
Anand Venugopal's study of cancer stem cells catches the NIH's attention.

KUMC student's research may lead to
understanding of colorectal cancer

October 17, 2011 | Alissa Poh

*ƵĎœ΄åƊ΄å΄ņĳĈ͚΄�œåœĈ΄ÍĎœƞħŜſåŉ΄ƶåƊ΄åƖ΄ĮŜőĎ΄ĳœ΄ƖĮĎ΄ŉåĀŜƂåƖŜƂƼ͚ ΄åœĈ΄å΄ƂĎħƞŉåƂ΄ǙƻƖƞƂĎ΄åƖ΄ĮĳƊ΄őŜƖĮĎƂͣƊ
plant biology research group meetings. He especially liked helping her mash up leafy samples with a
őŜƂƖåƂ΄åœĈ΄ſĎƊƖŉĎ͚΄ƊĳœāĎ΄ƖĮĎ΄ƖåƊņ΄ĳœƵŜŉƵĎĈ΄ŉĳƁƞĳĈ΄œĳƖƂŜħĎœ΄ͮ΄ƶĮĳāĮ΄ħĳƵĎƊ΄Ŝǖ΄ƖĮåƖ΄ĳāƼ͚ ΄ƊőŜņĎͲŉĳņĎ΄ƵåſŜƂ
ĎƵĎœ΄ħƂŜƶœƞſƊ΄ǙœĈ΄ĦåƊāĳœåƖĳœħ͟

kŜƶ΄ĳœ΄ĮĳƊ΄ĦŜƞƂƖĮ΄ƼĎåƂ΄ŜĦ΄ƖĮĎ΄i$Ͳ�Į$΄ſƂŜħƂåő΄åƖ΄ƖĮĎ΄¶œĳƵĎƂƊĳƖƼ΄ŜĦ΄_åœƊåƊ΄¢āĮŜŜŉ΄ŜĦ΄iĎĈĳāĳœĎ͚
Venugopal manages his own laboratory research project, one that recently attracted federal funding
ƖĮƂŜƞħĮ΄åœ΄Ä̅΄ĦĎŉŉŜƶƊĮĳſ΄ħƂåœƖ΄ĦƂŜő΄ƖĮĎ΄kåƖĳŜœåŉ΄NœƊƖĳƖƞƖĎ΄ŜĦ΄$ĳåĀĎƖĎƊ΄åœĈ΄$ĳħĎƊƖĳƵĎ΄åœĈ΄_ĳĈœĎƼ
$ĳƊĎåƊĎƊ΄ͬkN$$_ͭ͟΄¯ĮĳƊ΄ħƂåœƖ΄āåƖĎħŜƂƼ΄ĳƊ΄ĎƻāŉƞƊĳƵĎŉƼ΄ĦŜƂ΄i$Ͳ�Į$΄ƊƖƞĈĎœƖƊ͚΄åœĈ΄ÍĎœƞħŜſåŉͣƊ΄ĳƊ΄ƖĮĎ΄ǙƂƊƖ
ĦŜƂ΄_¶i�͟΄NƖ΄ƂĎſƂĎƊĎœƖƊ΄œåƖĳŜœåŉͲŉĎƵĎŉ΄ĎœĈŜƂƊĎőĎœƖ΄ŜĦ΄ƖĮĎ΄ƊāĮŜŜŉͣƊ΄ƼŜƞœħ΄i$Ͳ�Į$΄ſƂŜħƂåő΄åœĈ΄ĳƖƊ
ƖƂåĳœĳœħ΄āåſåĀĳŉĳƖĳĎƊ΄ĳœ΄ƖƂåœƊŉåƖĳŜœåŉ͚΄ĀĎœāĮͲƖŜͲĀĎĈƊĳĈĎ΄ƊāĳĎœāĎ͟

ÍĎœƞħŜſåŉͣƊ΄ƂĎƊĎåƂāĮ΄ƊſŜƖŉĳħĮƖƊ΄āŜŉŜƂĎāƖåŉ΄āåœāĎƂ͚ ΄ƖĮĎ΄ƊĎāŜœĈ΄őŜƊƖ΄āŜőőŜœ΄āåƞƊĎ΄ŜĦ΄āåœāĎƂͲ
ƂĎŉåƖĎĈ΄ĈĎåƖĮƊ΄œåƖĳŜœƶĳĈĎ͟΄¯ĮĎ΄āŜŉŜœ΄āŜœƊĳƊƖƊ΄ŜĦ΄å΄ƊĎƂĳĎƊ΄ŜĦ΄āƂƼſƖƊ͚΄ŜƂ΄ſŜāņĎƖƊ͚΄ĎåāĮ΄āŜœƖåĳœĳœħ΄å΄ĦĎƶ
åĈƞŉƖ΄ƊƖĎő΄āĎŉŉƊ΄ƖĮåƖ΄āåœ΄ĈĳƵĳĈĎ΄ƖŜ΄ƂĎħĎœĎƂåƖĎ΄ƖĮĎ΄āŜŉŜœͣƊ΄ŉĳœĳœħ͟΄͢¯ĮĎ΄ƖĮĳœņĳœħ΄ĳƊ΄ƖĮåƖ΄ĳœ΄āåœāĎƂ͚ ΄ƊĳőĳŉåƂ
ſŜſƞŉåƖĳŜœƊ΄ŜĦ΄ƊƖĎő΄āĎŉŉƊ΄ĎƻĳƊƖ͚΄ƶĳƖĮ΄őåœƼ΄ŜĦ΄ƖĮĎ΄ƊåőĎ΄ſƂŜſĎƂƖĳĎƊ͚͢ ΅ÍĎœƞħŜſåŉ΄ĎƻſŉåĳœƊ͟΄¯ĮĎƊĎ΄āåœāĎƂ
stem cells are a select but critical group capable of endlessly replacing themselves and forming other
tumor cell types.

