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(57) ABSTRACT

Methods of measuring the SFA and sPLA, activities in a
mammalian subject are provided. The methods include: pro-
viding a substrate comprising a fluorescently labeled car-
boxylic acid and a negatively charged phospholipid in an
organic solvent such as ethanol, mixing the substrate with
phospholipase A, and a biological sample from the subject,
and detecting the fluorescence intensity change to determine
the SFA and sPLA, activity in the sample. A decrease in SFA
activity in the test sample as compared to the SFA activity in
the control sample indicates that the subject has developed or
is about to develop inflammation. An increase in sPLLA,, activ-
ity in the test sample as compared to the sSPL A, activity in the
control sample indicates that the subject has developed or is
about to develop inflammation. Further disclosed is a kit for
practicing the above methods.

20 Claims, 56 Drawing Sheets



US 7,968,306 B2
Page 2

OTHER PUBLICATIONS

Kisel et al., Biochemistry (Moscow) 2001. 66:2, 168-172.
Mustonen et al., Biochemistry 1993.32:53-73.

Radvanyi et al., Anal Biochem. 1989. 177:1, 103-109.

Thuren et al., Clinical Chemistry 1985.31:5, 714-717.

Tsao et al., Biochimica et Biophysica Acta. 1991. 1081:141-150.
Wang, Annu. Rev. Plant Mol. Biol. 2001, 52:211-231.

Wichmann et al., Chemical Communications 2001. 23:2500-2501.
Non Final Rejection from the USPTO mailed Feb. 23, 2007 in U.S.
Appl. No. 10/365,738, filed Feb. 12, 2003.

Response filed Jun. 22, 2007, to USPTO Non Final Office Action
mailed Feb. 23, 2007 in U.S. Appl. No. 10/365,738, filed Feb. 12,
2003.

Non Final Rejection from the USPTO mailed Sep. 13, 2007 in U.S.
Appl. No. 10/365,738, filed Feb. 12, 2003.

Response filed Feb. 12, 2008, to USPTO Non Final Office Action
mailed Sep. 13, 2007 in U.S. Appl. No. 10/365,738, filed Feb. 12,
2003.

Final Rejection from the USPTO mailed May 15, 2008 in U.S. Appl.
No. 10/365,738, filed Feb. 12, 2003.

Response filed Nov. 17, 2008, to USPTO Final Office Action mailed
May 15, 2008 in U.S. Appl. No. 10/365,738, filed Feb. 12, 2003.
Non Final Rejection from the USPTO mailed Dec. 15, 2008 in U.S.
Appl. No. 10/365,738, filed Feb. 12, 2003.

Response filed Mar. 13, 2009, to USPTO Non Final Office Action
mailed Dec. 15, 2008 in U.S. Appl. No. 10/365,738, filed Feb. 12,
2003.



U.S. Patent Jun. 28,2011  Sheet 1 of 56 US 7,968,306 B2

¢ Blank

140 -

AsPLA2

X Piasma

W SPLA2 + Plasma
o Serum

AsPLA2 + Serum
= FAFAlb

@ FAF-Alb + SPLAZ

+ GloF-Alb




U.S. Patent

Activity (F1)
g

Sheet 2 of 56

Jun. 28, 2011

e I e B e B Wy

B e mrm S R R ELE &.R.E R X =

20 40 60 80
Time (sec)

FIG. 2

US 7,968,306 B2

+ HS serum + sPLAZ
O HS serum

a Blank

o sPLAZ

100 120 140



U.S. Patent

)
3

;

150 -

g

Activity (Fl/min/microl. serum)
S

Jun. 28, 2011 Sheet 3 of 56

¢ i
"
¥ 1

US 7,968,306 B2

# H8 (serum +
PLAZ) (7)

W CS (serum +
PLA2) (4)

@ COPD (serum +
PLAZ) (3)

A SEPSIS (sarum
+ PLAZ) (3}

HS cs COPD SEPSIS

F1G.3



U.S. Patent Jun. 28,2011  Sheet 4 of 56 US 7,968,306 B2

100 -

= & HS (serum) (7)

E s0- i

] | WCS (serum) (4)

o 60 i

o 'Y

E # COPD (serum) (3)

IS 40 -

:E' A SEPSIS (serum)

L 20 <)

£ I s

3 0 —

< HS CS COPD SEPSIS
..20 o

FIG. 4



U.S. Patent Jun. 28,2011  Sheet 5 of 56 US 7,968,306 B2

250

'g .

g 200 - , ;

-t

o ]

8 150 -

£ .

€ 100 -

i} i

: - i

g i
HS CS COPD SEPSIS
) ) 3 3)

FIG. §



U.S. Patent Jun. 28,2011  Sheet 6 of 56 US 7,968,306 B2

250

8 8 8 8B

Activity (FI/min/microL serum)
<

50% PC-50% PG 100% PG 100% PC

n
S

FIG. 6



U.S. Patent Jun. 28,2011  Sheet 7 of 56 US 7,968,306 B2

200 - -~ Background
:gg _ & Serum
. 1401 -0-PLA2-1B
L 120 -
}; 100 - ~&— Serum + PLA2-1B
% 601 ~%-BODIPY-FA + Serum +
g 60- PLA2-1B
40 -0~ PLA2-1IA
20 O
0 AR —-Serum + PLA2-JIA
200 20 40 60 80 100 120 140

Time (sec)

FIG.7



U.S. Patent Jun. 28,2011  Sheet 8 of 56

Activity (Fl/min/microls serum)

US 7,968,306 B2

Serum sSPLA? and S¥A Activities in LPS-Treated Rats

0“ -M

0 1 2 3 4 5 6
Days After LPS Injection

m’“

== SPLA2 Activity
&3~ SFA Activity



U.S. Patent Jun. 28,2011  Sheet 9 of 56 US 7,968,306 B2

LPS Effect on Rat Body Weight

Body Weight Change (%)

0 1 2 3 4 5 6
Days After LPS Injection

FIG. 8B



U.S. Patent Jun. 28,2011  Sheet 10 of 56 US 7,968,306 B2

SFA Activity in Rat Serum

¢ Blank
u8FA

Tine (min)

FIG.9



U.S. Patent Jun. 28,2011  Sheet 11 of 56 US 7,968,306 B2

[mBefore LPS Injection
W After LPS Injection

40 4
20 -

Activity (FI/min/microl. serum)

Lo
1

Serum - Exogenous Serum + Exogenous
PLA2 PLA2

FIG. 10



U.S. Patent Jun. 28,2011  Sheet 12 of 56 US 7,968,306 B2

140
€ 120
8
,g 100 -
] B (Serum +
€ 80 Exogenous PLA2) -
€ (Serum -
E 60 A Exogenous PLA2)
iL
L 40 .
2
;‘g 20
-

0

Before LPS Injection After LPS Injection

FIG. 11



U.S. Patent

Fluorescence Intensity

Jun. 28, 2011 Sheet 13 of 56 US 7,968,306 B2

~—@— PLAZ
————— 2yl plasma + PLAZ
——ieee 4 Ui plnsma + PLAZ
e S uiplasma + PLAZ
——i—— 8 ul plasma + PLAZ
——O— 10t plasina ¢ PLA2
——3—— 15 ul plasma + PLAZ
e 20 ul plag + PLAZ
—Seeee 25 0l plasma + PLA2
e 30 i plasina + PLA2
- — = UL bkg

== = = UL+ 4ylplasmabkg
= e e e = UL + 30 i pinsimn big

Y N e ek

v

LI ERLIMY R MR B
120

20 40 80 80 100
Time (sec)

FIG, 12



€T "DIa

US 7,968,306 B2

i
- 5
- e
3 73
2 8
k]
= &
” =
B o
g O
= L @
& oL 2
m, ) a
o DdinGZ+vuseidin gz — a Lz
= NdNST + vwisedin g~
dingZevwsed ngsp ——we s
)+ N+ousmdmp, — — — — —
tun o BN Z0) d N2 ———
~N
=
P
~N
<
~ g
Z
-]

R+ n+euneding] - - — — ~
AN G2 + vwused I 9L ———a——e
TVIINGZ+ vuseding ——ppeee
VA INGZ+ewsed p 7 —

Nz +oumsd NG} ——pee
VIdINSZ+owsed n g9 ———NPme
Gunyiotn il vidingz —eo——

Aysusju| eouadsalonid



U.S. Patent Jun. 28,2011  Sheet 15 of 56 US 7,968,306 B2

——-ﬂﬁ.mmm

=== == UL+30ul plusma 92800 PLAZ-+ activity/PLA- actvily Retlo
——&— PLAZ _ | (5 u/20 i)

———h——— & Ul plagma 092800 (allergy) + PLAZ ,

Y 20 ul plasma 092800 (shergy} + A2 | 5/20 Ratio
et 5 ul plssma 122900 (cold) + PLA2 m e
it 20 ul plasma 122900 {coid) + PLA2 022801 - 11

——<—— & ul plasma 022801 (hostthy) + PLAZ 061301 -1.2
——3¢—— 20 ul plasma 022801 (healthy) + PLA2
——&— 5 ul plasma 051301 (heakhy) + PLA2
———d—— 20yl plasma 061301 (heaithy) + PLAZ

10 —
N .M.w“/ m.*

Flucrescence Intensity
n .
|




U.S. Patent Jun. 28,2011  Sheet 16 of 56 US 7,968,306 B2

PLA2-si Ratio
&
|

{
| -11.0

‘Plasma Samples

FIG. 15



U.S. Patent Jun. 28,2011  Sheet 17 of 56 US 7,968,306 B2

A
10 - 10 ~ B
g NROBOIOD 5 iima+PLAZ ® - Naosoqpp O MIPlesms + PLA2
i
‘—a
2—.
O X o0 Ratios - 18
g * 20 ul plesra + PLA2

€ T T T T T T

-6 T T T T T
U 20 40 60 80 100 120 © 20 40 60 80 100 120
Y 10 10
- N4 02130
8- neotigey  Ywiplasma s PLAZ g MO esmaspiAz D
£ » 2 o
g [ g € -
5 4 5 4 -
§ ¢ o -o*
® /20 Ratio = + 1.3
i - i _‘:
% - 4
L L R Dt B L S e D I ‘s‘l7f“llifl1|ll
0 20 40 60 80 100 120 0 20 4 60 80 100 120
E 10 - 10 -
o 5 ul plasma + PLA2 -
s -| M4 022201 s NSOl 5 emepLaz
£ o] g
£ 4] €
§
o .
g 20 Ratio = - 1.2
2 -
© ] 20 pl plasron + PLA2 v
T €T rrrrTTTTT T

2] ™1 T T 17T .
¢ 20 40 &0 80 100 120 ¢ 20 40 60 80 100 120
Time (sec) Time {sec)

FIG. 16



U.S. Patent Jun. 28,2011  Sheet 18 of 56 US 7,968,306 B2

A
10 10 1cOPD1 050901 B
JcF1 021501 . 5 .
8 - 5 ul piasma # PLAZ
i s g 6
4 ZE 4
2 - g 2
04 o A
- ' § - 20 i plasma + PLAZ
&; -2 20 ul plasma + PLAZ 2 -2:
43 B/20 Ratio = - .48 4] §/20 Ratio = » 143.7
4 - e L I e e L L D 1 -8 T 1 1T F ¢ ¢ 17 1T 3 3% 1
0 20 40 60 B0 100 120 0 20 40 60 B0 100 120
C 10 qcra 19 1coPD2 052201 5
3 5 d plasma + PLA2 » %] § i plasma + PLA2
> , o _
2 ¢ §
E 44 re E 4-
2 - ) g 2 -
o- ; | v . @ 94 -
] 20 pl piasrna + PLA2
2 20 pt plasma + PLA2 é 2 1
- /20 Ratio = - 11.7 e 8720 Ratio = - 158.
- ™ T T 7T T T T b T T T T T

