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FRIDAY, SEPTEMBER 3, 2004 

THE MERLIN-PAK CONNECTION REVEALED: THE TURNING POINT IN THE DEVELOPMENT OF 
THERAPEUTICS FOR NF? 

HIROSHI MARUTA, PH.D.

I AM A VERY BASIC SCIENTIST. ACTUALLY, I HAVE NEVER SPOKEN TO SO-CALLED LAY 
PEOPLE, SO I'M A LITTLE BIT SCARED. I’LL TRY MY BEST TO MAKE MY MESSAGE CLEAR IN 
THE SIMPLEST TERM.MY ORIGINAL RESEARCH HAS BEEN FOCUSED ON THE RAS CANCERS WHICH 
ARE CAUSED BY A PARTICULAR GENE CALLED RAS. THIS CAUSES MORE THAN 90% OF 
PANCREATIC AND MORE THAN 50% OF COLON CANCERS. THAT IS WHY RAS CANCERS HAVE BEEN 
MY ORIGINAL FOCUS, BUT DURING OUR RESEARCH WE NOTICED THAT THERE IS A VERY CLOSE 
RELATIONSHIP BETWEEN NF, NEUROFIBROMATOSIS (BOTH TYPE 1 AND TYPE 2), AND RAS 

CANCERS. 

ABOUT A DECADE AGO, AS SOON AS BOTH NF1 AND NF2 GENES WERE CLONED OR DISCOVERED, 
WE STARTED WORKING ON NF. BY THE END OF THIS TALK YOU’LL SEE THAT EITHER NF1 OR 
NF2 IS NOT ISOLATED FROM OTHER CANCERS, BUT THEY SHARE MANY COMMON THINGS. IN FACT 
AT THE MOLECULAR LEVEL, MORE THAN 50% OF ALL CANCERS ARE CLOSELY RELATED TO NF, 
TYPE 1 AND TYPE 2. THAT'S THE REASON WHY WE THINK THE DRUGS WHICH BLOCK PARTICULAR 
ENZYME CALLED PAK COULD BE POTENTIALLY THE FIRST CURE FOR NF, AS WELL AS MANY 
OTHER CANCERS. MY TALK TODAY WILL FOCUS ON THE RELATIONSHIP BETWEEN RAS CANCERS 
AND NF, NEUROFIBROMATOSIS, AND MY MAJOR FOCUS IS ON A PARTICULAR ENZYME CALLED 

PAK. 

I THINK YOU ARE MUCH MORE FAMILIAR THAN MYSELF ABOUT WHAT NF2 IS. SO THIS SLIDE 
SHOWS ONLY SYMBOLICALLY ONE OF THE TYPICAL NF2 DISEASES CALLED MENINGIOMAS. BEFORE 
I DISCUSS THE DETAILS HOW RAS CANCERS AND NF ARE RELATED, I'D LIKE TO GIVE YOU A 
VERY SHORT INTRODUCTION, IN PARTICULAR THE CURRENT SITUATION OF NF2 TREATMENT. AS 
YOU KNOW, MORE THAN ONE AND A HALF MILLION PEOPLE ON THIS PLANET ARE SUFFERING 
FROM NEUROFIBROMATOSIS (NF), IN EITHER TYPE 1 OR TYPE 2; HOWEVER, THE STATUS OF NF 
TREATMENT IS VERY FAR FROM SATISFACTORY. ONE OF THE REASONS IS THAT TREATMENT IS 
LIMITED TO ONLY SURGERY AND RADIOTHERAPY. HOWEVER, FOR COMPLETE TREATMENT OF NF, 

THESE TWO TYPES OF TREATMENT ARE NOT COMPLETE. 

THERE ARE TWO REASONS. ONE (REASON) IS THAT NEUROFIBROMATOSIS IS HIGHLY METASTATIC 
SO THAT ALTHOUGH THE ORIGINAL TUMOR IS DEVELOPED IN BRAIN OR ALONG THE SPINAL 
CORD, EVENTUALLY THE TUMOR SPREADS OVER THE WHOLE BODY SO THAT THE LOCAL TREATMENT 
BY SURGERY OR RADIOTHERAPY WOULDN’T BE SUFFICIENT FOR A COMPLETE CURE. THE OTHER 
REASON IS THAT THE SITES WHERE THE TUMOR GROWS ARE IN THE BRAIN AND ON THE SPINAL 
CORD SO THAT IT WOULD BE VERY DIFFICULT TO REMOVE OR DESTROY THETUMORS WITHOUT 
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AFFECTING THE SURROUNDING HEALTHY NERVE. HOWEVER, NO THERAPEUTICS HAS BEEN 

DEVELOPED FOR THE COMPLETE CURE OF NF AS YET. 