͢�ĎāåƞƊĎ΄åĈƞŉƖ΄ƊƖĎő΄āĎŉŉƊ΄åƂĎ΄ĳőſŜƂƖåœƖ΄ĦŜƂ΄ƖĮĎ΄ƊĎŉĦͲƂĎœĎƶåŉ΄ŜĦ΄ƖĳƊƊƞĎƊ͚΄ƖĮĎƼͣƂĎ΄œåƖƞƂåŉŉƼ΄ſƂŜƖĎāƖĎĈ
ĦƂŜő΄ĳœƊƞŉƖƊ΄ŉĳņĎ΄āĮĎőŜƖĮĎƂåſƼ΄åœĈ΄ƂåĈĳåƖĳŜœ͚͢ ΄ÍĎœƞħŜſåŉ΄åĈĈƊ͟΄͢¢Ŝ΄āåœāĎƂ΄ƊƖĎő΄āĎŉŉƊ͚΄ĀĎĳœħ΄ƊĳőĳŉåƂŉƼ
ſƂŜƖĎāƖĎĈ͚΄åƂĎ΄ƂĎåŉŉƼ΄ƖŜƞħĮ΄ƖŜ΄ƖƂĎåƖ͟͢

ÎĮĳŉĎ΄ƖĮĎ΄ƊāĳĎœƖĳǙā΄āŜőőƞœĳƖƼ΄ĮåƊ΄ŉåƂħĎŉƼ΄āåƞħĮƖ΄Ŝœ΄ƖŜ΄ƖĮĎ΄œŜƖĳŜœ΄ŜĦ΄āåœāĎƂ΄ƊƖĎő΄āĎŉŉƊ͚΄å΄ſƂĎāĳƊĎ
ĈĎǙœĳƖĳŜœ΄ƂĎőåĳœƊ΄ĎŉƞƊĳƵĎ͟΄¢ŜőĎ΄ƊāĳĎœƖĳƊƖƊ΄ƖĮĳœņ΄ƖƞőŜƂƊ΄ŜƂĳħĳœåƖĎ΄ĦƂŜő΄ƖĮĎƊĎ΄āĎŉŉƊͤ΄ŜƖĮĎƂƊ΄ĈĎƊāƂĳĀĎ
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them as specialized cells that help maintain tumors.

͢¯ĮĎ΄ĳőſŜƂƖåœƖ΄ƖĮĳœħ΄ĳƊ΄ƖĮåƖ΄ƖĮĎƼ΄ĎƻĳƊƖ͚͢ ΄ÍĎœƞħŜſåŉ΄ƊåƼƊ͚΄͢ÎĎ΄œĎĎĈ΄ƖŜ΄ǙħƞƂĎ΄ŜƞƖ΄ĮŜƶ΄ƖŜ΄ƊĎŉĎāƖĳƵĎŉƼ
ƖåƂħĎƖ΄ƖĮĎƊĎ΄āĎŉŉƊ΄ƊŜ΄ƖĮĎƼͣƂĎ΄ĎŉĳőĳœåƖĎĈ͚΄ŜƂ΄åƖ΄ŉĎåƊƖ΄œĎƞƖƂåŉĳǆĎĈ͟΄¯ĮĳƊ΄ƶŜƞŉĈ΄ĮĎŉſ΄ƂĎĈƞāĎ΄ĈĳƊĎåƊĎ
ƂĎāƞƂƂĎœāĎ͚΄ŜœĎ΄ŜĦ΄ƖĮĎ΄ĀĳħħĎƊƖ΄āĮåŉŉĎœħĎƊ΄ĳœ΄āåœāĎƂ͟͢

