a9y United States
12y Patent Application Publication o) Pub. No.: US 2023/0048872 Al

Wang et al.

US 20230048872A1

43) Pub. Date: Feb. 16, 2023

(54)

(71)

(72)

(21)
(22)

(63)

COMPOSITIONS AND METHODS FOR
DIAGNOSING OR TREATING
NEUTROPHIL-MEDIATED INFLAMMATORY
DISEASE

Applicant: THE BOARD OF TRUSTEES OF
THE UNIVERSITY OF ILLINOIS,
URBANA, IL (US)

Inventors: Zhenjia Wang, Spokane, WA (US);
Jaehyung Cho, Western Springs, IL
(US); Asrar Malik, Hinsdale, IL (US)

Appl. No.: 17/745,567

Filed: May 16, 2022

Related U.S. Application Data

Continuation of application No. 16/983,741, filed on
Aug. 3, 2020, now abandoned, which 1s a continu-
ation of application No. 16/724,453, filed on Dec. 23,
2019, now abandoned, which 1s a continuation of
application No. 15/874,506, filed on Jan. 18, 2018,

now abandoned, which 1s a continuation of applica-
tion No. 15/425,528, filed on Feb. 6, 2017, now Pat.

No. 9,872,839, which 1s a continuation of application
No. 14/316,036, filed on Jun. 26, 2014, now Pat. No.

9,561,192,

i
; ! o ..E- ; ..:E.- ; ..E- S 3

-*T }”é Fwﬂi

Naeutrop

sHI

(60) Provisional application No. 61/840,597, filed on Jun.
28, 2013.

Publication Classification

(51) Int. CL.

AGIK 31/05 (2006.01)
GOIN 33/50 (2006.01)
AGIK 9/51 (2006.01)
A61K 31/573 (2006.01)
AGIK 9/00 (2006.01)
AG6IK 9/16 (2006.01)
(52) U.S. CL
CPC ... AGIK 31/05 (2013.01); GOIN 33/5005

(2013.01); A61K 9/5169 (2013.01); A61K
31/573 (2013.01); A61K 9/0019 (2013.01):
AGIK 9/1658 (2013.01); GOIN 2800/22
(2013.01)

(57) ABSTRACT

Disclosed are nanoparticle compositions comprising nan-
oparticles prepared from denatured, cross-linked albumin
and a therapeutic agent for treating a neutrophil-mediated
inflammation, and methods of treating neutrophil-mediated
inflammation using the compositions.

+ThF-u

vionocyltes

%TN Fw{;{



Patent Application Publication  Feb. 16, 2023 Sheet 1 of 8 US 2023/0048872 Al

100

A
e M M M My
o
gt M M M My
e M M M My
o
gttt M M M Moy
e M M M My
e QORI 0s

8 Yy L R
Ve

'

i i
R

: i i

: e

o - e
- : : e

Zing

o

M M M My
o .4 SRR
9 ; M M M My
; ey

; e

amarmi® M M M My
; ey

; e

N ; M M My

i : e X Mt

; e

S 6 G M M M My
ey

g::: e
M M M My

ey

; M

£ ; o
. ; ey

- ; e
u M M M My

EEi ; ey

; e

e ; M M M My

; ey

e

; M M M My

m ; ey

; e

; M M M My

iy 4{} SRR
M M M My

ﬂﬁizz O
e

M M M My

ey

e

M M M My

ey

e

M M M My

ey

e

M M M My

e

f] - S
3 ¥ e

S
e
M ey
My M e ey
: e
: M ey
.4 My M e ey
: _— e
i M ey
i My M e ey
i e
- R
k

: R T T R T T R T T e, o
{:} . {5&5&&&&%@& Dl

Leukoovie intemal

S B R B S TR S S S B S S ST A My S ST YA M S S Ry M S IS S S S S S S Sy ST S My S S YA Ry S T MY S S SRRy S SN S SR SNy ST B Ry S ST IS Ry S S S R S SR S SN S S S S S B RS- SN S MpIr YA S S IS MU S DRI S S S S S S Mg S S S Sy S Ryl Ry S

SRt B A A e

TNF o +TIF +TNF-o
Neutrophiis Monocvyies




HEE

xee
Bt a.u.i"

Felalst
£

118}

n IR
TS
Z e g

US 2023/0048872 Al
&

{
A

b

}

AI-00
@

ysivrens

ML

647

1

- HﬁHH%ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬂ%ﬂ%..“
b B o
o
Sl e e s s

s s s o st s sl s

-
)

-3

A

iated

Feb. 16, 2023 Sheet 2 of 8

o1a}

"
*

t,

AdeX-iu
Al Nano

oS
L
. L o ol ol ol ol
O ol ol
i ;
LN
ol
e

A

Hy Nano

v ¥

"
[ ]
[]

Ovh-loaded

.g..

(92} semiuedousy
DUIZHRUISIU SHUCONNSN

Patent Application Publication
1



US 2023/0048872 Al

Feb. 16, 2023 Sheet 3 of 8

Patent Application Publication
100

i
™
L]
: W:—.j._.
L Ce e oo iroa oo w
o o
e
e
M- e o o mnn mnmamn n nn HMHMH
Mmoo
e Y
s :
e
e o o mnn mnmamn n nn
o m mnm
o n e n [
o o - m
.................................................................................................. L
(£
| N
:
s ﬂ@
i m o mmn mmmmnmmmnmommmmamammn na
MM mmmmmnmm mmnmmmamnama) Mrﬁh
e
I o o e mnmamnn)
........ o o o o o o ﬂm
B oo o 3
i m o mmn mmmmnmmmnmommmmamammn na
MM mmmmmnmm mmnmmmamnama) .ﬂﬂﬂ”ﬁ
e
e )
e m ﬁﬁ
B R A R

alalalal el e .
o w
A o e
e m
Mmoo,
A e Tl
............ A o e
o o e amn mamnma
A m e m e
e m
Mmoo,
e e ey

i

- -
)

h"i!i!

-

Yoi NiNC/OUEN Gy



US 2023/0048872 Al

Feb. 16, 2023 Sheet 4 of 8

Patent Application Publication

T R
v_vv. v_vv Falta

&
=
0

Nan

N
il

i “ m o
: 1
|- 1
: 73
(e ey “ 1 .
. ' .__. & P
: o e s e s s n s s e n e e a s a s n e n e n a e a e a e n e n s e n r a e a " ' Pl ooy
1, e R i -
t
, e R L) = i
I i :
b i a, ! o
L, ! P
" “-_-_-_-.-.-_-_-_-_-_-.-_-_-_-_-.-.-_-_-_-_-.-.-_-_-_-_-_-_-_-_-_-.-.-_--.-_---.--_--r-_---_--r-_--r-_--r-_- " i.w..‘au . i
t . . . : L
H r v. vv.va.vv.va.vv.v v.v.va.vv.v .u_v 1 i [
o . T U i
e 3 o ' e o ,”,H:”H”_H,.,_ ;
H t 3 1 P
“. " - .vva.vvv._.vv.v v.vu_._.vvv.””v“.v””v.“.vﬂv ! .i- h".
" , RSSO RIS i o
; F i ) e
: 4 i .
! t P ' e AT
: : " S
b ’ . 1 e ﬁ”
: : : : !
o “ P
' t L ~ ]
: R P e
' 4 1
b ' ' gty
F
_. ' S
- oo, iy
. t
.. ' S
_. " i ' e
.. , r ' ..._.ﬁ
PP w r ." . “ "" I-_-
patatatal w : ) o ww ' S
e _. ! e e Te ey nanac [
| w e e ,
m _" " e
: t
: t
M.Hu ; -
“' " | g l
: i R . ., 3 KA
_. " o . AR . SRR .
- - . o u_.v_.._m o v.v. .v.vmv_.._mv.v_v_.__mv. o
o e R, m ! v.vvv.vv. ¥
L R A A

0

L]

TP T T T YT T YF T YT T YT T YT T YT T TYFTYT T T TY T T T-r T

r
“ﬂa...-m ! L LA
'
o '
i ' !
I '
i '
! !
!
!
!
!
!
!
!
!
i '
!
!
r
! !
i '
! '
i '
I '
!
[T .
d
al
: PR
[ e a a e a a a aa g o a  a a e e e
i
!
" U " U U = S & 5 & 5 & 8 & = & = & 8 & =R " U " " " " III.I.I.III'-IIII. .- ‘ ‘ ' r
ﬁl‘- l'lq IJ'- . Ill.ﬂl. l.ld- IM. IJ'II - . ‘ —
- -
. . L]

CEeU/SHcONy




US 2023/0048872 Al

Feb. 16, 2023 Sheet 5 of 8

Patent Application Publication

v-l.n.l...l.-ltl.