ONE QUESTION YOU MIGHT ASK IS: WHY CONVENTIONAL ANTI-CANCER DRUGS ARE NOT USED FOR 
NF1 OR NF2. WELL, THERE IS A REASON. ACTUALLY, THESE CONVENTIONAL THERAPEUTICS ARE 
NOT EFFECTIVE IN EITHER NF1 OR NF2, SIMPLY BECAUSE THESE CONVENTIONAL DRUGS WERE 
DEVELOPED TO TARGET MAINLY THE FAST GROWING MALIGNANT TUMORS. UNFORTUNATELY, AS 
YOU KNOW, THE MAJORITY OF NEUROFIBROMATOSIS (NF TUMORS) ARE NOT MALIGNANT AND ONLY 
10% OR LESS ARE SO-CALLED CANCER OR MALIGNANT. ALSO THE GROWTH OF THESE NF TUMORS 
IS VERY SLOW. THE CONVENTIONAL DRUGS TARGETING ON FAST-GROWING TUMORS, LIKE 
LEUKEMIA, WORK ONLY ON TUMORS THAT GROW VERY FAST, BUT NEVER WORK ON THE VERY SLOW 
TUMORS. ALSO, THESE CHEMOTHERAPEUTICS HAVE SEVERE SIDE EFFECTS ON SOME NORMAL 
CELLS SUCH AS HAIRS AND BONE MARROW CELLS, WHICH ALSO GROW VERY FAST. THAT'S WHY 
WE, NOT ONLY MY OWN GROUP, BUT ALSO MANY OTHER CANCER RESEARCH GROUPS, DECIDED TO 
DEVELOP A NEW TYPE OF CHEMICAL COMPOUNDS WHICH BLOCK THE SPECIFIC SIGNALING 
PATHWAYS ESSENTIAL FOR TUMOR GROWTH. THAT'S ONE OF THE REASONS WHY WE STARTED WITH 
RAS, BECAUSE RAS IS PROBABLY THE BEST KNOWN ONCOGENIC OR CANCEROUS GENE PRODUCT, 
AND BIOCHEMISTRY OF SIGNALING PATHWAYS DOWN-STREAM OF RAS HAS BEEN MOST 
COMPREHENSIVELY STUDIED DURING LAST TWO DECADES. IN THE END WE FOUND THAT BOTH NF1 
AND NF2 SHARE A COMMON SIGNAL WITH RAS CANCERS AND MANY OTHER MAJOR CANCERS. SO 

FIRST, LET ME TRY TO TELL YOU HOW RAS WORKS. 

RAS IS A SIGNAL TRANSDUCING PROTEIN, AND THERE ARE TWO STAGES. ONE IS THE ACTIVE 
FORM, WHICH BINDS A CERTAIN NUCLEOTIDE CALLED GTP. IN THE NORMAL CELLS RAS CYCLES 
BETWEEN INACTIVE FORM AND ACTIVE FORM. THROUGH TWO OTHER PROTEINS, "A" CONVERTING 
RAS FROM THE ACTIVE FORM TO INACTIVE FORM (GDP-BOUND FORM), OR "B" ONLY UPON THE 
STIMULATION OF CELLS BY GROWTH FACTORS, REACTIVATING THE RAS. NORMAL RAS STAYS 
ONLY TRANSIENTLY IN THE ACTIVE FORM. THAT'S WHY NORMAL CELLS WILL NEVER GET 
MALIGNANT. HOWEVER,WHEN RAS GENE IS MUTATED PERMANENTLY, IT IS KEPT FROZEN IN THIS 
ACTIVE FORM, AND KEEPS SENDING A SIGNAL CONTINUOUSLY TO ITS DOWNSTREAM EFFECTORS. 

THEN THAT CAUSES TUMORS. 

AMONG SEVERAL EFFECTORS WHICH ARE ACTIVATED BY RAS ARE PI-3 KINASE, RAF AND TIAM. 
BUT YOU DON'T HAVE TO REMEMBER THOSE NAMES. BY THIS SLIDE I'D LIKE TO SHOW HOW RAS 

CANCERS AND NF1 AND NF2 CROSS. FIRST OF ALL, 

I'D LIKE TO SHOW THE WAY HOW RAS ACTIVATES OTHER PROTEINS SIMPLY CALLED A, B, AND 
C. A ACTIVATES B, AND B IN TURN ACTIVATES C, THROUGH THIS SIGNAL CASCADE. IN THE 
END THE KEY ENZYME PAK IS ACTIVATED THAT WE ARE WORKING ON. SO RAS ACTIVATES PAK 
THROUGH THESE SIGNAL TRANSDUCERS (A, B, AND C). WE KNOW THAT FOR RAS TO INDUCE 
TUMORS REQUIRES THIS ENZYME PAK. WE'RE WORKING ON PAK FOR ALMOST 30 YEARS SO THAT 
WE KNOW THE EVERY PROPERTY OF THIS PAK, AND WE ARE ON THE BEST POSITION TO DEVELOP 

ITS INHIBITORS. 

NF1, TYPE 1 NEUROFIBROMATOSIS, IS CAUSED BY DYSFUNCTION OR LOSS OF A GENE CALLED 
NF1. THE GENE PRODUCT FOR NF1 HAPPENS TO BE AN ATTENUATOR OF NORMAL RAS. SO WHEN 
NF1 GENE IS MISSING, THE NORMAL RAS BECOMES ABNORMALLY ACTIVATED, THEN EVENTUALLY 
THROUGH THIS A, B, C PATHWAY, THIS PAK IS ACTIVATED. SO IN TERMS OF THE SIGNAL, 
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THE TYPE 1 NF BEHAVES IN THE SAME WAY AS RAS CANCERS SUCH AS PANCREATIC AND COLON 

CANCERS. 

SEVERAL YEARS AGO JEFF FIELD’S GROUP AT UNIVERSITY OF PENNSYLVANIA SHOWED THAT 
THIS ENZYME IS ESSENTIAL FOR THE TYPE 1 NEUROFIBROMATOSIS. IT MEANS THAT IF WE 
HAVE HAD A SPECIFIC INHIBITOR FOR PAK, WE COULD HAVE TREATED AT LEAST TYPE 1 NF 
SINCE THEN, BUT UNTIL VERY RECENTLY NOBODY HAS DEVELOPED ANY ANTI-PAK CHEMICAL 
COMPOUND. THAT IS WHY THERE IS SO FAR NO TREATMENT OR CHEMOTHERAPEUTICS TO TREAT 

NF1. 

