽů�;ďůƵĞ�ůŝŶĞͿ͘�;Ŷсϱ�ƉĞƌ�ŐƌŽƵƉ͕�ƉĞƌ�ƟŵĞ�
ƉŽŝŶƚͿ�;�Ϳ�ZĞƉƌĞƐĞŶƚĂƟǀĞ�,Θ��ƐƚĂŝŶŝŶŐ�ŽĨ�ŝůĞĂů�ƐĞĐƟŽŶ�Ăƚ�ĚĂǇ�ϰ�ĂŶĚ�ϭϮ�ĂŌĞƌ�ŝƌƌĂĚŝĂƟŽŶ͘�;�Ϳ�/ůĞĂů�ƐĞĐƟŽŶ�ϭϮ�ĚĂǇƐ�
ĂŌĞƌ�ŝƌƌĂĚŝĂƟŽŶ�ƐŚŽǁŝŶŐ���ͬW�^�ƐƚĂŝŶŝŶŐ�ĨŽƌ�ŐŽďůĞƚ�ĐĞůůƐ͘�;&Ϳ͘ �ƐĨϮ and dŶĨ ƚƌĂŶƐĐƌŝƉƚ�ůĞǀĞůƐ�ƌĞůĂƟǀĞ�ƚŽ�'ĂƉĚŚ, 
ĨƌŽŵ�ƚŽƚĂů�ƐŵĂůů�ŝŶƚĞƐƟŶĂů�ŵZE��Ăƚ�ĚĂǇ�ϰ�ĂŶĚ�ϭϮ�ĂŌĞƌ�ŝƌƌĂĚŝĂƟŽŶ͖͘�ΎΎ͕�WфϬ͘Ϭϭ͘
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DISCUSSION

/Ŷ�ƚŚĞ�ƉƌĞǀŝŽƵƐ�ĐŚĂƉƚĞƌƐ�ŽĨ�ƚŚŝƐ�ƚŚĞƐŝƐ�/�ĚŝƐĐƵƐƐĞĚ�ƚŚĞ�ƉƌŽƚĞĐƟǀĞ�ƌŽůĞ�ŽĨ�/>�ϯ�ŝŶ�ŵƵĐŽƐŝƟƐ�
ŝŶĚƵĐĞĚ�ĚĂŵĂŐĞ�ďǇ�ĂĚŵŝŶŝƐƚƌĂƟŽŶ�ŽĨ�ĐǇƚŽƐƚĂƟĐ�ĚƌƵŐƐ͘��ĞĐĂƵƐĞ�E�Z�ůŝŐĂŶĚƐ�ĂƌĞ�ŝŶĚƵĐĞĚ�
upon stress or damageϭϳ͕ϭϴ�ĂŶĚ�E�ZƐ�ĂƌĞ�ĐŽͲĂĐƟǀĂƟŶŐ�ƌĞĐĞƉƚŽƌƐ�ŽŶ�/>�ϯϭϰ (and chapter 
ϰͿ͕� ǁĞ� ŶĞǆƚ� ŝŶǀĞƐƟŐĂƚĞĚ�ǁŚĞƚŚĞƌ� ƚŚĞ� ƉƌŽƚĞĐƟǀĞ� ĨƵŶĐƟŽŶƐ� ĐĂƌƌŝĞĚ� ŽƵƚ� ďǇ� />�ϯ� ĚƵƌŝŶŐ�
DdyͲŝŶĚƵĐĞĚ�ĚĂŵĂŐĞ�ŝŶǀŽůǀĞĚ�E�Z�ƐŝŐŶĂůŝŶŐ͘�/ŶĚĞĞĚ͕�ƚŚĞ�ĂďƐĞŶĐĞ�ŽĨ�E<Ɖϰϲ�ĂŐŐƌĂǀĂƚĞĚ�
ŝŶƚĞƐƟŶĂů�ƉĂƚŚŽůŽŐǇ�ĂŌĞƌ�ĂĚŵŝŶŝƐƚƌĂƟŽŶ�ŽĨ�Ddy͘��ůƚŚŽƵŐŚ�ĞǆĂŵŝŶĂƟŽŶ�ŽĨ�ƚŚĞ�ĐƌǇƉƚ�ĂŶĚ�
ǀŝůůƵƐ� ĐŽŵƉĂƌƚŵĞŶƚ� ƐĞƉĂƌĂƚĞ� ĚŝĚ� ŶŽƚ� ƐŚŽǁ� ƐŝŐŶŝĮĐĂŶƚ� ĚŝīĞƌĞŶĐĞƐ� ŝŶ� E<Ɖϰϲ� ĚĞĮĐŝĞŶƚ�
ŵŝĐĞ�ĐŽŵƉĂƌĞĚ�ƚŽ� ůŝƩĞƌŵĂƚĞ�ĐŽŶƚƌŽůƐ͕�ŽǀĞƌĂůů� ŝŶƚĞƐƟŶĂů�ƉĂƚŚŽůŽŐǇ�ǁĂƐ�ŵŽƌĞ�ƐĞǀĞƌĞ� ŝŶ�
EĐƌϭͲͬͲ�ŵŝĐĞ�ĂŶĚ�ƌĞĂĐŚĞĚ�ƐŝŐŶŝĮĐĂŶĐĞ�ǁŚĞŶ�ĚĞƚĂŝůĞĚ�ĂŶĂůǇƐŝƐ�ǁĂƐ�ƉĞƌĨŽƌŵĞĚ�ŝŶ�ŝŶĚŝǀŝĚƵĂů�
ƌĞŐŝŽŶƐ�ŽĨ�ƚŚĞ�ƐŵĂůů�ŝŶƚĞƐƟŶĞ͘�

KĨ�ŶŽƚĞ͕�ŵŽŶŝƚŽƌŝŶŐ�ďŽĚǇ�ǁĞŝŐŚƚ�ĂŌĞƌ�ƚƌĞĂƚŵĞŶƚ�ƌĞǀĞĂůĞĚ�ĚŝīĞƌĞŶƚ�ŬŝŶĞƟĐƐ�ŝŶ�E<Ɖϰϲ�
ĚĞĮĐŝĞŶƚ�ĂŶĚ�ƐƵĸĐŝĞŶƚ�ŵŝĐĞ͘�tŚŝůĞ�E<Ɖϰϲ�ƐƵĸĐŝĞŶƚ�ŵŝĐĞ�ůŽƐƐ�ǁĞŝŐŚƚ�ŝŵŵĞĚŝĂƚĞůǇ�ĂŌĞƌ�
ƚŚĞ�ĮƌƐƚ�ŝŶũĞĐƟŽŶ�ĂŶĚ�ĐŽŶƟŶƵĞĚ�ůŽŽƐŝŶŐ�ǁĞŝŐŚƚ�ƵŶƟů�ĚĂǇ�ϰ͕�EĐƌϭͲͬͲ mice stabilized their 
ďŽĚǇ�ǁĞŝŐŚƚ� ĂŌĞƌ� ƚŚĞ� ĮƌƐƚ�Ddy� ŝŶũĞĐƟŽŶ� ĂŶĚ�ŵĂŝŶƚĂŝŶĞĚ� ŝƚ� ƐƚĂďůĞ� ĨŽƌ� ƚǁŽ� ĚĂǇƐ͘� dŚĞ�
ĚĞůĂǇĞĚ�ŬŝŶĞƟĐƐ�ŝŶ�ƚŚĞ�ĞĂƌůǇ�ƟŵĞ�ƉŽŝŶƚƐ�ǁĂƐ�ƚƌĂŶƐůĂƚĞĚ�ŝŶƚŽ�Ă�ĚĞůĂǇĞĚ�ƉĞĂŬ�ŽĨ�ǁĞŝŐŚƚ�ůŽƐƐ�
Ăƚ�ĚĂǇ�ϲ͘���ƉŽƐƐŝďůĞ�ĞǆƉůĂŶĂƟŽŶ�ŽĨ�ƚŚŝƐ�ďĞŚĂǀŝŽƌ�ĐŽƵůĚ�ďĞ�ƚŚĂƚ�ƚŚĞ�EĐƌϭͲͬͲ mice are pre-
ƐĞŶƐŝƟǌĞĚ�Žƌ�ƉƌĞͲĚŝƐƉŽƐĞĚ�ƚŽ� ŝŶŇĂŵŵĂƟŽŶ͕�ƌĞƐƵůƟŶŐ� ŝŶ�ĂŶ�ĞīĞĐƟǀĞ� ŝŶŝƟĂů�ƌĞƐƉŽŶƐĞ�ƚŽ�
ĞƉŝƚŚĞůŝĂů�ĚĂŵĂŐĞ�ƚŚĂƚ�ŝƐ�ŶŽ�ůŽŶŐĞƌ�ĐŽŶƚĂŝŶĞĚ�Ăƚ�ƚŚĞ�ůĂƚĞƌ�ƐƚĂŐĞƐ͘���ŶĂůǇƐŝƐ�ŽĨ�EĐƌϭͲͬͲ mice 
Ăƚ�ƐƚĞĂĚǇ�ƐƚĂƚĞ�ŵŝŐŚƚ�ƌĞǀĞĂů�ǁŚĞƚŚĞƌ�ƚŚĞ�ĂďƐĞŶĐĞ�ŽĨ�E<Ɖϰϲ�ŝŶĚƵĐĞƐ�Ă�ƉƌĞͲŝŶŇĂŵŵĂƚŽƌǇ�
state. 

^ŝŶĐĞ� />�ϯ� ĚĞĮĐŝĞŶƚ� ŵŝĐĞ� ĚŝƐƉůĂǇĞĚ� ƌĞĚƵĐĞĚ� ĞƉŝƚŚĞůŝĂů� Ɖ^d�dϯ� ůĞǀĞůƐ͕� ǁĞ� ŶĞǆƚ�
ƋƵĞƐƟŽŶĞĚ�ƚŚĞ�ƌŽůĞ�ŽĨ�E<Ɖϰϲ�ŝŶ�ƚŚĞ�ĂĐƟǀĂƟŽŶ�ŽĨ�ƚŚŝƐ�ƉĂƚŚǁĂǇ͘�/ŶƚĞƐƟŶĂů�ĞƉŝƚŚĞůŝƵŵ�ŽĨ�
E<ƉϰϲͲĚĞĮĐŝĞŶƚ�ŵŝĐĞ�ĂŌĞƌ�Ddy�ƚƌĞĂƚŵĞŶƚ�ƌĞǀĞĂůĞĚ�ůŽǁĞƌ�ĞǆƉƌĞƐƐŝŽŶ�ŽĨ�Ɖ^d�dϯ�ĐŽŵƉĂƌĞĚ�
ƚŽ�E<Ɖϰϲ�ƐƵĸĐŝĞŶƚ�ŵŝĐĞ͕�ǁŚŝĐŚ�ƌĞĐĂƉŝƚƵůĂƚĞĚ�ƚŚĞ�ƉŚĞŶŽƚǇƉĞ�ŽďƐĞƌǀĞĚ�ŝŶ�ZŽƌɶƚ�ĚĞĮĐŝĞŶƚ�
ŵŝĐĞ�;ĐŚĂƉƚĞƌ�ϮͿ͘��ĞĐĂƵƐĞ�ƚƌĂŶƐĐƌŝƉƟŽŶ�ŽĨ�/>�ϯͲĚĞƌŝǀĞĚ�ĐǇƚŽŬŝŶĞƐ�ŝŶĐůƵĚŝŶŐ�/ůϮϮ, �ƐĨϮ and 
dŶĨ�ǁĂƐ�ƌĞĚƵĐĞĚ�ŝŶ�ZŽƌɶƚ�ĚĞĮĐŝĞŶƚ�ŵŝĐĞ�ĂŌĞƌ�Ddy�ƚƌĞĂƚŵĞŶƚ͕�ǁĞ�ŶĞǆƚ�ĞǆƉůŽƌĞĚ�ǁŚĞƚŚĞƌ�
ƐŝŵŝůĂƌ�ĚŝīĞƌĞŶĐĞƐ�ŽĐĐƵƌƌĞĚ�ŝŶ�ƚŚĞ�ĂďƐĞŶĐĞ�ŽĨ�E<Ɖϰϲ�ĂŶĚ�ĐŽƵůĚ�ĞǆƉůĂŝŶ�ƚŚĞ�ůŽǁĞƌ�ůĞǀĞůƐ�
of pSTAT3. However, transcript levels of /ůϮϮ and �ƐĨϮ�ĨƌŽŵ�ƐŵĂůů�ŝŶƚĞƐƟŶĂů�ƟƐƐƵĞƐ�ǁĞƌĞ�
ĐŽŵƉĂƌĂďůĞ�ŝŶ�ƚŚĞ�ƉƌĞƐĞŶĐĞ�Žƌ�ĂďƐĞŶĐĞ�ŽĨ�E<Ɖϰϲ�ĂŶĚ�ŽŶůǇ�dŶĨ�ǁĂƐ�ƐŝŐŶŝĮĐĂŶƚůǇ�ƌĞĚƵĐĞĚ�
ŝŶ� EĐƌϭͲͬͲ�ŵŝĐĞ͘� �ĚĚŝƟŽŶĂůůǇ͕ � ĂŶĂůǇƐŝƐ� ŽĨ� ƐŵĂůů� ŝŶƚĞƐƟŶĂů� ĞǆƉůĂŶƚƐ� ƌĞǀĞĂůĞĚ� ƐŝŐŶŝĮĐĂŶƚůǇ�
ŚŝŐŚĞƌ�ůĞǀĞůƐ�ŽĨ�/>ͲϮϮ�ƉƌŽƚĞŝŶ�ŝŶ�EĐƌϭͲͬͲ�ĚĞĮĐŝĞŶƚ�ŵŝĐĞ�ǁŚĞŶ�ĐŽŵƉĂƌĞĚ�ƚŽ�E<Ɖϰϲ�ƐƵĸĐŝĞŶƚ�
ŵŝĐĞ͕� ƐƵŐŐĞƐƟŶŐ� ƚŚĂƚ� ĂĚĚŝƟŽŶĂů� ĨĂĐƚŽƌƐ� ŵĂǇ� ĐŽŶƚƌŝďƵƚĞ� ƚŽ� ĞƉŝƚŚĞůŝĂů� ĂĐƟǀĂƟŽŶ� ĂŶĚ�
ƉŚŽƐƉŚŽƌǇůĂƟŽŶ�ŽĨ�^d�dϯ͘�/ŶĚĞĞĚ͕�ƚŚĞ�ĐŽŶĐĞƉƚ�ƚŚĂƚ�ĐǇƚŽŬŝŶĞƐ�ĚŝīĞƌĞŶƚ�ĨƌŽŵ�/>ͲϮϮ͕�'DͲ
�^&�ĂŶĚ�dE&ɲ�ŵĂǇ�ĐŽŶƚƌŽů�ĞƉŝƚŚĞůŝĂů�ĂĐƟǀĂƟŽŶ�ĂŌĞƌ�Ddy�ǁĂƐ�ƐƵďƐĞƋƵĞŶƚůǇ�ǀĂůŝĚĂƚĞĚ͕�
ĂƐ�ƚƌĂŶƐĐƌŝƉƚ�ĂŶĂůǇƐŝƐ�ŽĨ�E<Ɖϰϲ�ĚĞĮĐŝĞŶƚ�Žƌ�ƐƵĸĐŝĞŶƚ�/>�ϯ�ƌĞǀĞĂůĞĚ�ĐŽŵƉĂƌĂďůĞ�ĐǇƚŽŬŝŶĞ�
levels. As discussed in chapter 3 of this thesis, which revealed normal levels of pSTAT3 in 
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IL-22ͲͬͲ�ĂŌĞƌ�Ddy�ƚƌĞĂƚŵĞŶƚ͕�ƚŚĞ�ĨĂĐƚ�ƚŚĂƚ�ƌĞĚƵĐĞĚ�Ɖ^d�dϯ�ǁĂƐ�ŽďƐĞƌǀĞĚ�ŝŶ�ƚŚĞ�ƉƌĞƐĞŶĐĞ�
ŽĨ�ŚŝŐŚ� ůĞǀĞůƐ�ŽĨ� />ͲϮϮ� ĨĂǀŽƌƐ� ƚŚĞ� ŝĚĞĂ� ƚŚĂƚ�ĚƵƌŝŶŐ�DdyͲŝŶĚƵĐĞĚ�ĚĂŵĂŐĞ͕� ĂĐƟǀĂƟŽŶ�ŽĨ�
STAT3 is independent of IL-22.

�Ŷ� ŝŵƉŽƌƚĂŶƚ� ŶŽƟŽŶ� ŝƐ� ƚŚĂƚ� ĚƵƌŝŶŐ� ŚŝƐƚŽůŽŐŝĐĂů� ĂŶĂůǇƐŝƐ� ŽĨ� ƐŵĂůů� ŝŶƚĞƐƟŶĂů� ƟƐƐƵĞƐ͕�
ůĂŵŝŶĂ� ƉƌŽƉƌŝĂ� ŝŶĮůƚƌĂƟŽŶ�ǁĂƐ� ŽďƐĞƌǀĞĚ� ŝŶ� ďŽƚŚ�E<Ɖϰϲ� ĚĞĮĐŝĞŶƚ�ŵŝĐĞ� ĂŶĚ� ůŝƩĞƌŵĂƚĞ�
ĐŽŶƚƌŽůƐ͘� ^ŝŶĐĞ� ůĂŵŝŶĂ� ƉƌŽƉƌŝĂ� ŝŶĮůƚƌĂƟŶŐ� ĐĞůůƐ� ĐĂŶ� ƉƌŽĚƵĐĞ� />ͲϮϮ� ĂŶĚ�'DͲ�^&� ĂŵŽŶŐ�
othersϮϵͲϯϭ͕� ƚŚĞ� ĚŝīĞƌĞŶĐĞƐ� ƚŚĂƚ� ŵŝŐŚƚ� ďĞ� ƉƌĞƐĞŶƚ� ŝŶ� EĐƌϭͲͬͲ mice may be masked by 
ƚŚĞ� ĐǇƚŽŬŝŶĞƐ�ƉƌŽĚƵĐĞĚ�ďǇ� ŝŶĮůƚƌĂƟŶŐ� ĐĞůůƐ͘� /ƚ� ŝƐ� ƉŽƐƐŝďůĞ� ƚŚĂƚ� ŝŶĮůƚƌĂƟŶŐ� ĐĞůůƐ� ƉƌĞƐĞŶƚ�
ŝŶ�ƚŚĞ�ůĂŵŝŶĂ�ƉƌŽƉƌŝĂ�ŽĨ�E<Ɖϰϲ�ĚĞĮĐŝĞŶƚ�ŵŝĐĞ�ĂƌĞ�ĚŝīĞƌĞŶƚ�ĨƌŽŵ�ƚŚŽƐĞ�ĨŽƵŶĚ�ŝŶ�E<Ɖϰϲ�
ƐƵĸĐŝĞŶƚ�ŵŝĐĞ�ǁŝƚŚ�ƌĞŐĂƌĚ�ƚŽ�ƚŚĞŝƌ�ŬŝŶĚ�Žƌ�ĐǇƚŽŬŝŶĞ�ƉƌŽĚƵĐƟŽŶ͘��dŚĞƌĞĨŽƌĞ͕�ĞǆŚĂƵƐƟǀĞ�
ƋƵĂŶƟĮĐĂƟŽŶ�ŽĨ�ůĂŵŝŶĂ�ƉƌŽƉƌŝĂ�ŝŶĮůƚƌĂƟŶŐ�ĐĞůůƐ�ĂƐ�ǁĞůůƐ�ĂƐ�ƚŚĞŝƌ�ĐǇƚŽŬŝŶĞ�ƉƌŽĮůĞ�ǁŽƵůĚ�
ĨƵƌƚŚĞƌ�ĐůĂƌŝĨǇ�ĞƉŝƚŚĞůŝĂů�ƌĞƐƉŽŶƐĞƐ�ŝŶ�ƚŚĞ�ĂďƐĞŶĐĞ�ŽĨ�E<Ɖϰϲ͘�

^ŝŵŝůĂƌ� ƚŽ� EĐƌϭͲͬͲ� ŵŝĐĞ͕� ZĂŐϭͲͬͲ� ŵŝĐĞ� ƚƌĞĂƚĞĚ� ǁŝƚŚ� ĂE<ƉϰϲͲƚĂƌŐĞƟŶŐ� ĂŶƟďŽĚǇ�
demonstrated a comparable /ůϮϮ, �ƐĨϮ and dŶĨ� ƚƌĂŶƐĐƌŝƉƟŽŶ� ŝŶ� ƚŽƚĂů� ŝůĞĂů� ŵZE�� ĂŶĚ�
ƉƵƌŝĮĞĚ�ŝŶƚĞƐƟŶĂů�/>�ϯ͘��ůƚŚŽƵŐŚ�ƚŚĞ�ŵĂũŽƌŝƚǇ�ŽĨ�E<Ɖϰϲн ILC3 were targeted by the ŝŶ�ǀŝǀŽ 
ŵŽŶŽĐůŽŶĂů�ĂŶƟďŽĚǇ͕ �E<Ɖϰϲ�ǁĂƐ�ƐƟůů�ĚĞƚĞĐƚĂďůĞ�ĂƐ�ƐĞĞŶ�ďǇ�ƚŚĞ�ĨƌĂĐƟŽŶ�ŽĨ�/>�ϯ�ƐƚĂŝŶĞĚ�
ǁŝƚŚ� ƚŚĞ� ĂŶƟďŽĚǇ� ĂŐĂŝŶƐƚ� ƚŚŝƐ� ƌĞĐĞƉƚŽƌ͕ � ŝŶĚŝĐĂƟŶŐ� ƚŚĂƚ� Ă� ĨƌĂĐƟŽŶ� ŽĨ� E<Ɖϰϲ� ǁĂƐ� ƐƟůů�
ĂǀĂŝůĂďůĞ�ŽŶ�/>�ϯ�ĂŶĚ�ƚŚƵƐ�ƉĂƌƟĂů�ĂĐƟǀĂƟŽŶ�ƚŚƌŽƵŐŚ�ƚŚĞƐĞ�ƌĞĐĞƉƚŽƌƐ�ŵĂǇ�ŚĂǀĞ�ŽĐĐƵƌƌĞĚ͘��
�ĞƐƉŝƚĞ�ƚŚĞ�ĨĂĐƚ�ƚŚĂƚ�E<ƉϰϲͲƚĂƌŐĞƟŶŐ�ĂŶƟďŽĚǇ�ŚĂƐ�ďĞĞŶ�ĚĞƐĐƌŝďĞĚ�ĂƐ�ĂŶ�E<ƉϰϲͲďůŽĐŬŝŶŐ�
ĂŶƟďŽĚǇ32͕�ƚŚĞ�ƉƌĞĐŝƐĞ�ĨƵŶĐƟŽŶ�ŽĨ�ƚŚŝƐ�ĂŶƟďŽĚǇ�ŝŶ�ǀŝǀŽ�ŝƐ�ƐƟůů�ƵŶĐůĞĂƌ͘ �^ƚƵĚŝĞƐ�ƉĞƌĨŽƌŵĞĚ�
ŽŶ� ĐƵůƚƵƌĞĚ� E<� ĐĞůůƐ� ĚĞŵŽŶƐƚƌĂƚĞĚ� ƚŚĂƚ� ďůŽĐŬĂĚĞ� ŽĨ� ĂĐƟǀĂƟŶŐ� ƌĞĐĞƉƚŽƌƐ� ŝŶĐůƵĚŝŶŐ�
E<'Ϯ�33�Žƌ�E<Ɖϰϲ32�ƌĞƐƵůƚĞĚ�ŝŶ�ĐŽƵŶƚĞƌŝŶƚƵŝƟǀĞ�ĞŶŚĂŶĐĞĚ�E<�ĐĞůů�ƌĞƐƉŽŶƐĞƐ͘�^ƚƌŝŬŝŶŐůǇ͕ �
ƐŚŽƌƚ�ƚĞƌŵ�ďůŽĐŬŝŶŐ͕�ĐŽŶƐŝƐƟŶŐ�ŽĨ�ϭͲϯ�ĚĂǇƐ�ŽĨ�ƚƌĞĂƚŵĞŶƚ�ǁŝƚŚ�E<ƉϰϲͲƚĂƌŐĞƟŶŐ�ĂŶƟďŽĚǇ͕ �
ǁŚŝĐŚ�ǁĂƐ�ƐƵĸĐŝĞŶƚ� ƚŽ�ƐĂƚƵƌĂƚĞ�E<Ɖϰϲ�ƌĞĐĞƉƚŽƌƐ͕� ĨĂŝůĞĚ� ƚŽ�ďŽŽƐƚ�E<�ĐĞůů�ĂĐƟǀŝƚǇ32. By 
ĐŽŶƚƌĂƐƚ͕� ůŽŶŐĞƌ� ƚƌĞĂƚŵĞŶƚƐ� ůĂƐƟŶŐ�ƵƉ� ƚŽ� ƚǁŽ�ǁĞĞŬƐ�ĞŶŚĂŶĐĞĚ�E<�ĐĞůů� ƌĞƐƉŽŶƐĞƐ͘�KƵƌ�
ĞǆƉĞƌŝŵĞŶƚƐ�ƌĞƐĞŵďůĞĚ�ƚŚĞ�ƌĞƐƵůƚƐ�ŽďƐĞƌǀĞĚ�ŝŶ�ƚŚĞ�ƐŚŽƌƚͲƚĞƌŵ�ƚƌĞĂƚŵĞŶƚ�ƉĞƌĨŽƌŵĞĚ�ŽŶ�
E<�ĐĞůůƐ͕�ŝŶ�ǁŚŝĐŚ�ƌĞĐĞƉƚŽƌƐ�ĂƌĞ�ƚĂƌŐĞƚĞĚ�ďƵƚ�ĞīĞĐƚŽƌ�ƌĞƐƉŽŶƐĞƐ�ĂƌĞ�ůĂĐŬŝŶŐ͘�dŚĞƌĞĨŽƌĞ͕�
ŝƚ�ǁŽƵůĚ�ďĞ�ŝŶƚĞƌĞƐƟŶŐ�ƚŽ�ƐƚƵĚǇ�/>�ϯ�ƌĞƐƉŽŶƐĞƐ�ĂŌĞƌ�DdyͲŝŶĚƵĐĞĚ�ĚĂŵĂŐĞ�ǁŝƚŚ�ůŽŶŐĞƌ�
ĞǆƉŽƐƵƌĞ�ƚŽ�ƚŚĞ�E<ƉϰϲͲƚĂƌŐĞƟŶŐ�ĂŶƟďŽĚǇ͘�

dŽ�ĨƵƌƚŚĞƌ�ƐƚƵĚǇ�ƚŚĞ�ƌŽůĞ�ŽĨ�E<Ɖϰϲ�ƵƉŽŶ�ĞƉŝƚŚĞůŝĂů�ŝŶƐƵůƚ�ǁĞ�ƐĞƚ�ƵƉ�Ă�ŵŽĚĞů�ŽĨ�ƌĂĚŝĂƟŽŶͲ
ŝŶĚƵĐĞĚ�ĚĂŵĂŐĞ͘�^ƵďůĞƚŚĂůůǇ�ŝƌƌĂĚŝĂƚĞĚ�td�ŵŝĐĞ�ƚƌĞĂƚĞĚ�ǁŝƚŚ�E<ƉϰϲͲƚĂƌŐĞƟŶŐ�ĂŶƟďŽĚǇ�
ƐŝŐŶŝĮĐĂŶƚůǇ�ůŽƐƐ�ǁĞŝŐŚƚ�ŽǀĞƌ�ƚŚĞ�ƐĞĐŽŶĚ�ǁĞĞŬ�ŽĨ�ƚƌĞĂƚŵĞŶƚ�ĂŶĚ�ƐƵĐĐƵŵďĞĚ�ƚŽ�ƌĂĚŝĂƟŽŶͲ
ŝŶĚƵĐĞĚ�ĚĂŵĂŐĞ�ďǇ�ĚĂǇ�ϭϬ͘��ůƚŚŽƵŐŚ�ŚŝƐƚŽůŽŐŝĐĂů�ĞǆĂŵŝŶĂƟŽŶ�ŽĨ�ƐŵĂůů�ŝŶƚĞƐƟŶĂů�ƟƐƐƵĞƐ�
ĚŝĚ� ŶŽƚ� ƌĞǀĞĂů� ĐůĞĂƌ� ĚŝīĞƌĞŶĐĞƐ� ďĞƚǁĞĞŶ� E<ƉϰϲͲƚƌĞĂƚĞĚ� ŵŝĐĞ� ĂŶĚ� ŝƐŽƚǇƉĞͲŝŶũĞĐƚĞĚ�
ŐƌŽƵƉ͕�ƚŚŝƐ�ĐŽƵůĚ�ďĞ�ĞǆƉůĂŝŶĞĚ�ďǇ�ƚŚĞ�ĨĂĐƚ�ƚŚĂƚ�ŽŶůǇ�ƚŚĞ�ŵŝĐĞ�ƚŚĂƚ�ƐƵƌǀŝǀĞĚ�ƚŚĞ�ƚƌĞĂƚŵĞŶƚ�
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ǁĞƌĞ�ĂŶĂůǇǌĞĚ͘�KŶĞ�ŵĂǇ�ĞǆƉĞĐƚ�ƚŚĂƚ�ƚŚĞ�ŵŝĐĞ�ƚŚĂƚ�ƐƵƌǀŝǀĞĚ�ǁĞƌĞ�ĂďůĞ�ƚŽ�ĐŽƉĞ�ǁŝƚŚ�ƚŚĞ�
ƌĂĚŝĂƟŽŶͲŝŶĚƵĐĞĚ�ĚĂŵĂŐĞ�ĂŶĚ�ƚŚĞƌĞĨŽƌĞ�ŚŝƐƚŽůŽŐŝĐĂů�ĂŶĚ�ƚƌĂŶƐĐƌŝƉƟŽŶĂů�ƉƌŽĮůĞ�ŵĂǇ�ŶŽƚ�
ƐŝŐŶŝĮĐĂŶƚůǇ�ĚŝīĞƌ� ĨƌŽŵ�ƚŚĞ�ĐŽŶƚƌŽů�ŐƌŽƵƉ͘�tŚŝůĞ� ƌĂĚŝĂƟŽŶͲŵĞĚŝĂƚĞĚ�ŵŽƌƚĂůŝƚǇ� ŝŶ�ŵŝĐĞ�
ƚƌĞĂƚĞĚ�ǁŝƚŚ�E<ƉϰϲͲƚĂƌŐĞƟŶŐ�ĂŶƟďŽĚǇ�ǁĂƐ�ĞŶǀŝƐŝŽŶĞĚ�ĂƐ�Ă�ĨĂƚĂů�ǁĂƐƟŶŐ�ĚŝƐĞĂƐĞ�ŽĨ�ƚŚĞ�
ŐĂƐƚƌŽŝŶƚĞƐƟŶĂů� ƚƌĂĐƚ͕� ĂĚĚŝƟŽŶĂů� ĞǆƉĞƌŝŵĞŶƚƐ� ĂƌĞ� ŶĞĞĚĞĚ� ƚŽ� ĞǆĐůƵĚĞ� ŽƚŚĞƌ� ƌĂĚŝĂƟŽŶͲ
mediated pathologies such as bone marrow failure. 

�ŽůůĞĐƟǀĞůǇ�ƚŚĞƐĞ�ĚĂƚĂ�ŝĚĞŶƟĨǇ�ĂŶ�ŝŶ�ǀŝǀŽ�ƌŽůĞ�ĨŽƌ�E<Ɖϰϲ�ĂŶĚ�ƐƵŐŐĞƐƚ�ƚŚĂƚ�ĂĐƟǀĂƟŽŶ�
ŽĨ� />�ϯ�ĂŌĞƌ�ĞŶƚĞƌŝĐ� ŝŶĨĞĐƟŽŶ�Žƌ�ƟƐƐƵĞ�ĚĂŵĂŐĞ� ŝƐ�ĐŽŶƚƌŽůůĞĚ�ďǇ�ƐĞƉĂƌĂƚĞ�ŵĞĐŚĂŶŝƐŵƐ͘�
,ŽǁĞǀĞƌ͕ � ƚŚĞ� E<ƉϰϲͲĚĞƌŝǀĞĚ� ĨĂĐƚŽƌƐ� ŝŶǀŽůǀĞĚ� ŝŶ� ƟƐƐƵĞ� ƉƌŽƚĞĐƟŽŶ� ƌĞŵĂŝŶ� ƵŶŬŶŽǁŶ�
ĂŶĚ�ĂĚĚŝƟŽŶĂů� ƐƚƵĚŝĞƐ�ĂƌĞ� ƌĞƋƵŝƌĞĚ� ƚŽ�ƵŶĐŽǀĞƌ� ƚŚĞ� ƐŝŐŶĂůƐ�ďǇ�ǁŚŝĐŚ�E<ƉϰϲнILC3 drive 
ĞƉŝƚŚĞůŝĂů�ƉƌŽƚĞĐƟŽŶ͘�
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MATERIALS AND METHODS

Mice͘��ϱϳ�>ͬϲ�ǁŝůĚ�ƚǇƉĞ�;tdͿ͕�ZĂŐϭͲͬͲ�ĂŶĚ�EĐƌϭŐĨƉͬŐĨƉ� ;ŬŝŶĚ�ŐŝŌ�ĨƌŽŵ�KĨĞƌ�DĂŶĚĞůďĂƵŵ͕�
Jerusalem) were housed in the animal facility of the Erasmus University Medical 
�ĞŶƚĞƌ͘ ��ŶŝŵĂů�ƉƌŽĐĞĚƵƌĞƐ�ǁĞƌĞ�ĂƉƉƌŽǀĞĚ�ďǇ�ƚŚĞ�ƌĞůĞǀĂŶƚ�ĂƵƚŚŽƌŝƟĞƐ�ĂŶĚ�ƉĞƌĨŽƌŵĞĚ�ŝŶ�
ĂĐĐŽƌĚĂŶĐĞ�ǁŝƚŚ�ŝŶƐƟƚƵƟŽŶĂů�ŐƵŝĚĞůŝŶĞƐ͘��ŐĞ�ĂŶĚ�ŐĞŶĚĞƌͲŵĂƚĐŚĞĚ�ůŝƩĞƌŵĂƚĞƐ�ǁĞƌĞ�ƵƐĞĚ�
whenever possible.

Ddy�ŵŽĚĞů͘�ϴͲϭϮ�ǁĞĞŬƐ�ŵŝĐĞ�ǁĞƌĞ�ŝŶũĞĐƚĞĚ�ŝ͘Ɖ͘�ǁŝƚŚ�ϭϮϬŵŐͬ<Ő�Ddy�;W�,Ϳ�Ăƚ�ĚĂǇͲϭ�ĂŶĚ�
ǁŝƚŚ�ϲϬŵŐͬ<Ő�Ăƚ�ĚĂǇ�Ϭ͘��ŽĚǇ�ǁĞŝŐŚƚ�ǁĂƐ�ĚĂŝůǇ�ŵŽŶŝƚŽƌĞĚ�ĂŶĚ�ƟƐƐƵĞƐ�ǁĞƌĞ�ĐŽůůĞĐƚĞĚ�Ăƚ�
ĚĂǇ�ϭ�ĂŶĚ�ĚĂǇ�ϰ�ĂŌĞƌ�ƚŚĞ�ůĂƐƚ�Ddy�ŝŶũĞĐƟŽŶ͘�

ZĂĚŝĂƟŽŶ� ŵŽĚĞů͘� ϴͲϭϮ� ǁĞĞŬƐ� ŵŝĐĞ� ǁĞƌĞ� ƐƵďůĞƚŚĂůůǇ� ŝƌƌĂĚŝĂƚĞĚ� Ăƚ� ϴϬϬĐ'Ǉ͘� E<ƉϰϲͲ
ƚĂƌŐĞƌƟŶŐ� ĂŶƟďŽĚǇ� ;Ϯϵ�ϭ͘ϰ͕� Ğ�ŝŽƐĐŝĞŶĐĞͿ� Žƌ� ŝƐŽƚǇƉĞ� ĐŽŶƚƌŽů� ;/ŐϮĂͿ� ǁĂƐ� ĂĚŵŝŶŝƐƚĞƌĞĚ�
Ăƚ�ĚĂǇ�ϭ� ;ϭϬϬƵŐͿ�ĂŶĚ�ĚĂǇ�ϯ� ;ϱϬƵŐͿ�ĂŌĞƌ� ƚŽƚĂů�ďŽĚǇ� ŝƌƌĂĚŝĂƟŽŶ͘��ŽĚǇ�ǁĞŝŐŚƚ�ǁĂƐ�ĚĂŝůǇ�
ŵŽŶŝƚŽƌĞĚ�ĂŶĚ�ƟƐƐƵĞƐ�ǁĞƌĞ�ĐŽůůĞĐƚĞĚ�Ăƚ�ĚĂǇ�ϰ�ĂŶĚ�ĚĂǇ�ϭϮ�ĂŌĞƌ�ŝƌƌĂĚŝĂƟŽŶ͘

E<Ɖϰϲ� ƚĂƌŐĞƟŶŐ͘� ϴͲϭϮ� ǁĞĞŬƐ� ŵŝĐĞ� ǁĞƌĞ� ŝŶũĞĐƚĞĚ� ŝ͘Ɖ͘� ǁŝƚŚ� ϭϱϬƵŐ� ŽĨ� ĂE<Ɖϰϲ�
;Ϯϵ�ϭ͘ϰ͕Ğ�ŝŽƐĐŝĞŶĐĞͿ�Žƌ� ŝƐŽƚǇƉĞ�ĐŽŶƚƌŽů� ;/Ő'ϮĂͿ͘��ŽĚǇ�ǁĞŝŐŚƚ�ǁĂƐ�ĚĂŝůǇ�ŵŽŶŝƚŽƌĞĚ�ĂŶĚ�
ƟƐƐƵĞƐ�ǁĞƌĞ�ĐŽůůĞĐƚĞĚ�Ăƚ�ƚŚĞ�ŝŶĚŝĐĂƚĞĚ�ƟŵĞ�ƉŽŝŶƚƐ͘�

Histology. ^ŵĂůů� ŝŶƚĞƐƟŶĂů�ƟƐƐƵĞ�ƉŝĞĐĞƐ�;ϱŵŵͿ�ǁĞƌĞ�ĮǆĞĚ�ŝŶ�ϰй�W&��ĂŶĚ�ĞŵďĞĚĚĞĚ�ŝŶ�
ƉĂƌĂĸŶ͘� &ŽƵƌͲђŵ� ƐĞĐƟŽŶƐ� ǁĞƌĞ� ĚĞƉĂƌĂĸŶŝǌĞĚ� ĂŶĚ� ƐƚĂŝŶĞĚ� ǁŝƚŚ� ŚĞŵĂƚŽǆǇůŝŶ� ;sĞĐƚŽƌ�
>ĂďŽƌĂƚŽƌŝĞƐͿ�ĂŶĚ�ĞŽƐŝŶ�;^ŝŐŵĂͲ�ůĚƌŝĐŚͿ͘�&Žƌ�Ɖ^ƚĂƚϯ�ĚĞƚĞĐƟŽŶ�ĞŶĚŽŐĞŶŽƵƐ�ƉĞƌŽǆŝĚĂƐĞƐ�
ǁĞƌĞ� ďůŽĐŬĞĚ� ĂŶĚ� ĂŶƟŐĞŶ� ƌĞƚƌŝĞǀĂů� ǁĂƐ� ĂĐŚŝĞǀĞĚ� ďǇ� ŵŝĐƌŽǁĂǀĞ� ƚƌĞĂƚŵĞŶƚ� ŝŶ� ĐŝƚƌĂƚĞ�
ďƵīĞƌ�;ϭϬŵD͕�Ɖ,�ϲ͘ϬͿ͘�WƌŝŽƌ�ƚŽ�ƐƚĂŝŶŝŶŐ͕�&Đ�ƌĞĐĞƉƚŽƌƐ�ǁĞƌĞ�ďůŽĐŬĞĚ�ŝŶ�ďůŽĐŬŝŶŐ�ƐŽůƵƟŽŶ�
;^ƵƉƉůĞŵĞŶƚĂƌǇ�ŵĂƚĞƌŝĂůƐ� ĂŶĚ�ŵĞƚŚŽĚƐͿ͘� dŝƐƐƵĞ� ƐĞĐƟŽŶƐ�ǁĞƌĞ� ŝŶĐƵďĂƚĞĚ�ŽǀĞƌŶŝŐŚƚ� Ăƚ�
ϰΣ��ǁŝƚŚ�ƌĂďďŝƚ�Ɖ^ƚĂƚϯ�ƉƌŝŵĂƌǇ�ĂŶƟďŽĚǇ�;�ϯ�ϳ͕��Ğůů�ƐŝŐŶĂůŝŶŐͿ͘� /ŵŵƵŶŽƌĞĂĐƟŽŶƐ�ǁĞƌĞ�
ĚĞƚĞĐƚĞĚ�ƵƐŝŶŐ�ďŝŽƟŶǇůĂƚĞĚ�ŐŽĂƚͲĂŶƟͲƌĂďďŝƚ�;sĞĐƚŽƌ�>ĂďŽƌĂƚŽƌŝĞƐͿ�ĂŶĚ�ŝŶĐƵďĂƚĞĚ�ǁŝƚŚ�ƚŚĞ�
sĞĐƚĂƐƟŶ������ůŝƚĞ�<ŝƚ�;sĞĐƚŽƌ�>ĂďŽƌĂƚŽƌŝĞƐͿ�ĂŶĚ�ϯ͕ϯ͛ͲĚŝĂŵŝŶŽďĞŶǌŝĚŝŶĞ�ƚĞƚƌĂŚǇĚƌŽĐŚůŽƌŝĚĞ�
;^ŝŐŵĂͲ�ůĚƌŝĐŚͿ͘�^ĞĐƟŽŶƐ�ǁĞƌĞ�ĐŽƵŶƚĞƌƐƚĂŝŶĞĚ�ǁŝƚŚ�ŚĞŵĂƚŽǆǇůŝŶ͘�
WĂƚŚŽůŽŐǇ�ǁĂƐ�ƐĐŽƌĞĚ�ďůŝŶĚĞĚ�ďǇ�Ăƚ�ůĞĂƐƚ�ƚǁŽ�ŝŶĚĞƉĞŶĚĞŶƚ�ĂŶĂůǇƐƚƐ�ďǇ�ƋƵĂŶƟĮĐĂƟŽŶ�ŽĨ�
ĚĂŵĂŐĞ�ŝŶ�ǀŝůůƵƐ͕�ĐƌǇƉƚƐ͕�ĞƉŝƚŚĞůŝƵŵ͕�ŝŶŇĂŵŵĂƟŽŶ�ĂŶĚ�ďůĞĞĚŝŶŐ�ĂƐ�ƉƌĞǀŝŽƵƐůǇ�ĚĞƐĐƌŝďĞĚ�34.  
DĞĂƐƵƌĞŵĞŶƚ�ŽĨ�Ɖ^ƚĂƚϯ�ŝŶƚĞŶƐŝƚǇ�ŝŶ�/���ĨƌŽŵ�ƐĞĐƟŽŶƐ�ǁĂƐ�ĚĞƚĞƌŵŝŶĞĚ�ƵƐŝŶŐ�,ŝƐƚŽYƵĞƐƚ�
ƐŽŌǁĂƌĞ�;dŝƐƐƵĞ'ŶŽƐƟĐƐͿ͘�
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Explant cultures. /ƐŽůĂƚĞĚ� ƐŵĂůů� ŝŶƚĞƐƟŶĞ�ǁĂƐ�ŽƉĞŶĞĚ� ůŽŶŐŝƚƵĚŝŶĂůůǇ� ĂŶĚ� ĐůĞĂŶĞĚ�ǁŝƚŚ�
ĐŽůĚ� W�^͘� �� ƉŝĞĐĞ� ŽĨ� ϭĐŵ� ůĞŶŐƚŚ� ǁĂƐ� ĐƵůƚƵƌĞĚ� ŝŶ� ZWD/� ǁŝƚŚ� ϭϬй&�^ŝ� ĂŶĚ� ϭйWͬ^� Ăƚ�
37oC for 24 hours. Protein content of supernatants was determined by enzyme-linked 
ŝŵŵƵŶŽƐŽƌďĞŶƚ� ĂƐƐĂǇ� ;Ğ�ŝŽƐĐŝĞŶĐĞͿ� ĂŶĚ� ĂďƐŽƌďĂŶĐĞ� ǁĂƐ� ŵĞĂƐƵƌĞĚ� Ăƚ� ϰϱϬŶŵ� ƵƐŝŶŐ�
sŝĐƚŽƌ� yϰ� ;WĞƌŬŝŶ� �ůŵĞƌͿ͘� WƌŽƚĞŝŶ� ĐŽŶƚĞŶƚ� ƉƌĞƐĞŶƚ� ŝŶ� ƚŚĞ� ƐƵƉĞƌŶĂƚĂŶƚƐ� ǁĂƐ� ĐĂůĐƵůĂƚĞĚ�
ƌĞůĂƟǀĞ�ƚŽ�ƚŚĞ�ƟƐƐƵĞ�ǁĞŝŐŚƚ͘