6 20 40 60 80 100 120 0 20 40 B0 80 100 120

E v 10 1 copD3 052501
- CF330 § i plasma + PLAZ 8 - Spiplasma+PLAZ F
8 - ‘ » 0
: KE
E £ 4
) g 2 |
g 0 20 i plasma + PLA2
24 3 27
& - 20y plasma + PLA2 T
<+ ‘ 4 5/20 Ratio = 9.5
N $/20 Ratio = - 3.8
€S+ TrTTTTTTTTTT S-rrrrrrrTr T T T
0 20 40 © 80 100 120 o 20 4%m6?m;0 100 120
Time (sec)

FIG. 17



U.S. Patent Jun. 28,2011  Sheet 19 of 56 US 7,968,306 B2

PLA2-si Ratio

e S E
-ty - i
9-— v w
-10

Plasma Samples

FIG. 18



US 7,968,306 B2

Sheet 20 of 56

Jun. 28, 2011

U.S. Patent

6T "DI4
{oas) awit
ozL 00L 08 09 OF 0Z O
TS A A T B A

I
o™
Aysuaju] 8ousdselon

— O}

ZY¥id + ur9loxd uwd BNy A

ZYid + urajoxd uwd BHnp0T —f—
Z¥vld + urajoxd uwd BnQy ~————

Tulg

joelgns 40D B wWoxJ
TTydoxansu Jo oOTIeI S-7yld

(oss) awiti

0ZL 00L 08 09 Oy OZ

{

|

] ﬂ 1 _ 1 _ . _ i

0

Z¥1d + ureijoad uwd BnOoT
Z¥1d + urtejoxd uwd Bngg
Z¥1d + ursjoxd wmud BngT
zYId + utrejoxd ud Bng

ENEA

aoalgns AyarTesy e woxly
Trydoxaneu Jo §-7WId

HH"I’ AR RN AR
© w © < N O N ¥ 9

Asusju] 9ouaosalon}d



U.S. Patent Jun. 28,2011  Sheet 21 of 56 US 7,968,306 B2
——— PLAZ
g 1Q ug BALF protein + FLA2
———)—— 25 ug BALF protein + PLAZ
——3¢—— 50 ug BALF protein + PLA2
———de—— 100 ug BALF protein + PLA2
———&—— 200 ug BALF prolein + PLAZ
iy 400 ug BALF profein + BALF
| ——%—— 600ug BALF protala + PLAZ
10 == = = = = UYL+ 100 ug BALF protein
£
A
c
°
£
g
v
2
o
_'_'_"3 -
i
2 —
_4 —
-6 7 T T i ] T ] T 7 |
0 40 60 80 100 120
Time (sec)

FIG. 20



US 7,968,306 B2

Sheet 22 of 56

Jun. 28, 2011

U.S. Patent

2Vd + 47va m

1¢ "DIidg

291d + 5TvE w

5JAGIUNIOA fRULLIOU LWia] SPINY TvE




US 7,968,306 B2

Sheet 23 of 56

Jun. 28, 2011

U.S. Patent

Zz *oIa
(0es) awui]
0Zi 00F 08 o©f o 02 0 02l 001
SRS I N R T o L i
L
=3
o
®
2]
g
3
3
3
@,
<
MenussdNOz = = — — - — 0O}
TV + e 1 02—
Vid+ U NG e
Vi ——p——
(=1

Mid+vunsdingz — o
i ———

Ausuaju) eousoseson)



U.S. Patent Jun. 28,2011  Sheet 24 of 56 US 7,968,306 B2

50 —
40 — .
;6\ - 1
o’
o 307 |
7))
2 - )
o -
= 20—
o
L= .
(} | ,
Q. 10— |
o7 -
1 2 3 4 5
Colu
1: PLAZ (4)
2 PLA2 + CF BALF (4)
3: PLAZ2 + CF BALF (37 C 1 h) (4)
4 CFBALF(8)
5. PLAZ + NV BALF (4)

FIG. 23



U.S. Patent Jun. 28,2011  Sheet 25 of 56 US 7,968,306 B2

80 —

PC hydrolysis (%)
é;: 3
i

N
o
|

1 2 3 4 5
(5) (3) (3) (3) (3)

Colu

: PLA2 (5) ,

PLAZ2 + 25 ug CF BALF (heat) (3)
PLA2 + 50 ug CF BALF (heat) (3)
PLA2 + 100 ug CF BALF (heat) (3)
PLA2 + 100 ug CF BALF (no heat) {(3)

a2

FIG. 24



U.S. Patent Jun. 28,2011  Sheet 26 of 56 US 7,968,306 B2

40 —

30 —

PC hydrolysis (%)
i

10 —

1

Column
. PLA2 (4)

PLA2 + CF BAL (4)

PLA2 + CF BAL + Annexin | (4)

PLA2 + CF BAL + 33 kD PLBP (4)

PLA2 + Annexin | {4)

FIG. 25



US 7,968,306 B2

Sheet 27 of 56

Jun. 28, 2011

U.S. Patent

9¢ "HDI4d
(oas) sun
0cL Oo0L 08 09 Oy 02 0
| h.—-‘.b.Am.‘lM-
o1 O
= g A N
e @
- r
S W
- 8
—— g m.u..H
PO £ 001 et T W
JOARE LD, ot . g <8
FL T o o JE
——— T <
ol | R S
b o R r....iO—.
UONRALSIUCS _
Pdgoydsond swosody
d

(oes) awy
oL 00F OB Q9 oy 16 7.4 0
| SIS N S D SO A |
-'Q-I\_,_I\l‘\n\...lllf!(fli!fll w—
= =g 4
. O Ll uw\,.&w o
— Z
madl 4
J,.w
Vi u0a s e -0 3
ggsolnvfg.;;m
Wd gz een . 1 ——
TG B O » 875 » WY~ |
EVId BU G ¢ 00 & WY me—miiesin — Ot
{(sdodpvrg buggsn - —
agﬂalu.,..uﬁ -
LORRBUIDO?Y Py jef

Aysuajuj 82uaosalonj4



US 7,968,306 B2

Sheet 28 of 56

Jun. 28, 2011

U.S. Patent

LR T TR T S——
B UM S ATYE AN it
B oo OF ATVE AN~
8 2ot 001 VR AN —eveome—.
B A 08 ITVE AN ——e—r
B axnw $2 41V AN~

TVid i

FIva AN

A T 4 4TvE B O 0D ——eee |

T id « YR O 00N 902 ——pp—e
vid + 47vQ B o oof ——g—o
E¥id +» 41va B o 0 g

vid v JWVE B oD GE i —  }

ZYId s SIvE GO QL — e

oid ———
J47va 40

{
®

Ausuauj aouaasasonly

mi

— O3



BZ "SI

US 7,968,306 B2

-] &
g .
- ZVid + (B oomu 001) STVE —a—o [T O

(wn 5200 ‘Bu 08) 2V 1d ——ewee = Tb

U.S. Patent

Aysusju) §ou30sBI0Md

(pas) auny
0Zy 00t 98 o093 O D2
MK S AN TR ST .

TV 1d + (B 00w 001) Ve ——a—r
Y 1d + (6 aoru o) Ve ——v——
fmn GE00 ‘Bu §Z) ZWid e

— O

Ajsusju) 80Ua038I0N}



US 7,968,306 B2

Sheet 30 of 56

Jun. 28, 2011

U.S. Patent

62 "HIA
(pog) owTl 0L 99 09 8§ 05 SF Or SC 0OC SZ OZ
"n—-hbm——--.ﬁ-_,‘n.-,ﬂ.n.

om.ﬁmmﬁm cmﬁ 06 08 0L 09 05 O¥ 0 0QZ 0T O

SO S W YR S T T — O

- &0

s-Zvd -~z



U.S. Patent

Fluorescence Intensity

Jun. 28, 2011

431[3&#2

v wwr g Gea  mwe ws am

o—— v— ——— -

Sheet 31 of 56 US 7,968,306 B2

PLAZ (10ng) + UL + Ca

0.00175mi plasma + UL + Ca + PLA2
0.0025ml plasma + UL + Ca + PLA2
0.005ml plasma + UL + Ca + PLAZ
0.01mi plasma + UL + Ca + PLA2
0.02mi plasma + UL + Ca + PLA2
0.00175mi plasma + UL + Ca

0.02ml plasma + UL + Ca

0.00175ml plasma + PLA2 + UL

120

FIG. 30



U.S. Patent Jun. 28,2011  Sheet 32 of 56 US 7,968,306 B2

PLAZ2

NV plasma 0.01 mi

CF plasma 0.01 mi

- NV plasma 0.00175 m!

CF plasma 0.00175 mi

PLAZ

COPD plasma 0.01 mi

COPD plasm 0.00175 mi

CF plasma 0.00175 mi (no PLAZ)
------ COPD plasma 0.00175 ml (no PLA2)
—— ——  CF plasma 0.01 mi (no PLA2)

— - — - COPD plasma 0.01 mi (no PLA2)

<>$ca:fn4z-4o

Fluorescence Intensity

B L E A I L B
0 20 40 60 80 100 120
Time (sec)

FIG. 31



US 7,968,306 B2

Sheet 33 of 56

Jun. 28, 2011

U.S. Patent

| (08s) awiy
Gt 00f o8 09 oy 0c
R R e

Z¢ "DIA

Y 1d + WNas jipn'o + M o< - s
WNIRS RUZD'Q + I + €D
VN + WIOS G0 e
(AT R F T i R —
oY Id + Winjas Lo 0 ————
Vid + Wniss g ——7——
T + WnIas g/ LOO'0 e

Nd e
(pseanieay) wues AN

OYd + WSS WLYQ+ ) — — —

W8S JULOO'0 + N+ B — — —
WhRS BHOD+ MN+8) — o = — —
TV + WSS LYY e
TV + WSS jug /10070 —~——w—
vid ———