ÍĎœƞħŜſåŉͣƊ΄ƶŜƂņ΄ƶĳŉŉ΄ĀƞĳŉĈ΄Ŝœ΄ƖĮåƖ΄ŜĦ΄ĮĳƊ΄őĎœƖŜƂ͚ ΄¢ĮƂĳņåœƖ΄�œåœƖ͚΄�Į$͚΄åƊƊŜāĳåƖĎ΄ĈĳƂĎāƖŜƂ΄ŜĦ΄āåœāĎƂ
prevention and control at ¯ĮĎ΄¶œĳƵĎƂƊĳƖƼ΄ŜĦ΄_åœƊåƊ΄�åœāĎƂ΄�ĎœƖĎƂ ͟΄�œåœƖͣƊ΄ƂĎƊĎåƂāĮ΄ħƂŜƞſ΄ſƂĎƵĳŜƞƊŉƼ
ƞœāŜƵĎƂĎĈ΄å΄ſŜƊƊĳĀŉĎ΄ŉĳœņ΄ĀĎƖƶĎĎœ΄å΄ſƂŜƖĎĳœ΄āåŉŉĎĈ΄��ï΄åœĈ΄ƊƖĎőͲŉĳņĎ΄āĮåƂåāƖĎƂĳƊƖĳāƊ΄ĳœ΄ƊĎƵĎƂåŉ
ƖƼſĎƊ΄ŜĦ΄ƊŜŉĳĈ΄ƖƞőŜƂƊ͚΄ĳœāŉƞĈĳœħ΄āŜŉŜƂĎāƖåŉ΄āåœāĎƂ͟΄*ƻåāƖŉƼ΄ĮŜƶ΄��ï΄ƶŜƂņƊ΄ĳƊ΄ƞœāŉĎåƂ͚ ΄åŉƖĮŜƞħĮ΄ĳƖ
ŉĳņĎŉƼ΄ĳœƵŜŉƵĎƊ΄āƂŜƊƊͲƖåŉņ΄ĀĎƖƶĎĎœ΄ƖĮĳƊ΄ſƂŜƖĎĳœ΄åœĈ΄ŜœĎ΄œåőĎĈ΄kŜƖāĮ͚΄ƶĮĳāĮ΄ĈĳƂĎāƖƊ΄ƊĳħœåŉƊ΄ħƞĳĈĳœħ
ƖĮĎ΄ƊĎŉĦͲƂĎœĎƶåŉ΄ŜĦ΄āĎŉŉƊ΄åŉŉ΄åŉŜœħ΄ƖĮĎ΄ħåƊƖƂŜĳœƖĎƊƖĳœåŉ΄ƖƂåāƖ͟

ÎĳƖĮ΄ƖĮĳƊ΄œĎƶŉƼ΄ĦƞœĈĎĈ΄ħƂåœƖ͚΄ÍĎœƞħŜſåŉ΄ſŉåœƊ΄ƖŜ΄ĎåƵĎƊĈƂŜſ΄Ŝœ΄ƖĮĎ΄āŜœƵĎƂƊåƖĳŜœ΄ĀĎƖƶĎĎœ΄��ï΄åœĈ
kŜƖāĮ͚΄ƖŜ΄ĀĎƖƖĎƂ΄ƞœĈĎƂƊƖåœĈ΄ĮŜƶ΄��ï΄āŜœĦĎƂƊ΄ŜƂ΄ĎœĮåœāĎƊ΄͢ƊƖĎőœĎƊƊ͟͢ ΄IĎ΄āåœ΄ƂĎåĈĳŉƼ΄ĈĳƊƖĳœħƞĳƊĮ
ĀĎƖƶĎĎœ΄œŜƂőåŉ΄åœĈ΄ƊƖĎőͲŉĳņĎ΄āĎŉŉƊ΄ĳœ΄ƖĮĎ΄ŉåĀŜƂåƖŜƂƼͤ΄ƖĮĎ΄ŉåƖƖĎƂ΄ĮåƵĎ΄ƖĮĎ΄åĀĳŉĳƖƼ΄ƖŜ΄ħƂŜƶ΄ĳœƖŜ΄ƂŜƞœĈ
āŉƞőſƊ͚΄ŜƂ΄ƊſĮĎƂŜĳĈƊ΄ͮ΄ĀåŉŉƊ΄ŜĦ΄āĎŉŉƊ΄ƂĎƊĎőĀŉĳœħ΄ſĳœĮĎåĈƊ͚΄åœĈ΄ƵĳƊĳĀŉĎ΄ƖŜ΄ƖĮĎ΄œåņĎĈ΄ĎƼĎ͟΄¯ĮĎƼ΄åŉƊŜ
ĎƻſƂĎƊƊ΄åœŜƖĮĎƂ΄ſƂŜƖĎĳœ͚΄$�a_͚̆΄ƶĎŉŉͲĎƊƖåĀŉĳƊĮĎĈ΄åƊ΄å΄őåƂņĎƂ΄ŜĦ΄͢ƊƖĎőœĎƊƊ͟͢ ΄�œĈ΄ƖĮĎƼͣƂĎ΄ƂĎőåƂņåĀŉƼ
ƂĎƊĳŉĳĎœƖ΄ƶĮĎœ΄ǆåſſĎĈ΄ƶĳƖĮ΄̆̇΄BƂåƼ΄ŜĦ΄ƂåĈĳåƖĳŜœ΄ͮ΄ƶĮåƖ΄ÍĎœƞħŜſåŉͣƊ΄őĎœƖŜƂ΄�œåœƖ΄āåŉŉƊ΄͢āƂåǆƼ΄ŉĎƵĎŉƊ͚͢
ĦåƂ΄ĮĳħĮĎƂ΄ƖĮåœ΄åœƼ΄āåœāĎƂ΄ſåƖĳĎœƖ΄ƶŜƞŉĈ΄ĎƵĎƂ΄ƂĎāĎĳƵĎ͟΄NŉŉƞőĳœåƖĳœħ΄ƖĮĎ΄ƵåħåƂĳĎƊ΄ŜĦ΄ƊƖĎő΄āĎŉŉƊͣ́ åĀĳŉĳƖƼ΄ƖŜ
ƂĎƊĳƊƖ΄ƂåĈĳåƖĳŜœ΄őåƼ΄ĎƵĎœƖƞåŉŉƼ΄ĮĎŉſ΄ƊāĳĎœƖĳƊƖƊ΄ſƂĎĈĳāƖ΄ƖĮĎ΄ŜƞƖāŜőĎƊ΄ŜĦ΄ƖƂĎåƖĳœħ΄ƊſĎāĳǙā΄ƖƞőŜƂ΄ƖƼſĎƊ
with radiation.

