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(57) ABSTRACT

An aspect of the invention provides a method of selectively
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including an HDM-2 targeting component and a cytotoxic
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wherein said compound comprises a membrane-active form.

Specification includes a Sequence Listing.



US 2023/0174601 Al

Jun. 8, 2023 Sheet 1 of 13

Patent Application Publication

. .. .. “__. I... .
.HHHH.! | -_T...I”

ET EC I N N |
LI l.il.
E o

._..l-_ oy L
L

u_....___u.l_t.”:.,.r A v . .

. . | X A e
lauunana:lanlnnalaa e o e A
. ey e rxzan
. X X X N X
. . W R A
AR R ERE X
. . i
] e x x uanxaaaannuxnxnxua :
: ’ __.“n“ "u“n“x"n“x”a“x”xr r.r.x
e
. . X EE X TR XA XX
) B B ALK R K

. AR T RN I
"HIHH!.HIHHHHIHHHHHHHHHIHH E_M lﬂunﬂlﬂﬂﬂﬂ!!l.ﬂlﬂﬂ!ﬂ! ] - 3 ] _ xRN XK X E N K
I ] K MR R EEHXTR X XERXNH)EREXNER XN XN
IIIIFHIIIHHHIIFIHIIIHHHH E N IFHHIHI .HI.HH.IHHHHH!H.I IHIHH HHIFHFI . .v.u..u_
XK

L
e a

)
)

L e o o e e e o re e e e e e A R e e A AR e e AR e R e
; I ) L o o ;

S

X

.:?ll?
AL M N A N
Al_

EY

R I“n”x”ﬂwn”n”nﬂnnxnﬂﬂnv x
. R A N K A
B e o e o o

i

X
o A NN
A
J Hﬂvﬂrﬂxﬁxl >
" ]
. .IHRHHF!. HHF!EH
]

o M M
EEH:H!H:I:H:H
X IIP b i |




Patent Application Publication Jun. 8, 2023 Sheet 2 of 13 US 2023/0174601 Al

“““

Figure 2

umol/mi

yiea(d ||9D }uadiod



Patent Application Publication Jun. 8, 2023 Sheet 3 of 13 US 2023/0174601 Al

PNC-29

PNC-28
Figure 3

PNC-26

no peptide

T I A | T =T
- LO O LO -
N

A .

25

(-01X) Joquinu sjjo)



Patent Application Publication Jun. 8, 2023 Sheet 4 of 13 US 2023/0174601 Al

1

")

N

()

2z

Q.

O

O

o

T

>N

& <

Q0 ‘:’-

N <D

) - S

Z -

as i)
r!-(
1

T

0

—

S

A

1 1 r 1 1 71 T
L) iy <1 LD ) £ IS Q¥ LY
< o ™ -
(QO) wugst

T I
-



US 2023/0174601 Al

Jun. 8, 2023 Sheet S of 13

Patent Application Publication

. f i & ke kX Bk x droa kN Joh U b kb g b g A Jpodp A

a w doa Ao

i e bk oa a kW
bk b om o dpoay Ao

b deom M dp dp o b oa k kM kN

I O N d b ke n ko
P & i & 4 i =

A d o U o B W dr b

a e e

& x oo
T
U & b b bl e dp dp A A
e i b
.H.rl..........r....rn Aokl bl
.-...r.....r.._ & .r.........r... N .r.....r.r.r.-...r.....r.._ > .
- .
N ko d & .
L A N N N N

I dr dr ke R - e e e
i i e e Tt
.q.q....._.......q...._.._-_.q... A N MR e
R ) Ll dr i A A g A e s e
b & 4 b M b odr K i N '.I.‘ b h b ik krh b s koo
M AL A I S NN Al aC E A N I TN 4&..1.- el . < v xRN N N
A g L L e e e lgx R N A N
“.—.

o b b A ] o r ol )
LAl P Pl = i . P o A A N R e WE PN A
O A T N A el
T T e s T T T T
A A A R N A A N N

i &b b 4 kb odrow s .r.....-.l..._.._.r.._n......_.._.r.....r.....r........-.

r

) *.t;-.#t&tut##“ﬁ;“u..krk. A A W T  a Ao a el NETEE S N e A

.._.__n.._.t.-.

.
. Py i d ok W [Wlf dr dr A b b oar Jr i b de Jr o dr dp dp A & X B .

LA R e e

o a R i........"l"”.-_....__ . .....r........ . H!v w i Tt .r.r......_ it .-..........._ .r.........r.r....................... .....r.rl..__ *.
[

& O & *.T* .r.r.r.r A A F & Y .
T e N e ................1........__.4 P T S S e e e e P iy b P

BT e B e ey e b

et e e e L T i .4 e e T T
e o e T T Sl P N o kg Jr drdr Jr b dr dr dr dr drdp Jrom dp de B dp drodp de o dpoa

. k%jbbbbkk#tbbtkbt ol > i & dp .............-....-.r....-...l......h....r.......rt.r.
$lbr-1r.._._1.._.._.-..._.r - K ##raﬂ# dr = dp dp dpde dp h Up de dp de ko dp dp b b M dr dp de e dpoa

L m b oa b b dromoa ko dd M ik b Jodd dr Bk & S b dr @ & G dpy drdp dr o dp dp Jrodp O Jr Jp OF O dr ok Jr dp .
o T R S s g™ o a s a ok oa ik kM dow .._..._..r.._..._..r.rl I, F e T T S e e e St T o B ]

. .r....v.-....-..-.._...l.t.._l.._.v.-n....._....v.._.._ W BRI b d b dr dr Jp de dr ok & dr o dr dpodp Jr dr e ok e dr i A kA .
[ S .__.I:. & g P S S i e i i dr o el & dr dr e Jp dr o de dedp Jr om0 h d dr o dr de dr b Or dp dr e b om oa

e Tk W e R i e ey e e e ey e d e A
O L N A A AT

N & 4 ip .T.T.T.T.f.'..'-l.'..T.'.r*.'..f.f.r.rl.f.'..f.f.rb-h.

B i e e e e e e e e e e e

..r.....r.r.._b......q......................a.q......r...r.r...........
.._........_....n.._nnnn. ..._....r.._........._.r.r..........._.......r....r...........r.r..........
s R R e A T L T el g

s aon ke kN II.nh.l.-..._..._. 3 Rour & & 4 a Tk d  w Sk de d dede dr b g g e oy b gk dea
.._..r.r....ﬁl._.-n.._...r....._. R N A N L W Al S
o om i & X i a drom b i x B &k h Jdrodp drodp o Jr drodr Jr o drom i drodp Jr Jp de Jr B dr e B Jp b oa
SN e R n g s ek i B b U de il dr ke e i ik s ke ke bl dede b X Uk ki
ra hor B odd ok b kA dd b Jrodp o i i b dr dr drodr & dr dF drdp dr dr o dr dpoip & Jroa & dr dr dr dp o dp B dr A dr o a
.-..........-_I.-. W dr Jr Jr i & Jr Jp dp - B Jp Jr A df e dr & Jr dr dr Jr of dp Jr dr Jp i A Jr

& &k o kX Sk g o i SRS ae hr b b ko dp M kS dr drode b b b de m b b b b & b dro b 4 bodp kK § 2

AL ML - R A AL A N N N N N S N RE AL NN

= N I e

Jrodr b N e e e e e e de e B b A B e de B ke e ke N bk ke kL

W dr dr dr dr o dr & dr drodp dr dr dr dr O dr b Jr b Jr b b dp Jr & Jdr Jr droa dr 0 Jpoa

a d Jr & & Jrodp dp dr dp Jr Jr O Jp Jr F Jr o Jr Jp Jr O Jp b A i dr & O Jr dp O .

l-. L Pt e R R A e N S A e S RN e AL R N

._. .r.........r.r.r.._.....r.-...__.r.r.._.._.r.-.......l.-...._.....-........_.-...r.r.r.r.r.-...._...n.

EaC N e P N I I I I I T I I S T o e oo

o I e by e I L e e A i.r.r.rn.

* E.._......r.-..r 2T .r.._.-..-..._. X x ; o .........._. .r......_......r......_.l.r .._......._. .._.....r......_.i.._......_......r § & b dp .._.....r.._..r.-..r....... Pl .r.............._ o

b i Oy A b A a0 ; . Rl e e dr dr dp Jr dr ol drdp de de B Jpodp de dedp dede de Br ) de o de de de de de o Jr Or dp b By 0o
[ iyt ! ) o I I A R N N o I o

.l_ PN N N N i S i i i i i
e N e T T N

i o e e e e e e e
A I N N N o A sttt al sl sl s

B T T T I R e o e ot
b..'*b.b.b-*h.l-l*bbb.b*******b****‘***********l.

Sl m e ik A ey A
N T

el N S N N N R e i L e
.._.........l.._.._.r.r.r.rh.._........... W i b b b b B ko dpodp koMb i b b bbb i h i e ko d b on g b i d doda
iy e e ) Ea WA e R gl R e ae i ke e e e e Wk e W e e W i i e d K

PO ) b ae dr Se dp Modr b dede a0 WL .r.._.........r....l..r.._.r.........-...........-...r.....r......_.r.__.r.-...........r....r.r.rl.r.........r......_n

e b .r....__.r.__.t......___.t.__.... N b 4 S ke b U b & dr e iy e e b i e 0 el by e e i el g e de e j e o e e e N e

N A SN T T T A e

g b NN ANk Xk k k& L N R AE S R N AN M A N T N S M M TN 2l

.?El.l..:.i.l...!.T.!l..tl.l..:.l.b.b.b.b.b.l.l..tl.l.l.b.b.k.?b.l..?.?#b..!b.-. .
A o dp &k el By dp dp dp dp drodp Jrodr dp dr k& ok e B dr dr O m dr Jp dp 4 Jp

.__.._.....__.r.r.r..._........._..r.r.._.....r.._..rr.._........r.........r.r.....q....a............q.r.r....r.....__
& d Jrh a & Jr & dr dp dp ok Jdr dr dr dp Jp dr & e dr dr dp de Jp Jp Jdr dr Jr Jr O e & dp dp e dr 0r dr B dr g a
b & dp e dp dp b & S & & e m e B dr dp dp & Jr Jr dp dr dr dr dr dp e de Jr & O o dp dp Je o b 4 & O dp .
b § Jp b dp brdr b F a e b bbb b dod dpodo e o kedp b drdo o Jpodp b Jrode b b b b Jpohed s S b
oy dp e e dr b b e de dr ow ko g el e dr d dp e e i dr dede i il de b 4 e kA d b b b A b
N .r.r.r.__.....-..r.....__.-..r.._.._.__.r.....r.._n.__.r.r.._.....r.r.r.....r......_.........-..._.....r.-......-......-......r.r.....r.r.._.r.....r.._.r.............r.._.....r.....r.r.r.r.._.....r.__.r.._.._.li......_.._.r.__u
> .r.q“....”.r”.._............ntt.r.r FM R Mk ke U Uk kel e ey e Nk A e e g A ....r....-.
o IR A SN N St T A NN S N N N N M e L R

- ol
RN N M I A

L N N N
....r.r....._.q_-.._,..q.__......_..r.._“. o L)
n.._..__......r.....-_........n.l.r.__.__.__t.r L

n

L

w Ny b l.l-‘-r.T'*.r.T.'.r*J-l.T.'.T.'-.'.T.'-*‘l-.'-"**.r.'.T.T.'.'-‘-....'-.T.'.T.'-.'.'.'-.'*..
dr i b d O b dp bk dr & O X &b dp A & Sr & dp Jdr dp e dph dp de Qi O Jp dr dr Jp de dp dp o dp e Fd Mo
- l-_ L T T T T o o e iy e R Sy opg R Sl T A i Sl
O d A Ur dr dr dr W drod o dr bl gy e e e e g d e dp de de b e b dr b b dp dp e e o dr d drok ol oarow e d o droa
- I Tt T T T o S T N
v . I & dr .r.v.r.r.r.._. ..1........._......._.__.r.....r.__.._..._..._..__.._..__.__.__.._.r.ri.._..r.._.._..._.r.._.n.._......__.__.._..__.._..r.-.........r.r.__.r.r.v......_..r.._..rt......_.........r....__.._-.r........_...-......r............r.._.........v.-.-.r.-
.._l..rl..l.a. ..;..rl.....}.._.._.r.._.__.r.r.r....r......_.r.r.__.._.r...i.._.r.r.__.....-......i.r.r.r.r.r.r.r.._.._.-...........r.__.r.-...r....u.

Ea o N .rl.._............t.r.._.”l_.... - l-_ K

.l Hu_"

L

¥

L]

L

.
* x

i

¥
u

X

R e e e
R R .........n
r

.

.._.__.r.__.._.._......__...n r.._.-..._......._.._......_.__.rnn.._......__.....__.r.._..-..t.a.....r.r.r...i.__n-.rn.rn.r.._.r.tr.._n.r.......a.....-.._..r...r.r.r.-.r.-.....v.-..._.r.t..n.....r......_.

LT r.........-.....v.-.._............-..__.-\.......l.-........l L L -.Tn.._..r.tn.._.r..............._n.._n .r...n.r.....r.r....r.rn.t.r.._..r.._.r.._.-.....r.r.r.r.r.v.__
N -

o a b dpom a b N Jp o dg e dp a h b i dpoa Jpoh oah h oad h ko dh b Sk oa doh j dohdd )

.r & & & ok I L .
I.J.T.'.I-l.f.r rb..r}..T b a .T.'.I.T.r & .T.T.r

.
]
L

-
L
&

r

r
LA

dr*:‘

LG

e

criea e ”_ .”_ .

o i etaTa e
.....;.?.r.r....r.;.}..;...h.__.h.r.__.__h.r.._ .__.........r P ity . 2T -.-..__...hh.__.-..__ .._ b b M a2 a ...
.rl.i.-_..-_..__........_......t..-_'.__. R e e e e e e il S ........ ...-.__.__.......-.-.... - i




Patent Application Publication Jun. 8, 2023 Sheet 6 of 13 US 2023/0174601 Al

No Peptide  PNC-29
Figure 4C

PNC-28

TNF-a

O© < N O 00 O© < (N O
—

("1n) @2udossaulLINT



US 2023/0174601 Al

Jun. 8, 2023 Sheet 7 of 13

Patent Application Publication

(twyjown) uogenuasuo) appdad

8¢-05




Patent Application Publication Jun. 8, 2023 Sheet 8 of 13 US 2023/0174601 Al

n

L g
. [ G
' - l -

Cond

yiea( (19D Jusd.iad




Patent Application Publication Jun. 8, 2023 Sheet 9 of 13 US 2023/0174601 Al

et Sl s 1 _._i
1
-y

WugsE Q0

mmmmmwwmv—
wammmmmmmmm

!n..-.-.-.J:n.:-.-. } ..__,.,.\__\_n;_,_\_,_\_,_u_ o ....'Lr.....r J-.r ._....I. ._'._L 1...

I._“.l._;.i-‘-l. sk _uh =k

% asmi se.g- B

et

100% Cell Death

- . e e
%4—4—1—4—1-“ e

S PR SRR o B Bt el o e S S S S P R I O I TR TR R TR PR R R R R R R TR e e

ap:;md {

e aal al ol

asedsac o f

. \ i
T TR TR TR T T ek e S T T T e R R R e e e e e

T . L S

- e e e e e e e e
.....

: _{'_ ,;_ D EL A S T L [1 ;
@mmmmmm@m !




