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THE MERLI N- PAK CONNECTI ON REVEALED: THE TURNI NG PO NT I N THE DEVELOPMENT OF
THERAPEUTI CS FOR NF?

H ROSH MARUTA, PH. D.

I AM A VERY BASI C SCI ENTI ST. ACTUALLY, | HAVE NEVER SPOKEN TO SO CALLED LAY
PEOPLE, SO I'M A LITTLE BIT SCARED. |’'LL TRY MY BEST TO MAKE My MESSACGE CLEAR | N
THE SI MPLEST TERM MY ORI G NAL RESEARCH HAS BEEN FOCUSED ON THE RAS CANCERS WH CH
ARE CAUSED BY A PARTI CULAR GENE CALLED RAS. THI S CAUSES MORE THAN 90% OF
PANCREATI C AND MORE THAN 50% OF COLON CANCERS. THAT IS WHY RAS CANCERS HAVE BEEN
MY ORI G NAL FOCUS, BUT DURI NG OUR RESEARCH WE NOTI CED THAT THERE IS A VERY CLOSE
RELATI ONSHI P BETWEEN NF, NEUROFI BROVATOSI S (BOTH TYPE 1 AND TYPE 2), AND RAS

CANCERS.

ABOUT A DECADE AGO, AS SOON AS BOTH NF1 AND NF2 GENES WERE CLONED OR DI SCOVERED,
VWE STARTED WORKI NG ON NF. BY THE END OF THI S TALK YOU LL SEE THAT EI THER NF1 OR
NF2 IS NOT | SOLATED FROM OTHER CANCERS, BUT THEY SHARE MANY COVMON THI NGS. | N 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 THI NK THE DRUGS VWHI CH BLOCK PARTI CULAR
ENZYME CALLED PAK COULD BE POTENTI ALLY THE FI RST CURE FOR NF, AS WELL AS MANY
OTHER CANCERS. MY TALK TODAY WLL FOCUS ON THE RELATI ONSHI P BETWEEN RAS CANCERS
AND NF, NEUROFI BROVATOSIS, AND MY MAJOR FOCUS IS ON A PARTI CULAR ENZYME CALLED

PAK.

I TH NK YOU ARE MJUCH MORE FAM LI AR THAN MYSELF ABOUT WHAT NF2 |IS. SO TH S SLI DE
SHOAS ONLY SYMBCLI CALLY ONE OF THE TYPI CAL NF2 DI SEASES CALLED MENI NG OVAS. BEFORE
I DI SCUSS THE DETAI LS HOWN RAS CANCERS AND NF ARE RELATED, |'D LIKE TO G VE YQU A
VERY SHORT | NTRODUCTI ON, | N PARTI CULAR THE CURRENT SI TUATI ON OF NF2 TREATMENT. AS
YOU KNOW MORE THAN ONE AND A HALF M LLI ON PEOPLE ON THI S PLANET ARE SUFFERI NG
FROM NEURCFI BROVATOSI S (NF), IN EITHER TYPE 1 OR TYPE 2; HONEVER, THE STATUS OF NF
TREATMENT IS VERY FAR FROM SATI SFACTORY. ONE OF THE REASONS | S THAT TREATMENT I S
LIMTED TO ONLY SURGERY AND RADI OTHERAPY. HOWAEVER, FOR COVPLETE TREATMENT OF NF,

THESE TWO TYPES OF TREATMENT ARE NOT COWVPLETE.

THERE ARE TWO REASONS. ONE (REASON) |'S THAT NEUROFI BROVATOSIS IS H GHLY METASTATI C
SO THAT ALTHOUGH THE ORI G NAL TUMOR |I'S DEVELOPED I N BRAIN OR ALONG THE SPI NAL

CORD, EVENTUALLY THE TUMOR SPREADS OVER THE WHOLE BODY SO THAT THE LOCAL TREATMENT
BY SURGERY OR RADI OTHERAPY WOULDN T BE SUFFI Cl ENT FOR A COWPLETE CURE. THE OTHER
REASON | S THAT THE SI TES WHERE THE TUMOR GROAS ARE | N THE BRAIN AND ON THE SPI NAL
CORD SO THAT | T WOULD BE VERY DI FFI CULT TO REMOVE OR DESTROY THETUMORS W THOUT



AFFECTI NG THE SURROUNDI NG HEALTHY NERVE. HOANEVER, NO THERAPEUTI CS HAS BEEN
DEVELOPED FOR THE COVPLETE CURE OF NF AS YET.

