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ŽĨ�ŽǆǇŐĞŶ�ƉĞƌĨƵƐŝŽŶ�ĂŶĚ�Ă�ƐƵďƐĞƋƵĞŶƚ�ƐǁŝƚĐŚ�ƚŽ�ĂŶĂĞƌŽďŝĐ�ƌĞƐƉŝƌĂƟŽŶ͘�
΀ϭϬ΁� �ǇƐĨƵŶĐƟŽŶĂů� ůǇŵƉŚĂƟĐ� ǀĞƐƐĞůƐ� ĂůƐŽ� ƐŝŐŶŝĮĐĂŶƚůǇ� ŝŶĐƌĞĂƐĞ� ƚŚĞ�
ŝŶƚĞƌƐƟƟĂů�ŇƵŝĚ�ƉƌĞƐƐƵƌĞ�ǁŝƚŚŝŶ�ƚŚĞ���D͕�ƚŚƵƐ�ŝŵƉĞĚŝŶŐ�ƚŚĞ�ĞŶƚƌǇ�ŽĨ�
ĐŚĞŵŽƚŚĞƌĂƉĞƵƟĐ� ĚƌƵŐƐ� ďǇ� ƚƌĂŶƐĐĂƉŝůůĂƌǇ� ŇŽǁ� ĂŶĚ� ĐŽŶǀĞĐƟŽŶ͘� ΀ϭϭ΁�
�Ɛ�ƚŚĞƐĞ�ĚƌƵŐƐ�ĂƌĞ�ĂůƐŽ�ŽǆǇŐĞŶ�Žƌ�Ɖ,�ƐĞŶƐŝƟǀĞ�;Ğ͘Ő͘�ĚŽǆŽƌƵďŝĐŝŶͿ͕�ƚŚĞ�
ĞĸĐĂĐǇ�ŽĨ�ĐŚĞŵŽƚŚĞƌĂƉǇ�ŝƐ�ƐĞǀĞƌĞůǇ�ůŝŵŝƚĞĚ͘�
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further reading.  

�ĞǀĞůŽƉŝŶŐ�Ă�ŵŝĐƌŽĞŶǀŝƌŽŶŵĞŶƚĂů�ŵŽĚĞů�ŽĨ�ĐĂƌĐŝŶŽŐĞŶĞƐŝƐ
��ŵƵůƟƐƚĞƉ�ŵŽĚĞů� ĨŽƌ� ĐĂƌĐŝŶŽŐĞŶĞƐŝƐ� ǁĂƐ� ƉƌŽƉŽƐĞĚ� ďǇ� &ĞĂƌŽŶ� ĂŶĚ�
sŽŐĞůƐƚĞŝŶ� ŝŶ� ϭϵϵϬ͘� �ĂƐĞĚ� ŽŶ� ŽďƐĞƌǀĂƟŽŶƐ� ĚŽĐƵŵĞŶƚĞĚ� ŝŶ� ŚƵŵĂŶ�
colorectal cancer, they linked changes in tumour morphology to 
ƐƉĞĐŝĮĐ�ŵƵƚĂƟŽŶƐ� ŝŶ� ŽŶĐŽŐĞŶĞƐ� ĂŶĚ� ƚƵŵŽƵƌ� ƐƵƉƉƌĞƐƐŽƌ� ŐĞŶĞƐ͘� ΀ϭϮ΁�
dŚĞǇ�ƉƌŽƉŽƐĞĚ�ƚŚĂƚ�ĂĐĐƵŵƵůĂƟŽŶ�ŽĨ�ŵƵƚĂƟŽŶƐ͕�ƌĂƚŚĞƌ�ƚŚĂŶ�ƐĞƋƵĞŶĐĞ͕�
was seen as the most important determinant of tumour progression. 
΀ϭϮ΁�/Ŷ�ϮϬϬϬ͕�,ĂŶĂŚĂŶ�ĂŶĚ�tĞŝŶďĞƌŐ�ƉƌŽƉŽƐĞĚ�ƚŚĂƚ�Ɛŝǆ�ĂĐƋƵŝƌĞĚ�ƚƌĂŝƚƐ�
ĂƌĞ�ƌĞƋƵŝƌĞĚ�ĨŽƌ� ƚŚĞ�ĨŽƌŵĂƟŽŶ�ŽĨ�ĂŶ� ŝŶǀĂƐŝǀĞ�ĐĂŶĐĞƌ͘ � �dŚĞƐĞ� ŝŶĐůƵĚĞ͗�
ƐĞůĨ� ƐƵĸĐŝĞŶĐǇ�ŽĨ�ŐƌŽǁƚŚ�ƐŝŐŶĂůƐ͕� ŝŶƐĞŶƐŝƟǀŝƚǇ� ƚŽ�ĂŶƟͲŐƌŽǁƚŚ�ƐŝŐŶĂůƐ͕�
ƌĞƐŝƐƚĂŶĐĞ�ƚŽ�ĂƉŽƉƚŽƐŝƐ͕�ƵŶůŝŵŝƚĞĚ�ƌĞƉůŝĐĂƟŽŶ͕�ƐƵƐƚĂŝŶĞĚ�ĂŶŐŝŽŐĞŶĞƐŝƐ�
ĂŶĚ�ŝŶǀĂƐŝǀĞŶĞƐƐ͘�΀ϭϯ΁�

^ƵďƐĞƋƵĞŶƚůǇ͕ �ƐƚƵĚŝĞƐ�ŚĂǀĞ�ƐŚŽǁŶ�ƚŚĂƚ�ƚŚĞ�ŵŝĐƌŽĞŶǀŝƌŽŶŵĞŶƚ�ĐĂŶ�ĂīĞĐƚ�
ƚŚĞ�ĚĞǀĞůŽƉŵĞŶƚ�ŽĨ�ĐĂŶĐĞƌ�ĐĞůůƐ͘�΀ϭϰ΁�&ƵĞůůĞĚ�ďǇ�ƚŚĞ�ƟƐƐƵĞ�ŽƌŐĂŶŝƐĂƟŽŶ�
ĮĞůĚ�ƚŚĞŽƌǇ�;dK&dͿ͕�ŝƚ�ǁĂƐ�ďĞůŝĞǀĞĚ�ƚŚĂƚ�ƟƐƐƵĞ�ŚŽŵĞŽƐƚĂƐŝƐ�ŝƐ�ĐŽŶƚƌŽůůĞĚ�
ďǇ�ƐƚƌŽŵĂͲĞƉŝƚŚĞůŝƵŵ�ŝŶƚĞƌĂĐƟŽŶƐ�ƚŚĂƚ�ŝŵƉŽƐĞ�ĞŶǀŝƌŽŶŵĞŶƚĂů�ďĂƌƌŝĞƌƐ�
ƚŽ� ƚƵŵŽƵƌ� ƉƌŽŐƌĞƐƐŝŽŶ͘� ΀ϭϱ΁� �ƵƌŝŶŐ� ƚƵŵŽƵƌŝŐĞŶĞƐŝƐ͕� ƐƵĐŚ� ďĂƌƌŝĞƌƐ�
ŐŽ� ĂǁƌǇ� ĂŶĚ� ĂīĞĐƚ� ƚŚĞ� ƚǇƉĞ� ĂŶĚ� ƐĞƋƵĞŶĐĞ� ŽĨ� ƉŚĞŶŽƚǇƉŝĐ� ƐƚƌĂƚĞŐŝĞƐ�
ĂĚŽƉƚĞĚ�ďǇ�ĐĂŶĐĞƌ�ĐĞůůƐ�;ƚŚĂƚ�ŝƐ͕�ŽďƐĞƌǀĂďůĞ�ĐŚĂƌĂĐƚĞƌŝƐƟĐƐ�ŵĂŶŝĨĞƐƚĞĚ�
ďǇ�ĐĂŶĐĞƌ�ĐĞůůƐ�ƚŽ�ŽǀĞƌƌŝĚĞ�ďĂƌƌŝĞƌƐͿ͘�΀ϭϲ΁

&ŝŶĂůůǇ͕ � ŝŶ� ϮϬϬϳ͕� 'ĂƚĞŶďǇ� ĂŶĚ� 'ŝůůĞƐ� ƉƌŽƉŽƐĞĚ� Ă� ƐĞƋƵĞŶƟĂů�
ŵŝĐƌŽĞŶǀŝƌŽŶŵĞŶƚĂů� ŵŽĚĞů͘� ΀ϭϲ΁� /Ŷ� ƚŚŝƐ� ŵŽĚĞů͕� ƚŚĞ� ŝŶŝƟĂƟŶŐ� ĞǀĞŶƚ�
ŝƐ� ŝŶƐĞŶƐŝƟǀŝƚǇ� ƚŽ� ĂŶƟͲŐƌŽǁƚŚ� ƐŝŐŶĂůƐ�ŵĞĚŝĂƚĞĚ� ďǇ� ĐŽŶƚĂĐƚ� ŝŶŚŝďŝƟŽŶ�
;ĂƌƌĞƐƚ�ŽĨ�ŐƌŽǁƚŚ�ďǇ�ĐĞůů�ĐŽŶƚĂĐƚͿ͘�΀ϭϳ΁�dƵŵŽƵƌ�ĐĞůůƐ�ĞƐĐĂƉŝŶŐ�ĨƌŽŵ�ƚŚĞ�
ďĂƐĞŵĞŶƚ� ŵĞŵďƌĂŶĞ� ;�DͿ� ƐƵƌǀŝǀĞ� ďǇ� ƵƉͲƌĞŐƵůĂƟŶŐ� ŐƌŽǁƚŚ� ĨĂĐƚŽƌƐ�
ĂŶĚͬŽƌ�ƚŚĞŝƌ�ƌĞĐĞƉƚŽƌƐ�ƚŽ�ĂĐƋƵŝƌĞ�ƐĞůĨͲƐƵĸĐŝĞŶĐǇ͖�ŝůůƵƐƚƌĂƟŶŐ�ƚŚĞ�ĂďŝůŝƚǇ�

/ŶƚƌŽĚƵĐƟŽŶ
In the 20th� ĐĞŶƚƵƌǇ͕ � ƚŚĞ�ƐŽŵĂƟĐ�ŵƵƚĂƟŽŶ�ƚŚĞŽƌǇ�ŚĂƐ�ĚŽŵŝŶĂƚĞĚ�ŽƵƌ�
ǀŝĞǁ�ŽĨ�ĐĂƌĐŝŶŽŐĞŶĞƐŝƐ͘��ĂŶĐĞƌ�ǁĂƐ�ǀŝĞǁĞĚ�ĂƐ�Ă�ĐĞůůƵůĂƌ�ƉŚĞŶŽŵĞŶŽŶ�
ǁŚĞƌĞ� ŐĞŶĞƟĐ� ĂďŶŽƌŵĂůŝƟĞƐ� ƌĞƐƵůƚ� ŝŶ� ĂďĞƌƌĂŶƚ� ĐĞůůƐ� ƚŚĂƚ� ƉƌŽůŝĨĞƌĂƚĞ�
ƵŶĐŽŶƚƌŽůůĂďůǇ͘�΀ϭ͕Ϯ΁�dŚĞ�ƚŚĞŽƌǇ͕ �ŚŽǁĞǀĞƌ͕ �ĚŽĞƐ�ŶŽƚ�ĞǆƉůĂŝŶ�ǁŚǇ�ĐĞƌƚĂŝŶ�
ĐĂŶĐĞƌƐ�ǁŝƚŚ� ŬŶŽǁŶ�ŵƵƚĂƟŽŶƐ� ;Ğ͘Ő͘� �Z��ϭͬϮ� ŝŶ� ďƌĞĂƐƚ� ĐĂŶĐĞƌͿ� ŽŶůǇ�
ĂƌŝƐĞ�ŝŶ�Ă�ƐƵďƐĞƚ�ŽĨ�ƉĂƟĞŶƚƐ͖�ƐƵŐŐĞƐƟŶŐ�Ă�ƌŽůĞ�ĨŽƌ�ŶŽŶͲŐĞŶĞƟĐ�ĨĂĐƚŽƌƐ͘�
΀ϯ΁�dŚƵƐ͕�ƚŚĞ�ƚƵŵŽƵƌ�ŵŝĐƌŽĞŶǀŝƌŽŶŵĞŶƚ�ŝƐ� ŝŶĐƌĞĂƐŝŶŐůǇ�ƌĞĐŽŐŶŝƐĞĚ�ĂƐ�
an important determinant of cancer progression.