Nœ΄åĈĈĳƖĳŜœ͚΄å΄āŉåƊƊ΄ŜĦ΄ĈƂƞħƊ΄āåŉŉĎĈ΄ħåőőåͲƊĎāƂĎƖåƊĎ΄ĳœĮĳĀĳƖŜƂƊ΄ͮ΄ƖĎƊƖĎĈ΄åƊ΄ſŜƖĎœƖĳåŉ΄ƖƂĎåƖőĎœƖƊ΄ĦŜƂ
�ŉǆĮĎĳőĎƂͣƊ΄ĈĳƊĎåƊĎ͚΄åŉĀĎĳƖ΄ƶĳƖĮ΄őŜƊƖŉƼ΄ĈĳƊőåŉ΄ƂĎƊƞŉƖƊ΄ͮ΄āŜƞŉĈ΄ħåĳœ΄ĦƂĎƊĮ΄ſƞƂſŜƊĎ͟΄¯ĮĎƊĎ΄ĈƂƞħƊ͚΄ƊåƼƊ
ÍĎœƞħŜſåŉ͚΄ƊĎŉĎāƖĳƵĎŉƼ΄ƖåƂħĎƖ΄ƖĮĎ΄kŜƖāĮ΄ſåƖĮƶåƼ΄åœĈ΄āŜƞŉĈ΄ĮĳƖ΄åħħƂĎƊƊĳƵĎ΄ƖƞőŜƂƊ΄ƶĳƖĮ΄ŜƞƖͲŜĦͲƶĮåāņ
��ï΄ŉĎƵĎŉƊ΄åœĈ΄ƊƖĎőͲŉĳņĎ΄ſƂŜſĎƂƖĳĎƊ͟΄AĳƂƊƖ͚΄ƖĮŜƞħĮ͚΄ĮĎͣĈ΄ŉĳņĎ΄ƖŜ΄ĀĎƖƖĎƂ΄ƞœĈĎƂƊƖåœĈ΄ƖĮĎ΄ĀĳŜŉŜħƼ΄ŜĦ
these proteins, and transcribe what he can of their ongoing chatter.

͢ÎĎ΄ƶĎƂĎ΄ŉŜŜņĳœħ΄ĦŜƂ΄å΄ƊĳœħŉĎ΄őåħĳā΄ĀƞŉŉĎƖ΄ƶĮĎœ΄ƶĎ΄ĈĎāŉåƂĎĈ΄ƶåƂ΄åħåĳœƊƖ΄āåœāĎƂ΄ƊŜőĎ΄̉̅΄ƼĎåƂƊ΄åħŜ͚
ĀƞƖ΄ƶĎͣƂĎ΄œĎƵĎƂ΄ħŜĳœħ΄ƖŜ΄ǙœĈ΄ŜœĎ͚͢ ΄�œåœƖ΄ƂĎőåƂņƊ͟΄IĎ΄ŜĦƖĎœ΄āŜőſåƂĎƊ΄āåœāĎƂ΄ƖŜ΄å΄ĀĎĎĮĳƵĎ͚΄ƶĳƖĮ
āåœāĎƂ΄ƊƖĎő΄āĎŉŉƊ΄åœåŉŜħŜƞƊ΄ƖŜ΄ƖĮĎ΄ƁƞĎĎœ΄ĀĎĎ͟΄͢AŜƂ΄őŜƊƖ΄ŜĦ΄ƖĮĳƊ΄ƖĳőĎ͚΄ƶĎͣƵĎ΄ĀĎĎœ΄ħŜĳœħ΄åĦƖĎƂ΄ƖĮĎ
ƶŜƂņĎƂ΄ĀĎĎƊ͚͢ ΄ĮĎ΄ĎŉåĀŜƂåƖĎƊ͟΄͢�ƞƖ΄ƖĮĎ΄ĮĳƵĎ΄ƶĳŉŉ΄āŜŉŉåſƊĎ΄ŜœŉƼ΄ĳĦ΄ƖĮĎ΄ƁƞĎĎœ΄ĳƊ΄ĈĎƊƖƂŜƼĎĈͤ΄ŜƖĮĎƂƶĳƊĎ΄ƊĮĎͣŉŉ
ƊĳőſŉƼ΄ƂĎſŜſƞŉåƖĎ΄ĮĎƂ΄āŜŉŜœƼ͟͢΄Nœ΄ŜƖĮĎƂ΄ƶŜƂĈƊ͚΄ħĎƖƖĳœħ΄ƖŜ΄ƖĮĎ΄ƂŜŜƖ΄ŜĦ΄āåœāĎƂ΄ƶĳŉŉ΄ŉĳņĎŉƼ΄ĳœƵŜŉƵĎ΄ƖƶŜ΄ƊĎƖƊ
of treatments: classic chemotherapy to shrink most of a tumor, and new therapies aimed at cancer
ƊƖĎő΄āĎŉŉƊ͟΄ÍĎœƞħŜſåŉͣƊ΄ƖåƊņ΄ͮ΄ĮĎŉſĳœħ΄ƖŜ΄āŉåƂĳĦƼ΄ĮŜƶ΄åœĈ΄ƶĮƼ΄āåœāĎƂ΄ƊƖĎő΄āĎŉŉƊ΄ĈŜ΄ƶĮåƖ΄ƖĮĎƼ΄ĈŜ΄ͮ΄ĳƊ
crucial.