ONE QUESTI ON YOU M GHT ASK I'S: WWHY CONVENTI ONAL ANTI - CANCER DRUGS ARE NOT USED FOR
NF1 OR NF2. WELL, THERE IS A REASON. ACTUALLY, THESE CONVENTI ONAL THERAPEUTI CS ARE
NOT' EFFECTI VE I N EI THER NF1 OR NF2, SIMPLY BECAUSE THESE CONVENTI ONAL DRUGS WERE
DEVELOPED TO TARGET MAINLY THE FAST GROW NG MALI GNANT TUMORS. UNFORTUNATELY, AS
YOU KNOW THE MAJORI TY OF NEUROFI BROVATOSI S (NF TUMORS) ARE NOT NMALI GNANT AND ONLY
10% OR LESS ARE SO CALLED CANCER OR MALI GNANT. ALSO THE GROMH OF THESE NF TUMORS
'S VERY SLOWN THE CONVENTI ONAL DRUGS TARGETI NG ON FAST- GROW NG TUMORS, LI KE
LEUKEM A, WORK ONLY ON TUMORS THAT GROW VERY FAST, BUT NEVER WORK ON THE VERY SLOW
TUMORS. ALSO, THESE CHEMOTHERAPEUTI CS HAVE SEVERE S| DE EFFECTS ON SOVE NORVAL
CELLS SUCH AS HAI RS AND BONE MARROW CELLS, WH CH ALSO GROW VERY FAST. THAT' S WHY
VE, NOT ONLY MY OAWN GROUP, BUT ALSO MANY OTHER CANCER RESEARCH GROUPS, DECI DED TO
DEVELOP A NEW TYPE OF CHEM CAL COVPOUNDS VWHI CH BLOCK THE SPECI FI C Sl GNALI NG
PATHWAYS ESSENTI AL FOR TUMOR GROMH. THAT'S ONE OF THE REASONS WHY WE STARTED W TH
RAS, BECAUSE RAS | S PROBABLY THE BEST KNOWN ONCOGENI C OR CANCEROUS GENE PRODUCT,
AND Bl OCHEM STRY OF SI GNALI NG PATHWAYS DOMWN- STREAM OF RAS HAS BEEN MOST
COVPREHENSI VELY STUDI ED DURI NG LAST TWO DECADES. I N THE END WE FOUND THAT BOTH NF1
AND NF2 SHARE A COWON SI GNAL W TH RAS CANCERS AND MANY OTHER MAJOR CANCERS. SO

FI RST, LET ME TRY TO TELL YOU HOW RAS WORKS.

RAS IS A SI GNAL TRANSDUCI NG PROTEI N, AND THERE ARE TWO STAGES. ONE | S THE ACTI VE
FORM WH CH BI NDS A CERTAI N NUCLEOTI DE CALLED GTP. I N THE NORMAL CELLS RAS CYCLES
BETWEEN | NACTI VE FORM AND ACTI VE FORM THROUGH TWDO OTHER PROTEINS, "A" CONVERTI NG
RAS FROM THE ACTI VE FORM TO | NACTI VE FORM ( GDP- BOUND FORM), OR "B" ONLY UPON THE
STI MULATI ON OF CELLS BY GROMH FACTORS, REACTI VATI NG THE RAS. NORVAL RAS STAYS
ONLY TRANSI ENTLY I N THE ACTI VE FORM THAT'S VWHY NORMAL CELLS W LL NEVER CET

MALI GNANT. HOWAEVER, WHEN RAS GENE | S MJUTATED PERMANENTLY, I T IS KEPT FROZEN IN THI S
ACTI VE FORM AND KEEPS SENDI NG A SI GNAL CONTI NUQUSLY TO I TS DOANNSTREAM EFFECTORS.

THEN THAT CAUSES TUMORS.

AMONG SEVERAL EFFECTORS WHI CH ARE ACTI VATED BY RAS ARE Pl -3 KI NASE, RAF AND TI AM
BUT YOU DON' T HAVE TO REMEMBER THOSE NAMES. BY THIS SLIDE |'D LI KE TO SHOW HOW RAS

CANCERS AND NF1 AND NF2 CRCSS. FI RST OF ALL,

"D LI KE TO SHON THE WAY HOW RAS ACTI VATES OTHER PROTEI NS SI MPLY CALLED A, B, AND
C. A ACTIVATES B, AND B I N TURN ACTI VATES C, THROUGH THI S SI GNAL CASCADE. | N THE
END THE KEY ENZYME PAK | S ACTI VATED THAT WE ARE WORKI NG ON. SO RAS ACTI VATES PAK
THROUGH THESE SI GNAL TRANSDUCERS (A, B, AND C). WE KNOW THAT FOR RAS TO | NDUCE
TUMORS REQUI RES THI S ENZYME PAK. WE' RE WORKI NG ON PAK FOR ALMOST 30 YEARS SO THAT
VE KNOW THE EVERY PROPERTY OF THI S PAK, AND WE ARE ON THE BEST POSI TI ON TO DEVELOP

| TS | NHI Bl TORS.

NF1, TYPE 1 NEURCFI BROVATCSIS, |I'S CAUSED BY DYSFUNCTI ON OR LCSS OF A GENE CALLED
NF1. THE GENE PRODUCT FOR NF1 HAPPENS TO BE AN ATTENUATOR OF NORMAL RAS. SO VWHEN
NF1 GENE | S M SSI NG THE NORVAL RAS BECOVES ABNORMALLY ACTI VATED, THEN EVENTUALLY
THROUGH THIS A, B, C PATHWAY, THI S PAK IS ACTIVATED. SO I N TERM5 OF THE SI GNAL,



THE TYPE 1 NF BEHAVES | N THE SAME WAY AS RAS CANCERS SUCH AS PANCREATI C AND COLON
CANCERS.

SEVERAL YEARS AGO JEFF FI ELD S GROUP AT UNI VERSI TY OF PENNSYLVANI A SHOWNED THAT
TH'S ENZYME | S ESSENTI AL FOR THE TYPE 1 NEURCFI BROVATCSI S. | T MEANS THAT | F WE
HAVE HAD A SPECI FI C | NHI Bl TOR FOR PAK, WE COULD HAVE TREATED AT LEAST TYPE 1 NF
SINCE THEN, BUT UNTIL VERY RECENTLY NOBCDY HAS DEVELOPED ANY ANTI - PAK CHEM CAL
COMPOUND. THAT IS WHY THERE | S SO FAR NO TREATMENT OR CHEMOTHERAPEUTI CS TO TREAT

NF1.