/Ŷ� ƚŚŝƐ�ĞŶǀŝƌŽŶŵĞŶƚ͕� ƚƵŵŽƵƌ�ĐĞůůƐ� ĐŽͲĞǆŝƐƚ�ǁŝƚŚ� ƐƚƌŽŵĂů�ĐĞůůƐ� ƐƵĐŚ�ĂƐ�
ĮďƌŽďůĂƐƚƐ� ĂŶĚ� ŝŵŵƵŶĞ� ĐĞůůƐ͘� /ŵŵƵŶĞ� ĐĞůůƐ� ǁĞƌĞ� ĮƌƐƚ� ŝŵƉůŝĐĂƚĞĚ� ŝŶ�
carcinogenesis by Virchow in the 19th�ĐĞŶƚƵƌǇ�ǁŚĞŶ�ŚĞ�ŽďƐĞƌǀĞĚ�ƚŚĂƚ�
ůĞƵĐŽĐǇƚĞƐ� ŝŶĮůƚƌĂƚĞ� ŝŶƚŽ� ŶĞŽƉůĂƐŵƐ� ĂŶĚ� ƚŚĞƐĞ� ƐŝƚĞƐ� ŽĨ� ŝŶĮůƚƌĂƟŽŶ�
ŽŌĞŶ� ĐŽƌƌĞůĂƚĞĚ� ǁŝƚŚ� ĐŚƌŽŶŝĐ� ŝŶŇĂŵŵĂƟŽŶ͘� ΀ϰ΁� dŚŝƐ� ŝŶŇĂŵŵĂƟŽŶ�
ŝƐ� ĂƐƐŽĐŝĂƚĞĚ� ǁŝƚŚ� ĂƵƚŽŝŵŵƵŶĞ� ĚŝƐĞĂƐĞƐ� ;Ğ͘Ő͘� ŝŶŇĂŵŵĂƚŽƌǇ� ďŽǁĞů�
ĚŝƐĞĂƐĞ�ŝŶ�ĐŽůŽƌĞĐƚĂů�ĐĂŶĐĞƌͿ�ĂŶĚ�ŝŶĨĞĐƟŽŶƐ�;Ğ͘Ő͘�,ĞůŝĐŽďĂĐƚĞƌ�ƉǇůŽƌŝ�in 
ŐĂƐƚƌŝĐ�ĐĂŶĐĞƌͿ�ĂŶĚ�ŐĞŶĞƌĂůůǇ�ŝŶǀŽůǀĞƐ�ƚƵŵŽƵƌͲƉƌŽŵŽƟŶŐ�ŝŵŵƵŶĞ�ĐĞůůƐ�
ƐƵĐŚ�ĂƐ� ƌĞŐƵůĂƚŽƌǇ�dͲĐĞůůƐ� ;dƌĞŐƐͿ͕� ŝŵŵĂƚƵƌĞ�ĚĞŶĚƌŝƟĐ�ĐĞůůƐ� ;��ƐͿ�ĂŶĚ�
DϮͲƉŽůĂƌŝǌĞĚ�ƚƵŵŽƵƌͲĂƐƐŽĐŝĂƚĞĚ�ŵĂĐƌŽƉŚĂŐĞƐ�;d�DƐͿ͘�΀ϱ΁��ŽŶǀĞƌƐĞůǇ͕ �
&ĞŚůĞŝƐĞŶ� ĂŶĚ� �ƌƵŶƐ� ĨŽƵŶĚ� ƚŚĂƚ� ĂĐƵƚĞ� ŝŶŇĂŵŵĂƟŽŶ� ŚĂĚ� Ă� ƚƵŵŽƵƌͲ
ƐƵƉƉƌĞƐƐŝǀĞ� ĞīĞĐƚ͘� dŚŝƐ� ǁĂƐ� ďĂƐĞĚ� ŽŶ� ĞǆƉĞƌŝŵĞŶƚƐ� ǁŚĞƌĞďǇ� ĂĐƵƚĞ�
ŝŶĨĞĐƟŽŶƐ�;Ğ͘Ő͘�ĞƌǇƐŝƉĞůĂƐͿ�ŽĨ�ĐĂŶĐĞƌ�ǁŽƵŶĚƐ�ŽŌĞŶ�ƌĞƐƵůƚĞĚ�ŝŶ�ƚƵŵŽƵƌ�
ƌĞŐƌĞƐƐŝŽŶ͖�΀ϲ͕ϳ΁�ŵĞĚŝĂƚĞĚ�ŝŶ�ƉĂƌƚ�ďǇ�ŝŵŵƵŶĞ�ĐĞůůƐ�ƐƵĐŚ�ĂƐ�ŶĂƚƵƌĂů�ŬŝůůĞƌ�
;E<Ϳ�ĐĞůůƐ͕���ϴн�d�ĐĞůůƐ�;�d>ƐͿ�ĂŶĚ�DϭͲƉŽůĂƌŝǌĞĚ�ŵĂĐƌŽƉŚĂŐĞƐ͘�΀ϱ΁�dŚĞƐĞ�
ƚǁŽ�ŐƌŽƵƉƐ�ŽĨ�ŝŵŵƵŶĞ�ĐĞůůƐ�ĚŝīĞƌ�ŝŶ�ƚŚĞŝƌ�ĐǇƚŽŬŝŶĞ�ƉƌŽĮůĞ͘�&Žƌ�ĞǆĂŵƉůĞ͕�
Dϭ�ŵĂĐƌŽƉŚĂŐĞƐ�ƚĞŶĚ�ƚŽ�ƉƌŽĚƵĐĞ�ƉƌŽͲŝŶŇĂŵŵĂƚŽƌǇ�ĐǇƚŽŬŝŶĞƐ�ƐƵĐŚ�ĂƐ�
interleukin-6 (IL-6), IL-12 and IL-23 which impede tumour progression 
ǁŚŝůĞ�DϮ�ŵĂĐƌŽƉŚĂŐĞƐ�ƉƌŽĚƵĐĞ�ĂŶƟͲŝŶŇĂŵŵĂƚŽƌǇ�ĐǇƚŽŬŝŶĞƐ�ƐƵĐŚ�ĂƐ�
/>Ͳϰ͕�/>ͲϭϬ�ĂŶĚ�/>Ͳϭϯ�ǁŚŝĐŚ�ƉƌŽŵŽƚĞ�ƚƵŵŽƵƌ�ƉƌŽŐƌĞƐƐŝŽŶ͘�΀ϴ΁

dƵŵŽƵƌͲĂƐƐŽĐŝĂƚĞĚ�ĮďƌŽďůĂƐƚƐ�ĂƌĞ�ĂůƐŽ�ĂƐƐŽĐŝĂƚĞĚ�ǁŝƚŚ�ĐĂƌĐŝŶŽŐĞŶĞƐŝƐ͘�
They originate predominantly from the mesenchyme and can produce 
matrix metalloproteinases (MMPs) which degrade the extracellular 
ŵĂƚƌŝǆ� ;��DͿ� ĂŶĚ� ĞŶĂďůĞ� ŝŶǀĂƐŝŽŶ� ŽĨ� ĐĂŶĐĞƌ� ĐĞůůƐ͘� ΀ϵ΁� &ƵƌƚŚĞƌŵŽƌĞ͕�
ĮďƌŽďůĂƐƚƐ� ĂƌĞ� Ă� ƉŽƚĞŶƚ� ƐŽƵƌĐĞ� ŽĨ� ŐƌŽǁƚŚ� ĨĂĐƚŽƌƐ� ƐƵĐŚ� ĂƐ� ǀĂƐĐƵůĂƌ�
ĞŶĚŽƚŚĞůŝĂů�ŐƌŽǁƚŚ�ĨĂĐƚŽƌͲ��;s�'&�Ϳ�ǁŚŝĐŚ�ƉƌŽŵŽƚĞ�ĂŶŐŝŽŐĞŶĞƐŝƐ͘�΀ϵ΁

/Ŷ�ƚƵŵŽƵƌŝŐĞŶĞƐŝƐ͕�ƚŚĞ�ǀĂƐĐƵůĂƚƵƌĞ�ĐĂŶ�ĂůƐŽ�ďĞ�ůĞĂŬǇ�ĂŶĚ�ŵĂůĨŽƌŵĞĚ͖�
ƌĞƐƵůƟŶŐ�ŝŶ�ƚŚĞ�ĨŽƌŵĂƟŽŶ�ŽĨ�ŚǇƉŽǆŝĐ�ĂŶĚ�ĂĐŝĚŝĐ�ƌĞŐŝŽŶƐ�ĚƵĞ�ƚŽ�Ă�ůĂĐŬ�

ZĂƟŽŶĂůŝƐĂƟŽŶ�ŽĨ�ĐĂŶĐĞƌ�ƚŚĞƌĂƉǇ͗��ŵŽĚĞůůŝŶŐ�ƚŚĞ�ƉŚǇƐŝĐĂů�ĂŶĚ�ŝŵŵƵŶŽůŽŐŝĐĂů�
ƚƵŵŽƵƌ�ŵŝĐƌŽĞŶǀŝƌŽŶŵĞŶƚ
Kok-Ho Ho
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hŶŝǀĞƌƐŝƚǇ�ŽĨ�^ǇĚŶĞǇ�
�^Đ�;,ŽŶƐͿ�Θ��Z�^�ŝŶ�DŝĐƌŽďŝŽůŽŐǇ͕ �
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dŚĞ�ƚƵŵŽƵƌ�ŵŝĐƌŽĞŶǀŝƌŽŶŵĞŶƚ�ŚĂƐ�ĞŵĞƌŐĞĚ�ĂƐ�ĂŶ�ŝŵƉŽƌƚĂŶƚ�ĮĞůĚ�
in carcinogenesis. For most of the 20th century, cancer therapies 
ŚĂǀĞ� ĨŽĐƵƐĞĚ� ƉƌĞĚŽŵŝŶĂŶƚůǇ� ŽŶ� ƚƵŵŽƵƌ� ĐĞůůƐ͘� �ĞƐƉŝƚĞ� ŽƵƌ� ďĞƐƚ�
ĞīŽƌƚƐ͕� ƚŚĞƐĞ� ƚŚĞƌĂƉŝĞƐ� ƌĞŵĂŝŶ� ŝŶĞīĞĐƟǀĞ� ĂŐĂŝŶƐƚ� ĐĂŶĐĞƌƐ� ǁŝƚŚ�
ƉŽŽƌ�ƉƌŽŐŶŽƐŝƐ�ƐƵĐŚ�ĂƐ�ŽǀĂƌŝĂŶ�ĂŶĚ�ƉĂŶĐƌĞĂƟĐ�ĐĂŶĐĞƌ͘ �^ƚƵĚŝĞƐ�ŚĂǀĞ�
ƐŚŽǁŶ� ƚŚĂƚ� ƚŚĞ� ƚƵŵŽƵƌ� ŵŝĐƌŽĞŶǀŝƌŽŶŵĞŶƚ� ĐŽŶƐŝƐƚƐ� ŽĨ� Ă� ǀĂƌŝĞƚǇ�
of epithelial and stromal cells which interact with one another 
ĂŶĚ� ŝŶŇƵĞŶĐĞ� ƚŚĞ� ŽƵƚĐŽŵĞ� ŽĨ� ƚƌĞĂƚŵĞŶƚ͘� �Ǉ� ĐŽŶƐŝĚĞƌŝŶŐ� ƚŚĞƐĞ�
ŝŶƚĞƌĂĐƟŽŶƐ�ǁŝƚŚŝŶ�Ă�ŵŝĐƌŽĞŶǀŝƌŽŶŵĞŶƚĂů�ŵŽĚĞů�ŽĨ�ĐĂƌĐŝŶŽŐĞŶĞƐŝƐ͕�
ŝƚ�ŵĂǇ�ďĞ�ƉŽƐƐŝďůĞ� ƚŽ�ŽƉƟŵŝƐĞ�ĐĂŶĐĞƌ� ƚƌĞĂƚŵĞŶƚ�ƐƚƌĂƚĞŐŝĞƐ�ƵƐŝŶŐ�
ŶŽƚ� ŽŶůǇ� ĐŽŶǀĞŶƟŽŶĂů� ŵĞƚŚŽĚƐ� ƐƵĐŚ� ĂƐ� ĐŚĞŵŽƚŚĞƌĂƉǇ� ĂŶĚ�
radiotherapy, but emerging methods such as gene therapy and 
ŝŵŵƵŶŽƚŚĞƌĂƉǇ͘� dŚŝƐ� ĂƌƟĐůĞ�ǁŝůů� ĂƩĞŵƉƚ� ƚŽ� ďƌŝĞŇǇ� ŝůůƵƐƚƌĂƚĞ� ƚŚĞ�
ƉŽƚĞŶƟĂů� ŽĨ� ƚƌĂŶƐůĂƟŶŐ� ŵŝĐƌŽĞŶǀŝƌŽŶŵĞŶƚĂů� ĐŚĂƌĂĐƚĞƌŝƐƟĐƐ� ŝŶƚŽ�
ĐůŝŶŝĐĂů�ƉƌĂĐƟĐĞ�ďǇ�ƵƐŝŶŐ�Ă�ƐƉĞĐŝĮĐ�ŵŽĚĞů�ŽĨ�ĐĂƌĐŝŶŽŐĞŶĞƐŝƐ͘