/ƐŽůĂƟŽŶ� ŽĨ� ůĂŵŝŶĂ� ƉƌŽƉƌŝĂ� ůǇŵƉŚŽĐǇƚĞƐ͘� /ƐŽůĂƚĞĚ� ƐŵĂůů� ŝŶƚĞƐƟŶĞ� ǁĂƐ� ŽƉĞŶĞĚ�
ůŽŶŐŝƚƵĚŝŶĂůůǇ�ĂŶĚ�ǁĂƐŚĞĚ�ǁŝƚŚ�ĐŽůĚ�,�^^�ĐŽŶƚĂŝŶŝŶŐ�,ĞƉĞƐ�;ϭϱ�ŵDͿ͕�Ɖ,�ϳ͘Ϯ͘�dŝƐƐƵĞƐ�ǁĞƌĞ�
ĐƵƚ�ŝŶ�ϭĐŵ�ƉŝĞĐĞƐ�ĂŶĚ�ŝŶĐƵďĂƚĞĚ�ŝŶ�,�^^�ďƵīĞƌ�ĐŽŶƚĂŝŶŝŶŐ���d��;^ƵƉƉůĞŵĞŶƚĂƌǇ�ŵĂƚĞƌŝĂůƐ�
ĂŶĚ�ŵĞƚŚŽĚƐͿ�Ăƚ�ϯϳΣ�͕� ƚǁŽ�ƟŵĞƐ� ĨŽƌ�ϮϬ�ŵŝŶ� ƚŽ� ƌĞŵŽǀĞ�ĞƉŝƚŚĞůŝƵŵ�ĂŶĚ� ŝŶƚƌĂĞƉŝƚŚĞůŝĂů�
ůǇŵƉŚŽĐǇƚĞƐ͘�dŚĞ�ƟƐƐƵĞƐ�ǁĞƌĞ�ĚŝŐĞƐƚĞĚ�ǁŝƚŚ��ŽůůĂŐĞŶĂƐĞ�s///�;ϭϬϬhͬŵů͕�^ŝŐŵĂͿ�ŝŶ�ZWD/�
Ăƚ�ϯϳΣ��ŝŶ�Ă�ƐŚĂŬĞƌ͕ �ƚǁŽ�ƟŵĞƐ�ĨŽƌ�ϭ�ŚŽƵƌ͘ �^ƵƉĞƌŶĂƚĂŶƚƐ�ǁĞƌĞ�ƉĂƐƐĞĚ�ƚŚƌŽƵŐŚ�Ă�ϳϬʅŵ�ĐĞůů�
strainer and washed in cold HBSS. Pellets were suspended in 90% percoll, overlaid with 
ϰϬй�ƉĞƌĐŽůů�ĂŶĚ�ĐĞŶƚƌŝĨƵŐĞ�Ăƚ�ϭϴϬϬƌƉŵ�ĨŽƌ�ϮϬ�ŵŝŶ�ƚŽ�ĂůůŽǁ�ƐĞƉĂƌĂƟŽŶ�ŽĨ�ŵŽŶŽŶƵĐůĞĂƌ�
ĐĞůůƐ� ;DE�Ϳ�ďǇ�ĚĞŶƐŝƚǇ� ŐƌĂĚŝĞŶƚ͘� /ŶƚĞƌƉŚĂƐĞ�ǁĂƐ�ǁĂƐŚĞĚ� ĂŶĚ� ƐƚĂŝŶĞĚ�ǁŝƚŚ� ĐŽŶũƵŐĂƚĞĚ�
ĂŶƟďŽĚŝĞƐ�;^ƵƉƉůĞŵĞŶƚĂƌǇ�ŵĂƚĞƌŝĂůƐ�ĂŶĚ�ŵĞƚŚŽĚƐͿ͘�>ĂŵŝŶĂ�ƉƌŽƉƌŝĂ�ůǇŵƉŚŽĐǇƚĞƐ�ǁĞƌĞ�
ĂŶĂůǇǌĞĚ�ďǇ�ŇŽǁ�ĐǇƚŽŵĞƚƌǇ�;&ĂĐƐ��Z/�///͕���Ϳ�ĂŶĚ�/>�ϯ�ǁĞƌĞ�ƐŽƌƚĞĚ�ĂƐ���ϰϱнLin-E<ϭ͘ϭ-

��ϭϮϳн��ϭϭϳнCCR6нͬͲE<ƉϰϲнͬͲ

>ŝƐƚ�ŽĨ�ŵŽŶŽĐůŽŶĂů�ĂŶƟďŽĚŝĞƐ
��ϰϱ� ;ϯϬ&ϭϭ͕� /ŶǀŝƚƌŽŐĞŶͿ͖� >ŝŶͲďŝŽƟŶ� ;Ğ�ŝŽƐĐŝĞŶĐĞͿ͗� � ��ϭϵ� ;ϭ�ϯͿ͕� ��ϯ� ;ϭϰϱͲϮ�ϭϭͿ͕�
��ϭϭĐ�;EϰϭϴͿ͕���ϭϭď�;DϭͬϳϬͿ͕�'ƌϭ�;Z�ϲͲϴ�ϱͿ͖�^ƚƌĞƉƚĂǀŝĚŝŶ�;�ŝŽůĞŐĞŶĚͿ͕�E<ϭ͘ϭ�;W<ϭϯϲ͕�
Ğ�ŝŽƐĐŝĞŶĐĞͿ͖���ϭϮϳ�;�ϳZϯϰ͕�Ğ�ŝŽƐĐŝĞŶĐĞͿ͖���ϭϭϳ�;Ϯ�ϴ͕���Ϳ͕�E<Ɖϰϲ�;Ϯϵϰϭ͘ϰ͕�Ğ�ŝŽƐĐŝĞŶĐĞͿ͖�
��Zϲ�;ϮϵͲϮ>ϭϳ͕��ŝŽůĞŐĞŶĚͿ

Transcript analysis. ZE��ǁĂƐ�ĞǆƚƌĂĐƚĞĚ�ƵƐŝŶŐ�ƚŚĞ�ZE�Ͳy^�Ŭŝƚ�;DĂĐŚĞƌǇ�EĂŐĞůͿ�ĨŽůůŽǁĞĚ�ďǇ�
ƌĞǀĞƌƐĞͲƚƌĂŶƐĐƌŝƉƟŽŶ�ǁŝƚŚ�ƌĂŶĚŽŵ�ŚĞǆĂŵĞƌ�ƉƌŝŵĞƌƐ͘�ZE��ĨƌŽŵ�ƐŽƌƚĞĚ�ĐĞůůƐ�ǁĂƐ�ĂŵƉůŝĮĞĚ�
ĂĐĐŽƌĚŝŶŐ�ƚŽ�ƚŚĞ�ŵĂŶƵĨĂĐƚƵƌĞƌ Ɛ͛�ƉƌŽƚŽĐŽů�;KǀĂƟŽŶ�WŝĐŽ^>�td��^ǇƐƚĞŵ�sϮ͕�EƵ'ĞŶͿ͘�&Žƌ�
ƋƵĂŶƟƚĂƟǀĞ�W�Z͕�Ă�EĞǀŝƟ�dŚĞƌŵĂů��ǇĐůĞƌ�;�ƉƉůŝĞĚ��ŝŽƐǇƐƚĞŵƐͿ�ĂŶĚ��ǇE�ŵŽ�&ůĂƐŚ�^z�Z�
'ƌĞĞŶ�ƋW�Z�Ŭŝƚ�;&ŝŶŶǌǇŵĞƐͿ�ǁĞƌĞ�ƵƐĞĚ͕�ǁŝƚŚ�ƚŚĞ�ĂĚĚŝƟŽŶ�ŽĨ�DŐ�ůϮ�ƚŽ�Ă�ĮŶĂů�ĐŽŶĐĞŶƚƌĂƟŽŶ�
ŽĨ�ϰ�ŵD͘��ůů�ƌĞĂĐƟŽŶƐ�ǁĞƌĞ�ĚŽŶĞ�ŝŶ�ĚƵƉůŝĐĂƚĞ�ĂŶĚ�ĂƌĞ�ŶŽƌŵĂůŝǌĞĚ�ƚŽ�ƚŚĞ�ĞǆƉƌĞƐƐŝŽŶ�ŽĨ�
'ĂƉĚŚ͘�ZĞůĂƟǀĞ�ĞǆƉƌĞƐƐŝŽŶ�ǁĂƐ�ĐĂůĐƵůĂƚĞĚ�ďǇ�ƚŚĞ�ĐǇĐůŝŶŐ�ƚŚƌĞƐŚŽůĚ�;�dͿ�ŵĞƚŚŽĚ�ĂƐ�ϮͲѐ�d. 
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List of Primers

Gene�ŶĂŵĞ Forward Primer Reverse Primer

ŵ'ĂƉĚŚ TCAACGGCACAGTCAAG GCTCCACCCTTCAAGTG

ŵ^ŽĐƐϯ GGAGCCCCTTTGTAGACT CGGGAAACTTGCTGTG

ŵ�ĐůϮůϭ CGTGGCCTTTTTCTCC GGCTGCTGCATTGTTC

ŵ/ůϮϮ CTCCCCCAGTCAGACAG CAATCGCCTTGATCTCTC

ŵ'ŵĐƐĨ GACCCGCCTGAAGATATT ATCCGCATAGGTGGTAAC T

ŵdŶĨĂ GGGGGCTTCCAGAACT GGGCCATAGAACTGATGAG

^ƚĂƟƐƟĐĂů�ĂŶĂůǇƐŝƐ
^ĂŵƉůĞƐ� ǁĞƌĞ� ĂŶĂůǇǌĞĚ� ƵƐŝŶŐ� ƵŶƉĂŝƌĞĚ� DĂŶŶͲtŚŝƚŶĞǇ� ƚĞƐƚ͘� W� ǀĂůƵĞƐ� ф� Ϭ͘Ϭϱ� ǁĞƌĞ�
ĐŽŶƐŝĚĞƌĞĚ�ƐŝŐŶŝĮĐĂŶƚ͘��ĂƚĂ�ĂƌĞ�ƐŚŽǁŶ�ĂƐ�ŵĞĂŶ�ц�^�D͘

5
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ϭϱ� �,ŽƌƚŽŶ͕�E͘��͘�Θ�DĂƚŚĞǁ͕�W͘ ��͘�E<Ɖϰϰ�ĂŶĚ�EĂƚƵƌĂů��ǇƚŽƚŽǆŝĐŝƚǇ�ZĞĐĞƉƚŽƌƐ�ĂƐ��ĂŵĂŐĞͲ�ƐƐŽĐŝĂƚĞĚ�DŽůĞĐƵůĂƌ�
WĂƩĞƌŶ�ZĞĐŽŐŶŝƟŽŶ�ZĞĐĞƉƚŽƌƐ͘�&ƌŽŶƟĞƌƐ�ŝŶ�ŝŵŵƵŶŽůŽŐǇ 6͕�ϯϭ͕�ĚŽŝ͗ϭϬ͘ϯϯϴϵͬĮŵŵƵ͘ϮϬϭϱ͘ϬϬϬϯϭ�;ϮϬϭϱͿ͘

ϭϲ� �̂ ŝǀŽƌŝ͕�^͘�Ğƚ�Ăů͘�d>ZͬE�Zͬ</Z͗�tŚŝĐŚ�KŶĞ�ƚŽ�hƐĞ�ĂŶĚ�tŚĞŶ͍�&ƌŽŶƟĞƌƐ�ŝŶ�ŝŵŵƵŶŽůŽŐǇ 5͕�ϭϬϱ͕�ĚŽŝ͗ϭϬ͘ϯϯϴϵͬ
ĮŵŵƵ͘ϮϬϭϰ͘ϬϬϭϬϱ�;ϮϬϭϰͿ͘

ϭϳ� ��ĂǇĐŚĞůŝĞƌ͕ �&͘ �Ğƚ�Ăů͘�/ĚĞŶƟĮĐĂƟŽŶ�ŽĨ�Ă�ĐĞůůƵůĂƌ�ůŝŐĂŶĚ�ĨŽƌ�ƚŚĞ�ŶĂƚƵƌĂů�ĐǇƚŽƚŽǆŝĐŝƚǇ�ƌĞĐĞƉƚŽƌ�E<Ɖϰϰ͘�Blood 
122͕�ϮϵϯϱͲϮϵϰϮ͕�ĚŽŝ͗ϭϬ͘ϭϭϴϮͬďůŽŽĚͲϮϬϭϯͲϬϯͲϰϴϵϬϱϰ�;ϮϬϭϯͿ͘
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� ϭϴ� ��ƌĂŶĚƚ͕��͘�^͘�Ğƚ�Ăů͘�dŚĞ��ϳ�ĨĂŵŝůǇ�ŵĞŵďĞƌ��ϳͲ,ϲ�ŝƐ�Ă�ƚƵŵŽƌ�ĐĞůů� ůŝŐĂŶĚ�ĨŽƌ�ƚŚĞ�ĂĐƟǀĂƟŶŐ�ŶĂƚƵƌĂů�ŬŝůůĞƌ�
ĐĞůů� ƌĞĐĞƉƚŽƌ�E<ƉϯϬ� ŝŶ� ŚƵŵĂŶƐ͘�dŚĞ� :ŽƵƌŶĂů� ŽĨ� ĞǆƉĞƌŝŵĞŶƚĂů�ŵĞĚŝĐŝŶĞ 206͕� ϭϰϵϱͲϭϱϬϯ͕� ĚŽŝ͗ϭϬ͘ϭϬϴϰͬ
ũĞŵ͘ϮϬϬϵϬϲϴϭ�;ϮϬϬϵͿ͘

� ϭϵ� ��ǇƌĚ͕��͕͘�,ŽīŵĂŶŶ͕�^͘��͕͘�:ĂƌĂŚŝĂŶ͕�D͕͘�DŽŵďƵƌŐ͕�&͘ �Θ�tĂƚǌů͕��͘��ǆƉƌĞƐƐŝŽŶ�ĂŶĂůǇƐŝƐ�ŽĨ�ƚŚĞ�ůŝŐĂŶĚƐ�ĨŽƌ�ƚŚĞ�
EĂƚƵƌĂů�<ŝůůĞƌ�ĐĞůů�ƌĞĐĞƉƚŽƌƐ�E<ƉϯϬ�ĂŶĚ�E<Ɖϰϰ͘�WůŽ^�ŽŶĞ 2͕�Ğϭϯϯϵ͕�ĚŽŝ͗ϭϬ͘ϭϯϳϭͬũŽƵƌŶĂů͘ƉŽŶĞ͘ϬϬϬϭϯϯϵ�
(2007).

� ϮϬ� �DĂŶĚĞůďŽŝŵ͕�K͘�Ğƚ�Ăů͘�ZĞĐŽŐŶŝƟŽŶ�ŽĨ�ŚĂĞŵĂŐŐůƵƟŶŝŶƐ�ŽŶ�ǀŝƌƵƐͲŝŶĨĞĐƚĞĚ�ĐĞůůƐ�ďǇ�E<Ɖϰϲ�ĂĐƟǀĂƚĞƐ�ůǇƐŝƐ�ďǇ�
ŚƵŵĂŶ�E<�ĐĞůůƐ͘�EĂƚƵƌĞ 409͕�ϭϬϱϱͲϭϬϲϬ͕�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬϯϱϬϱϵϭϭϬ�;ϮϬϬϭͿ͘

� Ϯϭ� ��ƌŶŽŶ͕�d͘ �/͕͘�DĂƌŬĞů͕�'͘�Θ�DĂŶĚĞůďŽŝŵ͕�K͘�dƵŵŽƌ�ĂŶĚ�ǀŝƌĂů�ƌĞĐŽŐŶŝƟŽŶ�ďǇ�ŶĂƚƵƌĂů�ŬŝůůĞƌ�ĐĞůůƐ�ƌĞĐĞƉƚŽƌƐ͘�
^ĞŵŝŶĂƌƐ�ŝŶ�ĐĂŶĐĞƌ�ďŝŽůŽŐǇ 16͕�ϯϰϴͲϯϱϴ͕�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ƐĞŵĐĂŶĐĞƌ͘ ϮϬϬϲ͘Ϭϳ͘ϬϬϱ�;ϮϬϬϲͿ͘

 22  Jamieson, A. M.�Ğƚ�Ăů͘�dŚĞ�ƌŽůĞ�ŽĨ� ƚŚĞ�E<'Ϯ�� ŝŵŵƵŶŽƌĞĐĞƉƚŽƌ� ŝŶ� ŝŵŵƵŶĞ�ĐĞůů�ĂĐƟǀĂƟŽŶ�ĂŶĚ�ŶĂƚƵƌĂů�
killing. /ŵŵƵŶŝƚǇ 17͕�ϭϵͲϮϵ�;ϮϬϬϮͿ͘

� Ϯϯ� �'ƌŽŚ͕�s͘ �Ğƚ�Ăů͘��Ğůů�ƐƚƌĞƐƐͲƌĞŐƵůĂƚĞĚ�ŚƵŵĂŶ�ŵĂũŽƌ�ŚŝƐƚŽĐŽŵƉĂƟďŝůŝƚǇ�ĐŽŵƉůĞǆ�ĐůĂƐƐ�/�ŐĞŶĞ�ĞǆƉƌĞƐƐĞĚ�ŝŶ�
ŐĂƐƚƌŽŝŶƚĞƐƟŶĂů�ĞƉŝƚŚĞůŝƵŵ͘�WƌŽĐĞĞĚŝŶŐƐ�ŽĨ� ƚŚĞ�EĂƟŽŶĂů��ĐĂĚĞŵǇ�ŽĨ� ^ĐŝĞŶĐĞƐ�ŽĨ� ƚŚĞ�hŶŝƚĞĚ�^ƚĂƚĞƐ�ŽĨ�
�ŵĞƌŝĐĂ 93͕�ϭϮϰϰϱͲϭϮϰϱϬ�;ϭϵϵϲͿ͘

 24  Elboim, M.�Ğƚ�Ăů͘�dƵŵŽƌ�ŝŵŵƵŶŽĞĚŝƟŶŐ�ďǇ�E<Ɖϰϲ͘�:ŽƵƌŶĂů�ŽĨ�ŝŵŵƵŶŽůŽŐǇ 184͕�ϱϲϯϳͲϱϲϰϰ͕�ĚŽŝ͗ϭϬ͘ϰϬϰϵͬ
ũŝŵŵƵŶŽů͘ϬϵϬϭϲϰϰ�;ϮϬϭϬͿ͘

� Ϯϱ� �>ĂŬƐŚŵŝŬĂŶƚŚ͕�d͘ �Ğƚ�Ăů͘�E�ZƐ�ĂŶĚ��E�DͲϭ�ŵĞĚŝĂƚĞ�E<�ĐĞůů�ƌĞĐŽŐŶŝƟŽŶ�ĂŶĚ�ůǇƐŝƐ�ŽĨ�ŚƵŵĂŶ�ĂŶĚ�ŵŽƵƐĞ�
melanoma cell lines in vitro and in vivo. dŚĞ�:ŽƵƌŶĂů�ŽĨ�ĐůŝŶŝĐĂů�ŝŶǀĞƐƟŐĂƟŽŶ 119͕�ϭϮϱϭͲϭϮϲϯ͕�ĚŽŝ͗ϭϬ͘ϭϭϳϮͬ
JCI36022 (2009).

� Ϯϲ� ��ŝĞĨĞŶďĂĐŚ͕��͕͘�:ĞŶƐĞŶ͕��͘�Z͕͘�:ĂŵŝĞƐŽŶ͕��͘�D͘�Θ�ZĂƵůĞƚ͕��͘�,͘�ZĂĞϭ�ĂŶĚ�,ϲϬ�ůŝŐĂŶĚƐ�ŽĨ�ƚŚĞ�E<'Ϯ��ƌĞĐĞƉƚŽƌ�
ƐƟŵƵůĂƚĞ�ƚƵŵŽƵƌ�ŝŵŵƵŶŝƚǇ͘�EĂƚƵƌĞ 413͕�ϭϲϱͲϭϳϭ͕�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬϯϱϬϵϯϭϬϵ�;ϮϬϬϭͿ͘

� Ϯϳ� �DŽƌĞƩĂ͕��͘�Ğƚ�Ăů͘��ĐƟǀĂƟŶŐ�ƌĞĐĞƉƚŽƌƐ�ĂŶĚ�ĐŽƌĞĐĞƉƚŽƌƐ� ŝŶǀŽůǀĞĚ�ŝŶ�ŚƵŵĂŶ�ŶĂƚƵƌĂů�ŬŝůůĞƌ�ĐĞůůͲŵĞĚŝĂƚĞĚ�
cytolysis. �ŶŶƵĂů�ƌĞǀŝĞǁ�ŽĨ�ŝŵŵƵŶŽůŽŐǇ 19͕�ϭϵϳͲϮϮϯ͕�ĚŽŝ͗ϭϬ͘ϭϭϰϲͬĂŶŶƵƌĞǀ͘ ŝŵŵƵŶŽů͘ϭϵ͘ϭ͘ϭϵϳ�;ϮϬϬϭͿ͘

� Ϯϴ� �̂ ĂƚŽŚͲdĂŬĂǇĂŵĂ͕�E͘� Ğƚ� Ăů͘� dŚĞ� ŶĂƚƵƌĂů� ĐǇƚŽƚŽǆŝĐŝƚǇ� ƌĞĐĞƉƚŽƌ�E<Ɖϰϲ� ŝƐ� ĚŝƐƉĞŶƐĂďůĞ� ĨŽƌ� />ͲϮϮͲŵĞĚŝĂƚĞĚ�
ŝŶŶĂƚĞ� ŝŶƚĞƐƟŶĂů� ŝŵŵƵŶĞ� ĚĞĨĞŶƐĞ� ĂŐĂŝŶƐƚ� �ŝƚƌŽďĂĐƚĞƌ� ƌŽĚĞŶƟƵŵ͘� :ŽƵƌŶĂů� ŽĨ� ŝŵŵƵŶŽůŽŐǇ 183͕� ϲϱϳϵͲ
ϲϱϴϳ͕�ĚŽŝ͗ϭϬ͘ϰϬϰϵͬũŝŵŵƵŶŽů͘ϬϵϬϭϵϯϱ�;ϮϬϬϵͿ͘

� Ϯϵ� ��ƵĚĂŬŽǀ͕ � :͘� �͕͘�,ĂŶĂƐŚ͕��͘�D͘�Θ� ǀĂŶ�ĚĞŶ��ƌŝŶŬ͕�D͘�Z͘� /ŶƚĞƌůĞƵŬŝŶͲϮϮ͗� /ŵŵƵŶŽďŝŽůŽŐǇ� ĂŶĚ�WĂƚŚŽůŽŐǇ͘�
�ŶŶƵĂů�ƌĞǀŝĞǁ�ŽĨ�ŝŵŵƵŶŽůŽŐǇ͕�ĚŽŝ͗ϭϬ͘ϭϭϰϲͬĂŶŶƵƌĞǀͲŝŵŵƵŶŽůͲϬϯϮϰϭϰͲϭϭϮϭϮϯ�;ϮϬϭϱͿ͘

 30  Zindl, C. L.� Ğƚ� Ăů͘� />ͲϮϮʹƉƌŽĚƵĐŝŶŐ� ŶĞƵƚƌŽƉŚŝůƐ� ĐŽŶƚƌŝďƵƚĞ� ƚŽ� ĂŶƟŵŝĐƌŽďŝĂů� ĚĞĨĞŶƐĞ� ĂŶĚ� ƌĞƐƟƚƵƟŽŶ� ŽĨ�
ĐŽůŽŶŝĐ�ĞƉŝƚŚĞůŝĂů�ŝŶƚĞŐƌŝƚǇ�ĚƵƌŝŶŐ�ĐŽůŝƟƐ͘�PNAS 110͕�ϭϮϳϲϴͲϭϮϳϳϯ�;ϮϬϭϯͿ͘

� ϯϭ� ��Ăďƌŝƚǌ͕� :͘� 'ƌĂŶƵůŽĐǇƚĞ�ŵĂĐƌŽƉŚĂŐĞ� ĐŽůŽŶǇͲƐƟŵƵůĂƟŶŐ� ĨĂĐƚŽƌ� ĂŶĚ� ƚŚĞ� ŝŶƚĞƐƟŶĂů� ŝŶŶĂƚĞ� ŝŵŵƵŶĞ� ĐĞůů�
ŚŽŵĞŽƐƚĂƐŝƐ� ŝŶ��ƌŽŚŶ Ɛ͛�ĚŝƐĞĂƐĞ͘��ŵĞƌŝĐĂŶ� ũŽƵƌŶĂů�ŽĨ�ƉŚǇƐŝŽůŽŐǇ͘�'ĂƐƚƌŽŝŶƚĞƐƟŶĂů�ĂŶĚ� ůŝǀĞƌ�ƉŚǇƐŝŽůŽŐǇ 
306͕�'ϰϱϱͲϰϲϱ͕�ĚŽŝ͗ϭϬ͘ϭϭϱϮͬĂũƉŐŝ͘ϬϬϰϬϵ͘ϮϬϭϯ�;ϮϬϭϰͿ͘

� ϯϮ� �EĂƌŶŝͲDĂŶĐŝŶĞůůŝ͕��͘�Ğƚ�Ăů͘�dƵŶŝŶŐ�ŽĨ�EĂƚƵƌĂů�<ŝůůĞƌ��Ğůů�ZĞĂĐƟǀŝƚǇ�ďǇ�E<Ɖϰϲ�ĂŶĚ�,ĞůŝŽƐ��ĂůŝďƌĂƚĞƐ�d��Ğůů�
Responses. ^ĐŝĞŶĐĞ 335͕�ϯϰϰͲϯϰϴ�;ϮϬϭϮͿ͘

 33  Deng, W.�Ğƚ�Ăů͘��ŶƟƚƵŵŽƌ�ŝŵŵƵŶŝƚǇ͘���ƐŚĞĚ�E<'Ϯ��ůŝŐĂŶĚ�ƚŚĂƚ�ƉƌŽŵŽƚĞƐ�ŶĂƚƵƌĂů�ŬŝůůĞƌ�ĐĞůů�ĂĐƟǀĂƟŽŶ�ĂŶĚ�
ƚƵŵŽƌ�ƌĞũĞĐƟŽŶ͘�^ĐŝĞŶĐĞ 348͕�ϭϯϲͲϭϯϵ͕�ĚŽŝ͗ϭϬ͘ϭϭϮϲͬƐĐŝĞŶĐĞ͘ϭϮϱϴϴϲϳ�;ϮϬϭϱͿ͘

 34  de Koning, B. A.� Ğƚ� Ăů͘� �ŽŶƚƌŝďƵƟŽŶƐ� ŽĨ� ŵƵĐŽƐĂů� ŝŵŵƵŶĞ� ĐĞůůƐ� ƚŽ� ŵĞƚŚŽƚƌĞǆĂƚĞͲŝŶĚƵĐĞĚ� ŵƵĐŽƐŝƟƐ͘�
/ŶƚĞƌŶĂƟŽŶĂů�ŝŵŵƵŶŽůŽŐǇ 18͕�ϵϰϭͲϵϰϵ͕�ĚŽŝ͗ϭϬ͘ϭϬϵϯͬŝŶƟŵŵͬĚǆůϬϯϬ�;ϮϬϬϲͿ͘
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INTRODUCTION

dŚĞ� ŝŶƚĞƐƟŶĂů� ďĂƌƌŝĞƌ� ŝƐ� ĨŽƌŵĞĚ� ďǇ� Ă� ƐŝŶŐůĞ� ůĂǇĞƌ� ŽĨ� ƐƉĞĐŝĂůŝǌĞĚ� ĞƉŝƚŚĞůŝĂů� ĐĞůůƐ� ƚŚĂƚ�
ƐĞŐƌĞŐĂƚĞƐ�ƚŚĞ�ŚŽƐƚ�ĨƌŽŵ�ƚŚĞ�ĞǆƚĞƌŶĂů�ĞŶǀŝƌŽŶŵĞŶƚ�ƚŚƌŽƵŐŚ�Ă�ŚŝŐŚůǇ�ƌĞŐƵůĂƚĞĚ�ƉƌŽĐĞƐƐϭ. 
DĂŝŶƚĞŶĂŶĐĞ�ŽĨ�ŝŶƚĞƐƟŶĂů�ŚŽŵĞŽƐƚĂƐŝƐ�ƌĞƋƵŝƌĞƐ�Ă�ǁĞůůͲďĂůĂŶĐĞĚ�ŝŶƚĞƌĂĐƟŽŶ�ďĞƚǁĞĞŶ�ƚŚĞ�
microbiota, epithelial cells and the underlying immune system2,3. Epithelial breakdown 
ĐĂŶ� ŽĐĐƵƌ� ĂƐ� Ă� ĐŽŶƐĞƋƵĞŶĐĞ� ŽĨ� ƉĂƚŚŽŐĞŶŝĐ� ŝŶĨĞĐƟŽŶƐ͕� ŝŶƚĞƐƟŶĂů� ŝŶŇĂŵŵĂƟŽŶϰ͕ϱ or as 
Ă� ƐŝĚĞ� ĞīĞĐƚ� ŽĨ� ĂŶƟͲĐĂŶĐĞƌ� ƚƌĞĂƚŵĞŶƚƐ͕�ǁŚŝĐŚ� ĂƌĞ� ĐĂƵƐĂƟǀĞ�ŽĨ� ĞƉŝƚŚĞůŝĂů� ĚĂŵĂŐĞ� ĂŶĚ�
ŽŌĞŶ�ůĞĂĚ�ƚŽ�ŵƵĐŽƐŝƟƐ6͘��ůƚŚŽƵŐŚ�ƚŚĞ�ĞǀĞŶƚƐ�ƚĂŬŝŶŐ�ƉůĂĐĞ�ĚƵƌŝŶŐ�ŵƵĐŽƐŝƟƐ�ŚĂǀĞ�ďĞĞŶ�
ĞǆƚĞŶƐŝǀĞůǇ�ƐƚƵĚŝĞĚ7͕�ƚŚĞ�ƉƌĞĐŝƐĞ�ŵĞĐŚĂŶŝƐŵƐ�ďĞŚŝŶĚ�ŵƵĐŽƐĂů�ŚĞĂůŝŶŐ�ĂƌĞ�ƐƟůů�ƵŶŬŶŽǁŶ͘�

The family of innate lymphoid cells (ILCs) has emerged as important players at barrier 
surfaces where they represent the innate counterpart of T helper cells but without 
ƚŚĞ�ƌĞƋƵŝƌĞŵĞŶƚ� ĨŽƌ�ƐƉĞĐŝĮĐ�ĂŶƟŐĞŶ�ƌĞĐŽŐŶŝƟŽŶ8,9͕� ƌĞƐƵůƟŶŐ� ŝŶ�ŵƵĐŚ�ĨĂƐƚĞƌ�ƌĞƐƉŽŶƐĞƐ͘�
�ǆƉƌĞƐƐŝŽŶ�ŽĨ�ƚŚĞ�ƚƌĂŶƐĐƌŝƉƟŽŶ�ĨĂĐƚŽƌ�ZŽƌɶƚ�ĂŶĚ�ƚŚĞ�ƚƌĂŶƐĐƌŝƉƟŽŶĂů�ŝŶŚŝďŝƚŽƌ�/ĚϮ�ĚĞůŝŶĞĂƚĞƐ�
type 3 innate lymphoid cells (ILC3)ϭϬͲϭϯ͘�/>�ϯ�ĂƌĞ�ĨŽƵŶĚ�ĂůŽŶŐ�ƚŚĞ�ĞŶƟƌĞ�ŝŶƚĞƐƟŶĂů�ƚƌĂĐƚϭϰ 
ǁŚĞƌĞ� ƚŚĞǇ� ƐĞĐƌĞƚĞ� />ͲϮϮ͕� 'DͲ�^&� ĂŶĚ� dE&ɲ� ĂŵŽŶŐ� ŽƚŚĞƌƐ� ĐǇƚŽŬŝŶĞƐ� ŝŶ� ƌĞƐƉŽŶƐĞ� ƚŽ�
�W�ͲĚĞƌŝǀĞĚ� />ͲϮϯ� ĂŶĚ� />Ͳϭɴ͕� ƌĞƐĞŵďůŝŶŐ� dŚϭϳ� ĞīĞĐƚŽƌ� ĨƵŶĐƟŽŶƐϭϱͲϭϴ͘� �ŝīĞƌĞŶƚ� ƐƵďƐĞƚƐ�
ŽĨ� />�ϯ�ŚĂǀĞ�ďĞĞŶ� ŝĚĞŶƟĮĞĚ�ǁŝƚŚŝŶ� ƚŚĞ� ƐŵĂůů� ŝŶƚĞƐƟŶĞ͕� ŝŶĐůƵĚŝŶŐ� ůĂŵŝŶĂ�ƉƌŽƉƌŝĂ� />�ϯ͕�
ĐŚĂƌĂĐƚĞƌŝǌĞĚ�ďǇ�ƚŚĞ�ĞǆƉƌĞƐƐŝŽŶ�ŽĨ�ŶĂƚƵƌĂů�ĐǇƚŽƚŽǆŝĐŝƚǇ�ƌĞĐĞƉƚŽƌƐ�;E�ZƐͿ�ĂŶĚ�ĐƌǇƉƚŽƉĂƚĐŚ�
/>�ϯ�ƚŚĂƚ�ĞǆƉƌĞƐƐ���Zϲ�ĂŶĚ�ůŽĐĂůŝǌĞ�ĐůŽƐĞ�ƚŽ�ŝŶƚĞƐƟŶĂů�ĐƌǇƉƚƐϭϵͲϮϭ. 

KǀĞƌ�ƚŚĞ� ůĂƐƚ�ĨĞǁ�ǇĞĂƌƐ͕�ƚǇƉĞ�ϯ� ŝŶŶĂƚĞ� ůǇŵƉŚŽŝĚ�ĐĞůůƐ� ;/>�ϯͿ�ŚĂǀĞ�ŐĂŝŶĞĚ� ŝŶƚĞƌĞƐƚ� ŝŶ�
mucosal immunology due to their ability to protect epithelial surfaces from bacterial 
insultsϭϲ͕ϭϵ͕ϮϮ. ILC3 are strategically located close to epithelia cells where they can rapidly 
mediate innate immune responsesϭϱ͕ϭϲ͘��ĂƐĞĚ�ŽŶ�ƚŚĞ�ůŽĐĂƟŽŶ�ĂŶĚ�ƚŚĞ�ĞīĞĐƚŽƌ�ĨƵŶĐƟŽŶƐ͕�
ǁĞ�ŚǇƉŽƚŚĞƐŝǌĞĚ�ƚŚĂƚ�/>�ϯ�ĐŽŶƚƌŝďƵƚĞ�ƚŽ�ƚŚĞ�ĂĐƟǀĂƟŽŶ�ŽĨ�ƟƐƐƵĞ�ŚĞĂůŝŶŐ�ƉƌŽŐƌĂŵƐ�ĂŌĞƌ�
ŝŶƚĞƐƟŶĂů� ĞƉŝƚŚĞůŝĂů� ĚĂŵĂŐĞ͘� dŚĞ� ƐƚƵĚŝĞƐ� ĚĞƐĐƌŝďĞĚ� ŝŶ� ƚŚŝƐ� ƚŚĞƐŝƐ� ĂŝŵĞĚ� ƚŽ� ǀĂůŝĚĂƚĞ�
ƚŚŝƐ� ŚǇƉŽƚŚĞƐŝƐ� ĂŶĚ� ƚŽ� ĨƵƌƚŚĞƌ� ƵŶĚĞƌƐƚĂŶĚ� ŚŽǁ� />�ϯ� ƐĞŶƐĞ� ƟƐƐƵĞ� ĚĂŵĂŐĞ� ĂŶĚ� ĐĂƌƌǇ�
ŽƵƚ�ĞīĞĐƚŽƌ� ĨƵŶĐƟŽŶƐ͕�ǁŝƚŚ�ƚŚĞ�ŽǀĞƌĂůů�Ăŝŵ�ƚŽ�ƉƌŽǀŝĚĞ�ŬŶŽǁůĞĚŐĞ�ŽŶ�ƚŚĞ�ŵĞĐŚĂŶŝƐŵƐ�
underlying mucosal healing.  

Type 3 innate lymphoid cells in epithelial damage responses 
�ĂŵĂŐĞ�ƚŽ�ƚŚĞ�ŝŶƚĞƐƟŶĂů�ĞƉŝƚŚĞůŝƵŵ�ŶĞĞĚƐ�ƚŽ�ďĞ�ƌĞƉĂŝƌĞĚ�ŝŶ�Ă�ƌĂƉŝĚ�ĂŶĚ�ĞĸĐŝĞŶƚ�ŵĂŶŶĞƌ�ƚŽ�
ŐƵĂƌĂŶƚĞĞ�ƚŚĞ�ƵƉƚĂŬĞ�ŽĨ�ǁĂƚĞƌ�ĂŶĚ�ŶƵƚƌŝĞŶƚƐ�ǁŚŝůĞ�ƉƌĞǀĞŶƟŶŐ�ďĂĐƚĞƌŝĂů�ĚŝƐƐĞŵŝŶĂƟŽŶϭ͕ϱ. 
�ƵĞ�ƚŽ�ƚŚĞŝƌ�ŚŝŐŚ�ƚƵƌŶŽǀĞƌ͕ �ĞƉŝƚŚĞůŝĂů�ĐĞůůƐ�ĨƌŽŵ�ƚŚĞ�ŐĂƐƚƌŽŝŶƚĞƐƟŶĂů�ƚƌĂĐƚ�ĂƌĞ�ĨƌĞƋƵĞŶƚůǇ�
ƚĂƌŐĞƚĞĚ�ďǇ�ĂŶƟͲĐĂŶĐĞƌ�ƚƌĞĂƚŵĞŶƚƐ�ǁŝƚŚ�ĐŚĞŵŽ�Žƌ�ƌĂĚŝŽƚŚĞƌĂƉǇϮϯͲϮϱ.  Epithelial damage 
ŝŶĚƵĐĞĚ�ďǇ�ĂŶƟͲĐĂŶĐĞƌ�ƚŚĞƌĂƉŝĞƐ�ĐĂŶ�ƌĞƐƵůƚ�ŝŶ�ƚŚĞ�ĚĞǀĞůŽƉŵĞŶƚ�ŽĨ�ŵƵĐŽƐŝƟƐ͕�ǁŚŝĐŚ�ĂīĞĐƚƐ�

6
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ŶĞĂƌůǇ�Ăůů�ƉĂƟĞŶƚƐ�ƌĞĐĞŝǀŝŶŐ�ŚŝŐŚ�ŝŶƚĞŶƐŝƚǇ�ĐŚĞŵŽƚŚĞƌĂƉǇ�ĂŶĚ�ůŝŵŝƚƐ�ƚŚĞ�ĞīĞĐƟǀĞŶĞƐƐ�ŽĨ�
cancer treatments7,26,27͘��ůƚŚŽƵŐŚ� ƚŚĞ�ƵƐĞ�ŽĨ� ĐǇƚŽƚŽǆŝĐ� ƚƌĞĂƚŵĞŶƚƐ�ŚĂƐ�ďĞĞŶ�ƉƌĞƐĞŶƚ� ŝŶ�
ŵĞĚŝĐĂů�ƉƌĂĐƟĐĞ�ĨŽƌ�ŵŽƌĞ�ƚŚĂŶ�Ɛŝǆ�ĚĞĐĂĚĞƐ28-30͕�ƐƟůů�ůŝƩůĞ�ŝƐ�ŬŶŽǁŶ�ĂďŽƵƚ�ƉŽƐƐŝďůĞ�ǁĂǇƐ�ƚŽ�
ĂŵĞůŝŽƌĂƚĞ�ŵƵĐŽƐŝƟƐ�ĂŶĚ�ƉƌŽŵŽƚĞ�ŵƵĐŽƐĂů�ǁŽƵŶĚ�ŚĞĂůŝŶŐ͘

dŽ� ŐĂŝŶ� ŬŶŽǁůĞĚŐĞ� ŽŶ� ƚŚĞ� ŵĞĐŚĂŶŝƐŵ� ƉƌŽƚĞĐƟŶŐ� ĞƉŝƚŚĞůŝĂů� ďĂƌƌŝĞƌ� ĂŌĞƌ� ĂĐƵƚĞ�
ŝŶƚĞƐƟŶĂů�ĚĂŵĂŐĞ͕�ǁĞ�ƵƐĞĚ�ŵĞƚŚŽƚƌĞǆĂƚĞ� ;DdyͿ͕�ǁŚŝĐŚ� ŝƐ�Ă�ǁĞůůͲĞƐƚĂďůŝƐŚĞĚ�ŵŽĚĞů�ŽĨ�
ŝŶƚĞƐƟŶĂů�ĞƉŝƚŚĞůŝĂů�ĚĂŵĂŐĞϯϭ͕ϯϮ to interrogate the role of ILC3 in epithelial responses.

/>�ϯ�ƉƌŽŵŽƚĞ�^d�dϯ�ĂĐƟǀĂƟŽŶ�ĂŶĚ�ƉƌŽƚĞĐƚ�ŝŶƚĞƐƟŶĂů�ĞƉŝƚŚĞůŝĂů�ĐĞůůƐ�
�ƚ� ƉƌĞƐĞŶƚ͕� />�ϯͲƐƉĞĐŝĮĐ� <K�ŵŽĚĞůƐ� ĂƌĞ� ůĂĐŬŝŶŐ� ĂŶĚ� ƚŚĞƌĞĨŽƌĞ� ƐĞǀĞƌĂů� ĐŽŵƉůĞŵĞŶƚĂƌǇ�
ŵŽĚĞůƐ� ĂƌĞ� ƌĞƋƵŝƌĞĚ� ƚŽ� ƐƚƵĚǇ� />�ϯ� ĨƵŶĐƟŽŶ͘� hƐŝŶŐ� ZŽƌɶƚͲͬͲ� ŵŝĐĞ� ĂŶĚ� dŚǇϭͲĚĞƉůĞƟŶŐ�
ƐƚƌĂƚĞŐŝĞƐ� ŝŶ� ZĂŐϭͲͬͲ�ŵŝĐĞ� ǁĞ� ĚĞŵŽŶƐƚƌĂƚĞĚ� ƚŚĞ� ƌŽůĞ� ŽĨ� />�ϯ� ŝŶ� ŵĞĚŝĂƟŶŐ� ĞƉŝƚŚĞůŝĂů�
ƌĞƐƉŽŶƐĞƐ� ĂŌĞƌ� ŝŶƚĞƐƟŶĂů� ĚĂŵĂŐĞ͘� /Ŷ� chapter 2� ǁĞ� ƐŚŽǁĞĚ� ƚŚĂƚ� ĂŌĞƌ� DdyͲŝŶĚƵĐĞĚ�
damage, the STAT3 pathway, which is involved in epithelial wound healing33͕�ŝƐ�ĂĐƟǀĂƚĞĚ͘�
�ĐƟǀĂƟŽŶ�ŽĨ�ĞƉŝƚŚĞůŝĂů�^d�dϯ�ĐŽƌƌĞůĂƚĞĚ�ǁŝƚŚ�ƚŚĞ�ƉĞĂŬ�ŽĨ�ŝŶƚĞƐƟŶĂů�ĚĂŵĂŐĞ�ƚŚĂƚ�ŽĐĐƵƌƌĞĚ�
ŽŶĞ�ĚĂǇ�ĂŌĞƌ�ĚƌƵŐ�ĂĚŵŝŶŝƐƚƌĂƟŽŶ͕�ƐƵŐŐĞƐƟŶŐ�ƚŚĂƚ�ĂŌĞƌ�ĐǇĐůŽƐƚĂƟĐ�ƚƌĞĂƚŵĞŶƚ�ƉƌŽƚĞĐƟǀĞ�
ƉƌŽŐƌĂŵƐ�ĂƌĞ�ƌĂƉŝĚůǇ�ĂĐƟǀĂƚĞĚ�ŝŶ�ĞƉŝƚŚĞůŝĂů�ĐĞůůƐ͘��

tŚĞŶ� />�ϯͲĚĞĮĐŝĞŶƚ� ZŽƌɶƚͲͬͲ� ŵŝĐĞ� ǁĞƌĞ� ƚƌĞĂƚĞĚ� ǁŝƚŚ�Ddy͕� Ɖ^d�dϯ� ĞǆƉƌĞƐƐŝŽŶ� ǁĂƐ�
ƌĞĚƵĐĞĚ�ĐŽŵƉĂƌĞĚ�ƚŽ�td�ĂŶŝŵĂůƐ�ŝŶĚŝĐĂƟŶŐ�ƚŚĞ�ŶĞĞĚ�ĨŽƌ�ZŽƌɶƚн�ĐĞůůƐ�ƚŽ�ĂĐƟǀĂƚĞ�^d�dϯ͘�
,ŽǁĞǀĞƌ͕ �ZŽƌɶƚ is also ĞǆƉƌĞƐƐĞĚ�ďǇ�ƐŽŵĞ�d�ĐĞůůƐ�ŝŶĐůƵĚŝŶŐ�ŵƵĐŽƐĂů�dŚϭϳ�ĐĞůůƐϭϮ�ĂŶĚ�DdyͲ
ŝŶĚƵĐĞĚ� ƉĂƚŚŽůŽŐǇ� ŚĂƐ� ďĞĞŶ� ĂƩƌŝďƵƚĞĚ� ƚŽ� ĚŝƌĞĐƚ� ĞīĞĐƚƐ� ŽŶ� ŝŶƚĞƐƟŶĂů� ĞƉŝƚŚĞůŝĂů� ĐĞůůƐ�
leading to cell-intrinsic responses32͘� ,ĞŶĐĞ͕� ǁĞ� ŶĞǆƚ� ĚĞƚĞƌŵŝŶĞĚ� ǁŚĞƚŚĞƌ� ƚŚĞ� ĞīĞĐƚƐ�
ŽďƐĞƌǀĞĚ� ŝŶ� ZŽƌɶƚͲͬͲ mice were epithelial cell intrinsic and occurred in the absence of 
ĂĚĂƉƟǀĞ�ŝŵŵƵŶĞ�ĐĞůůƐ͘��hƐŝŶŐ�ZĂŐϭͲͬͲ�ŵŝĐĞ�ƚƌĞĂƚĞĚ�ǁŝƚŚ�Ddy�ǁĞ�ƐŚŽǁĞĚ�ƚŚĂƚ�ĂĐƟǀĂƟŽŶ�
ŽĨ�^d�dϯ�ĞĂƌůǇ�ĂŌĞƌ�ĚĂŵĂŐĞ�ŝƐ�ŶŽƚ�ĞƉŝƚŚĞůŝĂů�ĐĞůů�ŝŶƚƌŝŶƐŝĐ�ĂŶĚ�ĚŽĞƐ�ŶŽƚ�ƌĞƋƵŝƌĞ�ĂĚĂƉƟǀĞ�
ŝŵŵƵŶĞ�ĐĞůůƐ͘� /Ŷ�ĐŽŶƚƌĂƐƚ͕�ĚĞƉůĞƟŽŶ�ŽĨ�dŚǇϭн�ĐĞůůƐ� ŝŶ�ZĂŐϭͲͬͲ mice resulted in impaired 
ĂĐƟǀĂƟŽŶ�ŽĨ�^d�dϯ͕�ĐŽŶĮƌŵŝŶŐ�ƚŚĞ�ƌŽůĞ�ŽĨ�dŚǇϭн�ĐĞůůƐ�ŝŶ�ĞĂƌůǇ�ĞƉŝƚŚĞůŝĂů�ĂĐƟǀĂƟŽŶ�ĂŌĞƌ�
ĚĂŵĂŐĞ͘� �ĞĐĂƵƐĞ� ĞǆƉƌĞƐƐŝŽŶ� ŽĨ� dŚǇϭ� ŚĂƐ� ĂůƐŽ� ďĞĞŶ� ĚĞƐĐƌŝďĞĚ� ŝŶ� ŝŶƚĞƐƟŶĂů� ƐƚƌŽŵĂů�
cellsϯϰ͕ϯϱ� dŚǇϭͲĚĞƉůĞƟŶŐ� ƐƚƌĂƚĞŐŝĞƐ� ĐŽƵůĚ� ĂůƐŽ� ŝŵƉĂĐƚ� ƚŚĞ� ƐƚƌŽŵĂů� ĐŽŵƉĂƌƚŵĞŶƚ� ĂŶĚ� ŝŶ�
ƚŚĂƚ�ǁĂǇ�ŝŶŇƵĞŶĐĞ�ƚŚĞ�ƌĞƐƵůƚƐ͘�,ŽǁĞǀĞƌ͕ �ďĞĨŽƌĞ�ƉĞƌĨŽƌŵŝŶŐ�dŚǇϭͲĚĞƉůĞƟŶŐ�ĞǆƉĞƌŝŵĞŶƚƐ�
ŝŶ�ZĂŐϭͲͬͲ�ŵŝĐĞ�ƚƌĞĂƚĞĚ�ǁŝƚŚ�Ddy͕�ǁĞ�ǀĂůŝĚĂƚĞĚ�ƚŚĂƚ�ƚŚĞ�ĚŽƐĞ�ĂŶĚ�ƟŵĞ�ĨƌĂŵĞ�ŽĨ�dŚǇϭͲ
ŝŶũĞĐƟŽŶƐ�ǁĞƌĞ�ĂĚĞƋƵĂƚĞ� ĨŽƌ� />�ϯ�ĚĞƉůĞƟŽŶ�ĂŶĚ�ĂůƚŚŽƵŐŚ�ǁĞ�ĚŝĚ�ŶŽƚ�ŽďƐĞƌǀĞĚ�ŵĂũŽƌ�
ŵŽƌƉŚŽůŽŐŝĐĂů�ĐŚĂŶŐĞƐ͕�ƐƉĞĐŝĮĐ�ĂŶĂůǇƐŝƐ�ŽĨ�ŝŶƚĞƐƟŶĂů�ƐƚƌŽŵĂů�ĐĞůůƐ�ĂŌĞƌ�dŚǇϭ�ĚĞƉůĞƟŽŶ�
would be necessary to clarify whether that is indeed the case.