THE TYPE 2 NF IS CAUSED BY A LOSS OF A GENE CALLED NF2 OR I'TS MJTATI ON CAUSI NG A
LCSS OF I TS TUMOR SUPPRESSOR FUNCTI ON. BUT NF1 AND NF2 GENE PRODUCTS ARE
STRUCTURALLY SO DI FFERENT, SO | T WAS VERY DI FFI CULT FOR US TO FI ND THE EXACT
FUNCTI ON OF NF2 GENE PRODUCT THAT WE CALL "MERLIN' (NAMED AFTER A MAG CI AN I N THE
LEGEND OF KI NG ARTHUR). AS SOON AS THE NF2 GENE WAS DI SCOVERED BY JI M GUSELLA' S
GROUP AT MGH AND A FRENCH GROUP I N PARI'S, WE DECI DED TO TEST WHETHER NF2/ MERLIN | S
A TUMCOR SUPPRESSCR. SO PUTTING THI'S GENE IN A RAS CANCER, WWE WATCHED WHAT WOULD
HAPPEN. AS EXPECTED, THE MALI GNANT TRANSFORMATI ON | S REVERSED, SO WE KNOW THAT BOTH
NF2 AND NF1 GENES BLOCK SOVEWHERE | N THI S ONCOGENI C RAS PATHWAY. HOWEVER, | T HAS
BEEN DI FFI CULT TO SORT OQUT WHAT THE PRI MARY TARCGET OF THIS MERLIN IS (I T TURNS QUT
TO BI ND SEVERAL PROTEI NS). EVENTUALLY TWO YEARS AGO WE FOUND THAT THE MERLI N ACTS
AS AN INH BI TOR I N PAK. I N OTHER WORDS, WHEN THI S NF2 GENE IS M SSI NG, PAK | S
ABNCRMVALLY ACTI VATED, JUST LI KE THE LOSS OF NF1 OR MJTATI ON OF RAS. SO ACTUALLY
THE TYPE 1 AND TYPE 2 OF NEURCFI BROVATCSI S ARE | N THE SAME FAM LY AS THE RAS
CANCERS. FURTHERMORE | WLL SHOW YOU I N THE NEXT SLI DE THAT LOSS OF NF2 ACTUALLY

ACTI VATES PAK.

VWE HAVE TWO TYPES OF MESOTHELI OVA CANCER CELLS WH CH ARE DERI VED FROM LUNG CANCERS
CAUSED BY ASBESTOS, BUT ONE NORMALLY EXPRESSES NF2 GENE, VWHI LE THE OTHER I S NF2-
DEFI Cl ENT. THEN WE COMPARED THE PAK ACTI VI TY BETWEEN THESE TWO CELL LI NES, USING A
RAS CANCER AS A POSI TI VE CONTROL WHI CH HAS A VERY H GH PAK ACTIVITY COVWARED W TH

NORVAL CELLS.

THE PAK ACTIVITY IN NORVAL CELLS IS ONLY ONE- TENTH OF THAT I N RAS CANCER. WHEN
MERLIN IS M SSI NG I N CELLS, PAK ACTIVITY BECOMES VERY H GH, QU TE SIM LAR TO RAS
CANCER. BUT I N THE CELLS EXPRESSI NG NORVALLY NF2, THE PAK ACTI VI TY REMAI NS VERY

LOW (LI KE NORVAL CELLS).

THE NEXT QUESTION IS WHETHER THI S PAK IS ACTUALLY ESSENTI AL FOR THE GROMH OF NF2
TUMORS. WE HAVE TWO | NHI BI TORS FOR PAK. ONE | S A PEPTI DE WH CH BLOCKS THE
| NTERACTI ON BETWEEN TWO PROTEINS, PAK AND PI X. | WLL NOT TELL YOU DETAILS, BUT

THE PART OF PAK HAS SOME 18

AM NO ACI DS STRETCH. THIS IS REQUI RED FOR | TS | NTERACTI ON W TH THE PI X THAT
ACTI VATES PAK. SO I F WE USE THI S PEPTI DE/ STRETCH, WE HAVE TO MAKE I T CELL-

PERVEABLE BEFORE PUTTING IN A MEDIUM THEN I T BLOCKS THI S



| NTERACTI ON(W THI N CELLS) .

ALSO WE USED ANOTHER | NHI BI TOR, A CHEM CAL COMPOUND CALLED CEP-1347. THIS IS ALSO
A SPECI FI C | NHI BI TOR FOR PAK. USI NG THESE | NHI BI TORS, WE TESTED HOW THE GROMH OF
NF2- DEFI Cl ENT AND NF2 POSI TI VE CANCER CELLS4 IS AFFECTED. AS YOU SEE, BOTH THESE
CHEM CAL COMPOUND AND PEPTIDE I NHI BIT THE GROMH OF ONLY NF2- DEFI Cl ENT CANCER
CELLS, HAVI NG NO EFFECT ON NF2-POSI TI VE CELLS. SO TH' S CLEARLY SHOWS THAT THE
GROMH OF NF2- DEFI CI ENT CANCER CELLS REQUI RE PAK FOR THEI R GROMH. HOAEVER, THESE
I NHI Bl TORS HAVE RELATI VELY HI GH I C50 (ARE NOT SO POTENT). SO WE TRI ED TO FI ND OUT
A MJUCH MORE POTENT PAK | NH BI TOR WHI CH CAN BE USEFUL FOR A CLINICAL TRIAL. I N THE

END WVE FOUND ANOTHER CHEM CAL COMPOUND CALLED FK228.