US 2023/0174601 Al

Jun. 8, 2023 Sheet 10 of 13

..r..x..:..r.a:.:.x.r.::. r.....
aulan“xxu_.“n“xMIaana“n“a”naa:ann“rxr o
R A A
A RN e e
AR AR AR KW
x I A A T N
o A R K T
NN,
o A

XEXEZXIERIXERXIEREALMEXIEALRERR
IlHIHHHHHHIHIHHHHHHHHHIHHI.HIHHIIIH.HI

| Iﬂlﬂﬂﬂlllrnﬂﬂ.ﬂll HHII!HIIHHIIIIH Ir.lﬂl ]

EEEamEE

xRN N EEXENNLNENREMTXLX L

Patent Application Publication

e
xx x N EE N rEx
e

YT FFY YWY YT T Y YN F YN FT T Y% ¥ ¥ F ¥ T T PFPET PR HET T UWE Y FTY ¥ Y P W OF

......
Lk e )

W W N N NN
)
x

MM NN N W
L]

W e T

PR M

H?l:l:!:i-
F A W

>

Al A M
|

- 1.-”;‘
HHHIHHIH"H“HH

'll"

AN MM .
'l'-il-!'l?d
E i i



Patent Application Publication Jun. 8, 2023 Sheet 11 of 13 US 2023/0174601 Al

p5317-26V PNC-28 PNC-29

EV

TNF-o

< N - 00 O I N -

(71N)eouddSIUILINT



Patent Application Publication Jun. 8, 2023 Sheet 12 of 13  US 2023/0174601 Al

PNC-29

17-26\/ PNC-28
Figure 8B

EV

Total LDH

} H
N 0O M~ O 0 ¢ U NN - O

(QO) wuzey



US 2023/0174601 Al

T e e e e e e e e e e A e L L = e e =

Lt A-WIS-9Z-L [ €6d

W W W W W W YT YT YT T T T T T T T —— o — o — — ——— i A A A AL A N E N L S S N SN S M SN N N N SN N SN SN N SN SN N N SN N SN SN N SN am B Er oW om

Jun. 8, 2023 Sheet 13 of 13

Sy A-9T-L1 £5d 7-8ORd- ﬂE

e T T T T T T T T T T T TFTTFTTTTTTTTETTTTET T~ —_ .1.1.1.1||||||||||||lllllllq..q.tlIIIIIIIIIIIIIIIIIIIIII_'._-_..I..I.._-_..I. SNk W M R — — — ——— ——— e e e e e e e e o o L e M N L N N N N N M N N N M N N N M N N AN A WC M B Er EC Er M O W W W

W (AD) I0J09 A (01O  TBDRI-VIN

) G prusejJ T 19D

(NAOTT R ITATIVL

Patent Application Publication



US 2023/0174601 Al

HDM-2 TARGETING COMPOSITIONS
CAUSE TUMOR CELL NECROSIS RATHER
THAN APOPTOSIS OF CANCER CELLS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This patent application 1s a continuation of U.S.
patent application Ser. No. 14/470,488, filed Aug. 27, 2014,
which 1s a continuation of U.S. patent application Ser. No.
13/122,256, filed Sep. 14, 2011, which 1s the national stage
filing of International Patent Application No. PCT/US2009/
059380, filed Oct. 2, 2009, which claims the benefit of and
priority to U.S. Provisional Patent Application Ser. No.

61/102,590 filed on Oct. 3, 2008, the contents of which are
incorporated herein by reference 1n their entirety.

FUNDING STATEMENT

[0002] This invention was made with government support
by a Veteran’s Administration Grant (WBB) and The Ameri-
can College of Surgeon’s Faculty Research Fellowship
Award 2007-2009 (WBB).

FIELD OF THE INVENTION

[0003] The imvention relates to methods of effectively
treating various forms of cancer and screening candidate
cancer treatments and compounds. Specifically, the present
invention 1s directed to the use of novel compounds and
methods to treat cancer and non-cancerous cells and cause

necrosis only to cancer cells.

RELATED ART

[0004] Cancer treatments which target the p53 protein
within the cancer cells have been developed recently. How-
ever, some types ol cancer cells do not have p53, while
others exhibit pS3 1n a mutated, and/or 1nactive form. Thus,
these pS53 targeting cancer treatments are limited since they
do not cause cell death 1n these types of cancer cells. Thus,
pS3-targeting cancer treatments are ineflective at treating
various types ol cancer.

SUMMARY OF THE INVENTION

[0005] The embodiments of the present invention are
directed to the surprising discovery that cancer cells have
approximately several times as much HDM-2 in their cel-
lular, mitochondrial, and nuclear membranes than non-
cancerous cells. Thus, HDM-2 targeting compounds are
successiul cancer treatments, causing necrosis to cancer
cells while leaving adjacent non-cancerous cells unaflected.
HDM-2 targeting treatments thus represent a body of wide-
acting cancer treatments that are more effective than the
current, limited p53-targeting treatments.

[0006] An aspect of the invention provides a method of
selectively necrosing cancer cells, but not untransformed or
normal cells. The method includes the steps of: administer-
ing to the cells a compound, wherein the compound includes
an HDM-2 targeting component and a cytotoxic component,
where the cytotoxic component may be attached to said
HDM-2 targeting component such that the compound com-
prises a membrane-active form. An example of an HDM-2
targeting component may include, for example, one or more
small molecules, a peptide, a protein, a glycoprotein, an
antibody (including whole and fragment antibodies), and

Jun. 8, 2023

combinations thereol. Examples of a cytotoxic component
may 1nclude: a membrane resident peptide (MRP), a toxin,
a drug, a radionuclide, an antibody (including whole and/or
fragment), and combinations thereof, as may be desired.
One or more of the cytotoxic components, including the
toxin, drug, radionuclide, antibodies, and combinations
thereof, may be known and/or used in the art, for their
cytotoxic aflects to cells, optionally, cancer cells.

[0007] Optionally, the HDM-2 targeting may be a peptide.
Where the HDM-2 targeting component and the MRP are
both peptides, the MRP 1s preferably attached to the car-
boxyl terminal end of the peptide.

[0008] Optionally, the method may further include the step
of observing the release (from the cancer cell) of an
increased LDH amount as compared to an initial LDH
amount from the cancer cell, observing necrosis in the
cancer cells, and/or observing a non-response in the normal
cell. The non-response of a normal cell may indicate that the
normal cell 1s unaflfected by the cancer treatment.

[0009] Another aspect of the present invention provides a
method of causing membranolysis 1n at least one cancer cell.
The method 1includes the step of administering to at least one
cancer cell a compound including an HDM-2 targeting
component and a MRP, the MRP attached to the HDM-2
targeting component.

[0010] Optionally, the method may further include, for
example, observing membranolysis 1n the cancer cell by
microscopy. Observing necrosis of the cancer cell may also
be 1ncluded as a step 1n the present invention.

[0011] Sull another aspect of the present invention pro-
vides a method of treating cancer 1n a subject (or patient) in
need thereol. The method includes the steps of administering
to the subject 1n need thereof a therapeutically effective
amount of a compound having an HDM-2 targeting com-
ponent and a MRP, the MRP attached to the HDM-2
targeting component. The subject may include, for example,
mammals including dogs, cats, chimpanzees, and rats.
Optionally, the method may further include the step of
correlating a result thereof of the administration step.

[0012] Stll yet another aspect of the present invention
provides a method of screening candidate cancer treatments.
The method may include the steps of: providing a plurality
ol cancerous cells; administering a candidate cancer treat-
ment to the plurality of cancerous cells; and measuring the
level of LDH released trom said cells. LDH 1s measurable
in the cell medium, once 1t 1s released from the cells.

[0013] Optionally, the method includes adminmistering the
candidate cancer treatment which may include a compound
including an HDM-2 targeting component and an MRP. As
the method employs screening compounds for their potential
abilities as (1) binding athnity for HDM-2 and (2) membrane
transport character, one or both of these characteristics may
be desired 1n various drug candidates that are screened with
the present method. The screening process, may aid in
identifving components that act within the desired param-
cters and with the preferable characteristics as eflective
cancer treatments. Additionally desirable characteristics of
cancer treatment, including causation of membranolysis and
ultimately, cancer cell necrosis may be observed or other-
wise measured after each candidate compound 1s adminis-
tered. Thus, the eflicacy of each candidate may be screened.

[0014] Optionally, the method may also contain the steps
of observing the cells for LDH, and/or correlating the level
of LDH 1n the cellular medium to a standard. Thus, necrosis,
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and the level thereof may be 1dentified for each candidate, as
it may correlate to the level and/or amount of LDH released
for a given sample.

[0015] Stll yet another aspect of the present imvention
provides a method of selectively necrosing cancer cells,
including the steps of: providing at least one cancer cell and
at least one non-cancerous cell; and contacting the cells with
a compound, where the compound includes an HDM-2
targeting compound having an MRP attached thereto,
wherein the compound binds to a cancer cell membrane and
configures to a membrane active form, binding to the cancer
cell membrane. This binding site 1s preferably at a site of
HDM-2, and results in trans-membrane pore formation 1n
the cancer cell membrane.

[0016] The method optionally includes the steps of mea-
suring a level of LDH from the cancer cell, observing
necrosis of the cancer cell, and/or observing a non-result in
the non-cancerous cell as a result of the administering step.
[0017] A further aspect of the present mnvention provides
a method of 1dentitying cancer cells from a plurality of cells,
including: providing a plurality of cells, wherein at least one
of the cells 1s a candidate cancer cell; administering to the
plurality of cells an HDM-2 recognition compound; and
observing the plurality of cells for the HDM-2 recognition
compound to bind to a cell membrane of at least one of the
cells, where binding to the cell membrane 1s indicative of a
cancerous cell.

[0018] Optionally, the method may include the step of
fluorescing the HDM-2 recognition molecule with an
observable agent. The observable agent may include, for
example, various known dyes, enzyme-substrate combina-
tions, radiopaque materials, fluorescing agents, and combi-
nations thereof. The observable agents may be visually
observable, observable with filtered light through various
scopes, and/or indentified through X-ray and or other medi-
cal instrumentation photography. With HDM-2 targeting
compounds used in conjunction with observable agents,
cancerous areas may be 1ndentified, topographically
mapped, and better understood than with previous cancer
identification and visualization techniques.

[0019] The method may further include the step of clas-
s1iiying an 1dentified cancer cell as a type of cancer. This may
be done 1n vivo, as part of a diagnostic for cancer. Alterna-
tively, the fluorescent-labeled MRP attached to an HDM-2
targeting component or HDM-2 recognition agent may be
administered to a candidate surgical area. Such a use may
provide derivative identifiers to a surgeon of the highly
cancerous tissue, less cancerous tissue, and non-cancerous
tissue for surgical removal and/or intervention purposes. As
such, the embodiments and features of the present invention
may provide a great aid in surgical pathology, helping
pathologists to distinguish cancer from non-cancer.

[0020] The description of the elements and features of the
present 1mvention and equivalents therecolf may be better
understood through a study of the following drawings,
description, and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] FIG. 1 1s experimental data which 1llustrates that
PNC-28 1s cytotoxic to MiaPaCa-2 cells. Panel A shows
untreated MiaPaCa-2 cells incubated for 24 h. Panel B
represents MiaPaCa-2 cells treated for 24 h with 75 umol/ml
of PNC-28. Panel C shows MiaPaCa-2 cells treated with 75

umol/ml PNC-29 negative control peptide for 48 h.
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[0022] FIG. 2 1s a chart of experimental data which
illustrates that PNC-28 (diamonds) 1s cytotoxic to
MiaPaCa-2 cells 1n a dose-dependent manner over a dose
range of O umol/ml up to 160 umol/ml. Specifically, a dosage
of 20 umol/ml caused roughly 35% cell death, while a
dosage of 80 umol/ml caused over 80% cell death at 48 h.
The eflect of the negative control PNC-29 (squares) 1s also
shown. The eflective dose range for PNC-28 at 48 h from 20
to 80 umol/ml 1s strongly statistically significant (P<0.001).

[0023] FIG. 3 1s a chart of experimental data which
illustrates that the carboxyl terminal attached MRP to resi-
dues 17-26 (PNC-28) 1s required for cytotoxicity to cancer
cells. The chart depicts the number of remaining cells after
48 hours have passed, shown as a function of treatments
administered. MiaPaCa-2 cell death following treatment
with no peptide (condition 1), 75 umol/ml of PNC-28
(condition 3), PNC-26 (condition 2), and negative control

PNC-29 (condition 4) after 48 h of treatment.

[0024] FIG. 4A 1s a chart of experimental data which
illustrates that PNC-28 1induces cellular death by necrosis 1n
MiaPaCa-2 cells. LDH activity (measured as absorbance/
optical density at 492 nm) was recorded for MiaPaCa-2 cells
incubated with 25 umol/ml of PNC-28 (condition 2), no
peptide (condition 3), and PNC-29 (condition 4) at 24 h.
Maximal LDH release 1s shown after treatment with known
lysis buller (condition 1).

[0025] FIG. 4B 1s experimental data which illustrates
comparative electron micrographs of MiaPaCa-2 cells that
were untreated (right panel) versus treated (left panel) with
25 mol/ml PNC-28 for 15 min. The arrows 1n the left panel
point to gaps or holes 1n the cell membrane induced by

PNC-28.

[0026] FIG. 4C 1s a chart of experimental data which
illustrates that PNC-28-induced cell death not caused by
apoptosis. Caspase 3 activity, an apoptosis indicator, was
recorded for MiaPaCa-2 cells incubated with 25 umol/ml of
PNC-28 (condition 2), no peptide (condition 3), and PNC-29
(condition 4) at 24 h. Maximal caspase release 1s shown after
treatment with TNF-ca. (condition 1) known to induce apop-
tosis. Caspase 3 activity 1s measured by luminescence (UL),
as shown on the y-axis.

[0027] FIG. 4D 1s a chart of experimental data which
illustrates that PNC-28 induces cell death by causing tumor
cell necrosis, and not apoptosis, over i1ts enfire ellective
concentration range. At each dose, both LDH and caspase
activity were measured after incubation with PNC-28 after
24 h. For the points on the abscissa, two numbers are
separated by a dash. The first number refers to the concen-
tration of peptide; the second number refers to the particular
peptide, e.g., “28” refers to PNC-28, while “29” refers to the
negative control, PNC-29. Optical Density 1s shown as a
function of treatment.

[0028] FIG. 5 1s experimental data in the form of a chart
which 1llustrates cell death (number of dead cells divided by
total cell count) as measured by trypan blue dye exclusion in
MiaPaCa-2 and BMRPAI1 cells transfected with either p53
17-26-V or control p53 17 scrm-V plasmid, 48 h post-
transfection. Condition 1: MiaPaCa-2 cells transiected with
p33 17-26-V (black); condition 2: Mia-PaCa-2 cells trans-
fected with p53 17-26-scrm-V  (white); condition 3:
BMRPA1 cells transfected with p53 17-26-V (black); con-
dition 4, BMRPA1 cells transtected with p53 17-26-scrm-V
(white).
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[0029] FIG. 6 1s experimental data which shows the effects
ol expression ol the p33 17-26 peptide, following transiec-
tion of 1ts expression vector into MiaPaCa-2 cells, on
expression of p53 and waf?’?', a cell cycle inhibitor protein
induced by activated wild-type p33, as a function of time,
measured by immunoblotting and on caspase activity. Pep-
tide expression 1n cells was measured by blotting for the
peptide with the anti-p53 monoclonal antibody DO-1 that
recognizes the p53 17-26 sequence expressed by the plas-
mid. For comparison, the effects of incubating PNC-28 with
MIA-PaCa-2 cells on induction of these proteins and on
caspase activity are also shown. Intracellular PNC-28 level
was determined using the same DO-1 antibody. The left
ordinate shows the absorbance results for the caspase activ-
ity assay while the right ordinate shows the band intensity
for each Western blot; the actual immunoblots are shown
above each bar graph for the two proteins, p53, waf’*' and
cach peptide (p53 17-26 and PNC-28). The lett side of the
figure shows the results for 0 time, after Mia-PaCa-2 cells
were transiected with the plasmid (labeled as “transfection”™
in the figure) and immediately after PNC-28 was added to
the incubation medium (labeled 1n the figure as “PNC-28.7).
The right side of the figure shows the results after close to
100 percent of the cells were killed by the plasmid-ex-
pressed peptide (labeled 1n the figure as “transiection”) and
by PNC-28 (labeled in the figure as “PNC-28). Actin
controls were the same for all four conditions (not shown).
[0030] FIG. 7 1s experimental data which 1llustrates that
transiection of p53 17-26 vector induces apoptosis in
MiaPaCa-2 but not BRMPAI1 cells. Confocal microscopy
demonstrating green fluorescence following transfection of
control vectors ito MiaPaCa-2 and BMRPAI1 cells (Panels
A and C). Annexin V binding to phosphatidyl serine (red
staining) detected i p53 17-26-V-treated MiaPaCa-2 cells
(Panel B) but not 1n 17-26-V-treated BMRPAI1 cells (D).
[0031] FIG. 8A 1s a chart of experimental data which
illustrates that p53 17-26 induces cellular death by apopto-
s1s. Caspase 3, 7 activity recorded (luminescence as labeled
on the ordinate) for MiaPaCa-2 cells transiected with p53
17-26-V (condition 3), empty vector (condition 2), PNC-28
(condition 4), and PNC-29 (condition 35). Maximal caspase
release 1s shown after treatment with TNF-a condition 1).
[0032] FIG. 8B 1s a chart of experimental data which
illustrates that p53 17-26 induced cell death does not cause
necrosis. LDH activity recorded for MiaPaCa-2 cells trans-
fected with p53 17-26-V (condition 3), empty vector (con-
dition 2), PNC-28 (condition 4), and PNC-29 (condition 5).
Maximal LDH release 1s shown after treatment with lysis
known bufler (condition 1).

[0033] FIG.9 depicts a table summarizing the efliciency of
transiection of plasmids into MIA-PaCa-2 and BMRPAI
cells.