& e d e & e d e ke i e ki

Al aCaE s .
[ i dr e e i i .
AL ACAL MMM AE AL AL
B
Y
&

U e S

[ i e dp ke
& & d & A & dr & d ki
& i & e i & ke i i
[ i r Sy dr ey ik i

[ ir ur ir dr ur_dp dr dr_dr dr dr ir dr dr i dr i
A S el

Al

L AOAC AL MMM AL AL -
e
L)

.-.
Cal )
.4”....4.4”..”...
e e e e e
AL ACAE LM -

»
»
»r
¥
»
X
»
X
»
»
¥
»
X
»
»
X
*1
Py
X
»
»
X
5
»
¥
»
X
»
X
»
»
¥
»
X
»
»
X
»
¥
Py
4l#41#41#41#41##1#41#41#4*
»
»
X
»
»
¥
»

F)
¥
F)
F)
¥
F)
F)
F)
¥
F)
F)
¥
F)
F)
¥
F)
F)
¥
F)
F)
¥
F)
F)
F)
¥
F)
F)
¥
F)
F)
¥
F)
F)
¥
F)
F)
F)
¥
F)

Tt

L ok )
A

....4H.4H.__.4
Pl

*
i i
*

FY
FY
4-:4-
FY
FY
FY
FY
FY
4-:4-
FY
FY
4-:4-

e e e N N D e A MMM
FY
FY
4-:4-
FY
,

¥
B
¥
»
¥
»
¥
B
¥
»
¥
»
¥
B
¥
»
¥
»
¥
B
¥
»
¥
»
¥
B
¥
»
¥
»
¥
B
¥
»
¥
»
¥
B
¥
»
¥
»
¥
B
¥
»
¥
¥
L)

»
»
»
»
»
»
»
»
»
»
»
»
»
»
»
»
EaCN )

X

R MM )
¥

AR AR R AR RN
¥
¥
AR AR R R R AR R AN RN NN
¥
4-444-44-4-444-444-444-444-4:44-4
¥
¥

R N

R N N N NN NN N N N N N )

R R N N N )

X
¥

S N N

N e M M e
¥

AR AR R R AR R R R R R R R R R R R

R N N N NN NN N N N N N )

R R N N N )

X
¥

S N N

N e e MM N )
¥

R N

M M M L e MMM e
¥

S N N

N e M M e
¥

R N

M M M L e MMM e
¥

S N N

N e M M e
¥
X
¥
¥

S N N

N e M M e
¥

R N

M M M L e MMM e
¥

S N N

N e M M e
¥

»
AAAE N
*-

»

i
ir i
*

Ll
™

i

Y
L)
L)

Eal)
™

*

i
L)
Eal)

Ll
™

i

Y
L)
L)

Eal)
™

*

i
L)
Eal)

Ll
™

i

Y
L)
L)

Eal)
™

*

i
L)
Eal)

Ll
™

i

Y
L)
L)

Eal)
™

*

Eals
i i

Eal)

ir
ir
ir

Y
L)
L)

Eal)
™

*

i
L)
Eal)

Ll
™

i

Y
L)
L)

Eal)
™

*

i
L)
Eal)

Ll
™

i

Y
L)
L)

Eal)
™

*

i
L)
Eal)

Ll

ir

* dr

E)
)
E)
)
E)
)
E)
)
E)
)
E)
)
E)
)
E)
)

Ll )

¥
ALEAR N

Ll )

»

Ll )

o
o

Fy
"+
'y
Lkl *

»

)

»

L)

e d e & dp @ dr W dr i e @ dr @ dr i e @ dr @ e i e @ dr W e i e @ dr W e o e i dr W e i e i W e o e @ e W e o e i e i e i e i e

L ok )

»

L)

»

L)

[ dr e e dr dr dp dr dr de dr dr e dr dr de dr dr dr dr dr de dr dr de dr dr de dr dr de dr dr de dr dp de dr dr de dr dp de dr dr de dr dp de dr e de dr dr de dr dr de dr dr i dr e i

Lol a0 sl )

»

L

[ e dr  dr e e b e e e et e b e e ol e el e e e e e e i e e el e

Ll k)

»

L)

N )

[ dr ur_ir dr ur_dp dr dr _dr dr dr dr dr dr dr dr dr_dr dr dr dr dr dr dr dr dr dr dr dr dr dr dr dr dr dr dr dr dr de dr dr dr dr dr dr dr dr de dr dr de dr dr dr dr dr de dr dr dr dr e i

S

»

.._..4..q.__...q.q.._..4*4&.4....4&..&.4....4.;.__...q.4.....4.;.__...q.4....4&...&.4....4.;...&.4....4&...&.4”..”.4”*”...

L
»

Lol ksl

»

[ iy e e dr e i e e e e e e e e e e e e e e e e e e e e e e e e e dr e i e e i e e e e e e e e e i e e e i e

LU0 ALl al e

o NN

»

.q.__..q4....4&...14....4.q.__..q.q....4.q.__..q.q....q.q....q.q....q.q...14....4&...14...4&...14”..”4”&”...

R N

)
)

[ dr e e e dr dr @t dr e dr dr e dr dr de dr dr dr dr dr de dr dr de dr dr dr dr dr de dr dr de dr dp de dr dr de dr dr de dr dr de dr dr de dr dr de dr dr de dr dr de dr dr i dr e i

L al sl )

»

.__......4....4....__..._..4....4....__......4....4....__..._..4....4.._..__......4....4..........4....4...4....4....4.........4”...“4”..”...

ir

N N NN )

)
)

L ok )

»

[ dr ur_ir dr ur_dp dr dr _dr dr dr dr dr dr dr dr dr_dr dr dr dr dr dr dr dr dr dr dr dr dr dr dr dr dr dr dr dr dr de dr dr dr dr dr dr dr dr de dr dr de dr dr dr dr dr de dr dr dr dr e i

L )

5
»

...&.4....4.;....;.4.._..4..q.__...q.q.._..4*4&.4....4&..&.4....4.;...&.4....4&...&.4....4&...&.4”...“.4”&”...

L
»

L kU a al

»

[ i e e dr e i e e i e e e i e e e e e e dr e e e e e e e e e e e e e e e dr e e e e i e e e e e e e e e i e e e i e

Ll ke s al )

»

4....4.;.__..q4....4&...14....4&...14....4.q.__..q.q....4*414#4*414#4&414”..”4”&”...

R N N R N NN N N N )

FY
)

L o

»

R N N )
»

[ dr e e dr dr dp dr dr de dr dr e dr dr de dr dr dr dr dr de dr dr de dr dr de dr dr de dr dr de dr dp de dr dr de dr dp de dr dr de dr dp de dr e de dr dr de dr dr de dr dr i dr e i

Ll aE s ksl sl )

»

....4...._.......4....4...._.......4....4...._.......4....4...._.......4....4..........4....4.........4....4.........4”..”4”...”...
e A A A A A M N A R M e R A R e e A R e e R e e N 7
A

*

)
ERN )
FY

Ll )

N N N N )
»

N R R R N N
»

»

o e L

»
»
R R N N N )

N N N N )
N N N N )
N N N N )
R R N N N )
N N N N )
R R N N N )
N N N N )
R R N N N )
N N N N )

L k)

»
»
»

[ i e e dr e i e e i e e e i e e e e e e dr e e e e e e e e e e e e e e e dr e e e e i e e e e e e e e e i e e e i e

L ks al a al a aa

e d e & dp @ dr W dr i e @ dr @ dr i e @ dr @ e i e @ dr W e i e @ dr W e o e i dr W e i e i W e o e @ e W e o e i e i e i e i e

e o o  a a  E l E al ak aEE al al aE

[ dr e e dr dr dp dr dr de dr dr e dr dr de dr dr dr dr dr de dr dr de dr dr de dr dr de dr dr de dr dp de dr dr de dr dp de dr dr de dr dp de dr e de dr dr de dr dr de dr dr i dr e i

AL

; * * * * * * * * *
. T P Py P P Pl P P Py P P Py P P Ry P P PR Ay P A P P A P A P R A P A P P A, P, A A, R

o o

¥
X
X
¥
X
X
¥
X
X
¥
X

dr_dr dp dr e P
l}.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.
N M e
I}..—.}..-.}..-.}..-.}..-.}..-.}..-.}..-.}..-.
& o o i & & o & o & & & & & & & &
dr e iy e i e iy e iy ey e dr
I}..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-.
l}.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.
A N N N N )
I}.}.}.}.}.}.}.}.}.}.}.}.}.}.}.}.}.}.
L L L L L L L L
L S M T U MU
I}..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-.
l}.}.}.}.}.}.}.}.}.}.}.}.}.}.}.}.}.*
o N N O
Ill.}.l.}.l.ll.}.l.}.l.ll.}.l.}.l.
& o o & & o o & & & & & & & & & &
dr e iy i e i e iy e iy ey e e
I}..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-.
l}.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.
A N N N N )
I}.}.}.}.}.}.}.}.}.}.}.}.}.}.}.}.}.}.
* & o o & & & o & & & &
dp o il iy ol dy ke ik

w.'-.-.l.-_l. l..-. l.l. l..-. l..-. l.l. l..-. l..-. l.l. l..-. l..-. l.l. L
e e a  a
I._...-......-..... dr & dp o dp & dr & dr o dr
& o o i & & o & o & & & & & & & &
dr e iy i e i e iy ey ey e dr
I}.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.
l}.#####}.#####}.####*
O N N o N )
Il}.}.l}.}.l}.}.l}.}.l}.}.l}.l.
L L L L L L L L
L S M T U MU
I}..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-.
l}.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.
N M e
I}..—.}..-.}..-.}..-.}..-.}..-.}..-.}..-.}..-.
& o o i & & o & o & & & & & & & &
dr e iy e i e iy e iy ey e dr
I}..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-.
l}.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.
o o o
Il}.}.l}.}.l}.}.l}.}.l}.}.l}.l.
& o i & o o & o & & & o & & & &
L R N M R U MU
I}.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.
l.._. P

e e N

*
*
.