�ŜƖĮ΄�œåœƖ΄åœĈ΄ÍĎœƞħŜſåŉ΄åƂĎ΄āåƂĎĦƞŉ΄ƖŜ΅ĎőſĮåƊĳǆĎ΄ƖĮåƖ΄ƖĮĎƂĎ΄åƂĎ΄ĈĳǖĎƂĎœƖ΄ƖƼſĎƊ΄ŜĦ΄ƊƖĎő΄āĎŉŉƊ͚΄ħĳƵĎœ
ƊŜőĎ΄ŜĦ΄ƖĮĎ΄ſƞĀŉĳāͣƊ΄ƵĳƊāĎƂåŉ΄ƂĎåāƖĳŜœ΄åħåĳœƊƖ΄ƂĎƊĎåƂāĮ΄ĳœƵŜŉƵĳœħ΄ƖĮŜƊĎ΄ĦƂŜő΄ĎőĀƂƼŜƊ͟΄͢N΄Ďƻſŉåĳœ΄ƖĮåƖ
åĈƞŉƖ΄ƊƖĎő΄āĎŉŉƊ΄āåœͣƖ΄ĀĎ΄ƞƊĎĈ΄ƖŜ΄āƂĎåƖĎ΄åœŜƖĮĎƂ΄ŉĳƵĳœħ΄ĀĎĳœħͤ΄ƖĮĎƼͣƂĎ΄åŉƂĎåĈƼ΄ĈĳǖĎƂĎœƖĳåƖĎĈ͚͢ ΄�œåœƖ



them as specialized cells that help maintain tumors.

͢¯ĮĎ΄ĳőſŜƂƖåœƖ΄ƖĮĳœħ΄ĳƊ΄ƖĮåƖ΄ƖĮĎƼ΄ĎƻĳƊƖ͚͢ ΄ÍĎœƞħŜſåŉ΄ƊåƼƊ͚΄͢ÎĎ΄œĎĎĈ΄ƖŜ΄ǙħƞƂĎ΄ŜƞƖ΄ĮŜƶ΄ƖŜ΄ƊĎŉĎāƖĳƵĎŉƼ
ƖåƂħĎƖ΄ƖĮĎƊĎ΄āĎŉŉƊ΄ƊŜ΄ƖĮĎƼͣƂĎ΄ĎŉĳőĳœåƖĎĈ͚΄ŜƂ΄åƖ΄ŉĎåƊƖ΄œĎƞƖƂåŉĳǆĎĈ͟΄¯ĮĳƊ΄ƶŜƞŉĈ΄ĮĎŉſ΄ƂĎĈƞāĎ΄ĈĳƊĎåƊĎ
ƂĎāƞƂƂĎœāĎ͚΄ŜœĎ΄ŜĦ΄ƖĮĎ΄ĀĳħħĎƊƖ΄āĮåŉŉĎœħĎƊ΄ĳœ΄āåœāĎƂ͟͢