DETAILED DESCRIPTION OF TH.
INVENTION

L1l

[0034] p53 1s the gene that 1s most commonly disrupted 1n
cancer. p33 acts as the guardian of the genome, as 1t guards
against copying of the DNA. It was previously established
that p33 gene within the cells was a target treatment for
cancer. However, p33 targeting treatment 1n cancer cells has
various problems associated with it that limits the use of p53
targeting treatments. For example, not all cancers exhibit
p33 1n the cell. Targeting treatments for these types of
cancers would not work, as there 1s no p53 for the targeting
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compounds to bind to. Also, some cancers exhibit a mutated
form of p53, which 1s mactive. As the p53 1s nactive 1n these
cancers, targeting compounds also do not work for these
cancers. Thus, p53 dependent treatment mechanisms are
ineflective against these types of cancer.

[0035] The materials and methods of the present invention
provide novel methods of treatment that are directed to a
common characteristic 1n many various forms ol cancer.
Such materials and methods may be used as a targeted
treatment to many various forms of cancer, which, up until
now, may have very different and less eflective and predict-
able treatment options and avenues. These new methods,
materials, and screenming methods provide eflective treat-
ments, screening methods for additional novel drug candi-
dates, and other benefits and advantages over the current
medical technology.

[0036] As used herein, cancer includes any disease or
disorder associated with uncontrolled cellular proliferation,
survival, growth, or motility. Cancers that may be treated or
prevented by the present invention include any cancer whose
cells have increased expression of HDM-2 1n their plasma
membranes. Such cancers may include, for example, pan-
creatic cancer, breast cancer, colon cancer, gastric cancer,
prostate cancer, thyroid cancer, ovarian cancer, endometrial
cancer, glioblastoma, astrocytoma, renal carcinoma, lung
cancer, sarcoma, including osteogenic sarcoma, mesothe-
lioma, sporadic nonfamilial tumors, lymphoma, and others
including hematologic cancers such chronic myelogenous
leukemia. Precancerous conditions, where cells exhibit high
amounts of HDM-2 in the plasma membrane, are also
included as treatable with the compositions and methods of
the present invention.

[0037] The present invention 1s directed to the surprising
discovery of the inventors that cancer cell membranes and
nuclear membranes have a large amount of HDM-2 as
compared to normal non-cancerous cells. HDM-2 and
MDM-2 (human double minute vs. mouse double minute)
cach have a p53 binding domain. HDM-2 and MDM-2 are
found in the cell and nuclear membranes of cancer cells, but
not 1n normal, healthy cells. The compounds of the present
invention include a HDM-2 targeting component and a
Membrane Resident Peptide (MRP), where the MRP 1s
attached to the carboxyl terminal end of the HDM-2 target-
ing component. The MRP may include the residues that are
shared by the p33 binding domain (or region) of HDM-2. As
such, when the compound 1s administered or otherwise
contacted to at least one cancer cell, the HDM-2 targeting
component, which has a p53 binding domain, may bind to
the HDM-2 1n the cancer cell membrane. The presence of the
MRP on the end allows the compound to become mem-
brane-active and to form well-defined pores in the cell
membrane (membranolysis), which allow for extrusion of
the intracellular contents and compromise the integrity of
the cell. Pores 1n the cancer cell membrane are formed as an
immediate result of administration of the compound. After
the pores are formed, cell necrosis, or cell death, results
within a short time frame. Thus, cancer treatments having an
HDM-2 targeting component and an MRP are eflective
treatments for cancer.

[0038] Cancer cells have approximately five times as
much HDM-2 as normal cells 1n their cellular membranes
and nuclear membranes. Though the cancers may not exhibit
similar characteristics or typical treatment avenues, as many
cancers each have HDM-2 in their cell membranes, these
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cancers are likewise susceptible to the methods of treatment
ol the present invention. Cancers that have been 1dentified as
having a large amount of HDM-2 1n the cell membrane
include, for example: MIA-PaCa-2 human pancreatic cancer
cells, MCF-7 human breast cancer cells, B16 mouse mela-
noma, and a human melanoma cell line A2025. The com-
pounds which have both an HDM-2 targeting component
and an MRP thus have a high athnity for cancer cells, and
will thus only bind to and cause necrosis of cancer cells
when administered to a combination of cancer cells and
normal, healthy cells.

[0039] The present inventors have discovered methods
and uses of the compounds containing an HDM-2 binding
domain having a MRP attached at 1ts end, where the com-
pound 1s specifically designed to target cancer cells and not
target normal, healthy cells of a sample. Where both the
HDM-2 targeting component and the MRP are peptides, the
MRP 1s desirably attached to the carboxyl terminal end of
the HDM-2 targeting component.

[0040] Thus, these methods may be used to treat a sample
of cells containing both healthy, normal cells and cancer
cells. Such samples would include cell lines, tissue samples,
tumors, and/or a subject having cancer 1n need of treatment.
As the methods of treatment do not cause cell death of
normal cells, these methods of treatment are focused on the
cancer cells, 1rrespective of the mode of administration to
the cell sample. Thus, these methods of treatment may be
used for tumors or cancers that are widespread, inoperable,
or otherwise not easily treated with conventional means or
combination therapies.

[0041] The methods of the present invention kill cancer
cells by necrosis. Necrosis 1s induced by the combined
action of the compound, which acts both to bind to HDM-2
and to form pores on the cellular membrane. The pores

ultimately cause the cell membrane to lose 1ts integrity such
that intracellular contents leak from the cell, and the cell

undergoes necrosis.

[0042] The present invention provides methods of using
HDM-2 targeting cancer compounds which correspond to all

SEQ ID NO:

SEQ ID NO:

SEQ ID NO:

SEQ ID NO:

SEQ ID NO:

SEQ ID NO:

SEQ ID NO:

SEQ ID NO:
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or a portion of amino acid residues 12-26 of human p53
protein. When fused to a MRP, the peptides are lethal to
malignant or transformed cells. The subject cancer treatment
compounds may be useful in treating neoplastic disease 1n
an animal, preferably a human.

[0043] The compounds of the present invention may
include, for example, PNC-27 and PNC-28. Additionally,
one or more compounds may be used, where a compound
may have an HDM-2 targeting component. The HDM-2
targeting components may be, for example, the residues of
pS3 which bind to HDM-2. Further, the compound may

include a membrane resident peptide, or, MRP. Both PNC-
2’7 and PNC-28 are examples of p53-derived peptides from
the human double minute binding domain (HDM-2) that are
attached to MRP. These compounds induce tumor cell
necrosis of cancer cells, but not normal cells. The anti-
cancer activity and mechanism of PNC-28 (p53 aal7-26-
MRP) was specifically studied by the inventors of the
present 1nvention as against human pancreatic cancer,
though uses and applications are included with the various
methods of the present invention.

[0044] The inventors show with the present invention and
supporting experimental examples that the MRP 1s neces-
sary for this action since expression of the naked p33
sequence without MRP 1n cancer cells causes wild-type
pS3-dependent apoptosis, or programmed cell death, not
tumor cell necrosis.

[0045] Preferably, the MRP includes predominantly posi-
tively charged amino acid residues since a positively
charged leader sequence, which may stabilize the alpha helix
of a subject peptide. Examples of MRPs which may be
useful to the HDM-2 targeting compounds of the present
invention are described in Futaki, S. et al (2001) Arginine-
Rich Peptides, J. Biol. Chem. 276, 3836-3840, and include
but are not limited to the followmg MRPs 1n the TABLE 1,
below. The MRP may be, for example, peptides included in
SEQ ID NO:1, or 9-29. The numbermg of the amino acid
residues makmg up the MRP 1s indicated parenthetically
immediately after the name of the component 1n most of the
examples 1n most of the sequence listings.

TABLE 1

seguence NAME

KKWKMRRNOEFWVKVORG Membrane resident
peptide (MRP),
reverseomer of
Antennapedia

PPLSQETFSDLWKLL PNC-27

KKWKMRRENOQFWVKVQRG

ETFSDLWKLLKKWKM PNC-28

RRNQEFWVKVQRG

MPEFSTGKRIMLGEKKWK PNC-29

MRRNQFWVEKVQRG

MPFSTGKRIMLGE peptide from
cytochrome P450 (aka
“Xl.?)" )

TIEDSYRKQVVIDKKWK PNC-7

MRRNQFWVEKVQRG

TIEDSYRKOQVVID ras-p2l residues 35-47
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TABLE 1-continued
SEQ ID NO: sequence NAME
SEQ ID NO: 8 PPLSQETFSDLWKLL PNC-26, residues 12-

26 of the HDM-2
binding domain of p53

SEQ ID NO: 9 YGRKKRRORRREPPO HIV-1 TAT(47-60) ,
membrane regident
peptide

SEQ ID NO: 10 GRKKRRORRRPPOQ D-TAT, membrane

resident peptide

SEQ ID NO: 11 GAAAAAAAAAPPOQ R-TAT G(R}QPPQ,
membrane regident
peptide

SEQ ID NO: 12 PKEKKRKV SV40-NLS, membrane

resident peptide

SEQ ID NO: 13 KRPAATKKAGOAKKEKK nucleaplasmin—HLS,
membrane regident
peptide

SEQ ID NO: 14 TROARRNRRRRWRERQR HIV REV (34-50),
membrane regident
peptide

SEQ ID NO: 15 RRRRNRTRENRRREVE FHV (35-49) coat,
membrane regident
peptide

SEQ ID NO: 16 KMTRAQRRAAARRNRWTAR BMV GAG (7-25),
membrane regident
peptide

SEQ ID NO: 17 TRRORTRRARRNE HTLV-1I1 REX 4-16,
membrane regident
peptide

SEQ ID NO: 18 KLTRAQRRAAARKNKRENTR CCMV GAG (7-25),
membrane regident
peptide

SEQ ID NO: 19 NAKTRRHERREKLATIER P22 N (14-30),
membrane regident
peptide

SEQ ID NO: 20 MDAQTRRRERRAEKOQAOWKAAN LAMBDA N(1-22),
membrane regident
peptide

SEQ ID NO: 21 TAKTRYKARRAELIABERRE Phi N (12-29),
membrane regident
peptide

SEQ ID NO: 22 TRENKRNRIQEOLNREK YEAST PRP6 (129-
124), membrane

resident peptide

SEQ ID NO: 223 SOMTROARRLYV HUMAN UZZAF,
membrane regident
peptide

SEQ ID NO: 24 KRRIRRERERNKMALADL HUMAN C-FOS

KSRNRERRELTDT (139-164), membrane

resident peptide

SEQ ID NO: 25 RIKAERKRMRNRIA HUMAN C-JUN
ASKSRKRKLERIAR (252-279), membrane
resident peptide

SEQ ID NO: 26 KRARNTEAARRSRA YEAST GCN4,
RKLORMKO membrane resgident

peptide
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TABLE 1-continued

SEQ ID NO: sequence NAME

SEQ ID NO: 27 KLALKLALKALKAALKLA
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Example membrane

resident peptide

(MRP)
SEQ ID NO: 28 LLITILRRRIRKOAKAHSK p-vec, membrane
resident peptide
SEQ ID NO: 29 RRRRRRRR (Arg) s or any poly-R
from (R},4- (R} 4.
membrane resident
peptide
SEQ ID NO: 30 GCCACCATGG Kozak sequence
SEQ ID NO: 31 AGTCGAATTCGCC sense strand sequence
ACCATGGAAACAT of ¢DNA encoding the
TTTCAGACCTATG P53 17-26 seduence
GAAACTACTTTGA
GCGGCCGCAGTC
SEQ ID NO: 32 ETFSDLWKLL regsiduegs 17-26 of

HDM-2 binding
domain of pb3

[0046] Other MRP materials may also be used. Such
sequences are described e.g., in Scheller et al. (2000) Eur. J.
Biochem. 267:6043-6049, and Elmquist et al., (2001) Exp.
Cell Res. 269:237-244, the contents of which are incorpo-
rated herein by reference 1n 1ts entirety.

[0047] Desirably, the positively charged MRP may 1nclude
the amino acid sequence: KKWKMRRNQFWVKVQRG
(SEQ ID NO: 1), which 1s related to the reverseomer
sequence of the antennapedia sequence. Preferably, the MRP
1s attached to the carboxyl terminal end of a subject com-
pound (e.g. peptide).

[0048] Cell death can occur by either necrosis or apopto-
s1s. pS3-targeting treatments typically cause cell death
through apoptosis, while the compounds and methods of the
present invention cause cell death by necrosis. Necrosis 1s
not genetically controlled, while apoptosis 1s genetically
controlled. Apoptosis 1s the deliberate cellular response to
specific environmental and developmental stimuli or pro-
grammed cell death. Cells undergoing apoptosis exhibit cell
shrinkage, membrane blebbing, chromatin condensation and
fragmentation. Necrosis ivolves the destruction of cyto-
plasmic organelles and a loss of plasma membrane integrity.
Though apoptosis does not have the inflammation which
results when cancer cells die through necrosis, p53 targeting,
treatments fail to treat those cancers that do not exhibit p53,
or, through mutations, exhibit an 1nactive p53 form that 1s
unresponsive to pS53 targeted treatments. After the DNA
damage in the caspase enzyme pathway, there are a series of
events which occur that involve calcium activation and
calpain enzymes which further leads to other cellular
changes and regulation of cytoplasmic enzymes. During
pS3-dependent apoptosis, there 1s a sequential expression of
annexin V-binding membrane phospho-Serine, Bax waf’',
and caspases; these proteins are used as markers for p33-
dependent apoptosis.

[0049] A major diflerence between necrosis and apoptosis
in vivo 1s the complete elimination of the apoptotic cell
before an inflammatory response i1s seen. Necrosis usually
causes intlammation. Though apoptosis can be thought of as
a clean and neat process, the p33 targeting treatments do not

result 1 apoptosis 1 all types of cancer cases. Though
necrosis may typically cause an intflammatory response to a
treatment site directed at targeting HDM-2, HDM-2-target-
ing treatments are more ellective against various forms of
cancer, including those where p53 1s not present in the
cancer cells, or where p53 1s 1n a mutated or an 1nactive
form.

[0050] Human pancreatic cancer cells, MiaPaCa-2 cells,
were treated with PNC-28. Necrosis was determined by
measuring lactate dehydrogenase (LDH) as well as elevation

of pro-apoptotic proteins. Mutant PNC-compound (PNC-
29) and HDM-2-binding domain p33 aal2-26 without MRP

(PNC-26) were controls. PNC-29 and PNC-26 are both used
as controls, as PNC-29 includes a non-p53 peptide bound to
the MRP, and PNC-26 includes aa 12-26 of the p53 binding
domain but no MRP.

[0051] Since the inventors have discovered evidence that
MRP 1s required for anti-cancer activity, the inventors of the
present invention tested “naked” p33 peptide without MRP
by transiecting a plasmid that encodes p33 aal’7-26 segment
of PNC-28 1mto MiaPaCa-2 and an untransformed rat pan-
creatic acinar cell line, BMRPA1. Time-lapse electron
microscopy was employed to further elucidate anti-cancer
mechanism.

[0052] The inventors acquired the following results from
the above experiment. Treatment with PNC-28 does not
result 1n the elevation of pro-apoptotic proteins found in
pS3-induced apoptosis, but elicits rapid release of LDH,
which 1s indicative of tumor cell necrosis. Accordingly,
using transmission electron microscopy, the imnventors of the
present invention observed membrane pore formation and
dose-dependent killing. In direct contrast, MiaPaCa-2 cells,
that were transiected with a vector expressing p33 aa 17-53,
as 1 PNC-28, underwent apoptosis, and not necrosis, as
evidenced by expression of high levels of caspases-3, 7 and
annexin V with background levels of LDH.

[0053] Theseresults suggest that PNC-28 may be eflective
in treating human pancreatic cancer. More particularly, these
results suggest that compounds having an HDM-2 binding
domain which 1s attached to an MRP at the carboxyl
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terminal end may be effective 1n treating human pancreatic
cancer. The MRP appears responsible for the fundamental
change 1in the mechamism of action inducing rapid necrosis
initiated by membrane pore formation. Cancer cell death by
apoptosis was observed in the absence of MRP. Thus,
PNC-28 and compounds of similar form and function will
cause cancer cell necrosis by a cell membrane pore forma-
tion mechanism, rather than a p53 targeted treatment within
the cell, which causes necrosis.

[0054] The inventors of the present invention have devel-
oped two peptides, PNC-27 and PNC-28, that contain p53
protein residues 12-26 and 17-26, respectively, attached to a
MRP. Although engmally conceived to block the bmdmg of
p33 to HDM-2 1 cancer cells, thereby increasing the
hali-life of p53 preventing its ubiquitination and proteoso-
mic degradation, 1t was determined that these compounds
caused cancer cell death even in cells that lacked p53
expression (1,3). The principals further observed that in
cancer cells treated with these compounds, there was no
increase 1n expression of pS3-induced pro-apoptotic proteins
such as caspase and Bax (1-3). Rather, these compounds
induced tumor cell necrosis as evidenced by the rapid
release of lactate dehydrogenase (LDH) from treated cancer
cells (2, 3).