MAYBE YOU SHOULD EXPLAI'N | C50, WHAT | T MEANS. THAT WOULD BE GOOD FOR PECPLE.

| C50 IS THE CONCENTRATI ON OF A CHEM CAL COVPOUND WHI CH SHOWS 50% | NHI BI TI ON OF THE
GROMH . THE LONER | C50 1S, THE MORE POTENT IT I'S. SO WE ARE LOCKI NG FOR SOVETHI NG
VWHOSE 1 C50 1S VERY LOW AS YOU SEE, EVEN AT 0.1 NM TEN THOUSAND TI MES LOAER ( THAN
| C50 OF CEP-1347 ETC), FK228 CAN COVPLETELY BLOCK THE GROMH OF NF2- DEFI Cl ENT CELL
GROMH THIS IS ITS CHEM CAL STRUCTURE. IT IS A RING PEPTIDE. TH S CHEM CAL
COMPOUND HAS BEEN I'N CLI NI CAL TRIALS FOR A VAR ETY OF TUMORS OR CANCERS, BUT NOT
YET FOR NF TUMORS. THI S SLI DE WOULD SHOW HOW THI S COVPOUND FK228 BLOCKS THE PAK
PATHWAY. THI S CHEM CAL COVPOUND DOES NOT DI RECTLY BI ND PAK, BUT BLOCKS BOTH
UPSTREAM AND DOWNSTREAM OF PAK. FK228 WAS DEVELOPED ORI G NALLY AS AN ANTI - RAS
CANCER DRUG BY A JAPANESE PHARVACEUTI CAL COVPANY CALLED "FUJI SAWA", BUT UNTI L
RECENTLY NOBCDY KNEW HOW I T BLOCKS THE GROMH OF RAS CANCERS. A FEW YEARS AGO THEY

FOUND THAT

TH' 'S CHEM CAL COMPOUND CHANGED THE STRUCTURE OF CHROVATI N, A COVPLEX OF GENES, AND
A SUBSET OF GENES ARE ACTI VATED BY THI S CHEM CAL COVPOUND. TWO OF THEM HAPPEN TO
BE THE TUMOR SUPPRESSORS, GELSOLI N AND P21. TH S SCHEME SHOWNS HOW RAS ACTI VATES
THE CELL DI VI SI ON THROUGH PAK. THE CGELSOLI N BLOCKS THE ENZYME "A" RI GHT AFTER RAS.
SO IN THE PRESENCE OF THI S CHEM CAL COVPOUND, PAK |'S NO LONGER ACTI VATED. THAT' S

VHY THI S COMPOUND BLOCKS THE GROMH OF RAS CANCERS.

ALSO THI' S CHEM CAL COMPOUND, THROUGH ANOTHER PROTEI N CALLED P21, BLOCKS DOMNNSTREAM
OF PAK. SO THI S SI NGLE CHEM CAL COVPOUND 3 VES A DOUBLE PUNCH TO THI S ONCOGEN C
RAS PATHWAY. EVENTUALLY WE ACTUALLY SHOWED THAT THI S CHEM CAL COVPOUND REDUCES THE
PAK ACTIVITY IN RAS TRANSFORMED CELLS. THE CONTROL CELLS SHOW A VERY HI GH PAK

KI NASE ACTI VI TY, BUT WHEN YOU TREATED CELLS WTH THI S DRUG AT THI S CONCENTRATI ON,
THE PAK ACTIVITY IS SIGNI FI CANTLY REDUCED. SO | T'S NOW CLEAR THAT THI S COMPOUND
BLOCKS THE PAK ACTI VATION. TO SEE | F BOTH NF1 AND NF2 DEFI Cl ENT TUMORS REQUI RE PAK
FOR THEI R GROMH, WE TESTED WHETHER THI S COMPOUND HAS ANY EFFECT ON THEI R GROMH.

AS WE SEE, VWHEN YOU TREAT THESE TWO CELL LINES WTH THI' S DRUG NONE OF THEM GROWS.

AT THI'S CONCENTRATION (0.1 NM, THE INHI BITION I S 100 PERCENT. 15 AND THEN WE
DETERM NED THE | C50, THAT IS THE CONCENTRATI ON OF CHEM CAL COVPOUNDS THAT
I NHI Bl TSTHE GROMH BY 50% | T TURNED QUT TO BE AROCUND 5 PM VERY, VERY LOW



CONCENTRATI ON. WE USED THE CELL LI NE H MESO, DERI VED FROM A LUNG CANCER
( MESOTHELI OVA) CAUSED BY ASBESTOS, AS THIS IS THE MOST FAST GROAN NG AMONG NF- 2
DEFI Cl ENT CELL LINES. MOST NF TUMORS GROW VERY SLOALY. SO IT IS VERY HARD TO DO

ANY ANI MAL EXPERI MENT W TH NF TUMORS.

USING THI S CELL LINE, WE CAN HAVE TWO TYPES OF XENOGRAFT, BY TRANSPLANTI NG THI S
HUMAN CELL LINE IN | MMUNO DEFI Cl ENT M CE (CALLED NUDE MCE). ONE IS A SOLID TUMOR
TH'S ONE GROANS VERY SLOALY. THE OTHER ONE |'S ASCI TES VHICH | S SUPPCSED TO GROW
MJUCH FASTER. TO SEE WHETHER THI S CHEM CAL COVPOUND SUPPRESSES THE GROWH OF NF2-
DEFI Cl ENT CELLS, |I'T WOULD TAKE PROBABLY A FEW MORE MONTHS, EVEN USI NG THI S ASCI TES
TUMOR. THE PRI ME REASON | S THAT GROMH OF THESE CELL LI NES ARE MJUCH SLONER THAN

THE MAJOR CANCERS, SUCH AS PANCREATI C AND BREAST CANCERS.