(1eay ou) wrnias AN

s
c
Q
0]
o
O
®
-3
s
1]
M
o
-3
7}

_ <

— 8

— 0}

v



U.S. Patent Jun. 28,2011  Sheet 34 of 56 US 7,968,306 B2

—— PLA2
10 -{ ——&—— CFBALF0.Tmg

Fluorescence Intensity

0 T T 7 T T T T T T 71T
O 10 20 30 40 50 €0 70 80 90 100 110 120
Time (sec)

FIG. 33



U.S. Patent Jun. 28,2011  Sheet 35 of 56 US 7,968,306 B2

QD 280

~~~~~ % PLAZ2-s activity
— - — 9% PLA2- activity

0D 280 nm

40 50 60 74 80 90 100 110
Fraction Number

FIG. 34



U.S. Patent Jun. 28,2011  Sheet 36 of 56 US 7,968,306 B2

. 0D 280 |
————— % of PLAZ aclivily
08 — - 400
0.7 —
i —| 350
08 —
7 300
0.5 — : §
5 04 — 250 5’
g 1 3
(4"
Eg (HB-: 200 g;
*F
150
X
— 100
H l 1 !’ i j i 50

FIG. 35



U.S. Patent Jun. 28,2011  Sheet 37 of 56 US 7,968,306 B2

QD 280 nm
— — — — — % PLA2-s activily
— - — % PLA2-i aclivity

04 — ~y 450
~{ 400
0.35 — -
~{ 350
0.3 — —] 300
—~1 250
0.25 ...ng“g
E 1§
o — 150 <
@ 02~ B f
=1 S
0.15 — ":5“.;
- 0
0.1 ..:,50
~{ -100
0.05 — i
= -150
L N R I S IS EL et I et LAY N M ML) I R

20 3 40 S50 60 70 80 90 100 110
Time (minute)

FIG. 36



U.S. Patent Jun. 28,2011  Sheet 38 of 56 US 7,968,306 B2

04 —
035 —
0.3 —

0.25 —

QD 280 nm
fod
N
i

0.15 =

0'1 h—

0.08 —

0 ¥ ' L ' i } 3 —1 LI i & ' ! ’ 7 ‘ t
20 30 40 50 60 70 80 90 100 110
Time (minute)

FIG. 37



U.S. Patent Jun. 28,2011  Sheet 39 of 56 US 7,968,306 B2

A

N i

oD 215 nm
i

1 N
*l"l‘i‘t'f'*'l"l"l‘l“l
20 25 30 35 40 45 S0 55 60 65 VO
Minutes

2 — i

:

oD 215 nm
{

02 —

I[ Il'l] :l';}’:; r1 YTV |
20 25 30 35 40 45 S50 55 60 65 70
Minutes

FIG. 38



US 7,968,306 B2

Sheet 40 of 56

Jun. 28, 2011

U.S. Patent

(oos) iy
I T T T T

0

1} majold peresy Buegng o *

1 upioad 6wpszn 0 ———x——

1 UfN0Ig BuRZi0 ) et

i wo0d BLZED0D ——tmr

1t weid bwglLog D ~——omm—

LT EE VT, R —

Y # B + § WG g@—‘g.u ffff
A R S

| uiaig

6¢

DId

(098) sy

OZL 00L 08 09 Ov OC

Aysusju| sousosalon|d

|

I

il _ ] — 1 — i _. 1

N +80 + |uend Bwgszp — - —
N +FED + 1 URIOIG BWZEO0 — — — - =
1 URI014 PAIERY BWGZL') e
j usioig powesy Buzeop ———
1 19i0)d BuGST ) —————
) uiBjosd BugZy 0 ——ep——
| uRieid Buyg00 ~empir—me
) BY04e) BRIZEQQ) mmrartfres
| U0 BUIGLEQ menpmnnn
TRV TR R, BT T,T Yy P - S—
™ P R
| uBold

Aysusiu| @ousosason|d



U.S. Patent

Fluorescance Intensity

Jun.28,2011  Sheet 41 of 56 US 7,968,306 B2

et el of W V3
ey ), 006MYG

s (.008MG)
0.006mg (no PLAZ)

— - — 0.006mg) (no PLAZ)

P L.

0 Q’puah‘;“:“wg—:“~;"’““q.:-:‘:%m: %;-'S-«"_:

I T 1T 1 T T 1T 1 T T

0O 10 20 30 40 50 60 70 80 90 100 110 120
Time (sec)

FIG. 40



U.S. Patent Jun. 28,2011  Sheet 42 of 56 US 7,968,306 B2

i i PLC (0,06 U) + UL + Ca {n=3)

e e PLG (0,08 U) + UL + Ca + lipase (0,14 U) (n=3)
S PLC {0.03 U) + UL 4+Ca

—Sf—— PLC (0.03 U) + UL + Ca + lipase (0.14 U)

16 — ——— lipase (0.14 U) + UL + Ca (n=3)

%’-
8
E
3
§
5]
S
{1
R B L S B DL DL DL AL LIS B B LN B B
0 20 40 60 80 100 120 140 180 180 200 220 240 260 280
Time (sec)

FIG. 41



US 7,968,306 B2

Sheet 43 of 56

Jun. 28, 2011

U.S. Patent

{o0s) owil

ST 0SZ OYTOLZ0OZ0NL 093 OFLOZLO00L OB 00 0¥ BT O

TN TN TR N T TN T T

8t + O + (RGOOT) TV D e
2% » [0G000} BTV Id e
"oy » g

P ——r

Jva

¢

|
®

K31susjul sousossIonTd

I AR
& © o ¥

i
-

¥ °"OId
{o9s) aun)
DRz 0eZPYZOZZDOZOUL0GLOPLOZL00L 08 09 OF 62 O
w.m..m.mmmrmr»._uw.._‘.m._.._r_nn-

TSRt + O + (ORROT0) H-2Y 1 s
07 + Bpir o) 92l ———

052d) + 1 « (OUGOTH TV sl
O + (BwggQ) FEVId ~—di—

saedy e 1 + (BCOT LIV ———
9% + (BURD O3 42V —re
oureds + Ot —eo—

3" B S

wnieag

AJTSuUSjuUl 82UDSSIONTA

I
o




US 7,968,306 B2

Sheet 44 of 56

Jun. 28, 2011

U.S. Patent

£y "OIa

(0es) atut
0ZL 00L 08 o8 o 0Z O ozt oot

| SR TN U I O TR N . La i

08 09 oy 0T
N T BT N

0

m
=4
=]
o
2
3
3
o
=
0 , :
..«M. \ .~
; - {21 ou) unungie BgL'g ~ - ~ - -
{291d ou} uponcge Bwgig 2 {powes-mau) unge Sunyg — - —
{poigey) LUNGE BygD ~— & {porean-iEey) LrUnGE BWO'D — ~ - — —

[neigey) wunas By D ~ -Q ~ -
vpungre Sy ——b——
vhonge g’y ——t——

AN o ——+—— (2R pioe Ayey)
ugange 3 —

SuiRe0 upwngie uewngyd

HunE BT L ———t——
wwngs Buyy'p —r——
vunge Suwzg e ——e—
g SwgL') —t——
uunge buwgg'o et
unge buyd) ——o—
upsngme Buazg'g o
unInas BuiLY ) ——nhemne

o ———

T
o~
Aysueju] 8ousdsaion

(aayy utingoif)
ujNqgje UBLNG



US 7,968,306 B2

Sheet 45 of 56

Jun. 28, 2011

U.S. Patent

¥y ‘oIl
(00s) awi) (oss)ewll o
psZ O 002 0OL 024 08 OF O pZy 00t 08 08 oF 02
w L g “ ] _ i m o _ [ g () w i n 1 _ i _ ) _ 1 \;
-~ P . e, — - - O
..,....do
5
o - Z
w
8
2
8 —
2
<
o
2 — 9
-
L g
Z¥1d+ (BoxoTwy ) g¥-1-eudre —¥—
|||..+l_ {z¥18 ou) (BoxoTug) Jy~T~-eydre — =~
S—-~ - Zyid+ (BoxoTueg ) Ly~f-eydre -

FA 4 G *

‘DB 0T A93IZR DINIHRTW

g

uoTIOEOX BYT 07 poppe sem assdn

Aysuaju| 90US0SaI0N]



US 7,968,306 B2

Sheet 46 of 56

Jun. 28, 2011

U.S. Patent

(oas) sy
0ZL 00L 08 09 O 02

Sy "DIdA

(oes) aun)
02t 00t OB 09 Oy O O

Ly-i-Budie petrouny + 0

{8ug) 291d & L1 -RUGHE PHSOUNIY e
(Bugt) 2vid —o——

{5d %050d %0S)

Suosads, BpeLRyU)

Aysuejuj aocusosaiony

1y} Bk DBREOUNL + I} Od %08-Dd %OL
M OINEOI%ROL ~ — = — -
(BUDLY 291d + Lye1-S018 DHEOUNS + Y} Od KDE-Dd NOL ——nc
B001} 2071d + Ly~1-Syd PRESURLA + 1N Od RO8*Dd KO}~
(Bu0LY 2VId + 1) Od %08-Dd %0} ——e——
{BUGL) Z¥Id + W Od BOB-Od R}~
{B5) Z¥1d W DA KGO RO e
{6401} ZVId + Ly} -SUGR POISUAR + 1) Dd RE0L oo
(Bug2) ZTVId + 1N .Od RO0L e
BU0L) 2910 + 3 Od %O0L o
(8UG) 201 + W) Tef WDOE mmsonipommsnns




US 7,968,306 B2

Sheet 47 of 56

Jun. 28, 2011

U.S. Patent

H
l

Apsuajuj 9ousasaion|4
H
, = .
8
(%) s1shl0ipAy Od

|
3

Lg — 0%

() (Bwyp°0) ) upeLLY + (B 5'0) Zvid
() (Buizg0) | upEUUY + (BWL'G) Twg 4D + (Boom w% vid hm
Z¥Id+ (BoxnTwg) Lv-T-eydie psledunil+ (BoIdTwg) T UTXSUUR+ed+1N —igd— ¥} B o) V.40 + Bosom 50) 2w 2

W GG !
(BUQT) Z¥Id+ (BoIoTwg) I¥-T-eydre peleounij+ed+In —— () Barw gg) gﬂﬁuﬂg
(BoIOTMG) T UTXDUUR+ED+IN ~——F—
(BuQT) ZYI1d+ed+1In ®



U.S. Patent Jun. 28,2011  Sheet 48 of 56 US 7,968,306 B2

Activity (F1l)

sPLA2 Activity in Human Serum

120

| o Blank (100% PG In Buffwr)
| 018PLAZ (100% PG In Buffer)

4 Blank (100% PG in EtOH)
» oPLAZ (100% PG in E1OH)




U.S. Patent Jun. 28,2011  Sheet 49 of 56 US 7,968,306 B2

SPLA2 Activity In Human Ssrumn

WaPLAZ (100% PG In
Buffer)

MsPLAZ (100% PG In
E{OH)




US 7,968,306 B2

Sheet 50 of 56

Jun. 28, 2011

U.S. Patent

6F "D1A
Wiues gaon M o) —o—
WIIeS 0400 M 927t —e— (oces) aun)
oVd + Winies G4OO i 0L —=—0Z)  DOL 08 00
TV + Wes QOO M g2 L~ g o
wnies o o) — — |

wirues plgy) — —
swestd 10} .. s
Bused gy L o .

Vidrwneamoy o

q(.ﬁ...gi,u._mlﬂl

n(.ﬁ.v:u:’iwnvil! R

Vid+oueed gy,
n(.E.lol.

b o

gg»m*«aﬂﬁ‘?‘?
Ajisueju) aouedsason;




US 7,968,306 B2

Sheet 51 of 56

Jun. 28, 2011

U.S. Patent

(synun) sun |
uT-MmMnt_-iufn—-—___w_-
N . o
ils ﬂag
iz W
== 2
i i
] o
, - - wid]
. .ls
I

0§ "DXa

TIIIIN




US 7,968,306 B2

Sheet 52 of 56

Jun. 28, 2011

U.S. Patent

1S Ol
{oes) sun)
003 oe 00 or oz

- 001



US 7,968,306 B2

Sheet 53 of 56

Jun. 28, 2011

U.S. Patent

(w) ety
081071021001 08 09 OF 02

(A9 ) F. |

(upu) ewy
09LOYI0ZL00L 08 09 OF OZ
00y~ ”ngu—.nnﬁuw.uu

00~ 4
3 0023 | 10
..W 001~ 8
0 zo m
W 00} W
002 £o
oot




US 7,968,306 B2

Sheet 54 of 56

Jun. 28, 2011

U.S. Patent

€5 "O1A
(ces) sw}

e o s W

0ZL 00} 08 09 oOF oz
FV-dvs B §0°0 + ViV Ide - i!ﬁ?ig?ti £hnem S
A B 90070 » ViFPvids ¢ —oe-to-orgrur™ ’ i e

wrieg pf &t + i-Vids —e~
wnmg pla'o + viryids v

virvias o

pinouhong %




U.S. Patent Jun. 28,2011  Sheet 55 of 56 US 7,968,306 B2

© Background

o PLaz
X Plasme
140
100
A W Slasma+PLAZ -
.g 12¢ g . B
5 100 © Serum ] ‘
& 80 o
H AScrim+PLAZ E 604 t
[ 50 =]
123
g ~FAF-Ab 2 0
& w0 B
) ®FAF-AD+PL22 T 20
§ 20 *3 7
~ ot PRS-+ GioF-AlD 3 0 '—~
e ¢ bt Y %
120 7
~20: 60 80 200 eGioF-Ab+ P12 % a0 | HE COPD  SEPSIS
Time (sec)
250
,é ] c Ezso
§ 2004 B .
a ’ 2 200 D ‘
r; ~
< 1504 i’.
.E . -+ 1504
] E
3 § 3
W 100 o .
5 ') .} " 100
2 s, 4 s '
I} L1
- 8
0. . . o & i
HS COED  SEPSIS b N —
HS COPD SEPSIS

FIG. 54



U.S. Patent Jun. 28,2011  Sheet 56 of 56 US 7,968,306 B2

FIG. S§




US 7,968,306 B2

1
METHOD FOR MEASURING ACTIVITY OF A
SPECIFIC FRACTION OF ALBUMIN

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation-in-part of U.S. Applica-
tion No. 10/365,738 filed Feb. 12, 2003, now U.S. Pat. No.
7,579,156, entitled “Fluorescent phospholipase assay, phos-
pholipase A2 inhibitor and stimulator, and the use thereof,”
currently pending, which claims the benefit of U.S. Provi-
sional Application No. 60/407,114 filed Aug. 30, 2002 and
U.S. Provisional Application No. 60/357,188 filed Feb. 13,
2002. This application also claims priority to U.S. Provisional
Application No. 61/013,697, filed Dec. 14, 2007. All of these
applications are hereby incorporated by reference herein in
their entirety for all purposes.

STATEMENT REGARDING
FEDERALLY-SPONSORED RESEARCH OR
DEVELOPMENT

This invention was made with United States government
support awarded by the following agency: NIH H[.38744 and
AT48624. The United States government has certain rights in
this invention.

BACKGROUND OF THE INVENTION

The inflammatory response governs a wide range of illness
from injury to infections and allergies. Initiating inflamma-
tion involves activating immune cells that trigger the phos-
pholipase A, (PLA,)-involved inflammatory processes.
PLA, enzymes are a diverse family of enzymes that hydro-
lyze the sn-2 fatty acyl bond of phospholipids to produce,
among other things, arachidonic acid (AA). They have a wide
range of functions involving dietary phospholipid digestion,
cellular phospholipid metabolism and turnover, membrane
phospholipid remodeling, and critical roles in the inflamma-
tory processes. PLA, enzymes are abundant in pancreatic
juice and venoms of snakes and bees. They are also present in
small amounts in many types of cells, including immune
cells.

Three types of PLA, have been found in mammalian tis-
sues: secretory PLA, (SPLA,); cytosolic PLA, (cPLA,); and
the calcium-independent PLA, (ciPLA,,). sPLA, hydrolyzes
the fatty acyl group at the sn-2 position of phospholipids at the
air/water interface. They require millimolar calcium for their
enzymatic reactions. sPLA, has been found to correlate with
local and systemic inflammatory responses (1). For example,
high levels of sPLA, have been found in the plasma of
patients with acute sepsis, in synovial fluids from patients
with arthritis, and in peritoneal fluids from patients with
peritonitis.
sPLA,

sPLA, enzymes have been implicated in human diseases,
particularly ininflammatory diseases including COPD, cystic
fibrosis and sepsis. However, the precise function of sSPLA, is
not clear. For instance, it is not clear how sPLA, enzymes
exert their action on cells withoutindiscriminately destroying
the cells.

At least ten sPLA, isoforms have been identified in
humans, each with molecular weights around 14 kDa (2-4).
The various isoforms of sPLA, have the same catalytic reac-
tions in terms of phospholipid hydrolysis, i.e., hydrolyzing
the fatty acyl group at the sn-2 position of phospholipids at the
air/water interface. All sPL A, require millimolar calcium for
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enzymatic reactions and interact strongly with membranes
containing anionic phospholipids but interact weakly with an
interface composed of zwitterionic phosphatidylcholine
(PC). Isoforms sPLA,-IB and sPLA,-IIA have been most
extensively studied. sPLA,-IB is considered a pancreatic
enzyme whose function mainly involves digestion of dietary
phospholipids. sPLA,-IIA is a non-pancreatic enzyme and
has been found to correlate with local and systemic inflam-