[0055] Interestingly, fluorescent probe-labeled PNC-27
was detected at early stages after treatment in the cell and
nuclear membranes (2). Time-lapse electron microscopy
studies later revealed that both compounds induced pore
formation in the cell and nuclear membranes, consistent
with the compounds being membrane active (2). Further-
more, consistent with this activity, the three-dimensional
structure of PNC-27 by two-dimensional NMR was deter-
mined to be an amphipathic alpha-helix-loop-alpha-helix, a
structural motif similar to that of a number of membrane-
active peptides (4, 5). Importantly, the principals devised a
double-fluorescent-labeled PNC-27 that contained a green
fluorescent probe (fluorescein 1sothiocyanate, 1.e., FITC) on
the amino terminal end and a red fluorescent probe (rhod-
amine) on the carboxyl terminal end (MRP-end). When this
double-labeled PNC-27 was incubated with MIA-PaCa-2
and MCF-7 cancer cells, a high density of yellow tluores-
cence confined to the cell membrane after 1 hour of incu-
bation was i1dentified. The only manner in which yellow
fluorescence could be obtained 1s 1f the amino and carboxyl
terminal ends of the compound stay together, 1.e., there 1s no
splitting of PNC-27 into HDM-2 targeting and MRP por-
tions/components. During this time, there 1s a maximal
release of LDH into the incubation medium, indicating
maximal cell membrane damage. Thus the full PNC-27
compound 1s required for cell membrane lysis and cancer

cell death.

[0056] Though these compounds induce tumor cell necro-
s1s among a wide range of different human tumors, including
TUC-3 metastatic pancreatic cancer cells (6), they remark-
ably have no eflect on the growth and viability of a number
of normal cell lines. These include rat pancreatic acinar
cells, called BMRPA1 (1,3), the normal counterpart of
TUC-3 cells, human breast epithelial (IMCF-10-2A) cells
(2), and cord blood-derived human stem cells (1). These
compounds also have no eflect on the growth or viability of
human keratinocytes and human fibroblasts. As previously
shown, both compounds appear to induce the killing of
cancer but not normal cells by a novel membranolytic
mechanism (2).
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[0057] In contrast, several studies (7-12) reported p33-
dependent apoptosis of treated cancer cells when synthe-
sized peptide sequences targeted to bind to intranuclear
HDM-2 were attached to leader sequences on their amino
terminal ends. In one such study (12), twelve residues from
the h (or m) dm-2 binding domain of p53 were synthesized
and attached at their amino termini to a TAT leader peptide.
This peptide was found to induce apoptosis of uveal mela-
noma and retinoblastoma cell lines, both containing wild-
type p53. Although active against cell lines homozygous for
mutant p53, this peptide was not tested against p33-null
cells. Interestingly, placement of the MRP on the amino
terminal end of the p33 17-26 peptide resulted 1n a marked
diminution 1n the cytotoxicity of the compound to cancer
cells (M Kanovsky, M R Pincus & J Michl, unpublished
observations).

[0058] Since PNC-27 and PNC-28 both contain p53
sequences mmvolved 1n the binding of p53 to HDM-2 but
induce cancer cell death via membranolysis 1 a p33-
independent manner and display a structural motif of a
membrane active component that depends on the presence of
the MRP on the carboxyl terminal end of the p33 sequence,
the present inventors iquired as to whether MRP plays an
essential role 1n the membranolytic activity of these com-
pounds.

[0059] To investigate this question, the “naked” p53 17-26
peptide, 1.e., with no MRP, was introduced into a human
pancreatic cancer cell line, MiaPaCa-2, by transfecting a
plasmid encoding this peptide into these cells in which
peptide expression occurs. The inventors also treated these
cells with PNC-28. In both conditions, the inventors mea-
sured expression ol markers for apoptosis and necrosis to
explore whether the naked peptide induces apoptosis 1n
contrast to the same peptide linked to MRP on its carboxyl
terminal end (which induces necrosis).

[0060] PNC-28, but not Negative Control Peptide PNC-
29, 1s Cytotoxic to MiaPaCa-2 Cells. PNC-28 was incubated
with 6x10° Mia-PaCa-2 cells for 5 days at concentrations
ranging from 12.5-75 umol/ml. The anti-cancer eflect on
MiaPaCa-2 cells incubated with PNC-28 1s shown in FIG.
1(A-C). FIG. 1A demonstrates untreated MiaPaCa-2 cells
that are not contact-inhibited and spindle-shaped, many
becoming multinucleated. After 24 h of treatment with 75
umol/ml PNC-28, these cells appear necrotic demonstrated
by membrane blebbing and disruption, forming cell clumps
coalescing into aggregates of cellular debris (FIG. 1B). At
48 h, there was near 100 percent cell death as measured by
trypan blue dye uptake. In contrast, negative control peptide
PNC-29 at 75 umol/ml had no effect on cellular growth,
morphology, and wviability (FIG. 1C). Thus, FIGS. 1A
through 1C illustrate that peptide sequence that correlates to
p33 aa residues 17-26 (PNC-28 peptide sequence) with the
MRP, as opposed to nen—p53 peptide sequence with MRP,
causes necrosis, resulting in mere cell clumps and cellular
debris when administered to the human pancreatic cancer
cell line MiaPaCa-2. Thus, the MRP causes pore formation
in the membrane of cancer cells when in combination with
a p53 aa residue, which binds to HDM-2 1n the cell mem-
brane.

[0061] In FIG. 2, mnhibition of proliferation was obtained
alter only 48 h of peptide treatment. The effective compound
dose ranged between 20 and 75 umol/ml. It should be noted
that doses of PNC-28 between 20 and 75 umol/ml mduced

virtually 100 percent cell death; the times required for cell
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killing decreased as dose increased. For example, 80 umol/
ml 1nduced near total cell death 1n 48 h while 40 umol/ml
induced similar cell death in 4 days, and 20 mol/ml induced
cell death 1n 1 week. FIG. 2 1llustrates that, as the dosage of
compound PNC-28 increases, so too does the percent of cell
death measured 1n a 48 hour period. While 1t 1s possible to
administer a dosage above 160 umol/ml, the cancer cells will
not be necrosed at any greater of a speed. Thus, 160 umol/ml
1s the desired upper limit of the dosage for the cell sample
s1ized used with these experiments.

[0062] FIG. 3 summarizes the cytotoxic effects on Mia-
PaCa-2 cells of PNC-28 but not control compounds 1nclud-
ing PNC-29 and the “naked” p53 17-26 peptide (without the
MRP), PNC-26, which cannot traverse the cell membrane
since 1t lacks the MRP. Since PNC-29 contains the MRP, but
not the p53, sequence and has no eflect on cell growth, the
MRP 1tself does not induce the observed cytotoxicity. FIG.
3 1llustrates that the number of cells in the sample untreated
as compared to treated with the two controls 1s relatively the
same; 1 contrast, PNC-28 cell death of cytotoxicity 1s far
greater than the negative controls and control. Thus, to cause
necrosis by the proposed HDM-2 mechanism, the compound
preferably includes both an HDM-2 binding site (HDM-2

targeting component) and a MRP.

[0063] As a turther control, the inventors” original experi-
ment (1) by mcubating 75 mol/ml PNC-28 with untrans-
formed BMRPA1 acinar cells (1) and with the untrans-
formed breast epithelial cell line, MCF-10-2A (2). There
was no growth inhibition or cytotoxicity found (data not
shown; see refs. 1 and 2). These results suggest that PNC-28
1s lethal specifically to cancer cells and does not interfere
with normal cell growth, as concluded in the inventors’
previous studies (1,2).

[0064] Markers for Necrosis and Apoptosis in MiaPaCa-2
Cells Treated with PNC-28. In previous studies by the
present inventors, 1t was found that PNC-28 induced cancer
cell death 1n a variety of human cancer cells (1,2) by
inducing tumor cell necrosis rather than apoptosis (2). This
was manifested 1n baseline expressions of caspase but high
levels of LDH within 24 h 1n the medium indicative of
membrane lysis. Therefore, the expression of LDH and
caspase 1n MiaPaCa-2 cells treated with PNC-28 was inves-
tigated. FIG. 4A shows that LDH activity 1s elevated 1n cells
treated with PNC-28 (condition 2) almost to the same extent
as cells that were lysed with lysis bufler (condition 1). On
the other hand, only baseline levels of LDH were found for
cells treated with negative control PNC-29. As 1s shown 1n
FI1G. 4A, when PNC-28 1s administered to cancer cells, 1t
exhibits similar lysis causing conditions as the administra-
tion of a lysis buller; whereas the PNC-29 which has no
HDM-2 binding domain and does not cause lysis (and
exhibits an optical density closer to the control where no
compound—or peptide—is administered). Along the Y axis,
OD refers to optical density, or absorption, of LDH, the
necrosis indicating factor.

[0065] The premise that PNC-28 induced tumor cell
necrosis 1s supported by electron micrographs of MiaPaCa-2
cells treated with this compound 1n a study that 1s 1dentical
to the one performed on breast cancer cells by the present
inventors (2). As shown in FIG. 4B, MiaPaCa-2 cells treated
with PNC-28 (left panel) exhibit lysis of their plasma
membranes as previously determined for breast cancer cell
lines (2), in contrast to untreated cells (right panel) that have
their plasma membranes intact. This pattern 1s characteristic
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of tumor cell necrosis (2). Thus, PNC-28 1s able to both bind
to the cell membrane and also transport at least part of the
compound molecule through the cell membrane, which
results in the pore formation, or lysis, shown 1n FIG. 4B.

[0066] In contrast, as can be seen 1 FIG. 4C, only baseline
levels of caspase were expressed in MiaPaCa-2 cells treated
with PNC-28 and were 1dentical to the level expressed in
cells treated with control, PNC-29. This finding confirms the
conclusion that PNC-28 does not induce apoptosis. Thus
PNC-28 1nduces tumor cell necrosis in MiaPaCa-2 cells as
found for other cancer cell lines (1,2). TNF-c. 1s a necrosis
inducing agent. On the Figure, UL refers to umits lumines-
cence, or luminescence intensity.

[0067] The results shown i FIGS. 4A-C were obtained
using 25 umol/ml PNC-28. As shown 1n FIG. 4D, the same
results were obtained with all doses of compound that were
used over the 20-75 umol/ml range, 1.e., early release of
LDH (necrosis indicating) but only background levels of
caspase (apoptosis indicating), suggesting that tumor cell
necrosis 1s induced at all concentrations of PNC-28 and that
this mechanism of induction of cell death 1s not dependent
on PNC-28 concentration. As 1s shown on FIG. 4D, at 25
umol/ml PNC-28, caspase was approximately 0.03, while
LDH was approximately 0.235 OD; at 50 umol/ml PNC-28,

caspase was approximately 0.02, while LDH was approxi-
mately 0.44 OD; at 75 umol/ml PNC-28, caspase was
approximately 0.015, while LDH was approximately 0.35
OD; and at 75 umol/ml PNC-29 (negative control), caspase

was approximately 0.05, while LDH was approximately
0.01.

[0068] Transfection of MiaPaCa-2 Cells with a Plasmid
that Encodes the p53 17-26 Sequence. Results of Transiec-
tion of MiaPaCa-2 and BMRPA1 Cells. After 2 hours
post-transiection, cell counts were performed on slides using
light microscopy and then counted the number of cells
exhibiting green tluorescence from GFP (Green Fluorescent
Protein). On this basis, 1t was found that between 30 and 45
percent of the cells expressed GFP as summarized in FIG. 9.
The highest transiection rates were found for MiaPaCa-2
cells whether transtected with empty vector (EV) or p53

1'7-26-encoding vector (p33 17-26-V).

[0069] Morphological Examination of Transfected Cells,
as Visualized by Inverted Light Microscopy: In the 1nitial set
of transfection experiments, cells were observed by light
microscopy beginning 18 h post-transfection. MiaPaCa-2
cells transtected with p33 17-26-V were visibly hypertro-
phic, many showing membrane blebbing and some were
necrotic. In contrast, BMRPAI1 cells transfected in the same
way as MiaPaCa-2 by etther EV or p53 17-26-V showed
little alteration in morphology. This observation was con-
firmed 90 h post-transiection, as the cells by this time point
resumed their normal polygonal epithelial cell morphology,
identical to that of untreated cells.

[0070] Cell Viability Post-Transiection. FIG. 5 shows the
ellect of transfection of the plasmid p33 17-26-V encoding
the p53 17-26 peptide on cell viability for MiaPaCa-2 and
untransformed BMRPA]1 cells. As can be seen 1n this FIG.
5, within 48 h, transfection of this plasmid induces 60
percent cell death (condition 1) while transiection of p53
17-26-scrm-V control plasmid results 1n a much lower level
of cell death, 1.e., 20 percent as shown 1n condition 2. This
1S a baseline level since this 1s the level of cell death
observed for untransformed BMRPAT1 cells transtected with
the same control vector, condition 4. In condition 3 of this
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FIG. 5, 1t can be seen that expressed p33 17-26 peptide has
a much less pronounced eflect on BMRPAI1 cells, resulting
in the same baseline level of cell death seen in control
plasmid-transfected BMRPA1 cells (condition 4). Thus,
expression of the compound induces cell death 1n cancer, but
not 1n untransformed, cells.

[0071] Eflects of the p53 17-26 Peptide on MiaPaCa-2
Cells. MiaPaCa-2 cells expressing GFP that had been trans-
tected with EV or p53 17-26-V were lysed and blotted for
p53, watP?!, a protein that is induced by a p53-dependent
pathway, and the p33 17-26 peptide itself. In these experi-
ments, the DO-1 anti-p53 antibody that recognizes a deter-
minant that contains residues 17-26 of p53 was used (2). In
addition, caspase activity 1n these cells was measured. For
comparison, the same set of experiments was performed on
Mia-PaCa-2 cells treated with 75 pmol/ml of PNC-28. As
can be seen 1n FIG. 6, at 0 time (left side of FIG. 6, labeled
“O time”) after transiection or incubation with PNC-28,
peptide, p53, waf’*! and caspase activity are all expressed at
baseline levels. At times when cell death was near 100
percent at 96 hr for transfected cells, 48 hr for PNC-28-
treated cells, peptide levels were found to be high in both
transfected and PNC-28-treated cells (FIG. 6, right side,
labeled “100% cell death™). However, in the transfected
cells, 1t can be seen that there are elevated levels of p33,
waf’?! and caspase activity (labeled “transfection” on the
right side of the figure) that are not observed 1n the PNC-
28-treated cells (labeled “PNC-28" on the right side of the
figure). For controls, actin was blotted for and 1t was found
that the levels were the same for all four conditions 1n FIG.
6 (not shown). These results suggest that the p33 17-26
peptide induces increased intracellular expression of p53
protein with consequent apoptosis of MiaPaCa-2 cells, as
evidenced by the concomitant increased expression of
waf’*' that does not occur in cells treated with PNC-28.
Along the rnight axis, luminescence intensity 1s measured at
405 NM. Along the left axis, 450 NM measures the band
intensity of the Western Blot. Interestingly, when lysates
from untranstformed BMRPA1 cells transiected either with
EV or with p53 17-26-V were blotted, only low levels of
expression of p53 were found. In addition, only a low level
of expression of p53 17-26 peptide 1n p53 17-26-V-trans-
tected cells was found (results not shown). Since GFP was
expressed at high levels i these cells, 1t appears that
expressed peptide 1s unstable 1n these untransformed cells.

[0072] Expressed p53 17-26 Peptide Induces Apoptosis,

not Necrosis, of MiaPaCa-2 Cells. Since expression of p53
and waf’*' was elevated in cells transfected with p53
17-26-V to much higher levels than 1n cells transfected with
control vector, 1t was concluded that the peptide was 1induc-
ing apoptosis 1n contrast to its counterpart PNC-28 peptide
as discussed above. Further confirmation of peptide-induced
apoptosis was sought. In the early stages of apoptosis,
phosphatidyl serine (PS), normally present in the inner
leaflet of the bilayer membrane of intact cells, 1s found on
the external plasma membrane of cells undergoing apopto-
s1s. Annexin V binds PS and can be located by a probe that
carries the red fluorescent TRITC probe. Consequently, cells
that had been transfected approx 48 h earlier were processed
for staining with Annexin V-biotin followed by streptavidin-
TRITC. FIG. 7 shows the confocal microscopic results for
MiaPaCa-2 cells transfected with control vector (upper leit),
showing green fluorescent cells with no red staining, and
cells transfected with p33 17-26-V that show green tluores-
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cent cells with strong red staining for PS. On the right side
of the figure are the results for BMRPA1 control cells that
have been transfected with control vector (upper right) or
p33 17-26-V (lower right). As can be seen 1n FIG. 7, neither
panel 1s positive for PS in the normal control cells. As
discussed above, expression of p33 17-26 peptide 1s low 1n
this cell line, possibly causing the absence of signs of
apoptosis. Thus the p33 17-26 peptide induces apoptosis 1n
the cancer cell line only.