^ŝŶĐĞ�^d�dϯ� ŝƐ�ĞƐƐĞŶƟĂů� ĨŽƌ�ĞƉŝƚŚĞůŝĂů� ƐƵƌǀŝǀĂů36� ĂŶĚ�ĐŽůŽŶŝĐ�ƟƐƐƵĞ� ƌĞƉĂŝƌ�ĂŌĞƌ��^^Ͳ
ŝŶĚƵĐĞĚ�ĐŽůŝƟƐ37͕�ǁĞ�ŶĞǆƚ�ĚĞƚĞƌŵŝŶĞĚ�ǁŚĞƚŚĞƌ�ƚŚĞ�ŝŵƉĂŝƌĞĚ�^d�dϯ�ĂĐƟǀĂƟŽŶ�ŽďƐĞƌǀĞĚ�
ŝŶ�/>�ϯ�ĚĞĮĐŝĞŶƚ�ŵŝĐĞ�ĂŌĞƌ�Ddy�ƚƌĞĂƚŵĞŶƚ�ƚƌĂŶƐůĂƚĞĚ�ŝŶƚŽ�ŝŶĐƌĞĂƐĞĚ�ŝŶƚĞƐƟŶĂů�ƉĂƚŚŽůŽŐǇ͘�
/ŶĚĞĞĚ͕� ŚŝƐƚŽůŽŐŝĐĂů� ĂŶĂůǇƐŝƐ� ƌĞǀĞĂůĞĚ� ĂŐŐƌĂǀĂƚĞĚ� ƉĂƚŚŽůŽŐǇ� ŝŶ� ZŽƌɶƚͲͬͲ mice that was 
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ĞƐƉĞĐŝĂůůǇ�ŽďǀŝŽƵƐ�Ăƚ�ĚĂǇ�ϰ�ĂŌĞƌ�Ddy͕�ǁŚŝĐŚ�ŝƐ�ƚŚĞ�ƟŵĞ�ƉŽŝŶƚ�ǁŚĞƌĞ�td�ĂŶŝŵĂůƐ�ƐƚĂƌƚĞĚ�
ƚŽ�ƐŚŽǁ�ƐŝŐŶƐ�ŽĨ�ƌĞĐŽǀĞƌǇ͘�KĨ�ŶŽƚĞ͕�ƚŚĞ�ŶƵŵďĞƌ�ŽĨ�ŵƵĐƵƐͲƉƌŽĚƵĐŝŶŐ�ŐŽďůĞƚ�ĐĞůůƐ͕�ĞƐƐĞŶƟĂů�
to maintain the mucus layer that covers and protects the epithelium38, was also decreased 
ŝŶ�ZŽƌɶƚͲͬͲ�ŵŝĐĞ�ĐŽŵƉĂƌĞĚ�ƚŽ�td�ĂŶŝŵĂůƐ͕�ƐƵŐŐĞƐƟŶŐ�ƚŚĂƚ�ƚŚĞ�ĞƉŝƚŚĞůŝĂů�ďĂƌƌŝĞƌ�ŵŝŐŚƚ�ďĞ�
compromised in the absence of ILC3. 

Moreover, during damage responses, survival of epithelial cells is regulated by 
ƚŚĞ� ďĂůĂŶĐĞ� ďĞƚǁĞĞŶ� ƉƌŽͲ� ĂŶĚ� ĂŶƟͲĂƉŽƉƚŽƟĐ� ŵŽůĞĐƵůĞƐϱ. In line with the increased 
ƉĂƚŚŽůŽŐǇ�ŽďƐĞƌǀĞĚ�ŝŶ�ZŽƌɶƚͲͬͲ�ŵŝĐĞ͕�ƚƌĂŶƐĐƌŝƉƚ�ĂŶĂůǇƐŝƐ�ŽĨ�ƐŵĂůů�ŝŶƚĞƐƟŶĂů�ƟƐƐƵĞƐ�ƌĞǀĞĂůĞĚ�
Ă�ƐŚŝŌ�ƚŽǁĂƌĚƐ�Ă�ƉƌŽͲĂƉŽƉƚŽƟĐ�ƉƌŽŐƌĂŵ�ǁŚĞŶ�ĐŽŵƉĂƌĞĚ�ƚŽ�td�ĂŶŝŵĂůƐ͕�ŝŶ�ůŝŶĞ�ǁŝƚŚ�ƚŚĞ�
ĂŐŐƌĂǀĂƚĞĚ�ŝŶƚĞƐƟŶĂů�ƉĂƚŚŽůŽŐǇ�ŝŶ�ZŽƌɶƚͲͬͲ mice. 

�ŽůůĞĐƟǀĞůǇ�ƚŚĞƐĞ�ĞǆƉĞƌŝŵĞŶƚƐ�ĚĞŵŽŶƐƚƌĂƚĞĚ�ƚŚĂƚ�ZŽƌɶƚн�dŚǇϭн innate lymphoid cells 
ĂƌĞ�ƌĞƋƵŝƌĞĚ�ĨŽƌ�ƉƌŽƉĞƌ�ĞƉŝƚŚĞůŝĂů�ƌĞƐƉŽŶƐĞƐ�ĂŌĞƌ�Ddy�ĚĂŵĂŐĞ͘�^ŝŶĐĞ�/>�ϯ�ĂƌĞ�ĂŵŽŶŐƐƚ�
ƚŚĞ�ĨĞǁ�ĐĞůůƐ�ƚŚĂƚ�Įƚ�ŝŶ�ƚŚŝƐ�ĐĂƚĞŐŽƌǇ͕ �ƚŚĞƐĞ�ĮŶĚŝŶŐƐ�ƐƚƌŽŶŐůǇ�ĨĂǀŽƌĞĚ�ƚŚĞ�ŚǇƉŽƚŚĞƐŝƐ�ƚŚĂƚ�
/>�ϯ�ĂƌĞ�ŝŶǀŽůǀĞĚ�ŝŶ�ƟƐƐƵĞ�ƉƌŽƚĞĐƟŽŶ�ĂŌĞƌ�ŝŶƚĞƐƟŶĂů�ĚĂŵĂŐĞ͘��

/>�ϯ�ƌĞƐƉŽŶƐĞ�ƚŽ�DdyͲŝŶĚƵĐĞĚ�ĞƉŝƚŚĞůŝĂů�ĚĂŵĂŐĞ�
dŽ�ĨƵƌƚŚĞƌ�ĚĞŵŽŶƐƚƌĂƚĞ�ƚŚĞ�ƌŽůĞ�ŽĨ�/>�ϯ�ŝŶ�ŝŶƚĞƐƟŶĂů�ƌĞƐƉŽŶƐĞƐ�ĂŌĞƌ�Ddy�ƚƌĞĂƚŵĞŶƚ͕�ǁĞ�
ŝƐŽůĂƚĞĚ�ŝŶƚĞƐƟŶĂů���Zϲн�ĂŶĚ�E<Ɖϰϲн�/>�ϯ�Ăƚ�ƚŚĞ�ƉĞĂŬ�ŽĨ�DdyͲŝŶĚƵĐĞĚ�ĚĂŵĂŐĞ͘

dƌĂŶƐĐƌŝƉƚ�ĂŶĂůǇƐŝƐ�ŽĨ�ŝŶƚĞƐƟŶĂů�/>�ϯ�ƐŚŽǁĞĚ�ƚŚĂƚ�ďŽƚŚ�ƐƵďƐĞƚƐ�ŽĨ�ŝŶƚĞƐƟŶĂů�/>�ϯ͕���Zϲн 
ĂŶĚ�E<Ɖϰϲн�/>�ϯ�ĂƌĞ�ĂĐƟǀĂƚĞĚ�ĂŶĚ�ƚƌĂŶƐĐƌŝďĞ�ĂŶ�ĂƌƌĂǇ�ŽĨ�ĞīĞĐƚŽƌ�ĐǇƚŽŬŝŶĞƐ�ŝŶĐůƵĚŝŶŐ�/ůϮϮ, 
�ƐĨϮ and dŶĨ� ŝŶĚŝĐĂƟŶŐ�ƚŚĞ�ƌĞƐƉŽŶƐŝǀĞŶĞƐƐ�ŽĨ�/>�ϯ�ƚŽ�ĞƉŝƚŚĞůŝĂů�ĚĂŵĂŐĞ͘�^ŝŵŝůĂƌ�ƌĞƐƵůƚƐ�
ǁĞƌĞ�ŽďƐĞƌǀĞĚ�ŝŶ�dŚǇϭͲĚĞƉůĞƚĞĚ�ZĂŐϭͲͬͲ mice that compared to isotype-treated controls 
ĞǆƉƌĞƐƐĞĚ�ƐŝŐŶŝĮĐĂŶƚůǇ�ůŽǁĞƌ�ůĞǀĞůƐ�ŽĨ�/>�ϯͲĚĞƌŝǀĞĚ�ĐǇƚŽŬŝŶĞƐ͕�ŝŶĚŝĐĂƟŶŐ�ƚŚĂƚ�ƚŚĞ�ĞīĞĐƚƐ�
ŽďƐĞƌǀĞĚ�ŝŶ�dŚǇϭͲƚƌĞĂƚĞĚ�ZĂŐϭͲͬͲ are likely to be ILC3-mediated.

^ŝŶĐĞ� />ͲϮϮ�ĂŶĚ�'DͲ�^&�ĂƌĞ� ŝŶǀŽůǀĞĚ� ŝŶ�ŵĂŝŶƚĞŶĂŶĐĞ�ŽĨ� ŝŶƚĞƐƟŶĂů�ŚŽŵĞŽƐƚĂƐŝƐ�ĂŶĚ�
ƟƐƐƵĞ� ĚĞĨĞŶƐĞ39,40͕� ĞǆƉƌĞƐƐŝŽŶ� ŽĨ� ƚŚĞƐĞ� ŐĞŶĞƐ� ďǇ� />�ϯ� ĂŌĞƌ� DdyͲƚƌĞĂƚŵĞŶƚ� ƐƚƌŽŶŐůǇ�
ƐƵŐŐĞƐƚƐ�ƚŚĞŝƌ�ĚŝƌĞĐƚ�ĐŽŶƚƌŝďƵƟŽŶ�ŝŶ�ĞƉŝƚŚĞůŝĂů�ƌĞƐƉŽŶƐĞƐ͘�/Ŷ�ĐŽŶƚƌĂƐƚ�ƚŽ�/>ͲϮϮ�ƚŚĂƚ�ŵĂŝŶůǇ�
ƐŝŐŶĂůƐ�ƚŚƌŽƵŐŚ�ƌĞĐĞƉƚŽƌƐ�ĞǆƉƌĞƐƐĞĚ�ďǇ�ŝŶƚĞƐƟŶĂů�ĞƉŝƚŚĞůŝĂů�ĐĞůůƐ39͕�'DͲ�^&�ƌĞĐĞƉƚŽƌƐ�ĂƌĞ�
ĞǆƉƌĞƐƐĞĚ�ďǇ�ďŽƚŚ�ĞƉŝƚŚĞůŝĂů�ĂŶĚ�ŵǇĞůŽŝĚ�ĐĞůůƐ40 and thus provides two complementary 
ǇĞƚ�ĚŝƐƟŶĐƚ�ƌĞŐƵůĂƚŽƌǇ�ŵĞĐŚĂŶŝƐŵƐ�ƚŽ�ŐƵĂƌĂŶƚĞĞ�ĞƉŝƚŚĞůŝĂů�ŚŽŵĞŽƐƚĂƐŝƐ͘�KŶ�ŽŶĞ�ŚĂŶĚ͕�
ĚƵƌŝŶŐ�ŝŶĨĞĐƟŽŶ�ĂŶĚ�ŝŶũƵƌǇ͕ �'DͲ�^&�ĐŽŶƚƌŽůƐ�ĂĐƟǀĂƟŽŶ͕�ĚŝīĞƌĞŶƟĂƟŽŶ�ĂŶĚ�ƉƌŽůŝĨĞƌĂƟŽŶ�
of myeloid cellsϰϭ͕ϰϮ͘� /Ŷ� ĂĚĚŝƟŽŶ͕� ĚƵƌŝŶŐ� ŚŽŵĞŽƐƚĂƟĐ� ĐŽŶĚŝƟŽŶƐ͕� />�ϯ� ƌĞƉƌĞƐĞŶƚ� ƚŚĞ�
ŵĂũŽƌ� ƐŽƵƌĐĞ� ŽĨ�'DͲ�^&͕ �ǁŚŝĐŚ� ĂĐƟǀĂƚĞƐ���Ɛ� ĂŶĚ�ŵĂĐƌŽƉŚĂŐĞƐ� ƚŽ� ƉƌŽĚƵĐĞ� ŝŵŵƵŶĞͲ
ƌĞŐƵůĂƚŽƌǇ�ĨĂĐƚŽƌƐ�ŝŶĐůƵĚŝŶŐ�/>ͲϭϬ�ĂŶĚ�Z��ƚŽ�ƉƌŽŵŽƚĞ�ŚŽŵĞŽƐƚĂƐŝƐ�ĂŶĚ�ƉƌĞǀĞŶƚ�ŝŶƚĞƐƟŶĂů�
ŝŶŇĂŵŵĂƟŽŶ43.

KŶ�ƚŚĞ�ŽƚŚĞƌ�ŚĂŶĚ͕�ŝŶ�ĂŶ�ĂĐƵƚĞ��^^�ĚĂŵĂŐĞ�ŵŽĚĞů͕�'DͲ�^&�ŚĂƐ�ďĞĞŶ�ƐŚŽǁŶ�ƚŽ�ƉůĂǇ�
ĂŶ�ŝŵƉŽƌƚĂŶƚ�ƌŽůĞ�ŝŶ�ĞƉŝƚŚĞůŝĂů�ƉƌŽƚĞĐƟŽŶ�ĂƐ�'DͲ�^&�ĚĞĮĐŝĞŶƚ�ŵŝĐĞ�ĞǆŚŝďŝƚĞĚ�ŝŵƉĂŝƌĞĚ�
ďĂƌƌŝĞƌ�ĨƵŶĐƟŽŶ�ĂŶĚ�ŝŶĐƌĞĂƐĞĚ�ǀƵůŶĞƌĂďŝůŝƚǇ�ƚŽ�ĐŽůŝƟƐ44. In agreement with these results, 
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'DͲ�^&ͲͬͲ�ŵŝĐĞ�ĞǆŚŝďŝƚĞĚ�ƌĞĚƵĐĞĚ�ďĂĐƚĞƌŝĂů�ĐůĞĂƌĂŶĐĞ�ĨŽůůŽǁŝŶŐ�ĞŶƚĞƌŝĐ�ďĂĐƚĞƌŝĂů�ŝŶĨĞĐƟŽŶ�
with �͘�ƌŽĚĞŶƟƵŵϰϱ and�^͘�ƚǇƉŚǇŵƵƌŝƵŵϰϲ.�DŽƌĞŽǀĞƌ͕ �ĂŌĞƌ��^^ͲŝŶĚƵĐĞĚ�ĐŽůŝƟƐ�'DͲ�^&�
can be secreted by epithelial cells40. 

�ĞĐĂƵƐĞ�/>�ϯ�ĂƌĞ�ƌĂƉŝĚ�ƌĞƐƉŽŶĚĞƌƐ�ƚŽ�ƟƐƐƵĞ�ĚĂŵĂŐĞ͕�ŝƚ�ƐĞĞŵƐ�ůŽŐŝĐĂů�ƚŽ�ĞǆƉĞĐƚ�ƚŚĂƚ�
ďĞƐŝĚĞƐ�ƚŚĞŝƌ�ƌŽůĞ�ĚƵƌŝŶŐ�ŚŽŵĞŽƐƚĂƟĐ�ĐŽŶĚŝƟŽŶƐ͕�/>�ϯͲĚĞƌŝǀĞĚ�'DͲ�^&�ŵĂǇ�ƉůĂǇ�Ă�ƌŽůĞ�ŝŶ�
ĞƉŝƚŚĞůŝĂů�ƉƌŽƚĞĐƟŽŶ�ĂŌĞƌ�ƟƐƐƵĞ�ĚĂŵĂŐĞ͕�ďǇ�ĞŝƚŚĞƌ�ĂĐƟǀĂƟŶŐ���Ɛ�Žƌ�ďǇ�ĂĐƟŶŐ�ĚŝƌĞĐƚůǇ�ŽŶ�
ƚŚĞ�ĞƉŝƚŚĞůŝƵŵ�ƚŽ�ƉƌŽŵŽƚĞ�ƟƐƐƵĞ�ƌĞƉĂŝƌ͘

/>�ϯ�ŵĂŝŶƚĂŝŶ�ŝŶƚĞƐƟŶĂů�ƐƚĞŵ�ĐĞůůƐ�ĂŌĞƌ�DdyͲŝŶĚƵĐĞĚ�ĚĂŵĂŐĞ
DĂŝŶƚĞŶĂŶĐĞ� ŽĨ� ĮƚŶĞƐƐ� ŝŶ� ŝŶƚĞƐƟŶĂů� ĐƌǇƉƚƐ� ŝƐ� ŽĨ� ĐƌƵĐŝĂů� ŝŵƉŽƌƚĂŶĐĞ� ĂƐ� ŝƚ� ƌĞƉƌĞƐĞŶƚƐ�
ƚŚĞ� ƐŝƚĞ�ǁŚĞƌĞ� ŝŶƚĞƐƟŶĂů� ƐƚĞŵ�ĐĞůůƐ� ƌĞƐŝĚĞ�ĂŶĚ�ƉƌŽůŝĨĞƌĂƚĞ� ƚŽ�ŐŝǀĞ� ƌŝƐĞ� ƚŽ�ƉƌŽŐĞŶǇ� ƚŚĂƚ�
ĞǀĞŶƚƵĂůůǇ�ǁŝůů�ĚŝīĞƌĞŶƟĂƚĞ�ŝŶƚŽ�ƐƉĞĐŝĂůŝǌĞĚ�ĞƉŝƚŚĞůŝĂů�ĐĞůůƐ47͘�dŚĞ�ŚŝŐŚ�ƉƌŽůŝĨĞƌĂƟŽŶ�ƌĂƚĞ�
ŽĨ�ĐƌǇƉƚͲƌĞƐŝĚŝŶŐ�ĐĞůůƐ�ŵĂŬĞ�ƚŚĞŵ�ŚŝŐŚůǇ�ƐƵƐĐĞƉƟďůĞ� ƚŽ�ĐǇĐůŽƐƚĂƟĐ�ƚƌĞĂƚŵĞŶƚƐ23. Under 
ŝŶŇĂŵŵĂƚŽƌǇ� ĐŽŶĚŝƟŽŶƐ� ƐƵĐŚ�ĂƐ� ƚŚŽƐĞ�ŽĐĐƵƌƌŝŶŐ�ĚƵƌŝŶŐ�ĞǆƉĞƌŝŵĞŶƚĂů�'ǀ,�͕� ĐƌŽƐƐƚĂůŬ�
ďĞƚǁĞĞŶ�/>�ϯ�ĂŶĚ�ŝŶƚĞƐƟŶĂů�ĐƌǇƉƚƐ�ŚĂƐ�ďĞĞŶ�ƉƌŽƉŽƐĞĚ48͘�/Ŷ�ƚŚŝƐ�'ǀ,��ŵŽĚĞů͕�/>�ϯͲĚĞƌŝǀĞĚ�
/>ͲϮϮ� ƉƌŽƚĞĐƚĞĚ� ŝŶƚĞƐƟŶĂů� ĐƌǇƉƚƐ� ĨƌŽŵ� d� ĐĞůůͲŵĞĚŝĂƟŶŐ� ŬŝůůŝŶŐ͘� �ŽŶƐŝĚĞƌŝŶŐ� ƚŚĂƚ� />�ϯ�
ƌĞƐŝĚŝŶŐ� ŝŶ� ĐƌǇƉƚŽƉĂƚĐŚĞƐ�ĂƌĞ� ůŽĐĂƚĞĚ�ĐůŽƐĞ� ƚŽ� ŝŶƚĞƐƟŶĂů� ĐƌǇƉƚƐ49 and that ILC3-derived 
ĐǇƚŽŬŝŶĞƐ�ĂƌĞ�ŬŶŽǁŶ�ƚŽ�ƌĞŐƵůĂƚĞ�ĞƉŝƚŚĞůŝĂů�ŚŽŵĞŽƐƚĂƐŝƐ͕�ŽŶĞ�ŵĂǇ�ĞŶǀŝƐŝŽŶ�ƚŚĂƚ�ĂŶ�ĂĐƟǀĞ�
ŝŶƚĞƌĂĐƟŽŶ�ďĞƚǁĞĞŶ�ƚŚĞƐĞ�ƚǁŽ�ĐŽŵƉĂƌƚŵĞŶƚƐ�ŵŝŐŚƚ�ĂůƐŽ�ƚĂŬĞ�ƉůĂĐĞ�ĚƵƌŝŶŐ�ƟƐƐƵĞ�ŝŶũƵƌǇ͘�

/Ŷ� ƌĞƐƉŽŶƐĞ� ƚŽ�Ddy͕� ŝŶƚĞƐƟŶĂů� ƉĂƚŚŽůŽŐǇ� ŝŶ� ZŽƌɶƚͲͬͲ�mice was especially obvious in 
the crypt compartment as compared to WT animals. Hence, we performed a detailed 
ĞǆĂŵŝŶĂƟŽŶ� ŽĨ� ƚŚĞ� ŝŶƚĞƐƟŶĂů� ĐƌǇƉƚƐ� ƚŽ� ĨƵƌƚŚĞƌ� ƵŶĚĞƌƐƚĂŶĚ� ƚŚĞ� ƌŽůĞ� ŽĨ� />�ϯ� ŝŶ� ĐƌǇƉƚ�
ƉƌŽƚĞĐƟŽŶ͘�,ŝƐƚŽůŽŐŝĐĂů�ĂŶĂůǇƐŝƐ�ŽĨ�ƐŵĂůů� ŝŶƚĞƐƟŶĂů�ƟƐƐƵĞƐ�ŽĨ�DdyͲƚƌĞĂƚĞĚ�ZŽƌɶƚͲͬͲͬ>ŐƌϱͲ
'&W�ĐŚŝŵĞƌĂƐ�ƌĞǀĞĂůĞĚ�Ă�ŵŽƌĞ�ƐĞǀĞƌĞ�ƉĂƚŚŽůŽŐǇ�ĂŶĚ�Ă�ƌĞĚƵĐƟŽŶ�ŝŶ�ŐŽďůĞƚ�ĐĞůů�ŶƵŵďĞƌƐ�
ĂƐ� ĐŽŵƉĂƌĞĚ� ƚŽ� td� ĐŚŝŵĞƌĂƐ͕� ƌĞĐĂƉŝƚƵůĂƟŶŐ� ƚŚĞ� ƉŚĞŶŽƚǇƉĞ� ŽďƐĞƌǀĞĚ� ZŽƌɶƚͲͬͲ� mice. 
/ŵƉŽƌƚĂŶƚůǇ͕ �ĂŶĂůǇƐŝƐ�ŽĨ�ƉƵƌŝĮĞĚ�ĐƌǇƉƚƐ�ĨƌŽŵ�td�ĂŶĚ�ZŽƌɶƚͲͬͲ�chimeras showed that in the 
ĂďƐĞŶĐĞ�ŽĨ�ZŽƌɶƚн�ĐĞůůƐ͕�ƚŚĞ�ŶƵŵďĞƌ�ŽĨ�ƐƚĞŵ�ĐĞůůƐ�ǁĂƐ�ĐŽŵƉƌŽŵŝƐĞĚ�ĂŌĞƌ�Ddy�ƚƌĞĂƚŵĞŶƚ͘�
dŚĞƐĞ�ĮŶĚŝŶŐƐ�ƌĞǀĞĂůĞĚ�Ă�ƉƌĞǀŝŽƵƐůǇ�ƵŶĂƉƉƌĞĐŝĂƚĞĚ�ƌŽůĞ�ĨŽƌ�/>�ϯ�ŝŶ�ƉƌĞƐĞƌǀŝŶŐ�ŝŶƚĞƐƟŶĂů�
ƐƚĞŵ� ĐĞůůƐ� ĂŌĞƌ� ƟƐƐƵĞ� ŝŶƐƵůƚ� ĂŶĚ� ĞƐƚĂďůŝƐŚĞĚ� Ă� ůŝŶŬ� ďĞƚǁĞĞŶ� ŝŶƚĞƐƟŶĂů� ƐƚĞŵ� ĐĞůůƐ� ĂŶĚ�
/>�ϯ� ĂŌĞƌ� ĐŚĞŵŽƚŚĞƌĂƉĞƵƟĐĂůͲŝŶĚƵĐĞĚ� ŝŶƚĞƐƟŶĂů� ĚĂŵĂŐĞ͘� EŽŶĞƚŚĞůĞƐƐ͕� ƚŚĞ� ƉƌĞĐŝƐĞ�
ŵĞĐŚĂŶŝƐŵƐ�ďǇ�ǁŚŝĐŚ� />�ϯ�ƐĂĨĞŐƵĂƌĚ� ŝŶƚĞƐƟŶĂů� ƐƚĞŵ�ĐĞůůƐ� ƌĞŵĂŝŶƐ� ƚŽ�ďĞ� ŝĚĞŶƟĮĞĚ͘� /Ŷ�
ƚŚŝƐ� ĐŽŶƚĞǆƚ͕� ƚŚĞƌĞ� ŝƐ� ŝŶĐƌĞĂƐŝŶŐ�ĂǁĂƌĞŶĞƐƐ� ƚŚĂƚ�ĚƵƌŝŶŐ� ŝŶƚĞƐƟŶĂů�ĞƉŝƚŚĞůŝĂů� ŝŶũƵƌǇ� ƐƵĐŚ�
ĂƐ�ƚŚĂƚ�ŽĐĐƵƌƌŝŶŐ�ĚƵƌŝŶŐ�ƌĂĚŝĂƟŽŶ�Žƌ�ĐŚĞŵŽƚŚĞƌĂƉǇ�ƌĞŐŝŵĞŶƐ͕�ůŽƐƐ�ŽĨ�>Őƌϱн stem cells is 
ĐŽŵƉĞŶƐĂƚĞĚ�ďǇ�ƚŚĞ�ƌĞŐĞŶĞƌĂƟǀĞ�ƌĞƐƉŽŶƐĞ�ŽĨ�ŶĞŝŐŚďŽƌŝŶŐ�ĚĂŵĂŐĞͲƌĞƐŝƐƚĂŶĐĞ�ĞƉŝƚŚĞůŝĂů�
cellsϮϯ͕ϰϳ͕ϱϬ͕ϱϭ͘�/ŶƚĞƐƟŶĂů�ŝŶũƵƌǇ�ŵŽĚĞůƐ�ŚĂǀĞ�ƐŚŽǁŶ�ƚŚĂƚ�ƋƵŝĞƐĐĞŶƚ�ƐƚĞŵ�ĐĞůůƐ�ůŽĐĂƚĞĚ�Ăƚ�ƚŚĞ�
ƉŽƐŝƟŽŶ�нϰ͕�ŝŶĐůƵĚŝŶŐ��D/ϭн�ĐĞůůƐ͕�ĂƌĞ�ĂĐƟǀĂƚĞĚ�ĂŌĞƌ�ĞƉŝƚŚĞůŝĂů�ĚĂŵĂŐĞ�ĂŶĚ�ƌĞƉŽƉƵůĂƚĞ�
>Őƌϱн stem cellsϱϬ͕ϱϮ͘� DŽƌĞŽǀĞƌ͕ � ĂĚĚŝƟŽŶĂů� ƐƚƵĚŝĞƐ� ŚĂǀĞ� ŝĚĞŶƟĮĞĚ� ƚŚĞ� ƌĞŐĞŶĞƌĂƟǀĞ�
ĐĂƉĂĐŝƚǇ� ŽĨ� ĐŽŵŵŝƩĞĚ� ůĂďĞůͲƌĞƚĂŝŶŝŶŐ� ĐĞůůƐ� ;>Z�Ϳ� ŝŶĐůƵĚŝŶŐ� WĂŶĞƚŚ� ĐĞůůƐ͕� ǁŚŝĐŚ� ƵƉŽŶ�
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ĞƉŝƚŚĞůŝĂů� ŝŶƐƵůƚ� ĐŽŶǀĞƌƚ� ŝŶƚŽ� >Őƌϱн stem cellsϱϯͲϱϱ. Therefore, several complementary 
ŵĞĐŚĂŶŝƐŵƐ�ŽƉĞƌĂƚĞ�ĚƵƌŝŶŐ�ŝŶƚĞƐƟŶĂů�ĚĂŵĂŐĞ�ƚŽ�ŐƵĂƌĂŶƚĞĞ�ĞƉŝƚŚĞůŝĂů�ƌĞŐĞŶĞƌĂƟŽŶ͕�ĂŶĚ�
ŚĞŶĐĞ�ĂĚĚŝƟŽŶĂů�ĞǆƉĞƌŝŵĞŶƚƐ�ĂƌĞ�ƌĞƋƵŝƌĞĚ�ƚŽ�ĨƵƌƚŚĞƌ�ƵŶĚĞƌƐƚĂŶĚ�ƚŚĞ�ĐŽŶƚƌŝďƵƟŽŶ�ŽĨ�/>�ϯ�
ŝŶ�ƟƐƐƵĞ�ƉƌŽƚĞĐƟŽŶ�ĂŶĚ�ŵƵĐŽƐĂů�ǁŽƵŶĚ�ŚĞĂůŝŶŐ͘��ŶĂůǇƐŝƐ�ŽĨ�ƐŝŶŐůĞ�ĐĞůůƐ�ďǇ�ůŝŶĞĂŐĞ�ƚƌĂĐŝŶŐ�
ĞǆƉĞƌŝŵĞŶƚƐ�ŵĂǇ�ŚĞůƉ�ƚŽ�ƐŽůǀĞ�ƐŽŵĞ�ŽĨ�ƚŚĞƐĞ�ŝƐƐƵĞƐ͘��

�ĂƐĞĚ�ŽŶ�ƚŚĞ�ƐƉĞĐŝĮĐ�ĚŝƐƚƌŝďƵƟŽŶ�ŽĨ�/>�ϯ�ǁŝƚŚŝŶ�ƚŚĞ�ƐŵĂůů� ŝŶƚĞƐƟŶĞ͕�ŝƚ� ŝƐ�ƌĞĂƐŽŶĂďůĞ�ƚŽ�
speculate that cryptopatch-residing CCR6н� />�ϯ͕�ƚŚĂƚ�ĂƌĞ� ůŽĐĂƚĞĚ�ĐůŽƐĞ�ƚŽ�ƚŚĞ� ŝŶƚĞƐƟŶĂů�
ĐƌǇƉƚƐ�ĂƌĞ�ƌĞƐƉŽŶƐŝďůĞ�ĨŽƌ�ƐƚĞŵ�ĐĞůů�ŵĂŝŶƚĞŶĂŶĐĞ�ĂŌĞƌ�DdyͲƚƌĞĂƚŵĞŶƚ�ĂƐ�ŝŶĚŝĐĂƚĞĚ�ďǇ�ƚŚĞ�
ůŽƐƐ�ŽĨ�>Őƌϱн�ĐĞůůƐ�ŝŶ�/>�ϯͲĚĞĮĐŝĞŶƚ�ZŽƌɶƚͲͬͲͬ>ŐƌϱͲ'&W�ĐŚŝŵĞƌĂƐ͘��ůƚŚŽƵŐŚ�ƚŚĞ�ŵĞĐŚĂŶŝƐŵƐ�
ďĞŚŝŶĚ�ƐƚĞŵ�ĐĞůů�ƉƌŽƚĞĐƟŽŶ�ƌĞŵĂŝŶ�ƵŶĐŽǀĞƌĞĚ͕�ŝƚ�ŚĂƐ�ďĞĞŶ�ƐŚŽǁŶ�ƚŚĂƚ�^d�dϯ�ŝƐ�ƌĞƋƵŝƌĞĚ�
for crypt stem cell survivalϱϲ, which would be in agreement with the impaired STAT3 
ĂĐƟǀĂƟŽŶ�ŽďƐĞƌǀĞĚ�ŝŶ�ZŽƌɶƚͲͬͲ�ŵŝĐĞ͘��ůƚŚŽƵŐŚ�ƐŝŐŶŝĮĐĂŶƚ�ĚŝīĞƌĞŶĐĞƐ�ŝŶ�Ɖ^d�dϯ�ŝŶƚĞŶƐŝƚǇ�
ǁĞƌĞ�ŶŽƚ�ĨŽƵŶĚ�ŝŶ�ƚŚĞ�ĐƌǇƉƚ�ĐŽŵƉĂƌƚŵĞŶƚ�ŽĨ�ZŽƌɶƚͲͬͲ mice compared to WT animals (data 
ŶŽƚ�ƐŚŽǁŶͿ͕�ĂĚĚŝƟŽŶĂů�ĞǆƉĞƌŝŵĞŶƚƐ�ĂƌĞ�ŶĞĞĚĞĚ�ƚŽ�ĐůĂƌŝĨǇ� ƚŚĞ�ĐŽŶƚƌŝďƵƟŽŶ�ŽĨ�^d�dϯ� ŝŶ�
>Őƌϱн�ƐƚĞŵ� ĐĞůůƐ� ƐƵƌǀŝǀĂů͘� &Žƌ� ŝŶƐƚĂŶĐĞ͕� ĂŶĂůǇƐŝƐ� ŽĨ�DdyͲƚƌĞĂƚŵĞŶƚ� ŝŶ� ĞƉŝƚŚĞůŝĂůͲƐƉĞĐŝĮĐ�
^d�dϯ� <K� ŵŝĐĞ� ǁŽƵůĚ� ŚĞůƉ� ƚŽ� ĂŶƐǁĞƌ� ƚŚŝƐ� ƋƵĞƐƟŽŶ͘� �ůƚĞƌŶĂƟǀĞůǇ͕ � ŝŶ� ǀŝƚƌŽ culture of 
ŝŶƚĞƐƟŶĂů� ĐƌǇƉƚƐ͕� ǁŚŝĐŚ� ĂƌĞ� ďĞŝŶŐ� ĞǆƚĞŶƐŝǀĞůǇ� ƵƐĞĚ� ƚŽ� ƐƚƵĚǇ� ƌĞŐĞŶĞƌĂƟǀĞ� ƌĞƐƉŽŶƐĞ� ŽĨ�
ŝŶƚĞƐƟŶĂů�ƟƐƐƵĞϱϳ͕ϱϴ�ĐŽƵůĚ�ďĞ�ŽĨ�ŐƌĞĂƚ�ďĞŶĞĮƚ�ƚŽ�ƐƚƵĚǇ�ƚŚĞ�ĞīĞĐƚƐ�ŽĨ�/>�ϯ�ĂŶĚ�/>�ϯͲĚĞƌŝǀĞĚ�
factors on crypt-residing epithelial cell responses.

dŚĞ�ƌŽůĞ�ŽĨ�/>ͲϮϮ�ŝŶ�DdyͲŝŶĚƵĐĞĚ�ĚĂŵĂŐĞ
&ƌŽŵ�Ăůů� ƚŚĞ�ĐǇƚŽŬŝŶĞƐ�ƉƌĞƐĞŶƚ� ŝŶ�ŵƵĐŽƐĂů�ƟƐƐƵĞƐ͕� />ͲϮϮ�ƉůĂǇƐ�ĂŶ�ŽƵƚƐƚĂŶĚŝŶŐ�ƌŽůĞ�ĚƵĞ�
ƚŽ� ŝƚƐ�ĚŝƌĞĐƚ� ĨƵŶĐƟŽŶ�ŽŶ�ĞƉŝƚŚĞůŝĂů� ĐĞůů�ŚŽŵĞŽƐƚĂƐŝƐ�ĂŶĚ�ƟƐƐƵĞ�ĚĞĨĞŶƐĞϯϵ͕ϱϵ͕ϲϬ͘� /ŶƚĞƐƟŶĂů�
/>�ϯ�ĐŽŶƐƟƚƵƚĞ�Ă�ŵĂũŽƌ�ƐŽƵƌĐĞ�ŽĨ�/>ͲϮϮ�ŝŶ�ƚŚĞ�ŵŽƵƐĞ�ŝŶƚĞƐƟŶĞϭϵ͕ϮϮ͕ϲϬ and hence in the last 
ǇĞĂƌƐ�ĞīŽƌƚƐ�ŚĂǀĞ�ďĞĞŶ�ŵĂĚĞ�ƚŽ�ƵŶĚĞƌƐƚĂŶĚ�ƚŚĞ�ƌŽůĞ�ŽĨ�/>�ϯ�ŝŶ�ŵƵĐŽƐĂů�ƟƐƐƵĞƐ͘�^ƚƵĚŝĞƐ�
with the enterogenic bacterium �͘� ƌŽĚĞŶƟƵŵ have demonstrated the crucial role of 
/>�ϯͲĚĞƌŝǀĞĚ�/>ͲϮϮ�ŝŶ�ŝŶĚƵĐƟŽŶ�ŽĨ�ĂŶƟŵŝĐƌŽďŝĂů�ƉĞƉƟĚĞƐ͕�ǁŚŝĐŚ�ĂƌĞ�ĞƐƐĞŶƟĂů�ƚŽ�ƉƌĞǀĞŶƚ�
ďĂĐƚĞƌŝĂů�ĚŝƐƐĞŵŝŶĂƟŽŶϭϵ͕ϲϭ͘�/Ŷ�ĐŽŶƚƌĂƐƚ͕�ƚŚĞ�ƌŽůĞ�ŽĨ�/>ͲϮϮ�ŝŶ�ŝŶƚĞƐƟŶĂů�ĚĂŵĂŐĞ�ƌĞƐƉŽŶƐĞƐ�ŝƐ�
ƐƟůů�ƉŽŽƌůǇ�ƵŶĚĞƌƐƚŽŽĚ͘�,ŽǁĞǀĞƌ͕ �ƌĞĐĞŶƚ�ĮŶĚŝŶŐƐ�ŚĂǀĞ�ůŝŶŬĞĚ�^d�dϯ�ĂŶĚ�/>ͲϮϮ�ƚŽ�ŵƵĐŽƐĂů�
wound healing62,63. 

/Ŷ� ŽƵƌ�Ddy�ŵŽĚĞů͕� ĞƉŝƚŚĞůŝĂů� ^d�dϯ�ǁĂƐ� ĂĐƟǀĂƚĞĚ� Ăƚ� ƚŚĞ� ƉĞĂŬ� ŽĨ� ĚĂŵĂŐĞ� ĂŶĚ� ŝƚƐ�
ŝŵƉĂŝƌĞĚ� ĂĐƟǀĂƟŽŶ� ĐŽƌƌĞůĂƚĞĚ�ǁŝƚŚ� ĂŶ� ŝŶĐƌĞĂƐĞĚ� ƉĂƚŚŽůŽŐǇ͘� /ŶƚĞƌĞƐƟŶŐůǇ͕ � Ăƚ� ƚŚĞ� ƉĞĂŬ�
ŽĨ� ĚĂŵĂŐĞ͕� ŝŶƚĞƐƟŶĂů� />�ϯ� ĂƌĞ� ĂĐƟǀĂƚĞĚ� ĂŶĚ� ƚƌĂŶƐĐƌŝďĞ� ƐĞǀĞƌĂů� ŐĞŶĞƐ� ŝŶĐůƵĚŝŶŐ� />Ͳ
ϮϮ͘�dŚĞƌĞĨŽƌĞ͕�ǁĞ�ŚǇƉŽƚŚĞƐŝǌĞĚ�ƚŚĂƚ� ƚŚĞ�ĞīĞĐƚƐ�ŽďƐĞƌǀĞĚ� ŝŶ� ƚŚĞ�ĂďƐĞŶĐĞ�ŽĨ� />�ϯ�ĂŌĞƌ�
Ddy�ƚƌĞĂƚŵĞŶƚ�ĐŽƵůĚ�ďĞ�ƚŚĞ�ƌĞƐƵůƚ�ŽĨ�ƌĞĚƵĐĞĚ�/>ͲϮϮ�ůĞǀĞůƐ͘�/Ŷ�chapter 3 we tested this 
hypothesis and treated IL-22ͲͬͲ�ŵŝĐĞ�ǁŝƚŚ�Ddy�ƚŽ�ƐƚƵĚǇ�ĞƉŝƚŚĞůŝĂů�ƌĞƐƉŽŶƐĞƐ͘ 6
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,ŝƐƚŽůŽŐŝĐĂů� ĂŶĂůǇƐŝƐ� ŽĨ� />ͲϮϮ� ĚĞĮĐŝĞŶƚ� ŵŝĐĞ� ĂŌĞƌ� DdyͲŝŶĚƵĐĞĚ� ĚĂŵĂŐĞ� ƐŚŽǁĞĚ�
ƉƌŽůŽŶŐĞĚ� ĂĐƟǀĂƟŽŶ� ŽĨ� ĞƉŝƚŚĞůŝĂů� ^d�dϯ� ŝŶ� ĐŽŶƚƌĂƐƚ� ƚŽ�td� ĂŶŝŵĂůƐ� ƚŚĂƚ� ĂƐ� ĞǆƉůĂŝŶĞĚ�
ĂďŽǀĞ͕�ŚĂĚ�Ă�ƚƌĂŶƐŝĞŶƚ�ĂĐƟǀĂƟŽŶ�ŽĨ�ƚŚŝƐ�ƉĂƚŚǁĂǇ�ŽŶĞ�ĚĂǇ�ĂŌĞƌ�ƚƌĞĂƚŵĞŶƚ�ĂŶĚ�ƌĞƚƵƌŶĞĚ�
ƚŽ�ďĂƐĞůŝŶĞ�ůĞǀĞůƐ�ďǇ�ĚĂǇ�ϰ͘�dŚĞƐĞ�ĞǆƉĞƌŝŵĞŶƚƐ�ƐĞĞŵ�ƚŽ�ŝŶĚŝĐĂƚĞ�ƚŚĂƚ�/>ͲϮϮ�ŝƐ�ŶŽƚ�ƌĞƋƵŝƌĞĚ�
ĨŽƌ�^d�dϯ�ĂĐƟǀĂƟŽŶ�ĂŌĞƌ�Ddy͘�,ŽǁĞǀĞƌ͕ �ƚŚĞ�ĨĂĐƚ�ƚŚĂƚ�^d�dϯ�ǁĂƐ�ƉĞƌƐŝƐƚĞŶƚůǇ�ĂĐƟǀĂƚĞĚ�
ĐŽƵůĚ�ƐƵŐŐĞƐƚ�Ă�ƉƌĞͲŝŶŇĂŵŵĂƚŽƌǇ�ƐƚĂƚĞ�ŝŶ�/>ͲϮϮͲͬͲ�ŵŝĐĞ͕�ǁŝƚŚ�ĂĚĚŝƟŽŶĂů�^d�dϯͲĂĐƟǀĂƟŶŐ�
cytokines being secreted. 

/ƚ�ŝƐ�ŬŶŽǁŶ�ƚŚĂƚ�ŚǇƉĞƌĂĐƟǀĂƟŽŶ�ŽĨ�^d�dϯ�ƉƌŽŵŽƚĞƐ�ĚĞǀĞůŽƉŵĞŶƚ�ŽĨ�ŐĂƐƚƌŝĐ�ĐĂŶĐĞƌϲϰ͕ϲϱ 
ĂŶĚ� ĐŽůŝƟƐͲĂƐƐŽĐŝĂƚĞĚ� ĐĂŶĐĞƌ37. If IL-22ͲͬͲ�ŵŝĐĞ� ĂƌĞ� ƉƌĞͲĚŝƐƉŽƐĞĚ� ƚŽ� ŝŶŇĂŵŵĂƟŽŶ͕� ƚŚĞǇ�
ŵŝŐŚƚ� ĚŝƐƉůĂǇ� ĂĐƟǀĂƚĞĚ� ĞƉŝƚŚĞůŝĂů� ƌĞƐƉŽŶƐĞƐ� ƚŚĂƚ� ŵĂƐŬ� Ddy� ĞīĞĐƚƐ͘� tŚŝůĞ� Ăƚ� ƚŚĞƐĞ�
ĞĂƌůǇ� ƟŵĞ� ƉŽŝŶƚƐ� ĂĐƟǀĂƚĞĚ� ^d�dϯ� ĂƉƉĞĂƌĞĚ� ƚŽ� ŚĂǀĞ� Ă� ƉƌŽƚĞĐƟǀĞ� ƌŽůĞ͕� ƉƌŽůŽŶŐĞĚ� ĂŶĚ�
ĞǆĂŐŐĞƌĂƚĞĚ�^d�dϯ�ĂĐƟǀŝƚǇ�ĐĂŶ�ŚŽǁĞǀĞƌ�ƚƌĂŶƐůĂƚĞ�ŝŶƚŽ�ŵĂůŝŐŶĂŶƚ�ƚƌĂŶƐĨŽƌŵĂƟŽŶ�Ăƚ�ůĂƚĞƌ�
ƟŵĞ�ƉŽŝŶƚƐ37,66.