THE TYPE 2 NF IS CAUSED BY A LOSS OF A GENE CALLED NF2 OR ITS MUTATION CAUSING A 
LOSS OF ITS TUMOR SUPPRESSOR FUNCTION. BUT NF1 AND NF2 GENE PRODUCTS ARE 
STRUCTURALLY SO DIFFERENT, SO IT WAS VERY DIFFICULT FOR US TO FIND THE EXACT 
FUNCTION OF NF2 GENE PRODUCT THAT WE CALL "MERLIN" (NAMED AFTER A MAGICIAN IN THE 
LEGEND OF KING ARTHUR). AS SOON AS THE NF2 GENE WAS DISCOVERED BY JIM GUSELLA’S 
GROUP AT MGH AND A FRENCH GROUP IN PARIS, WE DECIDED TO TEST WHETHER NF2/MERLIN IS 
A TUMOR SUPPRESSOR. SO PUTTING THIS GENE IN A RAS CANCER, WE WATCHED WHAT WOULD 
HAPPEN. AS EXPECTED,THE MALIGNANT TRANSFORMATION IS REVERSED, SO WE KNOW THAT BOTH 
NF2 AND NF1 GENES BLOCK SOMEWHERE IN THIS ONCOGENIC RAS PATHWAY. HOWEVER, IT HAS 
BEEN DIFFICULT TO SORT OUT WHAT THE PRIMARY TARGET OF THIS MERLIN IS (IT TURNS OUT 
TO BIND SEVERAL PROTEINS). EVENTUALLY TWO YEARS AGO WE FOUND THAT THE MERLIN ACTS 
AS AN INHIBITOR IN PAK. IN OTHER WORDS, WHEN THIS NF2 GENE IS MISSING, PAK IS 
ABNORMALLY ACTIVATED, JUST LIKE THE LOSS OF NF1 OR MUTATION OF RAS. SO ACTUALLY 
THE TYPE 1 AND TYPE 2 OF NEUROFIBROMATOSIS ARE IN THE SAME FAMILY AS THE RAS 
CANCERS. FURTHERMORE I WILL SHOW YOU IN THE NEXT SLIDE THAT LOSS OF NF2 ACTUALLY 

ACTIVATES PAK. 

WE HAVE TWO TYPES OF MESOTHELIOMA CANCER CELLS WHICH ARE DERIVED FROM LUNG CANCERS 
CAUSED BY ASBESTOS, BUT ONE NORMALLY EXPRESSES NF2 GENE, WHILE THE OTHER IS NF2-
DEFICIENT. THEN WE COMPARED THE PAK ACTIVITY BETWEEN THESE TWO CELL LINES, USING A 
RAS CANCER AS A POSITIVE CONTROL WHICH HAS A VERY HIGH PAK ACTIVITY COMPARED WITH 

NORMAL CELLS. 

THE PAK ACTIVITY IN NORMAL CELLS IS ONLY ONE-TENTH OF THAT IN RAS CANCER. WHEN 
MERLIN IS MISSING IN CELLS, PAK ACTIVITY BECOMES VERY HIGH, QUITE SIMILAR TO RAS 
CANCER. BUT IN THE CELLS EXPRESSING NORMALLY NF2, THE PAK ACTIVITY REMAINS VERY 

LOW (LIKE NORMAL CELLS). 

THE NEXT QUESTION IS WHETHER THIS PAK IS ACTUALLY ESSENTIAL FOR THE GROWTH OF NF2 
TUMORS. WE HAVE TWO INHIBITORS FOR PAK. ONE IS A PEPTIDE WHICH BLOCKS THE 
INTERACTION BETWEEN TWO PROTEINS, PAK AND PIX. I WILL NOT TELL YOU DETAILS, BUT 

THE PART OF PAK HAS SOME 18 

AMINO ACIDS STRETCH. THIS IS REQUIRED FOR ITS INTERACTION WITH THE PIX THAT 
ACTIVATES PAK. SO IF WE USE THIS PEPTIDE/STRETCH, WE HAVE TO MAKE IT CELL-

PERMEABLE BEFORE PUTTING IN A MEDIUM. THEN IT BLOCKS THIS 
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INTERACTION(WITHIN CELLS). 

ALSO WE USED ANOTHER INHIBITOR, A CHEMICAL COMPOUND CALLED CEP-1347. THIS IS ALSO 
A SPECIFIC INHIBITOR FOR PAK. USING THESE INHIBITORS, WE TESTED HOW THE GROWTH OF 
NF2- DEFICIENT AND NF2 POSITIVE CANCER CELLS4 IS AFFECTED. AS YOU SEE, BOTH THESE 
CHEMICAL COMPOUND AND PEPTIDE INHIBIT THE GROWTH OF ONLY NF2- DEFICIENT CANCER 
CELLS, HAVING NO EFFECT ON NF2-POSITIVE CELLS. SO THIS CLEARLY SHOWS THAT THE 
GROWTH OF NF2-DEFICIENT CANCER CELLS REQUIRE PAK FOR THEIR GROWTH. HOWEVER, THESE 
INHIBITORS HAVE RELATIVELY HIGH IC50 (ARE NOT SO POTENT). SO WE TRIED TO FIND OUT 
A MUCH MORE POTENT PAK INHIBITOR WHICH CAN BE USEFUL FOR A CLINICAL TRIAL. IN THE 

END WE FOUND ANOTHER CHEMICAL COMPOUND CALLED FK228. 