-
LE ¥ ]




TNF-a

US 2023/0048872 Al

Feb. 16, 2023 Sheet 6 of 8

Patent Application Publication

X
S

)
o3

L T N S Y

-

e e

-

L L

.......... .. .. ......
NG MR .
o AR A 1t e M M MM MM NN ¥ - p
L) - L) L) L R R e R N ¥
* * ¥ L R SR N N e el e ) Ll
- - L L R N N ¥
* L) R R N R R R A S S R R A
L) » L R N R N R N R R ¥
X L) L0 30 A0 BC M R AE R C N A A0 M0 3 30 B A C E B 3 a0 C 0 M a0 )
L) - o R R e N e N R ¥ P .
L) L) N N R N N M
L) - - L R R R N Rl il al af a ¥ M
* * L N A N R Sl
L) + L) L N R N ¥ . .
Ea ) * L O N 3 A M R R E A C N A R A 0 B A E 0 .
* . -
.4”.__. L N A ) .._“...H.a”.qu.q.._.a....-_ o .___._..”.._.H.q“...u.a”.q”...u.a”.q“...“ “...._...._...._...._...._...__...._...__...__...._...._...._.H
Eas L) Ll Sl A ) L U aEar sl
* - .
._._“__._ LA E o 0 O 0 R R O N M 4“_..”_4”4.___ “4”4”..”.4”4”4”4”..”4”4 " "
L) L) L0 30 M N ) 00 M aE 0 M
' - M A S ‘n ' ¥ M
o o PR R A R A E ARk M MR M NN _-.lll.l.fl.ll-w I ] . ﬁ
L) - L R S R S S N R Rl . [ I ] .
L) L) ol a0 N N RN ! U e )
- - L e R N M A M R R [l X .
* L) o O N R SN e R S N
L) + L R N R W W [l I ] Lo
N “._._ “.' ...._.4...4._._....._.4...4.___....._.4._._“._.“.._“...“ H._._H.__. H_-“...HJH;”...“.._H.._”...H#H;H. L ¥ - maCeCs
.-_.-_ .-_._. L) H 'l..-..-..-_.-..-..-..-..-..-_.-.ll..-..-..-..-..-.l.. Frrrrerrrrrrerrl
M : : i : p
X * B RE N A S A0 )
L) - R S I ¥
* L) xR B N )
" - L 0l ¥ .
* L) o By d
L) + R ¥
X L) A O A0 3 a0 )
L) - LRl 3l ¥
L) L) A0 Rl o
- - ERC MO ) L N a0 ¥
. o LM MR M RN BA R R R '
X * E ok 0 30 N A0 0 MR A0 M A L 000 3 30 0k 2
L ._._”.__. .___” T N L L L [ ”.4“1.“.4”.4“...“...”.4“..“.4. "
* L) LR SR e e
D L) + L N0 ¥
* L) L 0 0 330 a0k 2l
L) - L R Ml S ¥
* L) L0 0 a0l
L) - L E 3l E a3l 8 ¥
* L) Ll Ol sl sl sk sl
L) » Ll ¥
N L) L aC a0 0 3 3l ik al
L) - el s R .
3 &% L) Ll el 3 a0 s
.-_.-_.-..-_l .-..-_.-. .-_._. | ] .-_.-..-..-..-..-..-_l..-..-..-..._..-.l..-......-..-..-...... - Ll..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l_ . .
LR ) » Ll el S - I ] p
EMC L A0 * L0 aE 33 a0l i
L) - Ll 3l sl r] I ]
ol ) L) L0 0 aEaE a0l ol i
L) - EC E a3 a0 8 A X
H.___ ”m ottt a . “. 1 L
.-_l.-. .-_.-. 3 r] ] .
* L) ]
L) * ) ] .
) * i
M . i ¥ -
[ .
Pl L) ) i ¥
.'.-_ in. .-.ll.l..-_l..-.l..-.l..-.l.. .
N - Ll ¥
Pl . *
*
.4“___. LA "
. LN L)
* L)
2t . *
A . ¥
At . *
Pl . *
.-_.-_ .-_.-. [ . . .
- o ¥ T
.-_.-_ .-_._. [ . . .
*
._._“._.. L "
) L)
.i.-_ l.—. -I-..lt.l-.I-..ltl-.l-..ltl-.I-..lt.l-.I-..ltl-.l-..ltl-.I-.Ill-.l-.lll-.l-.ltl-.l-.ltl-.l-.ltl-.l-.ltl-.l-.ltl-ﬁ_ -
* . . - . . - . . - . . - . . - . . - . . .
» » i ¥
Py iy h M
[ N - L . .
* L) 1
[ * A L ]
¥ L) 1
L) - X
* L)
L) + I ]
X L) 1
L - . i 4
L) - x - ] .
* L) - 1 .
At . s i »
.._.-_ _-_.' .-.!r [ - N ]
» - _-.xx.” * i
o o . % ¥
* i . - . .
._._“._.. . ” _.__”” ; ...H.._”._q“...“.a "
* L) ; LAl L)
L) + *_ i L ¥
* b M A Cat aC il
- - - i Ll ¥
* * ; Ll aC )
L) * o Ll ¥ Ny
”_-_ ”.' Ll H ” H H H._._“.___H.._”...”._._H.._“.-. Mo ”...“.__.H.._”...“.._H...”. *
P . B g g My i P CNC N ) ¥
L) - L aC el I E LM Ll al 3 a8 ¥
* L) Ll e St ) ; Ll ket
L) + o N N N L N ¥
* * E O E U a0 a0 MR E M ! L e 0 0 C 0 M Al )
L) - WA B R e ¥ N
L) * L A0 0 N RN E A Nl )
ﬁ L) - L R M R A Ll a0l 8 ¥ M
* L) o O S S TR N e e e sl )
L) + L N NN e ¥ .
X * U0 30 0 0 30 30 A0 B0 BE 0 E 0N K 5 LR RC aE C 30 a0 aE 0 3 a0 )
L) * L S N S N M R S R . .
* * E o O M A M M A M K LR 0 R M A )
L) * LR M M M M N A L 3 Al 0l 3 8 I ]
* - L A R R N R LR S N S )
L) + N R I ] . .
* L) Ll 30 a0 3 3C 20 Bl M aE al N Ll a0 a0 3 0 M
- - L N A M S e I ]
ol ) L) Ll a0 aE 0N M ! 2 3E A0 M RO N )
L) - L aE aE aCaE aE Wl S N AN A L N X M
* L) E et 3 ) X R R N U
L) + R M M NN R R I ] g
* L) E 0 0 0 a0 A0 M 3 A0 M M L 0 0 3 R 0 B Al Al
L) - L S SN e e Sl I ] -y -
L) L) L 0 0 0 N L0 a0 3 NE a0l al al ol
L) L L 3 ) L 2 ol 8 X .
* * L S Rl R L B Sl )
- - Ll A ) L N R I ] . .
X L) E o E 0 0 3 A0 0 M0 3 M M A0 N L RCRC AE B a0l al o
P - - R R A N M N A i} T TatEn
* * L 3 30 0 3 3 0 B M a0 M Lo O BB 0N M
L) ] L E E S Al Al L a0 . . .
* » E o X ; Ak
L) * L e N M N ! Ll M ) p
* * UL a0 aE 3 3 3 E 0L 0 A0 W x Ll 0 3 30 )
- ) L Rl el e L Uk ¥
* * Ll 3 N N M N ) E a0 a0 e a0
N L) - L A L 0 a8 ¥
* L) Kol dp ek B * Ll )
L) + e B N M N L ¥
* * L C al l 3l 0 M 3 aC N g .o L aC a0 3 A0 )
L) 3 L e N S N x Ll ¥
* * L 3 E M N E BC M E BN K . L0 a0 30 3 )
» * Ll B M AL AN x L ) ¥
* * E A A N MR 3 L S )
L) " L R S AN x L ¥
* * Ll 30 a0 E 0 3 a0 ERE A0 A0 W .o L aC a0 03 30 )
- - e B A N e x L ) ¥
* * L A M M N ) L0 a0
M L) - o aE  a al a3l M x Ll a8 ¥
* L) L el 3 Ll S )
L) + e e N N ] L ) ¥
nu * * Fodr e dr R i kX B X L A0 0 3 A )
- - e e S M x il s ¥
ol ) L) Ll R e S &k & k& kK
L) - L N M N | Ll L ) ¥
* L) e ko kR W 23 ol )
L) " a3 S MM a Ll ) ¥
» » Ll a0 aE 0 30 3 E B M C B0 M W K i L L Al 30 3L 3 a0 )
L) - A N M M o A Ll ) F- - -
* * E ol 3 M M E A M W 2 X Ll 0 3 3 )
B L) * L Bkl 3L MW i | L
* L) L AT S R N R 23 L ) D
L) * e B M W | e | N
* * Ll C 3 a0 M M aE X X L aC a0 3 3 )
L) - O a3 > Ll I ]
L * LAl 2 ! ) a0
L) ¥ L ka3 ¥ Ll X .
* - E el 3t s ) s X L S )
D‘ L) + N N X N S I ] W
* L) Ll 3 A0 0 M 3C O 4 x L 00 3 a0 0 M
L) - L e ) > . Ll B I ]
* L) L a0 M aC X ! L aC 3 a0 0 M )
L) * LR E aE Bl 2 a3 ) > X L E E 330 I ]
* L) L R A A A L R N e
Pl . N e M
L) - L e N " e R S M I ]
»a * LC 3 0 B ) "X L0 R0 0 M R E R A )
- - LR Rk k) X L 3 a0 E k3l X
* o aC sl sl . L0l Rl e
L) + L e e L 0 e U
* L0 0 M N ) X L E ka0 a0 3 a0 )
L) - L O e M Rl Sl sk s sl ¥ -
* L S a0 M Nl e )
- - LR N ) L0 N a0 N a8 ¥
* LR A0 S N A i a & ek
L) * L W ) Rl ¥
» Ll a0 0 3E 20 20l 3 A0 A ; L0 0 30l al 3 2l )
L) * L RN ) ; R W ¥
* Ll a0 20 E 3 3 20 B M L 0 E Sl a0l a2
p » * L AN ) o R R Rl al a af ¥
* E o R S A N N R N MU
L) - LR W Al o R RN R ¥
* Ll a0l 0 3 3C aE E M U A AC 0 MR a0 A
L) - N e N R ¥
L) Lol a0 ) ! EE 0 E 3 a0 a0
- - L k) 2 R ¥
* N i kA ; Ll aE st sl
L) + el R N ¥
X Ll aE 3 0 O A X L 0 3 3 30 0 M M
N - - L e N 2t R U ¥
¥ L A 0 BN S L0 00 3l a0
L) * L aC al Ll af 2 RE R Rl Al a8 ¥
* a3 3 Ll a3l
L) - EaCaE aE sl 2 R 2l 3l S ¥
& k& o & & & & o & & & & B o o o o & o & & & & L* ey
L) - Ll 2 R S ¥
E o O 0 aE M S AN B R e
L) * L aC E aE Ml ) 2 RE R N Sl ¥ S
* LR e B R
» 3 o N ) I e . M
E 0 a0l 3030 3E Bl M o O A a0 M Pttt byt Tyt
L) - N sl ¢ e R N e . | ]
L L O M R N M 1
L) ¥ L aCE aE L 3k a3l o 2 0 RE Nl A ka2 X .
* ol sl sl sl s sl al ; L 3l al [}
L) * Ll W o R I ]
X Ll 30 a0 30 30 3E E 0 a0 e RC 0 3 a0 ¥
L) - L R N ) e R R A . I ]
ol E ol 0 0 3 A0 M N ) 2 RC O R e ¥
L) * L aC aE Lk A e R N A a8 . I ]
* L R M L S M N [
L) - L N ) S a0 0N . I ] p
L0 A0 0 M0 3 et B E 2 aC L0 0 a0 E a0 aE aC 0 3 Al ) k
- LR R ) R S N I ]
Ll 3 A0 0 0 3C 0N a0 L 0 O MR 0 M M ¥
- L aE ) L 0 a0l il 8 X .
Lt ok sl ol LT 3t [}
* el ) R I ]
E o bl 33l aE 2 L0 a0 3E A aE al ol ¥
- Ll stk ol al Ll el .
. AR A ™, BA R R R R -plu_lu_lplplplplplplplplplﬂ
L a0l el | L0 S aE SN
- EaCaE k) : L N ¥
* Ll 3l a0 gl 2 al C O N B BC M AC aC
* L .
* Tt o A L *
o b A * o M B i MM M ¥
e " L * ] L aC S ¥
* L Al ) ) Lk
" Ll * x - -k ¥
» ol S L) Ll
- Ll L) X L) Ll ¥
M “_, ”.4”.4”.44.4: x .””n . 4.-”...*.._4.44.44.44.44.4“.4”.._”. R R e e e e e e e e e e e e e e e e
- L) - e e RN RS R ] . - K- . *
* . L 0 00 33 0k M ¥ % ¥
3 Ul xR e M . 1 [ ) .. &
* 3 L O SR M
- L o R RN R
* A B N C E R e
- L) 2 R RS A N
* . L 0 M S 3 0N M
* L) o a0 R R R N
L) 3 LT SN M
+ ) xR N .w
* .o L 0 0 0 3 a0 a0 M aE
- L) 2 el . . e . -
m; - g L AT S A 5 ﬁ ]
* W W) 2 N M N . . . . . . 1 .o r ..
L) i, | L aC Rl sl m m
" L) xR N . . . . e N . r : .
[ oA el el C S 3 B0 M v
] ) o N P k L E P
» . L aE a0 S 3 30k Ml
DH * L) » L0 E a0 2l 2l 3 28 .
- U R )
] LAl ) ) Ll 0 Al .
[ A R C N AC E B aE al
- - L) aa R .
* L) ol R R R el ) “mmmmw
L) * - Ll ) A a A N Rl k) .
P N RN .___“ a8 ..__4...“+ ) k. H -_“.._H.._”...“.._H.q”...u.__ﬂ;”...”#”#”. . . .
e e e [ P N N X ) P o e W o o o o O B o o B . . . . .. . . - . . - . . . . . - - .
E R 0 N N M MR LA LR s Al ) . . . . .
L N R ) Ll L aC i Lk aE a0 0 g C ot g A - e B— PR e e i .
N S MR AN ) Ll ;! L0 SR NN
LR R R N N ) L0 N COC N M N R N R R M A B mmmpm— mnwmw : G mm )
E 0 30 B 30 N BC 0 M R ) Ll al ) ¥ L a0l 3 3 Al ) ; — m “ m m m m w “
L R N ) -k Ll ol * L S N . . N 8 A . . .
E 30 3 B M A ) L aCaC x L 0 0 B 3E 0 M M
L N ) Ll a0 Ll 2l 2l al L 3 Dk a0 B, 4 . Y 3 . . AL - . . .
E N N S RN LRl Ll Ll S SN M
LR N N L L M L S N M . . . . . . . . .
ECE 30 ek a0 0 3 A ) L0 ERC 0 0 a0 a0 aE 0 330 20 ok Al
L R ) -k Ll sl L s sl e k) [ . . . .
L N M N ) L aC Ak kA k& e k& &k &k
LR N ) L L B S N Al N RN N R
E e S LR N R R S R e )
A S M N N ) LA a0 L B M R N
e e e e e e e e e e P £330 30 3C AE AE 00 L 3 3EAE 3E ME AL A0 L SC A L AE JE SE AL 0 M M AE 3 AE 20