/Ŷ�ĂŐƌĞĞŵĞŶƚ�ǁŝƚŚ�ƚŚĞ�ŵĂŝŶƚĂŝŶĞĚ�Ɖ^d�dϯ�ĞǆƉƌĞƐƐŝŽŶ͕�DdyͲŝŶĚƵĐĞĚ�ƉĂƚŚŽůŽŐǇ�ĂŶĚ�
ŐŽďůĞƚ�ĐĞůů�ŶƵŵďĞƌƐ�ǁĞƌĞ�ĐŽŵƉĂƌĂďůĞ�ďĞƚǁĞĞŶ�/>ͲϮϮ�ĚĞĮĐŝĞŶƚ�ŵŝĐĞ�ĂŶĚ�td�ĂŶŝŵĂůƐ͘�

�Ɛ�ĞǆƉĞĐƚĞĚ͕�ĂŶƟŵŝĐƌŽďŝĂů�ƌĞƐƉŽŶƐĞƐ�ǁĞƌĞ�ŝŵƉĂŝƌĞĚ�ŝŶ�/>ͲϮϮ�ĚĞĮĐŝĞŶƚ�ŵŝĐĞ͕�ĐŽŶĮƌŵŝŶŐ�
ƉƌĞǀŝŽƵƐ�ƉƵďůŝĐĂƟŽŶƐϭϲ͕ϱϵ͕ϲϳ.  

�ůƚŚŽƵŐŚ� ƌĞĐĞŶƚ� ĮŶĚŝŶŐƐ� ŚĂǀĞ� ƐŚŽǁŶ� ƚŚĞ� ŝŵƉŽƌƚĂŶĐĞ� ŽĨ� ƚŚĞ� />ͲϮϮͲ^d�dϯ� ĂǆŝƐ� ŝŶ�
mucosal wound healing62͕�ŽƵƌ�ĚĂƚĂ�ŝŶĚŝĐĂƚĞ�ƚŚĂƚ�ĂĚĚŝƟŽŶĂů�ƐŝŐŶĂůƐ�ĐĂŶ�ƌĞŐƵůĂƚĞ�ĞƉŝƚŚĞůŝĂů�
ĂĐƟǀĂƟŽŶ� ŽĨ� ^d�dϯ͘� /ŶĚĞĞĚ͕� ƉƵďůŝƐŚĞĚ� ƌĞƉŽƌƚƐ� ŚĂǀĞ� ĚĞŵŽŶƐƚƌĂƚĞĚ� ƚŚĞ� ƌŽůĞ� ŽĨ� />Ͳϲ�
ŝŶ� ^d�dϯ� ĂĐƟǀĂƟŽŶ37͘� � �Ɛ� />Ͳϲ� ŝƐ� ŝŶǀŽůǀĞĚ� ŝŶ� ŝŶŇĂŵŵĂƚŽƌǇ� ƌĞƐƉŽŶƐĞƐ68,69, it would be 
ŝŶƚĞƌĞƐƟŶŐ�ƚŽ�ƐƚƵĚǇ�ƚŚĞ�ĐŽŶƚƌŝďƵƟŽŶ�ŽĨ�ƚŚŝƐ�ĐǇƚŽŬŝŶĞ�ƚŽ�^d�dϯ�ĂĐƟǀĂƟŽŶ�ŝŶ�/>ͲϮϮͲͬͲ mice. 
�ůƚĞƌŶĂƟǀĞůǇ͕ � ƚŚĞ� ŝŵƉĂŝƌĞĚ� ĞǆƉƌĞƐƐŝŽŶ� ŽĨ� ŶĞŐĂƟǀĞ� ƌĞŐƵůĂƚŽƌƐ� ŽĨ� ^d�dϯ� ůŝŬĞ� ^K�^ϯ69 or 
d'&ɴ� 66 may contribute to the phenotype observed in IL-22ͲͬͲ mice. Indeed, transcript 
analysis of ^ŽĐƐϯ�ĂůƚŚŽƵŐŚ�ĚŝĚ�ŶŽƚ�ƌĞĂĐŚ�ƐƚĂƟƐƟĐĂůůǇ�ĚŝīĞƌĞŶĐĞƐ͕�ƐĞĞŵĞĚ�ůŽǁĞƌ�ŝŶ�/>ͲϮϮ-

ͬͲ�ŵŝĐĞ�ƚŚĂŶ�ŝŶ�td�ĂŶŝŵĂůƐ�Ăƚ�ĚĂǇ�ϭ�ĂŶĚ�ϰ�ĂŌĞƌ�Ddy͕�ƐƵŐŐĞƐƟŶŐ�ƚŚĞ�ŝŵƉĂŝƌĞĚ�ĨƵŶĐƟŽŶ�ŽĨ�
^d�dϯ�ŶĞŐĂƟǀĞ�ƌĞŐƵůĂƚŽƌƐ͘�^ŝŶĐĞ�Ɖ^d�dϯ� ŝƐ�ƉƌĞƐĞŶƚ�ďĞĨŽƌĞ�ĂŶĚ�ĂŌĞƌ�Ddy�ƚƌĞĂƚŵĞŶƚ� ŝŶ�
IL-22ͲͬͲ�ŵŝĐĞ�ĂƐ�ĐŽŵƉĂƌĞĚ�ƚŽ�td�ĂŶŝŵĂůƐ͕�ĂŶĂůǇƐŝƐ�ŽĨ�ƚŚŝƐ�ĂŶĚ�ŽƚŚĞƌ�ŶĞŐĂƟǀĞ�ƌĞŐƵůĂƚŽƌƐ�
ƵŶĚĞƌ�ŚŽŵĞŽƐƚĂƟĐ�ĐŽŶĚŝƟŽŶƐ�ŝƐ�ŶĞĐĞƐƐĂƌǇ�ƚŽ�ĐůĂƌŝĨǇ�^d�dϯ�ƌĞŐƵůĂƟŽŶ�ŝŶ�/>ͲϮϮͲͬͲ mice. 

EĞǀĞƌƚŚĞůĞƐƐ͕�ƚŚĞƐĞ�ĚĂƚĂ�ŚŝŐŚůŝŐŚƚ�ƚŚĞ�ŝŵƉŽƌƚĂŶĐĞ�ŽĨ�Ă�ǁĞůůͲďĂůĂŶĐĞĚ�/>ͲϮϮͲ^d�dϯ�ĂǆŝƐ�
ŝŶ�ŝŶƚĞƐƟŶĂů�ĞƉŝƚŚĞůŝĂů�ƌĞƐƉŽŶƐĞƐ͘

/>ͲϮϮ�ĐŽŶƚƌŽůƐ�ŝŶƚĞƐƟŶĂů�ƐƚĞŵ�ĐĞůů�ŵĂŝŶƚĞŶĂŶĐĞ�ĂŌĞƌ�DdyͲŝŶĚƵĐĞĚ�
damage
hƐŝŶŐ�ZŽƌɶƚͲͬͲͬ>ŐƌϱͲ'&W�ĐŚŝŵĞƌĂƐ�ǁĞ�ƐŚŽǁĞĚ�Ă� ůŽƐƐ�ŽĨ�ƐƚĞŵ�ĐĞůůƐ�ĂŌĞƌ�Ddy�ƚƌĞĂƚŵĞŶƚ͘�
dŚĞ�ƌŽůĞ�ŽĨ�/>ͲϮϮ�ŝŶ�ƉƌŽƚĞĐƟŶŐ�ŝŶƚĞƐƟŶĂů�ƐƚĞŵ�ĐĞůůƐ�ĨƌŽŵ�ŝŵŵƵŶĞͲŵĞĚŝĂƚĞ�ŬŝůůŝŶŐ�ŚĂƐ�ďĞĞŶ�
ĚĞŵŽŶƐƚƌĂƚĞĚ�ŝŶ�ĂŶ�ĞǆƉĞƌŝŵĞŶƚĂů�'ǀ,��ŵŽĚĞů48. To determine whether the loss of stem 
ĐĞůůƐ�ŽďƐĞƌǀĞĚ�ĂŌĞƌ�Ddy�ŝŶ�ƚŚĞ�ĂďƐĞŶĐĞ�ŽĨ�/>�ϯ�ƌĞƐƵůƚĞĚ�ĨƌŽŵ�ƌĞĚƵĐĞĚ�ůĞǀĞůƐ�ŽĨ�/>ͲϮϮ͕�ǁĞ�
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ŶĞƵƚƌĂůŝǌĞĚ� />ͲϮϮ� ŝŶ� >ŐƌϱͲ'&W�ŵŝĐĞ�ĚƵƌŝŶŐ�Ddy� ƚƌĞĂƚŵĞŶƚ͘� /ŶĚĞĞĚ͕�ĂŶĂůǇƐŝƐ�ŽĨ�ƉƵƌŝĮĞĚ�
ŝŶƚĞƐƟŶĂů� ĐƌǇƉƚƐ� ĂŌĞƌ�Ddy� ƚƌĞĂƚŵĞŶƚ� ƌĞǀĞĂůĞĚ� ƌĞĚƵĐĞĚ�ŶƵŵďĞƌƐ�ŽĨ� >ŐƌϱͲ'&Wн cells in 
/>ͲϮϮ�ďůŽĐŬĞĚ�ĂŶŝŵĂůƐ�ĐŽŵƉĂƌĞĚ�ƚŽ�ŝƐŽƚǇƉĞͲƚƌĞĂƚĞĚ�ŵŝĐĞ͘�DŽƌĞŽǀĞƌ͕ �ĂŶĂůǇƐŝƐ�ŽĨ�ŝŶƚĞƐƟŶĂů�
ĐƌǇƉƚƐ�ƐŚŽǁĞĚ�ƌĞĚƵĐĞĚ�ƚƌĂŶƐĐƌŝƉƟŽŶ�ŽĨ�>Őƌϱ�ŝŶ�ɲͲ/>ϮϮ�ƚƌĞĂƚĞĚ�ŵŝĐĞ�ĐŽŵƉĂƌĞĚ�ƚŽ�ŝƐŽƚǇƉĞ�
ĐŽŶƚƌŽů͕� ĐŽŶĮƌŵŝŶŐ� ƚŚĞ� ƉƌŽƚĞĐƟǀĞ� ƌŽůĞ� ŽĨ� />ͲϮϮ� ŝŶ� ƐƚĞŵ� ĐĞůů� ŵĂŝŶƚĞŶĂŶĐĞ� ĂŌĞƌ� ƟƐƐƵĞ�
ĚĂŵĂŐĞ͘�EĞǀĞƌƚŚĞůĞƐƐ͕�ǁŚĞƚŚĞƌ� ƚŚĞ�ƉƌŽƚĞĐƟǀĞ� ĞīĞĐƚƐ� ŽĨ� />ͲϮϮ� ĂĐƚĞĚ�ĚŝƌĞĐƚůǇ� ŽŶ� ƐƚĞŵ�
ĐĞůůƐ�Žƌ�ŝŶĚŝƌĞĐƚůǇ�ŽŶ�ŽƚŚĞƌ�ĐĞůů�ƚǇƉĞƐ�ƌĞŵĂŝŶƐ�ƚŽ�ďĞ�ŝŶǀĞƐƟŐĂƚĞĚ͘�^ŝŶĐĞ�WĂŶĞƚŚ�ĐĞůůƐ�ĂƌĞ�
ĐŽŶƐŝĚĞƌĞĚ�ƚŽ�ďĞ�ƚŚĞ�ŶŝĐŚĞ�ŽĨ�ƐƚĞŵ�ĐĞůůƐ�ƉƌŽǀŝĚŝŶŐ�ŝŵƉŽƌƚĂŶƚ�ĨĂĐƚŽƌƐ�ĨŽƌ�ƚŚĞŝƌ�ƉƌŽůŝĨĞƌĂƟŽŶ�
and survival70͕�ƚŚĞǇ�ƌĞƉƌĞƐĞŶƚ�Ă�ƉŽƚĞŶƟĂů�ĐĂŶĚŝĚĂƚĞ�ƚŽ�ƐƚƵĚǇ�ƚŚĞ�/>ͲϮϮ�ŝŶĚŝƌĞĐƚ�ĞīĞĐƚƐ͘�

DĂŝŶƚĞŶĂŶĐĞ� ŽĨ� ŝŶƚĞƐƟŶĂů� ƐƚĞŵ� ĐĞůůƐ� ŝƐ� ŽĨ� ŐƌĞĂƚ� ŝŵƉŽƌƚĂŶĐĞ� ƚŽ� ŐƵĂƌĂŶƚĞĞ� ƟƐƐƵĞ�
ƌĞŐĞŶĞƌĂƟŽŶ� ĂŶĚ� ŚĞŶĐĞ� ƉƌĞƐĞƌǀĂƟŽŶ� ŽĨ� ĞƉŝƚŚĞůŝĂů� ďĂƌƌŝĞƌ� ƉƌŽƉĞƌƟĞƐ͘� �ŽůůĞĐƟǀĞůǇ�
ƚŚĞƐĞ� ƌĞƐƵůƚƐ�ƵŶǀĞŝů� ƚŚĞ�ƉƌŽƚĞĐƟǀĞ� ƌŽůĞ�ŽĨ� />�ϯͲĚĞƌŝǀĞĚ� />ͲϮϮ� ŝŶ�ƟƐƐƵĞ�ƉƌŽƚĞĐƟŽŶ� ĨƌŽŵ�
ĐŚĞŵŽƚŚĞƌĂƉĞƵƟĐͲŵĞĚŝĂƚĞĚ� ŝŶƚĞƐƟŶĂů� ĚĂŵĂŐĞ� ďǇ� ŵĞĂŶƐ� ŽĨ� ƐƚĞŵ� ĐĞůů� ŵĂŝŶƚĞŶĂŶĐĞ͘�
/ŵƉŽƌƚĂŶƚůǇ͕ �ƚŚĞƐĞ�ĮŶĚŝŶŐƐ�ŽƉĞŶ�Ă�ǁŝŶĚŽǁ�ŽĨ�ŽƉƉŽƌƚƵŶŝƚǇ�ĨŽƌ�ƚŚĞ�ĚĞƐŝŐŶ�ŽĨ�ŶĞǁ�ƐƚƌĂƚĞŐŝĞƐ�
ŝŶ�ĂŶƟͲĐĂŶĐĞƌ�ƚŚĞƌĂƉŝĞƐ͕�ĂŝŵĞĚ�ƚŽ�ŵŝŶŝŵŝǌŝŶŐ�ŵƵĐŽƐĂů�ŝŶũƵƌǇ�ĂŶĚ�ƉƌŽŵŽƟŶŐ�ƟƐƐƵĞ�ƌĞƉĂŝƌ͘

�ĐƟǀĂƟŽŶ�ŽĨ�/>�ϯ
�Ɛ�ĚĞƐĐƌŝďĞĚ�ƚŚƌŽƵŐŚŽƵƚ�ƚŚŝƐ�ƚŚĞƐŝƐ͕� />�ϯ�ŚĂǀĞ�Ă�ƉŝǀŽƚĂů�ƌŽůĞ� ŝŶ�ŵƵĐŽƐĂů�ƟƐƐƵĞƐ�ĚƵĞ�ƚŽ�
ƚŚĞŝƌ� ĐĂƉĂĐŝƚǇ� ƚŽ� ƉƌŽĚƵĐĞ� ĞīĞĐƚŽƌ� ĐǇƚŽŬŝŶĞƐ� ďŽƚŚ� ƵŶĚĞƌ� ŚŽŵĞŽƐƚĂƟĐ� ĐŽŶĚŝƟŽŶƐ� ĂŶĚ�
ƵƉŽŶ�ƟƐƐƵĞ�ĚĂŵĂŐĞ͘��ŌĞƌ�Ddy�ƚƌĞĂƚŵĞŶƚ͕�ŝŶƚĞƐƟŶĂů�/>�ϯ�ƌĞƐƉŽŶĚ�ƚŽ�ŝŶƚĞƐƟŶĂů�ĚĂŵĂŐĞ�
ďǇ�ƉƌŽĚƵĐŝŶŐ�ƐĞǀĞƌĂů�ĞīĞĐƚŽƌ�ĐǇƚŽŬŝŶĞƐ͕�ŽĨ�ǁŚŝĐŚ�/>ͲϮϮ�ƉůĂǇƐ�ĂŶ�ŽƵƚƐƚĂŶĚŝŶŐ�ƌŽůĞ�ŝŶ�ƟƐƐƵĞ�
ƉƌŽƚĞĐƟŽŶ�Ăƚ�ƚŚĞ�ƉƌŽŐĞŶŝƚŽƌ� ůĞǀĞů͘�hŶĚĞƌƐƚĂŶĚŝŶŐ�ƚŚĞ�ƐŝŐŶĂůƐ�ƚŚĂƚ�ĚƌŝǀĞ�/>�ϯ�ĂĐƟǀĂƟŽŶ�
ĂƌĞ�ƚŚĞƌĞĨŽƌĞ�ŽĨ�ŐƌĞĂƚ�ŝŶƚĞƌĞƐƚ�ƚŽ�ĨƵƌƚŚĞƌ�ĐŽŵƉƌĞŚĞŶĚ�/>�ϯ�ƉƌŽƚĞĐƟǀĞ�ĨƵŶĐƟŽŶƐ͘�

�ĐƟǀĂƟŽŶ�ŽĨ�ŚƵŵĂŶ�/>�ϯ�ƌĞƋƵŝƌĞƐ�ƚǁŽ�ƐŝŐŶĂůƐ
/Ŷ� ƚŚĞ� ůĂƐƚ� ĨĞǁ�ǇĞĂƌƐ�ĞǆƚĞŶƐŝǀĞ�ƌĞƐĞĂƌĐŚ�ŚĂƐ�ƐŚŽǁŶ�ƚŚĂƚ�ƉƌŽĚƵĐƟŽŶ�ŽĨ� />ͲϮϮ�ďǇ� />�ϯ� ŝƐ�
strongly induced by DC-derived IL-23ϭϲ͕ϭϳ͘�,ŽǁĞǀĞƌ͕ �ůŝŐĂƟŽŶ�ŽĨ�/>ͲϮϯZ�ŽŶ�/>�ϯ�ŝƐ�ĂƉƉĂƌĞŶƚůǇ�
ŶŽƚ�ƐƵĸĐŝĞŶƚ�ƚŽ�ĚƌŝǀĞ�/>ͲϮϮ�ƉƌŽĚƵĐƟŽŶ�ĂŶĚ�Ă�ƐĞĐŽŶĚ�ƐŝŐŶĂů� ŝƐ�ƌĞƋƵŝƌĞĚ�ƚŽ�ƉƌŽŵŽƚĞ�ĨƵůů�
ĂĐƟǀĂƟŽŶ�ŽĨ� />�ϯ͘� dŚŝƐ� ƐĞĐŽŶĚ� ƐŝŐŶĂů� ĐĂŶ� ďĞ� ĞŝƚŚĞƌ� ĐǇƚŽŬŝŶĞƐ� ƐƵĐŚ� ĂƐ� />Ͳϭɴϳϭ͕ϳϮ or TLR 
ligands such as the TLR2 ligand Pam3Cys (P3C)ϭϳ. 

Using human tonsil-derived ILC3, we showed in chapter 4�ƚŚĂƚ�ƐƟŵƵůĂƟŽŶ�ǁŝƚŚ�/>ͲϮϯ�
ůĞĂĚƐ�ƚŽ�ƐƵďŽƉƟŵĂů�ĂĐƟǀĂƟŽŶ�ŽĨ�/>�ϯ�ĂŶĚ�ƚŚĂƚ�ŝŶĚĞĞĚ�ĂĚĚŝƟŽŶ�ŽĨ�ĞŝƚŚĞƌ�/>Ͳϭɴ�Žƌ�ƚŚĞ�d>ZϮ�
ůŝŐĂŶĚ�Wϯ��ŝŶĚƵĐĞĚ�ŚŝŐŚĞƌ�ůĞǀĞůƐ�ŽĨ�/>ͲϮϮ͕�ĐŽŶĮƌŵŝŶŐ�ƉƌĞǀŝŽƵƐ�ĮŶĚŝŶŐƐ͘��ĐƟǀĂƟŽŶ�ŽĨ�/>�ϯ�
ďǇ��W�ͲĚĞƌŝǀĞĚ�ĐǇƚŽŬŝŶĞƐ�ŚĂƐ�ďĞĞŶ�ŵŽƐƚůǇ�ƐƚƵĚŝĞĚ�ŝŶ�ƚŚĞ�ĐŽŶƚĞǆƚ�ŽĨ�ďĂĐƚĞƌŝĂů�ŝŶĨĞĐƟŽŶ͕�
during which DCs release cytokines in response to pathogenic insult. However, during 
ƟƐƐƵĞ�ĚĂŵĂŐĞ�ĚŝīĞƌĞŶƚ�ŵĞĐŚĂŶŝƐŵ�ŵĂǇ�ŝŶŇƵĞŶĐĞ�/>�ϯ�ĂĐƟǀĂƟŽŶ͘�/Ŷ�ĨĂǀŽƌ�ŽĨ�ƚŚŝƐ�ŝĚĞĂ͕�ŝƚ�
ǁĂƐ�ƌĞĐĞŶƚůǇ�ƐŚŽǁŶ�ƚŚĂƚ�ĞƉŝƚŚĞůŝĂůͲĚĞƌŝǀĞĚ�/>ͲϮϯ�ĐĂŶ�ƚƌŝŐŐĞƌ�/>ͲϮϮ�ƉƌŽĚƵĐƟŽŶ�ďǇ�/>�ϯ�ŝŶ�Ă�
�^^ͲŝŶĚƵĐĞĚ�ĐŽůŝƟƐ�ŵŽĚĞů73͘�̂ ŝŵŝůĂƌůǇ͕ �/>Ͳϭɴ�ĐĂŶ�ďĞ�ƐĞĐƌĞƚĞĚ�ďǇ�ŝŶƚĞƐƟŶĂů�ĞƉŝƚŚĞůŝĂů�ĐĞůůƐ�ŝŶ�
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ƌĞƐƉŽŶƐĞ�ƚŽ��E��ĚĂŵĂŐĞ74͘�dŚĞƌĞĨŽƌĞ͕�ĨƵƌƚŚĞƌ�ĞǆƉĞƌŝŵĞŶƚƐ�ĂƌĞ�ŶĞĐĞƐƐĂƌǇ�ƚŽ�ƵŶĚĞƌƐƚĂŶĚ�
ǁŚĞƚŚĞƌ�ĞƉŝƚŚĞůŝĂůͲĚĞƌŝǀĞĚ�ĐǇƚŽŬŝŶĞƐ�ƉƌŽŵŽƚĞ�/>�ϯ�ĨƵŶĐƟŽŶ�ĂŌĞƌ�ƟƐƐƵĞ�ĚĂŵĂŐĞ͘��

^ƟŵƵůĂƟŽŶ�ďǇ�ƐŽůƵďůĞ�ĐǇƚŽŬŝŶĞƐ�ŝƐ�ŶĞǀĞƌƚŚĞůĞƐƐ�Ă�ƌŝƐŬǇ�ŵĞĐŚĂŶŝƐŵ�ƐŝŶĐĞ�ŝƚ�ŵĂǇ�ůĞĂĚ�
ƚŽ�ƵŶĐŽŶƚƌŽůůĞĚ�ĂĐƟǀĂƟŽŶ�ŽĨ�/>�ϯ�ĂŶĚ�ĐŽƵůĚ�ƉƌŽŵŽƚĞ�ŝŶŇĂŵŵĂƟŽŶ�ďǇ�ĂĐƟǀĂƟŶŐ�ĞīĞĐƚŽƌ�
dŚϭϳ�ĐĞůůƐ͘�,ĞŶĐĞ͕�ĂĚĚŝƟŽŶĂů�ŵĞĐŚĂŶŝƐŵƐ�ŵƵƐƚ�ĞǆŝƐƚ�ƚŽ�ĞŶƐƵƌĞ�ůŽĐĂů�ĂĐƟǀĂƟŽŶ�ŽĨ�/>�ϯ�Ăƚ�
ƐŝƚĞƐ�ŽĨ�ƟƐƐƵĞ�ĚĂŵĂŐĞ�ŽŶůǇ͘

E�Z�ĂƌĞ�ĐŽͲĂĐƟǀĂƟŶŐ�ƌĞĐĞƉƚŽƌƐ�ŽŶ�ŚƵŵĂŶ�/>�ϯ
�ŌĞƌ�Ddy� ƚƌĞĂƚŵĞŶƚ͕� ďŽƚŚ� ��Zϲн� ĂŶĚ�E<Ɖϰϲн� />�ϯ�ǁĞƌĞ� ĂĐƟǀĂƚĞĚ͕� ǇĞƚ� ƚŚĞŝƌ� ĐǇƚŽŬŝŶĞ�
ƉƌŽĮůĞƐ�ǁĞƌĞ�ĚŝīĞƌĞŶƚ͘͘��ƚ�ƚŚĞ�ƉĞĂŬ�ŽĨ�ĚĂŵĂŐĞ͕�E<Ɖϰϲн ILC3 but not CCR6н�/>�ϯ͕�ƐŝŐŶŝĮĐĂŶƚůǇ�
ƵƉͲƌĞŐƵůĂƚĞĚ� ƚƌĂŶƐĐƌŝƉƟŽŶ� ŽĨ� /ůϮϮ and �ƐĨϮ� ;ĐŚĂƉƚĞƌ� ϮͿ͘� dŚĞƐĞ� ĮŶĚŝŶŐƐ� ĐŽƌƌŽďŽƌĂƚĞ�
ƉƌĞǀŝŽƵƐ�ƉƵďůŝĐĂƟŽŶƐ�ƚŚĂƚ�ĚĞŵŽŶƐƚƌĂƚĞĚ�ƚŚĂƚ�E<Ɖϰϲн ILC3 are the major source of IL-22 
ŝŶ�ƚŚĞ�ŵƵĐŽƐĂů�ƟƐƐƵĞƐϭϵ͕ϮϮ͕ϳϱ͘� /ŵƉŽƌƚĂŶƚůǇ�ƚŚĞƐĞ�ƌĞƐƵůƚƐ�ƵŶĐŽǀĞƌĞĚ�ĨŽƌ�ƚŚĞ�ĮƌƐƚ�ƟŵĞ�ƚŚĞ�
ĚŝīĞƌĞŶƟĂů� ĐǇƚŽŬŝŶĞ� ƉƌŽĮůĞ� ŽĨ� ůĂŵŝŶĂ� ƉƌŽƉƌŝĂ� E<ƉϰϲнILC3 versus cryptopatch-residing 
CCR6н/>�ϯ�ĂŌĞƌ�ŝŶƚĞƐƟŶĂů�ĞƉŝƚŚĞůŝĂů�ĚĂŵĂŐĞ͕�ƐƵŐŐĞƐƟŶŐ�Ă�ĨƵŶĐƟŽŶĂů�ĚŝĐŚŽƚŽŵǇ͘�

/ŶƚĞƌĞƐƟŶŐůǇ͕ �ĂŌĞƌ�Ddy� ƚƌĞĂƚŵĞŶƚ� ůĂŵŝŶĂ�ƉƌŽƉƌŝĂ� />�ϯ� ŝŶĐƌĞĂƐĞĚ� ƚŚĞ�ĞǆƉƌĞƐƐŝŽŶ�ŽĨ�
E<Ɖϰϲ͕�ďŽƚŚ�Ăƚ�ƉƌŽƚĞŝŶ�ĂŶĚ�ŵZE��ůĞǀĞůƐ�;ĐŚĂƉƚĞƌ�ϮͿ͕�ƐƵŐŐĞƐƟŶŐ�ƚŚĂƚ�ƚŚŝƐ�ƌĞĐĞƉƚŽƌ�ŵĂǇ�ďĞ�
ŝŶǀŽůǀĞĚ�ŝŶ�/>�ϯ�ĂĐƟǀĂƟŽŶ�ĂŌĞƌ�ĞƉŝƚŚĞůŝĂů�ĚĂŵĂŐĞ͘�&ƌŽŵ�ƐƚƵĚŝĞƐ�ŽŶ�E<�ĐĞůůƐ�ǁĞ�ŬŶŽǁ�ƚŚĂƚ�
E�ZƐ�ƌĞĐŽŐŶŝǌĞ�ƐƚƌĞƐƐͲŝŶĚƵĐĞĚ�ůŝŐĂŶĚƐ�ǁŚŝĐŚ�ƚƌŝŐŐĞƌ�E<�ĐĞůů�ĂĐƟǀŝƚǇ76. Therefore it seems 
ůŽŐŝĐĂů�ƚŽ�ƚŚŝŶŬ�ƚŚĂƚ�ĚƵƌŝŶŐ�ŝŶƚĞƐƟŶĂů�ĚĂŵĂŐĞ͕�E<Ɖϰϲн ILC3 may sense similar ligands and 
ďĞĐŽŵĞ�ĂĐƟǀĂƚĞĚ͘�hƐŝŶŐ�ŚƵŵĂŶ�ƚŽŶƐŝůͲĚĞƌŝǀĞĚ�/>�ϯ�ǁĞ�ƐŚŽǁĞĚ�ƚŚĂƚ�ůŝŐĂƟŽŶ�ŽĨ�E<ƉϯϬ͕�
E<Ɖϰϰ�Žƌ�E<Ɖϰϲ�ŝŶ�ĐŽŵďŝŶĂƟŽŶ�ǁŝƚŚ�ƚŚĞ�d>ZϮ�ůŝŐĂŶĚ�Wϯ��ƚƌŝŐŐĞƌĞĚ�ĐǇƚŽŬŝŶĞ�ƉƌŽĚƵĐƟŽŶ�
ďǇ�/>�ϯ͕�ŝŶĐůƵĚŝŶŐ�/>ͲϮϮ͕�'DͲ�^&�ĂŶĚ�dE&ɲ͘��dŚĞƐĞ�ĮŶĚŝŶŐƐ�ƐƵƉƉŽƌƚ�ƚŚĞ�ƌĞƐƵůƚƐ�ŽĨ�'ůĂƚǌĞƌ�
ĂŶĚ�ĐŽůůĞĂŐƵĞƐ�ƚŚĂƚ�ƐŚŽǁĞĚ�ƚŚĂƚ�ĞŶŐĂŐĞŵĞŶƚ�ŽĨ�E<Ɖϰϰ�ŽŶ�ŚƵŵĂŶ�/>�ϯ� ůĞĂĚƐ�ƚŽ�dE&ɲ�
ƉƌŽĚƵĐƟŽŶ77͘�DŽƌĞŽǀĞƌ͕ � ĐŽͲĐƵůƚƵƌĞ�ŽĨ�ĞƉŝƚŚĞůŝĂů� ĐĞůůƐ�ĞǆƉƌĞƐƐŝŶŐ� ƚŚĞ�ŵĞŵďƌĂŶĞ�ďŽƵŶĚ�
E<ƉϯϬ�ůŝŐĂŶĚ��ϳ,ϲ�ĂŶĚ�Wϯ�ͲƐƟŵƵůĂƚĞĚ�E�Zн�/>�ϯ�ĨƵƌƚŚĞƌ�ǀĂůŝĚĂƚĞĚ�ƚŚĞ�ĐŽͲĂĐƟǀĂƟŶŐ�ƌŽůĞ�
ŽĨ�E�Z�ŽŶ�/>�ϯ�ŝŶ�Ă�ŵŽƌĞ�ƉŚǇƐŝŽůŽŐŝĐĂů�ƐĐĞŶĂƌŝŽ͘�

/ƚ�ŝƐ�ƚŚƵƐ�ƚĞŵƉƟŶŐ�ƚŽ�ƐƉĞĐƵůĂƚĞ�ƚŚĂƚ�ƐŝŵŝůĂƌ�ŵĞĐŚĂŶŝƐŵƐ�ŵĂǇ�ŽĐĐƵƌ�ĚƵƌŝŶŐ�ĞƉŝƚŚĞůŝĂů�
damage responses ŝŶ� ǀŝǀŽ͘� ^ƵƉƉŽƌƟŶŐ� ƚŚŝƐ� ĐŽŶĐĞƉƚ͕� ǁĞ� ƐŚŽǁĞĚ� ƚŚĂƚ� ƐƟŵƵůĂƟŽŶ� ŽĨ�
ĞƉŝƚŚĞůŝĂů� ĐĞůůƐ� ǁŝƚŚ� Ddy� ŝŶĚƵĐĞƐ� �ϳ,ϲ� ĞǆƉƌĞƐƐŝŽŶ͘� dŚĞƌĞĨŽƌĞ͕� ĚƵƌŝŶŐ� DdyͲŝŶĚƵĐĞĚ�
ĚĂŵĂŐĞ� />�ϯ�ŵĂǇ�ƐĞŶƐĞ�ƐƚƌĞƐƐͲŝŶĚƵĐĞĚ�ĞƉŝƚŚĞůŝĂů�E�Z� ůŝŐĂŶĚƐ͕�ǁŚŝĐŚ� ŝŶ� ƚƵƌŶ�ǁŝůů�ĚƌŝǀĞ�
ƚŚĞŝƌ�ĂĐƟǀĂƟŽŶ�ůĞĂĚŝŶŐ�ƚŽ�ĐǇƚŽŬŝŶĞ�ƉƌŽĚƵĐƟŽŶ�ĂŶĚ�ƚŚĞ�ƐƵďƐĞƋƵĞŶƚůǇ�ŝŶŝƟĂƟŽŶ�ŽĨ�ƟƐƐƵĞ�
ƉƌŽƚĞĐƟǀĞ�ƉƌŽŐƌĂŵƐ͘�

NKp46 ĐŽŶƚƌŝďƵƚĞƐ�ƚŽ�ĞƉŝƚŚĞůŝĂů�ƉƌŽƚĞĐƟŽŶ�ĂŌĞƌ�DdyͲŝŶĚƵĐĞĚ�ĚĂŵĂŐĞ
�ůƚŚŽƵŐŚ�ƌĞĐĞŶƚ�ƐƚƵĚŝĞƐ�ŚĂǀĞ�ĚĞŵŽŶƐƚƌĂƚĞĚ�ƚŚĂƚ�E<Ɖϰϲ�ŝƐ�ŶŽƚ�ŝŶǀŽůǀĞĚ�ŝŶ�ƟƐƐƵĞ�ƉƌŽƚĞĐƟŽŶ�
ĨƌŽŵ� ĞŶƚĞƌŽƉĂƚŚŽŐĞŶŝĐ� ďĂĐƚĞƌŝĂů� ŝŶĨĞĐƟŽŶϲϭ, our data strongly suggest that during 
epithelial damage this receptor may be important to regulate ILC3-mediated epithelial 
ĂĐƟǀĂƟŽŶ͘�,ĞŶĐĞ�ŝŶ�chapter 5�ǁĞ�ƚĞƐƚĞĚ�ƚŚŝƐ�ŚǇƉŽƚŚĞƐŝƐ�ŝŶ�ĂŶ�ŝŶƚĞƐƟŶĂů�ĚĂŵĂŐĞ�ŵŽĚĞů�ŝŶ�
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ƚŚĞ�ĂďƐĞŶĐĞ�ŽĨ�E<Ɖϰϲ͘��ŶĂůǇƐŝƐ�ŽĨ�DdyͲƚƌĞĂƚĞĚ�EĐƌϭͲͬͲ mice revealed impaired epithelial 
ĂĐƟǀĂƟŽŶ�ĂƐ�ĐŽŵƉĂƌĞĚ�ƚŽ�td�ĂŶŝŵĂůƐ�ƚŚĂƚ�ƚƌĂŶƐůĂƚĞĚ�ŝŶƚŽ�ƌĞĚƵĐĞĚ�^d�dϯ�ĂĐƟǀĂƟŽŶ�ĂŶĚ�
ŝŶĐƌĞĂƐĞĚ� ŝŶƚĞƐƟŶĂů� ƉĂƚŚŽůŽŐǇ͘� DŽƌĞŽǀĞƌ͕ � ďůŽĐŬŝŶŐ� ŽĨ� E<Ɖϰϲ� ŝŶ� ƐƵďůĞƚŚĂůůǇ� ŝƌƌĂĚŝĂƚĞĚ�
ŵŝĐĞ�ůĞĚ�ƚŽ�ĨĂƚĂů�ǁĂƐƟŶŐ�ĚŝƐĞĂƐĞ͘��

^ƵƌƉƌŝƐŝŶŐůǇ͕ � E<ƉϰϲͲŵĞĚŝĂƚĞĚ� ĞīĞĐƚƐ� ĂƉƉĞĂƌĞĚ� ƚŽ� ďĞ� ŝŶĚĞƉĞŶĚĞŶƚ� ŽĨ� />ͲϮϮ͘� dŚĞƐĞ�
ĮŶĚŝŶŐƐ�ĂƌĞ�ŝŶ�ĂŐƌĞĞŵĞŶƚ�ǁŝƚŚ�ƚŚĞ�ƌĞƐƵůƚƐ�ŽďƐĞƌǀĞĚ�ŝŶ�DdyͲƚƌĞĂƚĞĚ�/>ͲϮϮͲͬͲ mice, which 
ƐŚŽǁĞĚ�ĞƉŝƚŚĞůŝĂů�^d�dϯ�ĂĐƟǀĂƟŽŶ�ĚĞƐƉŝƚĞ�ƚŚĞ�ůĂĐŬ�ŽĨ�/>ͲϮϮ�;ĐŚĂƉƚĞƌ�ϯͿ͘��ůƚŚŽƵŐŚ�ďŽƚŚ�
IL-22 and STAT3 are shown to be involved in epithelial responses and mucosal wound 
healing62͕�ŽƵƌ�ĚĂƚĂ�ƐƵŐŐĞƐƚ�ƚŚĂƚ�ĚƵƌŝŶŐ�ĞƉŝƚŚĞůŝĂů�ĚĂŵĂŐĞ�ƐƵĐŚ�ĂƐ�ĂŌĞƌ�Ddy�ƚƌĞĂƚŵĞŶƚ�
ďŽƚŚ�ƚŚĞƐĞ�ĨĂĐƚŽƌƐ�ŵĂǇ�ďĞ�ƌĞƋƵŝƌĞĚ�ďƵƚ�ƚŚĞǇ�ĨƵŶĐƟŽŶ�ŝŶĚĞƉĞŶĚĞŶƚůǇ�ŽĨ�ĞĂĐŚ�ŽƚŚĞƌ͘ ��

EĞǀĞƌƚŚĞůĞƐƐ͕�ƚŚĞ�ĨĂĐƚ�ƚŚĂƚ�̂ d�dϯ�ůĞǀĞůƐ�ǁĞƌĞ�ƌĞĚƵĐĞĚ�ŝŶ�ƚŚĞ�ƉƌĞƐĞŶĐĞ�ŽĨ�/>ͲϮϮ�ŝŶĚŝĐĂƚĞƐ�
ƚŚĂƚ�ĂĐƟǀĂƟŽŶ�ŽĨ�ƚŚŝƐ�ƉĂƚŚǁĂǇ�ĚƵƌŝŶŐ�ĞƉŝƚŚĞůŝĂů�ĚĂŵĂŐĞ�ĚĞƉĞŶĚƐ�ŽŶ�ĂĚĚŝƟŽŶĂů�ƐŝŐŶĂůƐ͘�
KĨ�ŶŽƚĞ͕�E<ƉϰϲͲŵĞĚŝĂƚĞĚ�ĂĐƟǀĂƟŽŶ�ŽĨ�E<�ĐĞůůƐ�ĚƌŝǀĞ�/&Eɶ�ƐĞĐƌĞƟŽŶ78,79�ĂŶĚ�ŝŶƚĞƌĞƐƟŶŐůǇ�
/&Eɶ� ŝƐ� ƐĞĐƌĞƚĞĚ� ďǇ� ĂĐƟǀĂƚĞĚ� E<Ɖϰϲн/>�ϯ� ĂŌĞƌ�Ddy� ƚƌĞĂƚŵĞŶƚ� ;ĐŚĂƉƚĞƌ� ϮͿ͘� �ůƚŚŽƵŐŚ�
/&Eɶ�ŚĂƐ�ďĞĞŶ�ŝŵƉůŝĐĂƚĞĚ�ŝŶ�ŵƵĐŽƐĂů�ďĂƌƌŝĞƌ�ƉƌŽƚĞĐƟŽŶ�ďǇ�ŝŶĚƵĐŝŶŐ�ŵƵĐƵƐ�ƐĞĐƌĞƟŽŶ�ďǇ�
goblet cellsϮϭ͕�ƚŚŝƐ�ĐǇƚŽŬŝŶĞ�ĐĂŶ�ŚĂǀĞ�ĂĚǀĞƌƐĞ�ĞīĞĐƚƐ�ĂƐ�ŝƚ�ĂůƚĞƌƐ�ƟŐŚƚ�ũƵŶĐƟŽŶ�ƉĞƌŵĞĂďŝůŝƚǇ�
decreasing epithelium resistanceϴϬ͕ϴϭ�ĂŶĚ�ĐĂŶ�ƉƌŽŵŽƚĞ�ŝŶƚĞƐƟŶĂů�ŝŶŇĂŵŵĂƟŽŶ82,83.