<ŽŬͲ,Ž͛Ɛ� ŝŶƚĞƌĞƐƚ� ůŝĞƐ� ŝŶ� ŝŶĨĞĐƟŽƵƐ� ĚŝƐĞĂƐĞƐ� ĂŶĚ� ŽŶĐŽůŽŐǇ͖� ŝŶ� ƉĂƌƟĐƵůĂƌ͕ � ƚŚĞ� ƵƐĞ� ŽĨ�ŵŝĐƌŽďŝĂů�
ƚŚĞƌĂƉĞƵƟĐƐ� ŝŶ� ĐĂŶĐĞƌ� ƚƌĞĂƚŵĞŶƚ͘� <ŽŬͲ,Ž͛Ɛ� ƉƌŝŵĂƌǇ�ŵŽƟǀĂƟŽŶ� ŝŶ�ŵĞĚŝĐŝŶĞ� ŝƐ� ƚŽ�ĮŶĚ�Ă�ŶŽǀĞů�
therapy for cancers with poor prognosis.
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Ğƚ�Ăů͘�ŚĂǀĞ�ŝĚĞŶƟĮĞĚ�ƚǁŽ�ŐƌŽƵƉƐ�ŽĨ�ƉƌŽƚĞŝŶƐ�ǁŚŝĐŚ�ĂƌĞ�ŽǀĞƌͲĞǆƉƌĞƐƐĞĚ�
;ĨŽƌ� ĞǆĂŵƉůĞ͕� ƚƌĂŶƐŐĞůŝŶ� ĂŶĚ� ƉƌŽŚŝďŝƟŽŶͿ� ĂŶĚ� ƵŶĚĞƌͲĞǆƉƌĞƐƐĞĚ� ;ĨŽƌ�
example, desmin and serotransferrin) in gastric cancer while Vakoc et 
Ăů͘�ŚĂǀĞ�ĚĞǀĞůŽƉĞĚ�ĂŶ�ĂĚǀĂŶĐĞĚ�ĨŽƌŵ�ŽĨ�ƚŚƌĞĞͲĚŝŵĞŶƐŝŽŶĂů�ŵŝĐƌŽƐĐŽƉǇ�
ŬŶŽǁŶ�ĂƐ�ŽƉƟĐĂů�ĨƌĞƋƵĞŶĐǇ�ĚŽŵĂŝŶ�ŝŵĂŐŝŶŐ�;K&�/Ϳ�ǁŚŝĐŚ�ŝƐ�ĐĂƉĂďůĞ�ŽĨ�
ŝŶǀĞƐƟŐĂƟŶŐ�ŚƵŐĞ�ƟƐƐƵĞ�ǀŽůƵŵĞƐ�ĂŶĚ�ĚǇŶĂŵŝĐ�ƚƵŵŽƵƌ�ĐŚĂŶŐĞƐ�ŽǀĞƌ�
ůŽŶŐ�ƉĞƌŝŽĚƐ͘�΀Ϯϱ͕Ϯϲ΁

dĂƌŐĞƟŶŐ�ŝŶŇĂŵŵĂƟŽŶ�ĂƐ�Ă�ƐĞƋƵĞŶƟĂů�ĞŶƟƚǇ�

dŚĞ� ƐĞƋƵĞŶƟĂů� ƚƌĂŶƐŝƟŽŶ� ŽĨ� ĂĐƵƚĞ� ƚŽ� ĐŚƌŽŶŝĐ� ŝŶŇĂŵŵĂƟŽŶ� ŵĂǇ� ďĞ�
ŝŶǀŽůǀĞĚ�ŝŶ�ƚƵŵŽƵƌ�ƉƌŽŐƌĞƐƐŝŽŶ͘��ĂŶĐĞƌ�ĂŶĚ�ŝŶĨĞĐƟŽŶƐ͕�ĂƵƚŽŝŵŵƵŶŝƚǇ�
ĂŶĚ�ŐƌĂŌ�ƌĞũĞĐƟŽŶ�ƐŚĂƌĞ�ďŝƉŚĂƐŝĐ�ƉĂƩĞƌŶƐ�ĐŚĂƌĂĐƚĞƌŝƐĞĚ�ďǇ�ǁĂǆŝŶŐ�ĂŶĚ�
ǁĂŶŝŶŐ�ŽĨ�ŝŵŵƵŶĞ�ƌĞƐƉŽŶƐĞƐ͘�΀Ϯϳ΁�dŚĞƐĞ�ƉĂƩĞƌŶƐ�ŵĂǇ�ďĞ�ĂƩƌŝďƵƚĞĚ�
ƚŽ� Ă� ĐŽŵŵŽŶ� ŝŵŵƵŶŽůŽŐŝĐĂů� ĐŽŶƐƚĂŶƚ�ŽĨ� ƌĞũĞĐƟŽŶ͘�DĂŶƚŽǀĂŶŝ� Ğƚ� Ăů͘�
ŚǇƉŽƚŚĞƐŝƐĞĚ� ƚŚĂƚ� ŝŶŇĂŵŵĂƟŽŶ� ĐĂŶ� ďĞ� ĚŝǀŝĚĞĚ� ŝŶƚŽ� ƚǁŽ� ƟĞƌƐ͘� dŚĞ�
ĮƌƐƚ�ƟĞƌ� ŝƐ� ƚŚŽƵŐŚƚ� ƚŽ�ďĞ�Ă�ďĂƐĞůŝŶĞ� ůĞǀĞů�ŽĨ� ŝŶŇĂŵŵĂƟŽŶ�ŵĞĚŝĂƚĞĚ�
ďǇ� ĂĐƟǀĂƟŽŶ� ŽĨ� ŝŶƚĞƌĨĞƌŽŶͲƐƟŵƵůĂƚĞĚ� ŐĞŶĞƐ� ;/^'ƐͿ͘� ΀Ϯϴ΁� dŚŝƐ� ǁĂƐ�
ďĂƐĞĚ� ŽŶ� ĞǆƉĞƌŝŵĞŶƚĂů� ĞǀŝĚĞŶĐĞ� ƐŚŽǁŝŶŐ� Ă� ĐŽŶǀĞƌŐĞŶĐĞ� ŽĨ� /^'�
ĞǆƉƌĞƐƐŝŽŶ� ŝŶ� ĐĂŶĐĞƌ� ĂŶĚ� ĐŚƌŽŶŝĐ� ƐƚĂƚĞƐ� ƐƵĐŚ� ĂƐ� ƉĞƌƐŝƐƚĞŶƚ� ŚĞƉĂƟƟƐ�
�� ǀŝƌƵƐ� ;,�sͿ� ŝŶĨĞĐƟŽŶƐ� ĂŶĚ� ůŽŶŐͲƚĞƌŵ� ƚƌĂŶƐƉůĂŶƚ� ƌĞũĞĐƟŽŶƐ� ƚƌĞĂƚĞĚ�
ǁŝƚŚ� ŝŵŵƵŶŽƐƵƉƉƌĞƐƐĂŶƚƐ͘� ΀Ϯϵ΁� �ŽŶǀĞƌƐĞůǇ͕ � ƚŚĞ� ƐĞĐŽŶĚ� ƟĞƌ� ŝƐ� Ă�
ĐǇƚŽƚŽǆŝĐͲŵĞĚŝĂƚĞĚ�ŝŶŇĂŵŵĂƟŽŶ�ƉƌŽǀŝĚĞĚ�ďǇ��d>Ɛ�ĂŶĚ�E<�ĐĞůůƐ͘�dŚŝƐ�
ŝƐ� ŵŽƌĞ� ĐŽŵŵŽŶůǇ� ƐĞĞŶ� ŝŶ� ƚƵŵŽƵƌ� ƌĞŐƌĞƐƐŝŽŶ͕� ĂĐƵƚĞ� ĞǆĂĐĞƌďĂƟŽŶƐ�
ŽĨ� ŝŶŇĂŵŵĂƚŽƌǇ�ďŽǁĞů�ĚŝƐĞĂƐĞƐ�ĂŶĚ�ĂĐƵƚĞ�ŚĞƉĂƟƟƐ��ͲŵĞĚŝĂƚĞĚ�ůŝǀĞƌ�
ĐŝƌƌŚŽƐŝƐ͘�΀Ϯϳ΁

&ƌŽŵ�DĂŶƚŽǀĂŶŝ Ɛ͛�ŚǇƉŽƚŚĞƐŝƐ͕�ƚǁŽ�ƉŽƐƐŝďůĞ�ĚŝƌĞĐƟŽŶƐ�ĐĂŶ�ďĞ�ƉƵƌƐƵĞĚ͗�
ĐŽŶƚƌŽůůŝŶŐ� ƚŚĞ� ĐŚƌŽŶŝĐ� ďĂƐĞůŝŶĞ� ůĞǀĞů� ŽĨ� ŝŶŇĂŵŵĂƟŽŶ� Žƌ� ƉƌŽŵŽƟŶŐ�
ƚŚĞ� ĐǇƚŽƚŽǆŝĐ� ĞīĞĐƚŽƌ� ĨƵŶĐƟŽŶƐ�ŽĨ� ŝŵŵƵŶĞ� ĐĞůůƐ͘� �ŽŶƚƌŽůůŝŶŐ� ĐŚƌŽŶŝĐ�
ŝŶŇĂŵŵĂƟŽŶ�ŵĂǇ�ďĞ�ĂĐŚŝĞǀĞĚ�ďǇ�ƚƌĞĂƟŶŐ�ƚŚĞ�ƵŶĚĞƌůǇŝŶŐ�ƚƌŝŐŐĞƌ�ƐƵĐŚ�
ĂƐ�ŝŶĨĞĐƟŽŶƐ�;ĨŽƌ�ĞǆĂŵƉůĞ͕�,�s�ŝŶ�ŚĞƉĂƟƟƐ���ĂŶĚ�,ĞůŝĐŽďĂĐƚĞƌ�ƉǇůŽƌŝ in 
ŐĂƐƚƌŝĐ�ĐĂƌĐŝŶŽŵĂͿ�Žƌ�ƉƌĞǀĞŶƟŽŶ�ƵƐŝŶŐ�ĂŶƟͲŝŶŇĂŵŵĂƚŽƌǇ�ĚƌƵŐƐ͘� ΀ϯϬ΁�
dŚĞ�ƵƐĞ�ŽĨ�ŶŽŶͲƐƚĞƌŽŝĚĂů�ĂŶƟͲŝŶŇĂŵŵĂƚŽƌǇ�ĚƌƵŐƐ� ;E^�/�ƐͿ�ŚĂƐ�ďĞĞŶ�
ĂƐƐŽĐŝĂƚĞĚ�ǁŝƚŚ�ƌĞŐƌĞƐƐŝŽŶ�ŽĨ�ĞƐƚĂďůŝƐŚĞĚ�ƚƵŵŽƵƌƐ�Žƌ�ŝŶŚŝďŝƟŽŶ�ŽĨ�ƉƌĞͲ
ŵĂůŝŐŶĂŶƚ�ůĞƐŝŽŶƐ�ŝŶ�ĐĂŶĐĞƌƐ�ƐƵĐŚ�ĂƐ�ŐĂƐƚƌŝĐ�ĂŶĚ�ĐŽůŽƌĞĐƚĂů�ĐĂŶĐĞƌƐ͘�΀ϯϭ΁��

dĂƌŐĞƟŶŐ�ŝŵŵƵŶĞ�ĐĞůůƐ͗�ĞŶŚĂŶĐŝŶŐ�ĐǇƚŽƚŽǆŝĐŝƚǇ�ǀŝĂ�ŝŶŶĂƚĞ�ŝŵŵƵŶŝƚǇ

WƌŽŵŽƟŶŐ� ƚŚĞ� ĐǇƚŽƚŽǆŝĐ� ĨƵŶĐƟŽŶ� ŽĨ� ŝŵŵƵŶĞ� ĐĞůůƐ� ǁŽƵůĚ� ƌĞƋƵŝƌĞ�
ŽǀĞƌĐŽŵŝŶŐ� ƚƵŵŽƵƌͲŝŶĚƵĐĞĚ� ŝŵŵƵŶŽƐƵƉƉƌĞƐƐŝǀĞ� ŶĞƚǁŽƌŬƐ� ;ĨŽƌ�
ĞǆĂŵƉůĞ͕� dƌĞŐƐ� ĂŶĚ� ƐƵƉƉƌĞƐƐŝǀĞ� ĐǇƚŽŬŝŶĞƐͿ͘� sĂĐĐŝŶĂƟŽŶ� ƐƚƌĂƚĞŐŝĞƐ�
ŝŶǀŽůǀŝŶŐ� ƚƵŵŽƵƌ� ĂŶƟŐĞŶƐ� ĂŶĚ� ex vivo� ĂĐƟǀĂƚĞĚ� d� ĐĞůůƐ� ŚĂǀĞ� ďĞĞŶ�
ƵƐĞĚ� ƚŽ� ƐƟŵƵůĂƚĞ� ůŽĐĂůŝƐĞĚ� ĂŶƟͲƚƵŵŽƵƌ� ƌĞƐƉŽŶƐĞƐ� ďƵƚ� ƌĞƐƵůƚƐ� ĂƌĞ�

ŽĨ� ƚƵŵŽƵƌ� ĐĞůůƐ� ƚŽ� ĐŽŶƚƌŝďƵƚĞ� ƚŽ� ƐŝŐŶĂůƐ� ŝŶ� ƚŚĞ� ŵŝĐƌŽĞŶǀŝƌŽŶŵĞŶƚ�
΀ϭϴ͕ϭϵ΁��Ɛ�ƉƌŽůŝĨĞƌĂƟŽŶ�ŽĐĐƵƌƐ͕�ƚƵŵŽƵƌ�ĐĞůůƐ�ĂƌĞ�ĐŽŶƐƚĂŶƚůǇ�ĐŽŶƐƚƌĂŝŶĞĚ�
by senescence (through cellular ageing by telomere shortening) and 
ƚŚĞƌĞĨŽƌĞ� ƌĞƋƵŝƌĞ� ŝŶĐƌĞĂƐĞĚ� ƚĞůŽŵĞƌĂƐĞ� ĂĐƟǀŝƚǇ� ƚŽ� ĂǀŽŝĚ� ĂƉŽƉƚŽƐŝƐ͘�
΀ϮϬ΁��ŽŶĚŝƟŽŶƐ�ďĞĐŽŵĞ�ŵŽƌĞ�ŚǇƉŽǆŝĐ�ŝŶ�ĚŝƐƚĂů�ƌĞŐŝŽŶƐ�ŽĨ�ƚŚĞ�ƚƵŵŽƵƌ�
and distal cells adapt by switching to glycolysis and increasing glucose 
ƵƉƚĂŬĞ͘� ΀Ϯϭ΁� dŚŝƐ� ĂůƚĞƌĞĚ� ŵĞƚĂďŽůŝƐŵ� ƌĞƐƵůƚƐ� ŝŶ� Ă� ůŽǁ� ĞǆƚƌĂĐĞůůƵůĂƌ�
Ɖ,�ǁŚŝĐŚ�ŝƐ�ƚŽǆŝĐ�ƚŽ�ƚƵŵŽƵƌ�ĐĞůůƐ͘�dŽ�ĐŽƵŶƚĞƌ�ƚŚŝƐ�ƐŝƚƵĂƟŽŶ͕�ĐĞůůƐ�ŵĂǇ�
ĂĐƋƵŝƌĞ� Ɖϱϯ� ŵƵƚĂƟŽŶƐ� Žƌ� ŝŶĐƌĞĂƐĞ� EĂн/Hн� ĞǆĐŚĂŶŐĞƌ� ĂĐƟǀŝƚǇ͘� ΀ϭϲ΁�
�ůƚĞƌŶĂƟǀĞůǇ͕ � ƚƌĂŶƐĐƌŝƉƟŽŶ� ĨĂĐƚŽƌ� ŚǇƉŽǆŝĂͲŝŶĚƵĐŝďůĞ� ĨĂĐƚŽƌ� ϭ� ;,/&Ͳ
ϭͿ�ŵĂǇ� ďĞ� ƵƉͲƌĞŐƵůĂƚĞĚ� ŝŶ� ƌĞƐƉŽŶƐĞ� ƚŽ� ŚǇƉŽǆŝĂ͕� ƌĞƐƵůƟŶŐ� ŝŶ� Ă� ŐĞŶĞ�
ĞǆƉƌĞƐƐŝŽŶ� ƉƌŽĮůĞ� ;ĨŽƌ� ĞǆĂŵƉůĞ� s�'&� ĂŶĚ� ŐůǇĐŽůǇƟĐ� ĨĂĐƚŽƌƐͿ� ǁŚŝĐŚ�
ŽǀĞƌĐŽŵĞƐ�ďŽƚŚ�ŚǇƉŽǆŝĂ�ĂŶĚ�ĂĐŝĚŽƐŝƐ͘�΀ϮϮ΁

�ĞƐƉŝƚĞ� ƚŚĞƐĞ� ƐƚƌĂƚĞŐŝĞƐ͕� ƚŚĞ� ƉŽŽƌůǇ� ĨŽƌŵĞĚ� ǀĂƐĐƵůĂƚƵƌĞ� ŝƐ� ƵƐƵĂůůǇ�
unable to match the tumour’s demand and nutrients need to be 
ƐƵƉƉůŝĞĚ� ďǇ� ĂŶŐŝŽŐĞŶĞƐŝƐ͘� ΀Ϯϯ΁� /ŶĐƌĞĂƐŝŶŐůǇ� ƵŶĨĂǀŽƵƌĂďůĞ� ĐŽŶĚŝƟŽŶƐ�
ĞǀĞŶƚƵĂůůǇ� ƉƌŽŵŽƚĞ� ƚƵŵŽƵƌ� ĐĞůůƐ� ƚŽ� ďĞ� ŝŶǀĂƐŝǀĞ� ďǇ� ĨĂǀŽƵƌŝŶŐ�ŵŽƟůĞ�
ĐĞůůƐ�ǁŚŝĐŚ�ĐĂŶ�ƐƉƌĞĂĚ�ƚŽ�ĂĚũĂĐĞŶƚ�ŶŽƌŵĂů�ƟƐƐƵĞ͘�

dŚĞ� ĂďďƌĞǀŝĂƚĞĚ� ĚĞǀĞůŽƉŵĞŶƚ� ŽĨ� Ă� ŵŝĐƌŽĞŶǀŝƌŽŶŵĞŶƚĂů� ŵŽĚĞů� ŝƐ�
summarised in Figure 1.

&ƌŽŵ� ƚŚĞ� 'ĂƚĞŶďǇ� ĂŶĚ� 'ŝůůĞƐ� ŵŽĚĞů͕� ƐĞǀĞƌĂů� ƉƌŝŶĐŝƉůĞƐ� ĐĂŶ� ďĞ�
ĞǆƚƌĂƉŽůĂƚĞĚ͘�΀ϭϲ΁�&ŝƌƐƚ͕�ĐĂƌĐŝŶŽŐĞŶĞƐŝƐ�ĐĂŶ�ďĞ�ǀŝĞǁĞĚ�ĂƐ�Ă�ƐĞƋƵĞŶĐĞ�ŽĨ�
ƉŚĞŶŽƚǇƉŝĐ�ƐƚƌĂƚĞŐŝĞƐ�ƐĞůĞĐƚĞĚ�ďǇ�ĐŽŶĚŝƟŽŶƐ�ŝŶ�ƚŚĞ�ŵŝĐƌŽĞŶǀŝƌŽŶŵĞŶƚ͘�
^ĞĐŽŶĚ͕�ĚŝīĞƌĞŶƚ�ƉŚĞŶŽƚǇƉŝĐ�ƐƚƌĂƚĞŐŝĞƐ�ĐĂŶ�ďĞ�ƵƟůŝƐĞĚ�ďǇ�ƚŚĞ�ƚƵŵŽƵƌ�ĂƐ�
ůŽŶŐ�ĂƐ�ƚŚĞǇ�ĐŽŶĨĞƌ�ƚŚĞ�ƐĂŵĞ�ƐĞůĞĐƟǀĞ�ĂĚǀĂŶƚĂŐĞ�ƚŽǁĂƌĚƐ�ŽǀĞƌĐŽŵŝŶŐ�
ƵŶĨĂǀŽƵƌĂďůĞ� ĞŶǀŝƌŽŶŵĞŶƚĂů� ĐŽŶĚŝƟŽŶƐ͘� dŚŝƌĚ͕� ƉŚĞŶŽƚǇƉŝĐ� ƐƚƌĂƚĞŐŝĞƐ�
Ăƚ� Ă� ƉĂƌƟĐƵůĂƌ� ƐƚĂŐĞ� ŽĨ� ƚƵŵŽƵƌŝŐĞŶĞƐŝƐ� ŵĂǇ� ŝŵƉĞĚĞ� Žƌ� ƉƌŽŵŽƚĞ�
ƉƌŽŐƌĞƐƐŝŽŶ�ƚŚƌŽƵŐŚ�ƐƵďƐĞƋƵĞŶƚ�ĞŶǀŝƌŽŶŵĞŶƚĂů�ďĂƌƌŝĞƌƐ͘�

dĂƌŐĞƟŶŐ�ƚŚĞ�ƚƵŵŽƵƌ�ŵŝĐƌŽĞŶǀŝƌŽŶŵĞŶƚ
/Ĩ� ĐĂƌĐŝŶŽŐĞŶĞƐŝƐ� ƉƌŽŐƌĞƐƐĞƐ� ŝŶ� Ă� ƐĞƋƵĞŶƟĂů� ŵĂŶŶĞƌ͕ � ĂƉƉƌŽƉƌŝĂƚĞ�
ƚƌĞĂƚŵĞŶƚ�ĐĂŶ�ďĞ�ŝŶŝƟĂƚĞĚ�Ăƚ�ƐƉĞĐŝĮĐ�ƐƚĂŐĞƐ�ŽĨ�ƉƌŽŐƌĞƐƐŝŽŶ͘�tŝƚŚƐƚĂŶĚŝŶŐ�
ƚŚĞ� ǀĂƌŝĂďŝůŝƚǇ� ŽĨ� ĚŝīĞƌĞŶƚ� ĐĂŶĐĞƌƐ͕� ƚŚĞ� 'ĂƚĞŶďǇ� ĂŶĚ� 'ŝůůĞƐ� ŵŽĚĞů�
ŽīĞƌƐ� ŐŽŽĚ� ŝŶƐŝŐŚƚƐ� ďǇ� ƉƌŽƉŽƐŝŶŐ� ŽŶĞ� ŽĨ�ŵĂŶǇ� ƉŽƐƐŝďůĞ� ƉƌŽŐƌĞƐƐŝŽŶ�
ƐĞƋƵĞŶĐĞƐ͘�dŚĞ�ĐŚĂůůĞŶŐĞ�ƚŽ�ƚŚŝƐ�ƉŚĞŶŽƚǇƉĞͲƐƉĞĐŝĮĐ�ĂƉƉƌŽĂĐŚ� ůŝĞƐ� ŝŶ�
ƚŚĞ�ĂďŝůŝƚǇ�ƚŽ�ŵŽĚĞů�ƚŚĞ�ĚŝīĞƌĞŶƚ�ĐĂŶĐĞƌ�ŵŝĐƌŽĞŶǀŝƌŽŶŵĞŶƚƐ�ĂŶĚ�ƚŚĞ�
ƉƌŽŵƉƚ�ĚĞƚĞĐƟŽŶ�ŽĨ�ĐĂŶĐĞƌŽƵƐ�ĐŚĂŶŐĞƐ͖�ŵĂŶǇ�ĐĂŶĐĞƌƐ�;ĨŽƌ�ĞǆĂŵƉůĞ͕�
ŐĂƐƚƌŝĐ� ĐĂŶĐĞƌͿ� ĂƌĞ� ŶŽƚ� ĚĞƚĞĐƚĞĚ� Ăƚ� ƚŚĞ� ĞĂƌůǇ� ƐƚĂŐĞƐ� ŽĨ� ĚŝƐĞĂƐĞ͘� ΀Ϯϰ΁�
ZĞĐĞŶƚ� ĂĚǀĂŶĐĞƐ� ŝŶ� ŵŽůĞĐƵůĂƌ� ĂŶĚ� ŵĞĐŚĂŶŝĐĂů� ĐŚĂƌĂĐƚĞƌŝƐĂƟŽŶ�
ŵĞƚŚŽĚƐ�ŚĂǀĞ�ďĞĞŶ�ĞŶĐŽƵƌĂŐŝŶŐ͘�hƐŝŶŐ�Ă�ƉƌŽƚĞŽŵŝĐƐ�ĂƉƉƌŽĂĐŚ͕�ZǇƵ�
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Figure 1. �ĞǀĞůŽƉŝŶŐ�Ă�ŵŝĐƌŽĞŶǀŝƌŽŶŵĞŶƚĂů�ŵŽĚĞů͘��ĂƌůǇ�ƌĞƐĞĂƌĐŚĞƌƐ�ĨŽĐƵƐĞĚ�ŽŶ�ƚŚĞ�ĂĐĐƵŵƵůĂƟŽŶ�ŽĨ�d^'Ɛ�;ĨŽƌ�ĞǆĂŵƉůĞ͕�Ɖϱϯ�ĂŶĚ�ƉZ�Ϳ�ĂŶĚ�ŽŶĐŽŐĞŶĞƐ�;ĨŽƌ�ĞǆĂŵƉůĞ͕�
ZĂƐ�ĂŶĚ�ĐͲDǇĐͿ�ĂƐ�ƚŚĞ�ĚƌŝǀĞƌ�ĨŽƌ�ĐĂƌĐŝŶŽŐĞŶĞƐŝƐ͘�dŚŝƐ�ǁĂƐ�ůĂƚĞƌ�ƌĞƉůĂĐĞĚ�ďǇ�ĂŶ�ĞŵƉŚĂƐŝƐ�ŽŶ�ƵŶĚĞƌƐƚĂŶĚŝŶŐ�ƚŚĞ�ĚŝīĞƌĞŶƚ�ƚƌĂŝƚƐ�ƌĞƋƵŝƌĞĚ�ĨŽƌ�ƚƵŵŽƵƌ�ƐƵƌǀŝǀĂů͘�'ƌŽǁŝŶŐ�
ƌĞĐŽŐŶŝƟŽŶ�ŽĨ�ƚŚĞ�ƚƵŵŽƵƌ�ŵŝĐƌŽĞŶǀŝƌŽŶŵĞŶƚ�ǁŝůů�ŶĞĐĞƐƐŝƚĂƚĞ�Ă�ƐĞƋƵĞŶƟĂů�ŵŽĚĞů�ĚƌŝǀĞŶ�ďǇ�ƐĞůĞĐƟǀĞ�ƉƌĞƐƐƵƌĞƐ�ŝŵƉŽƐĞĚ�ďǇ�ĞŶǀŝƌŽŶŵĞŶƚĂů�ďĂƌƌŝĞƌƐ͘
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ƚƌĞĂƚŵĞŶƚ�ĂƉƉƌŽĂĐŚ� ŝŶ� ƚĂƌŐĞƟŶŐ�ŵƵůƟƉůĞ�ƉŚĞŶŽƚǇƉŝĐ�ƐƚƌĂƚĞŐŝĞƐ͘�>Žǁ�
oxygen content can result in tumour cells that adapt by inducing HIF-
ϭ�ĞǆƉƌĞƐƐŝŽŶ͘� dŚŝƐ� ůĞĂĚƐ� ƚŽ� ƌĞĚƵĐƟŽŶ� ŝŶ�ŽǆǇŐĞŶ� ĐŽŶƐƵŵƉƟŽŶ�ďǇ� ƚŚĞ�
mitochondria as well as increased transport and anaerobic metabolism 
ŽĨ�ŐůƵĐŽƐĞ͘�΀ϱϮ΁�/Ŷ�ƌĞƐƉŽŶƐĞ�ƚŽ�,/&Ͳϭ͕�ǀĂƐĐƵůĂƌ�ĞŶĚŽƚŚĞůŝĂů�ŐƌŽǁƚŚ�ĨĂĐƚŽƌ�
;s�'&Ϳ�ŵĂǇ�ĂůƐŽ�ďĞ�ƵƉͲƌĞŐƵůĂƚĞĚ�ŝŶ�ƚŚĞ�ƚƵŵŽƵƌ�ŵŝĐƌŽĞŶǀŝƌŽŶŵĞŶƚ�ƚŽ�
ŝŵƉƌŽǀĞ�ŽǆǇŐĞŶĂƟŽŶ�ďǇ�ĂŶŐŝŽŐĞŶĞƐŝƐ͘� ΀ϱϯ΁��ŶƟͲs�'&�ĂŐĞŶƚƐ�ƐƵĐŚ�ĂƐ�
ďĞǀĂĐŝǌƵŵĂď�ǁĞƌĞ� ŝŶŝƟĂůůǇ�ƵƐĞĚ� ƚŽ� ŝŶŚŝďŝƚ� ĂŶŐŝŽŐĞŶĞƐŝƐ� ŝŶ� ĐŽůŽƌĞĐƚĂů�
cancer but researchers later realised that it may normalise tumour 
ǀĂƐĐƵůĂƚƵƌĞ� ĂŶĚ� ƉĂƌĂĚŽǆŝĐĂůůǇ� ůĞĂĚ� ƚŽ� ŚŝŐŚĞƌ� ŽǆǇŐĞŶ� ůĞǀĞůƐ� ĂŶĚ�
ŝŶĐƌĞĂƐĞĚ� ƌŝƐŬ� ŽĨ� ŵĞƚĂƐƚĂƐŝƐ͘� ΀ϱϮ΁� �ůƚŚŽƵŐŚ� ŽǆǇŐĞŶĂƟŽŶ� ƉŽƚĞŶƟĂůůǇ�
ŝŵƉƌŽǀĞƐ� ƌĂĚŝŽƚŚĞƌĂƉǇ� ĂŶĚ� ŽǆǇŐĞŶͲĚĞƉĞŶĚĞŶƚ� ĐŚĞŵŽƚŚĞƌĂƉĞƵƟĐ�
ĚƌƵŐƐ�ůŝŬĞ�ĞƚŽƉŽƐŝĚĞ�ĂŶĚ�ŵĞƉŚĂůĂŶ͕�ƚŚĞƌĞ�ŵĂǇ�ďĞ�Ă�ƚƌĂĚĞͲŽī�ďĞƚǁĞĞŶ�
ŝŵƉƌŽǀŝŶŐ�ƐŚŽƌƚͲƚĞƌŵ�ŽƵƚĐŽŵĞƐ�Ăƚ�ƚŚĞ�ĞǆƉĞŶƐĞ�ŽĨ�ƚƵŵŽƵƌ�ƉĞƌƐŝƐƚĞŶĐĞ͘�
΀ϱϰ΁�/ƚ�ŚĂƐ�ďĞĞŶ�ƉŽƐƚƵůĂƚĞĚ�ƚŚĂƚ�ĐĂŶĐĞƌ�ƐƚĞŵ�ĐĞůůƐ�;�^�ƐͿ�ŵĂǇ�ďĞ�ĨŽƵŶĚ�
ƉƌŽǆŝŵĂů� ƚŽ� ďůŽŽĚ� ǀĞƐƐĞůƐ͘� ΀ϱϱ΁� �^�Ɛ� ĂƌĞ� ƚƵŵŽƵƌŝŐĞŶŝĐ� ĐĂŶĐĞƌ� ĐĞůůƐ�
ĐĂƉĂďůĞ�ŽĨ�ƐĞůĨͲƌĞŶĞǁĂů�ĂŶĚ�ĚŝīĞƌĞŶƟĂƟŽŶ�ŝŶƚŽ�Ăůů�ĐĂŶĐĞƌ�ĐĞůů�ƚǇƉĞƐ�ĂŶĚ�
ĂƌĞ�ƌĞĨƌĂĐƚŽƌǇ�ƚŽ�ŵĂŶǇ�ĨŽƌŵƐ�ŽĨ�ĐŚĞŵŽƚŚĞƌĂƉǇ͖�ƉƌŽŵŽƟŶŐ�ƐƵƌǀŝǀĂů�ŽĨ�
ƚŚĞƐĞ�ĐĞůůƐ�ƚŚĞƌĞĨŽƌĞ�ƉƌĞĚŝƐƉŽƐĞƐ�ƚŽ�ĐĂŶĐĞƌ�ƌĞŐĞŶĞƌĂƟŽŶ͘�΀ϱϲ΁�DƵůƟƉůĞ�
ƉŚĞŶŽƚǇƉŝĐ�ƐƚƌĂƚĞŐŝĞƐ�ĐĂŶ�ďĞ�ƚĂƌŐĞƚĞĚ�ƐƉĞĐŝĮĐĂůůǇ� ƚŽ�ƌĞƐƚƌĂŝŶ� ƚƵŵŽƵƌ�
ĐĞůůƐ� ĨƌŽŵ� ĞǆƉůŽŝƟŶŐ� ĂůƚĞƌŶĂƚĞ� ƉĂƚŚǁĂǇƐ͘� tŚĞƌĞ� ƉŽƐƐŝďůĞ͕� ƚĂƌŐĞƟŶŐ�
Ă� ƉůĞŝŽƚƌŽƉŝĐ� ƚƌĂŶƐĐƌŝƉƟŽŶ� ĨĂĐƚŽƌ� ƐƵĐŚ� ĂƐ�,/&Ͳϭ�ďǇ� ŝŶŚŝďŝƚŽƌƐ� ƐƵĐŚ� ĂƐ�
ƉŚĞŶĞƚŚǇů� ŝƐŽƚŚŝŽĐǇĂŶĂƚĞ� ;ďǇ� ƚƌĂŶƐůĂƟŽŶ� ŝŶŚŝďŝƟŽŶͿ�ŵĂǇ�ĂĐŚŝĞǀĞ� ƚŚĞ�
ƐĂŵĞ� ŽƵƚĐŽŵĞ� ĂƐ� ƚĂƌŐĞƟŶŐ�ŵƵůƟƉůĞ� ƐƚƌĂƚĞŐŝĞƐ͘� ΀ϱϳ΁� dŚŝƐ� ŝƐ� ďĞĐĂƵƐĞ�
,/&Ͳϭ�ƚƌĂŶƐͲĂĐƟǀĂƚĞƐ�ŵĂŶǇ�ŐĞŶĞƐ�ŝŶǀŽůǀĞĚ�ŝŶ�ƚŚĞ�ƚƵŵŽƵƌ Ɛ͛�ƉŚĞŶŽƚǇƉŝĐ�
ƐƚƌĂƚĞŐŝĞƐ� ;ŝŶĐůƵĚŝŶŐ� s�'&͕ � ŵŝƚŽĐŚŽŶĚƌŝĂů� ƌĞŐƵůĂƚŽƌƐ� ĂŶĚ� ŐůǇĐŽůǇƟĐ�
ĞŶǌǇŵĞƐͿ͘�΀ϮϮ΁�

dŚĞ� ƚŚŝƌĚ� ƉƌŝŶĐŝƉůĞ� ƐƚĂƚĞƐ� ƚŚĂƚ� ƉŚĞŶŽƚǇƉŝĐ� ƐƚƌĂƚĞŐŝĞƐ� ŵĂǇ� ŚĂǀĞ�
ƉĂƌĂĚŽǆŝĐĂů� ĞīĞĐƚƐ� ŽŶ� ƚƵŵŽƵƌ� ƉƌŽŐƌĞƐƐŝŽŶ͘� tŚŝůĞ� ,/&Ͳϭ� ůĞĂĚƐ� ƚŽ� Ă�
ƐǁŝƚĐŚ�ƚŽ�ŐůǇĐŽůǇƐŝƐ�ĂŶĚ�ĂůƐŽ�ŚĞůƉƐ�ŽǀĞƌĐŽŵĞ�ĂĐŝĚŽƐŝƐ�ĂŶĚ�ŝƐĐŚĂĞŵŝĂ͕�
other phenotypic strategies may increase the threshold for future 
ďĂƌƌŝĞƌƐ͘� ΀ϭϲ΁� dŚĞ� ŝŶŝƟĂů� ƉŚĞŶŽƚǇƉŝĐ� ƐƚƌĂƚĞŐǇ� ŽĨ� ĂǀŽŝĚŝŶŐ� ĐĞůů� ĚĞĂƚŚ�
ĂŌĞƌ��D�ĚĞƚĂĐŚŵĞŶƚ�ƉĞƌŵŝƚƐ�ĚŝƐƚĂů�ĐĞůů�ƉƌŽůŝĨĞƌĂƟŽŶ�ďƵƚ�ĐŽŶƐĞƋƵĞŶƚůǇ͕ �
ƐƵďƐĞƋƵĞŶƚ� ͚ƚŚƌĞƐŚŽůĚƐ͛� ŽĨ� ĞŶǀŝƌŽŶŵĞŶƚĂů� ďĂƌƌŝĞƌƐ� ĂƌĞ� ŝŶĐƌĞĂƐĞĚ�
ĂƐ� ŚŝŐŚůŝŐŚƚĞĚ� ďǇ� ŚŝŐŚĞƌ� ĚĞŐƌĞĞƐ� ŽĨ� ŐƌŽǁƚŚ� ƐŝŐŶĂů� ŝŶƐƵĸĐŝĞŶĐǇ� ĂŶĚ�
ŚǇƉŽǆŝĂ�ƚŚĂƚ�ŝŵƉĞĚĞ�ĚŝƐƚĂů�ƚƵŵŽƵƌ�ĐĞůůƐ͘�΀ϭϲ΁�

dŚĞƐĞ� ŽďƐĞƌǀĂƟŽŶƐ� ŚĂǀĞ� ŝŵƉůŝĐĂƟŽŶƐ� ĨŽƌ� ƚƌĞĂƚŵĞŶƚ͘� &ŝƌƐƚ͕� ƐƚƌĂƚĞŐŝĞƐ�
ƚŚĂƚ� ůŽǁĞƌ� ƚŚĞ� ƚŚƌĞƐŚŽůĚ� ĨŽƌ� ƐƵďƐĞƋƵĞŶƚ� ďĂƌƌŝĞƌƐ� ƐŚŽƵůĚ� ďĞ� ĂĐƟǀĞůǇ�
targeted since they may hasten the progression of malignancy. Second, 
strategies that increase the threshold may result in low to mid-grade 
ŵĂůŝŐŶĂŶĐŝĞƐ�ƚŚĂƚ�ĂƌĞ�ĂŵĞŶĚĂďůĞ�ƚŽ�ŽƵƌ�ĐƵƌƌĞŶƚ�ĐŽŶǀĞŶƟŽŶĂů�ĂƉƉƌŽĂĐŚ͘�
For example, basal cell carcinoma is typically a low-grade malignancy 
ƚŚĂƚ� ŝƐ� ŚŝŐŚůǇ� ƌĞƐƉŽŶƐŝǀĞ� ƚŽ� ƌĂĚŝŽƚŚĞƌĂƉǇ� ĂŶĚ� ƐƵƌŐŝĐĂů� ĞǆĐŝƐŝŽŶ͘� ΀ϱϴ΁͘�
dŚĞƐĞ�ŽďƐĞƌǀĂƟŽŶƐ�ŵĂǇ� ƐƵŐŐĞƐƚ�ǁŚǇ�ĞĂƌůǇͲƐƚĂŐĞ�ŶĞŽƉůĂƐŵƐ� ƚĞŶĚ� ƚŽ�
ŚĂǀĞ�Ă�ĨĂǀŽƵƌĂďůĞ�ƉƌŽŐŶŽƐŝƐ͕�ǁŚĞƌĞĂƐ�ůĂƚĞͲƐƚĂŐĞ�ŵĂůŝŐŶĂŶĐŝĞƐ�ƉƌŽďĂďůǇ�
exhibit features of threshold reducing strategies and are thus more 
ĂŐŐƌĞƐƐŝǀĞ͘�

&ƵƌƚŚĞƌ� ĐŽŶƐŝĚĞƌĂƟŽŶƐ͗� �ŽŵďŝŶĂƟŽŶ� ƚŚĞƌĂƉŝĞƐ� ĂŶĚ� ŵƵůƟƉůĞ�
ŵŝĐƌŽĞŶǀŝƌŽŶŵĞŶƚĂů�͚ŶŝĐŚĞƐ͛

dŚĞ� ǀĂƐƚ� ĂƌƌĂǇ� ŽĨ� ĐŽŵƉŽŶĞŶƚƐ� ŝŶ� ƚŚĞ� ƚƵŵŽƵƌ�ŵŝĐƌŽĞŶǀŝƌŽŶŵĞŶƚ� ŶŽƚ�
ŽŶůǇ� ŚŝŐŚůŝŐŚƚƐ� ƚŚĞ� ŝŵƉŽƌƚĂŶĐĞ� ŽĨ� ŝŶƚĞŐƌĂƟǀĞ� ƚƌĞĂƚŵĞŶƚ� ďƵƚ� ĂůƐŽ�
ƚŚĞ� ŶĞĞĚ� ĨŽƌ� ĐŽŵďŝŶĂƟŽŶ� ƚŚĞƌĂƉŝĞƐ� ĨŽĐƵƐŝŶŐ� ŽŶ�ŵƵůƟƉůĞ� ƚƌĞĂƚŵĞŶƚ�
ŵŽĚĂůŝƟĞƐ͘�dŚĞ�ůĂƩĞƌ�ŵĂǇ�ďĞ�ƌĞůĞǀĂŶƚ�ƚŽ�ŚŝŐŚůǇ�ƌĞƐŝƐƚĂŶƚ�ĐĂŶĐĞƌƐ�ƚŚĂƚ�
are likely to exhibit phenotypic strategies that reduce the threshold 
ŽĨ� ĞŶǀŝƌŽŶŵĞŶƚĂů� ďĂƌƌŝĞƌƐ͘� �Ŷ� ĞǆĂŵƉůĞ� ŽĨ� ĐŽŵďŝŶĂƟŽŶ� ƚŚĞƌĂƉǇ� ŝƐ�
ƚŚĞ� ƵƐĞ� ŽĨ� ůŽǁͲĚŽƐĂŐĞ� ĐǇĐůŽƉŚŽƐƉŚĂŵŝĚĞ� ǁŝƚŚ� ĚĞŶĚƌŝƟĐ� ĐĞůůͲďĂƐĞĚ�
ŝŵŵƵŶŽƚŚĞƌĂƉǇ� ŝŶ� ŵĞƐŽƚŚĞůŝŽŵĂ͘� ΀ϱϵ΁� tŚŝůĞ� ŵĞƐŽƚŚĞůŝŽŵĂ� ŝƐ�
ŐĞŶĞƌĂůůǇ�ƌĞƐŝƐƚĂŶƚ�ƚŽ�ŵŽƐƚ�ĐǇƚŽƚŽǆŝĐ�ĐŚĞŵŽƚŚĞƌĂƉĞƵƟĐ�ĚƌƵŐƐ�ƐƵĐŚ�ĂƐ�
ĐŝƐƉůĂƟŶ�ĂŶĚ�ĚŽĐĞƚĂǆĞů͕�ůŽǁͲĚŽƐĂŐĞ�ĐǇĐůŽƉŚŽƐƉŚĂŵŝĚĞ�ĐĂŶ�ƉŽƚĞŶƟĂƚĞ�
ƚŚĞ� ŝŵŵƵŶĞͲƐƟŵƵůĂƚŽƌǇ� ĞīĞĐƚƐ� ŽĨ� ��� ǀĂĐĐŝŶĂƟŽŶ� ǀŝĂ� ŝŶŚŝďŝƟŽŶ� ŽĨ�
dƌĞŐƐ͘� ΀ϲϬ΁� dŚƵƐ͕� ĐŽŵďŝŶĂƟŽŶ� ƚŚĞƌĂƉŝĞƐ� ĐĂŶ� ĞƐƐĞŶƟĂůůǇ� ďǇƉĂƐƐ� ƚŚĞ�
ĂďŝůŝƚǇ� ŽĨ� ĐĂŶĐĞƌƐ� ƚŽ� ĐŝƌĐƵŵǀĞŶƚ� ƐŽŵĞ� ĞŶǀŝƌŽŶŵĞŶƚĂů� ďĂƌƌŝĞƌƐ� ďǇ�
increasing the threshold of other barriers.

Tumour progression is also a dynamic process and when considering the 
ŵŝĐƌŽĞŶǀŝƌŽŶŵĞŶƚ�ŝŶ�ŝŶǀĂƐŝǀĞ�ĐĂŶĐĞƌƐ͕�ƚŚŝƐ�ŝƐ�ŝŶ�ƌĞĂůŝƚǇ�Ă�ĐŽŵďŝŶĂƟŽŶ�

ĚŝƐĂƉƉŽŝŶƟŶŐ�ďĞĐĂƵƐĞ�ƚŚĞ�ƌŽůĞ�ŽĨ�ŝŶŶĂƚĞ�ŝŵŵƵŶŝƚǇ�ŝŶ�ƐŚĂƉŝŶŐ�ĂĚĂƉƟǀĞ�
ŝŵŵƵŶĞ� ƌĞƐƉŽŶƐĞ� ŚĂƐ� ďĞĞŶ� ŶĞŐůĞĐƚĞĚ͘� ΀ϯϮ΁� �īĞĐƟǀĞ� �d>� ƌĞƐƉŽŶƐĞ�
ƌĞƋƵŝƌĞƐ�ĐŽͲƐƟŵƵůĂƚŽƌǇ�ŵŽůĞĐƵůĞƐ͘�dŚĞƐĞ�ŵŽůĞĐƵůĞƐ�ĂƌĞ�ƵƉͲƌĞŐƵůĂƚĞĚ�
ŝŶ�ƌĞƐƉŽŶƐĞ�ƚŽ�ƉĂƚŚŽŐĞŶͲĂƐƐŽĐŝĂƚĞĚ�ŵŽůĞĐƵůĂƌ�ƉĂƩĞƌŶƐ�;W�DWƐ͕�ƐƵĐŚ�
ĂƐ� ůŝƉŽƉŽůǇƐĂĐĐŚĂƌŝĚĞƐͿ� ŝŶƚĞƌĂĐƟŶŐ�ǁŝƚŚ� ƚŽůůͲůŝŬĞ� ƌĞĐĞƉƚŽƌƐ�ƉƌĞƐĞŶƚ� ŝŶ�
ŝŶŶĂƚĞ�ŝŵŵƵŶĞ�ĐĞůůƐ�;ƐƵĐŚ�ĂƐ���Ɛ�ĂŶĚ�ŵĂĐƌŽƉŚĂŐĞƐͿ͘�΀ϯϯ΁�/ƚ�ŚĂƐ�ďĞĞŶ�
ƐŚŽǁŶ�ƚŚĂƚ�ŝŶƚĞƌĂĐƟŽŶ�ŽĨ�d>Zϵ�ǁŝƚŚ��Ɖ'�ŽůŝŐŽĚĞŽǆǇŶƵĐůĞŽƟĚĞƐ�ƌĞƐƵůƚƐ�
ŝŶ�ŚŝŐŚ�ůĞǀĞůƐ�ŽĨ�ĂŶƟͲƚƵŵŽƵƌ�ŝŶƚĞƌĨĞƌŽŶ�ĂůƉŚĂ�;/&EͲɲͿ�ƉƌŽĚƵĐƟŽŶ�ǁŚŝůĞ�
d>Zϳ�ĂŐŽŶŝƐƚƐ�ŚĂǀĞ�ďĞĞŶ�ƵƐĞĚ�ƚŽ�ƚƌĞĂƚ�ďĂƐĂů�ĐĞůů�ĐĂƌĐŝŶŽŵĂ�ǀŝĂ�ĂŶ�/&EͲɶ�
ŵĞĚŝĂƚĞĚ�ŵĞĐŚĂŶŝƐŵ͘� ΀ϯϰ͕ϯϱ΁�,ŽǁĞǀĞƌ͕ � ĂƐ� ƐŽŵĞ�d>ZƐ� ;ŶĂŵĞůǇ�d>ZϮ�
ĂŶĚ�d>ZϰͿ�ĂƌĞ�ĂůƐŽ�ŝŶǀŽůǀĞĚ�ŝŶ�ĐŚƌŽŶŝĐ�ŝŶŇĂŵŵĂƟŽŶ͕�d>Z�ĂŶƚĂŐŽŶŝƐƚƐ�
ŚĂǀĞ�ďĞĞŶ�ŝŶĐƌĞĂƐŝŶŐůǇ�ƌĞƐĞĂƌĐŚĞĚ�ĂƐ�ƉŽƚĞŶƟĂů�ĂŶƟͲĐĂŶĐĞƌ�ĂŐĞŶƚƐ͘�΀ϯϲ΁�
A recent study also showed that a subset of DCs known as interferon-
ƉƌŽĚƵĐŝŶŐ� ŬŝůůĞƌ� ��Ɛ� ĐĂŶ� ĐŽŵďŝŶĞ� ĂŶƟŐĞŶͲƉƌĞƐĞŶƟŶŐ� ĂŶĚ� ĐǇƚŽƚŽǆŝĐ�
ĨƵŶĐƟŽŶƐ͖�ƐƵŐŐĞƐƟŶŐ�ƚŚĂƚ�ŝŶŶĂƚĞ�ĐĞůůƐ�ŚĂǀĞ�ĂŶ�ƵŶĚĞƌƐƚĂƚĞĚ�ŝŵƉŽƌƚĂŶĐĞ�
ŝŶ�ƚƵŵŽƵƌ�ƐƵƉƉƌĞƐƐŝŽŶ͘�΀ϯϳ΁�

The importance of innate cells is further illustrated by NK cells. Natural 
<ŝůůĞƌ�ĐĞůůƐ�ĨƵŶĐƟŽŶ�ĂƐ�ĂŶ�ŝŵƉŽƌƚĂŶƚ�ůŝŶŬ�ďĞƚǁĞĞŶ�ŝŶŶĂƚĞ�ĂŶĚ�ĂĚĂƉƟǀĞ�
ŝŵŵƵŶŝƚǇ�ĂƐ�ƚŚĞǇ�ĂƌĞ�ŝŶǀŽůǀĞĚ�ŝŶ����ŵĂƚƵƌĂƟŽŶ�ǁŚŝĐŚ�ƚŚĞŶ�ĨĂĐŝůŝƚĂƚĞƐ�
ƉƌŝŵŝŶŐ�ŽĨ�ĞīĞĐƟǀĞ��d>�ƌĞƐƉŽŶƐĞƐ͘�΀ϯϴ΁�/ůůƵƐƚƌĂƟŶŐ�ƚŚĞ�ƚŚŝƌĚ�ƉƌŝŶĐŝƉůĞ͕�
ƚƵŵŽƵƌƐ�ĂƌĞ�ƐŚŽǁŶ�ƚŽ�ƌĞĚƵĐĞ�ŵĂũŽƌ�ŚŝƐƚŽĐŽŵƉĂƟďŝůŝƚǇ�ĐŽŵƉůĞǆ�;D,�Ϳ�
�ůĂƐƐ�/�ĞǆƉƌĞƐƐŝŽŶ�ĂƐ�Ă�ŵĞĂŶƐ�ŽĨ�ĞǀĂĚŝŶŐ��d>Ɛ�ĂŶĚ�ƚŚŝƐ�ƌĞŶĚĞƌƐ�ƚŚĞŵ�
ƐĞŶƐŝƟǀĞ� ƚŽ� E<� ĐĞůůͲŵĞĚŝĂƚĞĚ� ĐǇƚŽƚŽǆŝĐŝƚǇ� ΀ϯϵ΁͘� EŽŶĞƚŚĞůĞƐƐ͕� ůŽǁ�
E<�ĐĞůů�ĐŽƵŶƚ� ŝŶ� ƚƵŵŽƵƌƐ� ;ĚƵĞ�ƚŽ� ůĂĐŬ�ŽĨ�ĐŚĞŵŽŬŝŶĞƐ�Žƌ�ƉƌŽůŝĨĞƌĂƟǀĞ�
ĐǇƚŽŬŝŶĞƐͿ� ŵĂǇ� ĞǆƉůĂŝŶ� ǁŚǇ� ƚƵŵŽƵƌƐ� ĐŽŶƟŶƵĞ� ƚŽ� ƉƌŽŐƌĞƐƐ͘� ^ƚƵĚŝĞƐ�
ŚĂǀĞ�ƐŚŽǁŶ�ƚŚĂƚ�ŝŶƚƌĂƚƵŵŽƵƌĂů�ŝŶũĞĐƟŽŶ�ŽĨ��Ɖ'�ŽůŝŐŽĚĞŽǆǇŶƵĐůĞŽƟĚĞƐ�
ĐĂŶ�ŝŵƉƌŽǀĞ�E<�ĐĞůů�ŝŶĮůƚƌĂƟŽŶ�ǁŚŝůĞ�dƌĞŐ�ĚĞƉůĞƟŽŶ�ĨŽůůŽǁĞĚ�ďǇ�/>Ͳϭϱͬ
ŚǇĚƌŽĐŽƌƟƐŽŶĞ�ŝŶĚƵĐƟŽŶ�ƐŝŐŶŝĮĐĂŶƚůǇ�ŝŶĚƵĐĞĚ�ŚŝŐŚĞƌ�E<�ĐĞůů�ŶƵŵďĞƌƐ͘�
΀ϰϬ͕ϰϭ΁� ^ŝŵŝůĂƌůǇ͕ � ŝŶĚƵĐĞĚ� ƉůƵƌŝƉŽƚĞŶƚ� ƐƚĞŵ� ĐĞůů� ;/W^�Ϳ� ĚĞƌŝǀĞĚ� E<�
ĐĞůůƐ�ŚĂǀĞ�ďĞĞŶ�ƐŚŽǁŶ�ŚĂǀĞ�Ă�ƉŽƐŝƟǀĞ�ĞīĞĐƚ�ŽŶ�ƚƵŵŽƵƌ�ƌĞŐƌĞƐƐŝŽŶ�ŝŶ�
ƐĞǀĞƌĂů�ĐĂŶĐĞƌƐ͘�΀ϰϮ͕ϰϯ΁�dŚĞƐĞ�ŽďƐĞƌǀĂƟŽŶƐ�ƐƵŐŐĞƐƚ�ƚŚĂƚ�E<�ĐĞůůͲďĂƐĞĚ�
ŝŵŵƵŶŽƚŚĞƌĂƉǇ�ĐĂŶ�ďĞ�ĞīĞĐƟǀĞ͘

dĂƌŐĞƟŶŐ�ƐŝŶŐůĞ�ĐǇƚŽŬŝŶĞƐ�Žƌ�ĐĞůůƐ�ŝŶǀŽůǀĞĚ�ŝŶ�ĐǇƚŽŬŝŶĞ�ŶĞƚǁŽƌŬƐ͍�

dŽ�ĚĂƚĞ͕�ŽŶůǇ�ƚǁŽ�ĐǇƚŽŬŝŶĞƐ�ŚĂǀĞ�ďĞĞŶ�ĂƉƉƌŽǀĞĚ�ĨŽƌ�ĐĂŶĐĞƌ�ƚƌĞĂƚŵĞŶƚ͗�
/>ͲϮ�ĂŶĚ� /&EͲɲ͘� ΀ϰϰ΁� />ͲϮ�ǁĂƐ� ŝŶŝƟĂůůǇ� ƚĞƐƚĞĚ� ŝŶ� ƚŚĞ�ϭϵϴϬƐ�Ă�ŵĞĂŶƐ�ŽĨ�
ƚƌĞĂƟŶŐ� ĂĚǀĂŶĐĞĚ� ƐŽůŝĚ� ĐĂŶĐĞƌƐ͘� /ƚ� ŝƐ� ǁŽƌƚŚ� ƉŽƐƚƵůĂƟŶŐ� ƚŚĂƚ� ƚŚĞŝƌ�
ĞĸĐĂĐǇ� ƉƌŽďĂďůǇ� ůŝĞƐ� ŝŶ� ƐŽŵĞ� ĐĂŶĐĞƌƐ� ĞǆŚŝďŝƟŶŐ� ůŝŵŝƚĞĚ� ƉŚĞŶŽƚǇƉŝĐ�
ƐƚƌĂƚĞŐŝĞƐ͖�ƚŚĞƌĞďǇ�ĞǆƉůĂŝŶŝŶŐ�ǁŚǇ�ĨĞǁ�ĐǇƚŽŬŝŶĞƐ�ŚĂǀĞ�ďĞĞŶ�ĂƉƉƌŽǀĞĚ͘�
΀ϰϱ΁��ůƚŚŽƵŐŚ�Ă�ĨĂǀŽƵƌĂďůĞ�ƌĞƐƉŽŶƐĞ�ǁĂƐ�ĨŽƵŶĚ�ŝŶ�ƌĞŶĂů�ĐĞůů�ĐĂƌĐŝŶŽŵĂ�
ƉĂƟĞŶƚƐ͕�ĞĸĐĂĐǇ�ǁĂƐ�ůŝŵŝƚĞĚ�Ăƚ�ϯϬй�ǁŚŝůĞ�/>ͲϮ�ǁĂƐ�ŝŵƉůŝĐĂƚĞĚ�ŝŶ�ƚŚĞ�
ƉŽƚĞŶƟĂůůǇ�ĨĂƚĂů�ĐĂƉŝůůĂƌǇ�ůĞĂŬ�ƐǇŶĚƌŽŵĞ͘�΀ϰϲ΁�&ƵƌƚŚĞƌŵŽƌĞ͕�/>ͲϮ�ƵƐĞĚ�
to expand CTL subsets was also found to increase Treg numbers; 
ĞīĞĐƟǀĞůǇ� ĚŽǁŶͲƌĞŐƵůĂƟŶŐ� ƚŚĞ� ŝŶŝƟĂů� ĐǇƚŽƚŽǆŝĐ� ƌĞƐƉŽŶƐĞ͘� ΀ϰϳ΁�
/ŶŚŝďŝƟŽŶ�ŽĨ�ĐǇƚŽŬŝŶĞƐ�ŝŵƉůŝĐĂƚĞĚ�ŝŶ�ƚƵŵŽƵƌŝŐĞŶĞƐŝƐ�;ƐƵĐŚ�ĂƐ�/>ͲϲͿ�ďǇ�
ŵŽŶŽĐůŽŶĂů�ĂŶƟďŽĚŝĞƐ�ŚĂƐ�ĂůƐŽ�ďĞĞŶ�ĐŽŶƐŝĚĞƌĞĚ�ďƵƚ�ƚŚŝƐ�ĂƉƉƌŽĂĐŚ�ŚĂƐ�
ďĞĞŶ�ůĂƌŐĞůǇ�ůŝŵŝƚĞĚ�ĂƐ�/>Ͳϲ�ƌĞĐĞƉƚŽƌƐ�ĂƌĞ�ŶŽƚ�ƚƵŵŽƵƌͲƐƉĞĐŝĮĐ͘�dƵŵŽƵƌƐ�
ŚĂǀĞ�ĐŽŵƉůĞǆ�ĐǇƚŽŬŝŶĞ�ŶĞƚǁŽƌŬƐ͖�ƚŚĞƐĞ�ĐǇƚŽŬŝŶĞƐ�ǁŽƌŬ�ŝŶ�ƚĂŶĚĞŵ�ĂŶĚ�
ĐĂŶĐĞƌƐ�ŵĂǇ� ĞǆƉůŽŝƚ� ŵƵůƟƉůĞ� ĐǇƚŽŬŝŶĞƐ� ƚŽ� ĂĐŚŝĞǀĞ� ƉƌŽŐƌĞƐƐŝŽŶ͘� ΀ϰϴ΁�
>ŝŵŝƟŶŐ�ŽŶĞ�Ăƌŵ�ŽĨ� ƚŚŝƐ� ŶĞƚǁŽƌŬ�ŵĂǇ� ƐŝŵƉůǇ� ĂĐƟǀĂƚĞ�ĂŶŽƚŚĞƌ͖� ƚŚƵƐ�
ƌĞƋƵŝƌŝŶŐ�ƵƐ�ƚŽ�ĐŽŶƐŝĚĞƌ�ĐǇƚŽŬŝŶĞ�ƚŚĞƌĂƉǇ�ŽŶ�ĂŶ�ŝŶƚĞŐƌĂƟǀĞ�ůĞǀĞů͘�

dĂƌŐĞƟŶŐ� ĐĞůůƐ� ŝŶǀŽůǀĞĚ� ŝŶ� ĐǇƚŽŬŝŶĞ� ŶĞƚǁŽƌŬƐ�ŵĂǇ� ĂĐŚŝĞǀĞ� ƚŚĞ� ƐĂŵĞ�
ĞīĞĐƚ�ĂƐ�ĂĚŵŝŶŝƐƚĞƌŝŶŐ�ŵƵůƟƉůĞ�ĐǇƚŽŬŝŶĞƐ͘�&Žƌ�ĞǆĂŵƉůĞ͕�ƚǁŽ�ƉŽƚĞŶƟĂů�
targets for TAMs include the interferon response factor 5 (IRF5) and 
the Src homology 2 domain-containing inositol-5-phosphatase 1 
;^,/WϭͿ͘� /ŶƚĞƌĨĞƌŽŶ� ƌĞƐƉŽŶƐĞ� ĨĂĐƚŽƌ� ϱ� ŝƐ� Ă� ƚƌĂŶƐĐƌŝƉƟŽŶ� ĨĂĐƚŽƌ� ƚŚĂƚ� ŝƐ�
ŝŶǀŽůǀĞĚ�ŝŶ�Dϭ�ƉŚĞŶŽƚǇƉĞ�ƉŽůĂƌŝǌĂƟŽŶ�;ŚŝŐŚ�ůĞǀĞůƐ�ŽĨ�/>ͲϭϮ�ĂŶĚ�/>ͲϮϯ͕�
ůŽǁ�ůĞǀĞůƐ�ŽĨ�/>ͲϭϬͿ͘�΀ϰϵ΁�dŚĞ�ŽƚŚĞƌ�ƚĂƌŐĞƚ�^,/Wϭ�ŝƐ�Ă�ƉŚŽƐƉŚĂƚĂƐĞ�ƚŚĂƚ�ŝƐ�
ĂůƐŽ�ŝŶǀŽůǀĞĚ�ŝŶ�Dϭ�ŵĂĐƌŽƉŚĂŐĞ�ƉŽůĂƌŝǌĂƟŽŶ�ĂŶĚ�ŝƐ�Ă�ƉŽƚĞŶƚ�ƌĞƉƌĞƐƐŽƌ�
ŽĨ�DϮ�ƉŽůĂƌŝǌĂƟŽŶ͘�΀ϱϬ΁��ǆƉĞƌŝŵĞŶƚƐ�ĚĞŵŽŶƐƚƌĂƚĞĚ�ƚŚĂƚ�ŵŝĐĞ�ĚĞĮĐŝĞŶƚ�
ŝŶ�^,/Wϭ�ŶŽƚ�ŽŶůǇ�ĚĞǀĞůŽƉ�DϮ�ƉŚĞŶŽƚǇƉĞ�ŵĂĐƌŽƉŚĂŐĞƐ�ďƵƚ�ĂůƐŽ�ŚĂǀĞ�
Ă�ŚŝŐŚĞƌ�ŝŶĐŝĚĞŶĐĞ�ŽĨ�ƚƵŵŽƵƌ�ĨŽƌŵĂƟŽŶ͘�΀ϱϬ΁��ŽƚŚ�/Z&ϱ�ĂŶĚ�^,/Wϭ�ŵĂǇ�
ƉŽƚĞŶƟĂůůǇ� ďĞ� ƚĂƌŐĞƚĞĚ� ďǇ� ŐĞŶĞ� ƐŝůĞŶĐŝŶŐ� ƚĞĐŚŶŝƋƵĞƐ� ;ƐƵĐŚ� ĂƐ� ZE��
ŝŶƚĞƌĨĞƌĞŶĐĞͿ�ŝŶ�ƚŚĞ�ĨƵƚƵƌĞ͘�΀ϱϭ΁