MAYBE YOU SHOULD EXPLAIN IC50, WHAT IT MEANS. THAT WOULD BE GOOD FOR PEOPLE. 

IC50 IS THE CONCENTRATION OF A CHEMICAL COMPOUND WHICH SHOWS 50% INHIBITION OF THE 
GROWTH . THE LOWER IC50 1S, THE MORE POTENT IT IS. SO WE ARE LOOKING FOR SOMETHING 
WHOSE IC50 IS VERY LOW. AS YOU SEE, EVEN AT 0.1 NM, TEN THOUSAND TIMES LOWER (THAN 
IC50 OF CEP-1347 ETC), FK228 CAN COMPLETELY BLOCK THE GROWTH OF NF2-DEFICIENT CELL 
GROWTH. THIS IS ITS CHEMICAL STRUCTURE. IT IS A RING PEPTIDE. THIS CHEMICAL 
COMPOUND HAS BEEN IN CLINICAL TRIALS FOR A VARIETY OF TUMORS OR CANCERS, BUT NOT 
YET FOR NF TUMORS. THIS SLIDE WOULD SHOW HOW THIS COMPOUND FK228 BLOCKS THE PAK 
PATHWAY. THIS CHEMICAL COMPOUND DOES NOT DIRECTLY BIND PAK, BUT BLOCKS BOTH 
UPSTREAM AND DOWNSTREAM OF PAK. FK228 WAS DEVELOPED ORIGINALLY AS AN ANTI-RAS 
CANCER DRUG BY A JAPANESE PHARMACEUTICAL COMPANY CALLED "FUJISAWA", BUT UNTIL 
RECENTLY NOBODY KNEW HOW IT BLOCKS THE GROWTH OF RAS CANCERS. A FEW YEARS AGO THEY 

FOUND THAT 

THIS CHEMICAL COMPOUND CHANGED THE STRUCTURE OF CHROMATIN, A COMPLEX OF GENES, AND 
A SUBSET OF GENES ARE ACTIVATED BY THIS CHEMICAL COMPOUND. TWO OF THEM HAPPEN TO 
BE THE TUMOR SUPPRESSORS, GELSOLIN AND P21. THIS SCHEME SHOWS HOW RAS ACTIVATES 
THE CELL DIVISION THROUGH PAK. THE GELSOLIN BLOCKS THE ENZYME "A" RIGHT AFTER RAS. 
SO IN THE PRESENCE OF THIS CHEMICAL COMPOUND, PAK IS NO LONGER ACTIVATED. THAT'S 

WHY THIS COMPOUND BLOCKS THE GROWTH OF RAS CANCERS. 

ALSO THIS CHEMICAL COMPOUND, THROUGH ANOTHER PROTEIN CALLED P21, BLOCKS DOWNSTREAM 
OF PAK. SO THIS SINGLE CHEMICAL COMPOUND GIVES A DOUBLE PUNCH TO THIS ONCOGENIC 
RAS PATHWAY. EVENTUALLY WE ACTUALLY SHOWED THAT THIS CHEMICAL COMPOUND REDUCES THE 
PAK ACTIVITY IN RAS TRANSFORMED CELLS. THE CONTROL CELLS SHOW A VERY HIGH PAK 
KINASE ACTIVITY, BUT WHEN YOU TREATED CELLS WITH THIS DRUG AT THIS CONCENTRATION, 
THE PAK ACTIVITY IS SIGNIFICANTLY REDUCED. SO IT'S NOW CLEAR THAT THIS COMPOUND 
BLOCKS THE PAK ACTIVATION. TO SEE IF BOTH NF1 AND NF2 DEFICIENT TUMORS REQUIRE PAK 
FOR THEIR GROWTH, WE TESTED WHETHER THIS COMPOUND HAS ANY EFFECT ON THEIR GROWTH. 

AS WE SEE, WHEN YOU TREAT THESE TWO CELL LINES WITH THIS DRUG, NONE OF THEM GROWS. 

AT THIS CONCENTRATION (0.1 NM), THE INHIBITION IS 100 PERCENT. 15 AND THEN WE 
DETERMINED THE IC50, THAT IS THE CONCENTRATION OF CHEMICAL COMPOUNDS THAT 
INHIBITSTHE GROWTH BY 50%. IT TURNED OUT TO BE AROUND 5 PM. VERY, VERY LOW 
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CONCENTRATION. WE USED THE CELL LINE H-MESO, DERIVED FROM A LUNG CANCER 
(MESOTHELIOMA) CAUSED BY ASBESTOS, AS THIS IS THE MOST FAST GROWING AMONG NF-2 
DEFICIENT CELL LINES. MOST NF TUMORS GROW VERY SLOWLY. SO IT IS VERY HARD TO DO 

ANY ANIMAL EXPERIMENT WITH NF TUMORS. 