Patent Application Publication Feb. 16, 2023 Sheet 7 of 8 US 2023/0048872 Al

LY
...................................................................................................................................................................

T e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e S S
............................................................................................................................................................................
_n

B e T e e "l

ALO hr LPS injection At 2 by infusing Pic- At 8 hrisalating lung for
at 10 mylkg loaded Alb Nano MPQ and histology

..... i .
! i '-":""""""""""""""""""""""""""""""""""""""""""""""""""""1-"""1-"1-"F'p.'.‘-.'h.'h.'.‘I.ﬁhﬁﬁhﬁﬁhﬁﬁhﬁﬁhﬁﬁhﬁﬁhﬁﬁhﬁ
]

-

Ny

%
Neutraphile/figid

s

S

. - . L I B I | = = o=
L ' A ' i ST R e
:. *: 1 : P 1: .:..:.:..:-: ‘:‘:‘:‘: -:.l:l:.l:l: ':‘:l:l:: :‘:‘
1 1 q nowowom s, AEE N wowowomou ECE N L
. . i - "N s e T s ey L]
i T ! i 1 o e Pl
\ ¥ ' i T . wnowww ] LR .
" m ok e el o e sl el sl e el sl e e sl sl e i e e S Sl Sl kAt ke el o o ke ke ke e e ok ke ke ke e e e ke ke sk e ke e ke ke ke ke e e o ) N ! h B o T T P T Ta e R, 7 ¥, T ¥
- ] r ﬂ h -I'!‘ I R R R R . - e T ey A s s s o own N ] .
i i H * ' 3 ' ' ! i ! ! . i * i 3 1 R T, . ' M n I, oo
' "] w n T e e R e 2§ &
ol
' ) ic-AlD N

FIG. TA FIG. 78 iz, 76



US 2023/0048872 Al

Feb. 16, 2023 Sheet 8 of 8

Patent Application Publication

[

O e

o
._-.._-._-._-.._-._-._-.._-._-._-.._-_._-_._-.._-_._-_._-_._-_._-_._-.._-._-._-.._-._-._-.._-._-._-.._-_._-_._-.._-_._-_._-.._-._-._-.._-._-._-.._-._-._-.._-_._-_._-.._-_._-_._-.._-_._-_._-.._-._-._-.._-._-._-.._-._-._-.._-_._-_._-.._-_-_._-.---.---.---.-_--.-_-_._-.-_-_-.---.- g

R

._-_
Pt ol ol ol
et
ey M s
._-.._-._-._-.._-._-._-.._-_._-_._-.._-_._-_._-.
r._-...-_._-_._-...-_._-_._-.._-._-._-.._-._-._-.

