
How To Cure Cancer  W ith A Pi l l ?  A Structure-
Based Drug Design Study On Human 
Hexokinase  2 Target ing Different  Tumor Types

Cancer  i s  a  major  chal lenge wor ldwide with near ly  8  mil l ion people  die  f rom cancer  ever y  year, and i t  i s 
one of  the major  causes  of  death in GCC Countr ies . Tumor and cancer  ce l l s  in  general  ut i l ize  g lucose 
at  e levated levels  to  suppor t  their  growth and prol i ferat ion, histor ica l l y  known as  the Warburg ef fect , 
a  phenomena used c l inica l l y  in  the Posi tron Emiss ion Tomography (PET) scan to detect  g lycoly t ic 
tumors . Target ing glucose metabol ism in cancer  ce l l s  to  l imit  tumor growth wi l l  enhance the sur viva l 
rate  and improve qual i t y  of  l i fe  for  cancer  pat ients . Hexokinase, the f i rs t  enzyme in the glycoly t ic 
pathway, cata lyzes  the phosphor y lat ion of  g lucose, and is  one of  the three major  s teps  in the regulat ion 
of  the glycoly t ic  pathway. However, humans have four  i sozymes of  hexokinase  in which Hexokinase  2 
(HK2) i s  the most  act ive  and speci f ica l l y  expressed in cancer  ce l l s  but  not  in normal  t i ssues . In addit ion, 
gene express ion profi l ing exper iments  of  di f ferent  t ypes  of  cancer  showed high express ion levels  of 
HK2, and var ious  biologica l  s tudies  highl ighted the impor tance of  HK2 in tumor metastas is  making 
i t  an ideal  target  for  the development of  new c lass  of  cancer  therapeut ics . S ince HK2 is  not  found in 
normal  ce l l s , therapeut ics  that  inhibit  HK2 act iv i t y  wi l l  target  cancer  ce l l s  only  and wi l l  have minimum 
or  no s ide ef fects . The new c lass  of  therapeut ic  wi l l  be  safe  and can be del ivered ora l l y  to  replace the 
current  t radit ional  chemotherapy that  has  to  be administered on an in-pat ient  bas is , which dramatica l l y 
increases  the cost  of  cancer  therapy.  
 
We solved the cr ysta l  s t ructure  of  human HK2 in complex with glucose and glucose-6-phosphate  (PDB 
code: 2NZT), where i t  i s  a  homodimer with cata ly t ica l l y  act ive  N- and C-terminal  domains  l inked by 
a  seven-turn hel ix . A hydrophobic  α-hel ix  at  the beginning of  the protein i s  known to interact  with a 
vol tage-dependent  anion channel  ( VDAC) on the outer  mitochondr ia l  membrane (OMM) to fac i l i tate 
coupl ing HK2 to ATP used in phosphor y lat ion of  g lucose, thereby "kicking off "  g lucose metabol ism. 
In addit ion, the local izat ion of  HK2 to OMM prevents  apoptosis  through repress ion of  the formation 
of  mitochondr ia l  permeabi l i t y  t ransi t ion pores . Through biochemical  and biophysica l  character izat ion 
of  HK2, we found that  the N-terminal  domain not  only  cata lyze g lucose phosphor y lat ion but  a lso 
regulate  the stabi l i t y  and act iv i t y  of  the enzyme. In addit ion, delet ion of  the N-terminal  hel ix  a l tered 
the stabi l i t y  and cata ly t ic  act iv i t y  of  the ful l- length enzyme and N-terminal  domain when expressed 
separate ly. Understanding the kinet ic  and regulat ion mechanism of  human HK2 wi l l  accelerate  the 
des ign and development of  inhibitors  to  be used as  cancer  therapeut ics . O ur ini t ia l  screen of  a  smal l 
drug l ibrar y  y ie lded an inhibitor  that  i s  a  natura l  product  that  i s  known for  i t s  ant icancer  act iv i t y. 
Current ly, we are  implementing a  s tructure-based drug des ign to fur ther  develop the target  us ing 3D 
structura l  s imulat ions of  HK2. The new c lass  of  cancer  therapeut ics  wi l l  increase  the qual i t y  and l i fespan 
of  cancer  pat ients  and wi l l  cut  the cost  dramatica l l y  of  the current  expensive  cancer  chemotherapy.  
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