matory responses (5). sPLA,-IIA is present in platelets and
inflammatory cells including neutrophils and has been found
in circulating blood and rheumatoid arthritic synovial fluid
(5-7). The primary structure of human sPLA,-IIA in platelets
and synovial fluid has been determined and its gene cloned (7,
8).

Both sPLA,-IB and sPLA,-ITA have been implicated in
human diseases, particularly in inflammatory diseases (9).
High levels of sPLA,-IIA have been found in the plasma of
patients with acute sepsis, in synovial fluids from patients
with arthritis, and in peritoneal fluids from patients with
peritonitis (7. 9). sPLA,-1IA may also act as an antibacterial
agent to destroy bacteria during infection (10) due to the high
cationic charge of sPLA,-IIA (pI>10.5) that, in conjunction
with bactericidal/permeability-increasing protein, enables
sPLA,-IIA to readily penetrate the cell wall of gram-negative
bacteria and disrupt the anionic bacterial membrane.

Inhibiting sPLA, production has long been considered for
therapeutic purposes (11). However, conventional drugs
developed to inhibit SPLA, production or to restrain PLA,
activity have serious side effects and sometimes even exac-
erbate the pathological conditions. This is, in part, because
the complexity of PLA, enzymes makes drug design for
detecting, treating and preventing inflammatory disease more
difficult (12).

Conventionally. PLA, activity is measured by methods that
involve the use of radioactive materials, which are inconve-
nient, time-consuming and bichazardous. A fluorescent lipo-
some-based method has been described but the method is of
low sensitivity in comparison to the radioactive methods (13).
Another available fluorescence method incorporates fluores-
cent bis-BODIPY FL C,-PC into the cellular membrane;
however, it can only measure the PLA, activity indirectly
(14). Other prior art methods include the pH titration method
and the monolayer method, both of which require bulk vol-
umes of reaction solutions, substrates and enzymes.

Therefore, a need exists for an efficient method for detect-
ing, inhibiting and preventing sPL A, activity in a controlled,
non-invasive manner to treat or prevent specific diseases.
Albumin

It has long been shown that some serum proteins including
albumin can affect the activity of sSPLA, in the in vitro assay.
Albumin possesses dual effects on sPLA, activity, either
stimulating or inhibiting sPLA, activity, depending on the
assay conditions (15). It is generally believed that albumin
stimulates SPLA, activity by removing the PLA ,-generated
product lyso phospholipids, and inhibits sPLA, activity by
binding the substrates, particularly with low concentrations
of substrate liposomes, or removing negatively charged fatty
acid from the enzyme/substrate interface (15).

Human serum albumin, a heart-shaped protein, consists of
585 amino acid residues with a calculated molecular weight
0f 66,439 and a pl value of 5.2. Albumin constitutes more than
60% of total blood plasma protein and plays important roles
in fluid distribution throughout the body because of its col-
loidal properties, in acid-base physiology because of its
unique composition and abundance, and in transport because
of its high ligand-binding affinity. Although albumin is a
monomeric protein, it is organized into three homologous
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domains (labeled I-11T) and each domain is comprised of two
sub-domains (A and B) which share common structural ele-
ments (16, 17). Its diverse bound-ligands and potential sub-
jection to oxidation of its high content of disulphide bridges,
albumin is considered to consist of heterogeneous forms that
can be fractionated by passing through an anionic exchange
column (18).

An array of different drugs have been found to bind to
albumin with great affect on the pharmacokinetics of the
drugs (19). Most of the associations between albumin and the
bound-substances involve albumin’s hydrophobic interaction
property. In disease and malnutrition, the quantity and quality
of albumin in the circulating blood are diminished. Changes
in albumin quantity and quality not only affect on albumin’s
multiple roles, it may also have a consequence on drug trans-
port efficacy and elimination mechanisms (20). Although the
quantity of albumin in the plasma is widely determined by the
bromocresol dye methods in clinical laboratories (21, 22), the
quality change of albumin such as its binding or interaction
properties with PLA, substrates or products in the blood
cannot be simply determined.

Chronic Obstructive Pulmonary Disease

Chronic obstructive pulmonary disease (COPD) is a com-
plex group of conditions associated with progressive airway
obstruction and loss of lung function. Two major respiratory
disorders associated with COPD—<chronic bronchitis and
emphysema—damage the lungs and make it difficult for air to
move in and out of the lungs and for normal gas exchange to
occur. Typical symptoms include shortness of breath, chronic
cough and dyspnea on exertion. These symptoms worsen
during periods of exacerbation that are typically caused by
viral or bacterial infections but may be triggered for other
reasons. Patients suffering from COPD often exhibit an
increased level of sPLA,-mediated inflammation.

Approximately eleven percent of the United States popu-
lation, both diagnosed and undiagnosed, suffer from COPD.
COPD is the fourth leading cause of death in the United
States, and the cost of caring for patients with COPD is
estimated to be as high as $40 billion annually (23).

Existing diagnostic methods for detecting and characteriz-
ing COPD include pulmonary function testing, pulse oxim-
etry, radiological procedures and monitoring arterial blood
gases. However, such testing only picks up relatively
advanced cases of COPD and may not detect subtle abnor-
malities in individuals who have early or mild disease.

COPD treatments are not curative and are mainly focused
on palliative care and preventing disease progression and
complications. Current treatments include smoking cessa-
tion, prevention and management of infections, antioxidant
supplementation, vaccinations, life style changes (i.e. avoid-
ing exposure to inhaled irritants), pulmonary rehabilitation,
medications (bronchodilators and corticosteroids) and lung
transplantation.

Slowing disease progression is currently the objective of
most treatments. However, successfully halting or slowing
COPD progression is predicated upon early diagnosis and
intervention. Currently, there is no reliable way to predict
which individuals will develop COPD or which patients with
COPD will become progressively worse and develop severe
respiratory dysfunction. Efforts to develop a method to moni-
tor the level of inflammation and oxidative stress present in
patients with COPD, especially during periods of exacerba-
tion, continue. These efforts involve invasive testing to moni-
tor biomarkers such as carbon monoxide (CO) levels and
noninvasive measures of CO, nitric oxide, and other oxidants
and cytokines using expired breath condensates. A recent
study of screening using an array of 36 systemic biomarkers
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for assessing COPD exacerbation found that those systemic
biomarkers were not helpful in predicting exacerbation sever-
ity. The most selective biomarker was C-reactive protein
(CRP). However, this was neither sufficiently sensitive nor
specific by itself.

Therefore, a need exists for a non-invasive method of diag-
nosing and monitoring the subtle, sSPLA2-mediated inflam-
mation associated with COPD.

Cystic Fibrosis

Cystic fibrosis (CF) is a lung disease characterized by
bacterial infection and intense inflammation that is often
fatal. CF is caused by the defect of the gene encoding the CF
transmembrane conductance regulator (CFTR), a large,
membrane-spanning protein that regulates ion flux through
the apical surfaces of epithelial cells. Pulmonary complica-
tions due to progressive bronchiectasis are the major cause of
morbidity and mortality of the CF patients (24). Lower res-
piratory tract secretions of most CF patients contain high
amounts of proteases, particularly the elastase from polymor-
phonuclear neutrophils (PMN). The abundant neutrophil
elastase (NE) is thought to be a major cause of the epithelial
tissue damage that leads to bronchiectasis and bronchial
obstruction (25, 26).

It has long been recognized that elevating levels of AA in
the lungs of patients with CF is linked to the pathogenesis of
chronic lung inflammation (27). High arachidonic acid (AA)
levels are also associated with phospholipids in lung tissue of
CFTR gene knockout cftr~""-mice (28), and high levels of AA
have been linked to low amounts of phospholipid-bound
docosahexaenoic acid (DHA) in involved tissues (29). Epi-
thelial cell lines with the deltal’508 mutation in their CFTR
gene also released abnormally high levels of AA when
induced by Ca®* (29).

Littleis known about the regulation of the production of the
high level of AA and the synthesis of the lipid mediators in the
CF lung and airway. However, it appears that a cycle of
enhanced LTB4 production from AA, chemoattraction of
neutrophils, and intense inflammation due to neutrophil flux
into lung tissue occurs and stimulates and sustains chronic
inflammation (and progressive damage) in the CF lung. Also,
the function of surfactant in the CF lung is impaired, and the
surfactant phospholipid level is low. All these suggest that
PLA,-mediated inflammation may play a critical role in the
CF lung injury.

To investigate whether the increase in AA in bronchial
secretions of CF patients is due to the increase in PLA,
activity, the inventors previously discovered that broncheal-
veolar lavage fluid (BALF) from subjects with CF markedly
induced PLA, activity in vitro (U.S. Pat. No. 6,180,596) (30).
This revealed that there might be a PLA, stimulating factor in
the BALFs of CF subjects.

Therefore, a need exists for a non-invasive method of diag-
nosing, monitoring and preventing the sPLA2-mediated
inflammation associated with CF.

Sepsis

Infections are the most common causes of late deaths in
trauma patients and a frequent cause of morbidity and mor-
tality in hospitalized patients. Infected patients are at risk of
developing sepsis, a systemic inflammatory response which
causes a widespread and overwhelming activation of the
immune system. Severe sepsis leads to tissue deterioration
and multi-organ failure.

In the United States, sepsis is the 10th most common cause
of death with the incidence of sepsis and sepsis-related deaths
increasing by 1.5% per year (31). Recently, it was estimated
that $16.7 billion in total national hospital cost in the United
States is invoked by severe sepsis; this is based on 751,000
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severe sepsis cases per year with 215,000 associated deaths
annually. In the last decade, available therapies have been
unsuccessful in significantly reducing the mortality rate from
sepsis.

Early detection and diagnosis of sepsis is one of the most
critical factors in determining patient outcome. Unfortu-
nately, in early stages of sepsis, symptoms including sPLA,-
mediated inflammation are often subtle and non-specific, and
warning signs, if present, can be easily overlooked or misdi-
agnosed. By the time the symptoms are obvious, treatment