ÍĎœƞħŜſåŉͣƊ΄ƶŜƂņ΄ƶĳŉŉ΄ĀƞĳŉĈ΄Ŝœ΄ƖĮåƖ΄ŜĦ΄ĮĳƊ΄őĎœƖŜƂ͚ ΄¢ĮƂĳņåœƖ΄�œåœƖ͚΄�Į$͚΄åƊƊŜāĳåƖĎ΄ĈĳƂĎāƖŜƂ΄ŜĦ΄āåœāĎƂ
prevention and control at ¯ĮĎ΄¶œĳƵĎƂƊĳƖƼ΄ŜĦ΄_åœƊåƊ΄�åœāĎƂ΄�ĎœƖĎƂ ͟΄�œåœƖͣƊ΄ƂĎƊĎåƂāĮ΄ħƂŜƞſ΄ſƂĎƵĳŜƞƊŉƼ
ƞœāŜƵĎƂĎĈ΄å΄ſŜƊƊĳĀŉĎ΄ŉĳœņ΄ĀĎƖƶĎĎœ΄å΄ſƂŜƖĎĳœ΄āåŉŉĎĈ΄��ï΄åœĈ΄ƊƖĎőͲŉĳņĎ΄āĮåƂåāƖĎƂĳƊƖĳāƊ΄ĳœ΄ƊĎƵĎƂåŉ
ƖƼſĎƊ΄ŜĦ΄ƊŜŉĳĈ΄ƖƞőŜƂƊ͚΄ĳœāŉƞĈĳœħ΄āŜŉŜƂĎāƖåŉ΄āåœāĎƂ͟΄*ƻåāƖŉƼ΄ĮŜƶ΄��ï΄ƶŜƂņƊ΄ĳƊ΄ƞœāŉĎåƂ͚ ΄åŉƖĮŜƞħĮ΄ĳƖ
ŉĳņĎŉƼ΄ĳœƵŜŉƵĎƊ΄āƂŜƊƊͲƖåŉņ΄ĀĎƖƶĎĎœ΄ƖĮĳƊ΄ſƂŜƖĎĳœ΄åœĈ΄ŜœĎ΄œåőĎĈ΄kŜƖāĮ͚΄ƶĮĳāĮ΄ĈĳƂĎāƖƊ΄ƊĳħœåŉƊ΄ħƞĳĈĳœħ
ƖĮĎ΄ƊĎŉĦͲƂĎœĎƶåŉ΄ŜĦ΄āĎŉŉƊ΄åŉŉ΄åŉŜœħ΄ƖĮĎ΄ħåƊƖƂŜĳœƖĎƊƖĳœåŉ΄ƖƂåāƖ͟

ÎĳƖĮ΄ƖĮĳƊ΄œĎƶŉƼ΄ĦƞœĈĎĈ΄ħƂåœƖ͚΄ÍĎœƞħŜſåŉ΄ſŉåœƊ΄ƖŜ΄ĎåƵĎƊĈƂŜſ΄Ŝœ΄ƖĮĎ΄āŜœƵĎƂƊåƖĳŜœ΄ĀĎƖƶĎĎœ΄��ï΄åœĈ
kŜƖāĮ͚΄ƖŜ΄ĀĎƖƖĎƂ΄ƞœĈĎƂƊƖåœĈ΄ĮŜƶ΄��ï΄āŜœĦĎƂƊ΄ŜƂ΄ĎœĮåœāĎƊ΄͢ƊƖĎőœĎƊƊ͟͢ ΄IĎ΄āåœ΄ƂĎåĈĳŉƼ΄ĈĳƊƖĳœħƞĳƊĮ
ĀĎƖƶĎĎœ΄œŜƂőåŉ΄åœĈ΄ƊƖĎőͲŉĳņĎ΄āĎŉŉƊ΄ĳœ΄ƖĮĎ΄ŉåĀŜƂåƖŜƂƼͤ΄ƖĮĎ΄ŉåƖƖĎƂ΄ĮåƵĎ΄ƖĮĎ΄åĀĳŉĳƖƼ΄ƖŜ΄ħƂŜƶ΄ĳœƖŜ΄ƂŜƞœĈ
āŉƞőſƊ͚΄ŜƂ΄ƊſĮĎƂŜĳĈƊ΄ͮ΄ĀåŉŉƊ΄ŜĦ΄āĎŉŉƊ΄ƂĎƊĎőĀŉĳœħ΄ſĳœĮĎåĈƊ͚΄åœĈ΄ƵĳƊĳĀŉĎ΄ƖŜ΄ƖĮĎ΄œåņĎĈ΄ĎƼĎ͟΄¯ĮĎƼ΄åŉƊŜ
ĎƻſƂĎƊƊ΄åœŜƖĮĎƂ΄ſƂŜƖĎĳœ͚΄$�a_͚̆΄ƶĎŉŉͲĎƊƖåĀŉĳƊĮĎĈ΄åƊ΄å΄őåƂņĎƂ΄ŜĦ΄͢ƊƖĎőœĎƊƊ͟͢ ΄�œĈ΄ƖĮĎƼͣƂĎ΄ƂĎőåƂņåĀŉƼ
ƂĎƊĳŉĳĎœƖ΄ƶĮĎœ΄ǆåſſĎĈ΄ƶĳƖĮ΄̆̇΄BƂåƼ΄ŜĦ΄ƂåĈĳåƖĳŜœ΄ͮ΄ƶĮåƖ΄ÍĎœƞħŜſåŉͣƊ΄őĎœƖŜƂ΄�œåœƖ΄āåŉŉƊ΄͢āƂåǆƼ΄ŉĎƵĎŉƊ͚͢
ĦåƂ΄ĮĳħĮĎƂ΄ƖĮåœ΄åœƼ΄āåœāĎƂ΄ſåƖĳĎœƖ΄ƶŜƞŉĈ΄ĎƵĎƂ΄ƂĎāĎĳƵĎ͟΄NŉŉƞőĳœåƖĳœħ΄ƖĮĎ΄ƵåħåƂĳĎƊ΄ŜĦ΄ƊƖĎő΄āĎŉŉƊͣ́ åĀĳŉĳƖƼ΄ƖŜ
ƂĎƊĳƊƖ΄ƂåĈĳåƖĳŜœ΄őåƼ΄ĎƵĎœƖƞåŉŉƼ΄ĮĎŉſ΄ƊāĳĎœƖĳƊƖƊ΄ſƂĎĈĳāƖ΄ƖĮĎ΄ŜƞƖāŜőĎƊ΄ŜĦ΄ƖƂĎåƖĳœħ΄ƊſĎāĳǙā΄ƖƞőŜƂ΄ƖƼſĎƊ
with radiation.