[0073] Caspase and LDH in Transfected MiaPaCa-2 Cells.
To compare the results with those from MiaPaCa-2 cells
treated with PNC-28 peptide (FIG. 4) p33 17-26-V-trans-
fected cells were assayed for caspase and LDH release. As
shown 1n FIG. 8A, condition 3, caspase expression 1s over
four-fold higher 1n these treated cells than 1n untreated cells
(condition 2) and has the same fold-increase over that in
cells treated with PNC-28 and control PNC-29. In contrast,
as shown 1n FIG. 8B, LDH release from these transfected
cells (condition 3) 1s at the baseline level found for untreated
cells (condition 2) and 1s about five-fold lower than release
from cells treated with PNC-28 (condition 4). Thus, pres-
ence of the MRPin PNC-28 results in a change in the
mechanism of action of the p53 17-26 peptide; without
MRP, the peptide induces apoptosis, while, with MRP on 1ts
carboxyl terminal end, the peptide induces tumor cell necro-
S18S.

[0074] Prior Evidence that the MRP 1n PNC-27 and PNC-
28 Is Required for Induction of Tumor Cell Necrosis. The
purpose of this study was to define the role of the MRP in

PNC-28 in inducing tumor cell necrosis. In previous studies
with this MRP and 1ts compound, PNC-27/, 1t was found that

both PNC-27 and PNC-28 induced tumor cell necrosis, not
apoptosis, and caused necrosis even in cancer cells in which
p33 protein was absent (1-3). These findings suggested that
both PNC-27 and PNC-28 exerted their eflects indepen-
dently of p33 activation. They contrasted with the results of
studies 1 which similar p53 sequences, were attached to
MRP on theirr amino terminal ends, and induced p33-
dependent tumor cell apoptosis, not necrosis (7-11). This
results from the binding of these peptides to HDM-2 in place
of the p53 protein; these peptides are not themselves ubig-
uitinated since the sites for p33 ubiquitination lie outside this
domain (16).

[0075] Further evidence that the presence of the MRP on

the carboxyl terminal end of PNC-27 and 28 1s essential for
its induction of tumor cell necrosis 1s the three-dimensional
structure of PNC-27. PNC-27 was found to have a highly
amphipathic alpha-helix-loop-alpha-helix structure that is
found 1n membrane-active peptides (4). Disruption of this
structure, as may occur by placement of the MRP on the
amino terminal end of the compound, would be expected to
change the activity of the compound. It was found that the
p33 17-26 peptide containing the MRP on 1ts amino termi-
nus, called reverse or r-PNC-28, has much lower activity in
cell killing than does PNC-28 1tseltf (M. Kanovsky, J. Michl
and M. R. Pincus, unpublished observations). These findings
support the conclusion that the MRP 1s critical to the activity
of the compound but leaves open the question as to whether

the “naked” p53 peptide 1tself can induce necrosis or apop-
tosis of cancer cells.

[0076] Cells Transfected with pTracer-SV40 Plasmid
Encoding p33 17-26 “Naked” Peptide Express this Peptide.
To define the role of the MRP definitively, 1t was sought to
determine the eflects of the p33 17-26 peptide itsell on
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tumor cell growth, 1.e., whether even without the MRP, it
could induce tumor cell necrosis. To accomplish this goal,
the p53 peptide was mtroduced into MiaPaCa-2 cells via
transiection using the pTracer-SV40 plasmid that constitu-
tively expressed this peptide. Then, the expression of mark-
ers for apoptosis and necrosis 1n the transfected cells and

compared the levels of these markers with those found 1n
MiaPaCa-2 cells treated with PNC-28 was determined.

[0077] As can be seen 1 FIG. 9, transiection efliciencies
were relatively high. MiaPaCa-2 cells transfected with the
p33 peptide-expressing plasmid expressed high levels of the
p33 peptide and expressed high levels of GEFP as revealed by
Western blots over this time period. By 90 hours, when at
least two-thirds of the cells were killed (FIG. 7), peptide
expression decreased to barely detectable levels while GEFP
levels also decreased significantly (FIG. 6). This phenom-
enon may have been caused by cell death and release of
proteases causing peptide degradation. On the other hand,
BMRPAI1 cells transiected with the same peptide-encoding
plasmid expressed much lower levels of this peptide. Since
these cells expressed high levels of GFP, which 1s expressed
under the same promoter, it 1s not likely that p53 peptide was
not also being synthesized in these cells. One possible
explanation for this observation 1s the status of HDM-2.
Recently, 1t was found by the present inventors that this
protein 1s expressed at barely detectable levels 1n untrans-
formed cells, including BMRPA1 cells, but 1s expressed at
high levels 1n transformed cells. If binding of the small p53
decapeptide to HDM-2 blocks its degradation i cells,
absence of HDM-2 may make the peptide susceptible to
intracellular proteases resulting 1n 1ts degradation.

[0078] The p53 17-26 Peptide Induces Apoptosis of Can-

cer Cells. As summarized 1n FIG. 6, expression of the p53
17-26 peptide in Mi1aPaCa-2 cells induces increasing expres-
sion of p33 with concomitant increasing expression of
waf’*' over a time period in which cell death increases.
These results are compatible with binding of the peptide to
hdm-2, blocking the binding of p53 to this protein, resulting,
in prolongation of the hali-life of pS3. This would result 1n
its increased expression in MiaPaCa-2 cells, allowing 1t to
cause apoptosis, explaining the increasingly elevated levels
of waf??!. As shown in FIG. 8A, caspase, a marker for
pS3-dependent apoptosis, 1s elevated to almost five times the
background level (condition 2) m p53 17-26 peptide-ex-
pressing MiaPaCa-2 cells (condition 3). Likewise, 1t 1s
clevated above background in cells incubated with PNC-28
(condition 4). Also, 1n virtually all MiaPaCa-2 cells treated
with p33 17-26 peptide-expressing cells, there was strong,
expression of annexin-V-binding phosphatidyl serine 1n the
membranes of transiected MiaPaCa-2 cells, a known early
phenomenon 1n apoptosis (15), but not 1n MiaPaCa-2 cells
transtected with empty vector (FIG. 7). These results sug-
gest that the naked p53 17-26 peptide causes cancer cell
death by inducing apoptosis. Furthermore, the p53 peptide-
expressing MiaPaCa-2 cells do not release LDH 1 24 h
(condition 3, FIG. 8B) as would be expected 11 the peptide
induced tumor cell necrosis. In contrast, treatment of
MiaPaCa-2 cells with PNC-28 resulted in high levels of
LDH (condition 2, FIG. 4A and condition 4 1n FIG. 8B) over
this time course that began as early as several minutes after
treatment, confirming that the peptide induces tumor cell
necrosis and not apoptosis. This eflect 1s independent of the
concentration of PNC-28, suggesting that its mechanism of
action does not change in a concentration-related manner.
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This finding, that expression of the p53 17-26 peptide 1n a
cancer cell line induces apoptosis, 1s 1n agreement with the
results of prior studies that showed that similar peptides
from the HDM-2 binding domain of p33 likewise induce
apoptosis (7-12).

[0079] Overall, experimental results set forth herein
strongly suggest that the p53 17-26 peptide induces tumor
cell apoptosis and not necrosis. On the other hand, presence
of the MRP to the carboxyl terminal end of the p53 17-26
peptide plays a critical role 1n changing the mechanism of
cell killing of this peptide from apoptosis to tumor cell
necrosis.

[0080] The pS53 17-26 Peptide Induces Apoptosis 1n
Tumor but not Normal Cells. As shown 1n FIG. 5, transfec-
tion of empty vector in MiaPaCa-2 cells causes a low level
of cell death. However, as shown 1n FIG. 7, transfection of
empty vector mto MiaPaCa-2 cells causes no exposure of
phosphatidyl serine as revealed by absence of annexin V
binding suggesting that the transfection does not induce
apoptosis. On the other hand, transfection of the vector
inducing expression of the p53 17-26 sequence into these
cells induces higher rates of cell death (FIG. 5). In all of
these cells, as shown m FIG. 7, there 1s strong annexin
binding suggesting that these cells are all undergoing apop-
tosis.

[0081] In contrast, transiection of the p53 peptide-express-
ing vector into untransformed BMRPA1 cells does not result
in an increase in cell death over the background (FIG. 7).
Furthermore, neither transfection of empty vector or of p53
peptide-expressing vector results 1n any exposure of
annexin-binding phosphatidyl serine (FIG. 8). These find-
ings may be due at least partly to the low level of expression
of the p33 17-26 peptide. Nonetheless, the p53 peptide-
encoding plasmid does not induce apoptosis 1n untrans-
formed BMRPAI1 cells. Thus, like PNC-27 and PNC-28, the
p33 17-26 peptide appears to be selective for killing cancer
but not untransformed cells.

[0082] In summary, the MRPon the carboxyl terminal end
of PNC-28 causes 1t to induce tumor cell necrosis. Removal
of the MRP from the p33 17-26 peptide 1n cancer cells
results likewise 1n cytotoxicity to these cells except by
apoptosis of the tumor cells. Thus presence of the MRP on
the carboxyl terminal end of p33 peptide results 1n a fun-
damental change 1n the mechanism of action of the com-
pound 1n causing tumor cell death. Like the full peptide,
PNC-28, the naked p53 17-26 peptide appears to be selective
to inducing apoptosis of cancer cells but not of untrans-
formed cells. This may be due 1in part to low levels of
expression of the peptide 1n untransformed cells that express
low levels of HDM-2 that may shield expressed peptide
from protease degradation. This finding implies that intro-
duction of the naked peptide into cells can induce tumor cell
apoptosis while leaving normal cells unaffected.

[0083] These results underscore the importance of eluci-
dating the p53-hdm-2 interaction in the cancer cell, whereby
it 1s possible to gain a better understanding of the manner of
which this complex potentiates a possible cross-talk between
necrotic and apoptotic pathways that may lead to novel
approaches for directed therapy. As a result, such with
HDM-2 targeting component(s) and MRP(s) therapeutics
may deliver selective cytotoxic small molecules to cancer
cells targeting pathways inducing necrosis, apoptosis or

both.
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[0084] A method of selectively necrosing cells 1s pro-
vided. The method includes the steps of providing a plurality
cells, including at least one cancer cell and at least one
non-cancerous cell; and administering to the cells a com-
pound, including an HDM-2 targeting component and a
cytotoxic component, said cytotoxic component attached to
said HDM-2 targeting component, wherein said compound
comprises a membrane-active form. The cytotoxic compo-
nent may desirably be, for example, a membrane resident
peptide (MRP), a toxin, a drug, a radionuclide, a whole
antibody, an antibody fragment, and combinations thereof.
The HDM-2 targeting component may be, for example, a
small molecule, a peptide, a protein, a glycoprotein, a whole
antibody, an antibody fragment, and combinations thereof.

[0085] One or more of the methods may optionally include
the step of observing, in a cell medium, a level of LDH. A
level of LDH may be an amount of LDH measured as
omitted from a number of cells. LDH 1s known necrosis
indicator, thus, the presence of LDH 1n the cell medium of
cells treated with the compound of the present method
indicates that at least some of the cells have undergone
necrosis, cell death. Necrosis may similarly be observed in
a sample of cells by microscopically mspecting the cells to
determine whether the cell membranes are intact or have
transmembrane pore formation therein/thereon.

[0086] Though the compound of the present method selec-
tively necroses cancer cells, the compound has no observ-
able eflect on non-cancerous cells. Thus, the method may
turther comprise the step of observing for a non-response 1n
a non-cancerous cell. The cells may be observed for pore
formation, cell breakdown, and the like. However, observa-
tion and/or analysis of the non-cancerous cells will yield no
cllect on the non-cancerous cells. Similarly, this no effect
may be referred to as a non-response by the non-cancerous
cells to the cancer treatment (compound) administered. As
such, the present method results 1n necrosis of cancer cells,
while non-cancerous cells are unaflected.

[0087] A method of causing membranolysis in at least one
cancer cell 1s provided. The method of causing membra-
nolysis 1n at least one cancer cell further includes adminis-
tering to at least one cancer cell a compound comprising an
HDM-2 targeting component and a pore forming component
attached to said HDM-2 targeting component, wherein said
administering step results in at least one transmembrane
pore 1n a cancer cell membrane. The pore forming compo-
nent may include, for example, any chemical moiety with a
pore forming character when put into association with a cell
membrane, desirably, a cancer cell membrane. The pore
forming component may include, for example, a membrane

resident peptide (MRP).

[0088] Causing membranolysis in cancer cells 1s a desir-
able basis for cancer treatments. The present method may be
employed to more readily understand the dosing effective-
ness of the cancer treatment and/or compound. Thus, admin-
istration of multiple dosages may be completed 1n order to
more readily understand the upper and lower limits of
cllectiveness, if any. Further, the eflectiveness of various
treatment plans, repeating administration, may be studied
utilizing this method. Also, various types of cancer cells
and/or pre-cancerous cells (atypical cells) may be studied to
analyze and determine varying levels ol aggressiveness,
progression, treatability, and/or responsiveness to dosages of
the compound of the present method.
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[0089] The method of causing membranolysis in at least
one cancer cell may further include observing membranoly-
s1s 1n the cancer cell by: detecting an LDH amount, per-
forming electron microscopy, observing cell morphology,
and combinations thereof. By observing membranolysis, the
ellectiveness of various dosages and, potentially, the effec-
tiveness combination therapies, may be better understood.
The observation of membranolysis 1s linked to necrosis 1n
the cancer cells, as the structural itegrity of the cell 1s no
longer maintained once transmembrane pores trigger mem-
branolysis. However, varying degrees of necrosis may be
observed. This may be due, 1n part, to the natural breakdown
of the compound within a sample or a subject. Further, this
may be linked to dosage, strength of the cancer cells, or
duration of treatment.

[0090] A method of treating cancer 1n a subject 1n need
thereolf 1s prowded The method 1ncludes administering to
the subject in need thereof a therapeutically effective amount
of a compound having an HDM-2 targeting component and
a membrane resident peptide (MRP), said HDM-2 targeting
component and said MRP having a membrane-active form.
After the administration step, optionally, the method may
include determining whether a plurality of cancerous cells
have undergone membranolysis.

[0091] The cytotoxic component may include, for
example, a membrane resident peptide, a toxin, a drug, a
radionuclide, a whole antibody, an antibody fragment, and
combinations therecof. The HDM-2 targeting component 1s
selected from the group consisting of: a small molecule, a
peptide, a protein, a glycoprotein, a whole antibody, an
antibody fragment, and combinations thereof.

[0092] A method of screening cancer treatments 1S pro-
vided. The method includes providing a plurality of cancer-
ous cells; each of said cells having HDM-2 1n said cellular
membranes; administering a candidate cancer treatment to
the plurality of cancer cells; and measuring the level of LDH
present in a cellular medium. LDH 1s a known necrosis
factor, thus, the measurement of a level or amount of LDH
present after administering a candidate cancer treatment to
the cancer cells with detect whether the cancer treatment
was successiul 1n causing cell death to cancer cells.

[0093] Optionally, the candidate cancer treatment may be
screened to determine whether the candidate cancer treat-
ment has membrane active conformation. The membrane
active conformation may refer to the desired shape of the
candidate cancer treatment 1n solution. The conformation
may be directly linked to the candidate cancer treatment’s
ability to colocalize with HDM-2 1n the cancer cell mem-
brane and be retained within the cancer cell membrane,
causing the formation of pores therein. Desirably, candidate
cancer treatments may have a three dimensional shape or
conformation i1n an alpha-helix-loop-alpha-helix. This 1s the
three-dimensional shape that has been determined by the
present inventors for the PNC-27 and PNC-28 peptide-based
compositions. The alpha-helix-loop-helix conformation
allows the composition to advantageously interact with the
cancer cell membrane.

[0094] Optionally, the candidate cancer treatment may be
screened to determine the candidate cancer treatment
includes an HDM-2 targeting component. To determine this,
it 1s possible to analyze the HDM-2 targeting component to
determine whether it has any aflinity and or binding capa-
bility to HDM-2 1n cancer cell membranes.
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[0095] Optionally, the method may further include the step
of observing the cancer cell membranes for an area of pore
formation. Pore formation 1s the mechanism by which
membranolysis 1s caused, which results 1n cancer cell death.
Pore formation may be microscopically observed. Also,
various assays may be completed, measuring known
necrotic factors, icluding, for example, LDH.