�ŽŶĐůƵĚŝŶŐ�ƌĞŵĂƌŬƐ
dŚĞ�ƌĞƐƵůƚƐ�ŽĨ�ƚŚŝƐ�ƚŚĞƐŝƐ�ďƌŝŶŐ�ŵĞ�ƚŽ�ƉƌŽƉŽƐĞ�Ă�ŵŽĚĞů�ŽĨ�ŝŶƚĞƐƟŶĂů�ĚĂŵĂŐĞ�ƌĞƐƉŽŶƐĞƐ�ŝŶ�
ǁŚŝĐŚ�/>�ϯ�ŵĞĚŝĂƚĞ�ƉƌŽƚĞĐƟǀĞ�ĞƉŝƚŚĞůŝĂů�ĂĐƟǀĂƟŽŶ�ďǇ�ŵĞĐŚĂŶŝƐŵƐ�ĚŝīĞƌĞŶƚ�ĨƌŽŵ�ƚŚŽƐĞ�
ŽĐĐƵƌƌŝŶŐ�ĚƵƌŝŶŐ�ŝŶĨĞĐƟŽƵƐ�ĞǀĞŶƚƐ�;&ŝŐ͘�ϭͿ͘�/Ŷ�ƚŚŝƐ�ŵŽĚĞů͕�ĐƌǇƉƚŽƉĂƚĐŚͲƌĞƐŝĚŝŶŐ���ZϲнILC3 
ĂŶĚ�ůĂŵŝŶĂ�ƉƌŽƉƌŝĂ�E<Ɖϰϲн�/>�ϯ�ƌĞƐƉŽŶĚ�ƚŽ�ĞƉŝƚŚĞůŝĂů�ŝŶƐƵůƚƐ�ǇĞƚ�ƚŚĞǇ�ĂƌĞ�ĂĐƟǀĂƚĞĚ�ĂŶĚ�
ĂĐŚŝĞǀĞ� ĞīĞĐƚŽƌ� ĨƵŶĐƟŽŶƐ� ďǇ� ĚŝƐƟŶĐƟǀĞ�ŵĞĂŶƐ͕� ŝŶĚŝĐĂƟŶŐ� Ă� ĨƵŶĐƟŽŶĂů� ĚŝĐŚŽƚŽŵǇ� ŽĨ�
ŝŶƚĞƐƟŶĂů� />�ϯ͘� /ŵƉŽƌƚĂŶƚůǇ͕ �ǁĞ�ĚĞŵŽŶƐƚƌĂƚĞĚ� ƚŚĂƚ� />�ϯͲŵĞĚŝĂƚĞĚ�ƉƌŽƚĞĐƟǀĞ� ĨƵŶĐƟŽŶƐ�
ĂƌĞ� ƉĂƌƚůǇ� ĐĂƌƌŝĞĚ� ŽƵƚ� ďǇ� />ͲϮϮ͕� ǁŚŝĐŚ� ĐŽŶƚƌŝďƵƚĞĚ� ƚŽ� ŝŶƚĞƐƟŶĂů� ƐƚĞŵ� ĐĞůů� ƉƌŽƚĞĐƟŽŶ�
ĂŌĞƌ�ĐǇĐůŽƐƚĂƟĐ�ƚƌĞĂƚŵĞŶƚ͘��ůƚŚŽƵŐŚ�/>�ϯ�ĐŽŶƚƌŝďƵƚĞĚ�ƚŽ�ĞƉŝƚŚĞůŝĂů�^d�dϯ�ĂĐƟǀĂƟŽŶ͕�ǁĞ�
ƐŚŽǁĞĚ�ƚŚĂƚ�/>ͲϮϮ�ŝƐ�ŶŽƚ�ƌĞƋƵŝƌĞĚ�ƚŽ�ƚƌŝŐŐĞƌ�ĂĐƟǀĂƟŽŶ�ŽĨ�ƚŚŝƐ�ƉĂƚŚǁĂǇ�ĚƵƌŝŶŐ�ĞƉŝƚŚĞůŝĂů�
ŝŶƐƵůƚ�ĂŶĚ�ƚŚĂƚ�ĂĚĚŝƟŽŶĂů�ĨĂĐƚŽƌƐ�ŵĂǇ�ĐŽŶƚƌŝďƵƚĞ�ƚŽ�ĞƉŝƚŚĞůŝĂů�ƉƌŽƚĞĐƟŽŶ͘�/Ŷ�ƚŚŝƐ�ĐŽŶƚĞǆƚ͕�
ƐĞǀĞƌĂů�/>�ϯͲĚĞƌŝǀĞĚ�ĨĂĐƚŽƌƐ�ĂƌĞ�ƉŽƚĞŶƟĂůůǇ�ŐŽŽĚ�ĐĂŶĚŝĚĂƚĞƐ͘�&Žƌ�ŝŶƐƚĂŶĐĞ͕�/>�ϯͲĚĞƌŝǀĞĚ�
ůǇŵƉŚŽƚŽǆŝŶ� ɴ� ;>dɴͿ�ŵĂǇ� ŚĂǀĞ� Ă� ƉƌŽƚĞĐƟǀĞ� ƌŽůĞ� ĚƵƌŝŶŐ� ĞƉŝƚŚĞůŝĂů� ŝŶƐƵůƚ� ĂƐ� ŝƚ� ǁĂƐ� ƵƉͲ
ƌĞŐƵůĂƚĞĚ� ďǇ� ŝŶƚĞƐƟŶĂů� />�ϯ� ĂŌĞƌ�DdyͲŝŶĚƵĐĞĚ� ĚĂŵĂŐĞ͘� dŚŝƐ� ŝƐ� ĂůƐŽ� ƐƵŐŐĞƐƚĞĚ� ďǇ� ƚŚĞ�
ĨĂĐƚ� ƚŚĂƚ� ƐŝŐŶĂůŝŶŐ� ƚŚƌŽƵŐŚ� ƚŚĞ� >dɴ� ƌĞĐĞƉƚŽƌ� ĞǆƉƌĞƐƐĞĚ� ďǇ� ŝŶƚĞƐƟŶĂů� ĞƉŝƚŚĞůŝĂů� ĐĞůůƐ�
ƉƌŽŵŽƚĞƐ� ƚŚĞ� ƐĞĐƌĞƟŽŶ� ŽĨ� ƚŚĞ� />�ϯͲĂĐƟǀĂƟŶŐ� ĐǇƚŽŬŝŶĞ� />ͲϮϯ73 and the recruitment of 
ĞīĞĐƚŽƌ�ĐĞůůƐ84. Moreover, it has been shown that in the liver, which is an epithelial organ 
that shares some features with mucosal organsϴϱ͕�ƟƐƐƵĞ� ƌĞŐĞŶĞƌĂƟŽŶ�ĚĞƉĞŶĚƐ�ŽŶ�>dɴ�
ƐŝŐŶĂůŝŶŐ͕�ǁŚŝĐŚ�ƉƌŽŵŽƚĞĚ�^d�dϯ�ƉŚŽƐƉŚŽƌǇůĂƟŽŶ86͘�KŶĞ�ĐĂŶ�ƚŚƵƐ�ĞŶǀŝƐŝŽŶ�ƚŚĂƚ�ĚƵƌŝŶŐ�
ŝŶƚĞƐƟŶĂů�ĚĂŵĂŐĞ�ƌĞƐƉŽŶƐĞƐ�ƚŚĞ�ĞƉŝƚŚĞůŝĂůͲ/>�ϯ�ĐƌŽƐƐƚĂůŬ�ŵĂǇ�ƌĞƋƵŝƌĞ� />�ϯͲĚĞƌŝǀĞĚ�>dɴ�
ĂŶĚ�ƚŚĞƌĞĨŽƌĞ�ŝƚ�ĚĞƐĞƌǀĞƐ�ĨƵƌƚŚĞƌ�ĞǆƉůŽƌĂƟŽŶ͘
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&ŝŐƵƌĞ�ϭ͘�DŽĚĞů�ŽĨ�ŝŶƚĞƐƟŶĂů�/>�ϯ�ĚƵƌŝŶŐ�ƟƐƐƵĞ�ĚĂŵĂŐĞ͗�&ƵŶĐƟŽŶĂů�ĚŝĐŚŽƚŽŵǇ͘��ŌĞƌ�ĞƉŝƚŚĞůŝƵŵ�ĚĂŵĂŐĞ͕�ƐƵĐŚ�
ĂƐ�ƚŚĂƚ�ŽĐĐƵƌƌŝŶŐ�ƵƉŽŶ�ĐǇĐůŽƐƚĂƟĐ�ŝŶƐƵůƚ͕�ďŽƚŚ���Zϲн�/>�ϯ�ĂŶĚ�E<Ɖϰϲн�ƌĞƐƉŽŶĚ�ƚŽ�ƟƐƐƵĞ�ĚĂŵĂŐĞ�ďǇ�ƐĞĐƌĞƟŶŐ�
ĞīĞĐƚŽƌ�ĐǇƚŽŬŝŶĞƐ�ŝŶĐůƵĚŝŶŐ�/>ͲϮϮ͘�(A) ^ƚƌĞƐƐͲŝŶĚƵĐĞĚ�E�Z�ůŝŐĂŶĚƐ�ĞǆƉƌĞƐƐĞĚ�ĂƐ�Ă�ƌĞƐƵůƚ�ŽĨ�ƚŚĞ�ĞƉŝƚŚĞůŝĂů�ĚĂŵĂŐĞ�
ĂƌĞ� ƌĞĐŽŐŶŝǌĞĚ� ďǇ� ůĂŵŝŶĂ� ƉƌŽƉƌŝĂ� E<Ɖϰϲн� />�ϯ� ƚŚĂƚ� ŝŶ� ĐŽŵďŝŶĂƟŽŶ�ǁŝƚŚ� Ă� ƐĞĐŽŶĚ� ƐŝŐŶĂů� ƐƵĐŚ� ĂƐ� ƚŚĞ� d>ZϮ�
ůŝŐĂŶĚ�WĂŵϯ�ǇƐ�ǁŽƵůĚ�ĚƌŝǀĞ�ĂĐƟǀĂƟŽŶ�ŽĨ�/>�ϯ�;ϭͿ͘�^ĞĐƌĞƟŽŶ�ŽĨ�ĞīĞĐƚŽƌ�ĐǇƚŽŬŝŶĞƐ�ďǇ�E<ƉϰϲнIL3 would trigger 
ĂĐƟǀĂƟŽŶ�ŽĨ�ĞƉŝƚŚĞůŝĂů�^d�dϯ�;ϮͿ͘��ĐƟǀĂƟŽŶ�ŽĨ�^d�dϯ�ǁŽƵůĚ�ƉƌŽŵŽƚĞ�ŝŶŝƟĂƟŽŶ�ŽĨ�ƟƐƐƵĞ�ƉƌŽƚĞĐƟǀĞ�ƉƌŽŐƌĂŵƐ�ŝŶ�
ŝŶƚĞƐƟŶĂů�ĞƉŝƚŚĞůŝĂů�ĐĞůůƐ�ĐŽŶƚƌŝďƵƟŶŐ�ƚŽ�ŵƵĐŽƐĂů�ǁŽƵŶĚ�ŚĞĂůŝŶŐ�ĂŶĚ�ƟƐƐƵĞ�ƌĞƉĂŝƌ�;ϯͿ͘��ǆĂĐƚ�E<ƉϰϲнILC3-derived 
ƉƌŽƚĞĐƟǀĞ�ƐŝŐŶĂůƐ�ƌĞŵĂŝŶ�ƚŽ�ďĞ�ĚĞƚĞƌŵŝŶĞĚ͘�(B)�KŶ�ƚŚĞ�ŽƚŚĞƌ�ŚĂŶĚ͕���ͲĚĞƌŝǀĞĚ�ƐŝŐŶĂůƐ͕�ƐƵĐŚ�ĂƐ�/>ͲϮϯ͕�ĂĐƟǀĂƚĞƐ�
cryptopatch-residing CCR6н/>�ϯ�ƚŚĂƚ�ŝŶ�ĐŽŵďŝŶĂƟŽŶ�ǁŝƚŚ�d>Z�ůŝŐĂŶĚƐ�Žƌ�/>Ͳϭɴ�ƉƌŽŵŽƚĞ�ĐǇƚŽŬŝŶĞ�ƉƌŽĚƵĐƟŽŶ�ďǇ�
/>�ϯ�;ϭͿ͘���Zϲн�/>�ϯͲĚĞƌŝǀĞĚ�/>ͲϮϮ�ĐŽŶƚƌŝďƵƚĞƐ�ƚŽ�ŝŶƚĞƐƟŶĂů�>Őƌϱн�ƐƚĞŵ�ĐĞůůƐ�ƉƌŽƚĞĐƟŽŶ�ĂŌĞƌ�ŝŶƚĞƐƟŶĂů�ĚĂŵĂŐĞ�
;ϮͿ͕�ǁŚŝĐŚ�ŝƐ�ĞƐƐĞŶƟĂů�ƚŽ�ŐƵĂƌĂŶƚĞĞ�ĞƉŝƚŚĞůŝƵŵ�ŝŶƚĞŐƌŝƚǇ�;ϯͿ͘��ĞƐƉŝƚĞ�/>ͲϮϮ͕�ĂĚĚŝƟŽŶĂů�ƐŝŐŶĂůƐ�ŵĂǇ�ƉĂƌƟĐŝƉĂƚĞ�ŝŶ�
stem cell maintenance.
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�ŽůůĞĐƟǀĞůǇ�ƚŚĞ�ĮŶĚŝŶŐƐ�ĚĞƐĐƌŝďĞĚ�ŝŶ�ƚŚŝƐ�ƚŚĞƐŝƐ�ĞǆƉĂŶĚ�ŽƵƌ�ŬŶŽǁůĞĚŐĞ�ŽĨ�/>�ϯ�ďŝŽůŽŐǇ͘�
�ĞƐŝĚĞƐ� ƚŚĞ� ǁĞůů� ƐƚƵĚǇ� ƌŽůĞ� ŽĨ� />�ϯ� ŝŶ� ĂŶƟͲŵŝĐƌŽďŝĂů� ƌĞƐƉŽŶƐĞƐ� ǁĞ� ƐŚŽǁĞĚ� ƚŚĂƚ� />�ϯ�
ƉƌĞƐĞƌǀĞ�ŽƌŐĂŶͲƐƉĞĐŝĮĐ�ƐƚĞŵ�ĐĞůůƐ� ŝŶ�ƌĞƐƉŽŶƐĞ�ƚŽ�ƟƐƐƵĞ� ŝŶƐƵůƚ�ĂŶĚ�ƚŚĂƚ�ŵĞĐŚĂŶŝƐƟĐĂůůǇ͕ �
/>ͲϮϮ� ŝƐ� ŽŶĞ� ŽĨ� ƚŚĞ� ĞīĞĐƚŽƌ� ŵŽůĞĐƵůĞƐ� ŝŶǀŽůǀĞĚ͘� EĞǀĞƌƚŚĞůĞƐƐ͕� ƚŚĞ� ƉƌŽƚĞĐƟǀĞ� ĞīĞĐƚƐ�
ŽďƐĞƌǀĞĚ�ĂƉƉĞĂƌĞĚ�ƚŽ�ďĞ�ŽŶůǇ�ƉĂƌƟĂůůǇ�ĚĞƉĞŶĚĞŶƚ�ŽŶ�ƚŚŝƐ�ĐǇƚŽŬŝŶĞ�ĂŶĚ�ƚŚĞ�ƋƵĞƐƟŽŶ�ŽĨ�
ǁŚŝĐŚ�ĂĚĚŝƟŽŶĂů�ĨĂĐƚŽƌƐ�Žƌ�ĐĞůů�ƚǇƉĞƐ�ĐŽŶƚƌŝďƵƚĞ�ƚŽ�ƐƚĞŵ�ĐĞůů�ƉƌŽƚĞĐƟŽŶ�ƌĞŵĂŝŶƐ�ƵŶƐŽůǀĞĚ͘�

�ĞĐƌĞĂƐĞĚ�^d�dϯ�ĞǆƉƌĞƐƐŝŽŶ�ŝŶ�ŝŶƚĞƐƟŶĂů�ĞƉŝƚŚĞůŝĂů�ĐĞůůƐ�ŽĐĐƵƌƌĞĚ�ŝŶ�ƚŚĞ�ĂďƐĞŶĐĞ�ŽĨ�/>�ϯ�
ŝŶĚĞƉĞŶĚĞŶƚůǇ� ŽĨ� />ͲϮϮ͘� dŚƵƐ� ŝƚ� ŝƐ� ƐƟůů� ƵŶĐůĞĂƌ� ǁŚŝĐŚ� />�ϯͲĚĞƌŝǀĞĚ� ĨĂĐƚŽƌƐ� ƚƌŝŐŐĞƌ� ƚŚŝƐ�
ƉĂƚŚǁĂǇ�ĂŶĚ�ǁŚĞƚŚĞƌ�̂ d�dϯ�ĚŝƌĞĐƚůǇ�ƉĂƌƟĐŝƉĂƚĞƐ�ŝŶ�ƚŚĞ�ĮƚŶĞƐƐ�ŽĨ�ŝŶƚĞƐƟŶĂů�ĞƉŝƚŚĞůŝĂů�ƐƚĞŵ�
ĐĞůůƐ� ŝŶ�ĐŚĞŵŽƚŚĞƌĂƉǇͲŝŶĚƵĐĞĚ�ĚĂŵĂŐĞ͘�^d�dϯͲďůŽĐŬŝŶŐ�ƐƚƌĂƚĞŐŝĞƐ� ŝŶ�Ddy�ƚƌĞĂƚĞĚͲ>ŐƌϱͲ
'&W�ŵŝĐĞ�Žƌ�ĞǆƉĞƌŝŵĞŶƚƐ�ŶĞƵƚƌĂůŝǌŝŶŐ�ŝŶĚŝǀŝĚƵĂů�/>�ϯͲĚĞƌŝǀĞĚ�ĨĂĐƚŽƌƐ͕�Ğ͘Ő͘�>dɴ�Žƌ�'DͲ�^&͕ �
ĚƵƌŝŶŐ�DdyͲŝŶĚƵĐĞĚ�ĚĂŵĂŐĞ�ŵŝŐŚƚ�ŚĞůƉ�ƚŽ�ĂŶƐǁĞƌ�ƚŚŝƐ�ƋƵĞƐƟŽŶ͘�DŽƌĞŽǀĞƌ�ĞƐƚĂďůŝƐŚŝŶŐ�
ĐŽͲĐƵůƚƵƌĞƐ�ŽĨ�ŝŶƚĞƐƟŶĂů�ĐƌǇƉƚƐ�ŝŶ�ƚŚĞ�ƉƌĞƐĞŶĐĞ�Žƌ�ĂďƐĞŶĐĞ�ŽĨ�/>�ϯ�Žƌ�/>�ϯͲĚĞƌŝǀĞĚ�ƐŝŐŶĂůƐ�
ĂŶĚ�ĂŶĂůǇǌŝŶŐ�ƐƚĞŵ�ĐĞůů�ĂĐƟǀŝƚǇ�ĐŽƵůĚ�ĐŽŶƚƌŝďƵƚĞ�ƚŽ�Ă�ďĞƩĞƌ�ƵŶĚĞƌƐƚĂŶĚŝŶŐ�ŽĨ�ƚŚĞ�ƌŽůĞ�ŽĨ�
/>�ϯ�ŝŶ�ƚŚĞ�ƉƌĞƐĞƌǀĂƟŽŶ�ŽĨ�ŝŶƚĞƐƟŶĂů�ƐƚĞŵ�ĐĞůůƐ�ŝŶ�ƌĞƐƉŽŶƐĞ�ƚŽ�ƟƐƐƵĞ�ĚĂŵĂŐĞ͘�

/ŶƚĞƌĞƐƟŶŐůǇ͕ � ůŝŐĂƟŽŶ�ŽĨ�E�Z�ĐĂŶ� ƚƌŝŐŐĞƌ� ĐǇƚŽŬŝŶĞ�ƉƌŽĚƵĐƟŽŶ�ďǇ� />�ϯ͘�^ŝŶĐĞ� ůŝŐĂŶĚƐ� ĨŽƌ�
ƚŚĞƐĞ�ƌĞĐĞƉƚŽƌƐ�ĂƌĞ�ƚŚŽƵŐŚƚ�ƚŽ�ďĞ�ŝŶĚƵĐĞĚ�ƵƉŽŶ�ƟƐƐƵĞ�ĚĂŵĂŐĞ͕�ŝƚ�ŝƐ�ŝŵƉŽƌƚĂŶƚ�ƚŽ�ĨƵƌƚŚĞƌ�
ŝŶǀĞƐƟŐĂƚĞ� ƚŚĞŝƌ� ĞǆƉƌĞƐƐŝŽŶ�ƵƉŽŶ� ĐŚĞŵŽͲ�Žƌ� ƌĂĚŝŽƚŚĞƌĂƉǇ�ĂƐ� Ă�ƉŽƐƐŝďůĞ�ŵĞĐŚĂŶŝƐŵ�ŽĨ�
/>�ϯ�ĂĐƟǀĂƟŽŶ�ƵƉŽŶ�ŝŶƚĞƐƟŶĂů�ĚĂŵĂŐĞ�ĂŶĚ�ǁŚĞƚŚĞƌ�ŝƚƐ�ĞǆƉƌĞƐƐŝŽŶ�ĐŽƌƌĞůĂƚĞƐ�ǁŝƚŚ�/>�ϯ�
ĂĐƟǀŝƚǇ͘

/Ŷ�ƐƵŵ͕�/>�ϯ�ůŽĐĂƟŽŶ�ĂŶĚ�ƚŚĞŝƌ�ƌĞƐŝƐƚĂŶĐĞ�ƚŽ�ĐŚĞŵŽͲ�ĂŶĚ�ƌĂĚŝŽƚŚĞƌĂƉǇͲŝŶĚƵĐĞĚ�ĐĞůů�ĚĞĂƚŚ�
ƉƵƚ�/>�ϯƐ�ŝŶ�ƚŚĞ�ŝĚĞĂů�ƉŽƐŝƟŽŶ�ƚŽ�ŵŝŶŝŵŝǌĞ�ƟƐƐƵĞ�ĚĂŵĂŐĞ�ĂŌĞƌ�ĐǇƚŽƚŽǆŝĐ�ŝŶƐƵůƚ͘��ŽŶƚƌŽůůŝŶŐ�
/>�ϯ�ƌĞƐƉŽŶƐĞƐ͕�ĨŽƌ�ŝŶƐƚĂŶĐĞ�ƚŚƌŽƵŐŚ�E�Z�ůŝŐĂƟŽŶ�Žƌ�ƚŚƌŽƵŐŚ�ZŽƌɶƚ�ĂŐŽŶŝƐƚƐ͕�ŵŝŐŚƚ�ŚŽůĚ�
ƚŚĞ�ŬĞǇ�ƚŽ�ĚĞƐŝŐŶŝŶŐ�ĨƵƚƵƌĞ�ƚŚĞƌĂƉĞƵƟĐ�ƐƚƌĂƚĞŐŝĞƐ�ĂŝŵĞĚ�Ăƚ�ŵŝŶŝŵŝǌŝŶŐ�ŝŶƚĞƐƟŶĂů�ĚĂŵĂŐĞ�
ŝŶ�ƉĂƟĞŶƚƐ�ƵŶĚĞƌŐŽŝŶŐ�ĂŶƟĐĂŶĐĞƌ�ƚŚĞƌĂƉŝĞƐ͘�
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ĚŽŝ͗ϭϬ͘ϭϯϳϭͬũŽƵƌŶĂů͘ƉƉĂƚ͘ϭϬϬϬϴϳϵ�;ϮϬϭϬͿ͘

� ϳ� �̂ ŽŶŝƐ͕� ^͘� d͘ � dŚĞ� ƉĂƚŚŽďŝŽůŽŐǇ� ŽĨ�ŵƵĐŽƐŝƟƐ͘�EĂƚƵƌĞ� ƌĞǀŝĞǁƐ͘� �ĂŶĐĞƌ 4͕� ϮϳϳͲϮϴϰ͕� ĚŽŝ͗ϭϬ͘ϭϬϯϴͬŶƌĐϭϯϭϴ�
(2004).

 8  Spits, H.�Ğƚ�Ăů͘ Innate lymphoid cells--a proposal for uniform nomenclature. EĂƚƵƌĞ�ƌĞǀŝĞǁƐ͘�/ŵŵƵŶŽůŽŐǇ 
13͕�ϭϰϱͲϭϰϵ͕�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬŶƌŝϯϯϲϱ�;ϮϬϭϯͿ͘

� ϵ� ��ƌƟƐ͕��͘�Θ�^ƉŝƚƐ͕�,͘�dŚĞ�ďŝŽůŽŐǇ�ŽĨ�ŝŶŶĂƚĞ�ůǇŵƉŚŽŝĚ�ĐĞůůƐ͘�EĂƚƵƌĞ 517͕�ϮϵϯͲϯϬϭ͕�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬŶĂƚƵƌĞϭϰϭϴϵ�
;ϮϬϭϱͿ͘

� ϭϬ� ��ďĞƌů͕�'͘�Ğƚ�Ăů͘��Ŷ�ĞƐƐĞŶƟĂů�ĨƵŶĐƟŽŶ�ĨŽƌ�ƚŚĞ�ŶƵĐůĞĂƌ�ƌĞĐĞƉƚŽƌ�ZKZŐĂŵŵĂ;ƚͿ� ŝŶ�ƚŚĞ�ŐĞŶĞƌĂƟŽŶ�ŽĨ�ĨĞƚĂů�
ůǇŵƉŚŽŝĚ�ƟƐƐƵĞ�ŝŶĚƵĐĞƌ�ĐĞůůƐ͘�EĂƚ�/ŵŵƵŶŽů 5͕�ϲϰͲϳϯ͕�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬŶŝϭϬϮϮ�;ϮϬϬϰͿ͘

� ϭϭ� ��ŽŽƐ͕�D͘��͕͘� zŽŬŽƚĂ͕� z͘ ͕� �ďĞƌů͕�'͘�Θ�<ĞĞ͕��͘� >͘�DĂƚƵƌĞ�ŶĂƚƵƌĂů� ŬŝůůĞƌ� ĐĞůů� ĂŶĚ� ůǇŵƉŚŽŝĚ�ƟƐƐƵĞͲŝŶĚƵĐŝŶŐ�
ĐĞůů�ĚĞǀĞůŽƉŵĞŶƚ�ƌĞƋƵŝƌĞƐ�/ĚϮͲŵĞĚŝĂƚĞĚ�ƐƵƉƉƌĞƐƐŝŽŶ�ŽĨ���ƉƌŽƚĞŝŶ�ĂĐƟǀŝƚǇ͘�dŚĞ�:ŽƵƌŶĂů�ŽĨ�ĞǆƉĞƌŝŵĞŶƚĂů�
ŵĞĚŝĐŝŶĞ 204͕�ϭϭϭϵͲϭϭϯϬ͕�ĚŽŝ͗ϭϬ͘ϭϬϴϰͬũĞŵ͘ϮϬϬϲϭϵϱϵ�;ϮϬϬϳͿ͘

� ϭϮ� �̂ ƵŶ͕� �͘� Ğƚ� Ăů͘� ZĞƋƵŝƌĞŵĞŶƚ� ĨŽƌ� ZKZŐĂŵŵĂ� ŝŶ� ƚŚǇŵŽĐǇƚĞ� ƐƵƌǀŝǀĂů� ĂŶĚ� ůǇŵƉŚŽŝĚ� ŽƌŐĂŶ� ĚĞǀĞůŽƉŵĞŶƚ͘�
^ĐŝĞŶĐĞ 288, 2369-2373 (2000).

� ϭϯ� �zŽŬŽƚĂ͕�z͘ �Ğƚ�Ăů͘��ĞǀĞůŽƉŵĞŶƚ�ŽĨ�ƉĞƌŝƉŚĞƌĂů�ůǇŵƉŚŽŝĚ�ŽƌŐĂŶƐ�ĂŶĚ�ŶĂƚƵƌĂů�ŬŝůůĞƌ�ĐĞůůƐ�ĚĞƉĞŶĚƐ�ŽŶ�ƚŚĞ�ŚĞůŝǆͲ
ůŽŽƉͲŚĞůŝǆ�ŝŶŚŝďŝƚŽƌ�/ĚϮ͘�EĂƚƵƌĞ 397͕�ϳϬϮͲϳϬϲ͕�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬϭϳϴϭϮ�;ϭϵϵϵͿ͘

� ϭϰ� �DŽǁĂƚ͕� �͘�D͘� Θ� �ŐĂĐĞ͕�t͘�t͘� ZĞŐŝŽŶĂů� ƐƉĞĐŝĂůŝǌĂƟŽŶ� ǁŝƚŚŝŶ� ƚŚĞ� ŝŶƚĞƐƟŶĂů� ŝŵŵƵŶĞ� ƐǇƐƚĞŵ͘�EĂƚƵƌĞ�
ƌĞǀŝĞǁƐ͘�/ŵŵƵŶŽůŽŐǇ 14͕�ϲϲϳͲϲϴϱ͕�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬŶƌŝϯϳϯϴ�;ϮϬϭϰͿ͘

� ϭϱ� ��ƵƉĞĚŽ͕�d͘ �Ğƚ�Ăů͘�,ƵŵĂŶ�ĨĞƚĂů�ůǇŵƉŚŽŝĚ�ƟƐƐƵĞͲŝŶĚƵĐĞƌ�ĐĞůůƐ�ĂƌĞ�ŝŶƚĞƌůĞƵŬŝŶ�ϭϳͲƉƌŽĚƵĐŝŶŐ�ƉƌĞĐƵƌƐŽƌƐ�ƚŽ�
ZKZ�н���ϭϮϳн�ŶĂƚƵƌĂů�ŬŝůůĞƌͲůŝŬĞ�ĐĞůůƐ͘�EĂƚ�/ŵŵƵŶŽů 10͕�ϲϲͲϳϰ͕�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬŶŝ͘ϭϲϲϴ�;ϮϬϬϵͿ͘

� ϭϲ� ��ĞůůĂ͕�D͘�Ğƚ�Ăů͘ A human natural killer cell subset provides an innate source of IL-22 for mucosal immunity. 
EĂƚƵƌĞ 457͕�ϳϮϮͲϳϮϱ͕�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬŶĂƚƵƌĞϬϳϱϯϳ�;ϮϬϬϵͿ͘

� ϭϳ� ��ƌĞůůŝŶ͕�E͘�<͘�Ğƚ�Ăů͘�ZĞŐƵůĂƟŽŶ�ŽĨ�ĐǇƚŽŬŝŶĞ�ƐĞĐƌĞƟŽŶ�ŝŶ�ŚƵŵĂŶ���ϭϮϳ;нͿ�>dŝͲůŝŬĞ�ŝŶŶĂƚĞ�ůǇŵƉŚŽŝĚ�ĐĞůůƐ�ďǇ�
Toll-like receptor 2. /ŵŵƵŶŝƚǇ 33͕�ϳϱϮͲϳϲϰ͕�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ŝŵŵƵŶŝ͘ϮϬϭϬ͘ϭϬ͘ϬϭϮ�;ϮϬϭϬͿ͘

� ϭϴ� �dĂŬĂƚŽƌŝ͕�,͘�Ğƚ�Ăů͘�>ǇŵƉŚŽŝĚ�ƟƐƐƵĞ�ŝŶĚƵĐĞƌͲůŝŬĞ�ĐĞůůƐ�ĂƌĞ�ĂŶ�ŝŶŶĂƚĞ�ƐŽƵƌĐĞ�ŽĨ�/>Ͳϭϳ�ĂŶĚ�/>ͲϮϮ͘�dŚĞ�:ŽƵƌŶĂů�
ŽĨ�ĞǆƉĞƌŝŵĞŶƚĂů�ŵĞĚŝĐŝŶĞ 206͕�ϯϱͲϰϭ͕�ĚŽŝ͗ϭϬ͘ϭϬϴϰͬũĞŵ͘ϮϬϬϳϮϳϭϯ�;ϮϬϬϵͿ͘
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� ϭϵ� �̂ ĂƚŽŚͲdĂŬĂǇĂŵĂ͕�E͘�Ğƚ�Ăů͘�DŝĐƌŽďŝĂů�ŇŽƌĂ�ĚƌŝǀĞƐ�ŝŶƚĞƌůĞƵŬŝŶ�ϮϮ�ƉƌŽĚƵĐƟŽŶ�ŝŶ�ŝŶƚĞƐƟŶĂů�E<Ɖϰϲн�ĐĞůůƐ�ƚŚĂƚ�
provide innate mucosal immune defense. /ŵŵƵŶŝƚǇ 29͕� ϵϱϴͲϵϳϬ͕� ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ŝŵŵƵŶŝ͘ϮϬϬϴ͘ϭϭ͘ϬϬϭ�
(2008).

� ϮϬ� �̂ ĂƚŽŚͲdĂŬĂǇĂŵĂ͕� E͘� Ğƚ� Ăů͘� dŚĞ� ĐŚĞŵŽŬŝŶĞ� ƌĞĐĞƉƚŽƌ� �y�Zϲ� ĐŽŶƚƌŽůƐ� ƚŚĞ� ĨƵŶĐƟŽŶĂů� ƚŽƉŽŐƌĂƉŚǇ� ŽĨ�
ŝŶƚĞƌůĞƵŬŝŶͲϮϮ� ƉƌŽĚƵĐŝŶŐ� ŝŶƚĞƐƟŶĂů� ŝŶŶĂƚĞ� ůǇŵƉŚŽŝĚ� ĐĞůůƐ͘� /ŵŵƵŶŝƚǇ 41͕� ϳϳϲͲϳϴϴ͕� ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘
ŝŵŵƵŶŝ͘ϮϬϭϰ͘ϭϬ͘ϬϬϳ�;ϮϬϭϰͿ͘

� Ϯϭ� �<ůŽƐĞ͕��͘�^͘�Ğƚ�Ăů͘���dͲďĞƚ�ŐƌĂĚŝĞŶƚ�ĐŽŶƚƌŽůƐ�ƚŚĞ�ĨĂƚĞ�ĂŶĚ�ĨƵŶĐƟŽŶ�ŽĨ���ZϲͲZKZŐĂŵŵĂƚн�ŝŶŶĂƚĞ�ůǇŵƉŚŽŝĚ�
cells. EĂƚƵƌĞ 494͕�ϮϲϭͲϮϲϱ͕�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬŶĂƚƵƌĞϭϭϴϭϯ�;ϮϬϭϯͿ͘

 22  Sanos, S. L.�Ğƚ�Ăů͘�ZKZŐĂŵŵĂƚ�ĂŶĚ�ĐŽŵŵĞŶƐĂů�ŵŝĐƌŽŇŽƌĂ�ĂƌĞ�ƌĞƋƵŝƌĞĚ�ĨŽƌ�ƚŚĞ�ĚŝīĞƌĞŶƟĂƟŽŶ�ŽĨ�ŵƵĐŽƐĂů�
ŝŶƚĞƌůĞƵŬŝŶ�ϮϮͲƉƌŽĚƵĐŝŶŐ�E<Ɖϰϲн�ĐĞůůƐ͘�EĂƚ�/ŵŵƵŶŽů 10͕�ϴϯͲϵϭ͕�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬŶŝ͘ϭϲϴϰ�;ϮϬϬϵͿ͘

� Ϯϯ� �WŽƩĞŶ͕��͘�^͘��ǆƚƌĞŵĞ�ƐĞŶƐŝƟǀŝƚǇ�ŽĨ�ƐŽŵĞ�ŝŶƚĞƐƟŶĂů�ĐƌǇƉƚ�ĐĞůůƐ�ƚŽ�y�ĂŶĚ�ŐĂŵŵĂ�ŝƌƌĂĚŝĂƟŽŶ͘�EĂƚƵƌĞ 269, 
ϱϭϴͲϱϮϭ�;ϭϵϳϳͿ͘

� Ϯϰ� �WŽƩĞŶ͕��͕͘��ůͲ�ĂƌǁĂƌŝ͕�^͘�Θ�^ĞĂƌůĞ͕�:͘��ŝīĞƌĞŶƟĂů�ƌĂĚŝĂƟŽŶ�ƌĞƐƉŽŶƐĞ�ĂŵŽŶŐƐƚ�ƉƌŽůŝĨĞƌĂƟŶŐ�ĞƉŝƚŚĞůŝĂů�ĐĞůůƐ͘�
�Ğůů�ƟƐƐƵĞ�ŬŝŶĞƚĐƐ 11͕�ϭϰϵͲϭϲϬ�;ϭϵϳϴͿ͘

� Ϯϱ� �'ƵŶƚŚĞƌ͕ ��͕͘�EĞƵŵĂŶŶ͕�,͕͘�EĞƵƌĂƚŚ͕�D͘�&͘ �Θ��ĞĐŬĞƌ͕ ��͘��ƉŽƉƚŽƐŝƐ͕�ŶĞĐƌŽƐŝƐ�ĂŶĚ�ŶĞĐƌŽƉƚŽƐŝƐ͗�ĐĞůů�ĚĞĂƚŚ�
ƌĞŐƵůĂƟŽŶ�ŝŶ�ƚŚĞ�ŝŶƚĞƐƟŶĂů�ĞƉŝƚŚĞůŝƵŵ͘�'Ƶƚ 62͕�ϭϬϲϮͲϭϬϳϭ͕�ĚŽŝ͗ϭϬ͘ϭϭϯϲͬŐƵƚũŶůͲϮϬϭϭͲϯϬϭϯϲϰ�;ϮϬϭϯͿ͘

� Ϯϲ� �WŝĐŽ͕�:͘�� Ͳ͘'͕͘��͖�EĂĐĐĂĐŚĞ�W͘ �DƵĐŽƐŝƟƐ͗�/ƚƐ�KĐĐƵƌƌĞŶĐĞ͕��ŽŶƐĞƋƵĞŶĐĞƐ͕�ĂŶĚ�dƌĞĂƚŵĞŶƚ�ŝŶ�ƚŚĞ�KŶĐŽůŽŐǇ�
^ĞƫŶŐ͘�dŚĞ�KŶĐŽůŽŐŝƐƚ 3͕�ϰϰϲͲϰϱϭ�;ϭϵϵϴͿ͘

 27  Keefe, D. M.�Ğƚ�Ăů͘�hƉĚĂƚĞĚ�ĐůŝŶŝĐĂů�ƉƌĂĐƟĐĞ�ŐƵŝĚĞůŝŶĞƐ�ĨŽƌ�ƚŚĞ�ƉƌĞǀĞŶƟŽŶ�ĂŶĚ�ƚƌĞĂƚŵĞŶƚ�ŽĨ�ŵƵĐŽƐŝƟƐ͘�
�ĂŶĐĞƌ 109͕�ϴϮϬͲϴϯϭ͕�ĚŽŝ͗ϭϬ͘ϭϬϬϮͬĐŶĐƌ͘ ϮϮϰϴϰ�;ϮϬϬϳͿ͘

� Ϯϴ� �&ĂƌďĞƌ͕ � ^͘� Θ� �ŝĂŵŽŶĚ͕� >͘� <͘� dĞŵƉŽƌĂƌǇ� ƌĞŵŝƐƐŝŽŶƐ� ŝŶ� ĂĐƵƚĞ� ůĞƵŬĞŵŝĂ� ŝŶ� ĐŚŝůĚƌĞŶ� ƉƌŽĚƵĐĞĚ� ďǇ� ĨŽůŝĐ�
acid antagonist, 4-aminopteroyl-glutamic acid. dŚĞ� EĞǁ� �ŶŐůĂŶĚ� ũŽƵƌŶĂů� ŽĨ� ŵĞĚŝĐŝŶĞ 238, 787-793, 
ĚŽŝ͗ϭϬ͘ϭϬϱϲͬE�:DϭϵϰϴϬϲϬϯϮϯϴϮϯϬϭ�;ϭϵϰϴͿ͘

� Ϯϵ� �>Ăǁ͕�>͘�t͕͘��ƵŶŶ͕� d͘ ��͘�Θ�Ğƚ�Ăů͘�KďƐĞƌǀĂƟŽŶƐ�ŽŶ�ƚŚĞ�ĞīĞĐƚ�ŽĨ�Ă�ĨŽůŝĐͲĂĐŝĚ�ĂŶƚĂŐŽŶŝƐƚ�ŽŶ�ƚƌĂŶƐƉůĂŶƚĂďůĞ�
lymphoid leukemias in mice. :ŽƵƌŶĂů�ŽĨ�ƚŚĞ�EĂƟŽŶĂů��ĂŶĐĞƌ�/ŶƐƟƚƵƚĞ 10͕�ϭϳϵͲϭϵϮ�;ϭϵϰϵͿ͘

� ϯϬ� �&ĂƌďĞƌ͕ �^͘�^ŽŵĞ�ŽďƐĞƌǀĂƟŽŶƐ�ŽŶ�ƚŚĞ�ĞīĞĐƚ�ŽĨ�ĨŽůŝĐ�ĂĐŝĚ�ĂŶƚĂŐŽŶŝƐƚƐ�ŽŶ�ĂĐƵƚĞ�ůĞƵŬĞŵŝĂ�ĂŶĚ�ŽƚŚĞƌ�ĨŽƌŵƐ�ŽĨ�
incurable cancer. Blood 4͕�ϭϲϬͲϭϲϳ�;ϭϵϰϵͿ͘

� ϯϭ� �ĚĞ� <ŽŶŝŶŐ͕� �͘� �͘� Ğƚ� Ăů͘� �ŽŶƚƌŝďƵƟŽŶƐ� ŽĨ� ŵƵĐŽƐĂů� ŝŵŵƵŶĞ� ĐĞůůƐ� ƚŽ� ŵĞƚŚŽƚƌĞǆĂƚĞͲŝŶĚƵĐĞĚ� ŵƵĐŽƐŝƟƐ͘�
/ŶƚĞƌŶĂƟŽŶĂů�ŝŵŵƵŶŽůŽŐǇ 18͕�ϵϰϭͲϵϰϵ͕�ĚŽŝ͗ϭϬ͘ϭϬϵϯͬŝŶƟŵŵͬĚǆůϬϯϬ�;ϮϬϬϲͿ͘

 32  Verburg, M.� Ğƚ� Ăů͘� ^ƉĞĐŝĮĐ�ZĞƐƉŽŶƐĞƐ� ŝŶ�ZĂƚ� ^ŵĂůů� /ŶƚĞƐƟŶĂů� �ƉŝƚŚĞůŝĂů�ŵZE���ǆƉƌĞƐƐŝŽŶ� ĂŶĚ�WƌŽƚĞŝŶ�
>ĞǀĞůƐ��ƵƌŝŶŐ��ŚĞŵŽƚŚĞƌĂƉĞƵƟĐ��ĂŵĂŐĞ�ĂŶĚ�ZĞŐĞŶĞƌĂƟŽŶ͘�:ŽƵƌŶĂů�ŽĨ�,ŝƐƚŽĐŚĞŵŝƐƚƌǇ�Θ��ǇƚŽĐŚĞŵŝƐƚƌǇ 
50͕�ϭϱϮϱͲϭϱϯϲ͕�ĚŽŝ͗ϭϬ͘ϭϭϳϳͬϬϬϮϮϭϱϱϰϬϮϬϱϬϬϭϭϭϯ�;ϮϬϬϮͿ͘

� ϯϯ� ��ƌŶƐƚ͕�D͕͘�dŚŝĞŵ͕�^͕͘�EŐƵǇĞŶ͕�W͘ �D͕͘��ŝƐƐŵĂŶŶ͕�D͘�Θ�WƵƚŽĐǌŬŝ͕�d͘ �>͘��ƉŝƚŚĞůŝĂů�ŐƉϭϯϬͬ^ƚĂƚϯ�ĨƵŶĐƟŽŶƐ͗��Ŷ�
ŝŶƚĞƐƟŶĂů�ƐŝŐŶĂůŝŶŐ�ŶŽĚĞ�ŝŶ�ŚĞĂůƚŚ�ĂŶĚ�ĚŝƐĞĂƐĞ͘�̂ ĞŵŝŶĂƌƐ�ŝŶ�ŝŵŵƵŶŽůŽŐǇ͕�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘Ɛŵŝŵ͘ϮϬϭϯ͘ϭϮ͘ϬϬϲ�
;ϮϬϭϰͿ͘

� ϯϰ� �KǁĞŶƐ͕��͘�D͘�Ğƚ�Ăů͘���ϵϬ;нͿ�^ƚƌŽŵĂů��ĞůůƐ�ĂƌĞ�EŽŶͲWƌŽĨĞƐƐŝŽŶĂů�/ŶŶĂƚĞ�/ŵŵƵŶĞ��īĞĐƚŽƌƐ�ŽĨ�ƚŚĞ�,ƵŵĂŶ�
Colonic Mucosa. &ƌŽŶƟĞƌƐ�ŝŶ�ŝŵŵƵŶŽůŽŐǇ 4͕�ϯϬϳ͕�ĚŽŝ͗ϭϬ͘ϯϯϴϵͬĮŵŵƵ͘ϮϬϭϯ͘ϬϬϯϬϳ�;ϮϬϭϯͿ͘

� ϯϱ� �WŝŶĐŚƵŬ͕� /͘� s͘ ͕� DŝŋŝŶ͕� Z͘� �͕͘� ^ĂĂĚĂ͕� :͘� /͘� Θ� WŽǁĞůů͕� �͘� t͘� /ŶƚĞƐƟŶĂů� ŵĞƐĞŶĐŚǇŵĂů� ĐĞůůƐ͘� �ƵƌƌĞŶƚ�
ŐĂƐƚƌŽĞŶƚĞƌŽůŽŐǇ�ƌĞƉŽƌƚƐ 12͕�ϯϭϬͲϯϭϴ͕�ĚŽŝ͗ϭϬ͘ϭϬϬϳͬƐϭϭϴϵϰͲϬϭϬͲϬϭϯϱͲǇ�;ϮϬϭϬͿ͘

6
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 36  Bollrath, J.� Ğƚ� Ăů͘� ŐƉϭϯϬͲŵĞĚŝĂƚĞĚ� ^ƚĂƚϯ� ĂĐƟǀĂƟŽŶ� ŝŶ� ĞŶƚĞƌŽĐǇƚĞƐ� ƌĞŐƵůĂƚĞƐ� ĐĞůů� ƐƵƌǀŝǀĂů� ĂŶĚ� ĐĞůůͲ
ĐǇĐůĞ� ƉƌŽŐƌĞƐƐŝŽŶ� ĚƵƌŝŶŐ� ĐŽůŝƟƐͲĂƐƐŽĐŝĂƚĞĚ� ƚƵŵŽƌŝŐĞŶĞƐŝƐ͘� �ĂŶĐĞƌ� ĐĞůů 15͕� ϵϭͲϭϬϮ͕� ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘
ĐĐƌ͘ ϮϬϬϵ͘Ϭϭ͘ϬϬϮ�;ϮϬϬϵͿ͘

� ϯϳ� �'ƌŝǀĞŶŶŝŬŽǀ͕ �^͘�Ğƚ�Ăů͘�/>Ͳϲ�ĂŶĚ�^ƚĂƚϯ�ĂƌĞ�ƌĞƋƵŝƌĞĚ�ĨŽƌ�ƐƵƌǀŝǀĂů�ŽĨ�ŝŶƚĞƐƟŶĂů�ĞƉŝƚŚĞůŝĂů�ĐĞůůƐ�ĂŶĚ�ĚĞǀĞůŽƉŵĞŶƚ�
ŽĨ�ĐŽůŝƟƐͲĂƐƐŽĐŝĂƚĞĚ�ĐĂŶĐĞƌ͘ ��ĂŶĐĞƌ�ĐĞůů 15͕�ϭϬϯͲϭϭϯ͕�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ĐĐƌ͘ ϮϬϬϵ͘Ϭϭ͘ϬϬϭ�;ϮϬϬϵͿ͘

 38  Van der Sluis, M.� Ğƚ� Ăů͘�DƵĐϮͲĚĞĮĐŝĞŶƚ�ŵŝĐĞ� ƐƉŽŶƚĂŶĞŽƵƐůǇ� ĚĞǀĞůŽƉ� ĐŽůŝƟƐ͕� ŝŶĚŝĐĂƟŶŐ� ƚŚĂƚ�Dh�Ϯ� ŝƐ�
ĐƌŝƟĐĂů�ĨŽƌ�ĐŽůŽŶŝĐ�ƉƌŽƚĞĐƟŽŶ͘�'ĂƐƚƌŽĞŶƚĞƌŽůŽŐǇ 131͕�ϭϭϳͲϭϮϵ͕�ĚŽŝ͗ϭϬ͘ϭϬϱϯͬũ͘ŐĂƐƚƌŽ͘ϮϬϬϲ͘Ϭϰ͘ϬϮϬ�;ϮϬϬϲͿ͘

� ϯϵ� �̂ ŽŶŶĞŶďĞƌŐ͕�'͘�&͘ ͕�&ŽƵƐĞƌ͕ �>͘��͘�Θ��ƌƟƐ͕��͘�&ƵŶĐƟŽŶĂů�ďŝŽůŽŐǇ�ŽĨ�ƚŚĞ�/>ͲϮϮͲ/>ͲϮϮZ�ƉĂƚŚǁĂǇ�ŝŶ�ƌĞŐƵůĂƟŶŐ�
ŝŵŵƵŶŝƚǇ�ĂŶĚ�ŝŶŇĂŵŵĂƟŽŶ�Ăƚ�ďĂƌƌŝĞƌ�ƐƵƌĨĂĐĞƐ͘��ĚǀĂŶĐĞƐ�ŝŶ�ŝŵŵƵŶŽůŽŐǇ 107͕�ϭͲϮϵ͕�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬ�ϵϳϴͲ
ϬͲϭϮͲϯϴϭϯϬϬͲϴ͘ϬϬϬϬϭͲϬ�;ϮϬϭϬͿ͘

 40  Egea, L.� Ğƚ� Ăů͘� 'DͲ�^&� ƉƌŽĚƵĐĞĚ� ďǇ� ŶŽŶŚĞŵĂƚŽƉŽŝĞƟĐ� ĐĞůůƐ� ŝƐ� ƌĞƋƵŝƌĞĚ� ĨŽƌ� ĞĂƌůǇ� ĞƉŝƚŚĞůŝĂů� ĐĞůů�
ƉƌŽůŝĨĞƌĂƟŽŶ�ĂŶĚ�ƌĞƉĂŝƌ�ŽĨ�ŝŶũƵƌĞĚ�ĐŽůŽŶŝĐ�ŵƵĐŽƐĂ͘�:ŽƵƌŶĂů�ŽĨ�ŝŵŵƵŶŽůŽŐǇ 190͕�ϭϳϬϮͲϭϳϭϯ͕�ĚŽŝ͗ϭϬ͘ϰϬϰϵͬ
ũŝŵŵƵŶŽů͘ϭϮϬϮϯϲϴ�;ϮϬϭϯͿ͘

� ϰϭ� ��ŚĂŶ͕�z͘ ͕�yƵ͕�z͘ �Θ�>Ğǁ͕��͘�D͘�dŚĞ�ƌĞŐƵůĂƟŽŶ�ŽĨ�ƚŚĞ�ĚĞǀĞůŽƉŵĞŶƚ�ĂŶĚ�ĨƵŶĐƟŽŶ�ŽĨ�ĚĞŶĚƌŝƟĐ�ĐĞůů�ƐƵďƐĞƚƐ�ďǇ�
'DͲ�^&͗�ŵŽƌĞ� ƚŚĂŶ�Ă�ŚĞŵĂƚŽƉŽŝĞƟĐ�ŐƌŽǁƚŚ� ĨĂĐƚŽƌ͘ �DŽůĞĐƵůĂƌ� ŝŵŵƵŶŽůŽŐǇ 52͕� ϯϬͲϯϳ͕�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘
ŵŽůŝŵŵ͘ϮϬϭϮ͘Ϭϰ͘ϬϬϵ�;ϮϬϭϮͿ͘