becomes much more challenging, and the likelihood of a
successful outcome declines.

Thus, accurate early detection of evolving sepsis in the
at-risk patient is a key to the successful treatment of sepsis
and lowering the considerable mortality rates that are associ-
ated with sepsis. Therefore, a need exists for a non-invasive
method of diagnosing, monitoring and preventing the sPLA ,-
mediated inflammation associated with sepsis.

SUMMARY OF THE INVENTION

In one aspect, the present invention relates to a method for
measuring the activity of a specific fraction of albumin (SFA)
in a mammalian subject, which can be used to diagnose,
monitor and prevent PLA,-mediated inflammation. Specifi-
cally, the method of the present invention may be used for,
among other applications, early detection of chronic obstruc-
tive pulmonary disease (COPD) and acute inflammation
response to sepsis. The method includes providing a liposome
comprising a fluorescently-labeled carboxylic acid and a
negatively-charged phospholipid, mixing the liposome with
phospholipase A, (PLA,) and a biological sample from the
subject, and measuring the change in fluorescence intensity to
determine the SFA activity in the sample. The PLA,
employed in the method may be a secretory PLA, (sPLA,)
such as human PLA,-1IA (which can be recombinantly made,
e.g., in bacteria) or a pancreatic PLA, (e.g., porcine pancre-
atic PLA,-1B).

In another aspect, the present invention relates to a method
for determining whether a mammalian subject has a
decreased SFA activity. The method includes the steps of
providing a liposome comprising a fluorescently-labeled car-
boxylic acid and a negatively-charged phospholipid, mixing
the liposome with PLA, and a biological test sample from the
subject, measuring a change in fluorescence intensity to
determine the SFA activity in the sample, and comparing the
SFA activity of the subject to an SFA activity from a control
sample. The control sample can be a biological sample from
the same subject measured at an earlier time and or a a normal
range of SFA activity obtained from healthy subjects of the
same species. The PLA, employed in the method may be a
secretory PLA, (sPLA,) such as human PLA,-TIA (e.g.,
recombinant human PLA,-ITA) or a pancreatic PLA, (e.g.,
porcine pancreatic PLA,-1B).

In another aspect, the present invention relates to a kit for
measuring SFA activity in a mammalian subject. The kit
contains a fluorescently-labeled carboxylic acid, a nega-
tively-charged phospholipid, PLA,, and a positive control
sample of SFA activity. Optionally, the kit may also include
instructions for use on how to measure SFA activity in a
biological sample from a mammalian subject according to the
methods of the present invention described above.

Advantages

The present invention provides a novel, non-invasive
method to detect inflammation in a mammalian subject. The
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method of the present invention therefore provides a sensitive
and rapid test to allow the early detection of local or systemic
inflammation, as well as facilitate monitoring of the develop-
ment, progression, and severity of local or systemic inflam-
mation. The assay may also facilitate timely interventions for
at-risk patients such as those with CF, COPD or evolving
infections.

Further, in comparison to the above-described prior art
methods, the method of the present invention is advantageous
in that it is simple, sensitive and involves no hazardous mate-
rials. Further still, the method of the present invention allows
continuous recordation of the fluorescent intensity, making
the result more reliable and can be readily applied to multi-
well plates and thus adapted to high throughput applications.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an example of single cuvette assay for determin-
ing exogenous sPLA,-induced serum or plasma SFA activity.
The single cuvette assay contained 3 ml of 0.01 M Tris-HCl,
pH 7.4, 10 mM Ca>*, and 60 ug liposomes (DOPC-PG lipo-
somes labeled with fluorescent BODIPY-FA), in the presence
or absence of proteins as specified. Serum (plasma) (10 ul) or
pancreatic sPLA, (10 ng) alone in the reaction mixture did not
generate significant fluorescence intensity (FI) change as
compared to the blank (BODIPY-FA liposomes and calcium).
However, when serum (or plasma) and sPLA , were present in
the reaction mixture, FI increased in a time-dependent man-
ner. Similarly, the presence of albumin (Alb) and sPLA, inthe
reaction mixture also produced substantial F1 increase. Fatty
acid-free (FAF) albumin had much higher activity than globu-
lin-free (GloF)-albumin. DOPC: dioleoyl phosphotidylcho-
line; PG: phosphatidylglycerol; BODIPY-FA: 4.4-difluoro-
5-methyl-4-bora-3a,4a-diaza-s-indacene-3-dodecanoic acid.
In the following figures, sPLA, refers to pancreatic PLA,
(PLA,-1B) or is otherwise specified.

FIG. 2 is an example of microplate assay for determining
exogenous sPLA,-induced serum SFA activity. The reaction
mixture contained the same components as described above
in the single cuvette assay, except all components and reac-
tion volume were reduced 10-fold or as otherwise specified.
Reactions containing HS (healthy subject, normal volunteer)
serum (1 pul) or sPLA, (5 ng) alone had similar FI as the blank
(BODIPY-FA liposomes and calcium). Reaction containing
both exogenous sPLA, (5 ng) and serum (1 pl) yielded a
time-dependent increase in F1.

FIG. 3 illustrates exogenous sPLA,-induced SFA activity
in serum from HS, CS, COPD, and sepsis subjects. The SFA
activity in the serum (1 pl) was determined in the presence of
exogenous sPLA, (5 ng) in the reaction mixture. The activity
was determined from the initial rate of the reaction curve after
the curve is fitted to a second-order polynomial equation. The
first-degree coefficient is taken to be the initial rate of reaction
(Vo) and expressed as change in FI/min. The activity is
expressed as mean+SEM (bar) from triplicate assays for each
serum sample. Numbers of subjects in each group are shown
in the parentheses. HS: healthy subjects, normal volunteers;
CS: cigarette-smoking but otherwise healthy individuals;
COPD: patients with chronic obstructive pulmonary disease;
and SEPSIS: patients with acute respiratory decompensation
requiring intensive care admission for treatment of pneumo-
nia or sepsis at life trauma support center (TLC).

FIG. 4 illustrates endogenous sPLA,-induced SFA activity
in serum from HS, CS, COPD, and sepsis subjects. The activ-
ity in the serum (1 pl) was determined in the absence of
exogenous sPLA, in the reaction mixture. The activity (F1/
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min) is expressed as mean+SEM (bar) from triplicate assays
for each serum sample. Numbers of subjects in each group are
shown in the parentheses.

FIG. 5 illustrates SFA activity determined in 1 pl of serum
from HS, CS, COPD, and sepsis subjects. The activity was
determined by subtraction of endogenous sPLA,-induced
serum albumin activity (FIG. 4) from exogenous sPLA,-
induced serum albumin activity (FIG. 3). The results are
expressed as means+SEM (bar) from triplicate assays for
each serum sample. Numbers of subjects in each group are
shown in the parentheses.

FIG. 6 illustrates the determination of sPLA,-induced
albumin-phospholipid interaction activity using liposomes
with different phospholipid compositions. The reaction mix-
ture contained 6 ug BODIPY-FA-labeled liposomes with dif-
ferent phospholipid compositions as shown in the figure, 1 pl
human serum, and 5 ng sPLA, in 0.3 ml buffer (10 mM
Tris-HCI, 10 mM Ca**, pH 7.4). The results are means=SEM
(n=3).

FIG. 7 is an example of microplate assay of determination
of exogenous sPLA,-induced serum albumin activity using
DOPC-PG BODIPY-FA substrate in ethanol. Two different
types of isoforms of sPLA,, PLA,-1B (porcine pancreatic
protein) and PLA,-ITA (recombinant human protein), were
tested in this assay. The reaction mixture contained 6 pg
BODIPY-FA-labeled 50% DOPC-50% PG prepared in etha-
nol, in the presence or absence of 1 ul human serum, or 5 ng
sPLA, in 0.3 m] buffer (10 mM Tris-HCI, 10 mM Ca**, pH
7.4). The assay was conducted in a microplate well at room
temperature for 3 min. Data from first 2 min reaction was
plotted. The plot of BODIPY-FA was from the reaction con-
taining the substrate of BODIPY-FA without DOPC and PG.

FIG. 8 illustrates (A) determining sPLA, activity and
endogenous serum sPLA,-induced SFA activity in the serum
collected from rats prior and post peritoneal injection of LPS.
Serum sPLA, activity was determined from the initial rate of
each reaction using the microplate assay and 100% PG-BO-
DIPY-PC in ethanol as substrate (example shown in FIG. 48).
Serum SFA activity was determined from the initial rate of
each reaction using the microplate assay and 50% DOPC-
50% PG-BODIPY-FA in ethanol as substrate (example
shown in FIG. 9). sPLA, and SFA activity was each deter-
mined in 1 pl of serum. Bars represent mean+SEM from
triplicate assays. (B). Body weight of each rat was determined
at the same time when the blood sample was collected as
described in FIG. 8A. Bars represents mean+SEM from 3
rats.

FIG. 9 illustrates an example of endogenous serum sPLA,-
induced SFA activity in rat serum with using 50% DOPC-
50% PG-BODIPY-FA in ethanol as substrate. The serum
sample used for SFA determination shown in this Figure was
obtained from the rat 2 days after the rat received peritoneal
injection of LPS. The amount of serum used in the assay was
1 pl. The activity time course profiles of serum sPLA, and
SFA correlate well with the recovery of the rats following
LPS injection. SFA activity peaked on day 2, the day the rats
started to show recovery from LPS-induced illness. These
results suggest that both serum sPLA,, activity and SFA activ-
ity can be used as specific markers for assessing acute-phase
response of inflammation and recovery.

FIG. 10 illustrates exogenous sPLA,-induced SFA activity
in serum from rats before and after LPS injection. The assay
was conducted in the absence (Serum-Exogenous PLA,) and
presence (Serum+Exogenous PLA,) of pancreatic sPLA, (5
ng) in the reaction mixture containing DOPC-PG BODIPY
FA liposomes as substrates. Five serum samples were col-
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lected from five rats before and after LPS injection; each
assay was conducted in duplicate. The activity is expressed as
mean+=SEM.

FIG. 11 illustrates SFA activity determined in the serum
from rats before and after LPS injection. The activity was
determined from the difference of the FI between the assay of
(Serum+Exogenous PLA,) and (Serum-Exogenous PLA,).
Five serum samples were collected from five rats before and
after LPS injection; each assay was conducted in duplicate.
The activity is expressed as mean+SEM.

FIG. 12 shows the presence of PLA,-stimulator (PLA,-s)
and PLA,-inhibitor (SFA) activity in human plasma.

FIG. 13 shows the effects of human plasma on bee venom
PLA, and snake venom PLA,.

FIG. 14 compares the PLA,-s and SFA activities in the
plasma of a human subject when the subject was healthy and
when the subject was suffering from allergy or cold.

FIG. 15 compares the ratio of PLA,-s to SFA in the plasma
of a human subject when the subject was healthy and when
the subject was suffering from allergy or cold.