USING THIS CELL LINE, WE CAN HAVE TWO TYPES OF XENOGRAFT, BY TRANSPLANTING THIS 
HUMAN CELL LINE IN IMMUNO-DEFICIENT MICE (CALLED NUDE MICE). ONE IS A SOLID TUMOR. 
THIS ONE GROWS VERY SLOWLY. THE OTHER ONE IS ASCITES WHICH IS SUPPOSED TO GROW 
MUCH FASTER. TO SEE WHETHER THIS CHEMICAL COMPOUND SUPPRESSES THE GROWTH OF NF2-
DEFICIENT CELLS, IT WOULD TAKE PROBABLY A FEW MORE MONTHS, EVEN USING THIS ASCITES 
TUMOR. THE PRIME REASON IS THAT GROWTH OF THESE CELL LINES ARE MUCH SLOWER THAN 

THE MAJOR CANCERS, SUCH AS PANCREATIC AND BREAST CANCERS. 

SO MEANWHILE, WE CHOSE A MUCH FAST GROWING HUMAN CANCER TO FIND OUT THE BEST 
CONDITION, SO-CALLED MINIMUM EFFECTIVE DOSE OF FK228 O THAT ONCE WE KNOW THE 

MINIMUM DOSE, WE CAN START A CLINICAL TRIAL FOR NF1 AND NF2. 

THERE ARE TWO REASONS WHY WE CHOSE BREAST CANCERS. FIRSTLY, ABOUT THREE-QUARTERS 
OF BREAST CANCERS ARE ESTROGEN-DEPENDENT, AND ESTROGEN RECEPTOR AND THE KEY ENZYME 
PAK FORM A VICIOUS CYCLE. THE RECEPTOR ACTIVATES PAK AND IN TURN PAK ACTIVATES THE 
RECEPTOR. SO WE THOUGHT IF YOU BLOCK THE PAK, THEN THE ESTROGEN-DEPENDENT GROWTH 
OF THESE BREAST CANCERS COULD BE INHIBITED. ALSO ABOUT 30% OF BREAST CANCERS ARE 
DEVELOPED BY MUTATION OF OTHER RECEPTORS CALLED ERBB1 AND ERBB2. THESE RECEPTORS 
ARE ACTIVATED BY PEPTIDE HORMONES. THE RECEPTORS EVENTUALLY ACTIVATE PAK THROUGH 
THE RAS PATHWAY THAT I HAVE SHOWN YOU. SO THESE BREAST CANCERS ARE ALSO PROBABLY 
SENSITIVE TO FK228. SO WE RECENTLY STARTED TO DETERMINE THE CONCENTRATION THAT 
FK228 NEEDS TO BLOCK THE GROWTH OF THE BREAST CANCER. AS YOU SEE, IT IS AROUND 5-
10 PM, VERY SIMILAR CONCENTRATION AT WHICH THE GROWTH OF NF1 AND NF2 CELLS IS 
INHIBITED. SO IN TERMS OF SENSITIVITY, THIS BREAST CANCER IS VERY SIMILAR TO NF1 
OR NF2 TUMOR CELLS. SINCE THIS DEVELOPS A TUMOR VERY FAST IN NUDE MICE, WE THOUGHT 
THIS WOULD BE A GOOD MODEL FOR DETERMINING THE MINIMUM EFFECTIVE DOSE OF THIS 

CHEMICAL COMPOUND IN VIVO. 

RIGHT NOW WE HAVE A XENOGRAFT OF THIS HUMAN BREAST CANCER IN MICE. SINCE THE 
PHARMACEUTICAL COMPANY PROVIDED US WITH FK228, WE CANNOT RELEASE THE DETAILED DATA 
RIGHT NOW (WITHOUT THEIR PERMISSION), BUT I WILL TELL YOU THAT THE GROWTH OF THIS 
BREAST CANCER IS ALMOST COMPLETELY BLOCKED BY THIS DRUG WITH A CERTAIN DOSE. IN 
THE REMAINING 10 MINUTES I'LL SHOW YOU A FEW OTHER ANTI-PAK DRUGS WHICH BLOCK 
EITHER UPSTREAM OR DOWNSTREAM OF PAK. YOU HAVE SEEN THAT FK228 SUPPRESSES NOT ONLY 
NF1 AND NF2, BUT ALSO BREAST CANCER, AND RAS CANCER. ALSO LAST YEAR IT WAS 
PUBLISHED THAT THE SAME COMPOUND BLOCKS THE GROWTH OF PROSTATE CANCER, INDICATING 
THAT MORE THAN 70% OF ALL HUMAN CANCERS/TUMORS CAN BE TREATED BY ANTI-PAK 
INHIBITORS SUCH AS FK228. BUT AS YOU KNOW, EVEN A MIRACLE DRUG CALLED GLEEVEC, 
PROBABLY A SINGLE 8 CHEMICAL COMPOUND WOULD NOT LEAD TO THE COMPLETE CURE, SIMPLY 
BECAUSE SOME MUTATED TUMORS THEN BEGIN TO SHOW THE RESISTANCE TO THIS DRUG. SO WE 
LIKE TO HAVE MULTIPLE (MORE THAN ONE)DRUGS WHICH BLOCK DIFFERENT TARGET ENZYMES, 
BUT IN THE SAME PATHWAY. THAT IS ONE OF THE REASONS WHY WE DEVELOPED ANOTHER 
INHIBITOR CALLED AG 879 WHICH BLOCKS THEINTERACTION BETWEEN PAK AND ETK. THE ETK 
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IS ANOTHER ENZYME WHICH IS REQUIRED FOR THE ACTIVATION OF PAK. THE PAK REQUIRES SO 
MANY PROTEINS FOR THE ACTIVATION IN CELLS. SO IF YOU BLOCK THIS ETK, YOU CAN BLOCK 
THE RAS PATHWAY, AND THEREORE AG 879 ALSO COULD BE USEFUL FOR THE TREATMENT OF NF. 
BESIDES, WE ARE TRYING TO DEVELOP A DIRECT PAK-SPECIFIC INHIBITOR CALLED ST-2004 
BY A SPECIFIC CHEMICAL MODIFICATION OF A NON-SPECIFIC INHIBITOR CALLED ST-2001. 
THE ORIGINAL COMPOUND FOUND IN A MARINE SPONGE IS A VERY POTENT INHIBITOR FOR PAK, 
BUT INHIBITS SO MANY OTHER ENZYMES AS WELL. SO IT CAUSES EVEN THE DEATH OF NORMAL 
CELLS. SO YOU CAN'T USE IT AS A DRUG. HOWEVER, WE KNOW HOW TO MODIFY IT CHEMICALLY 
TO REDUCE THESE SIDE EFFECTS SELECTIVELY SO THAT ITS DERIVATIVE ST-2004 BLOCKS 