T




US 2023/0048872 Al

COMPOSITIONS AND METHODS FOR
DIAGNOSING OR TREATING
NEUTROPHIL-MEDIATED INFLAMMATORY
DISEASE

CROSS REFERENCE TO RELATED PATENTS

[0001] This application 1s a continuation application of
U.S. Ser. No. 16/983,741 filed Aug. 3, 2020, which 15 a
continuation application of U.S. patent application Ser. No.
16/724,453 filed Dec. 23, 2019, which 1s a continuation
application of U.S. patent application 15/874,506 filed Jan.
18, 2018, which 1s a continuation application of U.S. patent
application Ser. No. 15/425,528 filed Feb. 6, 2017, now U.S.
Pat. No. 9,872,839, which 1s a continuation application of
U.S. patent application Ser. No. 14/316,036 filed Jun. 26,
2014, now U.S. Pat. No. 9,561,192, which claims the benefit
of U.S. Provisional Application No. 61/840,597 filed Jun.

28, 2013, which 1s incorporated by reference 1n 1ts entirety.

STATEMENT REGARDING GOVERNMENT
SPONSORED RESEARCH OR DEVELOPMENT

[0002] This invention was made with government support
under PO1 HLO60678, RO1 HLL109439, K25 HLL111157, and
R41 HL126456 awarded by National Institutes of Health.

The government has certain rights 1n the imvention.

FIELD OF THE INVENTION

[0003] The present mnvention relates generally to compo-
sitions and methods for diagnosing or treating neutrophil-
mediated inflammatory disease.

BACKGROUND OF THE INVENTION

[0004] Neutrophil adhesion to activated endothelial cells
and trans-endothelial migration of these cells are essential
cvents of the innate immune response required for kill
invading pathogens and bacterial clearance. While neutro-
phil recruitment into site of injury 1s the first-line of defense,
excessive neutrophil infiltration and activation at the vessel
wall 1s also the primary cause of inflammation and tissue
damage. Neutrophils have been implicated in numerous
inflammatory diseases such as acute lung 1njury, sepsis, and
1schemia-reperfusion injury. Inhibition of 32 integrins using
ant1-p2 integrin antibodies has been shown to block adhe-
sion of neutrophils to endothelial cells and prevent inflam-
mation, leading to restored vascular integrity, which 1ndi-
cates that targeting neutrophils 1s a useful strategy in treating
neutrophil-mediated inflammatory diseases. However, anti-
bodies have the disadvantage of inducing generalized loss of
neutrophil bactericidal function by impairing the ability of
circulating neutrophils to adhere and migrate to the infected
site.

[0005] Clearly, there 1s a demand for compositions and
methods that permait targeting of activated neutrophils and
treatment of neutrophil-mediated inflammatory diseases.
The present invention satisfies this demand.

SUMMARY OF THE INVENTION

[0006] One object of certain embodiments of the present
invention 1s to provide nanoparticle compositions and meth-
ods for detecting or treating neutrophil-mediated diseases.

Feb. 16, 2023

[0007] In certain embodiments, the neutrophil-mediated
disease 1s an intflammatory disease. In certain embodiments,
the disease 1s a vascular inflammatory disease.

[0008] In certain embodiments, the compositions include
nanoparticles prepared from denatured, cross-linked albu-
min. In certain embodiments, the albumin 1s denatured by
desolvation. In certain embodiments, desolvation 1s per-
formed using an alcohol. In certain embodiments, the alco-
hol 1s ethanol.

[0009] In certain embodiments, the albumin 1s cross-
linked using glutaraldehyde.

[0010] In certain embodiments, the albumin nanoparticles
have a mean particle diameter of about 100 nm=10 nm.
[0011] In certain embodiments, the nanoparticle compo-
sition 1ncludes a pharmaceutically acceptable excipient.
[0012] In certain embodiments, a therapeutic agent or a
detectable moiety 1s incorporated within the nanoparticles or
covalently conjugated to the surface of the nanoparticles.
[0013] In certain embodiments, the therapeutic agent 1s an
anti-inflammation agent. In certain embodiments, the anti-

inflammation agent 1s selected from anti-inflammatory glu-
cocorticoids, NF-kB inhibitors, p38MAP kinase inhibitors,

Syk/Zap kinase inhibitors, and siRNA oligonucleotides tar-
geting a molecule 1n activated neutrophils, or any combina-
tion thereof.

[0014] In certain embodiments, the anti-inflammation
agent 1s dexamethasone and/or piceatannol.

[0015] In certain embodiments, the detectable moiety 1s a
fluorescent moiety or a chromogenic moiety.

[0016] In certain embodiments 1s provided a method of
treating a neutrophil-mediated disease or condition 1 a
subject 1n need of treatment by contacting activated neutro-
phils 1 the subject with a nanoparticle composition that
contains nanoparticles prepared from denatured, cross-
linked albumin and a therapeutic agent incorporated within
or covalently attached to the nanoparticles.

[0017] In certain embodiments, the method mvolves treat-
ing a neutrophil-mediated inflammatory disease. In certain
embodiments, the method involves contacting activated
neutrophils with a nanoparticle composition comprising
nanoparticles contaiming or conjugated to an anti-inflamma-
tion agent.

[0018] In certain embodiments, the method mvolves treat-
ing a neutrophil-mediated inflammatory disease selected
from sepsis, myocardial infarction, acute lung injury, stroke
and 1schemia-reperfusion injury.

[0019] In certain embodiments 1s provided a method of
detecting or monitoring neutrophil-mediated diseases com-
prising contacting neutrophils with a nanoparticle composi-
tion that contains nanoparticles prepared from denatured,
cross-linked albumin and a detectable moiety incorporated
within or covalently attached to the nanoparticles, and
detecting uptake of the detectable moiety by activated
neutrophils.

[0020] The present invention and 1ts attributes and advan-
tages will be further understood and appreciated with ref-
erence to the detailed description below of presently con-
templated embodiments, taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The preferred embodiments of the invention will be
described 1n conjunction with the appended drawings pro-
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vided to 1llustrate and not to the limit the invention, where
like designations denote like elements, and 1n which:
[0022] FIG. 1 1s a graph showing the percentage of neu-
trophils and monocytes treated or untreated with TNF-a that
internalized albumin nanoparticles.

[0023] FIG. 2 1s a graph showing the percentage of neu-
trophils internalizing various types of nanoparticles or Cy5-
labeled native albumin.

[0024] FIG. 3 1s a graph showing uptake of albumin
nanoparticles by wild-type, FcyRIII”", Mac-1"", and LFA-
17" mice.

[0025] FIG. 4A 1s a graph showing adherent and rolling
neutrophils/field as a function of time 1n mice treated with
albumin nanoparticles with piceatannol.

[0026] FIG. 4B 1s a graph showing adherent and rolling
neutrophils/field as a function of time 1n mice treated with
albumin nanoparticles without piceatannol.

[0027] FIG. 5 1s a graph showing round and spread adher-
ent neutrophils treated with albumin nanoparticles or albu-
min nanoparticles icorporating piceatannol.

[0028] FIG. 6 1s an immunoblot and graph showing phos-
phorylation of Syk in lysates of unstimulated neutrophils
and neutrophils stimulated with TNF-o and treated with
albumin nanoparticles or albumin nanoparticles incorporat-
ing piceatannol.

[0029] FIG. 7A 1s a graph of lung myeloproxidase (MPO)
activity 1 lungs of mice with LPS-induced acute lung
inflammation before and after intravenous infusion of picea-
tannol-loaded albumin nanoparticles.

[0030] FIG. 7B 1s a graph of the number of neutrophils
sequestered 1n lungs of mice with LPS-induced acute lung
inflammation before and after intravenous infusion of picea-
tannol-loaded albumin nanoparticles; and

[0031] FIG. 7C shows the concentration of leukocytes 1n
bronchoalveolar lavage (BAL) after intravenous infusion of
albumin nanoparticles (Alb-Nano) or piceatannol-loaded
albumin nanoparticles (Pic-Alb Nano).

[0032] FIG. 8 1s a graph of lung myeloproxidase (MPO)
activity 1 lungs of mice with LPS-induced acute lung
inflammation treated with piceatannol alone or piceatannol-
loaded albumin nanoparticles.

DETAILED DESCRIPTION

[0033] Disclosed herein are nanoparticle compositions
suitable for treating or detecting neutrophil-mediated dis-
cases or conditions, including neutrophil-mediated inflam-
matory diseases. Nanoparticle compositions include dena-
tured, cross-linked albumin and a therapeutic agent or a
detectable moiety.

[0034] In certain embodiments, the nanoparticle compo-
sitions may include a pharmaceutically acceptable excipient,
vehicle, or carrier.