Nœ΄åĈĈĳƖĳŜœ͚΄å΄āŉåƊƊ΄ŜĦ΄ĈƂƞħƊ΄āåŉŉĎĈ΄ħåőőåͲƊĎāƂĎƖåƊĎ΄ĳœĮĳĀĳƖŜƂƊ΄ͮ΄ƖĎƊƖĎĈ΄åƊ΄ſŜƖĎœƖĳåŉ΄ƖƂĎåƖőĎœƖƊ΄ĦŜƂ
�ŉǆĮĎĳőĎƂͣƊ΄ĈĳƊĎåƊĎ͚΄åŉĀĎĳƖ΄ƶĳƖĮ΄őŜƊƖŉƼ΄ĈĳƊőåŉ΄ƂĎƊƞŉƖƊ΄ͮ΄āŜƞŉĈ΄ħåĳœ΄ĦƂĎƊĮ΄ſƞƂſŜƊĎ͟΄¯ĮĎƊĎ΄ĈƂƞħƊ͚΄ƊåƼƊ
ÍĎœƞħŜſåŉ͚΄ƊĎŉĎāƖĳƵĎŉƼ΄ƖåƂħĎƖ΄ƖĮĎ΄kŜƖāĮ΄ſåƖĮƶåƼ΄åœĈ΄āŜƞŉĈ΄ĮĳƖ΄åħħƂĎƊƊĳƵĎ΄ƖƞőŜƂƊ΄ƶĳƖĮ΄ŜƞƖͲŜĦͲƶĮåāņ
��ï΄ŉĎƵĎŉƊ΄åœĈ΄ƊƖĎőͲŉĳņĎ΄ſƂŜſĎƂƖĳĎƊ͟΄AĳƂƊƖ͚΄ƖĮŜƞħĮ͚΄ĮĎͣĈ΄ŉĳņĎ΄ƖŜ΄ĀĎƖƖĎƂ΄ƞœĈĎƂƊƖåœĈ΄ƖĮĎ΄ĀĳŜŉŜħƼ΄ŜĦ
these proteins, and transcribe what he can of their ongoing chatter.