[0096] A candidate cancer treatment which may be found
to have a membrane active form, cause membranolysis to
cancer cells, have a similar conformation to PNC-27 and/or
PNC-28, and have an HDM-2 binding aflinity may be
termed a material with anti-cancer “activity”. Use of the
term “activity” with respect to a cancer treatment with
reference to the embodiments of the present invention refers
to an ability to imnduce a desirable effect upon 1n vitro, ex
vivo, or 1n vivo administration of the compound. Desirable
cllects include preventing or reducing the likelithood (in-
creasing the likelihood or causing) one or more of the
following events: binding to HDM-2 1n cancer cells, inser-
tion 1nto the cancer cells’ plasma membrane, assembly and
pore foundation, transport across the cancer cell membrane,
causing membranolysis. Materials with anti-cancer “activ-
ity may be flagged for further testing, review, and consid-
eration as viable cancer treatments.

[0097] Identitying drug candidates from cancer candidate
treatments flagged as having “activity”, typically involves
multiple phases. During the early stages, compounds, pret-
erably large libraries of compounds are screened or tested 1n
vitro for binding to and/or biological activity at the cancer
cell membrane (with HDM-2 and/or a membrane resident
component characteristic). The compounds that exhibit
activity (“active compounds™ or “hits”) from this initial
screening process are then tested through a series of other 1n
vitro and in vivo tests to further characterize the anti-cancer
normal, non-cancerous tissue and organ protective activity
of the compounds.

[0098] The in vivo tests at this phase may include tests 1n
non-human mammals such as those mentioned above. If a
compound meets the standards for continued development
as a drug following 1n vitro and 1n vivo tests, the compound
1s typically selected for testing 1n humans.

[0099] A progressively smaller number of test compounds
at each stage are selected for testing in the next stage. The
series of tests eventually leads to one or a few drug candi-
dates being selected to proceed to testing 1n human clinical
trials. The human clinical trials may include studies in a
human suflering from a medical condition that can be treated
or prevented by reducing cancer cells (inducing cancer cell
Necrosis).

[0100] A method of selectively necrosing cancer cells 1s
provided. The method includes providing a plurality of cells,
including at least one cancer cell and at least one non-
cancerous cell; and contacting the plurality of cells with an
HDM-2 targeting compound which includes a membrane
resident peptide (MRP), wherein the HDM-2 targeting com-
pound colocalizes to HDM-2 present 1n at least one cancer
cell membrane, binding to a cell membrane of the at least
one cancer cell and adopting a membrane-resident confor-
mation within said cancer cell membrane.

[0101] The adoption of a membrane-resident conforma-
tion may further include forming a pore 1n said cancer cell
membrane. Optionally, the method may include observing,
necrosis in the plurality of cancer cells, while observing
necrosis was previously discussed. Similarly, the method
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may include the step of optionally observing a non-result in
the non-cancerous cells, which 1s indicative of non-targeting,
of said non-cancerous cells by the method and 1ts related
compound.

[0102] A method of identifying cancer cells 1s provided.
The method of 1dentifying cancer cells includes providing a
plurality of cells, wherein at least one of said cells 1s a
candidate cancer cell; and administering to the plurality of
cells an HDM-2 recognition agent.

[0103] Candidate cancer cells, as used herein, may gen-
erally refer to cells, cellular samples, or tissues which may
include cancer calls, pre-cancerous cells, and non-cancerous
cells. The method of the present invention may be used to
determine which of the cells, 1f any, within the candidate
cancer cells are cancerous. The plurality of candidate cancer
cells may be optionally observed to determine whether the
HDM-2 recognition agent colocalizes with at least one cell
membrane. Colocalization may result in the HDM-2 recog-
nition molecule being bound to or transported through the
cell membrane, depending on the form of the HDM-2
recognition agent. If the HDM-2 recognition agent takes on
the form of PNC-27, or a non-peptide component with an
MRP attached thereto, the HDM-2 recognition agent will be
taken into the cell membrane of cancer cells, in a membrane
active form. This 1s indicative of the recognition agent’s
tendency to be bound to HDM-2 1n a cancer cell.

[0104] In order to better observe and determine which
candidate cancer cells, 1f any, are cancerous, 1t 1s possible to
optionally tag the HDM-2 recognition agent with an obser-
vation aid. The observation aid may be attached to the
HDM-2 recognition agent such that the observation aid
tollows the HDM-2 recognition agent and does not interfere
with any colocalization to HDM-2 1n the cancer cell mem-
branes. The observation aid may include one or more
materials, as may be desired. The observation aid may be,
for example, a dye, a fluorescing agent, a radiopaque mate-
rial, a radioactive 1sotope, and combinations thereof. One
uselul observation aid may include, for example, horserad-
1sh radish peroxidase.

[0105] Identifying at least one cancer cell may refer to
identifying that the HDM-2 recognition agent has colocal-
1zed with, bound to, or otherwise afhiliated with the surface
of a cellular membrane containing HDM-2. This may be
based on the premise that HDM-2 1s contained in cancer

cells at roughly five times greater presence than in non-
cancerous cells.

[0106] Once the HDM-2 recognition agent has tagged or
afliliated to cancer cell membranes present out of the total
candidate cancer cells (or surrounding non-cancerous tis-
sue), 1t 1s possible to quantily and qualily the size, shape,
progression, and general nature of a plurality of cancer cells.
Thus, a plurality of cancer cells may be mapped or plotted
with respect to the surrounding frame of reference (in a
subject, the surrounding anatomy and/or tissues), in order to
better understand the placement and size of the cancer cells
(cancerous tissue). The observation aids, including, for
example, dyes, fluorescing agents, radiopaque materials, and
the like, may aid in visualizing the HDM-2 recognition agent
within a sample that may have a large amount of cells
present. Thus, once the HDM-2 recognition agent 1s admin-
istered to cells, various known wvisualization techniques,
including filtered scopes to detect light at certain wave-
lengths of the electromagnetic spectrum, x-ray, catscan, and
the like may be employed in order to better see and under-
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stand the plurality of cancerous cells. Thus, the map of the
cancer cells may be useful 1n diagnosing types of cancer,
treatments for cancer, surgical removal thereof, observing
the progression, monitoring for relapse of cancer, and/or the
responsiveness to treatments.

[0107] The compounds, agents, and or materials used 1n
conjunction with one or more of the methods of the present
invention may refer to PNC-27, PNC-28, or combinations
thereol, as discussed herein. Further, 1t should be readily
understood that non-peptide materials which may desirably
have an HDM-2 athnity or binding site may be used in
conjunction with the MRP. Hybrid materials containing
peptide and non-peptide components, along with wholly
non-peptide materials may be used with one or more of the
methods of the present invention. The synthesis of one or
more of the compounds may be subsequently followed by
purification, as 1s commonly done in the art. The compounds
synthesized are preferably in purified form to be used as the
compound and with the methods of the present invention.
Thus, the present invention contemplates the use of peptide
as well as non-peptide materials, and combinations thereof,
to cause selective necrosis to cancer cells, 1n accordance
with the present mvention.

[0108] One or more of the methods referenced herein may
optionally include a reiteration or repeated administration
step. That 1s, after the administration step, 1t 1s possible to
determine whether a plurality of subsequent cancer cells
exist and remain intact. It so, 1t 1s possible to complete one
or more ol the method steps for each of the methods
previously discussed, including the administration of the
compound, HDM-2 recognition agent, and the like.

[0109] The compounds, agents, and materials used 1n
conjunction with one or more of the aforementioned meth-
ods are desirably 1n a purified form. Purified form, as used
herein, generally refers to material which has been i1solated
under certain desirable conditions that reduce or eliminate
unrelated materials, 1.e. contaminants. Substantially free
from contaminants generally refers to free from contami-
nants within analytical testing and administration of the
material. Preferably, purified material 1s substantially free of
contaminants 1s at least 50% pure, more preferably, at least
90% pure, and more preferably still at least 99% pure. Purity
can be evaluated by conventional means, e.g. chromatogra-
phy, gel electrophoresis, immunoassay, composition analy-
s1s, biological assay, NMR, and other methods known 1n the
art

[0110] At least one cancer cell, as used herein, may
similarly refer to a plurality of cancer cells. A plurality of
cells may include, a sample of cells, a tissue sample, a tumor,
and/or even a subject having cancer. At least one cell may
refer to one cell, a plurality of cells, a sample of cells, a
tissue sample, and/or even a subject. A plurality of cells
including at least one cancer cell and at least one non-
cancerous cell may refer to a mixture of cells 1n a sample,
an area of tissue including both cancerous and non-cancer-
ous tissues, and or a subject diagnosed with cancer.

[0111] The term “subject”, as used herein may refer to a
patient or patient population diagnosed with, or at risk of
developing one or more forms of cancer. Also, as used
herein, a subject may refer to a living animal, including
mammals, which may be given cancer through transplanta-
tion or xenotransplanting which may be subsequently treated
with the methods and compounds of the present invention or
which have developed cancer and need veterinary treatment.
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Such subjects may include mammals, for example, labora-
tory amimals, such as mice, rats, and other rodents; monkeys,
baboons, and other primates, etc. They may also include
household pets or other animals 1n need of treatments for
cancer.

[0112] The terms “‘therapeutically eflective dosage” and
“eflective amount™ refer to an amount suflicient to kill one
or more cancer cells. A therapeutic response may be any
response that a user (e.g. a clinician will recognize) exhibits
as an ellective response to the therapy, including the fore-
going symptoms and surrogate clinmical markers. Thus, a
therapeutic response will generally be an amelioration or
inhibition of one or more symptoms of a disease or disorder,
¢.g. cancer.

[0113] Administering, as referred to by one or more of the
methods of the present invention, may include contacting.
The term “contacting” refers to directly or indirectly bring-
ing the cell and the compound together in physical proxim-
ity. The contacting may be performed 1n vitro or in vivo. For
example, the cell may be contacted with the compound by
delivering the compound into the cell through known tech-
niques, such as microinjection nto the tumor directly, 1nject-
ing the compound into the bloodstream of a mammal, and
incubating the cell 1n a medium that includes the compound.

[0114] Any method known to those 1n the art for contact-
ing a cell, organ or tissue with a compound may be
employed. Suitable methods include in vitro, ex vivo, or 1n
vivo methods. In vitro methods typically include cultured
samples. For example, a cell can be placed 1n a reservoir
(e.g., tissue culture dish), and incubated with a compound
under appropriate conditions suitable for inducing necrosis
in cancer cells. Suitable incubation conditions can be readily
determined by those skilled 1n the art.

[0115] Ex vivo methods typically include cells, organs or
tissues removed from a mammal, such as a human. The cells,
organs or tissues can, for example, be mcubated with the
compound under appropriate conditions. The contacted
cells, organs or tissues are normally returned to the donor,
placed 1n a recipient, or stored for future use. Thus, the
compound 1s generally 1n a pharmaceutically acceptable
carrier.

[0116] In vivo methods are typically limited to the admin-
istration ol a compound, such as those described above, to
a mammal, preferably a human. The compounds useful 1n
the methods of the present invention are administered to a
mammal 1n an amount effective 1n necrosing cancer cells for
treating cancer in a mammal. The eflective amount 1s
determined during pre-clinical trials and clinical trials by
methods familiar to physicians and clinicians.

[0117] The compounds usetul 1n the methods of the inven-
tion may also be admimistered to mammals by sustained
release, as 1s known 1n the art. Sustained release adminis-
tration 1s a method of drug delivery to achieve a certain level
of the drug over a particular period of time. The level
typically 1s measured by serum or plasma concentration.

[0118] The compounds of one or more of the aloremen-
tioned methods of the present mnvention may be adminis-
tered to a human in an amount eflective in achieving its
purpose. The eflective amount of the compound to be
administered can be readily determined by those skilled 1n
the art, for example, during pre-clinical trials and clinical
trials, by methods familiar to physicians and clinicians.
Typical daily doses include approximately 1 mg to 1000 mg.
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[0119] An eflective amount of a compound useful in the
methods of the present invention, preferably 1 a pharma-
ceutical composition, may be admimstered to a mammal 1n
need thereof by any of a number of well-known methods for
administering pharmaceutical compounds. The compound
may be administered systemically or locally.

[0120] Any formulation known in the art of pharmacy 1s
suitable for administration of the compounds useful 1n the
methods of the present mvention. For oral admimstration,
liquid or solid formulations may be used. Some examples of
formulations include tablets, capsules, such as gelatin cap-
sules, pills, troches, elixirs, suspensions, syrups, walers,
chewing gum and the like. The compounds can be mixed
with a suitable pharmaceutical carrier (vehicle) or excipient
as understood by practitioners in the art. Examples of
carriers and excipients include starch, milk, sugar, certain
types of clay, gelatin, lactic acid, stearic acid or salts thereot,
including magnesium or calcium stearate, talc, vegetable
fats or oils, gums and glycols.

[0121] Formulations of the compounds useful 1n the meth-
ods of the present iventions may utilize conventional
diluents, carriers, or excipients etc., such as those known 1n
the art to deliver the compounds. For example, the formu-
lations may comprise one or more of the following: a
stabilizer, a surfactant, preferably a nonionic surfactant, and
optionally a salt and/or a buflering agent. The compound
may be delivered 1n the form of an aqueous solution, or in
a lyophilized form. Similarly, salts or bullering agents may
be used with the compound.

[0122] The compounds of the present invention may be
administered in therapeutically eflective concentrations, to
be provided to a subject 1 standard formulations, and may
include any pharmaceutically acceptable additives, such as
excipients, lubricants, diluents, flavorants, colorants, bui-
fers, and disintegrants. Standard formulations are well
known 1n the art. See, e.g. Remington’s pharmaceutical
Sciences, 20th edition, Mach Publishing Company, 2000.
The formulation may be produced 1n useful dosage units for
administration by any route that will permit the compound
to contact the cancer cell membranes. Exemplary routes of
administration include oral, parenteral, transmucosal, 1ntra-
nasal, insulfation, or transdermal routes. Parenteral routes
include intravenous, intra-arterial, intramuscular, intrader-
mal, subcutaneous, intraperitoneal, intraductal, intraven-
tricular, intrathecal, and intracranial administrations.

[0123] The pharmaceutical forms suitable for injection
include sterile aqueous solutions or dispersions and sterile
powders for the extemporaneous preparation of sterile
injectable solutions or dispersions. The ultimate solution
form 1n all cases must be sterile and fluid. Typical carriers
include a solvent or dispersion medium containing, €.g.,
water bullered aqueous solutions, 1.e., biocompatible bui-
ters, ethanol, polyols such as glycerol, propvlene glycol,
polyethylene glycol, suitable mixtures thereof, surfactants or
vegetable oils. Sterilization may be accomplished utilizing
any art-recognized technique, including but not limited to
filtration or addition of antibacterial or antifungal agents.

[0124] The compounds of the present invention may be
administered as a solid or liquid oral dosage form, e.g. tablet,
capsule, or liquid preparation. The compounds may also be
administered by injection, as a bolus injection or as a
continuous 1nfusion. The compounds may also be adminis-
tered as a depot preparation, as by implantation or by
intramuscular 1njection.
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[0125] The compounds, agents, and materials referenced
in the present mvention may be in a “pharmaceutically
acceptable carrier”. A pharmaceutically acceptable carrier
includes any and all solvents, dispersion media, coatings,
antibacterial and antifungal agents, 1sotonic agents and the
like. The use of such media and agents are well-known 1n the
art. The phase ‘pharmaceutically acceptable’ refers to
molecular entities and compositions that are physiologically
tolerable and do not typically produce unwanted reactions
when administered to a subject, particularly humans. Pret-
crably, as used herein, the term “pharmaceutically accept-
able” means approved by a regulatory agency of the federal
or a state government or listed in the U.S. Pharmacopeia or
other generally recognized pharmacopeia for use in animals,
and more particularly, in humans. The term carrier refers to
a diluent, adjuvant, excipient or vehicle with which he
compounds may be administered to facilitate delivery. Such
pharmaceutical carriers can be sterile liquids, such as water
and oils, or organic compounds. Water or aqueous solution
saline solutions, and aqueous dextrose and glycerol solu-
tions are preferably employed as carriers, particularly as
injectable solutions.