FIG. 16 shows that plasma obtained from four healthy
human subjects had both PLA,-s and SFA activities.

FIG. 17 shows that plasma obtained from four CF and
COPD (Chronic Obstructive Pulmonary Disease) human
subjects had only PLA,-s activity.

FIG. 18 shows the PLA,-s to SFA ratios of plasma from
healthy human subjects, human subjects with inflammation
symptoms and a smoker.

FIG. 19 shows PLA,-s and SFA activities in neutrophils
from a healthy subject and a COPD subject.

FIG. 20 shows PLA,-s and SFA activities in BALF.

FIG. 21 shows the PLA,,-s activity of BALF from normal
human subjects (A) and asthma human subjects (B).

FIG. 22 shows the effect of heating on plasma PLA,-s and
SFA activities.

FIG. 23 compares the PLA,-s activity of BALF from a
normal human subject and a CF human subject using a radio-
active assay.

FIG. 24 shows the effect of heating on the PLA,-s activity
of BALF from a CF human subject using a radioactive assay.

FIG. 25 shows that Annexins [ and VIII can inhibit the
PLA, activity and the PLA,-s activity.

FIG. 26 shows protein and liposome concentration depen-
dence of PLA, activity determined by the fluorescent assay.
Porcine pancreatic PLA, was used as the enzyme source.
Fluorescently labeled unilamellar liposomes were used as
substrate.

FIG. 27 shows the effect of BALF on PLA, activity. Left:
CF BALF; Right: normal volunteer (NV) BALF.

FIG. 28 shows the effect of CF BALF on bee venom PLA,
(A) and rattlesnake venom PLA, (B).

FIG. 29 shows reverse phase HPLC chromatogram and
SDS gel electrophoresis of PLA,-s (A) and the effect of the
isolated PLA,-s on pancreatic PLA, activity (B). The PLA ,-s
samples applied to the SDS gel were from two HPLC prepa-
rations. An amount of 6 ug of PLA,-s from two different
HPLC preparations was tested by the fluorescent assay. The
dotted lines represent the reaction containing PLA,-s, lipo-
somes and Ca** but no PLA.,.

FIG. 30 shows the effects of plasma on pancreatic PLA,
activity using the fluorescent assay. The assay mixture con-
tained fluorescently labeled liposomes, 10 mM CaCl,, and in
the presence or absence of PLA, or plasma as detailed in the
text. The reaction was carried out at room temperature.

FIG. 31 compares the effects of plasma from a normal
volunteer (NV) and subjects with CF or COPD on PLA,
determined by the fluorescent assay.



US 7,968,306 B2

9

FIG. 32 shows effects of prior (A) or after (B) heat treat-
ment of serum on PL A, activity determined by the fluorescent
assay. Serum was obtained from a normal volunteer (NV).
Heat treatment of serum was conducted by immersing serum
in boiling water for 5 min followed by centrifugation to
remove precipitated proteins. The supernatant was used for
assay.

FIG. 33 shows the effect of BALF from CF subject on
pancreatic PLA, activity determined by the fluorescentassay.

FIG. 34 shows gel filtration column chromatogram of
serum. A total of 7ml of serum from normal volunteers (NVs)
was applied to a Sephadex G-100 column and serum compo-
nents were eluted from the column with Tris buffer as
described in text. The amount of protein in fractions was
determined by measuring the optical density at 280 nm;
PLA,-s and SFA activities were determined by the fluores-
cent assay and expressed as percentage of the control PLA,
activity.

FIG. 35 shows gel filtration column chromatogram of heat-
treated CF BALF. Protein and PLA,-s activity in fractions
were determined as described in FIG. 23.

FIG. 36 shows HPLC anionic exchange column chromato-
gram of serum proteins. The serum proteins were partially
purified from gel filtration column chromatography (FIG. 33)
and the proteins were applied to an HPLC MonoQ anionic
exchange column and eluted with Tris buffer with NaCl salt
gradient as described in text. Protein and SFA and PLA,-s
activities were determined as described in FIG. 33.

FIG. 37 shows HPLC anionic exchange column chromato-
gram of CF BALF proteins. The CF BALF proteins were
partially purified from gel filtration column chromatography
(FIG. 34) and the proteins were applied to an HPLC MonoQ
anionic exchange column and eluted with Tris buffer with
NaCl salt gradient as described in text. Protein and SFA and
PLA,-s activities were determined as described in FIG. 33.

FIG. 38 shows HPLC reverse phase column chromato-
grams of serum protein and BALF protein. Both serum and
BALF proteins were partially purified from MonoQ chroma-
tography (FIGS. 35 and 36) and applied to the reverse phase
HPLC. Protein I and Protein II represent the fractions that
showed SFA activity and PLA,-s activity, respectively.

FIG. 39 shows effects of purified serum Protein 1 and
Protein II on pancreatic PLA, activity using the fluorescent
assay.

FIG. 40 shows effect of Protein II isolated from CF BALF
using the fluorescent assay.

FIG. 41 shows results of a fluorescent assay of PL.C and
lipase. The PLC assay was the same as PLA, assay, except
PLA, was replaced by PLC, and conducted at room tempera-
ture. PLC activity was determined for 2 min followed by
adding an amount of lipase to the same reaction mixture and
the fluorescent intensity was continuously determined for
another 2 min.

FIG. 42 shows effects of purified serum PLA,-s and SFA
and BALF PLA,-s on PLC and lipase activities using the
fluorescent assay.

FIG. 43 shows results of a fluorescent assay using human
serum albumin obtained from Sigma Chemical Co. Left:
globulin-free albumin; Right: fatty acid-free albumin pre-
pared from globulin-free product.

FIG. 44 shows effects of intact ol -AT on pancreatic PLA,
activity (A) and on PLC and lipase activities (B) using the
fluorescent assay.

FIG. 45 shows effects of truncated a1-AT on PLA, with
different charged unilamellar liposomes (UL) using the fluo-
rescent assay. The assay was conducted at 37° C. The amount
of truncated o1-AT was 6 pg.
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FIG. 46 shows effects of annexins on PLA, and BALF
PLA,-s activities. (A) Results of the effects of annexins on CF
BALF PLA,-s activity was determined by the radioactive
method shown in U.S. Pat. No. 6,180,596. (B) Effect of
annexin on PLA,-s activity of truncated ol1-AT from CF
BALF was determined by the fluorescent assay.

FIG. 47. Comparison of the sPLA2-IIA activity in human
serum with using 100% PG-BODIPY-PC in ethanol (EtOH)
and 100% PG-BODIPY-PC liposomes in buffer as substrates.
The amount of sPLA2-I1A in serum was 0.5 ng/ul serum. The
time course of the sPLA2 activity was determined by the
microplate fluorescent method (Tsao F H C, et al. Clin Chim
Acta 2007,379:119-126.).

FIG. 48. Comparison of the sSPLA-IIA activity in human
serum with using 100% PG-BODIPY-PC in ethanol (EtOH)
and 100% PG-BODIPY-PC liposomes in buffer as substrates.
The sPLA, activity was determined from the initial rate of the
FI vs. Time reaction curve of each assay as the example
shown in FIG. 46. Each bar represents mean+SEM of tripli-
cate assays.

FIG. 49. Effects of plasma or serum on PLA, activity.
PLA, activity was determined by the fluorescent assay ina 3
ml cuvette at room temperature for 2 min as described in the
text. Porcine pancreatic PLA, was used as the enzyme source.
Representative effects on PLA, activity are shown by the
effect of 1.75, 5, and 10 ul of human plasma or serum in the
assay mixture. The effects range from increasing FI (1.75 pl),
moderately decreasing FI (5 ul), and markedly decreasing F1
into negative values by 10 pl of plasma or serum. In the
absence of PLA,, plasma or serum had no significant effect on
FI in the reaction mixture as compared to the blank.

FIG.50.Isolation ofhuman serum proteins affecting PLA,
activity by anionic exchange MonoQ column chromatogra-
phy and reverse phase HPLC Vydac C4 column. The MonoQ
chromatogram (A) was obtained from a pool of 10 and 70 kDa
proteins obtained from Sephades G100 column chromatog-
raphy. The MonoQ column was eluted with an ascending
NaCl gradient as described in the text. The pool of fractions
eluted from MonoQ column between 65 and 80 min (A) was
used as the protein source for the reverse phase HPLC Vydac
C4 column chromatography (B). The purity of Protein-I
eluted between 42 and 45 min from Vydac C4 column was
analyzed by SDS gel electrophoresis (FIG. 50B, insert).

FIG. 51. Effects of Protein-I on PLA, activity. PL A, activ-
ity was determined by the fluorescent assay in a 3 ml cuvette
at room temperature for 2 min in the absence or presence of
Protein-I isolated from Vydac C4 column. In the absence of
PLA,, Protein-I had no significant effect on F1 in the reaction
mixture. Protein-I exhibited both PLA,-s (low Protein-I con-
centration) and SFA (high Protein-I concentration) effects.
Protein-I treated in boiling water diminished all the effects.

FIG. 52. Effects of fatty acid-free albumin and globulin-
free albumin on PLA, activity. The effects of commercial
fatty acid-free and globulin-free albumins on pancreatic
PLA, activity were tested with using three albumin concen-
trations (0.08, 0.32, and 0.64 mg) in 3 ml assay mixture. Both
fatty acid-free and globulin-free albumins stimulated PLA,
activity similarly at low albumin concentrations, but only
fatty acid-free albumin had similar PL A, inhibitory effects as
serum, plasma, and Protein-1 at high albumin concentrations
(A and B). FIGS. 52C and D are MonoQQ chromatograms of
fatty acid-free albumin (10 mg/0.5 ml applied to the column)
(C) and globulin-free albumin (10 mg/0.5 ml applied to the
column) (D). The effects of the MonoQ fractions on PLA2
activity were determined with two concentrations, 0.08 mg
(blue lines) and 0.64 mg (red lines) in 3 ml assay mixture.
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FIG. 53. Effects of serum and albumin on recombinant
human sPLA,-IIA activity in microplate assay. sPLA2-IIA
assay was conducted in microplate well with a reaction vol-
ume of 0.3 ml containing BODIPY-PC labeled liposome sub-
strate as previously described (26) in the absence or presence
of serum or fatty acid-free (FAF) albumin. The amount of
serum (0.1 or 1 pl) or albumin (0.005 or 0.05 mg) in the
microplate assay was Yio™ of that employed in the pancreatic
PLA, 3 ml cuvette assay.

FIG. 54. Determination of the PLA, activity with using
BODIPY-FA labeled liposome substrate and the effects of
specific fraction of albumin in serum from healthy subjects
and subjects with COPD and sepsis. The assay was conducted
in microplate well with a reaction volume of 0.3 ml contain-
ing 10 mM Ca®* and BODIPY-FA-labeled liposome sub-
strates, similar to the assay conditions described in FIG. 53.
Pancreatic PLA,, serum from healthy subject, or albumin
alone in the reaction mixture had little effect on FI as com-
pared to the blank. FI in the reaction mixture containing both
PLA, and serum, or PL.A, and fatty acid-free (FAF) albumin
markedly increased during the 2 min of reaction that was
much higher than the FI generated from the reaction contain-
ing PLA, and globulin-free albumin (A). F1G. 54B represents
the initial rates obtained from the reactions containing
BODIPY-FA-labeled liposomes and serum in the absence of
PLA,. FIG. 54C represents the initial rates obtained from the
reactions containing BODIPY-FA-labeled liposomes, pan-
creatic PLA,, and serum. FIG. 54D represents the difference
between the initial rate (B) and initial rate (C) in each serum
sample.

FIG. 55. Effect of substrate phospholipid compositions on
SFA activity. Three groups of substrates with different phos-