SO MEANVWHI LE, WE CHOSE A MUCH FAST GROW NG HUVAN CANCER TO FI ND OQUT THE BEST
CONDI TI QN, SO CALLED M NI MUM EFFECTI VE DOSE OF FK228 O THAT ONCE WE KNOW THE

M N MUM DOSE, WE CAN START A CLINICAL TRIAL FOR NF1 AND NF2.

THERE ARE TWO REASONS VWHY WE CHOSE BREAST CANCERS. FI RSTLY, ABOUT THREE- QUARTERS
OF BREAST CANCERS ARE ESTROGEN- DEPENDENT, AND ESTROGEN RECEPTOR AND THE KEY ENZYME
PAK FORM A VI Cl QUS CYCLE. THE RECEPTOR ACTI VATES PAK AND I N TURN PAK ACTI VATES THE
RECEPTOR. SO WE THOUGHT | F YOU BLOCK THE PAK, THEN THE ESTROGEN- DEPENDENT GROMH
OF THESE BREAST CANCERS COULD BE | NHI BI TED. ALSO ABOQUT 30% OF BREAST CANCERS ARE
DEVELOPED BY MUTATI ON OF OTHER RECEPTORS CALLED ERBB1 AND ERBB2. THESE RECEPTORS
ARE ACTI VATED BY PEPTI DE HORMONES. THE RECEPTORS EVENTUALLY ACTI VATE PAK THROUGH
THE RAS PATHWAY THAT | HAVE SHOWN YOU. SO THESE BREAST CANCERS ARE ALSO PROBABLY
SENSI TI VE TO FK228. SO WE RECENTLY STARTED TO DETERM NE THE CONCENTRATI ON THAT
FK228 NEEDS TO BLOCK THE GROMH OF THE BREAST CANCER. AS YQU SEE, IT IS AROCUND 5-
10 PM VERY SI M LAR CONCENTRATI ON AT VWH CH THE GROMH OF NF1 AND NF2 CELLS IS

I NH BI TED. SO IN TERM5 OF SENSI TIVITY, TH S BREAST CANCER | S VERY SIM LAR TO NF1
OR NF2 TUMOR CELLS. SINCE TH S DEVELOPS A TUMOR VERY FAST | N NUDE M CE, WE THOUGHT
TH' 'S WOULD BE A GOOD MCDEL FOR DETERM NI NG THE M NI MUM EFFECTI VE DOSE OF THI S

CHEM CAL COMPQOUND I N VI VO

Rl GAT NOW WE HAVE A XENOGRAFT OF THI S HUMAN BREAST CANCER IN M CE. SINCE THE
PHARMACEUTI CAL COMPANY PROVI DED US W TH FK228, WE CANNOT RELEASE THE DETAI LED DATA
RI GHT NOW (W THOUT THEIR PERM SSI ON), BUT | WLL TELL YOU THAT THE GROMH OF TH S
BREAST CANCER | S ALMOST COVPLETELY BLOCKED BY THI S DRUG WTH A CERTAIN DOSE. | N
THE REMAI NI NG 10 M NUTES |'LL SHOW YOU A FEW OTHER ANTI - PAK DRUGS VWH CH BLOCK

El THER 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 I T WAS

PUBLI SHED THAT THE SAME COVPOUND BLOCKS THE GROMH OF PROSTATE CANCER, | NDI CATI NG
THAT MORE THAN 70% OF ALL HUMAN CANCERS/ TUMORS CAN BE TREATED BY ANTI - PAK

I NHI Bl TORS SUCH AS FK228. BUT AS YOU KNOW EVEN A M RACLE DRUG CALLED GLEEVEC,
PROBABLY A SI NGLE 8 CHEM CAL COVPOUND WOULD NOT LEAD TO THE COWPLETE CURE, SI MPLY
BECAUSE SOME MUTATED TUMORS THEN BEG N TO SHOW THE RESI STANCE TO THI S DRUG. SO WE
LI KE TO HAVE MULTI PLE (MORE THAN ONE) DRUGS WHI CH BLOCK DI FFERENT TARGET ENZYMES,
BUT I N THE SAVE PATHWAY. THAT IS ONE OF THE REASONS WHY WE DEVELOPED ANOTHER

I NHI Bl TOR CALLED AG 879 WHI CH BLOCKS THEI NTERACTI ON BETWEEN PAK AND ETK. THE ETK



I S ANOTHER ENZYME WHI CH IS REQUI RED FOR THE ACTI VATI ON OF PAK. THE PAK REQUI RES SO
MANY PROTEINS FOR THE ACTI VATION I N CELLS. SO I F YOU BLOCK THI S ETK, YOU CAN BLOCK
THE RAS PATHWAY, AND THEREORE AG 879 ALSO COULD BE USEFUL FOR THE TREATMENT OF NF.
BESI DES, WE ARE TRYI NG TO DEVELOP A DI RECT PAK- SPECI FI C | NHI BI TOR CALLED ST-2004
BY A SPECI FI C CHEM CAL MODI FI CATI ON OF A NON- SPECI FI C | NHI BI TOR CALLED ST-2001.