[0126] The synthetic peptides which may include the
compounds, agents, and materials used with the present
methods of the present invention may be synthesized by a
number of known techniques. For example, the peptides
may be prepared using the solid-phase technique initially
described by Merrifield (1963) m J. Am. Chem. Soc.
85:2149-2154. Other peptide synthesis techniques may be
found 1n M. Bodanszky et al. Peptide Synthesis, John Wiley
and Sons, 2d Ed., (1976) and other references readily
available to those skilled in the art. A summary of polypep-
tide synthesis techniques may be found in J. Stuart and J. S.
Young, Solid Phase Peptide Synthesis, Pierce Chemical
Company, Rockiord, Ill., (1984). Peptides may also be
synthesized by solid phase or solution methods as described
in The Proteins, Vol. II, 3d Ed., Neurath, H. et al., Eds., pp.
105-23°7, Academic Press, New York, N.Y. (1976). Appro-
priate protective groups for use in diflerent peptide synthe-
ses are described 1n the texts listed above as well as in J. F.
W. McOmiue, Protective Groups i Organic Chemistry, Ple-
num Press, New York, N.Y. (1973). The peptides of the
present invention may also be prepared by chemical or
enzymatic cleavage from larger portions of the p53 protein
or from the full length p53 protein. Likewise, membrane-
resident sequences for use 1n the synthetic peptides of the
present invention may be prepared by chemical or enzymatic
cleavage from larger portions or the full length proteins from
which such leader sequences are derived.

[0127] Additionally, the peptides of the present invention
may also be prepared by recombinant DNA techniques. For
most amino acids used to build proteins, more than one
coding nucleotide triplet (codon) can code for a particular
amino acid residue. This property of the genetic code 1s
known as redundancy. Therefore, a number of diflerent
nucleotide sequences may code for a particular subject
peptide selectively lethal to malignant and transformed
mammalian cells. The present mnvention also contemplates a
deoxyribonucleic acid (DNA) molecule that defines a gene
coding for, 1.e., capable of expressing a subject peptide or a
chimeric peptide from which a peptide of the present inven-
tion may be enzymatically or chemically cleaved.

[0128] Thus, the embodiments of the present invention use
the proposed mechanism of interaction between HDM-2 and
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the compounds of the present invention. By incorporating a
peptide sequence that shares certain p53 aa residues into the
compound, the inventors are promoting the compound to
bind to HDM-2 1n the cancer cell membrane. Further, by
combining the HDM-2 targeting component with an MRP,
as the compound 1s transported over the cancer cell mem-
brane, the binding of the compound to the cell causes
membranolysis of the cancer cell membrane. This, 1n turn
results 1n cell death through necrosis. The inventors of the
present invention have thus ivented cancer treatments that
kill cancer cells, even when mixed with healthy cells. The
methods of the present invention may be used to selectively
kill cancer cells, thus creating a pipointed treatment in a
cell sample, tissue sample, or even within a patient’s body.
The methods of the present invention thus target HDM-2 1n
the cancer cell membrane; rather than p53. Thus, the HDM-2
targeting treatments of the present invention are applicable
to all cancer cells, including those that have no p53 present,
or may have p53 1n an mactive (mutated) form.

[0129] It should be readily understood and appreciated
that each of the elements and features of the present inven-
tion discussed with one embodiment may be similarly
employed with other embodiments disclosed herein, and this
discussion 1s by no means deemed limiting to the various
additional permutations that may be employed, for example,
with the methods presented herein.

[0130] As the methods of treatment do not cause cell death
of normal cells, these methods of treatment are focused on
the cancer cells, irrespective of the mode of administration
to the cell sample. Thus, these methods of treatment may be
used for tumors or cancers that are widespread, inoperable,
or otherwise not eflectively treated with conventional means
or combination therapies.

Examples

Materials and Methods

[0131] Peptides. The following peptides were synthesized
by solid phase methods and were purified to >93% purity
(Biopeptides Corp, La Jolla, Calif.): PNC-27 containing
residues 12-26 (PPLSQETFSDLWKLL) (SEQ ID NO: 8)
from the hdm-2 binding domamn of p53 and PNC-28
(ETFSDLWKLL) (SEQ ID NO: 32) containing residues
17-26 from the hdm-2 binding domain of p53, both attached
on their carboxyl terminal ends to the transmembrane-
penetrating sequence which 1s related to the reverseomer
sequence of the antennapedia sequence,
KKWKMRRNQFWVKVQRG (SEQ ID NO: 1), also called
MRP; the control peptide PNC-26, containing only residues
12-26 of p33 and no MRP; the control peptide PNC-29, an
unrelated peptide from Cy“[ochrome P450 (also called X13)
(bold) attached to MRP (italics), whose sequence 1s MPF-
STGKRIMLGEKKWKMRRNQFWVKVQRG (SEQ ID
NO: 4); and PNC-7, a peptide from the ras-p21 protein
contaiming ras-p21 residues 35-47 (TIEDSYRKQVVID)
(SEQ ID NO: 7) attached to the MRP having SEQ ID NO:
1 on 1ts carboxyl terminal end. In addition, a fluorescent-
labeled form of PNC-27 was synthesized, 1.e., PNC-27
peptide conjugated to the fluorescent dye, fluorescein 1so-
thiocyanate (FITC) on 1ts amino terminal end (Biopeptides
Corp.).

[0132] Cells. MiaPaCa-2 cells (human pancreatic cancer
cells) were obtained from the American Type Culture Col-
lection (ATCC) (Manassas, Va.) and were cultured in
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DMEM supplemented with 10 percent bovine fetal serum
and penicillin/streptomycin [100 U/100 ug/ml] as recom-
mended by the ATCC. BMRPA1 cells (untransformed rat
pancreatic acinar cells) were cultured as described previ-
ously (1).

Methods

[0133] Preparation of Plasmids. DNA encoding the human
p33 amino acid residues 17-26 sequence, corresponding to
the p33 sequence 1n PNC-28, was cloned into the mamma-
lian pTracer-SV40 (green-fluorescent protein [GFP]-ex-
pressing) expression vector downstream to the SV40 pro-
moter. This vector constitutively expresses a cloned gene
(Invitrogen, Carlsbad, Calitf.). Also included in the vector 1s
another expression cassette which 1s linked in tandem to the
SV40-p33 17-26-expressing unit. The second expression
cassette contains a CMYV promoter driving the expression of
the GFP-Zeocin resistance gene fusion protein. The vector
was used to transform TOPI10F' chemically competent £,
coli Tollowing the Hanahan Method of transformation (13),
and plated on Zeocin-containing agar plates for overnight
growth. Eight colonies were then used to inoculate cultures
in Low Salt Luria Broth (1% bacterial tryptone, 0.5% yeast
extract, 0.5% NaCl, and 25 ug/ml Zeocin). Cultures were
grown under constant shaking at 200 rpm for 16 h in a 37°
C. incubator, and plasmids were then extracted using a
Qiagen Spin Miniprep Kit.

[0134] The construct sense and anti-sense strands of the
cDNA encoding the p53 17-26 sequence (Invitrogen, Carls-
bad, Calif.) were synthesized. The sense strand sequence
was S-AGTCGAATTCGCCACCA  TGGAAACAT-
TTTCAGACCTATGGAAACTACTTTGAGC
GGCCGCAGTC-3") (SEQ ID NO: 31). Underlined EcoRI
and Notl sites are located 1n 5' and 3' ends of the cDNA,
respectively. Start and stop codons are 1n 1talics. The p53
17-26 coding sequence 1s 1 bold letters. For maximum
protein translation 1n transfected cell lines, the start codon
was placed within a Kozak sequence, 1.¢., GCCACCATGG
(SEQ ID NO: 30) (with ATG being the start codon), which
1s the optimal context for initiation of translation in verte-
brate mRINA (13) The strands (250 nmol/ml) were annealed
in annealing buifer by heating to 93° C., and then cooling to
room temperature. The annealed double stranded P33 17-26-
encoding cDNA was then digested with Notl and EcoRI
simultaneously. A total of 20 ug of plracer-SV40 was
digested with 60 units of Notl and 60 units of EcoRI.
Double-digested plracer-SV40 and p53 17-26-encoding
cDNA were then electrophoresed through 0.8% and 2.5%
agarose gel, respectively. Gel bands containing DNA of
appropriate size were excised, and DNA content was
extracted using the NucleoTrap Gel Extraction kit (Clon-
Tech, Mountain View, Calil.). Purified vector and cDNA
were ligated with T4 higase (12 hr, 4° C.) (New England
Biolab, Ipswich, Mass.). Two ul of ligation reaction was then
dispensed into a vial contaiming 50 ul One Shot TOP10F
competent £. coli (Invitrogen), and the reaction mixture was
incubated on ice for 10 min, heat-shocked to 42° C. (30 sec)
and incubated on 1ce for another 2 min. A total of 250 ul
SOC medium (Invitrogen) was then added to the cells which
were then shaken at 37° C. (1 hr). This transiformation
reaction was then diluted 1:100 or 1:10 using SOC medium.
A total of 50 ul of each was spread on LB plates containing
12.5 umol/ml ampicillin that were incubated overmight at
3°7° C. Eight colonies were randomly chosen to inoculate




US 2023/0174601 Al

cight 5 ml overnight LB cultures in the presence of 12.5
umol/ml ampicillin Plasmids extracted from each liqud
culture were analyzed by automated DNA sequencing using
the fluorescence-based dideoxy chain termination reaction
(Genewiz, North Brunswick, N.JI.). It was found that they all
contained the correct p53 17-26 cDNA reading frame asso-
ciated with a stop codon and a start codon embedded 1n the
Kozak sequence. This construct plasmid 1s termed p53
17-26-V ([expression] vector).

[0135] Precisely the same procedure was followed for
preparation of a plasmid encoding a scrambled p53 peptide
sequence (residues 12-26) as follows:

(SEQ ID NO: 31)
5' -AGTCGAATTCGCCACCATGTGGGACC

TGACACTACCCAAACAGCTTCTACCTTCA

AGTTTGAATGAGCGGCCGCAGTC-3"1

with start, stop codons, and restriction enzyme sites denoted
as above. This plasmid construct 1s called p33-12-26-
scrm-V

[0136] Transiection into Cancer Cells. Transfection of p53
17-26-V plasmid and the two control plasmids, one, the p53
12-26-scrm-V vector and the second vector encoding GFP
only, called EV (empty vector) into MiaPaCa-2 and untrans-
formed BMRPAI1 cells was completed. These cells were
evaluated for: viability and expression of: p53 protein, p53
17-26 peptide, caspase, annexin binding to phosphatidyl
serine and LDH. Twenty four hours prior to transfection
5x10° cells were seeded in antibiotic-free medium into each
well 1n a six-well tissue culture dish (TCD) and allowed to
adhere overnight. To three wells, 0.8 ug of p53 17-26-V
plasmid were added. To the other three wells, 0.8 ug of
empty vector or p53-12-26-scrm-V vector encoding control
peptide were added. To each of these wells, Lipofectamine
2000 transfection agent ((Q1agen) was added such that the
rat1o of plasmid DNA (1n ug) to Lipofectamine 2000 (1n ul)
was 1:2 (14). This ratio was determined in preliminary
experiments described 1n the next paragraph. Transiections
were performed in serum- and antibiotic-iree culture
medium at 37° C. for 4 h at which time the incubation was
continued in complete medium, containing 10% fetal bovine
serum (FBS) and penicillin and streptomycin (100 U/100
ug/ml). After another 4-5 h, the cells were washed followed
by re-incubation in fresh complete medium. Transfection
elliciency was measured by examining the frequency of GFP
expressing cells 1n the total cell population 12 h post-
transfection using a Zeiss LSM 410 Conifocal Laser Scan-
ning Microscope.

[0137] For each cell line the effective ratio of DNA:
Lipofectamine 2000 reagent was studied and was verified 1n
preliminary experiments using a checkerboard assay. In
these experiments, transiection efliciency was established by
titration of different concentrations of DNA 1n the presence
ol increasing concentrations of Lipofectamine 2000 on cells
that had been seeded onto glass coverslips. After transfec-
tion the GFP-positive (GFP+) cells on the coverslips were
quantitated by counting under a UV Light Zeiss Epitluores-
cence Microscope 1n 3-5 consecutive fields counting 200-
400 cells. These preliminary experiments helped to establish
the cell density, the amount of DNA and the DNA:Lipo-
fectamine 2000 ratio to be used, and the time for transtection
to proceed.
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[0138] Expression of the p33 17-26 Peptide. For protein
analyses, and detection of apoptosis, 2x10° cells were
seeded mto 10 cm diameter TCDs and transtected with
DNA:Lipofectamine 2000 proportionally adjusted to the
increased area. When the cell density reached 90-100%, the
cells of the experimental and sham-transfected group were
detached using trypsin and plated ito four new TCD’s 1n
which they were allowed to grow in complete medium. At
defined time points cells were released from adherence with

10 mM EDTA 1n PBS and were lysed in lysing bufler [1%
Triton X-100 1n 0.05 M Tris-HCI (pH 8.0), 0.15 mM NaCl,
0.02% Na azide, 0.01 mg/ml phenylmethylsulfonylfluoride
(PMSF), and 0.001 mg/ml Aprotinin]. Protein equivalents of
10° cells, i.e., —30 ug/lane, were then subjected to SDS-

PAGE using 10% Tri1s-HCI gels and, 1n some experiments,
16% Tricine Peptide Gels (Biorad, Hercules, Calif.) to detect

PNC-28 (~3104 Da) and p53 17-26 (~1500 Da). The sepa-
rated proteins were then electrophoretically transierred to
nitrocellulose membranes followed by immunoblotting with
the mAb DO-1 to p53 AA residues 11-25, and with mAb B-2
to GFP (each at 1 ug-2.5 ng/ml blotting bufler), respectively
(2). After washing non-reacted mAbs from the membranes,
the membranes were icubated (1 h) with a second enzyme-
labeled antibody from the ECL chemiluminescence kit (Am-
ersham, Piscataway, N.J.) to detect the presence of p53 and
p33 17-26 peptide. In preliminary experiments, 1t was noted
that 1dentification of p53 protein was easily possible within
30-90 sec of exposure while clear identifiable binding of
mAbDO-1 to p53 17-26 peptide took much longer time. The
membrane was therefore cut across the 17 kDa marker
(kaleidoscope’s polypeptide standard), to allow for the dif-
ferential exposures. In addition, a time course of GFP
expression was performed in both MiaPaCa-2 and BMRPA1
cells that established that, during the time period 48-96 h
post-transiection, the cells showed the highest levels of GFP
expression. Semi-quantitation of immunoblotting results
was performed by measuring luminosity of bands in a single
scanned developed x-ray film, using the histogram option of
Adobe Photoshop 5.5. Background was ascertained by mea-
suring average luminosity of 5 areas of the film outside the
blotting region. Opacity of each band was calculated by the
equation, Opacity=255-Luminosity-background (15).

[0139] Incubation of MiaPaCa-2 Cells with PNC-28.
Duplicate sets of 6x10° MiaPaCa-2 cells were incubated
with different concentrations of PNC-28, 1.e., 5, 10, 20, 40,
80 and 160 mmol/ml. Duplicate control experiments were
also performed in which 6x10° MiaPaCa-2 cells were incu-
bated with the control, PNC-29, present at a concentration of
75 umol/ml. All incubations were carried out using a pro-
tocol 1dentical to that described in ref. 1 (1). After the cells
had been allowed to adhere to the tissue culture dish (TCD)
for 24 hours the medium was removed from each TCD, and
new medium containing the same or no peptide concentra-
tion was added. Medium from each TCD was removed every
24 h, and fresh medium with 1ts respective peptide at the
appropriate concentration was added. Cells were mspected
daily for changes 1n cell growth, morphology, and viability.
At the end of each day over a five-day period, duplicate cell
counts were performed for each incubation using the trypan
blue exclusion method. In addition, cell viability was also
determined by 3-[4,5-dimethylthiazol-2y1]-2,5 diphenyl tet-
razolium bromide (M'TT) assay according to the manufac-
turers’ 1nstructions (Promega Corporation, Madison, Wis.,

USA).
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[0140] Incubation of Peptides with BMRPA1 Cells. These
cells are untransformed rat pancreatic acinar cells (1). Dupli-
cate 5-day incubations were performed on 6x10° cells in
three circumstances: with no peptide, with PNC-28 at 75
umol/ml, and with PNC-29 at 75 umol/ml. Cells were
tollowed for viability and morphology over this time period.
At the end of 5 days, cell counts were performed using the
trypan blue exclusion method.

[0141] Immunocytochemistry for Annexin V-Binding to
Phosphatidyl Serine. To determine whether any of the trans-
tected plasmids induced apoptosis, the cells were evaluated
to determine whether the cells contained phosphatidyl serine
in the iner cell membrane, 1dentified as binding to annexin-
V, as a marker for apoptosis (15). Cells (5x10°) were seeded
in 6-well TCDs 24 h prior to transfection in antibiotic-free
medium. Cells were then either transtected with p33 17-26-
V, p53 12-26-scrm-V, EV or were lelt untreated. At prede-
termined time-points post-transfection, the cells were
released using 0.5x Trypsin-EDTA, collected and processed
as described 1n the manufacturer’s instructions of the
Annexin V-Biotin Apoptosis Detection Kit (CalBioChem,
La Jolla, Calif.). The stained cells were resuspended 1in
antifade (Molecular Probes, OR), mounted on glass slides
under a glass coverslip and evaluated for red (TRITC) and
green (GFP) fluorescence using confocal microscopy as
described above.