pholipid compositions were used for determining the SFA
activity. Substrate composed of 50% DOPC and 50% PG
provided the highest SFA activity, next was 100% PG sub-
strate. SFA was completely inactive with using 100% DOPC
as substrate.

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides novel methods of detecting,
monitoring and preventing PLA2-mediated inflammation.
1. In General

In the specification and in the claims, the terms “including”
and “comprising” are open-ended terms and should be inter-
preted to mean “including, but not limited to . . . ” These terms
encompass the more restrictive terms “consisting essentially
of” and “consisting of”

As used herein and in the appended claims, the singular
forms “a”, “an”, and “the” include plural reference unless the
context clearly dictates otherwise. As well, the terms “a” (or
“an”), “one or more” and “at least one” can be used inter-
changeably herein. It is also to be noted that the terms “com-
prising”, “including”, “characterized by” and “having” can
be used interchangeably.

Unless defined otherwise, all technical and scientific terms
used herein have the same meanings as commonly under-
stood by one of ordinary skill in the art to which this invention
belongs. All publications and patents specifically mentioned
herein are incorporated by reference in their entirety for all
purposes including describing and disclosing the chemicals,
instruments, statistical analyses and methodologies which are
reported in the publications which might be used in connec-
tion with the invention. All references cited in this specifica-
tion are to be taken as indicative of the level of skill in the art.
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Nothing herein is to be construed as an admission that the
invention is not entitled to antedate such disclosure by virtue
of prior invention.

I1. The Invention

A. Tn one embodiment, the present invention provides a
method of measuring the activity of a specific fraction of
albumin (SFA) in a mammalian subject such as a human. The
method comprises providing a liposome comprising a fiuo-
rescently-labeled carboxylic acid and a negatively-charged
phospholipid; mixing the liposome with phospholipase A,
and a biological test sample from the subject; measuring a
change in fluorescence intensity at defined intervals over a
specific period of time to determine the SFA activity in the test
sample; and comparing the SFA activity in the test sample to
SFA activity in a control sample. The liposome may further
comprise phosphotidylcholine (PC), wherein the PC is dio-
leoyl PC (DOPC).

In a preferred embodiment, the subject is human, and the
biological sample is selected from the group consisting of
plasma, serum, bronchoalveolar lavage fluid, sputum, urine,
synovial fluid, amniotic fluid, peritoneal fluid, white blood
cells, alveolar macrophages, cerebrospinal fluid, pleural
fluid, and pericardial fluid.

The negatively-charged phospholipid is preferably
selected from phosphatidylglycerol (PG), phosphotidylcho-
line (PC), phosphatidylserine (PS), phosphatidylinositol (PI),
phosphatidic acid (PA), a PG/PC mixture, and combinations
thereof. A preferred example of the negatively-charged phos-
pholipid is phosphatidylglycerol (PG), although a PG/PC
mixture is also preferred.

In a preferred embodiment, the fluorescently-labeled car-
boxylic acid is a fatty acid having a hydrocarbon chain length
from about 6 to 18 carbons, such as 4,4-difluoro-5-methyl-4-
bora-3a,4a-diaza-s-indacene-3-dodecanoic acid (BODIPY-
FA). For instance, in a preferred embodiment, the liposome
comprises  4,4-difluoro-5-methyl-4-bora-3a,4a-diaza-s-in-
dacene-3-dodecanoic acid (BODIPY-FA), phosphatidylglyc-
erol (PG), and dioleoyl PC.

The inventors observed that when a serum sample from a
mammalian subject is added to the assay system, the fluores-
cence intensity (FI) increases. However, the FI increases
more with serum from healthy individuals and increases less
with serum from individuals having an inflammatory reac-
tion. Serum from individuals having severe inflammation
showed a very small FI increase.

The inventors further observed that human serum fatty
acid-free albumin caused a similar FI increase while globulin-
free albumin caused a much lower FI increase. Albumin is the
most abundant protein in plasma/serum and it is a heteroge-
neous, 66 k-Da single polypeptide comprising multiple sub-
molecular species due to its association with various ligands
and state of oxidation. Plasma or serum albumin has been
implicated in inflammation through PLA,-induced albumin-
membrane interaction (see, for example, US patent applica-
tion publication number 2003/0219849, incorporated herein
by reference for all purposes). Without intending to be limited
by theory, the inventors believe that the method of the present
invention accurately detects PLA, activity in a sample
because the FI increases when PLA, induces a subset of
albumin in the sample to bind to the liposomal membrane and
release the fluorescently-labeled fatty acid from the liposome.

In a preferred embodiment, the carboxylic acid employed
to practice the present invention is a fatty acid. Fatty acid is a
carboxylic acid with an either saturated or unsaturated hydro-
carbon chain having a length of about 4 or more carbons.
Typically, the hydrocarbon chain is unbranched, although
branched hydrocarbons are also feasible.
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In a preferred embodiment, the liposome comprises PG,
PC, and C1-BODIPY-C12-FA. However, one of ordinary
skill in the art can readily determine which other combina-
tions of phospholipids(s) and carboxylic acid(s), to the extent
not specifically disclosed herein, can be used to form a lipo-
some for practicing the present invention. The liposome of the
present invention is preferably but does not have to be unila-
mellar.

In the method of the present invention, the SFA activity in
a sample can be determined based on fluorescence data col-
lected at a single time point or recorded on a continuous basis.
The latter provides more reliable results because potential
bias due to idiosyncrasies of particular time points can be
avoided. Continuous recordation allows the FI to be recorded
more accurately. For instance, the initial rate of the reaction
may be much higher than at a later point in the reaction.
Accordingly, continuous recordation more accurately reflects
SFA activity.

In another aspect, the present invention relates to a method
for assessing whether a mammalian subject such as a human
subject has or is at risk of developing inflammation (e.g.,
systemic inflammation) or an inflammation-related disorder
(e.g., COPD, CF, bacterial or viral infection, sepsis, and
trauma such as head trauma) by determining whether a sub-
ject has a decreasing or abnormally low SFA activity. In this
regard, the SFA activity in a biological sample from the
subject is measured according to the method of the present
invention and then compared to (i) the SFA activity from the
same subject measured at an earlier time; or (ii) a normal
range of SFA activity obtained from healthy subjects of the
same species.

For a particular type of biological sample, the normal SFA
activity range can be determined by analyzing biological
samples from a suitable number of healthy individuals. For
example, at least 10, 20, 30, 50, or 100 healthy individuals are
analyzed to determine the normal SFA activity range. In a
typical example, a normal SFA activity range in a healthy
individual is 198.73+4.05 (n=7) (FI/min/pl serum). In con-
trast, the SFA activity range in an individual suffering from
COPD is 93.03%£14.12 (n=3) (F/min/ul serum). The SFA
activity range in an individual suffering from sepsis is
25.56x12.47 (n=3) (FI/min/pl serum), while the SFA activity
range in a smoker is 189.68+12.26 (n=4) (FI/min/ul serum).

In one embodiment, the SFA activity of the subject is
compared to a normal range of SFA activity obtained from
healthy subjects of the same species. A lower than normal
SFA activity indicates that the subject has inflammation (e.g.,
systemic inflammation when plasma or serum is the biologi-
cal sample). For instance, a SFA activity 1%-70% lower,
preferably 5%-60% or 10%-50% lower than normal would
indicate the subject has moderate to severe inflammation.

In another embodiment, the above method is used for deter-
mining whether a human subject who is a tobacco smoker has
developed or is about to develop chronic obstructive pulmo-
nary disease (COPD) by monitoring the SFA activity of the
subject. A decrease in SFA activity over time indicates that the
subject has developed or is about to develop COPD. The
amount of decrease in SFA activity that is indicative of the
onset of COPD varies, but will be understood by one of skill
in the art. Smokers are at risk of developing COPD and
monitoring SFA activity over time can provide early detection
of COPD. In a typical example, a subject’s SFA activity is
measured at least once a month for at least one year. A con-
tinuous decline (regardless of the rate of decline) would indi-
cate the development of COPD.

In another embodiment, the SFA activities of a mammalian
subject such as a human subject who undergoes a surgical
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procedure are measured before and after the surgery, wherein
a decrease in SFA activity after the surgery indicates that the
subject has inflammation, such as that caused by an infection.
In a typical example, a subject’s SFA activity is measured at
least every twelve hours. A continuous decline (regardless of
the rate of decline) would indicate the development of sepsis
or other inflammation disorder.

In another aspect, the present invention provides a kit for
measuring SFA activity. The kit contains a fluorescently-
labeled carboxylic acid such as an FA as described above, a
negatively-charged phospholipid as described above, PLA,,
and an instruction manual on how to measure SFA activity in
a biological sample from a mammalian subject according to
the method disclosed herein. In one embodiment, the fluores-
cently-labeled carboxylic acid and the negatively-charged
phospholipid are provided in the form of a liposome compris-
ing the two.

Optionally, the kit can contain a control sample. The con-
trol sample is a sample that has a known level of SFA activity.
Examples of control samples include but are not limited to
biological samples from a mammalian subject as described
herein that has a known level of SFA activity. The subject can
be a healthy subject or a subject with an abnormal condition
described herein.

The instruction manual can be provided in the form of a
publication, a recording, a diagram, or any other medium of
expression which is suitable for communicating to a user how
to measure SFA activity in a biological sample from a mam-
malian subject according to the method disclosed herein. The
instruction manual of the kit can, for example, be affixed to a
container containing the components of the kit or be shipped
together with or separately from the container.

B. In another embodiment, the present invention provides
anew fluorescent assay for measuring the activity of a phos-
pholipase enzyme. Using the assay of the present invention,
the inventors successfully detected PLA, stimulating and
inhibiting activities in a variety of biological samples col-