ONLY PAK IN THE END. WE ARE MAKING THIS "MAGIC BULLET". 

ALSO A DRUG COMPANY CALLED BAYER, AND A BIOTECHNOLOGY COMPANY CALLED ONYX TOGETHER 
DEVELOPED ANOTHER INHIBITOR CALLED BAY 43-9006. THIS IS SPECIFIC FOR ANOTHER 
ENZYME CALLED RAF JUST DOWNSTREAM OF PAK. THIS IS NOW IN CLINICAL TRIALS FOR RAS 
CANCERS AND MANY OTHER CANCERS. SO THIS IS ALSO POTENTIALLY USEFUL FOR THE 
TREATMENT OF NF1 AND NF2, BECAUSE IT BLOCKS RIGHT DOWNSTREAM OF PAK, AND THIS 

PATHWAY IS ACTUALLY REQUIRED FOR THE GROWTH IN NF2. 

USING JUST A FEW LAST MINUTES, I WILL SHOW YOU HOW TO MODIFY AND CONVERT THE NON-
SPECIFIC PAK INHIBITOR TO A POTENT PAK SPECIFIC INHIBITOR. ACTUALLY, I HAVE 
MENTIONED YOU THAT THE CEP-1347 IS A SPECIFIC INHIBITOR FOR PAK, BUT THE IC50 1S 
VERY HIGH, AROUND 1 MICRO M, AND IN OUR COMMON SENSE WE CAN'T USE IT FOR SO-CALLED 
IN VIVO (ANIMAL OR CLINICAL) EXPERIMENT, BECAUSE WE HAVE TO USE A VERY HIGH DOSE 
TO SEE THE EFFECT. SO WE BEGAN TO FOCUS ON THE COMPOUND ST-2001, A PRODUCT OF A 

MARINE SPONGE FOUND IN GUAM ISLAND. THIS IS A THOUSAND 

TIMES MORE POTENT THAN CEP-1347. THE PAK-SPECIFICITY OF CEP-1347 IS BASED ON THE 
UNIQUE PROPERTY OF PAK THAT DISTINGUISHES ITSELF FROM OTHER ENZYMES. THE DRUG-
BINDING DOMAIN OF THE ENZYME PAK IS MUCH BIGGER THAN ANY OTHER ENZYMES CALLED 
KINASE FAMILY. SO IF YOU PUT THESE BULKY SIDE CHAINS, ONLY PAK CAN ACCEPT THIS 
COMPOUND. SO ALTHOUGH ST-2001 ITSELF BINDS ANY OTHER ENZYMES NON-SPECIFICALLY, IF 
YOU PUT THIS BULKY SIDE CHAIN TO THIS COMPOUND, CONVERTING THIS ONE TO ST-2004, 
THEN IT IS EXPECTED TO INHIBIT ONLY PAK, AND NOT ANY OTHER ENZYMES, AND IT IS VERY 
POTENT. THAT IS WHAT WE ARE MAKING IN COLLABORATION WITH PEOPLE IN GUAM ISLAND AND 
ORGANIC CHEMISTS AT YALE. BECAUSE WE NEED A LARGE QUANTITY OF ST-2001, IT TAKES 
SOME TIME, BUT HOPEFULLY BY THE END OF THIS YEAR WE GET THIS STARTING COMPOUND IN 

A LARGE SCALE, AND THEN CONVERT IT TO THIS PAK-SPECIFIC POTENT INHIBITOR. 

ONE OF THE CHEMICAL COMPOUNDS THAT WORKS AT LEAST IN RAS CANCER IN MICE IS CALLED 
AG 879. THIS BLOCKS INTERACTION BETWEEN PAK AND ETK. IT INHIBITS THE GROWTH OF RAS 
CANCER BY ONLY 50%. THERE IS ANOTHER CHEMICAL COMPOUND CALLED PP1, WHICH WAS 
ORIGINALLY DEVELOPED BY THE PHARMACEUTICAL COMPANY PFIZER SEVERAL YEARS AGO. THIS 
INHIBITS ANOTHER ENZYME IN THE SARC FAMILY. AGAIN IT ALONE INHIBITS THE CANCER 

GROWTH ONLY BY 50%. 