� ϰϮ� ��Ăďƌŝƚǌ͕� :͘� 'ƌĂŶƵůŽĐǇƚĞ�ŵĂĐƌŽƉŚĂŐĞ� ĐŽůŽŶǇͲƐƟŵƵůĂƟŶŐ� ĨĂĐƚŽƌ� ĂŶĚ� ƚŚĞ� ŝŶƚĞƐƟŶĂů� ŝŶŶĂƚĞ� ŝŵŵƵŶĞ� ĐĞůů�
ŚŽŵĞŽƐƚĂƐŝƐ� ŝŶ��ƌŽŚŶ Ɛ͛�ĚŝƐĞĂƐĞ͘��ŵĞƌŝĐĂŶ� ũŽƵƌŶĂů�ŽĨ�ƉŚǇƐŝŽůŽŐǇ͘�'ĂƐƚƌŽŝŶƚĞƐƟŶĂů�ĂŶĚ� ůŝǀĞƌ�ƉŚǇƐŝŽůŽŐǇ 
306͕�'ϰϱϱͲϰϲϱ͕�ĚŽŝ͗ϭϬ͘ϭϭϱϮͬĂũƉŐŝ͘ϬϬϰϬϵ͘ϮϬϭϯ�;ϮϬϭϰͿ͘

 43  Mortha, A.�Ğƚ�Ăů͘�DŝĐƌŽďŝŽƚĂͲ�ĞƉĞŶĚĞŶƚ��ƌŽƐƐƚĂůŬ����ĞƚǁĞĞŶ�DĂĐƌŽƉŚĂŐĞƐ�ĂŶĚ�/>�ϯ�WƌŽŵŽƚĞƐ�/ŶƚĞƐƟŶĂů�
Homeostasis. ^ĐŝĞŶĐĞ�;ϮϬϭϰͿ͘

� ϰϰ� �yƵ͕� z͘ ͕� ,ƵŶƚ͕� E͘� ,͘� Θ� �ĂŽ͕� ^͘� dŚĞ� ƌŽůĞ� ŽĨ� ŐƌĂŶƵůŽĐǇƚĞ�ŵĂĐƌŽƉŚĂŐĞͲĐŽůŽŶǇͲƐƟŵƵůĂƟŶŐ� ĨĂĐƚŽƌ� ŝŶ� ĂĐƵƚĞ�
ŝŶƚĞƐƟŶĂů�ŝŶŇĂŵŵĂƟŽŶ͘��Ğůů�ƌĞƐĞĂƌĐŚ 18͕�ϭϮϮϬͲϭϮϮϵ͕�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬĐƌ͘ ϮϬϬϴ͘ϯϭϬ�;ϮϬϬϴͿ͘

� ϰϱ� �,ŝƌĂƚĂ͕�z͘ ͕��ŐĞĂ͕�>͕͘��ĂŶŶ͕�̂ ͘�D͕͘��ĐŬŵĂŶŶ͕�>͘�Θ�<ĂŐŶŽī͕�D͘�&͘ �'DͲ�^&ͲĨĂĐŝůŝƚĂƚĞĚ�ĚĞŶĚƌŝƟĐ�ĐĞůů�ƌĞĐƌƵŝƚŵĞŶƚ�
ĂŶĚ�ƐƵƌǀŝǀĂů�ŐŽǀĞƌŶ�ƚŚĞ�ŝŶƚĞƐƟŶĂů�ŵƵĐŽƐĂů�ƌĞƐƉŽŶƐĞ�ƚŽ�Ă�ŵŽƵƐĞ�ĞŶƚĞƌŝĐ�ďĂĐƚĞƌŝĂů�ƉĂƚŚŽŐĞŶ͘��Ğůů�ŚŽƐƚ�Θ�
ŵŝĐƌŽďĞ 7͕�ϭϱϭͲϭϲϯ͕�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ĐŚŽŵ͘ϮϬϭϬ͘Ϭϭ͘ϬϬϲ�;ϮϬϭϬͿ͘

� ϰϲ� ��ŽŽŶ͕� �͕͘� �ĞĂŐůĞǇ͕ � <͘� t͘� Θ� �ĂŽ͕� ^͘� dŚĞ� ƌŽůĞ� ŽĨ� ŐƌĂŶƵůŽĐǇƚĞ� ŵĂĐƌŽƉŚĂŐĞͲĐŽůŽŶǇ� ƐƟŵƵůĂƟŶŐ� ĨĂĐƚŽƌ�
ŝŶ� ŐĂƐƚƌŽŝŶƚĞƐƟŶĂů� ŝŵŵƵŶŝƚǇ� ƚŽ� ƐĂůŵŽŶĞůůŽƐŝƐ͘� ^ĐĂŶĚŝŶĂǀŝĂŶ� ũŽƵƌŶĂů� ŽĨ� ŝŵŵƵŶŽůŽŐǇ 70͕� ϭϬϲͲϭϭϱ͕�
ĚŽŝ͗ϭϬ͘ϭϭϭϭͬũ͘ϭϯϲϱͲϯϬϴϯ͘ϮϬϬϵ͘ϬϮϮϳϵ͘ǆ�;ϮϬϬϵͿ͘

� ϰϳ� �ǀĂŶ�ĚĞƌ�&ůŝĞƌ͕ �>͘�'͘�Θ��ůĞǀĞƌƐ͕�,͘�^ƚĞŵ�ĐĞůůƐ͕�ƐĞůĨͲƌĞŶĞǁĂů͕�ĂŶĚ�ĚŝīĞƌĞŶƟĂƟŽŶ�ŝŶ�ƚŚĞ�ŝŶƚĞƐƟŶĂů�ĞƉŝƚŚĞůŝƵŵ͘�
�ŶŶƵĂů�ƌĞǀŝĞǁ�ŽĨ�ƉŚǇƐŝŽůŽŐǇ 71͕�ϮϰϭͲϮϲϬ͕�ĚŽŝ͗ϭϬ͘ϭϭϰϲͬĂŶŶƵƌĞǀ͘ ƉŚǇƐŝŽů͘ϬϭϬϵϬϴ͘ϭϲϯϭϰϱ�;ϮϬϬϵͿ͘

 48  Hanash, A. M.� Ğƚ� Ăů͘� /ŶƚĞƌůĞƵŬŝŶͲϮϮ� ƉƌŽƚĞĐƚƐ� ŝŶƚĞƐƟŶĂů� ƐƚĞŵ� ĐĞůůƐ� ĨƌŽŵ� ŝŵŵƵŶĞͲŵĞĚŝĂƚĞĚ� ƟƐƐƵĞ�
ĚĂŵĂŐĞ� ĂŶĚ� ƌĞŐƵůĂƚĞƐ� ƐĞŶƐŝƟǀŝƚǇ� ƚŽ� ŐƌĂŌ� ǀĞƌƐƵƐ� ŚŽƐƚ� ĚŝƐĞĂƐĞ͘� /ŵŵƵŶŝƚǇ 37͕� ϯϯϵͲϯϱϬ͕� ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘
ŝŵŵƵŶŝ͘ϮϬϭϮ͘Ϭϱ͘ϬϮϴ�;ϮϬϭϮͿ͘

� ϰϵ� �<ĂŶĂŵŽƌǇ͕ �z͘ �Ğƚ�Ăů͘�/ĚĞŶƟĮĐĂƟŽŶ�ŽĨ�EŽǀĞů�>ǇŵƉŚŽŝĚ�dŝƐƐƵĞƐ�ŝŶ�DƵƌŝŶĞ�/ŶƚĞƐƟŶĂů�DƵĐŽƐĂ�tŚĞƌĞ��ůƵƐƚĞƌƐ�
ŽĨ�ĐͲŬŝƚн�/>ͲϳZнdŚǇϭн�>ǇŵƉŚŽͲŚĞŵŽƉŽŝĞƟĐ�WƌŽŐĞŶŝƚŽƌƐ��ĞǀĞůŽƉ͘�dŚĞ�:ŽƵƌŶĂů�ŽĨ�ĞǆƉĞƌŝŵĞŶƚĂů�ŵĞĚŝĐŝŶĞ 
184͕�ϭϰϰϵͲϭϰϱϵ�;ϭϵϵϲͿ͘

� ϱϬ� �dŝĂŶ͕�,͘�Ğƚ�Ăů͘���ƌĞƐĞƌǀĞ�ƐƚĞŵ�ĐĞůů�ƉŽƉƵůĂƟŽŶ�ŝŶ�ƐŵĂůů�ŝŶƚĞƐƟŶĞ�ƌĞŶĚĞƌƐ�>ŐƌϱͲƉŽƐŝƟǀĞ�ĐĞůůƐ�ĚŝƐƉĞŶƐĂďůĞ͘�
EĂƚƵƌĞ 478͕�ϮϱϱͲϮϱϵ͕�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬŶĂƚƵƌĞϭϬϰϬϴ�;ϮϬϭϭͿ͘

� ϱϭ� �dĂŬĞĚĂ͕�E͘�Ğƚ�Ăů͘�/ŶƚĞƌĐŽŶǀĞƌƐŝŽŶ��ĞƚǁĞĞŶ�/ŶƚĞƐƟŶĂů�̂ ƚĞŵ��Ğůů�WŽƉƵůĂƟŽŶƐ�ŝŶ��ŝƐƟŶĐƚ�EŝĐŚĞƐ͘�̂ ĐŝĞŶĐĞ 334, 
ϭϰϮϬͲϭϰϮϰ�;ϮϬϭϭͿ͘
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� ϱϮ� �zĂŶ͕� <͘� ^͘� Ğƚ� Ăů͘� dŚĞ� ŝŶƚĞƐƟŶĂů� ƐƚĞŵ� ĐĞůů� ŵĂƌŬĞƌƐ� �ŵŝϭ� ĂŶĚ� >Őƌϱ� ŝĚĞŶƟĨǇ� ƚǁŽ� ĨƵŶĐƟŽŶĂůůǇ� ĚŝƐƟŶĐƚ�
ƉŽƉƵůĂƟŽŶƐ͘�PNAS 109͕�ϰϲϲͲϰϳϭ�;ϮϬϭϮͿ͘

� ϱϯ� ��ƵĐǌĂĐŬŝ͕�^͘�:͘�Ğƚ�Ăů͘�/ŶƚĞƐƟŶĂů�ůĂďĞůͲƌĞƚĂŝŶŝŶŐ�ĐĞůůƐ�ĂƌĞ�ƐĞĐƌĞƚŽƌǇ�ƉƌĞĐƵƌƐŽƌƐ�ĞǆƉƌĞƐƐŝŶŐ�>Őƌϱ͘�EĂƚƵƌĞ 495, 
ϲϱͲϲϵ͕�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬŶĂƚƵƌĞϭϭϵϲϱ�;ϮϬϭϯͿ͘

� ϱϰ� �ZŽƚŚ͕�^͘�Ğƚ�Ăů͘�WĂŶĞƚŚ�ĐĞůůƐ�ŝŶ�ŝŶƚĞƐƟŶĂů�ŚŽŵĞŽƐƚĂƐŝƐ�ĂŶĚ�ƟƐƐƵĞ�ŝŶũƵƌǇ͘�WůŽ^�ŽŶĞ 7͕�Ğϯϴϵϲϱ͕�ĚŽŝ͗ϭϬ͘ϭϯϳϭͬ
ũŽƵƌŶĂů͘ƉŽŶĞ͘ϬϬϯϴϵϲϱ�;ϮϬϭϮͿ͘

� ϱϱ� �ǀĂŶ��Ɛ͕�:͘�,͘�Ğƚ�Ăů͘��ůůϭн�ƐĞĐƌĞƚŽƌǇ�ƉƌŽŐĞŶŝƚŽƌ�ĐĞůůƐ�ƌĞǀĞƌƚ�ƚŽ�ƐƚĞŵ�ĐĞůůƐ�ƵƉŽŶ�ĐƌǇƉƚ�ĚĂŵĂŐĞ͘�EĂƚƵƌĞ�ĐĞůů�
ďŝŽůŽŐǇ 14͕�ϭϬϵϵͲϭϭϬϰ͕�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬŶĐďϮϱϴϭ�;ϮϬϭϮͿ͘

� ϱϲ� �DĂƩŚĞǁƐ͕�:͘�Z͕͘�^ĂŶƐŽŵ͕�K͘�:͘�Θ��ůĂƌŬĞ͕��͘�Z͘��ďƐŽůƵƚĞ�ƌĞƋƵŝƌĞŵĞŶƚ�ĨŽƌ�^d�dϯ�ĨƵŶĐƟŽŶ�ŝŶ�ƐŵĂůůͲŝŶƚĞƐƟŶĞ�
crypt stem cell survival. �Ğůů�ĚĞĂƚŚ�ĂŶĚ�ĚŝīĞƌĞŶƟĂƟŽŶ 18͕�ϭϵϯϰͲϭϵϰϯ͕�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬĐĚĚ͘ϮϬϭϭ͘ϳϳ�;ϮϬϭϭͿ͘

� ϱϳ� �̂ ĂƚŽ͕�d͘ �Ğƚ�Ăů͘�^ŝŶŐůĞ�>Őƌϱ�ƐƚĞŵ�ĐĞůůƐ�ďƵŝůĚ�ĐƌǇƉƚͲǀŝůůƵƐ�ƐƚƌƵĐƚƵƌĞƐ�ŝŶ�ǀŝƚƌŽ�ǁŝƚŚŽƵƚ�Ă�ŵĞƐĞŶĐŚǇŵĂů�ŶŝĐŚĞ͘�
EĂƚƵƌĞ 459͕�ϮϲϮͲϮϲϱ͕�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬŶĂƚƵƌĞϬϳϵϯϱ�;ϮϬϬϵͿ͘

� ϱϴ� �d͕ �^͘�EŽǀĞů�ŝŶƚĞƐƟŶĂů�ƐƚĞŵ�ĐĞůů�ĐƵůƚƵƌĞ�ƐǇƐƚĞŵ͘��;ϮϬϭϮͿ͘

� ϱϵ� �tŽůŬ͕�<͘�Ğƚ�Ăů͘�/>ͲϮϮ�ŝŶĐƌĞĂƐĞƐ�ƚŚĞ�ŝŶŶĂƚĞ�ŝŵŵƵŶŝƚǇ�ŽĨ�ƟƐƐƵĞƐ͘�/ŵŵƵŶŝƚǇ 21͕�ϮϰϭͲϮϱϰ�;ϮϬϬϰͿ͘

 60  Sawa, S.�Ğƚ�Ăů͘�ZKZŐĂŵŵĂƚн�ŝŶŶĂƚĞ�ůǇŵƉŚŽŝĚ�ĐĞůůƐ�ƌĞŐƵůĂƚĞ�ŝŶƚĞƐƟŶĂů�ŚŽŵĞŽƐƚĂƐŝƐ�ďǇ�ŝŶƚĞŐƌĂƟŶŐ�ŶĞŐĂƟǀĞ�
ƐŝŐŶĂůƐ�ĨƌŽŵ�ƚŚĞ�ƐǇŵďŝŽƟĐ�ŵŝĐƌŽďŝŽƚĂ͘�EĂƚ�/ŵŵƵŶŽů 12͕�ϯϮϬͲϯϮϲ͕�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬŶŝ͘ϮϬϬϮ�;ϮϬϭϭͿ͘

� ϲϭ� �̂ ĂƚŽŚͲdĂŬĂǇĂŵĂ͕�E͘� Ğƚ� Ăů͘� dŚĞ� ŶĂƚƵƌĂů� ĐǇƚŽƚŽǆŝĐŝƚǇ� ƌĞĐĞƉƚŽƌ�E<Ɖϰϲ� ŝƐ� ĚŝƐƉĞŶƐĂďůĞ� ĨŽƌ� />ͲϮϮͲŵĞĚŝĂƚĞĚ�
ŝŶŶĂƚĞ� ŝŶƚĞƐƟŶĂů� ŝŵŵƵŶĞ� ĚĞĨĞŶƐĞ� ĂŐĂŝŶƐƚ� �ŝƚƌŽďĂĐƚĞƌ� ƌŽĚĞŶƟƵŵ͘� :ŽƵƌŶĂů� ŽĨ� ŝŵŵƵŶŽůŽŐǇ 183͕� ϲϱϳϵͲ
ϲϱϴϳ͕�ĚŽŝ͗ϭϬ͘ϰϬϰϵͬũŝŵŵƵŶŽů͘ϬϵϬϭϵϯϱ�;ϮϬϬϵͿ͘

� ϲϮ� �WŝĐŬĞƌƚ͕�'͘�Ğƚ�Ăů͘�^d�dϯ�ůŝŶŬƐ�/>ͲϮϮ�ƐŝŐŶĂůŝŶŐ�ŝŶ�ŝŶƚĞƐƟŶĂů�ĞƉŝƚŚĞůŝĂů�ĐĞůůƐ�ƚŽ�ŵƵĐŽƐĂů�ǁŽƵŶĚ�ŚĞĂůŝŶŐ͘�dŚĞ�
:ŽƵƌŶĂů�ŽĨ�ĞǆƉĞƌŝŵĞŶƚĂů�ŵĞĚŝĐŝŶĞ 206͕�ϭϰϲϱͲϭϰϳϮ͕�ĚŽŝ͗ϭϬ͘ϭϬϴϰͬũĞŵ͘ϮϬϬϴϮϲϴϯ�;ϮϬϬϵͿ͘

 63  Dauer, D. J.�Ğƚ�Ăů͘ Stat3 regulates genes common to both wound healing and cancer. KŶĐŽŐĞŶĞ 24, 3397-
ϯϰϬϴ͕�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬƐũ͘ŽŶĐ͘ϭϮϬϴϰϲϵ�;ϮϬϬϱͿ͘

� ϲϰ� �<ĂŶĚĂ͕�E͘�Ğƚ�Ăů͘�^d�dϯ�ŝƐ�ĐŽŶƐƟƚƵƟǀĞůǇ�ĂĐƟǀĂƚĞĚ�ĂŶĚ�ƐƵƉƉŽƌƚƐ�ĐĞůů�ƐƵƌǀŝǀĂů�ŝŶ�ĂƐƐŽĐŝĂƟŽŶ�ǁŝƚŚ�ƐƵƌǀŝǀŝŶ�
ĞǆƉƌĞƐƐŝŽŶ�ŝŶ�ŐĂƐƚƌŝĐ�ĐĂŶĐĞƌ�ĐĞůůƐ͘�KŶĐŽŐĞŶĞ 23͕�ϰϵϮϭͲϰϵϮϵ͕�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬƐũ͘ŽŶĐ͘ϭϮϬϳϲϬϲ�;ϮϬϬϰͿ͘

� ϲϱ� �'ŽŶŐ͕� t͘� Ğƚ� Ăů͘� �ǆƉƌĞƐƐŝŽŶ� ŽĨ� ĂĐƟǀĂƚĞĚ� ƐŝŐŶĂů� ƚƌĂŶƐĚƵĐĞƌ� ĂŶĚ� ĂĐƟǀĂƚŽƌ� ŽĨ� ƚƌĂŶƐĐƌŝƉƟŽŶ� ϯ� ƉƌĞĚŝĐƚƐ�
ĞǆƉƌĞƐƐŝŽŶ�ŽĨ�ǀĂƐĐƵůĂƌ�ĞŶĚŽƚŚĞůŝĂů�ŐƌŽǁƚŚ�ĨĂĐƚŽƌ�ŝŶ�ĂŶĚ�ĂŶŐŝŽŐĞŶŝĐ�ƉŚĞŶŽƚǇƉĞ�ŽĨ�ŚƵŵĂŶ�ŐĂƐƚƌŝĐ�ĐĂŶĐĞƌ͘ �
�ůŝŶŝĐĂů�ĐĂŶĐĞƌ�ƌĞƐĞĂƌĐŚ�͗�ĂŶ�ŽĸĐŝĂů�ũŽƵƌŶĂů�ŽĨ�ƚŚĞ��ŵĞƌŝĐĂŶ��ƐƐŽĐŝĂƟŽŶ�ĨŽƌ��ĂŶĐĞƌ�ZĞƐĞĂƌĐŚ 11͕�ϭϯϴϲͲ
ϭϯϵϯ͕�ĚŽŝ͗ϭϬ͘ϭϭϱϴͬϭϬϳϴͲϬϰϯϮ͘��ZͲϬϰͲϬϰϴϳ�;ϮϬϬϱͿ͘

 66  Jenkins, B. J.�Ğƚ�Ăů͘�,ǇƉĞƌĂĐƟǀĂƟŽŶ�ŽĨ�^ƚĂƚϯ�ŝŶ�ŐƉϭϯϬ�ŵƵƚĂŶƚ�ŵŝĐĞ�ƉƌŽŵŽƚĞƐ�ŐĂƐƚƌŝĐ�ŚǇƉĞƌƉƌŽůŝĨĞƌĂƟŽŶ�
ĂŶĚ�ĚĞƐĞŶƐŝƟǌĞƐ�d'&ͲďĞƚĂ�ƐŝŐŶĂůŝŶŐ͘�EĂƚƵƌĞ�ŵĞĚŝĐŝŶĞ 11͕�ϴϰϱͲϴϱϮ͕�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬŶŵϭϮϴϮ�;ϮϬϬϱͿ͘

� ϲϳ� ��ŚĞŶŐ͕� z͘ � Ğƚ� Ăů͘� /ŶƚĞƌůĞƵŬŝŶͲϮϮ� ŵĞĚŝĂƚĞƐ� ĞĂƌůǇ� ŚŽƐƚ� ĚĞĨĞŶƐĞ� ĂŐĂŝŶƐƚ� ĂƩĂĐŚŝŶŐ� ĂŶĚ� ĞīĂĐŝŶŐ� ďĂĐƚĞƌŝĂů�
pathogens. EĂƚƵƌĞ�ŵĞĚŝĐŝŶĞ 14͕�ϮϴϮͲϮϴϵ͕�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬŶŵϭϳϮϬ�;ϮϬϬϴͿ͘

� ϲϴ� �,ƵŶƚĞƌ͕ ��͘��͘�Θ�:ŽŶĞƐ͕�^͘��͘�/>Ͳϲ�ĂƐ�Ă�ŬĞǇƐƚŽŶĞ�ĐǇƚŽŬŝŶĞ�ŝŶ�ŚĞĂůƚŚ�ĂŶĚ�ĚŝƐĞĂƐĞ͘�EĂƚ�/ŵŵƵŶŽů 16͕�ϰϰϴͲϰϱϳ͕�
ĚŽŝ͗ϭϬ͘ϭϬϯϴͬŶŝ͘ϯϭϱϯ�;ϮϬϭϱͿ͘

� ϲϵ� �tĂŶŐ͕�z͘ ͕�ǀĂŶ��ŽǆĞůͲ�ĞǌĂŝƌĞ͕��͘�,͕͘��ŚĞŽŶ͕�,͕͘�zĂŶŐ͕�:͘�Θ�^ƚĂƌŬ͕�'͘�Z͘�^d�dϯ�ĂĐƟǀĂƟŽŶ�ŝŶ�ƌĞƐƉŽŶƐĞ�ƚŽ�/>Ͳϲ�
ŝƐ�ƉƌŽůŽŶŐĞĚ�ďǇ�ƚŚĞ�ďŝŶĚŝŶŐ�ŽĨ�/>Ͳϲ�ƌĞĐĞƉƚŽƌ�ƚŽ��'&�ƌĞĐĞƉƚŽƌ͘ �WƌŽĐĞĞĚŝŶŐƐ�ŽĨ�ƚŚĞ�EĂƟŽŶĂů��ĐĂĚĞŵǇ�ŽĨ�
^ĐŝĞŶĐĞƐ�ŽĨ�ƚŚĞ�hŶŝƚĞĚ�^ƚĂƚĞƐ�ŽĨ��ŵĞƌŝĐĂ 110͕�ϭϲϵϳϱͲϭϲϵϴϬ͕�ĚŽŝ͗ϭϬ͘ϭϬϳϯͬƉŶĂƐ͘ϭϯϭϱϴϲϮϭϭϬ�;ϮϬϭϯͿ͘

 70  Sato, T.�Ğƚ�Ăů͘�WĂŶĞƚŚ�ĐĞůůƐ�ĐŽŶƐƟƚƵƚĞ�ƚŚĞ�ŶŝĐŚĞ�ĨŽƌ�>Őƌϱ�ƐƚĞŵ�ĐĞůůƐ�ŝŶ�ŝŶƚĞƐƟŶĂů�ĐƌǇƉƚƐ͘�EĂƚƵƌĞ 469͕�ϰϭϱͲ
ϰϭϴ͕�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬŶĂƚƵƌĞϬϵϲϯϳ�;ϮϬϭϭͿ͘
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� ϳϭ� ��ĞůůĂ͕�D͕͘�KƚĞƌŽ͕�<͘�Θ��ŽůŽŶŶĂ͕�D͘��ǆƉĂŶƐŝŽŶ�ŽĨ�ŚƵŵĂŶ�E<ͲϮϮ�ĐĞůůƐ�ǁŝƚŚ�/>Ͳϳ͕�/>ͲϮ͕�ĂŶĚ�/>ͲϭďĞƚĂ�ƌĞǀĞĂůƐ�
ŝŶƚƌŝŶƐŝĐ�ĨƵŶĐƟŽŶĂů�ƉůĂƐƟĐŝƚǇ͘�WƌŽĐĞĞĚŝŶŐƐ�ŽĨ�ƚŚĞ�EĂƟŽŶĂů��ĐĂĚĞŵǇ�ŽĨ�^ĐŝĞŶĐĞƐ�ŽĨ�ƚŚĞ�hŶŝƚĞĚ�^ƚĂƚĞƐ�ŽĨ�
�ŵĞƌŝĐĂ 107͕�ϭϬϵϲϭͲϭϬϵϲϲ͕�ĚŽŝ͗ϭϬ͘ϭϬϳϯͬƉŶĂƐ͘ϭϬϬϱϲϰϭϭϬϳ�;ϮϬϭϬͿ͘

 72  Hughes, T.� Ğƚ� Ăů͘� /ŶƚĞƌůĞƵŬŝŶͲϭďĞƚĂ� ƐĞůĞĐƟǀĞůǇ� ĞǆƉĂŶĚƐ� ĂŶĚ� ƐƵƐƚĂŝŶƐ� ŝŶƚĞƌůĞƵŬŝŶͲϮϮн� ŝŵŵĂƚƵƌĞ�
ŚƵŵĂŶ� ŶĂƚƵƌĂů� ŬŝůůĞƌ� ĐĞůůƐ� ŝŶ� ƐĞĐŽŶĚĂƌǇ� ůǇŵƉŚŽŝĚ� ƟƐƐƵĞ͘� /ŵŵƵŶŝƚǇ 32͕� ϴϬϯͲϴϭϰ͕� ĚŽŝ͗ϭϬ͘ϭϬϭϲͬ 
ũ͘ŝŵŵƵŶŝ͘ϮϬϭϬ͘Ϭϲ͘ϬϬϳ�;ϮϬϭϬͿ͘

� ϳϯ� �DĂĐŚŽͲ&ĞƌŶĂŶĚĞǌ͕��͘�Ğƚ�Ăů͘�>ǇŵƉŚŽƚŽǆŝŶ�ďĞƚĂ�ƌĞĐĞƉƚŽƌ�ƐŝŐŶĂůŝŶŐ�ůŝŵŝƚƐ�ŵƵĐŽƐĂů�ĚĂŵĂŐĞ�ƚŚƌŽƵŐŚ�ĚƌŝǀŝŶŐ�
/>ͲϮϯ�ƉƌŽĚƵĐƟŽŶ�ďǇ�ĞƉŝƚŚĞůŝĂů�ĐĞůůƐ͘�DƵĐŽƐĂů�ŝŵŵƵŶŽůŽŐǇ 8͕�ϰϬϯͲϰϭϯ͕�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬŵŝ͘ϮϬϭϰ͘ϳϴ�;ϮϬϭϱͿ͘

� ϳϰ� �<ĂŶĂƌĞŬ͕�E͘�Ğƚ�Ăů͘��ƌŝƟĐĂů�ƌŽůĞ�ĨŽƌ�/>ͲϭďĞƚĂ�ŝŶ��E��ĚĂŵĂŐĞͲŝŶĚƵĐĞĚ�ŵƵĐŽƐŝƟƐ͘�WƌŽĐĞĞĚŝŶŐƐ�ŽĨ�ƚŚĞ�EĂƟŽŶĂů�
�ĐĂĚĞŵǇ� ŽĨ� ^ĐŝĞŶĐĞƐ� ŽĨ� ƚŚĞ� hŶŝƚĞĚ� ^ƚĂƚĞƐ� ŽĨ� �ŵĞƌŝĐĂ 111͕� �ϳϬϮͲϳϭϭ͕� ĚŽŝ͗ϭϬ͘ϭϬϳϯͬƉŶĂƐ͘ϭϯϮϮϲϵϭϭϭϭ�
;ϮϬϭϰͿ͘

� ϳϱ� �>ƵĐŝ͕� �͘� Ğƚ� Ăů͘� /ŶŇƵĞŶĐĞ� ŽĨ� ƚŚĞ� ƚƌĂŶƐĐƌŝƉƟŽŶ� ĨĂĐƚŽƌ� ZKZŐĂŵŵĂƚ� ŽŶ� ƚŚĞ� ĚĞǀĞůŽƉŵĞŶƚ� ŽĨ� E<Ɖϰϲн� ĐĞůů�
ƉŽƉƵůĂƟŽŶƐ�ŝŶ�ŐƵƚ�ĂŶĚ�ƐŬŝŶ͘�EĂƚ�/ŵŵƵŶŽů 10͕�ϳϱͲϴϮ͕�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬŶŝ͘ϭϲϴϭ�;ϮϬϬϵͿ͘

� ϳϲ� �,ŽƌƚŽŶ͕�E͘��͘�Θ�DĂƚŚĞǁ͕�W͘ ��͘�E<Ɖϰϰ�ĂŶĚ�EĂƚƵƌĂů��ǇƚŽƚŽǆŝĐŝƚǇ�ZĞĐĞƉƚŽƌƐ�ĂƐ��ĂŵĂŐĞͲ�ƐƐŽĐŝĂƚĞĚ�DŽůĞĐƵůĂƌ�
WĂƩĞƌŶ�ZĞĐŽŐŶŝƟŽŶ�ZĞĐĞƉƚŽƌƐ͘�&ƌŽŶƟĞƌƐ�ŝŶ�ŝŵŵƵŶŽůŽŐǇ 6͕�ϯϭ͕�ĚŽŝ͗ϭϬ͘ϯϯϴϵͬĮŵŵƵ͘ϮϬϭϱ͘ϬϬϬϯϭ�;ϮϬϭϱͿ͘

� ϳϳ� �'ůĂƚǌĞƌ͕ � d͘ � Ğƚ� Ăů͘� ZKZŐĂŵŵĂƚ;нͿ� ŝŶŶĂƚĞ� ůǇŵƉŚŽŝĚ� ĐĞůůƐ� ĂĐƋƵŝƌĞ� Ă� ƉƌŽŝŶŇĂŵŵĂƚŽƌǇ� ƉƌŽŐƌĂŵ�
ƵƉŽŶ� ĞŶŐĂŐĞŵĞŶƚ� ŽĨ� ƚŚĞ� ĂĐƟǀĂƟŶŐ� ƌĞĐĞƉƚŽƌ� E<Ɖϰϰ͘� /ŵŵƵŶŝƚǇ 38͕� ϭϮϮϯͲϭϮϯϱ͕� ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘
ŝŵŵƵŶŝ͘ϮϬϭϯ͘Ϭϱ͘Ϭϭϯ�;ϮϬϭϯͿ͘

 78  Elboim, M.�Ğƚ�Ăů͘�dƵŵŽƌ�ŝŵŵƵŶŽĞĚŝƟŶŐ�ďǇ�E<Ɖϰϲ͘�:ŽƵƌŶĂů�ŽĨ�ŝŵŵƵŶŽůŽŐǇ 184͕�ϱϲϯϳͲϱϲϰϰ͕�ĚŽŝ͗ϭϬ͘ϰϬϰϵͬ
ũŝŵŵƵŶŽů͘ϬϵϬϭϲϰϰ�;ϮϬϭϬͿ͘

� ϳϵ� �'Ăǌŝƚ͕�Z͘�Ğƚ�Ăů͘�>ĞƚŚĂů�ŝŶŇƵĞŶǌĂ�ŝŶĨĞĐƟŽŶ�ŝŶ�ƚŚĞ�ĂďƐĞŶĐĞ�ŽĨ�ƚŚĞ�ŶĂƚƵƌĂů�ŬŝůůĞƌ�ĐĞůů�ƌĞĐĞƉƚŽƌ�ŐĞŶĞ�EĐƌϭ͘�EĂƚ�
/ŵŵƵŶŽů 7͕�ϱϭϳͲϱϮϯ͕�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬŶŝϭϯϮϮ�;ϮϬϬϲͿ͘

� ϴϬ� �DĂĚĂƌĂ͕� :͘� >͘� Θ� ^ƚĂīŽƌĚ͕� :͘� /ŶƚĞƌĨĞƌŽŶ� ŐĂŵŵĂ� ĚŝƌĞĐƚůǇ� ĂīĞĐƚƐ� ďĂƌƌŝĞƌ� ĨƵŶĐƟŽŶ� ŽĨ� ĐƵůƚƵƌĞĚ� ŝŶƚĞƐƟŶĂů�
epithelial monolayers. dŚĞ�:ŽƵƌŶĂů�ŽĨ�ĐůŝŶŝĐĂů�ŝŶǀĞƐƟŐĂƟŽŶ 83͕�ϳϮϰͲϳϮϳ�;ϭϵϴϵͿ͘

� ϴϭ� ��ĚĂŵƐ͕�Z͘��͕͘�WůĂŶĐŚŽŶ͕�^͘�D͘�Θ�ZŽĐŚĞ͕�:͘�<͘�/&EͲŐĂŵŵĂ�ŵŽĚƵůĂƟŽŶ�ŽĨ�ĞƉŝƚŚĞůŝĂů�ďĂƌƌŝĞƌ�ĨƵŶĐƟŽŶ͘�dŝŵĞ�
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Summary

SUMMARY

The work described in this thesis had as goal to gain knowledge on the role of ILC3 in 
ŵƵĐŽƐĂů�ƟƐƐƵĞƐ�ĂŌĞƌ�ĞƉŝƚŚĞůŝĂů�ĚĂŵĂŐĞ͘�/Ŷ�ƚŚĞƐĞ�ƐƚƵĚŝĞƐ�ǁĞ�ĂŝŵĞĚ�ƚŽ�ĐŚĂƌĂĐƚĞƌŝǌĞ�ƚŚĞ�
ĚŝīĞƌĞŶƚ� />�ϯ� ƐƵďƐĞƚ� ƉƌĞƐĞŶƚ� ŝŶ� ƚŚĞ� ƐŵĂůů� ŝŶƚĞƐƟŶĞ� ĚƵƌŝŶŐ� ĞƉŝƚŚĞůŝĂů� ŝŶũƵƌǇ� ĂƐ�ǁĞůů� ĂƐ�
ƚŚĞŝƌ�ŵĞĐŚĂŶŝƐŵƐ� ŽĨ� ĂĐƟǀĂƟŽŶ� ĂŶ� ĞīĞĐƚŽƌ� ĨƵŶĐƟŽŶƐ͘�Chapter 1 gives an overview of 
ƚŚĞ�ĐƵƌƌĞŶƚ�ŬŶŽǁůĞĚŐĞ�ŽĨ�ƚŚĞ�ĐĞůůƐ�ƉƌĞƐĞŶƚ�ŝŶ�ƚŚĞ�ƐŵĂůů�ŝŶƚĞƐƟŶĞ�ĂŶĚ�ƚŚĞŝƌ�ŝŶƚĞƌĂĐƟŽŶƐ͘�
^ƉĞĐŝĂůŝǌĞĚ�ĞƉŝƚŚĞůŝĂů�ĐĞůůƐ�ĐŽŶƐƟƚƵƚĞ�Ă�ƐŝŶŐůĞ�ůĂǇĞƌ�ŽĨ�ĐĞůůƐ�ƚŚĂƚ�ƐĞƉĂƌĂƚĞƐ�ƚŚĞ�ŚŽƐƚ�ĨƌŽŵ�
ƚŚĞ�ĞǆƚĞƌŶĂů�ĞŶǀŝƌŽŶŵĞŶƚ͘�DĂŝŶƚĞŶĂŶĐĞ�ŽĨ�ĞƉŝƚŚĞůŝĂů�ŝŶƚĞŐƌŝƚǇ�ŝƐ�ŽĨ�ŐƌĞĂƚ�ŝŵƉŽƌƚĂŶĐĞ�ƚŽ�
ŬĞĞƉ� ďĂĐƚĞƌŝĂ� Ăƚ� ďĂǇ�ǁŚŝůĞ� ƉƌŽǀŝĚŝŶŐ� ĂŶ� ĂĚĞƋƵĂƚĞ� ĂďƐŽƌƉƟŽŶ� ŽĨ� ŶƵƚƌŝĞŶƚƐ� ĂŶĚ�ǁĂƚĞƌ͘ �
�ƌĞĂŬĚŽǁŶ�ŽĨ�ƚŚĞ�ĞƉŝƚŚĞůŝĂů�ďĂƌƌŝĞƌ�ĐĂŶ�ůĞĂĚ�ƚŽ�ďĂĐƚĞƌŝĂů�ƚƌĂŶƐůŽĐĂƟŽŶ�ĂŶĚ�ŝŶŇĂŵŵĂƟŽŶ�
ĂŶĚ� ƚŚĞƌĞĨŽƌĞ� ĚŝīĞƌĞŶƚ�ŵĞĐŚĂŶŝƐŵƐ� ŚĂǀĞ� ĞǀŽůǀĞĚ� ƚŽ� ŐƵĂƌĂŶƚĞĞ� ĞĸĐŝĞŶƚ� ƌĞŐĞŶĞƌĂƟŽŶ�
ƵƉŽŶ� ƟƐƐƵĞ� ĚĂŵĂŐĞ͘� hŶĚĞƌŶĞĂƚŚ� ƚŚĞ� ĞƉŝƚŚĞůŝƵŵ͕� ŚŝŐŚůǇ� ƌĞŐƵůĂƚĞĚ� ĐƌŽƐƐƚĂůŬ� ďĞƚǁĞĞŶ�
ŵƵůƟƉůĞ� ƚǇƉĞƐ� ŽĨ� ŚĞŵĂƚŽƉŽŝĞƟĐ� ĂŶĚ� ĞƉŝƚŚĞůŝĂů� ĐĞůůƐ� ĞŶƐƵƌĞƐ� Ă� ŚĞĂůƚŚǇ� ďĂƌƌŝĞƌ� ƵŶĚĞƌ�
ŚŽŵĞŽƐƚĂƟĐ�ĐŽŶĚŝƟŽŶƐ͘� /Ŷ�ƚŚĞ� ůĂƐƚ� ĨĞǁ�ǇĞĂƌƐ͕� />�ϯ�ƌĞƐŝĚŝŶŐ� ŝŶ�ƚŚĞ� ŝŶƚĞƐƟŶĂů� ƚƌĂĐƚ�ŚĂǀĞ�
ŐĂŝŶĞĚ�ĂƉƉƌĞĐŝĂƟŽŶ�ĂƐ� ƚŚĞǇ� ƌĞƉƌĞƐĞŶƚ�ĂŶ�ĞƐƐĞŶƟĂů� ƐŽƵƌĐĞ�ŽĨ� />ͲϮϮ͕�ǁŚŝĐŚ� ŝƐ� ĐƌƵĐŝĂů� ƚŽ�
ĚĞĂů�ǁŝƚŚ�ďĂĐƚĞƌŝĂů� ŝŶĨĞĐƟŽŶƐ͘� � �EĞǀĞƌƚŚĞůĞƐƐ͕� ƚŚĞ� ƌŽůĞ�ŽĨ� />�ϯ� ŝŶ�ĐŝƌĐƵŵƐƚĂŶĐĞƐ�ǁŚĞƌĞ�
ŝŶĨĞĐƟŽŶƐ�ĂƌĞ�ŶŽƚ�ƚŚĞ�ŵĂŝŶ�ĚƌŝǀĞƌ�ŽĨ�ŵƵĐŽƐĂů�ŝŶƐƵůƚ�ŝƐ�ƐƟůů�ƉŽŽƌůǇ�ƵŶĚĞƌƐƚŽŽĚ͘�

In chapter 2͕�ǁĞ� ŝŶǀĞƐƟŐĂƚĞĚ� ƚŚĞ� ƌŽůĞ�ŽĨ� />�ϯ� ŝŶ�ƟƐƐƵĞ�ƉƌŽƚĞĐƟŽŶ�ƵƐŝŶŐ� ƚŚĞ�ĐǇƚŽƐƚĂƟĐ�
ĚƌƵŐ�ŵĞƚŚŽƚƌĞǆĂƚĞ� ;DdyͿ�ĂƐ�ĂŶ�ĂŐĞŶƚ� ƚŽ� ŝŶĚƵĐĞĚ� ƐŵĂůů� ŝŶƚĞƐƟŶĂů�ĚĂŵĂŐĞ͘��Ɛ�Ă� ƌĞƐƵůƚ�
ŽĨ� ĐǇƚŽƐƚĂƟĐ� ƚƌĞĂƚŵĞŶƚ͕� ĚĂŵĂŐĞ� ƚŽ� ĞƉŝƚŚĞůŝƵŵ� ŽĐĐƵƌƐ͕� ǁŚŝĐŚ� ĐĂŶ� ƵůƟŵĂƚĞůǇ� ƌĞƐƵůƚ� ŝŶ�
ĚĞǀĞůŽƉŵĞŶƚ�ŽĨ�ŵƵĐŽƐŝƟƐ͕� ƌĞƐĞŵďůŝŶŐ� ƚŚĞ�ĐŽŵƉůŝĐĂƟŽŶƐ�ƐƵīĞƌĞĚ�ďǇ�ƉĂƟĞŶƚƐ�ĞŶƌŽůůĞĚ�
in chemo- or radiotherapy regimens. Using RorɶtͲͬͲ� ĂŶĚ� dŚǇϭͲƚƌĞĂƚĞĚ� ZĂŐϭͲͬͲ mice we 
ĚĞŵŽŶƐƚƌĂƚĞĚ� ĂŶ� ŝŵƉŽƌƚĂŶƚ� ƌŽůĞ� ĨŽƌ� />�ϯ� ŝŶ� ŝŶƚĞƐƟŶĂů� ƟƐƐƵĞ� ƉƌŽƚĞĐƟŽŶ� ĂŌĞƌ� Ddy�
ƚƌĞĂƚŵĞŶƚ͘� tĞ� ƐŚŽǁĞĚ� ƚŚĂƚ� />�ϯ� ƉƌŽŵŽƚĞ� ĂĐƟǀĂƟŽŶ� ŽĨ� ĞƉŝƚŚĞůŝĂů� ^d�dϯ͕� ǁŚŝĐŚ� ŚĂƐ�
been implicated in mucosal wound healing. Lack of ILC3 translated into reduced pSTAT3 
ůĞǀĞůƐ� ĂŶĚ� ĂŐŐƌĂǀĂƚĞĚ� ŝŶƚĞƐƟŶĂů� ƉĂƚŚŽůŽŐǇ͕ �ǁŚŝĐŚ�ǁĂƐ� ĞƐƉĞĐŝĂůůǇ� ŽďǀŝŽƵƐ� ŝŶ� ƚŚĞ� ĐƌǇƉƚ�
ĐŽŵƉĂƌƚŵĞŶƚ͘��ĞƚĂŝůĞĚ�ĂŶĂůǇƐŝƐ�ŽĨ�ŝŶƚĞƐƟŶĂů�ĐƌǇƉƚƐ�ĂŌĞƌ�Ddy�ƚƌĞĂƚŵĞŶƚ�ƌĞǀĞĂůĞĚ�Ă�ůŽƐƐ�
ŽĨ�>Őƌϱн�ƐƚĞŵ�ĐĞůůƐ�ŝŶ�ƚŚĞ�ĂďƐĞŶĐĞ�ŽĨ�/>�ϯ͕�ŝŶĚŝĐĂƟŶŐ�ƚŚĂƚ�ĂŶ�ĂĐƟǀĞ�ĐƌŽƐƐƚĂůŬ�ďĞƚǁĞĞŶ�/>�ϯ�
and the crypt compartment occurs in response to epithelial insult.

tĞ� ĨƵƌƚŚĞƌ� ǀĂůŝĚĂƚĞĚ� ƚŚĞ� ĨƵŶĐƟŽŶĂů� ƌŽůĞ� ŽĨ� />�ϯ� ĚƵƌŝŶŐ� ĞƉŝƚŚĞůŝĂů� ĚĂŵĂŐĞ� ďǇ�
ƚƌĂŶƐĐƌŝƉƟŽŶĂů�ĂŶĂůǇƐŝƐ�ŽĨ�ƉƵƌŝĮĞĚ�ůĂŵŝŶĂ�ƉƌŽƉƌŝĂ���Zϲн�ĂŶĚ�E<ƉϰϲнILC3, which revealed 
ŝŶĐƌĞĂƐĞĚ�ƚƌĂŶƐĐƌŝƉƟŽŶ�ŽĨ�ŐĞŶĞƐ�ŝŶǀŽůǀĞĚ�ŝŶ�ƟƐƐƵĞ�ƉƌŽƚĞĐƟŽŶ͕�ŝŶĐůƵĚŝŶŐ�ƚŚĞ�ĐǇƚŽŬŝŶĞ�/>Ͳ
ϮϮ͘��ĞĐĂƵƐĞ͕� />ͲϮϮ� ŝƐ�ŬŶŽǁŶ�ƚŽ�ŚĂǀĞ�ĂŶ� ŝŵƉŽƌƚĂŶƚ�ƌŽůĞ� ŝŶ�ŵƵĐŽƐĂů�ƉƌŽƚĞĐƟŽŶ͕�ǁĞ�ŶĞǆƚ�
ŝŶǀĞƐƟŐĂƚĞĚ�ƚŚĞ�ĨƵŶĐƟŽŶĂů�ĐŽŶƐĞƋƵĞŶĐĞ�ŽĨ�ƚŚĞ�ĂďƐĞŶĐĞ�ŽĨ�ƚŚŝƐ�ĐǇƚŽŬŝŶĞ�ĚƵƌŝŶŐ�ĞƉŝƚŚĞůŝĂů�
ƌĞƐƉŽŶƐĞƐ� ƚŽ�Ddy�ƚƌĞĂƚŵĞŶƚ͘� /Ŷ�chapter 3͕�ǁĞ�ĂĚĚƌĞƐƐĞĚ� ƚŚŝƐ�ƋƵĞƐƟŽŶ�ďǇ� ƚƌĞĂƟŶŐ� />Ͳ