[0035] ““Treating” or “treatment” as used herein includes
inhibiting a disease or disorder, 1.e., arresting its develop-
ment, relieving a disease or disorder, 1.€., causing regression
of the disorder; slowing progression of the disorder, and/or
inhibiting, relieving, or slowing progression of one or more
symptoms of the disease or disorder in a subject. Subjects
treated may include human and non-human individuals,
including warm blooded animals such as mammals afilicted
with, or having the potential to be afllicted with one or more
neutrophil-mediated diseases or disorders, including neutro-
phil-mediated inflammatory diseases.
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[0036] In certain aspects, the disclosure provides a phar-
maceutical composition comprising the nanoparticle of the
disclosure together with one or more pharmaceutically
acceptable excipients, carriers, or vehicles, and optionally
other therapeutic and/or prophylactic components, as
described in detail in U.S. Provisional Application No.

61/840,597.

[0037] An eflective amount of a nanoparticle composition
1s an amount effective to provide the desired biological
result. That result can be reduction and/or alleviation of the
s1gns, symptoms, or causes of a disease, or any other desired
alteration of a biological system. An appropriate “eflective”
amount in any individual case can be determined by one of
ordinary skill in the art using routine experimentation.

[0038] Incertain embodiments, nanoparticle compositions
may be prepared as described below. In certain embodi-
ments, the nanoparticles incorporate piceatannol, a spleen
tyrosine kinase (Syk) inhibitor that blocks ‘outside-in’ 32
integrin signaling 1n leukocytes. Real-time mtravital micros-
copy of inflamed post-capillary venules of live mice, the
primary site of neutrophil adhesion and extravasation in the
circulation, demonstrated that albumin nanoparticles are
internalized by activated neutrophils through endocytosis
that 1s 1n part mediated by Fcy receptor 111 (FcyRIII). Mice
treated with albumin nanoparticles mcorporating piceatan-
nol showed markedly reduced neutrophil adhesion and
migration across the endothelium. A mouse model of endo-
toxin-induced acute lung injury mediated by the infiltration
ol neutrophils also showed that treatment with piceatannol-
incorporated albumin nanoparticles prevents lung injury.

[0039] In certain embodiments, stable albumin nanopar-
ticles were prepared by desolvation of albumin, for example,
using ethanol, followed by albumin cross-linking using a
cross-linking agent such as glutaraldehyde. As one of skill in
the art will appreciate, any suitable albumin may be used in
the practice of the mvention, including, but not limited to,
BSA, human serum albumin and ovalbumin. Any suitable
cross-linking agent may be used to crosslink the albumin. To
study internalization properties of albumin nanoparticles by
phagocytes, fluorescent dyes were incorporated into nan-
oparticles. Transmission electron microscopy and dynamic
light scattering demonstrated that the size of albumin nan-
oparticles with and without fluorescent dyes was similar,
with a mean diameter of 10010 (SD) nm. It 1s envisioned
that albumin nanoparticle preparations having a particle
diameter 1n the range of 50 nm to 300 nm may also be used
in the practice of the imvention. Real-time fluorescence
intravital microscopy was used to study the uptake of
albumin nanoparticles by neutrophils. Vascular inflamma-
tion was 1mnduced by intrascrotal injection of the pro-intlam-
matory cytokine tumour necrosis factor (INF-c.) in mice. At
3 hr post-TNF-a challenge, cremaster muscle was exposed.,
and neutrophils adherent to activated venular endothelial
cells were monitored. Intravenous injection of Cy5-loaded
albumin nanoparticles resulted 1n the nanoparticles being
largely 1internalized by the leukocytes adherent to the
inflamed venular endothelial cells, and to some extent by
neutrophils slowly rolling along the vessel wall. However,
nanoparticles were not internalized by the TNF-¢. activated
endothelium itself. To confirm that the nanoparticles were
primarily internalized by neutrophils, an Alexa Fluor 488-
labeled anti-mouse Gr-1 antibody and Cy5-loaded albumin
nanoparticles were simultaneously infused. Anti-mouse
Gr-1 antibody and albumin nanoparticles showed marked
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co-stamning. In control experiments, non-immune 1sotype
control antibody, IgG did not show a signal. To address
whether albumin nanoparticles can also be internalized by
unstimulated neutrophils 1 the circulation, Cy5-loaded
albumin nanoparticles were infused intravenously. Unstimu-
lated neutrophils did not take up Cy5-loaded albumin nan-
oparticles, indicating that only adherent neutrophils were
able to internalize the nanoparticles. Nanoparticle iternal-
ization by adherent monocytes, another phagocytic cell
imnvolved 1n inflammation, was evaluated. Adherent mono-
cytes, unlike neutrophils, did not internalize albumin nan-
oparticles.

[0040] To investigate determinants of nanoparticle inter-
nalization, uptake of three diflerent types of nanoparticles by
activated neutrophils were compared. In the first two, BSA
nanoparticles were made by ethanol-induced albumin des-
olvation to denature albumin, followed by albumin cross-
linking to form stable particles. Albumin nanoparticles were
then eirther incorporated with fluorescent dye (Cy5-loaded
albumin nanoparticles) or chemically conjugated to Alexa
Fluor 647 by carboxyl-amine reaction that forms covalent
bonds between Alexa Fluor 647 and albumin nanoparticles
(Alexa Fluor 64°7-conjugated albumin nanoparticles). Addi-
tionally, albumin-conjugated polystyrene nanoparticles were
prepared by coating yellow-green fluorescence polystyrene
nanoparticles having a diameter of 100 nm with native BSA.
Uptake of these two types of albumin nanoparticles by Gr-1
positive neutrophils following intravenous infusion at 3 hr
alter intrascrotal injection of TNF-o was compared. Alexa
Fluor 647-conjugated albumin nanoparticles were found to
be internalized by the adherent neutrophils and showed
characteristic punctual distribution 1n the cytosol, whereas
Cy3-loaded albumin nanoparticles showed diffuse tluores-
cence throughout the cell. The latter observation was attrib-
uted to the release of Cy5 dye bound non-covalently to
nanoparticles following nanoparticle internalization. The
punctual structures 1n the cytosol represented individual or
aggregated nanoparticles, presumably 1nto lyso-endosomal
compartments. Conjugation of Cy5 to albumin nanoparticles
also exhibited the same punctual structures in adherent
neutrophils as Alexa Fluor 647-conjugated albumin nan-
oparticles; thus, dye conjugation method prevents dye dis-
persal following nanoparticle internalization. Based on a
comparison of the fluorescence intensities of internalized
Cy3S-loaded nanoparticles with Cy5-conjugated nanopar-
ticles, uptake efliciency of two types of albumin nanopar-
ticles was found to be similar. Further, the general morphol-
ogy of the adherent neutrophils internalizing either type of
nanoparticle was found to be the same, and cells had similar
surface area of 54+6 (mean+SD) um~. Unlike nanoparticles
made from denatured albumin, native albumin-conjugated
polystyrene nanoparticles remained bound to the surface of
neutrophils without being internalized. Native albumin con-
jugated to CyS was not taken up by neutrophils. As quan-
tified by multiple 1mages, 95% of all adherent neutrophils
similarly internalized either dye-loaded or dye-conjugated
albumin nanoparticles. In contrast, neither albumin-conju-
gated polystyrene particles nor Cy5-conjugated albumin was
internalized by the adherent neutrophails.

[0041] Because FcyRs activate endocytosis by binding
IgG-opsonized particles and denatured proteins, whether
nanoparticles made of denatured albumin could be 1nternal-
1zed through FcyR signaling was evaluated Neutrophils
obtaining from FcyRIII”™ mice exhibited significantly
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reduced uptake of albumin nanoparticles compared to wild-
type (WT). By measuring fluorescence intensity of Cy5-
loaded albumin nanoparticles per neutrophil, a distribution
of nanoparticle uptake per neutrophil was obtained. Based
on this, FcyRIII was found to contribute to ~350% of total
uptake of albumin nanoparticles, consistent with the role of
FcyR signaling as a mechanism of immune complex inter-
nalization by neutrophils. The basis of residual uptake 1s
unclear but may involve other Fcy receptors. Macrophage
antigen-1 (Mac-1 or aM[32 integrin) and lymphocyte tunc-
tion-associated antigen-1 (LFA-1 or alLp2 integrin) mediate
neutrophil adhesion during vascular inflammation and dena-
tured albumin binds to Mac-1 and may contribute to uptake
of denatured proteins; however, deletion of Mac-1 and
LFA-1 had no eflect on uptake of albumin nanoparticles.

[0042] Albumin nanoparticles loaded with piceatannol, a
Syk 1nhibitor, were evaluated for the ability to reverse
TNF-c-mediated firm adhesion of neutrophils to venular
endothelial cells, and thus mitigate inflammation. Syk sig-
naling 1s crucial in the mechanism of ‘outside-in’ integrin
signaling that mediates (32 integrin-dependent neutrophil
adhesion, spreading, and migration. Piceatannol selectively
inhibits Syk activity but because of low solubility 1n water,
has not been eflective as an anti-inflammatory agent. Intra-
venous 1nfusion of piceatannol-loaded albumin nanopar-
ticles, 1 mg/kg body weight of piceatannol (50 uM), sig-
nificantly reduced the number of adherent neutrophil and
concomitantly increased the number of rolling cells. In
controls, albumin nanoparticles alone had no eflect.