IF YOU COMBINE THESE TWO COMPOUNDS,THE GROWTH OF RAS CANCER IS ALMOST 
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COMPLETELY BLOCKED. WE ARE GOING TO DO THE SAME EXPERIMENTS WITH HUMAN 

NF1 AND NF2 TUMORS. IF LIKE RAS CANCERS, IT IS PROVEN TO WORK WITH NF TUMORS, WE 
CAN SHIFT TO CLINICAL TRIALS. I HAVE TALKED ABOUT A FEW CHEMICAL COMPOUNDS WHICH 
BLOCK UPSTREAM OR DOWNSTREAM OF PAK, BUT JUST BEFORE CLOSING MY TALK, I WILL SHOW 
YOU ANOTHER WAY TO TREAT NF, BOTH TYPE 1 AND TYPE 2. THIS IS A LITTLE COMPLICATED. 
I'LL JUST TRY TO MAKE IT SIMPLER. THIS APPROACH IS SOMEHOW OPPOSITE TO THE 

CHEMICAL APPROACH. 

THERE IS A UNIQUE VIRUS CALLED REOVIRUS. THIS IS A DEADLY VIRUS FOR MICE, BUT 
HARMLESS FOR HUMANS. MOST PEOPLE HAVE PROBABLY NEVER HEARD ABOUT IT. IT BECAME 
KNOWN (SEVERAL YEARS AGO) THAT THE REOVIRUS CAN DESTROY ONLY THE CANCER CELLS IN 

WHICH THE RAS IS ACTIVATED. THUS, RAS 

CANCERS ARE THE MAJOR TARGET OF THIS VIRUS. THIS REOVIRUS DOES NOT CAUSE ANY HARM 
TO NORMAL CELLS. SO IT'S NOW CLINICAL TRIAL (I THINK PHASE 1 OR 2), AND IT SHOWS 

SOME PROMISING RESULT. 

RECENTLY WE FOUND HOW RAS ALLOWS THIS VIRUS TO INFECT THE CELLS. THE RESPONSIBLE 
ENZYME THAT ALLOWS THE REOVIRUS TO INFECT CANCER CELLS IS ACTUALLY PAK, BECAUSE 
PAK INTERACTS WITH THIS AND OTHER PROTEINS ANYHOW. PAR IN PRINCIPAL, ALL THE 
CANCERS, IN WHICH THE PAK IS ACTIVATED, LIKE RAS CANCERS AND NF TUMORS, THEY'RE 
SENSITIVE TO THIS REOVIRUS. SO AFTER THE TREATMENT WITH SO-CALLED PAK INHIBITORS 
OF NF1/NF2 TUMORS, AND IF WE FIND THAT SOME OF THE TUMORS BECOME RESISTANT TO THE 
ANTI-PAK DRUGS, WE KNOW IN THOSE CANCERS THE PAK IS FULLY ACTIVATED, AND THEREFORE 
THE TUMOR IS SENSITIVE TO THIS REOVIRUS. SO WE CAN TREAT THOSE TUMORS, INCLUDING 
NF1 AND NF2 TUMORS, WITH REOVIRUS. INSTEAD OF BLOCKING THE PAK PATHWAY, USING THIS 

PAK PATHWAY WE CAN ACTUALLY TREAT NEUROFIBROMATOSIS. 

THESE ARE IN OUR HOPE, AND SOME OF THE VIRUSES OR CHEMICAL COMPOUNDS ARE NOW 
CLINICAL TRIALS. THE ONLY THING THAT WE HAVE TO SHOW (PRIOR TO NF CLINICAL TRIALS) 
IS THAT THESE VIRUSES OR CHEMICAL COMPOUNDS WORK AT LEAST IN MOUSE NF MODELS. THEN 
WE ARE ALLOWED TO SHIFT TO THE CLINICAL TRIALS. THAT IS OUR CURRENT SITUATION. 
THERE IS A HOPE FOR MOST OF NF1 AND NF2 PEOPLES. TO CLOSE MY TALK, I'D LIKE TO 
SHOW A FEW PEOPLE WHO HAVE CONTRIBUTED TO THIS WORK. THIS IS MY SMALL GROUP OF 
MINE IN MELBOURNE WHO CONTRIBUTED TO THE WORK ON PAK INHIBITORS. THESE TWO PERSONS 
(HONG AND THAO) CONTRIBUTE TO SHOW THAT PAK IS ESSENTIAL FOR RAS CANCER’S GROWTH 
AND ALSO DEVELOPING THE PAK INHIBITORS. THIS LADY (YUMIKO) ACTUALLY SHOWED THAT 
NF2 IS AN INHIBITOR FOR PAK AND ALSO SHOWED THAT THE PAK INHIBITORS ACTUALLY BLOCK 
THE GROWTH OF BOTH NF1 AND NF2 TUMORS. ALSO THESE (GENTLEMEN) ARE CHEMISTS AT YALE 
WHO SYNTHESIZED THE PAK INHIBITOR (CEP-1347). NOW THEY ARE ALSO TRYING TO CONVERT 
THE MARINE COMPOUND TO A MUCH MORE POTENT PAK-SPECIFIC INHIBITOR, ST-2004. SEVERAL 
OTHER PEOPLE ALSO HELPED OUR WORK. FIRST OF ALL, ALEX LEVITZKI'S GROUP PROVIDED US 
WITH AG 879. ALSO OUR NEIGHBORS, JONATHAN BAELL PROVIDED US WITH A WATER-SOLUBLE 

DERIVATIVE OF AG 879. FK228, 

THE MOST POTENT PAK INHIBITOR, WAS PROVIDED BY FUJISAWA PHARMACEUTICALS IN JAPAN. 
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THE MESOTHELIOMA CANCER CELL LINES WHICH ARE NF2 DEFICIENT, WERE PROVIDED BY A 
GERMAN GROUP, WHILE H-MESO WAS PROVIDED BY JOE TESTA AT FCCC IN PHILADELPHIA. 
WITHOUT THOSE PEOPLE, WE WOULDN’T BE ABLE TO DEVELOP THOSE PAK INHIBITORS AND ALSO 
UNABLE TO DISCOVER THAT PAK IS ESSENTIAL FOR THE GROWTH OF NF2 AND NF1 TUMORS. I 
THINK I HAD BETTER STOP TALKING HERE, AND WOULD BE HAPPY TO ANSWER ANY QUESTIONS. 