dĂƌŐĞƟŶŐ�ƚŚĞ�ƉŚǇƐŝĐĂů�ĞŶǀŝƌŽŶŵĞŶƚ͗�dŚĞ�ĞǆĂŵƉůĞ�ŽĨ�,/&Ͳϭ�

Hypoxic strategies may underlie the importance of an integrated 



A M
S J

Australian Medical Student Journal24

ŽĨ�ĚŝīĞƌĞŶƚ�ƵŶŝƋƵĞ�͚ŶŝĐŚĞƐ͛�ĐŽŵƉŽƐŝŶŐ�ŽĨ�ƉƌŝŵĂƌǇ�ĂŶĚ�ŵĞƚĂƐƚĂƟĐ�ƐŝƚĞƐ͘�
΀ϲϭ΁�dŚŝƐ�ǁŝůů� ŝŶĂĚǀĞƌƚĞŶƚůǇ�ĐŽŵƉůŝĐĂƚĞ� ƚŚĞ�ƚƌĞĂƚŵĞŶƚ�ƉƌŽĐĞƐƐ�ĚƵĞ�ƚŽ�
ŚĞƚĞƌŽŐĞŶĞŝƚǇ�ŽĨ�ĚŝīĞƌĞŶƚ� ƚƵŵŽƵƌ�ĞŶǀŝƌŽŶŵĞŶƚƐ�ďƵƚ� ŝƚ� ŝƐ� ƌĞĂƐŽŶĂďůĞ�
ƚŽ� ĂƐƐƵŵĞ� ƚŚĂƚ� ƚĂƌŐĞƟŶŐ� ƚŚĞ� ƉƌŝŵĂƌǇ� ƐŝƚĞ� ǁŝůů� ƐƟůů� ďĞ� ŽĨ� ŝŵƉŽƌƚĂŶƚ�
ƚŚĞƌĂƉĞƵƟĐ�ǀĂůƵĞ�ĚƵĞ�ƚŽ�ƚŚĞ�ƌŽůĞ�ŽĨ�ƚŚĞ�ƉƌŝŵĂƌǇ�ƚƵŵŽƵƌ�ŝŶ�͚ƐĞĞĚŝŶŐ͛�
metastases and also possible parallel progression of primary tumours 
ĂŶĚ�ŵĞƚĂƐƚĂƐĞƐ͘�΀ϲϮ΁�

�ĂƐĞĚ� ŽŶ� Ăůů� ƚŚƌĞĞ� ƉƌŝŶĐŝƉůĞƐ� ĂŶĚ� ƚŚĞ� ĞǆĂŵƉůĞƐ� ŚŝŐŚůŝŐŚƚĞĚ͕� ƌĂƟŽŶĂů�
treatment strategies may be designed (Figure 2).  

Conclusion 
/Ŷ�ϮϬϬϴ͕�ŝƚ�ŝƐ�ĞƐƟŵĂƚĞĚ�ƚŚĂƚ�ĂůŵŽƐƚ�ϳ͘ϲ�ŵŝůůŝŽŶ�ĚĞĂƚŚƐ�ǁĞƌĞ�ĂƩƌŝďƵƚĞĚ�
ƚŽ�ĐĂŶĐĞƌ͘ �΀ϲϯ΁��ůŵŽƐƚ�ŽŶĞ�ŝŶ�ƚǁŽ�ƉĂƟĞŶƚƐ�ƚƌĞĂƚĞĚ�ĨŽƌ�ŝŶǀĂƐŝǀĞ�ĐĂŶĐĞƌ�
ĞǀĞŶƚƵĂůůǇ�ƐƵĐĐƵŵď�ƚŽ�ƚŚĞ�ĚŝƐĞĂƐĞ�Žƌ�ƚŚĞ�ƚƌĞĂƚŵĞŶƚ͘�΀ϲϰ΁��Ɛ�ƐƵĐŚ͕�ƚŚĞ�
ĚĞƐŝŐŶ� ŽĨ� ĐƵƌƌĞŶƚ� ƚƌĞĂƚŵĞŶƚ� ƐƚƌĂƚĞŐŝĞƐ� ŵĂǇ� ďĞ� ĨƵƌƚŚĞƌ� ŝŵƉƌŽǀĞĚ� ƚŽ�
reduce mortality rates.

dŚĞ�ŵĞĚŝĐĂů�ƉƌĂĐƟƟŽŶĞƌƐ�ŽĨ�ƚŽŵŽƌƌŽǁ�ǁŝůů�ďĞ�ŐŝǀĞŶ�ŶĞǁ�ƚŽŽůƐ�ŝŶ�ƚŚĞ�
ĮŐŚƚ�ĂŐĂŝŶƐƚ� ĐĂŶĐĞƌ͘ � /ƚ� ŝƐ� ĂŐĂŝŶƐƚ� ƚŚŝƐ�ďĂĐŬĚƌŽƉ� ƚŚĂƚ�ĚĞǀŝƐŝŶŐ� ƌĂƟŽŶĂů�
ƚƌĞĂƚŵĞŶƚ� ƐƚƌĂƚĞŐŝĞƐ� ďĞĐŽŵĞƐ� ĞƐƐĞŶƟĂů͘� dŚĞ� ĞǆĂŵƉůĞƐ� ĚĞƐĐƌŝďĞĚ�
ƐƵŐŐĞƐƚ� ƚŚĞ� ŝŵƉŽƌƚĂŶĐĞ� ŽĨ� ƚƵŵŽƵƌ� ĐŚĂƌĂĐƚĞƌŝƐĂƟŽŶ� ĂŶĚ� ƚĂŝůŽƌŝŶŐ�
ĚŝīĞƌĞŶƚ� ĂƉƉƌŽĂĐŚĞƐ� ƚŽ� ƚŚĞƐĞ� ĐŚĂƌĂĐƚĞƌŝƐƟĐƐ͘� �ůƚŚŽƵŐŚ� ƚŚŝƐ� ƌĞǀŝĞǁ�
ŽŶůǇ� ĨŽĐƵƐĞĚ�ŽŶ�Ă� ƐŝŶŐůĞ�ŵŽĚĞů� ĂŶĚ� ƐƉĞĐŝĮĐ�ĞǆĂŵƉůĞƐ͕� ƚŚĞƌĞ� ĐĂŶ�ďĞ�
ŵŽƌĞ�ƚŚĂŶ�ŽŶĞ�ŵŽĚĞů�ŽĨ�ĐĂƌĐŝŶŽŐĞŶĞƐŝƐ�ĨŽƌ�ĚŝīĞƌĞŶƚ�ĐĂŶĐĞƌƐ�ĂŶĚ�ŵĂŶǇ�
ŵŽƌĞ�ƚƌĞĂƚŵĞŶƚ�ƚĂƌŐĞƚƐ�ĂƌĞ�ƵŶĚĞƌ�ĐŽŶƐŝĚĞƌĂƟŽŶ͘�

dŚĞ�ĐŚĂůůĞŶŐĞ�ƚŽ�ĚĞǀŝƐŝŶŐ�Ă�ŐŽŽĚ�ƚƌĞĂƚŵĞŶƚ�ƐƚƌĂƚĞŐǇ�ǁŽƵůĚ�ďĞ�ƐĞůĞĐƟŶŐ�
ƚŚĞ� ĂƉƉƌŽƉƌŝĂƚĞ� ƚĂƌŐĞƚ;ƐͿ� ĂŶĚ� ĐŽŶƐŝĚĞƌŝŶŐ� ƚŚĞ� ŶĞĞĚ� ĨŽƌ� ŝŶƚĞŐƌĂƟǀĞͬ
ĐŽŵďŝŶĂƟŽŶ�Žƌ�ĐŽŶǀĞŶƟŽŶĂů�ƐŝŶŐůĞͲŵŽĚĂůŝƚǇ�ĂƉƉƌŽĂĐŚĞƐ͘�/Ŷ�ƉĂƌƟĐƵůĂƌ͕ �
ĐŽŵďŝŶŝŶŐ�ĚŝīĞƌĞŶƚ�ƚƌĞĂƚŵĞŶƚ�ŵŽĚĂůŝƟĞƐ�ŵĂǇ�ďĞ�ĐƌƵĐŝĂů�ĨŽƌ�ƉĞƌƐŝƐƚĞŶƚ�
cancers and should be the focus of current research. 
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Figure 2. �ĞǀŝƐŝŶŐ� ƌĂƟŽŶĂů� ĐĂŶĐĞƌ� ƚƌĞĂƚŵĞŶƚ� ƐƚƌĂƚĞŐŝĞƐ� DŽůĞĐƵůĂƌ� ĂŶĚ�
ŵĞĐŚĂŶŝĐĂů�ĐŚĂƌĂĐƚĞƌŝƐĂƟŽŶ�ŵĞƚŚŽĚƐ�ĐĂŶ�ďĞ�ƵƐĞĚ�ƚŽ�ĚĞƚĞƌŵŝŶĞ�ĞŶǀŝƌŽŶŵĞŶƚĂů�
ďĂƌƌŝĞƌƐ� ĂŶĚ� ƚŚĞŝƌ� ĐŽƌƌĞƐƉŽŶĚŝŶŐ� ƚƵŵŽƵƌ� ƉŚĞŶŽƚǇƉŝĐ� ƐƚƌĂƚĞŐŝĞƐ͘� /ŶƚĞŐƌĂƟǀĞ�
ƚĂƌŐĞƟŶŐ� ;ĨŽƌ� ĞǆĂŵƉůĞ͕� ĐǇƚŽŬŝŶĞ� ŶĞƚǁŽƌŬƐͿ� ŵĂǇ� ďĞ� ƵƐĞĨƵů� ĂŐĂŝŶƐƚ� ŵƵůƟƉůĞ�
ƉŚĞŶŽƚǇƉŝĐ�ƐƚƌĂƚĞŐŝĞƐ�ǁŚŝůĞ�ŝŶĚŝǀŝĚƵĂů�ƚĂƌŐĞƟŶŐ�;ĨŽƌ�ĞǆĂŵƉůĞ͕�ƐŝŶŐůĞ�ĐǇƚŽŬŝŶĞƐͿ�
ŵĂǇ�ĨĂǀŽƵƌ�ĐĂŶĐĞƌƐ�ǁŝƚŚ�ůŝŵŝƚĞĚ�ƐƚƌĂƚĞŐŝĞƐ͘�dŚĞ�ĞīĞĐƚ�ŽĨ�ƉŚĞŶŽƚǇƉŝĐ�ƐƚƌĂƚĞŐŝĞƐ�
ŽŶ�ƚŚĞ�ůĞǀĞů�ŽĨ�ƚŚƌĞƐŚŽůĚ�ŵĂǇ�ĂůƐŽ�ĚĞƚĞƌŵŝŶĞ�ƚŚĞ�ƚǇƉĞ�ŽĨ�ƚƌĞĂƚŵĞŶƚ�ĂƉƉƌŽĂĐŚͲ�
ƐŝŶŐůĞ� ŵŽĚĂůŝƚǇ� ĨŽƌ� ŝŶĐƌĞĂƐĞĚ� ƚŚƌĞƐŚŽůĚ� ĂŶĚ� ĐŽŵďŝŶĂƟŽŶ� ĨŽƌ� ĚĞĐƌĞĂƐĞĚ�
thresholds. 
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