22ͲͬͲ�ŵŝĐĞ�ǁŝƚŚ�Ddy͘�^ƵƌƉƌŝƐŝŶŐůǇ͕ �ĂŶĂůǇƐŝƐ�ŽĨ�ĞƉŝƚŚĞůŝĂů�^d�dϯ�ƐŚŽǁĞĚ�ĐŽŵƉĂƌĂďůĞ�ůĞǀĞůƐ�
between WT and L-22ͲͬͲ�ŵŝĐĞ͘� /Ŷ� ůŝŶĞ�ǁŝƚŚ�ƚŚĞ�ĂĐƟǀĂƟŽŶ�ŽĨ�^d�dϯ͕� ŝŶƚĞƐƟŶĂů�ƉĂƚŚŽůŽŐǇ�
ǁĂƐ� ĂůƐŽ� ŶŽƚ� ŝŶĐƌĞĂƐĞĚ� ŝŶ� ƚŚĞ� ĂďƐĞŶĐĞ�ŽĨ� />ͲϮϮ͘�EĞǀĞƌƚŚĞůĞƐƐ͕� ƵƐŝŶŐ� />ͲϮϮ�ŶĞƵƚƌĂůŝǌŝŶŐ�
ĂŶƟďŽĚŝĞƐ�ǁĞ� ƐŚŽǁĞĚ� ƚŚĂƚ� />ͲϮϮ� ĐŽŶƚƌŝďƵƚĞƐ� ƚŽ� ƐƚĞŵ�ĐĞůů�ŵĂŝŶƚĞŶĂŶĐĞ͕� ĂƐ� >Őƌϱн stem 
cell numbers were decreased in IL-22 blocked animals as compared to isotype-treated 
ŵŝĐĞ�ĂŌĞƌ�Ddy�ĂĚŵŝŶŝƐƚƌĂƟŽŶ͘�,ŽǁĞǀĞƌ͕ �ƚŚĞ�ƌĞƐƵůƚƐ�ƐŚŽǁĞĚ�ƚŚĂƚ�/>ͲϮϮ�ŝƐ�ŽŶůǇ�ƉĂƌƟĂůůǇ�
ĐŽŶƚƌŝďƵƟŶŐ� ƚŽ� ƚŚĞ� ƉŚĞŶŽƚǇƉĞ� ŽďƐĞƌǀĞĚ� ŝŶ� />�ϯ� ĚĞĮĐŝĞŶƚ� ŵŝĐĞ� ĂŶĚ� ŚĞŶĐĞ� ĂĚĚŝƟŽŶĂů�
ĨĂĐƚŽƌƐ�ĂƌĞ�ůŝŬĞůǇ�ƚŽ�ƉĂƌƟĐŝƉĂƚĞ�ŝŶ�ƐƚĞŵ�ĐĞůů�ŵĂŝŶƚĞŶĂŶĐĞ�ĂŌĞƌ�Ddy�ƚƌĞĂƚŵĞŶƚ͘

,ĂǀŝŶŐ�ĚĞŵŽŶƐƚƌĂƚĞĚ�ƚŚĞ�ƌĞƐƉŽŶƐĞ�ŽĨ�ŝŶƚĞƐƟŶĂů�/>�ϯ�ƚŽ�DdyͲŵĞĚŝĂƚĞĚ�ĞƉŝƚŚĞůŝĂů�ĚĂŵĂŐĞ�
ĂŶĚ� ƚŚĞŝƌ� ĐŽŶƚƌŝďƵƟŽŶ� ƚŽ� ĞƉŝƚŚĞůŝĂů� ĂĐƟǀĂƟŽŶ͕� ǁĞ� ŶĞǆƚ� ĞǆƉůŽƌĞĚ� ƚŚĞ� ŵĞĐŚĂŶŝƐŵƐ� ďǇ�
ǁŚŝĐŚ� />�ϯ� ƐĞŶƐĞ� ƟƐƐƵĞ� ĚĂŵĂŐĞ� ĂŶĚ� ŵĞĚŝĂƚĞ� ƚŚĞƐĞ� ĞīĞĐƚŽƌ� ĨƵŶĐƟŽŶƐ͘� tĞ� ŶŽƟĐĞĚ�
ƚŚĂƚ�Ăƚ� ƚŚĞ�ƉĞĂŬ�ŽĨ�ĚĂŵĂŐĞ͕� ŝŶƚĞƐƟŶĂů� />�ϯ�ƵƉͲƌĞŐƵůĂƚĞĚ�ƚŚĞ�ĞǆƉƌĞƐƐŝŽŶ�ŽĨ�E<Ɖϰϲ�ĂŶĚ�
ŝŶƚĞƌĞƐƟŶŐůǇ� Ăƚ� ƚŚŝƐ� ƟŵĞ� ƉŽŝŶƚ� ƚŚĞ� ƉŽƉƵůĂƟŽŶ� ŽĨ� E<Ɖϰϲн/>�ϯ� ĞǆŚŝďŝƚĞĚ� Ă� ƌĞŵĂƌŬĂďůĞ�
ĂĐƟǀĂƚĞĚ�ƉŚĞŶŽƚǇƉĞ͕� ƐƵŐŐĞƐƟŶŐ� ƚŚĂƚ� ƚŚŝƐ� ƌĞĐĞƉƚŽƌ�ŵĂǇ�ďĞ� ŝŶǀŽůǀĞĚ� ŝŶ� />�ϯ� ĂĐƟǀĂƟŽŶ�
ĂŌĞƌ�ĐǇƚŽƐƚĂƟĐ�ƚƌĞĂƚŵĞŶƚ͘�dŚĞƌĞĨŽƌĞ�ǁĞ�ŶĞǆƚ�ĞǆƉůŽƌĞĚ�ƚŚĞ�ƌĞƋƵŝƐŝƚĞƐ�ĨŽƌ�/>�ϯ�ĂĐƟǀĂƟŽŶ�
ĂŶĚ�ǁŚĞƚŚĞƌ�ƚŚĞ�ĞǆƉƌĞƐƐŝŽŶ�ŽĨ�ƚŚŝƐ�ƌĞĐĞƉƚŽƌ�ĐŽƵůĚ�ĐŽŶĨĞƌ�ĞīĞĐƚŽƌ�ĐĂƉĂĐŝƚǇ�ƚŽ�ŝŶƚĞƐƟŶĂů�
ILC3. As described in chapter 4, using human tonsil-derived ILC3 we interrogated the role 
ŽĨ�ŶĂƚƵƌĂů�ĐǇƚŽƚŽǆŝĐŝƚǇ�ƌĞĐĞƉƚŽƌƐ�;E�ZƐͿ�ŽŶ�ŚƵŵĂŶ�/>�ϯ͘�/Ŷ�ǀŝƚƌŽ assays demonstrated that 
E<ƉϯϬ͕�E<Ɖϰϰ�ĂŶĚ�E<Ɖϰϲ�ĨƵŶĐƟŽŶ�ĂƐ�ĐŽͲĂĐƟǀĂƟŶŐ�ƌĞĐĞƉƚŽƌƐ�ƚŚĂƚ�ƚƌŝŐŐĞƌ�ĨƵůů�ĂĐƟǀĂƟŽŶ�
ŽĨ� />�ϯ� ŝŶ� ĐŽŵďŝŶĂƟŽŶ�ǁŝƚŚ�Ă� ƐĞĐŽŶĚ�ƐŝŐŶĂů� ƚŚĂƚ� ĐŽŶƐŝƐƚĞĚ�ŽĨ� ĐǇƚŽŬŝŶĞƐ� ƐƵĐŚ�ĂƐ� />ͲϮϯ͕�
/>Ͳϭɴď�Žƌ� ƚŚĞ�d>ZϮ� ůŝŐĂŶĚ�WĂŵϯ�ǇƐ� ;Wϯ�Ϳ͘�tĞ� ĨƵƌƚŚĞƌ� ǀĂůŝĚĂƚĞĚ� ƚŚĞƐĞ�ĮŶĚŝŶŐƐ�ƵƐŝŶŐ�Ă�
ĐŽͲĐƵůƚƵƌĞ�ƐǇƐƚĞŵ�ŽĨ�ŚƵŵĂŶ�ĞƉŝƚŚĞůŝĂů�ĐĞůůƐ�ĂŶĚ�/>�ϯ͕�ŝŶ�ǁŚŝĐŚ�ĞƉŝƚŚĞůŝĂů�ĐĞůůƐ�ĞǆƉƌĞƐƐŝŶŐ�
ƚŚĞ�ŵĞŵďƌĂŶĞ�ďŽƵŶĚ�E<ƉϯϬ�ůŝŐĂŶĚ��ϳ,ϲ�ĐŽͲĂĐƟǀĂƚĞĚ�E�ZнILC3 in the presence of P3C. 
dŚĞƐĞ�ĞǆƉĞƌŝŵĞŶƚƐ�ĐŽŶĮƌŵĞĚ�ƚŚĞ�ĐŽͲĂĐƟǀĂƟŶŐ�ĨƵŶĐƟŽŶ�ŽĨ�E�ZƐ�ŽŶ�/>�ϯ�ŝŶ�ƚŚĞ�ƉƌĞƐĞŶĐĞ�
ŽĨ�d>Z�ůŝŐĂŶĚƐ�ĂŶĚ�ŝŶĚŝĐĂƚĞĚ�ƚŚĂƚ�ĂĐƟǀĂƟŽŶ�ŽĨ�E�Zн/>�ϯ�ĐĂŶ�ŽĐĐƵƌ�ŝŶ�Ă�ƐƉĂƟĂůůǇ�ĐŽŶƚƌŽůůĞĚ�
manner. 

�ĞĐĂƵƐĞ�E�Z� ůŝŐĂŶĚƐ�ĂƌĞ� ŝŶĚƵĐĞĚ�ƵƉŽŶ�ƐƚƌĞƐƐ�ĐŽŶĚŝƟŽŶƐ͕�ŽŶĞ�ŵĂǇ�ĞŶǀŝƐŝŽŶ�ƚŚĂƚ�ƚŚĞƐĞ�
ŵĞĐŚĂŶŝƐŵƐ� ƚĂŬĞ�ƉůĂĐĞ�ĂŌĞƌ�ĞƉŝƚŚĞůŝĂů�ĚĂŵĂŐĞ͕�ĂŶĚ� ƚŚĂƚ�E<ƉϰϲнILC3 would recognize 
ƚŚĞƐĞ� ůŝŐĂŶĚƐ� ƚŽ� ďĞĐŽŵĞ� ĂĐƟǀĂƚĞĚ� ĂŶĚ� ƉƌŽǀŝĚĞ� ƉƌŽƚĞĐƟǀĞ� ĨƵŶĐƟŽŶƐ͘� /Ŷ� chapter 5, 
ǁĞ� ĚĞƚĞƌŵŝŶĞĚ� ǁŚĞƚŚĞƌ� E�ZƐ� ƉĂƌƟĐŝƉĂƚĞ� ŝŶ� ƚŚĞ� ƌĞƐƉŽŶƐĞ� ƚŽ� ŝŶƚĞƐƟŶĂů� ĚĂŵĂŐĞ� ďǇ�
ƐƚƵĚǇŝŶŐ�ĞƉŝƚŚĞůŝĂů� ƌĞƐƉŽŶƐĞƐ� ĂŌĞƌ�Ddy� ƚƌĞĂƚŵĞŶƚ� ŝŶ� ƚŚĞ� ĂďƐĞŶĐĞ�ŽĨ�E<Ɖϰϲ͕� ƚŚĞ�ŽŶůǇ�
E�Z�ĞǆƉƌĞƐƐĞĚ�ďǇ�ŵƵƌŝŶĞ�/>�ϯ͘�hƐŝŶŐ�DdyͲƚƌĞĂƚĞĚ�EĐƌϭͲͬͲ�ŵŝĐĞ�ǁĞ�ƐŚŽǁĞĚ�ƚŚĂƚ�E<Ɖϰϲ�
ĐŽŶƚƌŝďƵƚĞƐ�ƚŽ�ĞƉŝƚŚĞůŝĂů�ĂĐƟǀĂƟŽŶ�ĂŌĞƌ�ƟƐƐƵĞ�ĚĂŵĂŐĞ͘�dŚŝƐ�ǁĂƐ�ŝůůƵƐƚƌĂƚĞĚ�ďǇ�ŝŵƉĂŝƌĞĚ�
^d�dϯ�ĂĐƟǀĂƟŽŶ�ĂŶĚ�ŝŶĐƌĞĂƐĞĚ�ŝŶƚĞƐƟŶĂů�ƉĂƚŚŽůŽŐǇ� ŝŶ�EĐƌϭͲͬͲ mice as compared to WT 
ĐŽŶƚƌŽůƐ͘�DŽƌĞŽǀĞƌ͕ �ƚŚĞ�ƉƌŽƚĞĐƟǀĞ�ĨƵŶĐƟŽŶ�ŽĨ�E<Ɖϰϲ�ǁĂƐ�ƐƵďƐĞƋƵĞŶƚůǇ�ĐŽŶĮƌŵĞĚ�ƵƐŝŶŐ�
ƚŽƚĂů�ďŽĚǇ�ŝƌƌĂĚŝĂƟŽŶ�ĂƐ�ĂŶ�ĂĚĚŝƟŽŶĂů�ŵŽĚĞů�ĨŽƌ�ŝŶƚĞƐƟŶĂů�ĚĂŵĂŐĞ͘�hƐŝŶŐ�E<Ɖϰϲ�ƚĂƌŐĞƟŶŐ�
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ĂŶƟďŽĚŝĞƐ�ǁĞ�ƐŚŽǁĞĚ�ƚŚĞ�ƉƌŽƚĞĐƟǀĞ�ĨƵŶĐƟŽŶ�ŽĨ�ƚŚŝƐ�ƌĞĐĞƉƚŽƌ͕ �ĂƐ�ĂŶƟďŽĚǇͲƚƌĞĂƚĞĚ�ŵŝĐĞ�
ůŽƐƚ�ƐŝŐŶŝĮĐĂŶƚůǇ�ŵŽƌĞ�ǁĞŝŐŚƚ�ĂŶĚ�ƵůƟŵĂƚĞůǇ�ƐƵĐĐƵŵďĞĚ�ƚŽ�ƌĂĚŝĂƟŽŶͲŝŶĚƵĐĞĚ�ĚĂŵĂŐĞ͘�
,ŽǁĞǀĞƌ͕ � ƚŚĞ� E<ƉϰϲͲŵĞĚŝĂƚĞĚ� ƉƌŽƚĞĐƟǀĞ� ĞīĞĐƚƐ� ĂƉƉĞĂƌĞĚ� ƚŽ� ďĞ� ŝŶĚĞƉĞŶĚĞŶƚ� ŽĨ� />Ͳ
ϮϮ͕� ŝŶĚŝĐĂƟŶŐ�ƚŚĂƚ�ĂĚĚŝƟŽŶĂů� />�ϯͲĚĞƌŝǀĞĚ�ƉƌŽƚĞĐƟǀĞ�ƐŝŐŶĂůƐ�ĂƌĞ� ŝŶǀŽůǀĞĚ�ĂŌĞƌ�E<ƉϰϲͲ
ŵĞĚŝĂƚĞĚ�ĂĐƟǀĂƟŽŶ͘

&ŝŶĂůůǇ͕ �chapter 6�ĚŝƐĐƵƐƐĞƐ�ƚŚĞ�ŵĂŝŶ�ĮŶĚŝŶŐƐ�ŽĨ�ƚŚĞ�ƐƚƵĚŝĞƐ�ĚĞƐĐƌŝďĞĚ�ŝŶ�ƚŚŝƐ�ƚŚĞƐŝƐ�ĂŶĚ�
ƉůĂĐĞƐ�ƚŚĞŵ�ŝŶ�Ă�ďƌŽĂĚĞƌ�ƉĞƌƐƉĞĐƟǀĞ͘
/Ŷ�ƐƵŵ͕�ǁĞ�ĚĞŵŽŶƐƚƌĂƚĞĚ�ĂŶ�ŝŵƉŽƌƚĂŶƚ�ƌŽůĞ�ĨŽƌ�/>�ϯ�ŝŶ�ŝŶƚĞƐƟŶĂů�ĞƉŝƚŚĞůŝĂů�ƌĞƐƉŽŶƐĞƐ�ƚŽ�
ƟƐƐƵĞ�ĚĂŵĂŐĞ͘�/ŵƉŽƌƚĂŶƚůǇ͕ �ǁĞ�ŝĚĞŶƟĮĞĚ�ƐŽŵĞ�ŽĨ�ƚŚĞ�ŵĞĐŚĂŶŝƐŵƐ�ĚƌŝǀŝŶŐ�/>�ϯ�ĂĐƟǀĂƟŽŶ�
ĂŶĚ�ĐŚĂƌĂĐƚĞƌŝǌĞĚ�/>�ϯ�ĞīĞĐƚŽƌ�ĨƵŶĐƟŽŶƐ͘��ŽůůĞĐƟǀĞůǇ�ƚŚĞ�ǁŽƌŬ�ŝŶ�ƚŚŝƐ�ƚŚĞƐŝƐ�ĐŽŶƚƌŝďƵƚĞƐ�
ƚŽ�ƚŚĞ�ƵŶĚĞƌƐƚĂŶĚŝŶŐ�ŽĨ�ŵƵĐŽƐĂů�ǁŽƵŶĚ�ŚĞĂůŝŶŐ�ĂŶĚ�ŽƉĞŶƐ�ŶĞǁ�ƌĞƐĞĂƌĐŚ�ŽƉƉŽƌƚƵŶŝƟĞƐ�
ƚŽ�ƐƚƵĚǇ�ƟƐƐƵĞ�ƉƌŽƚĞĐƟŽŶ�ĂŶĚ�ƌĞƉĂŝƌ�ĚƵƌŝŶŐ�ĂŶƟͲĐĂŶĐĞƌ�ƚƌĞĂƚŵĞŶƚƐ͘�
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SAMENVATTING

,Ğƚ�ĚŽĞů�ǀĂŶ�ŚĞƚ�ŽŶĚĞƌǌŽĞŬ�ďĞƐĐŚƌĞǀĞŶ�ŝŶ�Ěŝƚ�ƉƌŽĞĨƐĐŚƌŝŌ�ǁĂƐ�ŚĞƚ�ǀĞƌŬƌŝũŐĞŶ�ǀĂŶ�ŵĞĞƌ�
inzicht in de rol van ILC3 in mucosaal-weefsel na schade aan het darmepitheel. Tijdens deze 
ƐƚƵĚŝĞƐ�ŚĞďďĞŶ�ǁĞ�ĚĞ�ǀĞƌƐĐŚŝůůĞŶĚĞ�/>�ϯ�ƉŽƉƵůĂƟĞƐ�ŐĞŬĂƌĂŬƚĞƌŝƐĞĞƌĚ�ǁĞůŬĞ�ĂĂŶǁĞǌŝŐ�ǌŝũŶ�
ŝŶ�ĚĞ�ĚƵŶŶĞ�ĚĂƌŵ�ƟũĚĞŶƐ�ĞƉŝƚŚĞĞůƐĐŚĂĚĞ͕�ĞǀĞŶĂůƐ�ĚĞ�ǁŝũǌĞ�ǀĂŶ�ŚƵŶ�ĂĐƟǀĂƟĞ�ĞŶ�ŚƵŶ�ĞīĞĐƚŽƌ�
ĨƵŶĐƟĞƐ͘�,ŽŽĨĚƐƚƵŬ�ϭ�ďĞƐĐŚƌŝũŌ�ĚĞ�ŚƵŝĚŝŐĞ�ŬĞŶŶŝƐ�ǀĂŶ�ĚĞ�ĐĞůůĞŶ�ĂĂŶǁĞǌŝŐ� ŝŶ�ĚĞ�ĚƵŶŶĞ�
ĚĂƌŵ�ĞŶ�ŚƵŶ�ŝŶƚĞƌĂĐƟĞƐ͘�'ĞƐƉĞĐŝĂůŝƐĞĞƌĚĞ�ĞƉŝƚŚĞĞů�ĐĞůůĞŶ�ǀŽƌŵĞŶ�ĞĞŶ�ĠĠŶ�ĞŶŬĞůĞ�ĐĞůůĂĂŐ�
ǁĞůŬĞ�ĚĞ�ŐĂƐƚŚĞĞƌ�ǀĂŶ�ŚĞƚ�ĞǆƚĞƌŶĞ�ŵŝůŝĞƵ�ƐĐŚĞŝĚƚ͘�,Ğƚ�ŽŶĚĞƌŚŽƵĚĞŶ�ǀĂŶ�ĚĞ� ŝŶƚĞŐƌŝƚĞŝƚ�
van deze cellaag is van vitaal belang om bacteriën buiten de gastheer te houden, zonder 
ĚĂƚ�Ěŝƚ�ƚĞŶ�ŬŽƐƚĞ�ŐĂĂƚ�ǀĂŶ�ĚĞ�ŶŽƌŵĂůĞ�ĂďƐŽƌƉƟĞ�ǀĂŶ�ǁĂƚĞƌ�ĞŶ�ǀŽĞĚŝŶŐƐƐƚŽīĞŶ͘��ĩƌĂĂŬ�
ǀĂŶ�ĚĞ�ĞƉŝƚŚĞůŝĂůĞ�ďĂƌƌŝğƌĞ�ŬĂŶ�ůĞŝĚĞŶ�ƚŽƚ�ďĂĐƚĞƌŝģůĞ�ƚƌĂŶƐůŽĐĂƟĞ�ĞŶ�ŽŶƚƐƚĞŬŝŶŐĞŶ͘�Kŵ�Ěŝƚ�
ƚĞ�ǀŽŽƌŬŽŵĞŶ�ďĞƐƚĂĂŶ�Ğƌ�ǀĞƌƐĐŚĞŝĚĞŶĞ�ŵĞĐŚĂŶŝƐŵĞŶ�Žŵ�ĞĸĐŝģŶƚĞ�ǁĞĞĨƐĞů�ƌĞŐĞŶĞƌĂƟĞ�
ƚĞ�ďĞǀŽƌĚĞƌĞŶ�ŶĂ� ƐĐŚĂĚĞ͘�KŶĚĞƌ�ĚĞ�ĞƉŝƚŚĞĞů� ůĂĂŐ� ǌŽƌŐƚ� ĞĞŶ�ŶĂƵǁŬĞƵƌŝŐ� ŐĞƌĞŐƵůĞĞƌĚĞ�
ĐŽŵŵƵŶŝĐĂƟĞ� ƚƵƐƐĞŶ� ǀĞƌƐĐŚŝůůĞŶĚĞ� ƚǇƉĞŶ� ŚĞŵĂƚŽƉŽģƟƐĐŚĞ� ĞŶ� ĞƉŝƚŚĞůŝĂůĞ� ĐĞůůĞŶ� ǀŽŽƌ�
ĞĞŶ�ŐĞǌŽŶĚĞ�ďĂƌƌŝğƌĞ�ƟũĚĞŶƐ�ŚŽŵĞŽƐƚĂƐĞ͘�/Ŷ�ĚĞ�ĂĨŐĞůŽƉĞŶ�ũĂƌĞŶ�ǌŝũŶ�/>�ϯ�ǁĞůŬĞ�ǌŝĐŚ�ŝŶ�ĚĞ�
ĚĂƌŵ�ďĞǀŝŶĚĞŶ͕�ŵĞƚ�ǀĞĞů�ŝŶƚĞƌĞƐƐĞ�ŽŶĚĞƌǌŽĐŚƚ�ǀĂŶǁĞŐĞ�ŚƵŶ�ƌŽů�ĂůƐ�ĞƐƐĞŶƟģůĞ�ďƌŽŶ�ǀĂŶ�
/>ͲϮϮ͕�ĞĞŶ�ĐƌƵĐŝĂĂů�ĐǇƚŽŬŝŶĞ�ŝŶ�ŚĞƚ�ǀĞƌǁĞĞƌ�ƚĞŐĞŶ�ďĂĐƚĞƌŝģůĞ�ŝŶĨĞĐƟĞƐ͘��ĞƐŽŶĚĂŶŬƐ�ǁŽƌĚƚ�
ĚĞ�ƌŽů�ǀĂŶ� />�ϯ� ŝŶ�ŽŵƐƚĂŶĚŝŐŚĞĚĞŶ�ǁĂĂƌďŝũ� ŝŶĨĞĐƟĞƐ�ŶŝĞƚ�ĚĞ�ǀŽŽƌŶĂĂŵƐƚĞ�ŽŽƌǌĂĂŬ�ǀĂŶ�
mucosale schade zijn, slechts in mindere mate begrepen.

In ŚŽŽĨĚƐƚƵŬ� Ϯ hebben we de rol van ILC3 als beschermers tegen weefselschade 
ŽŶĚĞƌǌŽĐŚƚ� ĚŽŽƌ� ŐĞďƌƵŝŬ� ƚĞ� ŵĂŬĞŶ� ǀĂŶ� ŚĞƚ� ĐǇƚŽƐƚĂƟĐƵŵ� ŵĞƚŚŽƚƌĞǆĂĂƚ� ;DdyͿ͕� ĞĞŶ�
medicijn wat weefselschade veroorzaakt in de dunne darm. Als gevolg van de toediening 
hiervan treedt er schade op aan het epitheel wat uiteindelijk resulteert in het ontstaan 
ǀĂŶ�ŵƵĐŽƐŝƟƐ͘� �ŝƚ� ŚĞďďĞŶ�ǁŝũ� ŐĞďƌƵŝŬƚ� ĂůƐ�ŵŽĚĞů� ǀŽŽƌ� ĚĞ� ĐŽŵƉůŝĐĂƟĞƐ� ĚŝĞ� ƉĂƟģŶƚĞŶ�
ondervinden wanneer zij worden onderworpen aan chemo- of radiotherapie. Door 
gebruik te maken van RorytͲͬͲ�ĞŶ�dŚǇϭͲďĞŚĂŶĚĞůĚĞ�ZĂŐϭͲͬͲ muizen konden we aantonen 
ĚĂƚ� />�ϯ� ĞĞŶ� ďĞůĂŶŐƌŝũŬĞ� ƌŽů� ƐƉĞůĞŶ� ŝŶ� ĚĞ� ďĞƐĐŚĞƌŵŝŶŐ� ǀĂŶ� ŚĞƚ� ĚĂƌŵǁĞĞĨƐĞů� ŶĂ�Ddy�
ďĞŚĂŶĚĞůŝŶŐ͘�tĞ� ŚĞďďĞŶ� ďĞǁĞǌĞŶ� ĚĂƚ� />�ϯ� ĚĞ� ĂĐƟǀĂƟĞ� ǀĂŶ� ^d�dϯ� ŝŶ� ĞƉŝƚŚĞĞů� ĐĞůůĞŶ�
bevorderen, een proces wat geïmpliceerd is in mucosale wond genezing. Het ontbreken 
van ILC3 leed tot verminderde pSTAT3 en verhoogde darmpathologie, wat zich met name 
ƵŝƩĞ�ŝŶ�ĚĞ�ĐƌǇƉƚĞŶ͘�'ĞĚĞƚĂŝůůĞĞƌĚĞ�ĂŶĂůǇƐĞ�ǀĂŶ�ĚĂƌŵĐƌǇƉƚĞŶ�ŶĂ�Ddy�ďĞŚĂŶĚĞůŝŶŐ�ƚŽŽŶĚĞ�
ĞĞŶ�ǀĞƌůŝĞƐ�ǀĂŶ�>Őƌϱн stamcellen in de afwezigheid van ILC3, suggererend dat ILC3 met het 
ĐƌǇƉƚͲĐŽŵƉĂƌƟŵĞŶƚ�ĐŽŵŵƵŶŝĐĞĞƌƚ�ŝŶ�ƌĞĂĐƟĞ�ŽƉ�ƐĐŚĂĚĞ�ĂĂŶ�ŚĞƚ�ĞƉŝƚŚĞĞů͘

tĞ�ŚĞďďĞŶ�ǀĞƌǀŽůŐĞŶƐ�ĚĞ�ĨƵŶĐƟŽŶĞůĞ�ƌŽů�ǀĂŶ�/>�ϯ�ƟũĚĞŶƐ�ĞƉŝƚŚĞĞůƐĐŚĂĚĞ�ŐĞǀĂůŝĚĞĞƌĚ�
ĂĂŶ� ĚĞ� ŚĂŶĚ� ǀĂŶ� ƚƌĂŶƐĐƌŝƉƟĞͲĂŶĂůǇƐĞ� ǀĂŶ� Ƶŝƚ� ĚĞ� ůĂŵŝŶĂ� ƉƌŽƉƌŝĂ� ŐĞǌƵŝǀĞƌĚĞ� ��Zϲн en 
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E<Ɖϰϲн� />�ϯ͘� �ŝƚ� ŽŶƚŚƵůĚĞ� ǀĞƌŚŽŽŐĚĞ� ĞǆƉƌĞƐƐŝĞ� ǀĂŶ� ŐĞŶĞŶ� ďĞƚƌŽŬŬĞŶ� ďŝũ� ďĞƐĐŚĞƌŵŝŶŐ�
ƚĞŐĞŶ�ǁĞĞĨƐĞůƐĐŚĂĚĞ͕�ǁĂĂƌŽŶĚĞƌ�ŚĞƚ�ĐǇƚŽŬŝŶĞ�/>ͲϮϮ͘�KŵĚĂƚ�ŚĞƚ�ďĞŬĞŶĚ�ŝƐ�ĚĂƚ�/>ͲϮϮ�ĞĞŶ�
ďĞůĂŶŐƌŝũŬĞ�ďĞƐĐŚĞƌŵĞŶĚĞ�ƌŽů�ǀĞƌǀƵůƚ�ƟũĚĞŶƐ�ĞƉŝƚŚĞĞůƐĐŚĂĚĞ�ŚĞďďĞŶ�ǁĞ�ĚĞ�ĨƵŶĐƟŽŶĞůĞ�
ŐĞǀŽůŐĞŶ�ǀĂŶ�ĚĞ�ĂĨǁĞǌŝŐŚĞŝĚ�ǀĂŶ�/>ͲϮϮ�ŽŶĚĞƌǌŽĐŚƚ�ŶĂ�Ddy�ďĞŚĂŶĚĞůŝŶŐ͘��ŝƚ�ŚĞďďĞŶ�ǁĞ�ŝŶ�
ŚŽŽĨĚƐƚƵŬ�ϯ gedaan door IL-22ͲͬͲ�ŵƵŝǌĞŶ�ƚĞ�ďĞŚĂŶĚĞůĞŶ�ŵĞƚ�Ddy͘��ŶĂůǇƐĞ�ǀĂŶ�ĞƉŝƚŚĞůŝĂůĞ�
^d�dϯ� ĞǆƉƌĞƐƐŝĞ� ůŝĞƚ� ŐĞĞŶ� ǀĞƌƐĐŚŝů� ǌŝĞŶ� ƚƵƐƐĞŶ� td� ĞŶ� />ͲϮϮͲͬͲ muizen. In lijn met de 
ĂĐƟǀĂƟĞ�ǀĂŶ�^d�dϯ�ŽďƐĞƌǀĞĞƌĚĞ�ǁĞ�ŐĞĞŶ�ƚŽĞŐĞŶŽŵĞŶ�ĚĂƌŵƉĂƚŚŽůŽŐŝĞ�ŝŶ�ĚĞ�ĂĨǁĞǌŝŐŚĞŝĚ�
ǀĂŶ� />ͲϮϮ͘��ĞƐŽŶĚĂŶŬƐ͕�ĚŽŽƌ�ŐĞďƌƵŝŬ� ƚĞ�ŵĂŬĞŶ�ǀĂŶ� />ͲϮϮͲŶĞƵƚƌĂůŝƐĞƌĞŶĚĞ�ĂŶƟůŝĐŚĂŵĞŶ�
konden we aantonen dat IL-22 bijdraagt aan het onderhouden van stamcellen aangezien 
ŚĞƚ�ĂĂŶƚĂů�>Őƌϱн stamcellen verminderd was in dieren waarin IL-22 was geneutraliseerd 
ǀĞƌŐĞůĞŬĞŶ� ŵĞƚ� ŝƐŽƚǇƉĞͲĐŽŶƚƌŽůĞ� ďĞŚĂŶĚĞůĚĞ� ĚŝĞƌĞŶ͕� ŶĂ� Ddy͘� �ĐŚƚĞƌ͕ � ĚĞ� ƌĞƐƵůƚĂƚĞŶ�
toonden dat IL-22 slechts ten dele bijdraagt aan het fenotype zoals geobserveerd in ILC3-
ĚĞĮĐŝĞŶƚĞ�ŵƵŝǌĞŶ͕�ĞŶ�ĚĂƚ�Ğƌ�ĚƵƐ�ǁĂĂƌƐĐŚŝũŶůŝũŬ�ĂĚĚŝƟŽŶĞůĞ�ĨĂĐƚŽƌĞŶ�ďĞƚƌŽŬŬĞŶ�ǌŝũŶ�ďŝũ�ŚĞƚ�
ŽŶĚĞƌŚŽƵĚ�ǀĂŶ�ŚĞƚ�ĂĂŶƚĂů�ƐƚĂŵĐĞůůĞŶ�ŶĂ�Ddy�ďĞŚĂŶĚĞůŝŶŐ͘

EĂĚĂƚ�ǁĞ�ĚĞ�ĞīĞĐƚĞŶ�ǀĂŶ�/>�ϯ�ŽƉ�DdyͲŐĞŢŶĚƵĐĞĞƌĚĞ�ĞƉŝƚŚĞĞůƐĐŚĂĚĞ�ĞŶ�ŚƵŶ�ďŝũĚƌĂŐĞ�
ĂĂŶ� ĞƉŝƚŚĞĞůĂĐƟǀĂƟĞ� ŚĞďďĞŶ� ůĂƚĞŶ� ǌŝĞŶ͕� ǌŝũŶ� ǁĞ� ǀĞƌǀŽůŐĞŶƐ� ĚĞ� ŵĞĐŚĂŶŝƐŵĞŶ� ŐĂĂŶ�
ŽŶĚĞƌǌŽĞŬĞŶ�ŚŽĞ� />�ϯ�ǁĞĞĨƐĞůƐĐŚĂĚĞ�ŚĞƌŬĞŶŶĞŶ�ĞŶ�ŚŝĞƌĚŽŽƌ�ǁŽƌĚĞŶ�ŐĞĂĐƟǀĞĞƌĚ͘�KƉ�
het hoogtepunt van schade aan het epitheel vonden we dat ILC3 in de dunne darmen 
E<Ɖϰϲ� ŽƉƌĞŐƵůĞĞƌĚĞ� ĞŶ͕� ŽƉǀĂůůĞŶĚ� ŐĞŶŽĞŐ͕� ĚĞ� ƉŽƉƵůĂƟĞ� E<Ɖϰϲн ILC3 toonde een 
ŐĞĂĐƟǀĞĞƌĚ�ĨĞŶŽƚǇƉĞ�ŽƉ�Ěŝƚ�ƟũĚƐƉƵŶƚ͘��ŝƚ�ƐƵŐŐĞƌĞĞƌĚĞ�ĚĂƚ�ĚĞǌĞ�ƌĞĐĞƉƚŽƌ�ďĞƚƌŽŬŬĞŶ�ŝƐ�ďŝũ�
ĚĞ�ĂĐƟǀĂƟĞ�ǀĂŶ�/>�ϯ�ŶĂ�ďĞŚĂŶĚĞůŝŶŐ�ŵĞƚ�ĐǇƚŽƐƚĂƟĐĂ͘�,ŝĞƌŽŵ�ǌŝũŶ�ǁĞ�ŐĂĂŶ�ŽŶĚĞƌǌŽĞŬĞŶ�
ǁĞůŬĞ�ƐŝŐŶĂůĞŶ� />�ϯ�ŶŽĚŝŐ�ŚĞďďĞŶ�ǀŽŽƌ�ŚƵŶ�ĂĐƟǀĂƟĞ�ĞŶ�ŽĨ�ĚĞ�ĂĂŶǁĞǌŝŐŚĞŝĚ�ǀĂŶ�ĚĞǌĞ�
ƌĞĐĞƉƚŽƌ�ďĞƚƌŽŬŬĞŶ� ŝƐ�ďŝũ�ŚĞƚ� ŝŶĚƵĐĞƌĞŶ�ǀĂŶ�/>�ϯ�ĞīĞĐƚŽƌ�ĨƵŶĐƟĞƐ͘��ŽĂůƐ�ďĞƐĐŚƌĞǀĞŶ� ŝŶ�
ŚŽŽĨĚƐƚƵŬ�ϰ, door gebruik te maken van ILC3 geïsoleerd uit humane tonsillen, hebben 
ǁĞ�ĚĞ�ƌŽů�ǀĂŶ�͚ ŶĂƚƵƌĂů�ĐǇƚŽƚŽǆŝĐŝƚǇ͛�;ŶĂƚƵƵƌůŝũŬ�ĐǇƚŽƚŽǆŝƐĐŚĞͿ�ƌĞĐĞƉƚŽƌĞŶ�;E�ZͿ�ŽƉ�ŚƵŵĂŶĞ�
ILC3 onderzocht. /Ŷ� ǀŝƚƌŽ� ĂŶĂůǇƐĞƐ� ŚĞďďĞŶ� ůĂƚĞŶ� ǌŝĞŶ� ĚĂƚ� E<ƉϯϬ͕� E<Ɖϰϰ� ĞŶ� E<Ɖϰϲ�
ĨƵŶĐƟŽŶĞƌĞŶ� ĂůƐ� ĐŽͲĂĐƟǀĞƌĞŶĚĞ� ƌĞĐĞƉƚŽƌĞŶ� ĚŝĞ� ǀŽůůĞĚŝŐĞ� ĂĐƟǀĂƟĞ� ǀĂŶ� />�ϯ͕� ǁĂŶŶĞĞƌ�
ŝŶ� ĐŽŵďŝŶĂƟĞ�ŵĞƚ� ĞĞŶ� ƚǁĞĞĚĞ� ƐŝŐŶĂĂů� ;ďŝũǀŽŽƌďĞĞůĚ� />ͲϮϯ͕� />ͲϭďĞƚĂ�ŽĨ� ĚĞ� d>ZϮͲůŝŐĂŶĚ�
WĂŵϯ�ǇƐ� ;Wϯ�Ϳ͕� ŝŶĚƵĐĞĞƌƚ͘�tĞ�ŚĞďďĞŶ�ĚĞǌĞ�ŽďƐĞƌǀĂƟĞƐ�ŐĞǀĂůŝĚĞĞƌĚ�ĂĂŶ�ĚĞ�ŚĂŶĚ�ǀĂŶ�
een co-kweek systeem van humane epitheelcellen met ILC3. Deze epitheelcellen, die de 
ŵĞŵďƌĂĂŶͲŐĞďŽŶĚĞŶ�E<ƉϯϬͲůŝŐĂŶĚ��ϳ,ϲ�ƚŽƚ�ĞǆƉƌĞƐƐŝĞ�ďƌĞŶŐĞŶ͕�ĐŽͲĂĐƟǀĞĞƌĚĞ�E�Zн ILC3 
ŝŶ�ĚĞ�ĂĂŶǁĞǌŝŐŚĞŝĚ�ǀĂŶ�Wϯ�͘��ĞǌĞ�ĞǆƉĞƌŝŵĞŶƚĞŶ�ďĞǀĞƐƟŐĚĞ�ĚĞ�ĐŽͲĂĐƟǀĞƌĞŶĚĞ�ĨƵŶĐƟĞ�
ǀĂŶ� E�Z� ƌĞĐĞƉƚŽƌĞŶ� ŽƉ� />�ϯ� ŝŶ� ĚĞ� ĂĂŶǁĞǌŝŐŚĞŝĚ� ǀĂŶ� d>ZͲůŝŐĂŶĚĞŶ� ĞŶ� ĚĂƚ� E�Zн ILC3 
ŐĞĂĐƟǀĞĞƌĚ�ŬƵŶŶĞŶ�ǁŽƌĚĞŶ�ĚŽŽƌ�ŚƵŶ�ŽŵŐĞǀŝŶŐ͘

KŵĚĂƚ� E�ZͲůŝŐĂŶĚĞŶ� ǁŽƌĚĞŶ� ŐĞŢŶĚƵĐĞĞƌĚ� ĚŽŽƌ� ƐƚƌĞƐƐ� ŝƐ� ŚĞƚ� ĂĂŶŶĞŵĞůŝũŬ� ĚĂƚ�
ĚĞǌĞ� ŵĞĐŚĂŶŝƐŵĞŶ� ǁŽƌĚĞŶ� ŐĞŢŶĚƵĐĞĞƌĚ� ŶĂ� ĞƉŝƚŚĞĞůƐĐŚĂĚĞ͕� ĞŶ� ĚĂƚ� E�Zн ILC3 deze 
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ůŝŐĂŶĚĞŶ� ǀĞƌǀŽůŐĞŶƐ� ŚĞƌŬĞŶŶĞŶ� ǁŽƌĚĞŶ� ŐĞĂĐƟǀĞĞƌĚ� Žŵ� ďĞƐĐŚĞƌŵŝŶŐ� ƚĞ� ďŝĞĚĞŶ� ĂĂŶ�
het beschadigde epitheel. In ŚŽŽĨĚƐƚƵŬ� ϱ� ŚĞďďĞŶ� ǁĞ� ŽŶĚĞƌǌŽĐŚƚ� ŽĨ� E�Z� ƌĞĐĞƉƚŽƌĞŶ�
betrokken zijn bij de bescherming tegen epitheelschade door de respons van het epitheel 
ŽƉ�Ddy� ƚĞ� ďĞƐƚƵĚĞƌĞŶ� ŝŶ� ĚĞ� ĂĨǁĞǌŝŐŚĞŝĚ� ǀĂŶ�E<Ɖϰϲ͕� ĚĞ� ĞŶŝŐĞ� ĨƵŶĐƟŽŶĞůĞ�E�Z� ŝŶ� ĚĞ�
ŵƵŝƐ͘��ŽŽƌ�ŐĞďƌƵŝŬ� ƚĞ�ŵĂŬĞŶ�ǀĂŶ�DdyͲďĞŚĂŶĚĞůĚĞ�EĐƌϭͲͬͲ muizen hebben we kunnen 
ůĂƚĞŶ�ǌŝĞŶ�ĚĂƚ�E<Ɖϰϲ�ďŝũĚƌĂĂŐƚ�ĂĂŶ�ĚĞ�ĂĐƟǀĂƟĞ�ǀĂŶ�ŚĞƚ�ĞƉŝƚŚĞĞů�ŶĂ�ǁĞĞĨƐĞůƐĐŚĂĚĞ͘��ŝƚ�
ǁĞƌĚ�ŐĞŢůůƵƐƚƌĞĞƌĚ�ĚŽŽƌ�ǀĞƌŵŝŶĚĞƌĚĞ�^d�dϯ�ĂĐƟǀĂƟĞ�ĞŶ�ǀĞƌŚŽŽŐĚĞ�ĚĂƌŵƉĂƚŚŽůŽŐŝĞ� ŝŶ�
EĐƌϭͲͬͲ�ŵƵŝǌĞŶ�ƚĞŶ�ŽƉǌŝĐŚƚĞ�ǀĂŶ�td�ĐŽŶƚƌŽůĞƐ͘��Ğ�ďĞƐĐŚĞƌŵĞŶĚĞ�ĨƵŶĐƟĞ�ǀĂŶ�E<Ɖϰϲ� ŝƐ�
ďĞǀĞƐƟŐĚ�ŝŶ�ĞĞŶ�ŵŽĚĞů�ǀĂŶ�ƚŽƚĂůĞ�ůŝĐŚĂĂŵƐďĞƐƚƌĂůŝŶŐ�ĂůƐ�ĞĞŶ�ƚǁĞĞĚĞ�ŵŽĚĞů�ǀŽŽƌ�ĚƵŶŶĞ�
ĚĂƌŵ� ƐĐŚĂĚĞ͘�DĞƚ� ĂŶƟͲE<Ɖϰϲ� ĂŶƟůŝĐŚĂŵĞŶ� ŚĞďďĞŶ� ǁĞ� ůĂƚĞŶ� ǌŝĞŶ� ĚĂƚ� ĚĞǌĞ� ƌĞĐĞƉƚŽƌ�
ĞĞŶ� ďĞƐĐŚĞƌŵĞŶĚĞ� ƌŽů� ǀĞƌǀƵůƚ� ĂĂŶŐĞǌŝĞŶ� ĂŶƟůŝĐŚĂĂŵͲďĞŚĂŶĚĞůĚĞ� ŵƵŝǌĞŶ� ƐŝŐŶŝĮĐĂŶƚ�
ŵĞĞƌ�ůŝĐŚĂĂŵƐŐĞǁŝĐŚƚ�ǀĞƌůŽƌĞŶ�ĞŶ�ƵŝƚĞŝŶĚĞůŝũŬ�ƐƟĞƌǀĞŶ�ĂĂŶ�ĚĞ�ďĞƐƚƌĂůŝŶŐƐͲŐĞŢŶĚƵĐĞĞƌĚĞ�
ƐĐŚĂĚĞ͘��ĐŚƚĞƌ͕ �ŚĞƚ�E<ƉϰϲͲŐĞŵĞĚŝĞĞƌĚĞ�ďĞƐĐŚĞƌŵĞŶĚĞ�ĞīĞĐƚ�ďůĞĞŬ�/>ͲϮϮ�ŽŶĂĬĂŶŬĞůŝũŬ�
ǁĂƚ�ĂĂŶŐĞĞŌ�ĚĂƚ� ĂĚĚŝƟŽŶĞůĞ� ƐŝŐŶĂůĞŶ�ďĞƚƌŽŬŬĞŶ� ǌŝũŶ�ďŝũ�E<ƉϰϲͲŐĞƌĞŐƵůĞĞƌĚĞ�ĂĐƟǀĂƟĞ�
van ILC3.