͢ÎĎ΄ƶĎƂĎ΄ŉŜŜņĳœħ΄ĦŜƂ΄å΄ƊĳœħŉĎ΄őåħĳā΄ĀƞŉŉĎƖ΄ƶĮĎœ΄ƶĎ΄ĈĎāŉåƂĎĈ΄ƶåƂ΄åħåĳœƊƖ΄āåœāĎƂ΄ƊŜőĎ΄̉̅΄ƼĎåƂƊ΄åħŜ͚
ĀƞƖ΄ƶĎͣƂĎ΄œĎƵĎƂ΄ħŜĳœħ΄ƖŜ΄ǙœĈ΄ŜœĎ͚͢ ΄�œåœƖ΄ƂĎőåƂņƊ͟΄IĎ΄ŜĦƖĎœ΄āŜőſåƂĎƊ΄āåœāĎƂ΄ƖŜ΄å΄ĀĎĎĮĳƵĎ͚΄ƶĳƖĮ
āåœāĎƂ΄ƊƖĎő΄āĎŉŉƊ΄åœåŉŜħŜƞƊ΄ƖŜ΄ƖĮĎ΄ƁƞĎĎœ΄ĀĎĎ͟΄͢AŜƂ΄őŜƊƖ΄ŜĦ΄ƖĮĳƊ΄ƖĳőĎ͚΄ƶĎͣƵĎ΄ĀĎĎœ΄ħŜĳœħ΄åĦƖĎƂ΄ƖĮĎ
ƶŜƂņĎƂ΄ĀĎĎƊ͚͢ ΄ĮĎ΄ĎŉåĀŜƂåƖĎƊ͟΄͢�ƞƖ΄ƖĮĎ΄ĮĳƵĎ΄ƶĳŉŉ΄āŜŉŉåſƊĎ΄ŜœŉƼ΄ĳĦ΄ƖĮĎ΄ƁƞĎĎœ΄ĳƊ΄ĈĎƊƖƂŜƼĎĈͤ΄ŜƖĮĎƂƶĳƊĎ΄ƊĮĎͣŉŉ
ƊĳőſŉƼ΄ƂĎſŜſƞŉåƖĎ΄ĮĎƂ΄āŜŉŜœƼ͟͢΄Nœ΄ŜƖĮĎƂ΄ƶŜƂĈƊ͚΄ħĎƖƖĳœħ΄ƖŜ΄ƖĮĎ΄ƂŜŜƖ΄ŜĦ΄āåœāĎƂ΄ƶĳŉŉ΄ŉĳņĎŉƼ΄ĳœƵŜŉƵĎ΄ƖƶŜ΄ƊĎƖƊ
of treatments: classic chemotherapy to shrink most of a tumor, and new therapies aimed at cancer
ƊƖĎő΄āĎŉŉƊ͟΄ÍĎœƞħŜſåŉͣƊ΄ƖåƊņ΄ͮ΄ĮĎŉſĳœħ΄ƖŜ΄āŉåƂĳĦƼ΄ĮŜƶ΄åœĈ΄ƶĮƼ΄āåœāĎƂ΄ƊƖĎő΄āĎŉŉƊ΄ĈŜ΄ƶĮåƖ΄ƖĮĎƼ΄ĈŜ΄ͮ΄ĳƊ
crucial.
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BĳƵĎœ΄ƖĮåƖ΄āåœāĎƂ΄ƊƖĎő΄āĎŉŉƊ΄åƂĎ΄ſƂŜĀåĀŉƼ΄åƊ΄ĈĳƵĎƂƊĎ΄åƊ΄āåœāĎƂ΄ĳƖƊĎŉĦ͚΄͢ĳƖͣƊ΄ƵĎƂƼ΄åſſåƂĎœƖ͚΄åƖ΄ŉĎåƊƖ΄ƖŜ΄őĎ͚
ƖĮåƖ΄ſĎƂƊŜœåŉĳǆĎĈ΄őĎĈĳāĳœĎ΄ĳƊ΄ƖĮĎ΄ŜœŉƼ΄ƶåƼ΄ƖŜ΄å΄āƞƂĎ͚͢ ΄ÍĎœƞħŜſåŉ΄ƊåƼƊ͟΄͢tƞƖ΄ŜĦ΄̆̅̅΄ĈĳǖĎƂĎœƖ΄Ɗĳħœåŉĳœħ
ſåƖĮƶåƼƊ΄ĳœ΄åœƼ΄ħĳƵĎœ΄āĎŉŉ͚΄ĳƖ΄őĳħĮƖ΄ƖåņĎ΄ŃƞƊƖ΄̆̅΄ſåƖĮƶåƼƊ΄Ƃƞœœĳœħ΄åőŜņ΄ƖŜ΄āåƞƊĎ΄āåœāĎƂ͚ ΄ĀƞƖ΄ƶĮåƖ΄åƂĎ
ƖĮĎ΄āĮåœāĎƊ΄ƖĮåƖ΄ĎƵĎƂƼ΄ſåƖĳĎœƖ΄ĮåƊ΄ƖĮĎ΄ƊåőĎ΄̆̅΄ƖåņĎœ΄ŜƞƖ΄ŜĦ΄āŜőőĳƊƊĳŜœ͠΄tƂ΄ƖĮåƖ΄ƖĮĎƼͣŉŉ΄åŉŉ΄ƂĎƊſŜœĈ΄ƖŜ
ƖĮĎ΄ƊåőĎ΄őŜŉĎāƞŉĎ΄ŜƂ΄ĈƂƞħ΄ƖåƂħĎƖĳœħ΄ƖĮŜƊĎ΄ſåƖĮƶåƼƊ͢͠
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ƵåƂĳåĀĳŉĳƖƼ΄ƶĳƖĮĳœ΄ſåƖĳĎœƖ΄ſŜſƞŉåƖĳŜœƊ΄ĳœƖŜ΄åāāŜƞœƖ͟΄¯ĮĎ΄ſĮåƂőåāĎƞƖĳāåŉ΄ĳœĈƞƊƖƂƼ΄ĮåƊ΄ƊŜőĎ΄Āĳħ
åĈŃƞƊƖőĎœƖƊ΄ƖŜ΄őåņĎ͟΄NƖͣƊ΄ĮåƂĈŉƼ΄ƞƊĎĦƞŉ΄ƖƂĎåƖĳœħ΄ƖĮŜƞƊåœĈƊ΄ŜĦ΄ſĎŜſŉĎ΄ƶĳƖĮ΄ŜœĎ΄ĈƂƞħ΄åœĈ΄ĮåƵĳœħ΄ŃƞƊƖ΄å
ĦƂåāƖĳŜœ΄ƂĎƊſŜœĈ͟͢
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