[0142] Evaluation of Cells Treated with PNC-28 for
Caspase as a Marker for Apoptosis and LDH Release as a
Marker for Necrosis. Cells from culture plates at 18, 44, 66
and 90 h time points were lysed 1n situ 1 cell lysis buller
[1% Triton X-100 1n 0.05 M Tris-HCI (pH 8.0), 0.15 mM
NaCl, 0.02% Na azide, 0.1 mg/ml phenylmethylsulio-
nyltluoride (PMSF), and 0.001 mg/ml Aprotinin]. Lysates
were subjected to 10% SDS-PAGE followed by electrotrans-
ter to nitrocellulose and immunoblotting with antibodies to
GFP and p53 (Santa Cruz Biotechnology, Santa Cruz,
Calif.). Antibody-labeled proteins were 1dentified by chemi-
luminescence using ECL methodology (Amersham)(1).
Assays for elevated caspase expression were performed
using the Clontech (Palo Alto, Calif.) for caspase (CPP32)
activity (2). As a positive control for the caspase activity
assay, Mia-PaCa-2 cells were incubated with tumor necrosis
tactor (INF) (Sigma, St. Louis, Mo.) at a concentration of

SEQUENCE LISTING

Sequence total quantity: 32

SEQ ID NO: 1 moltype = AA 17

length

FEATURE Location/Qualifiers
source 1..17
mol type = proteiln
organism = synthetic construct

SEQUENCE: 1
KEKWKMRRNQF WVEKVORG

SEQ ID NO: 2 moltype = AA length 32

FEATURE Location/Qualifiers
source 1..32
mol type = proteiln
organism = synthetic construct

SEQUENCE: 2
PPLSQETFEFSD LWKLLKKWKM RRNQEWVKVQ RG

SEQ ID NO: 23
FEATURE
source

moltype = AA length 27
Location/Qualifiers

1..27
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10 ng/ml for 24 h. In addition, to detect 1f significant cell
necrosis occurred, the CytoTox96 assay was used (Promega,
Madison, Wis.) for LDH released into the cell culture
medium as performed on several breast cancer cell lines (2).
[0143] FElectron Micropscopy of MiaPaCa-2 Cells Treated
with PNC-28. Time-lapse electron microscopy (EM) was
used to examine the ultrastructural features of cell death.
MiaPaCa-2 cells were grown for 24 h on Thermanox cover
slips (Lux Scientific), and then treated with 25 umol of
PNC-28 for 1 and 15 min, along with a corresponding
control group without peptide. The cells were washed with
PBS solution and then fixed with 2.5% gluteraldehyde-PBS.
The fixed cultures were rinsed 1 a 0.1 M phosphate bufler
(pH 7.3), post fixed i 2% (0.08 m) osmium tetroxide-PBS
(pH 7.3), dehydrated in a graded series of ethanol and
propylene oxide and embedded 1n Epon 812. Sections were
cut at 700 A, stained with uranyl acetate and lead citrate and
examined with a Jeol JEM 1010 Electron Microscope.
[0144] Blotting of Mia-PaCa-2 Cell Lysates for p53 and
waf’>', a Target for Activated p53. Cell lysates were pre-
pared as described 1n the preceding paragraph and were
subjected to mmmunoblotting with either DO-1 antibody
described 1n the section above for expression of the p53
1'7-26 peptide, a (Ab-6) monoclonal anti-p53 antibody (Cal-
biochem,) or with polyclonal anti-waf?’*' antibody (Santa
Cruz Biotechnology, Santa Cruz, Calif.) (1:2000 dilution)
using a procedure identical to that described in the same
section above. For controls, for actin was blotted for, using
anti-actin polyclonal antibody (Santa Cruz Biotechnology).
[0145] Statistical Analysis. Analysis of growth inhibition
and markers for necrosis and apoptosis were analyzed by a
two-tailled Mann-Whitney nonparametric test or a two-tailed
Student T-test where appropriate. A P-value of less than 0.05
was considered significant.

[0146] Various changes and modifications can be made 1n
the present invention. It 1s intended that all such changes and
modifications come within the scope of the invention as set
forth 1n the following claims.

[0147] Incorporate herein by reference 1n 1ts entirety 1s the
Sequence Listing for the application. The Sequence listing 1s
disclosed on a computer-readable ASCII text file ftitled,
“sequence_listing txt”, created on Aug. 27, 2014. The
sequence_listing.txt file 15 9.33 kb 1n size.

17

32
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SEQUENCE : 3

mol type protein
organism = gynthetic

ETEFSDLWKLL KKWKMRRNQF WVKVQRG

SEQ ID NO: 4
FEATURE
source

SEQUENCE: 4

moltype = AA length
Location/Qualifiers
1..30

mol type protein
organism = gynthetic

MPESTGKRIM LGEKKWKMRR NQEFWVEKVORG

SskEQ ID NO: b
FEATURE
source

SEQUENCE: b5
MPEFSTGKRIM LGE

SEQ ID NO: 6

FEATURE
source

SEQUENCE: ©

moltype = AA length
Location/Qualifiers
1..13

mol type protein
organism = gsynthetic

moltype = AA length
Location/Qualifiers
1..30

mol type protein
organism = gynthetic

TIEDSYRKQV VIDKKWKMRR NQFWVKVQRG

SEQ ID NO: 7
FEATURE
source

SEQUENCE : 7
TIEDSYRKQV VID

SEQ ID NO: 8
FEATURE

SOouUurce

SEQUENCE: 8
PPLSQETFSD LWKLL

SEQ ID NO: 9
FEATURE

SOuUrce

SEQUENCE: ©
YGRKKRRORR RPPOQ

SEQ ID NO: 10
FEATURE
SOUurce

SEQUENCE: 10
GRKKRRORRR PPQ

SEQ ID NO: 11
FEATURE
SOUurce

SEQUENCE: 11
GAAAARALALALL PPQ

SEQ ID NO: 12
FEATURE
sOource

SEQUENCE: 12
PKKKRKV

moltype = AA length
Location/Qualifiers
1..13

mol type protein
organism = gynthetic

moltype = AA length
Location/Qualifiers
1..15

mol type protein
organism = gsynthetic

moltype = AA length
Location/Qualifiers
1..14

mol type protein
organism = gynthetic

moltype = AA length
Location/Qualifiers
1..13

mol type protein
organism = gynthetic

moltype = AA length
Location/Qualifiers
1..13

mol type protein
organism = gynthetic

moltype = AA length
Location/Qualifiers
1..7

mol type protein
organism = gynthetic

18

-continued
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SEQ ID NO: 13
FEATURE
SOoOurce

SEQUENCE: 13
KRPAATKKAG QAKKKK

SEQ ID NO: 14
FEATURE

SOUrce

SEQUENCE: 14
TROARRNRRR RWRERQOR

SEQ ID NO: 15
FEATURE
SOUurce

SEQUENCE: 15
RRRRNRTRRN RRRVR

SEQ ID NO: 16
FEATURE
SOouUurce

SEQUENCE: 16
KMTRAQRRAZA ARRNRWTAR

SEQ ID NO: 17
FEATURE
source

SEQUENCE: 17
TRRORTRRAR RNR

SskEQ ID NO: 18
FEATURE
source

SEQUENCE: 18
KLTRAQRRAA ARKNKRNTR

SEQ ID NO: 19
FEATURE
SOUurce

SEQUENCE: 19
NAKTRRHERR REKLAIER

SEQ ID NO: 20

FEATURE
source

SEQUENCE: 20

moltype = AA length
Location/Qualifiers
1..16

mol type protein
organism = gynthetic

moltype = AA length
Location/Qualifiers

1..17
mol type protein
organism = gsynthetic

moltype = AA length
Location/Qualifiers
1..15

mol type protein
organism = gsynthetic

moltype = AA length
Location/Qualifiers
1..19

mol type protein
organism = gynthetic

moltype = AA length
Location/Qualifiers
1..13

mol type protein
organism = gynthetic

moltype = AA length
Location/Qualifiers
1..195

mol type protein
organism = gynthetic

moltype = AA length
Location/Qualifiers
1..17

mol type protein
organism = gynthetic

moltype = AA length
Location/Qualifiers
1..22

mol type protein
organism = gynthetic

MDAQTRRRER RAEKQAQWKA AN

SEQ ID NO: 21
FEATURE
sOource

SEQUENCE: 21
TAKTRYKARR AELIAERR

moltype = AA length
Location/Qualifiers
1..18

mol type protein
organism = gynthetic

19

-continued
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construct
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construct
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construct
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construct
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construct
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construct
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22

construct
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SEQ ID NO: 22
FEATURE
sOource

SEQUENCE: 22
TRRNKRNRIQ EQLNRK

SEQ ID NO: 23
FEATURE
SOUurce

SEQUENCE: 23
SOMTROQARRL YV

SEQ ID NO: 24

FEATURE
source

SEQUENCE: 24

20

-continued

moltype = AA length = 16
Location/Qualifiers

1..16
mol type = proteiln
organism = synthetic construct

KRRIRRERNK MAAAKSRNRR RELTDT

SEQ ID NO: 25
FEATURE
SOoOuUurce

SEQUENCE: 25

RIKAERKRMR NRIAASKSRK RKLERIAR

SEQ ID NO: 26
FEATURE
SOouUurce

SEQUENCE: 26

KRARNTEAAR RSRARKLORM KO

SEQ ID NO: 27
FEATURE
SOoOurce

SEQUENCE: 27
KLALKLALKA LEKAALKLA

SEQ ID NO: 28
FEATURE

SOUrce

SEQUENCE: 28
LLITILRRRIR KQAKAHSK

SEQ ID NO: 29
FEATURE
SOUurce

SEQUENCE: 29
RRRRRRRRE

SEQ ID NO: 30
FEATURE
SOUurce

SEQUENCE: 30
gccaccatgg

moltype = AA length = 12
Location/Qualifiers

1..12

mol type = proteiln

organism = synthetic construct
moltype = AA length = 26
Location/Qualifiers

1..26

mol type = proteiln

organism = synthetic construct
moltype = AA length = 28
Location/Qualifiers

1..28

mol type = proteiln

organism = synthetic construct
moltype = AA length = 22
Location/Qualifiers

1..22

mol type = proteiln

organism = synthetic construct
moltype = AA length = 18
Location/Qualifiers

1..18

mol type = proteiln

organism = synthetic construct
moltype = AA length = 18
Location/Qualifiers

1..18

mol type = proteiln

organism = synthetic construct
moltype = AA length = 8
Location/Qualifiers

1..8

mol type = protein

organism = synthetic construct

moltype = DNA length = 10
Location/Qualifiers

1..10
mol type = other DNA
organism = synthetic construct

16

12

26

28

22

18

18

10
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-continued

SEQ ID NO: 231 moltype = DNA length = 64

FEATURE Location/Qualifiers
source 1. .64
mol type = other DNA
organism = synthetic construct

SEQUENCE: 31

agtcgaattc gccaccatgg aaacattttc agacctatgg aaactacttt gagcggccgce 60

agtc

SEQ ID NO: 32 moltype = AA length 10

FEATURE Location/Qualifiers
source 1..10
mol type = proteiln
organism = synthetic construct

SEQUENCE: 32
ETESDLWKLL

What 1s claimed 1s:
1. A method of selectively necrosing cells, comprising:
providing a plurality cells, including at least one cancer
cell and at least one non-cancerous cell:;

administering to the cells a compound, including an
HDM-2 targeting component and a cytotoxic compo-
nent, said cytotoxic component attached to said
HDM-2 targeting component, wherein said compound
comprises a membrane-active form.

2. The method of claim 1, wherein the cytotoxic compo-
nent 1s selected from the group consisting of: a membrane
resident peptide, a toxin, a drug, a radionuclide, a whole
antibody, an antibody fragment, and combinations thereof.

3. The method of claim 1, wherein the HDM-2 targeting
component 1s selected from the group consisting of: a small
molecule, a peptide, a protein, a glycoprotein, a whole
antibody, an antibody fragment, and combinations thereof.

4. The method of claim 1, further comprising the step of
observing 1n a cell medium a level of LDH.

5. The method of claim 1, further comprising the step of
observing necrosis in the cancer cells.

6. The method of claim 1, further comprising the step of
observing a non-response 1n the non-cancerous cell, wherein
the non-response indicates the non-cancerous cell 1s unat-
fected.

7. The method of claim 1, wherein the administering step
turther comprises admimstering a PNC-27, a PNC-28 pep-
tide, or combinations thereof.

8. A method of causing membranolysis in at least one
cancer cell, comprising;

administering to at least one cancer cell a compound

comprising an HDM-2 targeting component and a
pore-forming component attached to said HDM-2 tar-
geting component, wherein said admimistering step
results 1n at least one transmembrane pore in a cancer
cell membrane.

9. The method of claim 8, further wherein the adminis-
tering step further comprises administering said compound
at a dosage.

10. The method of claim 8, further comprising the step of
observing membranolysis 1n the cancer cell by: detecting an
LDH amount, performing electron microscopy, observing
cell morphology, and combinations thereof.

11. The method of claim 8, further comprising the step of
observing necrosis of the cancer cell.

12. A method of treating cancer in a subject in need
thereol, comprising;

64

10

administering to the subject in need thereof a therapeuti-
cally eflective amount of a compound having an
HDM-2 targeting component and a cytotoxic compo-
nent, said HDM-2 targeting component and said cyto-
toxic component having a membrane-active form.

13. The method of claim 12, wherein the cytotoxic
component 1s selected from the group consisting of: a
membrane resident peptide, a toxin, a drug, a radionuclide,
a whole antibody, an antibody fragment, and combinations
thereof.

14. The method of claim 12, wherein the HDM-2 target-
ing component 1s selected from the group consisting of: a
small molecule, a peptide, a protein, a glycoprotein, a whole
antibody, an antibody fragment, and combinations thereof.

15. The method of claim 12 further comprising the step of
determining whether a plurality of cancerous cells have
undergone membranolysis.

16. The method of claim 12, further comprising the step
of, after the administering step, determining whether a
plurality subsequent cancer cells exists.

17. A method of screening cancer treatments, comprising;:

providing a plurality of cancerous cells; each of said cells
having HDM-2 1n said cellular membranes;

administering a candidate cancer treatment to the plurality
of cancer cells; and

measuring the level of LDH present 1n a cellular medium.

18. The method of claim 17, further comprising the step
ol determining whether the candidate cancer treatment has
membrane active conformation.

19. The method of claim 17, further comprising the step
of determining whether the candidate cancer treatment
includes an HDM-2 targeting component.

20. The method of claim 17, further comprising the step
of observing the cancer cell membranes for an area of pore
formation.

21. A method of selectively necrosing cancer cells, com-
prising:
providing a plurality of cells, including at least one cancer
cell and at least one non-cancerous cell; and

contacting the plurality of cells with an HDM-2 targeting
compound which includes a membrane resident peptide
(MRP), wherein the HDM-2 targeting compound colo-
calizes to HDM-2 present in at least one cancer cell
membrane, binding to a cell membrane of the at least
one cancer cell and adopting a membrane-resident
conformation within said cancer cell membrane.
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22. The method of claim 21, wherein adopting the mem-
brane-resident conformation further includes forming a pore
in said cancer cell membrane.

23. The method of claim 21, comprising observing necro-
s1s 1n the plurality of cancer cells.

24. The method of claim 21, comprising observing a
non-result 1n the non-cancerous cells, indicative of non-
targeting of said non-cancerous cells.

25. A method of 1dentifying cancer cells, comprising:

providing a plurality of cells, wherein at least one of said

cells 1s a candidate cancer cell; and

administering to the plurality of cells an HDM-2 recog-

nition agent.

26. The method of claim 25, further comprising of the step
of observing the plurality of cells for the HDM-2 recognition
agent colocalization with at least one cell membrane.

27. The method of claim 25, wherein saidd HDM-2 rec-
ognition agent further comprises an HDM-2 targeting com-
ponent tagged with an observation aid, said observation aid
selected from the group consisting of: a dye, an enzyme, a
fluorescing agent, a radiopaque material, a radioactive 1so-
tope and combinations thereof.

28. The method of claim 25, further comprising indenti-
fying at least one cancer cell.

29. The method of claim 25, further comprising mapping
a plurality of cancer cells.

G e x Gx ex



	Front Page
	Drawings
	Specification
	Claims