[0043] To investigate further the mechanisms of action of
piceatannol-loaded albumin nanoparticles, a flow chamber
assay was used 1n which mouse neutrophils interacted with
a monolayer of TNF-a-activated mouse lung endothelial
cells under shear condition. In control experiments, Cy5-
loaded albumin nanoparticles were internalized by Gr-1
positive neutrophils as 1n mouse venular studies above. The
nanoparticle signal was slightly increased in neutrophils
stimulated with N-formyl-methionyl-leucyl phenylalanine
(IMLF). However, treatment ol neutrophils with piceatan-
nol-loaded albumin nanoparticles, 800 ug/ml (200 uM as
piceatannol) under shear conditions markedly reduced [32
integrin-mediated neutrophil spreading and migration across
TNF-a-activated endothelial cells and inhibited neutrophail
adhesion. Thus, piceatannol-loaded albumin nanoparticles
functioned by mhibiting 32 integrin-mediated ‘outside-in’
signaling through Syk signaling, consistent with the known
function of Syk. Syk phosphorylation 1n tMLF-stimulated
neutrophils was also abrogated 1in neutrophils internalizing
piceatannol-loaded albumin nanoparticles indicating that the
drug loaded into nanoparticles blocked Syk activity. A
3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bro-
mide (MTT) assay was performed to eliminate any possible
drug toxicity eflect. Incubating neutrophils with piceatan-
nol-loaded albumin nanoparticles, 800 ug/ml (200 uM as
piceatannol), did not aflect cell viability. Thus, piceatannol-
loaded albumin nanoparticles nhibited Syk phosphory-
lation, thereby impairing 32 integrin-mediated ‘outside-in’
signaling required for neutrophil spreading and migration.

[0044] Excessive accumulation of neutrophils 1n lungs 1s a
major factor in the pathogenesis of acute lung injury asso-
ciated with sepsis. p2 integrin-dependent neutrophil adhe-
s10n to lung endothelial cells contributes to acute lung injury.
Theretfore, piceatannol-loaded albumin nanoparticles were
evaluated for the ability to ameliorate lung neutrophil infil-
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tration imnduced by intraperitoneal injection of lipopolysac-
charide (LPS, 10 mg/kg body weight). Treating mice with
piceatannol-loaded albumin nanoparticles, 4.3 mg/kg body
welght as piceatannol (200 uM 1n blood), 2 hr after LPS
challenge, markedly reduced lung tissue myeloperoxidase
(MPQO) activity, an indication of reduced neutrophil seques-
tration. Infiltration of both neutrophils and monocytes deter-
mined by bronchoalveolar lavage (BAL) was also reduced
by treating mice with piceatannol-loaded albumin nanopar-
ticles (4.3 mg/kg body weight as piceatannol). Comparison
of MPO activity 1n LPS-induced lung inflammation after
administration of piceatannol-loaded albumin nanoparticles
and piceatannol (free drug) alone also showed that picea-
tannol-loaded nanoparticles were far more eflicacious than
piceatannol alone. Because albumin nanoparticles are pret-
erentially internalized by neutrophils 1n vivo, inhibition of
neutrophil infiltration 1n lungs by piceatannol-loaded albu-
min nanoparticles appears to contribute to reduced mono-
cyte infiltration. These results also showed the utility of
albumin nanoparticle loading of piceatannol for the treat-
ment of acute lung injury.

[0045] In summary, an albumin nanoparticle approach for
the delivery of drugs 1nto inflammatory neutrophils adherent
to endothelial cells has been developed that 1s i1n part
dependent on FcyRIII signaling. Adhesion of neutrophils to
activated endothelial cells was required for the internaliza-
tion ol albumin nanoparticles. Because FcyRs are highly
expressed 1n adherent neutrophils during inflammation and
vascular diseases, nanoparticles made of denatured albumin
can be used to target intlammatory neutrophils while sparing
the essential host-defense function of circulating neutrophal.
This strategy limits the undesirable eflects of globally block-
ing the essential bactericidal function of neutrophils.
[0046] Further, the results reported herein demonstrate the
teasibility of using albumin nanoparticles to target activated
neutrophils without conjugating ligands or antibodies to the
nanoparticle surface. The results hence provide the prooi-
of-concept of a novel nanoparticle-based therapeutic
approach for targeting activated neutrophils to treat a range
of inflammatory disorders. This represents a departure from
the approach typically taken for delivering therapeutics to
desired cells, based on coating of ligands and antibodies to
the nanoparticle surface.

Methods

[0047] Preparation of Albumin Nanoparticles Loaded with
Fluorescent Dyes or Piceatannol.

[0048] Bovine serum albumin (BSA) nanoparticles were
prepared by the desolvation technique (Weber et al., Int. J.
Pharm. 196, 197-200 (2000), which 1s incorporated by
reference herein). BSA was first dissolved at a concentration
of 20 mg/ml 1n deionized water. Nanoparticles were made by
continuous addition to 1 ml of BSA (20 mg/ml) of 3.5 ml of
cthanol under stirring (650 rpm) for 10 min at RT. In some
experiments, 1 ml BSA (20 mg/ml) was mixed and incu-
bated with 40 ul of Cy5 dye (5 mg/ml) in chloroform for 1
hr, followed by desolvation with ethanol. To make picea-
tannol-loaded albumin nanoparticles, 1 ml of 20 mg/ml of
BSA solution was incubated with 1 mg of piceatannol
dissolved 1n DMSO for 1 hr. To form stable albumin
nanoparticles with or without a dye or piceatannol, BSA
molecules were cross-linked by adding 20 ul of 0.2%
glutaraldehyde in the suspension. The suspension was
stirred overnight at R1T. Nanoparticle suspension was cen-
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trifuged at 14,000 rpm for 20 min at 4° C. After drying
albumin nanoparticles, 80-90% albumin was obtained to
form the nanoparticles. The nanoparticle pellet was re-
suspended 1n water or phosphate-buflered saline, pH 7.4 for
the study.

[0049] To measure the efliciency of piceatannol incorpo-
ration 1 BSA nanoparticles, different concentrations of
piceatannol were added 1n the 1nitial albumin solution. After
centrifugation of suspension of piceatannol-loaded BSA
nanoparticles at 14,000 rpm at 4° C. for 30 min, the
supernatant (contaiming unbound piceatannol) was collected
and centrifuged using Microcon (10-kD cut-ofl) to separate
unbound piceatannol from free BSA molecules. Piceatannol
molecules were quantified by measuring the absorbance at
328 nm. The loading yield of piceatannol in albumin nan-
oparticles was calculated by the following equation: Load-
ing yield (% )=(Drug used-unloaded drug)/Drug used. After
drying and weighting piceatannol-loaded albumin nanopar-
ticles, 10-14 wt % of piceatannol was loaded in albumin
nanoparticles.

[0050] To conjugate covalently Alexa Fluor-647 or Cy5
dye to albumin nanoparticles, carboxyl-amine reaction
between dye and albumin was used. After albumin nanopar-
ticles were made using the desolvation method as described
above, Alex Fluor 647-NHS was mixed with albumin nan-
oparticles, and incubated the mixture for 2 hr at RT. Albumin
nanoparticles were centrifuged to remove free dye mol-
ecules to obtain Alexa Fluor 647-conjugated albumin nan-
oparticles.

[0051]

[0052] In vivo intravital microscopy was performed as
described'”. TNF-a (0.5 ug in 250 ul saline) was intrascro-
tally injected into wild-type (W'T) or knockout mice. At 3 hr
alter TNF-a 1njection, mice were anesthetized with intrap-
eritoneal 1njection of the mixture of ketamine (80 mg/kg),
xylazine (2 mg/kg), and acepromazine (2 mg/kg) and main-
taimned at 37° C. on a thermo-controlled rodent blanket and
a tracheal tube was inserted. After excision of the scrotum,
cremaster muscles were exteriorized on the intravital micro-
scope table. The cremaster preparation was superfused with
thermo-controlled (37° C.) and aerated (95% N,, 3% CO,)
bicarbonate-builered saline during the experiment. Fluores-
cently-labeled albumin nanoparticles (100 pg) i 100 ul of
saline were mnfused through a cannula placed in a jugular
vein, followed by infusion of the Alexa Fluor 488-labeled
anti-mouse Gr-1 antibody (0.05 ng/g body weight). Rolling
and adherent neutrophils were monitored 1n an area of 0.02
mm” in inflamed cremaster muscle venules. Images were
recorded using an Olympus BX61W microscope with a
60x/1.0 NA water immersion objective lens and a high speed
camera (Hamamatsu C9300) connected to an intensifier
(Video Scope International). To study the therapeutic eflects
of piceatannol-loaded albumin nanoparticles, the Alexa
Fluor 488-labeled anti-mouse Gr-1 antibody was intrave-
nously infused, followed by infusion of either piceatannol-
loaded albumin nanoparticles or control albumin nanopar-
ticles (150 ug of albumin nanoparticles containing 50 uM
piceatannol). At 30 or 60 minutes after infusion of nanopar-
ticles, rolling and adherent neutrophils were momitored. In
some experiments, an Alexa Fluor 488-labeled anti-mouse
F4/80 antibody (2 ng/mouse) was mfused to monitor mono-
cytes. Neutrophils that remained stationary or did not exceed
displacement of>8 pm for at least 30 sec were considered
adherent. To quantily neutrophil rolling and adherence, each

Real-Time Fluorescence Intravital Microscopy.