THANK YOU VERY MUCH FOR YOUR KIND ATTENTION! 

PAUL: WE HAVE 10 MINUTES FOR QUESTIONS. 

I SKIPPED SO MANY THINGS. SO I THINK MANY THINGS MAY REMAIN UNCLEAR. EVEN ANY 

TECHNICAL OR SIMPLE 

QUESTION WILL BE WELCOME. 
  

ROSEMARY: CAN I JUST SUGGEST WITH THE IC50 IF YOU EXPLAIN A LITTLE MORE ABOUT 
FK228 AND HOW THAT IS IN COMPARISON WITH SOMETHING ELSE. PEOPLE ARE NOT CLEAR TO A 

POINT. 

REGARDING THE IC50 OF A DRUG CALLED GLEEVEC, WHICH IS GOOD FOR A LEUKEMIA CALLED 
CML (CHRONIC MYELOGENIC ETC). THE GLEEVEC WAS DEVELOPED BY NOVARTIS IN 
SWITZERLAND. IC50 IS ABOUT 50 NM. SO COMPARED WITH THAT OF FK228 WHICH IS AROUND 5 

PM, GLEEVEC I 10,000 TIMES LESS POTENT THAN FK228(FK228 IS 10,000 TIMES POTENT AS 

MUCH AS GLEEVEC). ANY OTHER QUESTIONS? YES? 

CINDY: FIRST OF ALL, I WANT TO SAY THANK YOU. YOU WERE VERY CLEAR ON YOUR 
PRESENTATION. I WANTED TO CLARIFY. YOU SAY PAK 1 INHIBITOR, IF IT WILL HELP NF2, 

WILL IT ALSO HELP NF1, BOTH DISEASES? YOU SAID IT WOULD HELP NF1 AND NF2? 

YES. FK228 HELPS BOTH NF1 AND NF2. AND WE ARE TESTING IN MICE TO CONFIRM THAT. 

MARIE: MY UNDERSTANDING IS THAT IT TAKES A LONG TIME FOR A DRUG TO GET FROM 

CLINICAL TRIALS, PARTICULARLY IN THE UNITED STATES FOR THEM TO 

APPROVE IT, AND MAYBE SOME PEOPLE WOULD ACTUALLY LIKE TO PARTICIPATE, BE WILLING 
TO PARTICIPATE IN THE CLINICAL TRIAL IN THE HOPE THAT IT WOULD HELP. HOW DOES ONE 

GO ABOUT BEING ABLE TO PARTICIPATE IN A CLINICAL TRIAL? 

WELL, I'M NOT A CLINICIAN, SO I AM AFRAID THAT I MAY NOT BE ABLE TO GIVE YOU THE 
RIGHT ANSWER. PROBABLY DR. CHAN WILL GIVE YOU A MORE APPROPRIATE ANSWER. I 
PRESENTED YOU SOME OF THE CHEMICAL COMPOUNDS, LIKE FK228, OR A VIRUS WHICH IS 
ALREADY IN CLINICAL TRIALS PHASE 2 OR PHASE3. THAT IS ACTUALLY VERY CLOSE TO THE 
FDA’S APPROVAL. WITH A FEW OTHER COMPOUNDS, WE ARE DOING ANIMAL EXPERIMENTS, AND 
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NOT CLINICAL TRIALS THAT PROBABLY TAKES MORE TIME, MAYBE 5 OR 10 YEARS FOR THEM TO 

APPEAR IN MARKET. 

SOME CHEMICALS ARE ALREADY IN CLINICAL TRIAL PHASE 2 AND PHASE 3, AND PROBABLY 
BECOME AVAILABLE FOR YOU, NF1 AND NF2 PEOPLE, BEFORE OTHER CHEMICALS BECOME 
AVAILABLE. SO THAT'S THE TIME SCALE. AS I SAY, DR. CHAN CAN PROBABLY TELL YOU MORE 

DETAILS. >> I 

CINDY: E MORE QUESTION. AS A SCIENTIST, DO YOU KNOW HOW TNF CAN INHIBIT THE 

CANCER’S GROWTH? DO YOU UNDERSTAND WHAT I'M SAYING? 

SHE'S ASKING WHETHER TNF, TUMOR ECROSIS FACTOR, IS USEFUL FOR THE TREATMENT OF NF1 

AND NF2. 

I DON'T THINK IT IS EFFECTIVE FROM A POINT OF BASIC SCIENTIST’S VIEW. THE 
USEFULNESS OF THE TNF IS VERY LIMITED. IRONICALLY, THE CURRENT DIRECTOR OF OUR OWN 
INSTITUTE IS THE PERSON WHO INITIALLY DEVELOPED THAT TNF. IT'S NOT WORKING. THAT 

IS WHY HE'S EVENTUALLY GIVEN UP. 

NF SUPPORT GROUPS, KAREN CAN GET YOU ON THE MAILING LISTS AND GET YOU INVOLVED, 

ANSWER ANY QUESTIONS YOU HAVE. 
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