Als laatst bediscussieert ŚŽŽĨĚƐƚƵŬ� ϲ de belangrijkste bevindingen van de studies 
ďĞƐĐŚƌĞǀĞŶ�ŝŶ�Ěŝƚ�ƉƌŽĞĨƐĐŚƌŝŌ�ĞŶ�ƉůĂĂƚƐƚ�ĚĞǌĞ�ŝŶ�ĞĞŶ�ďƌĞĚĞƌ�ƉĞƌƐƉĞĐƟĞĨ͘

/Ŷ�Ěŝƚ�ƉƌŽĞĨƐĐŚƌŝŌ�ďĞƐĐŚƌŝũǀĞŶ�ǁĞ�ĞĞŶ�ďĞůĂŶŐƌŝũŬĞ� ƌŽů� ǀŽŽƌ� />�ϯ� ŝŶ�ĚĞ� ƌĞƐƉŽŶƐĞ�ǀĂŶ�
ŚĞƚ�ĚĂƌŵĞƉŝƚŚĞĞů�ŶĂ�ǁĞĞĨƐĞůƐĐŚĂĚĞ͘�tĞ�ŚĞďďĞŶ�ĞŶŬĞůĞ�ŵĞĐŚĂŶŝƐŵĞŶ�ŐĞŢĚĞŶƟĮĐĞĞƌĚ�
ĚŝĞ� ůĞŝĚĞŶ� ƚŽƚ�ĚĞ�ĂĐƟǀĂƟĞ�ǀĂŶ� />�ϯ�ĞŶ�ŚĞďďĞŶ�ŚƵŶ�ĞīĞĐƚŽƌ� ĨƵŶĐƟĞƐ�ŐĞŬĂƌĂŬƚĞƌŝƐĞĞƌĚ͘�
,Ğƚ�ǁĞƌŬ� ŝŶ�Ěŝƚ�ƉƌŽĞĨƐĐŚƌŝŌ�ĚƌĂĂŐƚ�ďŝũ� ĂĂŶ�ĚĞ�ŬĞŶŶŝƐ�ŽǀĞƌ�ŵƵĐŽƐĂůĞ�ǁŽŶĚŐĞŶĞǌŝŶŐ�ĞŶ�
opent nieuwe onderzoekswegen met betrekking tot de bescherming en het herstel van 
ŚĞƚ�ĚĂƌŵĞƉŝƚŚĞĞů�ƟũĚĞŶƐ�ĂŶƟͲŬĂŶŬĞƌ�ďĞŚĂŶĚĞůŝŶŐĞŶ͘
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WŚ��ƉĞƌŝŽĚ͗�ϭϱ��ƵŐƵƐƚ�ϮϬϭϬ�ʹ�ϭϱ��Ɖƌŝů�ϮϬϭϱ
Promoter: Prof. Dr. J.J. Cornelissen
Co-promoter: Dr. T. Cupedo

 
Courses & Seminars  ECTS

2011 
  Advanced Immunology course 4,2 

&ĂĐƵůƚǇ�ŽĨ�DĞĚŝĐŝŶĞ͕�sh�hŶŝǀĞƌƐŝƚǇ�DĞĚŝĐĂů��ĞŶƚĞƌ�ĂŶĚ�^ĂŶƋƵŝŶ� 
Research, Amsterdam.

� �ŶŝŵĂů��ǆƉĞƌŝŵĞŶƚĂƟŽŶ�ĐŽƵƌƐĞ� ϰ͕Ϯ
 Erasmus University Medical Center and Utrecht University.

  The 4th�^ǇŵƉŽƐŝƵŵ�ĂŶĚ�ŵĂƐƚĞƌ�ĐůĂƐƐĞƐ�ŽŶ�DƵĐŽƐĂů�/ŵŵƵŶŽůŽŐǇ�� Ϭ͕ϱ 
�͞�ĚĂƉƟǀĞ�ŝŵŵƵŶĞ�ƌĞƐƉŽŶƐĞ�ŝŶ�ƚŚĞ�ŵƵĐŽƐĂ͗���ĐĞůůƐ�ĂŶĚ�ďĞǇŽŶĚ͟�

� �ƌĂƐŵƵƐ�WŽƐƚŐƌĂĚƵĂƚĞ�^ĐŚŽŽů�ŽĨ�DĞĚŝĐŝŶĞ͕�ZŽƩĞƌĚĂŵ

2012   
� tŽƌŬƐŚŽƉ�ŽŶ�WŚŽƚŽƐŚŽƉ�ĂŶĚ�/ůůƵƐƚƌĂƚŽƌ��^ϱ� �Ϭ͕ϯ
� �ƌĂƐŵƵƐ�WŽƐƚŐƌĂĚƵĂƚĞ�^ĐŚŽŽů�ŽĨ�DĞĚŝĐŝŶĞ͕�ZŽƩĞƌĚĂŵ

2013 
� �dŚĞ�ϱth�^ǇŵƉŽƐŝƵŵ�ĂŶĚ�ŵĂƐƚĞƌ�ĐůĂƐƐĞƐ�ŽŶ�DƵĐŽƐĂů�/ŵŵƵŶŽůŽŐǇ�� Ϭ͕ϱ
� ͞�ǇƚŽŬŝŶĞƐ�ĂŶĚ�ďŽƌĚĞƌ�ƉĂƚƌŽů͟�
� �ƌĂƐŵƵƐ�WŽƐƚŐƌĂĚƵĂƚĞ�^ĐŚŽŽů�ŽĨ�DĞĚŝĐŝŶĞ͕�ZŽƩĞƌĚĂŵ

 Mucosal Immunology symposium 0,3
 AMC, Amsterdam

2012-2013
� KƌŐĂŶŝǌŝŶŐ�ŝŶǀŝƚĞĚ�ƐƉĞĂŬĞƌ�ůƵŶĐŚ� Ϭ͕ϭ



2014 
Immunology mini-Symposium and master classes on Mucosal Immu- 0,3

� ŶŽůŽŐǇ��͞�/ŵŵƵŶĞ�ƌĞŐƵůĂƟŽŶ�ďǇ�ĚĞŶĚƌŝƟĐ�ĐĞůůƐ�Ăƚ�ĞƉŝƚŚĞůŝĂů�ŝŶƚĞƌĨĂĐĞƐ͟��������
� �ƌĂƐŵƵƐ�WŽƐƚŐƌĂĚƵĂƚĞ�^ĐŚŽŽů�ŽĨ�DĞĚŝĐŝŶĞ͕�ZŽƩĞƌĚĂŵ

� DƵĐŽƐĂů�/ŵŵƵŶŽůŽŐǇ�^ǇŵƉŽƐŝƵŵ� Ϭ͕ϱ
� �ƵƚĐŚ�ƐŽĐŝĞƚǇ�ĨŽƌ�/ŵŵƵŶŽůŽŐǇ͘�>ƵŶƚĞƌĞŶ͕�dŚĞ�EĞƚŚĞƌůĂŶĚƐ

2010-2015
Erasmus Hematology Lectures 2

� �/KͬWŽƐƚĚŽĐ�ƉƌĞƐĞŶƚĂƟŽŶƐ� ϭ͕ϱ
� :ŽƵƌŶĂů��ůƵďƐ� ϭ͕ϱ

Work-discussions 7,2

dĞĂĐŚŝŶŐ�ĂĐƟǀŝƟĞƐ

2013-2014 
� ^ƵƉĞƌǀŝƐŝŶŐ�ĂŶĚ�ƚĞĂĐŚŝŶŐ�Ă�DĂƐƚĞƌ�^ƚƵĚĞŶƚ� ϭϬ

^ĐŝĞŶƟĮĐ�ŵĞĞƟŶŐƐ�Θ��ŽŶĨĞƌĞŶĐĞƐ

2011 
Molecular Medicine Day 2

� KƌĂů�ƉƌĞƐĞŶƚĂƟŽŶ͖�ZŽƩĞƌĚĂŵ͕�dŚĞ�EĞƚŚĞƌůĂŶĚƐ

� /ŶƚĞƌŶĂƟŽŶĂů��ŽŶŐƌĞƐƐ�DƵĐŽƐĂů�/ŵŵƵŶŽůŽŐǇ�;/�D/Ϳ� Ϯ
� KƌĂů�ƉƌĞƐĞŶƚĂƟŽŶ͖�WĂƌŝƐ͕�&ƌĂŶĐĞ

� �ŶŶƵĂů�ŵĞĞƟŶŐ�ŽĨ�ƚŚĞ��ƵƚĐŚ�^ŽĐŝĞƚǇ�ĨŽƌ�/ŵŵƵŶŽůŽŐǇ�;Eǀǀ/Ϳ� Ϯ
� KƌĂů�ƉƌĞƐĞŶƚĂƟŽŶ͖�EŽŽƌĚǁŝũŬĞƌŚŽƵƚ͕�dŚĞ�EĞƚŚĞƌůĂŶĚƐ

2012 
� DŽůĞĐƵůĂƌ�DĞĚŝĐŝŶĞ��ĂǇ� ϭ
� WŽƐƚĞƌ�ƉƌĞƐĞŶƚĂƟŽŶ͖�ZŽƩĞƌĚĂŵ͕�dŚĞ�EĞƚŚĞƌůĂŶĚƐ

� �ŶŶƵĂů�ŵĞĞƟŶŐ�ŽĨ�ƚŚĞ��ƵƚĐŚ�^ŽĐŝĞƚǇ�ĨŽƌ�/ŵŵƵŶŽůŽŐǇ�;Eǀǀ/Ϳ� Ϯ
� KƌĂů�ƉƌĞƐĞŶƚĂƟŽŶ͖�EŽŽƌĚǁŝũŬĞƌŚŽƵƚ͕�dŚĞ�EĞƚŚĞƌůĂŶĚƐ
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2013 
 DŽůĞĐƵůĂƌ�DĞĚŝĐŝŶĞ��ĂǇ� ϭ
� WŽƐƚĞƌ�ƉƌĞƐĞŶƚĂƟŽŶ͖�ZŽƩĞƌĚĂŵ͕�dŚĞ�EĞƚŚĞƌůĂŶĚƐ

� /ŶƚĞƌŶĂƟŽŶĂů��ŽŶŐƌĞƐƐ�DƵĐŽƐĂů�/ŵŵƵŶŽůŽŐǇ�;/�D/Ϳ� ϭ
� WŽƐƚĞƌ�ƉƌĞƐĞŶƚĂƟŽŶ͖�sĂŶĐŽƵǀĞƌ͕ ��ĂŶĂĚĂ
 
� >ǇŵƉŚŽŝĚ�dŝƐƐƵĞ�ŵĞĞƟŶŐ�;>dϯͿ� Ϯ
� KƌĂů�WƌĞƐĞŶƚĂƟŽŶ͖�ZŽƩĞƌĚĂŵ͕�dŚĞ�EĞƚŚĞƌůĂŶĚƐ

� �ŶŶƵĂů�ŵĞĞƟŶŐ�ŽĨ�ƚŚĞ��ƵƚĐŚ�^ŽĐŝĞƚǇ�ĨŽƌ�/ŵŵƵŶŽůŽŐǇ�;Eǀǀ/Ϳ� ϭ
� WŽƐƚĞƌ�ƉƌĞƐĞŶƚĂƟŽŶ�;ϭƐƚ�ƉƌŝǌĞͿ͖�EŽŽƌĚǁŝũŬĞƌŚŽƵƚ͕�dŚĞ�EĞƚŚĞƌůĂŶĚƐ

2014 
� DŽůĞĐƵůĂƌ�DĞĚŝĐŝŶĞ��ĂǇ� ϭ
� WŽƐƚĞƌ�ƉƌĞƐĞŶƚĂƟŽŶ͖�ZŽƩĞƌĚĂŵ͕�dŚĞ�EĞƚŚĞƌůĂŶĚƐ

� /ŶƚĞƌŶĂƟŽŶĂů��ŽŶĨĞƌĞŶĐĞ�/ŶŶĂƚĞ�>ǇŵƉŚŽŝĚ�ĐĞůůƐ��;/>�ϭͿ� ϭ
� WŽƐƚĞƌ�ƉƌĞƐĞŶƚĂƟŽŶ͖�/ŶƐƟƚƵƚĞ�WĂƐƚĞƵƌ͘ �WĂƌŝƐ͕�&ƌĂŶĐĞ

� �ŶŶƵĂů�ŵĞĞƟŶŐ�ŽĨ�ƚŚĞ��ƵƚĐŚ�^ŽĐŝĞƚǇ�ĨŽƌ�/ŵŵƵŶŽůŽŐǇ�;Eǀǀ/Ϳ� Ϯ
� KƌĂů�ƉƌĞƐĞŶƚĂƟŽŶ͖��ŌĞůŝŶŐ͕�dŚĞ�EĞƚŚĞƌůĂŶĚƐ

� � dŽƚĂů���d^�ϱϮ
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PUBLICATIONS

Aparicio-Domingo PΎ͕� ZŽŵĞƌĂͲ,ĞƌŶĂŶĚĞǌ� DΎ͕� <ĂƌƌŝĐŚ� :͘:͕� �ŽƌŶĞůŝƐƐĞŶ� &͕ � WĂƉĂǌŝĂŶ� 
E͕�>ŝŶĚĞŶďĞƌŐŚͲ<ŽƌƚůĞǀĞ��͕�^ĂŵƐŽŵ�:͘E͕��ƵƉĞĚŽ�d͘ �dǇƉĞ�ϯ�ŝŶŶĂƚĞ�ůǇŵƉŚŽŝĚ�ĐĞůůƐ�ŵĂŝŶƚĂŝŶ�
ŝŶƚĞƐƟŶĂů�ƐƚĞŵ�ĐĞůůƐ�ĂŌĞƌ�ƟƐƐƵĞ�ĚĂŵĂŐĞ͘�:��ǆƉ�DĞĚ͘�ϮϬϭϱ�KĐƚ�ϭϵ͖ϮϭϮ;ϭϭͿ͗ϭϳϴϯͲϵϭ

Romera-Hernandez M, Aparicio-Domingo P͕ � �ƵƉĞĚŽ� d͘ � �ĂŵĂŐĞ� ĐŽŶƚƌŽů͗� ZŽƌɶƚн� ŝŶŶĂƚĞ�
ůǇŵƉŚŽŝĚ�ĐĞůůƐ�ŝŶ�ƟƐƐƵĞ�ƌĞŐĞŶĞƌĂƟŽŶ͘��Ƶƌƌ�KƉŝŶ�/ŵŵƵŶŽů͘�ϮϬϭϯ��Ɖƌ͖Ϯϱ;ϮͿ͗ϭϱϲͲϲϬ

,ŽŽƌǁĞŐ� <͕� WĞƚĞƌƐ� �W͕ � �ŽƌŶĞůŝƐƐĞŶ� &͕ � Aparicio-Domingo P͕ � WĂƉĂǌŝĂŶ� E͕� <ĂǌĞŵŝĞƌ� 
'͕�DũŽƐďĞƌŐ�:D͕�^ƉŝƚƐ�,͕��ƵƉĞĚŽ�d͘ �&ƵŶĐƟŽŶĂů�ĚŝīĞƌĞŶĐĞƐ�ďĞƚǁĞĞŶ�ŚƵŵĂŶ�E<ƉϰϰͲ�ĂŶĚ�
E<Ɖϰϰн�ZKZ�н�ŝŶŶĂƚĞ�ůǇŵƉŚŽŝĚ�ĐĞůůƐ͘�&ƌŽŶƚ�/ŵŵƵŶŽů͘�ϮϬϭϮ��Ɖƌ�ϵ͖ϯ͗ϳϮ

Aparicio-Domingo P͕ ��ƵƉĞĚŽ�d͘ �ZŽƌɶƚн�ŝŶŶĂƚĞ�ůǇŵƉŚŽŝĚ�ĐĞůůƐ�ŝŶ�ŝŶƚĞƐƟŶĂů�ŚŽŵĞŽƐƚĂƐŝƐ�ĂŶĚ�
ŝŵŵƵŶŝƚǇ͘�:�/ŶŶĂƚĞ�/ŵŵƵŶ͘�ϮϬϭϭ͖ϯ;ϲͿ͗ϱϳϳͲϴϰ

�ŽƌŶĞůŝƐƐĞŶ� &͕ � Aparicio-Domingo P͕ � ZĞŝũŵĞƌƐ� ZD͕� �ƵƉĞĚŽ� d͘ � �ĐƟǀĂƟŽŶ� ĂŶĚ� ĞīĞĐƚŽƌ�
ĨƵŶĐƟŽŶƐ� ŽĨ� ŚƵŵĂŶ� ZKZ�н� ŝŶŶĂƚĞ� ůǇŵƉŚŽŝĚ� ĐĞůůƐ͘� �Ƶƌƌ� KƉŝŶ� /ŵŵƵŶŽů͘� ϮϬϭϭ� :ƵŶ͖ 
Ϯϯ;ϯͿ͗ϯϲϭͲϳ

Ύ��ƋƵĂů�ĐŽŶƚƌŝďƵƟŽŶ
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ABOUT THE AUTHOR

WĂƚƌŝĐŝĂ��ƉĂƌŝĐŝŽ��ŽŵŝŶŐŽ�ǁĂƐ�ďŽƌŶ�ŽŶ��Ɖƌŝů� Ϯϱth͕� ϭϵϴϯ� ŝŶ�DĂĚƌŝĚ͕� ^ƉĂŝŶ͘� /Ŷ�ϮϬϬϯ� ƐŚĞ�
started her studies in Biology at Alcala University, Madrid. In 2007 she joined the 
DŽůĞĐƵůĂƌ�'ĞŶĞƟĐƐ�hŶŝƚ� Ăƚ� ƚŚĞ� ^ƉĂŶŝƐŚ� ZĞƐĞĂƌĐŚ� �ŽƵŶĐŝů� ;�^/�ͿͲ�ŝŽŵĞĚŝĐŝŶĞ� /ŶƐƟƚƵƚĞ�
of Valencia, Spain, for a three-month internship as a research trainee. In 2009 she 
ĐŽŵƉůĞƚĞĚ�ƚŚĞ�ĮǀĞͲǇĞĂƌ�ƉƌŽŐƌĂŵ�ŽĨ��ŝŽůŽŐŝĐĂů�^ĐŝĞŶĐĞƐ�ǁŝƚŚ�Ă�ŵĂũŽƌ�ŝŶ�DŽůĞĐƵůĂƌ��ŝŽůŽŐǇ�
Ăƚ��ůĐĂůĂ�hŶŝǀĞƌƐŝƚǇ͘�^ŚĞ�ƐƚƵĚŝĞĚ�ƚŚĞ�ůĂƐƚ�ǇĞĂƌ�ŽĨ�ŚĞƌ�ĚĞŐƌĞĞ�ƵŶĚĞƌ�ƚŚĞ��ƌĂƐŵƵƐ�ĞǆĐŚĂŶŐĞ�
program at the University of Leiden, where she carried out a 9 months internship in the 
ĚĞƉĂƌƚŵĞŶƚ�ŽĨ�DŽůĞĐƵůĂƌ��ŝŽůŽŐǇ�ƵŶĚĞƌ�ƚŚĞ�ƐƵƉĞƌǀŝƐŝŽŶ�ŽĨ��ƌ͘ �K͘�^ƚŽĐŬŚĂŵŵĞƌ�ƐƚƵĚǇŝŶŐ�
ƚŚĞ�ƌŽůĞ�ŽĨ�ƚŚĞ�d>ZͲĂĚĂƉƚŽƌ�ƉƌŽƚĞŝŶ�^Ăƌŵ�ŝŶ�ŝŶŶĂƚĞ�ŝŵŵƵŶŝƚǇ�ĂŶĚ�ĞŵďƌǇŽŐĞŶĞƐŝƐ͘���ŌĞƌ�
ĐŽŵƉůĞƟŶŐ�ŚĞƌ�ŝŶƚĞƌŶƐŚŝƉ�ƐŚĞ�ĞŶƌŽůůĞĚ�ŝŶ�ƚŚĞ��ŝŽŵŽůĞĐƵůĂƌ�^ĐŝĞŶĐĞƐ�DĂƐƚĞƌ Ɛ͛�ƉƌŽŐƌĂŵ�
Ăƚ�ƚŚĞ�sƌŝũĞ�hŶŝǀĞƌƐŝƚǇ�ŽĨ��ŵƐƚĞƌĚĂŵ�ǁŚĞƌĞ�ƐŚĞ�ŐƌĂĚƵĂƚĞĚ�ŝŶ�ϮϬϭϬ͘��ƵƌŝŶŐ�ŚĞƌ�ŵĂƐƚĞƌ�
ƉƌŽŐƌĂŵ͕�ƐŚĞ� ũŽŝŶĞĚ�ƚŚĞ�ĚĞƉĂƌƚŵĞŶƚ�ŽĨ�DŽůĞĐƵůĂƌ�ŐĞŶĞƟĐƐ�Ăƚ� ƚŚĞ�EĞƚŚĞƌůĂŶĚƐ��ĂŶĐĞƌ�
/ŶƐƟƚƵƚĞ� ;E</Ϳ͕��ŵƐƚĞƌĚĂŵ͕� ĨŽƌ�Ă�ϲ�ŵŽŶƚŚƐ� ŝŶƚĞƌŶƐŚŝƉ�ǁŚĞƌĞ�ƐŚĞ�ƐƚƵĚŝĞĚ� ƚŚĞ� ĨƵŶĐƟŽŶ�
of �Z�^�ĂƐ�ŶŽǀĞů�ŵĂŵŵĂƌǇ�ŽŶĐŽŐĞŶĞ�ŝŶ�ƚŚĞ�ŐƌŽƵƉ�ŽĨ��ƌ͘ �:͘�,ŝůŬĞŶƐ͘�/Ŷ��ƵŐƵƐƚ�ϮϬϭϬ͕�ƐŚĞ�
started her PhD studies in the lab of Dr. T. Cupedo in the department of Hematology at 
ƚŚĞ��ƌĂƐŵƵƐ�hŶŝǀĞƌƐŝƚǇ�DĞĚŝĐĂů��ĞŶƚĞƌ͕ �ZŽƩĞƌĚĂŵ͘�,Ğƌ�ϰ͘ϴ�ǇĞĂƌƐ�ĂƐ�Ă�WŚ��ĐĂŶĚŝĚĂƚĞ�ůĞĚ�
ƚŽ�ƚŚĞ�ƐƚƵĚŝĞƐ�ĚĞƐĐƌŝďĞĚ�ŝŶ�ƚŚŝƐ�ƚŚĞƐŝƐ͘�/Ŷ��ƵŐƵƐƚ�ϮϬϭϱ�ƐŚĞ�ƐƚĂƌƚĞĚ�ŚĞƌ�ƉŽƐƚĚŽĐƚŽƌĂů�ƐƚƵĚŝĞƐ�
ĂďŽƵƚ�ƚŚĞ�ƌŽůĞ�ŽĨ�ƐƚƌŽŵĂ�ĐĞůůƐ�ŝŶ�ƐĞĐŽŶĚĂƌǇ�ůǇŵƉŚŽŝĚ�ŽƌŐĂŶƐ�ĚƵƌŝŶŐ�ǀŝƌĂů�ŝŶĨĞĐƟŽŶƐ͕�ŝŶ�ƚŚĞ�
group of Dr. S. Luther in the department of Biochemistry at the University of Lausanne 
ŝŶ�ĐŽůůĂďŽƌĂƟŽŶ�ǁŝƚŚ�ƚŚĞ�ŐƌŽƵƉ�ŽĨ�WƌŽĨ͘ ��ƌ͘ �ŵĞĚ͘��͘�͘�WŝŶƐĐŚĞǁĞƌ�ŝŶ�ƚŚĞ�ĚĞƉĂƌƚŵĞŶƚ�ŽĨ�
Biomedicine at the University of Basel, Switzerland. 
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ĐůŝŶŝĐ͕�ǇŽƵ�ƐƟůů�ĨŽƵŶĚ�ƟŵĞ�ƚŽ�ĂƩĞŶĚ�ŵĞĞƟŶŐƐ�ǁŝƚŚ�ǇŽƵƌ�ƐƚƵĚĞŶƚƐ͘�/�ǁĂŶƚ�ƚŽ�ƚŚĂŶŬ�ǇŽƵ�ĨŽƌ�
ƚŚĞ�ĐƌŝƟĐĂů�ƌĞĂĚŝŶŐ�ŽĨ�ƚŚŝƐ�ŵĂŶƵƐĐƌŝƉƚ͕�ĂŶĚ�ǇŽƵƌ�ƚŚŽƌŽƵŐŚ�ĐŽŵŵĞŶƚƐ�ŝŶ�ƉƌĞƐĞŶƚĂƟŽŶƐ�ĂŶĚ�
work discussions during these years. This has helped me to be more precise and rigorous 
ŝŶ�Ăůů�ŵǇ�ƐĐŝĞŶƟĮĐ�ĚŝƐƐĞŵŝŶĂƟŽŶƐ͘�

WƌŽĨ͘ Ěƌ͘ � /͘W͘ � dŽƵǁ͕� WƌŽĨ͘ Ěƌ͘ � Z͘t͘� ,ĞŶĚƌŝŬƐ� ĂŶĚ� �ƌ͘ �D͘�� �ŽůĞƐ͕� ƚŚĂŶŬ� ǇŽƵ� ĨŽƌ� ƚŚĞ� ĐƌŝƟĐĂů�
ƌĞĂĚŝŶŐ�ŽĨ�ƚŚŝƐ�ŵĂŶƵƐĐƌŝƉƚ͕�ƐƵŐŐĞƐƟŽŶƐ͕�ĂŶĚ�ĨŽƌ�ďĞŝŶŐ�ƉĂƌƚ�ŽĨ�ƚŚĞ�ƐĐŝĞŶƟĮĐ�ĐŽŵŵŝƩĞĞ͘�

I want to specially thank Dr. Tom Cupedo, my co-promoter and supervisor, for his endless 
ĚĞĚŝĐĂƟŽŶ� ƚŽ� ƚŚŝƐ�ƉƌŽũĞĐƚ͘� dŚĂŶŬ� ƐŽ�ŵƵĐŚ�dŽŵ� ĨŽƌ�ďĞŝŶŐ� ƐŽ�ĂƉƉƌŽĂĐŚĂďůĞ�ĂŶĚ�ĂůǁĂǇƐ�
ďĞ� ǁŝůůŝŶŐ� ƚŽ� ĚŝƐĐƵƐƐ� ĞǆƉĞƌŝŵĞŶƚƐ͕� ŝĚĞĂƐ͕� Žƌ� ĞǀĞŶ�ŵŝŶŽƌ� ƚĞĐŚŶŝĐĂů� ĚĞƚĂŝůƐ͘� zŽƵ� ĂůǁĂǇƐ�
ŵĂŶĂŐĞĚ�ƚŽ�ůŽŽŬ�Ăƚ�ƚŚĞ�ďƌŝŐŚƚ�ƐŝĚĞ�ĂŶĚ�ǇŽƵƌ�ƉŽƐŝƟǀŝƐŵ�ĂŶĚ�ĞŶƚŚƵƐŝĂƐŵ�ǁĂƐ�ĚĞĮŶŝƟǀĞůǇ�
ĐŽŶƚĂŐŝŽƵƐ͘�/ƚ�ŚĂƐ�ƌĞĂůůǇ�ďĞĞŶ�Ă�ũŽǇ�ƚŽ�ďĞ�ƉĂƌƚ�ŽĨ�ǇŽƵƌ�ƚĞĂŵ͊

Dr. Janneke Samsom, thank you so much for your valuable input and feedback in the 
ƉƌŽũĞĐƚ͘��/�ƌĞĂůůǇ�ĂƉƉƌĞĐŝĂƚĞ�ƚŚĂƚ�ǇŽƵ�ĂůǁĂǇƐ�ĨŽƵŶĚ�ƚŚĞ�ƟŵĞ�ƚŽ�ůŽŽŬ�Ăƚ�ƚŚĞ�ƐůŝĚĞƐ�ĂŶĚ�ŬŝŶĚůǇ�
ĞǆƉůĂŝŶĞĚ�ŵĞ� ƚŚĞ�ďĂƐŝĐƐ�ŽĨ� ŝŶƚĞƐƟŶĂů�ƉĂƚŚŽůŽŐǇ͘� dŚĂŶŬ� ǇŽƵ�ĂůƐŽ� ĨŽƌ�ŵĂŬŝŶŐ� ƚŚĞ�ǁŽƌŬͲ
ĚŝƐĐƵƐƐŝŽŶƐ�ƐŽ�ĨƌƵŝƞƵů�ĂŶĚ�ĞŶũŽǇĂďůĞ͘

dŚĂŶŬ�ǇŽƵ�EĂƚĂůŝĞ�ĨŽƌ�ďĞŝŶŐ�ŵǇ�'W^͘�zŽƵ�ĂůǁĂǇƐ�ŚĂĚ�ĂŶƐǁĞƌƐ�ĨŽƌ�ĞǀĞƌǇƚŚŝŶŐ͕�ĂŶĚ�ŬŶĞǁ�Ăůů�
ƚŚĞ�ĚŝůƵƟŽŶƐ�ŽĨ�ƚŚĞ�ĂŶƟďŽĚŝĞƐ�ďǇ�ŚĞĂƌƚ͊�/�ƌĞŵĞŵďĞƌ�ŵǇ�ĮƌƐƚ�ĚĂǇ�ŝŶ�ƚŚĞ�ůĂď͕�ǇŽƵ�ũƵƐƚ�ĐĂŵĞ�
ďĂĐŬ�ĨƌŽŵ�ƐƉĞŶĚŝŶŐ�ƚŚĞ�ǁĞĞŬĞŶĚ�ŝŶ�WĂƌŝƐ�ǁŚĞƌĞ�^ĂŶĚĞƌ�ƉƌŽƉŽƐĞĚ͘�EŽǁ͕�ϱ�ǇĞĂƌƐ�ůĂƚĞƌ͕ �ǇŽƵ�
ĂƌĞ�Ă�ƌĞĂů�ŵŽŵŵǇ͘�dŚĂŶŬ�ǇŽƵ�EĂƚ�ĨŽƌ�ǇŽƵƌ�ŚĞůƉ�ŝŶ�ƚŚĞ�ŝƐŽůĂƟŽŶƐ͕�ƐŽƌƚƐ͕�W�ZƐ�ĂŶĚ�ƐŽ�ŽŶ͘�
dŚŝƐ�ƉƌŽũĞĐƚ͕�ĂŶĚ�Ăůů�ƚŚĞ�ŽƚŚĞƌƐ͕�ǁŽƵůĚŶ͛ƚ�ďĞ�ƐĂŵĞ�ǁŝƚŚŽƵƚ�ǇŽƵ͊�

&ĞƌƌǇ͕ �ŵǇ� ĚĞĂƌ� ƉĂƌĂŶŝŵĨ͘ � /ƚ� ŚĂƐ� ďĞĞŶ� ƌĞĂůůǇ� ŐƌĞĂƚ� ŚĂǀŝŶŐ� ǇŽƵ� ĂƐ� Ă� ĐŽůůĞĂŐƵĞ� Ăůů� ƚŚĞƐĞ�
ǇĞĂƌƐ͘�tĞ�ůĂƵŐŚĞĚ͕�ĐƌŝĞĚ�ĂŶĚ�ƉƌŽĐĞƐƐĞĚ�ŵĂŶǇ͕ �ŵĂŶǇ�ƚŽŶƐŝůƐ�ƚŽŐĞƚŚĞƌ͊�dŚĂŶŬ�ǇŽƵ�ĨŽƌ�ǇŽƵƌ�
ĚĞĚŝĐĂƟŽŶ�ĂŶĚ� ĨŽƌ� ƐŚŽǁŝŶŐ�ŵĞ� ƚŚĞ� ͞ƉƌŽƉĞƌ͟�ǁĂǇ�ŽĨ� ĚŽŝŶŐ� ƚŚŝŶŐƐ͘� /� ďĂƌĞůǇ� ŬŶĞǁ�ŚŽǁ�
ƚŽ�ƵƐĞ�ƚŚĞ�ĨĂĐƐ�ŵĂĐŚŝŶĞ�ǁŚĞŶ�/�ƐƚĂƌƚĞĚ͕�ĂŶĚ�ƚŚĂŶŬƐ�ƚŽ�ǇŽƵ�/�ĞŶĚĞĚ�ƵƉ�ƐŽƌƟŶŐ�ŵǇ�ŽǁŶ�
samples. I wish that in the future I could be as organized as you are. Maybe then, your CD 
ǁŝƚŚ�ǇŽƵƌ�ǀĞƌǇ�ďĞƐƚ�ďĂƐƐ�ŚŝƚƐ�ǁŝůů�ďĞ�ĂǀĂŝůĂďůĞ͊�

&
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'ƌĂĐŝĂƐ�Ă�ŵŝ�ĐŽŵƉĂŹĞƌĂ�ĚĞ�ĞǆƉĞƌŝŵĞŶƚŽƐ͕�ŽĮĐŝŶĂ�Ǉ�ĂŵŝŐĂ͊�dŚĂŶŬ�ǇŽƵ�DŽŶŝĐĂ�ĨŽƌ�Ăůů�ƚŚĞ�
ŚĂƌĚ�ǁŽƌŬ�ŝƐŽůĂƟŶŐ�ƚŽŶƐ�ŽĨ�ŝŶƚĞƐƟŶĞƐ͕�ĞǀĞŶ�ŝĨ�ŝƚ�ǁĂƐ�ũƵƐƚ�ĨŽƌ�Ă�ĨĞǁ�/>�Ɛ͊��ǀĞŶ�ƚŚŽƵŐŚ�ƚŚĞ�
ƉĂƌĂĸŶ�ǁŽƌŬ�ǁĂƐŶ͛ƚ�ƌĞĂůůǇ�ǇŽƵƌ�ĨĂǀŽƌŝƚĞ�ƚŚŝŶŐ͕�ĂŶĚ�ƐŽŵĞƟŵĞƐ�ŝƚ� ůŝƚĞƌĂůůǇ�ƚŽŽŬ�ƉĂƌƚƐ�ŽĨ�
ǇŽƵ�ĂǁĂǇ͕ � ǇŽƵ�ĂůǁĂǇƐ�ŬĞƉƚ�Ă�ƉŽƐŝƟǀĞ�ĂƉƟƚƵĚĞ͘�dŚĞ�ŚĂƌĚ�ǁŽƌŬ�ƉĂŝĚ�Žī͕�ĂŶĚ�ǁĞ�ŵĂĚĞ�
Ă� ďĞĂƵƟĨƵů� ƉƵďůŝĐĂƟŽŶ͊� dŚĂŶŬ� ǇŽƵ� ĂůƐŽ� ĨŽƌ� Ăůů� ƚŚĞ� ŶŝĐĞ�ŵŽŵĞŶƚƐ͕� ƌĞĨƌĞƐŚŝŶŐ� ďĞĞƌƐ� ŝŶ�
ZŽƚŽǁŶ͕�ĚŝŶŶĞƌƐ͕�ƉĂƌƟĞƐ�ĂŶĚ�ƚƌŝƉƐ�ƚŚĂƚ�ǁĞ�ƐŚĂƌĞĚ͘�EŽďŽĚǇ�ďĞĂƚƐ�ƵƐ�ĂƐ�Ă�ŵƵŵŵǇ�ĐŽƵƉůĞ͊�
DƵĐŚĂ�ƐƵĞƌƚĞ�ĐŽŶ�ůŽ�ƋƵĞ�ƚĞ�ƋƵĞĚĂ�ĚĞ�ĚŽĐƚŽƌĂĚŽ�Ǉ�Ă�ǀĞƌ�Ɛŝ�ŽƌŐĂŶŝǌĂŵŽƐ�ƵŶ�ǀŝĂũĞ�ƉƌŽŶƚŽ͘�
dŚĂŶŬ�ǇŽƵ�ƐŽ�ŵƵĐŚ�:ƵůŝĞŶ�ĨŽƌ�ǇŽƵƌ�ŚĞůƉ�ŝŶ�Ăůů�ƚŚĞ�>W>�ŝƐŽůĂƟŽŶƐ�ĂŶĚ�ůŽŶŐ�ƐŽƌƚƐ͘�zŽƵ�ƌĞĂůůǇ�
ďĞĐĂŵĞ�ƚŚĞ�ŵĂƐƚĞƌ�ŽĨ�ƚŚĞ�ůǇŵƉŚŽĐǇƚĞ�ŝŶƚĞƌƉŚĂƐĞ�;Žƌ�ŵƌ͘ �ŝŶƚĞƐƟŶĞ͊Ϳ͕�ĂŶĚ�ŵĂĚĞ�ƚŚĞ�ĚĂŝůǇ�
work much more fun. I will always remember you dancing reggae with your lab coat and 
ǇŽƵƌ�ůŝŐŚƚ�ŝŶ�ƚŚĞ�ĨŽƌĞŚĞĂĚ͘�dŚĂŶŬ�ǇŽƵ�ĂůƐŽ�ĨŽƌ�ƚŚĞ�ĚƌŝŶŬƐ�ĂŌĞƌ�ǁŽƌŬ͕�ƚŚĞ�ďĂƌďĞƋƵĞƐ�ŝŶ�ǇŽƵƌ�
ůŝƩůĞ�ŐĂƌĚĞŶ͕�ĂŶĚ�ƚŚĞ�ŐƌĞĂƚ�ƉĂƌƟĞƐ�ŝŶ�WĂƌŝƐ͘
�ŝĐŬǇ͕ � ƚŚĂŶŬ� ǇŽƵ� ĨŽƌ� ƚĞĂĐŚŝŶŐ�ŵĞ� Ăůů� ƚŚĞ� ƉĂƌĂĸŶ� ƚĞĐŚŶŝƋƵĞƐ͕� ƚƌŝĐŬƐ� ĂŶĚ� ƟƉƐ͕� ĂŶĚ� ĨŽƌ�
ŝŶƚƌŽĚƵĐŝŶŐ�ŵĞ�ƚŽ�ƚŚĞ�>W>�ŝƐŽůĂƟŽŶ͘�dŚŝƐ�ŚĂƐ�ďĞĞŶ�ĞƐƐĞŶƟĂů�ĨŽƌ�ƚŚĞ�ƉĞƌĨŽƌŵĂŶĐĞ�ŽĨ�ƚŚĞ�
ƉƌŽũĞĐƚ͘�/͛ŵ�ĂůƐŽ�ǀĞƌǇ�ŐƌĂƚĞĨƵů�ƚŽ�^ŚĂƌŽŶ͕��ĞůŝĂ͕�ZŽǁůŝĞŶ͕�>ĞĂ͕�zƚũĞ͕�>ŝƐƐĞƚ͕�>ŝŶĚĂ�ĂŶĚ�Ăůů�ƚŚĞ�
ŵĞŵďĞƌƐ�ŽĨ�ƚŚĞ�^ĂŵƐŽŵ�ŐƌŽƵƉ�ĨŽƌ�ƚŚĞŝƌ�ŝŶƉƵƚ�ĂŶĚ�ƐƵƉƉŽƌƚ�ĂŶĚ�ĨŽƌ�ƚŚĞ�ŵĞŵŽƌĂďůĞ�ƟŵĞƐ�
Ăƚ�ƚŚĞ�ĚŝīĞƌĞŶƚ�ƐĐŝĞŶƟĮĐ�ŵĞĞƟŶŐƐ͘
/͛ŵ�ĂůƐŽ�ƚŚĂŶŬĨƵů�ƚŽ��ƌŝĐ��ƌĂĂŬŵĂŶ��ůǁŝŶ͕�DĂƌŝĞƩĞ͕�ĂŶĚ�DĂƌĐ�ZĂŝũŵĂŬĞƌƐ�ĨŽƌ�ƚŚĞŝƌ�ĨĞĞĚďĂĐŬ�
ĂŶĚ�ƐƵŐŐĞƐƟŽŶƐ�ĚƵƌŝŶŐ�ƚŚĞ�ůĂď�ŵĞĞƟŶŐƐ͘�
/͛ŵ�ŐƌĂƚĞĨƵů� ƚŽ�ZŝĐĐĂƌĚŽ�&ŽĚĚĞ Ɛ͛� ŐƌŽƵƉ� ĨŽƌ� ƚĞĂĐŚŝŶŐ�ŵĞ�ŚŽǁ� ƚŽ�ŐƌŽǁ� ŝŶƚĞƐƟŶĂů� ĐƌǇƉƚƐ͘�
dŚĂŶŬ�ǇŽƵ�WĂƚƌŝĐŬ�ĂŶĚ�DĂƩ�ĨŽƌ�ƐŚĂƌŝŶŐ�Ăůů�ƚŚĞ�ƚƌŝĐŬƐ�ƚŽ�ŐĞƚ�ƌĞĂůůǇ�ŶŝĐĞ�ŽƌŐĂŶŽŝĚ�ĐƵůƚƵƌĞƐ͘
dŚĂŶŬ�ǇŽƵ��Žď͕�ZƵĚĚ͕�DŽũĐĂ͕�^ƚĞĨĂŶ�ĂŶĚ�WĞƚĞƌ�ĨŽƌ�ǇŽƵƌ�ŝŶƉƵƚ�ĂŶĚ�ƐƵƉƉŽƌƚ� ŝŶ�ƚŚĞ�ŇŽŽƌ�
ŵĞĞƟŶŐƐ�ĚƵƌŝŶŐ�ƚŚĞƐĞ�ǇĞĂƌƐ͘
/͛ŵ�ĂůƐŽ�ŐƌĂƚĞĨƵů�ƚŽ��ǀŝŶĂƐŚ͕��ĂǀŝŶĞ͕�ZŽĞů͕�>ƵĐŝĂ͕�:ĂƐƉĞƌ͕ �&ƌĂŶĐŽŝƐ�ĂŶĚ��ŶŶĞůŝĞŬĞ�ĨŽƌ�ďĞŝŶŐ�
ƐƵĐŚ�Ă�ŶŝĐĞ�ŽĸĐĞ�ŵĂƚĞƐ͘
dŽ�Ăůů�ƚŚĞ�ĐŽůůĞĂŐƵĞƐ�ĂŶĚ�ĨƌŝĞŶĚƐ�ŽĨ�ƚŚĞ�ĚĞƉĂƌƚŵĞŶƚ͕�<ĂƐŝĂ͕�EŽĞŵŝ͕�ZŽďĞƌƚŽ͕�KŶŶŽ͕�<ĞĂŶĞ͕�
Adrian, Joyce, Ping, Si, Julia, Patricia, etc, Thank so much for all the nice moments, and 
ŽƵƚ�ŽĨ�ƚŚĞ�ůĂď�ĂĐƟǀŝƟĞƐ͘�/ƚ�ŚĂƐ�ďĞĞŶ�ƌĞĂůůǇ�ŐƌĞĂƚ�ŵĞĞƟŶŐ�ǇŽƵ͊�'ŽŽĚ�ůƵĐŬ�ǁŝƚŚ�ǇŽƵƌ�ƉƌŽũĞĐƚƐ�
and I really hope we will see each other again.
dŚĂŶŬ�ǇŽƵ�ĂůƐŽ�ƚŽ�ƚŚĞ�ƉĂƐƚ�ĂŶĚ�ƉƌĞƐĞŶƚ�ŵĂƐƚĞƌ�ƐƚƵĚĞŶƚƐ͕��ŶƵƐŚĂ͕�:ƵƌƌĞ͕�̂ ĂƌĂ͕�:ĂŶĂ͕��ŐƵƐƟŶ�
ĂŶĚ�EŽƌĂ͘�dŚĂŶŬ�ǇŽƵ�ĨŽƌ�ǇŽƵƌ�ĐŽŶƚƌŝďƵƟŽŶ�ƚŽ�ƚŚĞ�ƉƌŽũĞĐƚƐ�ĂŶĚ�ƚŚĞ�ĨƵŶ�ƟŵĞƐ͘
dŚĂŶŬ�ǇŽƵ�DĂƌŬ͕�DĂƌƟũŶ͕�WĂƵůĞƩĞ͕��ƌŝĐ��ŝŶĚĞůƐ͕�WŝŽƚƌ͕ �ZĞŵĐŽ͕��ůĂƵĚŝĂ͕�DĂƌŝũĞ͕�DŝĐŚĞů͕�
,ĂŶƐ͕�ƚŚĞ�ƉĞŽƉůĞ�ŽĨ�ƚƌĂŶƐƉůĂŶƚĂƟŽŶ�ůĂď�ĂŶĚ�ƚŚĞ�ƌĞƐƚ�ŽĨ�ƚŚĞ�ĚĞƉĂƌƚŵĞŶƚ�ĨŽƌ�ƚŚŝƐ�ŵĞŵŽƌĂďůĞ�
years.
Thank you Ans, Leenke, Annalise and Tomasia for keeping the department up and 
ƌƵŶŶŝŶŐ͊�/͛ŵ�ĂůƐŽ�ǀĞƌǇ�ŐƌĂƚĞĨƵů�ƚŽ��ŐŝĞĚ�ĨŽƌ�ŚĞůƉŝŶŐ�ŵĞ�ŽƵƚ�ǁŝƚŚ�ƚŚĞ�ƚŚĞƐŝƐ�ůĂǇŽƵƚ͘
And thank you to the people of the EDC for taking the best care of our precious mice.
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/�ĂůƐŽ�ǁĂŶƚ�ƚŽ�ƚŚĂŶŬ�Ăůů�ƚŚĞ�ĨƌŝĞŶĚƐ�ƚŚĂƚ�ƐƵƉƉŽƌƚĞĚ�ŵĞ�ĂŶĚ�ŐĂǀĞ�ŵĞ�ƉŽƐŝƟǀĞ�ĞŶĞƌŐǇ�Ăůů�
ƚŚĞƐĞ�ǇĞĂƌƐ͘�'ŽŶ͕�ǇŽƵ�ŐƌĞĂƚ�Ăƚ�ƐŽ�ŵĂŶǇ�ƚŚŝŶŐƐ͘�/�ǁŝƐŚ�ǇŽƵ�ŐŽŽĚ�ůƵĐŬ�ĮŶĂůŝǌŝŶŐ�ǇŽƵƌ�WŚ�͘� 
/�Ăŵ�ƐƵƌĞ�ƚŚĂƚ�ǇŽƵ�ǁŝůů�ĞŶĚ�ƵƉ�ĚĞĨĞŶĚŝŶŐ�ǇŽƵƌ�ƚŚĞƐŝƐ�ŝŶ�ĚƵƚĐŚ͕͘dŚĂŶŬ�ǇŽƵ��ŶĂ͕�WŽǆĞ͕�:ƵĂŶ͕�
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