US 2023/0048872 Al

vessel was monitored for>3 min. Approximately 20 venules
from 3 mice were monitored for each group of experiments.
Data analysis was performed using Slidebook 5.5 (Intelli-
gent Imaging Innovations). To quantily fluorescence signals,
fluorescence intensities of albumin nanoparticles internal-
1zed 1into neutrophils were itegrated using the software, and
the distribution of nanoparticle uptake 1n neutrophils was
analyzed.

[0053] Statistical Analysis.

[0054] Data are expressed as meanxSD or SEM. Data
were analyzed using one-way ANOVA (multiple groups) or
Student t-test (two groups) of Origin 8.5, with p values<0.05
were considered significant.

Results

[0055] Uptake of Albumin Nanoparticles by Adherent
Neutrophils 1n Venules.

[0056] Intravital microscopy ol mouse cremaster muscle
venules demonstrated that Cy5-loaded albumin nanopar-
ticles are internalized by activated neutrophils following
administration of TNF-a (0.5 ng/mouse) and during surgical
stress-induced vascular inflammation. Neutrophils were
visualized by itravenous infusion of Alexa Fluor 488
anti-mouse Gr-1 antibody. In the TNF-co. challenge group,
the nanoparticles were intravenously infused 3 hr post-
intrascrotal mjection of TNF-a. (0.5 ug/mouse). Monocytes
were visualized by infusion of Alexa Fluor 488 anti-mouse
F4/80 antibody 3 hr after infusion of TNF-a.. FIG. 1 shows
the percentage of neutrophils and monocytes internalizing,
albumin nanoparticles. In all experiments, 100 ug tluores-
cent dye-labeled albumin nanoparticles/mouse was infused
intravenously. All data represent meantSEM (n=13-20 ves-
sels 1n 3 mice per group).

[0057] Characteristics of Internalization Properties of Dii-
terent Types of Albumin Nanoparticles.

[0058] Three different formulations of fluorescently-la-
beled albumin nanoparticles were studied. Albumin nan-
oparticles made from denatured albumin were either loaded
with Cy5 to form dye-loaded Alb nanoparticles or the
albumin nanoparticle surface was chemically conjugated
with Alex Fluor 647 or Cy5 to form dye-conjugated Alb
nanoparticles, as described above. The third nanoparticle
formulation was prepared by conjugating native (undena-
tured) albumin to polystyrene nanoparticles having a diam-
cter of 100 nm. Intravital microscopy was performed 1n mice
as above. Dye-loaded and dye-conjugated albumin nanopar-
ticles were internalized by Gr-1-positive neutrophils. Native
albumin-conjugated polystyrene nanoparticles were bound
to the neutrophil surface, and not internalized. Cy3-conju-
gated native albumin was not iternalized by Gr-1-positive
neutrophils. With reference to FIG. 2, quantitative analysis
of percentage of Gr-1-positive neutrophils imnternalizing the
three types of nanoparticles and Cy5-labeled native albumin
shows that both dye-loaded Alb nanoparticles and dye-
conjugated Alb nanoparticles were internalized by Gr-1-
positive neutrophils, whereas native albumin conjugated
polystyrene nanoparticles and Cy35-labeled native albumin
were not iternalized by Gr-1-positive neutrophils. Results
are shown as mean+SEM (n=13-20 vessels 1n 3 mice per
group). ND=not detected.

[0059] Contribution of FcyRIII Mechanism 1n Mediating
Albumin Nanoparticle Internalization.

[0060] Intravital microscopy of cremaster muscle
inflamed venules was performed 1 wild-type (WT) and
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FeyRIIT", Mac-17", and LFA-1"" mice. Cy5-loaded albumin
nanoparticles were intravenously infused 3 hr after intras-
crotal mjection of TNF-a (0.5 ng/mouse). Histograms of
Cy3-loaded albumin nanoparticles internalized by neutro-
phils (more than 500 neutrophils 1n 3 mice per group) in WT
and FcyRIII™'™ mice showed greater internalization of Cy5-
loaded albumin nanoparticles by WT neutrophils than by
FeyRIII”™ neutrophils, indicating a role for FcyRIII in inter-
nalization of the albumin nanopoarticles. Similar experi-
ments performed using Mac-1"" and LFA-1"" mice indicated
that Mac-1 and LFA-1 do not play a role in internalization
of the albumin nanoparticles. FIG. 3 shows the percentage of
albumin nanoparticle uptake by polymorphonuclear neutro-
phils (PMNs) 1n WT versus knockout mice i each group.
P<0.0001 vs. WT mice after ANOVA and Dunnett’s test.
NS, not significant.

[0061] Therapeutic Activity of Albumin Nanoparticles 1n
Vascular Inflammation and Lung Injury Models.

[0062] Intravital microscopy performed on mice intrave-
nously mfused with Alexa Fluor 488-conjugated antibodies
betore and at 1 hr post-intravenous infusion of piceatannol-
loaded albumin nanoparticles (50 uM piceatannol) showed
rolling and adhesion of neutrophils. Quantification of neu-
trophil adhesion and rolling 1s shown 1n FIG. 4A and FIG.
4B. FI1G. 4A 1s graph showing the number of adherent and
rolling neutrophils per field in TNF-a-activated cremaster
muscle vessels at baseline and at 30 and 60 min after
intravenous infusion of piceatannol-loaded albumin nan-
oparticles. FIG. 4B 1s graph showing the number of adherent
and rolling neutrophils per field in TNF-a-activated cremas-
ter muscle vessels at baseline and at 30 and 60 min after
intravenous 1nfusion of albumin nanoparticles without
piceatannol.

[0063] FIG. 5 shows the results of an assay of mouse
neutrophils pre-treated with 800 ug/ml albumin nanopar-
ticles (NP) or piceatannol-loaded albumin nanoparticles
(P1c-NP, 200 uM as piceatannol), and stimulated with
N-formyl-methionyl-leucyl-phenylalanine (IMLF). Flow
chamber assay at fixed shear representing venous shear (1
dyne/cm®) was performed as described in The number of
adherent neutrophils (either spread or round) was quantified
during the 10-mun recording period. Data represent
meanxSD (n=3).

[0064d] Mouse neutrophils were plated on {fibrinogen-
coated surfaces and incubated with RPMI culture media,
800 ug/ml albumin nanoparticles (NP) or piceatannol-
loaded albumin nanoparticles (Pic-NP, 200 uM) in the
presence or absence of 50 ng/ml TNF-o for 30 min. Cell
lysates were immunoblotted with anti-phospho Syk-Tyr525/
526 antibody (FIG. 6). The results show that piceatannol
inhibited phosphorylation of Syk in TNF-a stimulated neu-
trophils. Data represent mean+SD (n=3). ** P<0.01 and ***
P<0.001 vs. unstimulated cells after ANOVA and Dunnett’s

fest.

[0065] Unstimulated or IMLF-stimulated mouse neutro-
phils were treated with 800 ug/ml albumin nanoparticles
(NP) or piceatannol-loaded albumin nanoparticles (Pic-NP,
200 uM as piceatannol) for 1 hr. MTT assay was performed
as described 1n Methods. Cell viability 1s presented as
meanxSD (n=3). ** P<0.01 vs. unstimulated cells after

ANOVA and Dunnett’s test. Cell viability was not diflerent
among any experimental group.

[0066] FEiflects of piceatannol-loaded albumin nanopar-
ticles on LPS-induced lung intlammation were evaluated.
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The line shown above FIGS. 7A-C describes the protocol.
Lung myeloproxidase (MPO) activity (FIG. 7A) and number
of neutrophils sequestered 1n lungs (FIG. 7B) before and
alter intravenous infusion of piceatannol-loaded albumin
nanoparticles 1s shown. Data represent mean+SD (n=3). *
P<0.001 vs control after ANOVA. FIG. 7C shows the
concentration of leukocytes in bronchoalveolar lavage
(BAL) after intravenous infusion of albumin nanoparticles
(Alb-Nano) or piceatannol-loaded albumin nanoparticles
(Pic-Alb Nano) at a piceatannol doses of at 4.3 mg/kg body
weight. * P<0.01 and ** P<0.05. FIG. 8 compares the
ellicacy of intravenous infusion of piceatannol (Pic)-loaded
albumin nanoparticles compared to free piceatannol, at a
dose of 4.3 mg/kg body weight, in reducing neutrophil
infiltration 1 LPS-induced acute lung inflammation, as
assessed by MPO activity. * P<t0.05 vs. free piceatannol
alter Student t-test.

[0067] While the disclosure 1s susceptible to various modi-
fications and alternative forms, specific exemplary embodi-
ments of the present invention have been shown by way of
example 1n the drawings and have been described in detail.
It should be understood, however, that there 1s no intent to
limit the disclosure to the particular embodiments disclosed,
but on the contrary, the mtention 1s to cover all modifica-
tions, equivalents, and alternatives falling within the scope
of the disclosure as defined by the appended claims.

1. A composition comprising nanoparticles, the nanopar-
ticles comprising denatured, cross-linked albumin and an
agent selected from a therapeutic agent and a detectable
moiety, the nanoparticles being capable of selectively bind-
ing to and being internalized by activated neutrophils.
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