THE ORI G NAL COVPOUND FOUND I N A MARI NE SPONGE IS A VERY POTENT | NHI Bl TOR FOR PAK,
BUT I NHI BI TS SO MANY OTHER ENZYMES AS WELL. SO | T CAUSES EVEN THE DEATH OF NORIVAL
CELLS. SO YOU CAN T USE IT AS A DRUG HOANEVER, WE KNOW HOW TO MODI FY | T CHEM CALLY
TO REDUCE THESE SI DE EFFECTS SELECTI VELY SO THAT | TS DERI VATI VE ST-2004 BLOCKS

ONLY PAK IN THE END. WE ARE MAKING THI S "MAG C BULLET".

ALSO A DRUG COMPANY CALLED BAYER, AND A Bl OTECHNOLOGY COMPANY CALLED ONYX TOGETHER
DEVELOPED ANCTHER | NHI BI TOR CALLED BAY 43-9006. THI S IS SPECI FI C FOR ANOTHER
ENZYME CALLED RAF JUST DOWNSTREAM OF PAK. THIS IS NONIN CLI NI CAL TRIALS FOR RAS
CANCERS AND MANY OTHER CANCERS. SO THIS IS ALSO POTENTI ALLY USEFUL FOR THE
TREATMENT OF NF1 AND NF2, BECAUSE I T BLOCKS RI GHT DOMSTREAM OF PAK, AND THI S

PATHWAY | S ACTUALLY REQUI RED FOR THE GROMH | N NF2.

USI NG JUST A FEW LAST M NUTES, | WLL SHOW YOU HOW TO MODI FY AND CONVERT THE NON-
SPECI FI C PAK | NHI BI TOR TO A POTENT PAK SPECI FI C | NHI Bl TOR. ACTUALLY, | HAVE

MENTI ONED YOU THAT THE CEP-1347 1S A SPECI FI C I NHI Bl TOR FOR PAK, BUT THE | C50 1S
VERY H GH AROUND 1 MCRO M AND IN OQUR COMWON SENSE WE CAN' T USE | T FOR SO CALLED
N VIVO (ANl VAL OR CLI NI CAL) EXPERI MENT, BECAUSE WE HAVE TO USE A VERY H GH DOSE
TO SEE THE EFFECT. SO WE BEGAN TO FOCUS ON THE COMPQOUND ST-2001, A PRODUCT COF A

MARI NE SPONGE FOUND I N GUAM | SLAND. THI S I S A THOUSAND

TI MES MORE POTENT THAN CEP-1347. THE PAK-SPECI FICI TY OF CEP-1347 IS BASED ON THE
UNI QUE PROPERTY OF PAK THAT DI STI NGUJI SHES | TSELF FROM OTHER ENZYMES. THE DRUG

Bl NDI NG DOVAI N OF THE ENZYME PAK IS MJCH Bl GGER THAN ANY OTHER ENZYMES CALLED
KINASE FAM LY. SO | F YOU PUT THESE BULKY SI DE CHAI NS, ONLY PAK CAN ACCEPT THI S
COVPOUND. SO ALTHOUGH ST-2001 | TSELF BI NDS ANY OTHER ENZYMES NON- SPECI FI CALLY, |F
YOQU PUT TH S BULKY SIDE CHAIN TO TH'S COMPOUND, CONVERTI NG THI'S ONE TO ST-2004,
THEN I T IS EXPECTED TO I NH BI' T ONLY PAK, AND NOT' ANY OTHER ENZYMES, AND I T | S VERY
POTENT. THAT IS WHAT WE ARE MAKI NG I N COLLABORATI ON W TH PEOPLE I N GUAM | SLAND AND
ORGANI C CHEM STS AT YALE. BECAUSE WE NEED A LARGE QUANTITY OF ST-2001, I'T TAKES
SOMVE TI ME, BUT HOPEFULLY BY THE END OF TH S YEAR WE GET THI S STARTI NG COVPOUND | N

A LARGE SCALE, AND THEN CONVERT IT TO TH S PAK- SPECI FI C POTENT | NHI Bl TOR.

ONE OF THE CHEM CAL COMPOUNDS THAT WORKS AT LEAST IN RAS CANCER IN M CE | S CALLED
AG 879. THI S BLOCKS | NTERACTI ON BETWEEN PAK AND ETK. I T INH BI TS THE GROMH OF RAS
CANCER BY ONLY 50% THERE | S ANOTHER CHEM CAL COVPOUND CALLED PP1, WH CH WAS

ORI G NALLY DEVELOPED BY THE PHARMACEUTI CAL COVPANY PFI ZER SEVERAL YEARS AGO. THI S
I NHI BI TS ANOTHER ENZYME I N THE SARC FAM LY. AGAIN I T ALONE I NH BI TS THE CANCER

GROMH ONLY BY 50%

I F YOU COVBI NE THESE TWO COVPOUNDS, THE GROMH OF RAS CANCER | S ALMOST



COWPLETELY BLOCKED. WE ARE GO NG TO DO THE SAME EXPERI MENTS W TH HUVAN

NF1 AND NF2 TUMORS. | F LI KE RAS CANCERS, IT IS PROVEN TO WORK W TH NF TUMORS, WE
CAN SHI FT TO CLI NI CAL TRI ALS. | HAVE TALKED ABOUT A FEW CHEM CAL COVPOUNDS WHI CH
BLOCK UPSTREAM OR DOMSTREAM OF PAK, BUT JUST BEFORE CLOSI NG My TALK, | WLL SHOW
YOU ANOTHER WAY TO TREAT NF, BOTH TYPE 1 AND TYPE 2. THIS IS A LI TTLE COWPLI CATED.
["LL JUST TRY TO MAKE I'T SI MPLER. THI S APPROACH I S SOVEHOW OPPCSI TE TO THE

CHEM CAL APPROACH.

THERE IS A UNI QUE VIRUS CALLED REOVIRUS. THIS | S A DEADLY VIRUS FOR M CE, BUT
HARMLESS FOR HUMANS. MOST PEOPLE HAVE PROBABLY NEVER HEARD ABOUT I T. | T BECAME
KNOWN ( SEVERAL YEARS AGO) THAT THE REOVI RUS CAN DESTROY ONLY THE CANCER CELLS IN

VH CH THE RAS | S ACTI VATED. THUS, RAS

CANCERS ARE THE MAJOR TARGET OF THIS VIRUS. THI S REOVI RUS DCES NOT CAUSE ANY HARM
TO NORMAL CELLS. SO IT' S NOWCLINICAL TRIAL (I THINK PHASE 1 OR 2), AND I T SHOAS

SOMVE PROM SI NG RESULT.

RECENTLY WE FOUND HOW RAS ALLOAS THI'S VIRUS TO | NFECT THE CELLS. THE RESPONSI BLE
ENZYME THAT ALLOWS THE REOVI RUS TO I NFECT CANCER CELLS IS ACTUALLY PAK, BECAUSE
PAK | NTERACTS WTH THI S AND OTHER PROTEI NS ANYHOWN PAR I'N PRI NCI PAL, ALL THE
CANCERS, I N WHI CH THE PAK | S ACTI VATED, LIKE RAS CANCERS AND NF TUMORS, THEY' RE
SENSI TI VE TO TH S REOVI RUS. SO AFTER THE TREATMENT W TH SO CALLED PAK | NHI Bl TORS
OF NF1/NF2 TUMORS, AND IF WE FIND THAT SOVE OF THE TUMORS BECOVE RESI STANT TO THE
ANTI - PAK DRUGS, WE KNOW I N THOSE CANCERS THE PAK | S FULLY ACTI VATED, AND THEREFORE
THE TUMOR IS SENSI TIVE TO TH S REOVI RUS. SO WE CAN TREAT THOSE TUMORS, | NCLUDI NG
NF1 AND NF2 TUMORS, W TH REOVI RUS. | NSTEAD OF BLOCKI NG THE PAK PATHWAY, USING THI S

PAK PATHWAY WE CAN ACTUALLY TREAT NEURCFI BROVATOSI S.

THESE ARE | N OUR HOPE, AND SOVE OF THE VI RUSES OR CHEM CAL COVPOUNDS ARE NOW

CLINI CAL TRIALS. THE ONLY THI NG THAT WE HAVE TO SHOW (PRI OR TO NF CLI NIl CAL TRI ALS)
'S THAT THESE VI RUSES OR CHEM CAL COVPOUNDS WORK AT LEAST | N MOUSE NF MODELS. THEN
VWE ARE ALLOWED TO SHI FT TO THE CLI NI CAL TRI ALS. THAT IS OUR CURRENT SI TUATI ON.
THERE IS A HOPE FOR MOST OF NF1 AND NF2 PECPLES. TO CLOSE My TALK, |'D LIKE TO
SHOW A FEW PEOPLE WHO HAVE CONTRI BUTED TO THIS WORK. THIS IS My SMALL GROUP OF

M NE I N MELBOURNE VWHO CONTRI BUTED TO THE WORK ON PAK | NHI BI TORS. THESE TWO PERSONS
(HONG AND THAO) CONTRI BUTE TO SHOW THAT PAK IS ESSENTI AL FOR RAS CANCER S GROWTH
AND ALSO DEVELOPI NG THE PAK I NHI BI TORS. TH S LADY (YUM KO ACTUALLY SHOAED THAT
NF2 1'S AN I NHI BI TOR FOR PAK AND ALSO SHOAED THAT THE PAK | NHI BI TORS ACTUALLY BLOCK
THE GROMH OF BOTH NF1 AND NF2 TUMORS. ALSO THESE ( GENTLEMEN) ARE CHEM STS AT YALE
VHO SYNTHESI ZED THE PAK | NHI BI TOR ( CEP-1347). NOW THEY ARE ALSO TRYI NG TO CONVERT
THE MARI NE COVPOUND TO A MJUCH MORE POTENT PAK- SPECI FI C | NHI BI TOR, ST-2004. SEVERAL
OTHER PECPLE ALSO HELPED OUR WORK. FI RST OF ALL, ALEX LEVITZKI'S GROUP PROVI DED US
W TH AG 879. ALSO QUR NEI GHBORS, JONATHAN BAELL PROVI DED US W TH A WATER- SCLUBLE

DERI VATI VE OF AG 879. FK228,

THE MOST POTENT PAK | NHI Bl TOR, WAS PROVI DED BY FUJI SAWA PHARMACEUTI CALS | N JAPAN.



THE MESOTHELI OVA CANCER CELL LI NES WHI CH ARE NF2 DEFI CI ENT, WERE PROVI DED BY A
GERVAN GROUP, WH LE H MESO WAS PROVI DED BY JOE TESTA AT FCCC | N PHI LADELPH A.

W THOUT THOSE PECPLE, WE WOULDN T BE ABLE TO DEVELOP THOSE PAK | NHI BI TORS AND ALSO
UNABLE TO DI SCOVER THAT PAK IS ESSENTI AL FOR THE GROMH OF NF2 AND NF1 TUMORS. |
THI NK | HAD BETTER STOP TALKI NG HERE, AND WOULD BE HAPPY TO ANSWER ANY QUESTI ONS.

THANK YOU VERY MJCH FOR YOUR KI ND ATTENTI ON!

PAUL: WE HAVE 10 M NUTES FOR QUESTI ONS.

| SKI PPED SO MANY THI NGS. SO | THI NK MANY THI NGS MAY REMAI N UNCLEAR. EVEN ANY
TECHNI CAL OR Sl MPLE

QUESTI ON W LL BE WELCOME.

RCSEMARY: CAN | JUST SUGGEST WTH THE 1 C50 | F YOU EXPLAIN A LI TTLE MORE ABOUT
FK228 AND HOW THAT IS I N COVPARI SON W TH SOMETHI NG ELSE. PEOPLE ARE NOT CLEAR TO A

PO NT.

REGARDI NG THE | C50 OF A DRUG CALLED GLEEVEC, WHICH | S GOOD FOR A LEUKEM A CALLED
CML (CHRONI C MYELOGENI C ETC). THE GLEEVEC WAS DEVELOPED BY NOVARTIS I N
SW TZERLAND. 1C50 IS ABOUT 50 NM SO COVPARED W TH THAT OF FK228 WHICH | S AROUND 5

PM GLEEVEC | 10,000 TIMES LESS POTENT THAN FK228(FK228 1S 10,000 TI MES POTENT AS

MJUCH AS GLEEVEC). ANY OTHER QUESTI ONS? YES?

CI NDY: FIRST OF ALL, | WANT TO SAY THANK YOU. YOU WERE VERY CLEAR ON YOUR
PRESENTATI ON. | WANTED TO CLARI FY. YOU SAY PAK 1 INHIBITOR |F I T WLL HELP NF2,

WLL I'T ALSO HELP NF1, BOTH DI SEASES? YOQU SAID I T WOULD HELP NF1 AND NF2?

YES. FK228 HELPS BOTH NF1 AND NF2. AND WE ARE TESTING IN M CE TO CONFI RM THAT.

MARI E: MY UNDERSTANDI NG IS THAT I T TAKES A LONG TI ME FOR A DRUG TO GET FROM
CLI Nl CAL TRI ALS, PARTI CULARLY I N THE UNI TED STATES FOR THEM TO

APPROVE | T, AND MAYBE SOVE PECPLE WOULD ACTUALLY LI KE TO PARTI CI PATE, BE W LLI NG
TO PARTI Cl PATE IN THE CLINICAL TRIAL I N THE HOPE THAT I T WOULD HELP. HOW DOES ONE

GO ABQUT BEI NG ABLE TO PARTI CI PATE IN A CLINI CAL TRI AL?

VELL, "M NOT A CLINNCIAN, SO 1 AM AFRAID THAT | MAY NOT BE ABLE TO G VE YOU THE
Rl GHT ANSWER. PROBABLY DR CHAN WLL G VE YOU A MORE APPROPRI ATE ANSWER. |
PRESENTED YOU SOVE OF THE CHEM CAL COVPOUNDS, LIKE FK228, OR A VIRUS VHICH | S
ALREADY I N CLI NI CAL TRI ALS PHASE 2 OR PHASE3. THAT | S ACTUALLY VERY CLOSE TO THE
FDA' S APPROVAL. WTH A FEW OTHER COVPOUNDS, WE ARE DO NG ANI MAL EXPERI MENTS, AND



NOT CLI NI CAL TRI ALS THAT PROBABLY TAKES MORE TI ME, MAYBE 5 OR 10 YEARS FOR THEM TO
APPEAR | N MARKET.

SOMVE CHEM CALS ARE ALREADY IN CLINICAL TRI AL PHASE 2 AND PHASE 3, AND PROBABLY
BECOVE AVAI LABLE FOR YOU, NF1 AND NF2 PEOPLE, BEFORE OTHER CHEM CALS BECOVE
AVAI LABLE. SO THAT' S THE TI ME SCALE. AS | SAY, DR CHAN CAN PROBABLY TELL YOU MORE

DETAI LS. >> |

CI NDY: E MORE QUESTI ON. AS A SCI ENTI ST, DO YOU KNOW HOW TNF CAN | NHI BI' T THE
CANCER S GROMH? DO YOU UNDERSTAND WHAT |' M SAYI NG?

SHE' S ASKI NG VHETHER TNF, TUMOR ECRCSI S FACTOR, |S USEFUL FOR THE TREATMENT OF NF1
AND NF2.

I DON T THHNK I T I'S EFFECTI VE FROM A PO NT OF BASI C SCI ENTI ST' S VIEW THE
USEFULNESS OF THE TNF IS VERY LIM TED. | RONI CALLY, THE CURRENT DI RECTOR CF QUR OMN
I NSTI TUTE | S THE PERSON WHO | NI TI ALLY DEVELOPED THAT TNF. |1 T'S NOT WORKI NG THAT

IS WVHY HE' S EVENTUALLY d VEN UP.

NF SUPPORT GROUPS, KAREN CAN GET YOU ON THE MAI LI NG LI STS AND GET YQU | NVOLVED,
ANSVER ANY QUESTI ONS YOU HAVE.
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