lected from healthy individuals and individuals suffering
from inflammation symptoms. The inventors further identi-
fied that the PL A, stimulating activity is from either albumin
or a1-AT and the PLA, inhibiting activity is from a specific
fraction of albumin (SFA). While it was known that albumin
inhibits or stimulates PLA, activity, depending on the assay
conditions (32), the inventors have now discovered that
a1-AT acts as a new PLA, stimulator and only the specific
fraction of albumin (SFA), but not other albumins, acts as a
PLA, inhibitor.

SFA acts as a PLA, stimulator at low concentrations by
relieving product inhibition. However, at high concentra-
tions, the inventors have shown that SFA acts as a PLA,
inhibitor. Without intending to be limited by theory, the inven-
tors believe that SFA inhibits PLA, activity by blocking
PLA,’s action on cellular membranes; the inventors further
provide evidence that al-AT stimulates PLA, activity by
binding to the head group of phospholipids (especially nega-
tively charged phospholipids) so that the phospholipid mol-
ecules rearrange to a loose form to allow PLA, penetration
and hydrolyzation of the fatty acyl groups.

As shown in the examples below, PLA, stimulator and
inhibitor activities could be detected in the plasma and serum
of both healthy individuals and CF or COPD patients with
lung inflammation. While the PLA, stimulator activity for
healthy and CF or COPD individuals are about the same, the
SFA activity is lower in the CF and COPD patients. When
BALF collected from CF and COPD patients were tested for
PLA, stimulator and SFA activities, only stimulator but not
SFA activity was detected. The a1-AT in the plasma and
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serum is the full length .1-AT and the stimulator activity in
the plasma and serum is a reflection of the total stimulator
activity of albumin and a1-AT. The stimulator activity in the
BALF of the CF and COPD patients is that of a truncated
a.1-AT as only the truncated a1-AT was found in the BALF.

CF or COPD patients have higher plasma and serum a1-AT
levels than healthy individuals but their plasma and serum
albumin levels are about the same as healthy individuals.
Since albumin is much more abundant in plasma and serum
than ol-AT, the total PLA, stimulator activity, which
includes that of both albumin and ¢.1-AT, are about the same
in healthy and CF or COPD individuals. The inventors found
that the PLA, stimulatory and SFA activities of albumin are
heat sensitive and the PLA, stimulatory activity of a1-AT is
heat resistant. Thus, one can detect the difference in al1-AT
PLA, stimulatory activity between healthy individuals and
CF or COPD patients by heat inactivating albumin in the
plasma and serum.

The new fluorescent phospholipase assay and the identifi-
cation a-AT and SFA as a PLA, stimulator and inhibitor,
respectively, provide new tools for diagnosis and treatment of
disorders that are associated with an increase in PLA, activity
in human and non-human animals.

In one aspect, the present invention provides a method of
measuring the activity of a phospholipase by using a unique
fluorescently-labeled liposome disclosed in the present
invention, which contains a nonfluorescent phosphatidylcho-
line (PC), a nonfluorescent, negatively-charged molecule
selected from a negatively-charged phospholipid or a nega-
tively-charged organic compound, and a fluorescently-la-
beled molecule selected from a fluorescently-labeled PC or a
fluorescently-labeled, negatively-charged phospholipid
wherein hydrolization of the phospholipid components of the
liposome by the phospholipase causes a fluorescence inten-
sity change. The method involves contacting the phospholi-
pase with the liposome and detecting the fluorescence inten-
sity change due to the hydrolization of phospholipid
components of the liposome to determine the activity of the
phospholipase.

In one aspect, the present invention provides a method of
measuring the activity of a phospholipase such as PLA,,
phospholipase A, (PLA,), phospholipase C (PLC), and phos-
pholipase D (PLD). A common feature of all these phospho-
lipases is their ability to hydrolyze PC and negatively-charged
phospholipids. For example, PLA, hydrolyzes the fatty acyl
group at the sn-2 position of phosphatidylcholine (PC) and
PLA, hydrolyzes the fatty acyl group at the sn-1 position of
PC; PLC hydrolyzes PC to yield 1,2-diacylglycerol and cho-
line phosphate and PLD releases choline from PC to produce
phosphatidic acid.

To measure the activity of a phospholipase, the present
invention provides a unique liposome that contains a nonfluo-
rescent PC, at least one of a nonfluorescent/negatively
charged phospholipid and a nonfluorescent/negatively
charged organic compound, and at least one of a fluores-
cently-labeled PC and a fluorescently-labeled/negatively
charged phospholipid, wherein hydrolization of the phospho-
lipid components of the liposome by a phospholipase causes
a fluorescence intensity change. The change can be an
increase or decrease depending on the particular phospholi-
pase and the specific group labeled in the PC or the phospho-
lipid.

For example, when a liposome that contains dioleoyl phos-
phatidylcholine (DOPC), phosphatidylglycerol (PG) and
fluorescently labeled 1,2-bis-(4,4-difluoro-5,7-dimethyl-4-
bora-3a,4a-diaza-s-indacene-3-undecanoyl)-sn-glycero-3-
phosphocholine (Bis-BODIPY FL C,,-PC) is used, the
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actionofa PLA, leads to an increase in fluorescence intensity
by releasing the fluorescent group the fluorescence from
which has initially been quenched in the liposome. On the
other hand, the action of a PLC leads to a decrease in fluo-
rescence intensity by liberating 1,2-diacylglycerols that are
more hydrophobic and increase quenching of the fluores-
cence of the fatty acyl group.

To form a liposome of the present invention, any PC can be
used. Examples of PCs that can be used include but are not
limited to DOPC, dipalmitoyl PC and PCs with other fatty
acyl groups. DOPC is a preferred PC for the purpose of the
present invention. PCs obtained from egg yolk, soybean and
other sources can all be used. The fluorescently-labeled PC
and the non-labeled PC can be the same or different. The exact
position at which a PC is labeled is not critical so long as
fluorescence intensity changes upon hydrolization of the
phospholipid components of the liposome by a phospholipase
whose activity is being measured. Examples of fluorescently-
labeled PCs that can be used in the present invention include
but are not limited to Bis-BODIPY FL C, ,-PC and 1,2-bis-
(1-pyrenebutanoyl)-sn-glycero-3-phosphocholine.

Examples of negatively-charged phospholipids that can be
used to form the liposome of the present invention include but
are not limited to phosphatidylglycerol (PG), phosphati-
dylserine (PS), phosphatidylinositol (PI), and phosphatidic
acid (PA). An example of negatively-charged organic com-
pounds that can be used to form the liposome of the present
invention is dicetyl phosphate.

Any fluorescently-labeled phospholipids (preferably nega-
tively-charged), include, but are not limited to, fluorescently-
labeled PG, PS, PI and PA, can be used to form the liposome
of the present invention. The exact position at which a phos-
pholipid is labeled is not critical so long as fluorescence
intensity changes upon hydrolization of the phospholipid
components of the liposome by a phospholipase whose activ-
ity is being measured. The liposome of the present invention
is preferably, but does not have to be, unilamellar.

In the method of the present invention, the activity of a
phospholipase can be determined based on fluorescence data
collected at a single time point or recorded on a continuous
basis. The latter provides more reliable results because poten-
tial bias due to idiosyncrasies of particular time points can be
avoided. The defined intervals can be zero second or a longer
time period. For instance, a recordation of fluorescence inten-
sity once every 10 sec (defined interval) over a period of two
minutes is considered a continuous recordation for the pur-
pose of the present invention.

In another aspect, the present invention provides a kit for
measuring the activity of a phospholipase. The kit contains
the fluorescently-labeled liposome of the present invention
and the phospholipase.

In one embodiment, the method of present invention is
used to measure the activity of a PLA,. Examples of PLA,
whose activity can be measured include but are not limited to
PLA,-IA, pancreatic PLA, and bee venom PLA,. In use, a
liposome of the present invention is mixed with a PLA,
reaction buffer to form a pre-reaction mixture. The PLA,
reaction buffer can support the reaction catalyzed by the
PLA,. The fluorescence intensity of the pre-reaction mixture
is recorded after which the PLA, is added into the pre-reac-
tion mixture to form a reaction mixture. The fluorescence
intensity of the reaction mixture is then measured and the
PLA, activity can be determined by comparing the fluores-
cence intensity of the reaction mixture and the fluorescence
intensity of the pre-reaction mixture.

When the method of the present invention is used to mea-
sure the activity of PLA, in a complex composition such as a
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biological sample, certain factors (e.g., proteins) in the com-
position may cause a relatively substantial increase in fluo-
rescence intensity to mask any increase caused by the PLA,
contained therein. This problem may be solved by including
a PLA, stimulator such as a.1-AT in the reaction. Since the
PLA, stimulator can only further increase the increase of
fluorescence intensity caused by PLA, but not other factors,
the difference between the fluorescence increase in the pres-
ence and absence of the stimulator correlates with the PLA,
activity.

Tt should be noted that the suitable temperature at which the
PLA, activity in a biological sample is measured may be
different from that for measuring the PLA, activity in a sub-
stantially pure source. The suitable temperature can be
readily determined by a skilled artisan. An example of mea-
suring the PLA, activity in the plasma of CF and COPD
patients and in the synovial fluid of arthritis patients are
described in the Examples. Since BALF, rather than a sub-
stantially pure source of PL A, stimulator ¢.1-AT, was used in
the studies presented in the examples below, the BALF was
boiled at 100° C. for 5 min in advance to inactivate the
components that may interfere with the assay.

In another aspect, the present invention relates to a method
for measuring the activity of a PLA, or SFA. The method
involves running the assay described above with PL A, in the
presence and absence of a stimulator or inhibitor. The differ-
ence in PLA, activity as measured in the presence and
absence of the stimulator or inhibitor reflects the activity of
the stimulator or inhibitor.

In one embodiment, the PLA, stimulator (“PLA,-s”) or
SFA activity of a biological sample is measured. As shown in
the examples below, the volume of a biological sample can
dictate whether a stimulator or SFA activity is measured.
When both stimulator and SFA activities are present in the
sample, the volume suitable for measuring the SFA activity is
typically larger than that suitable for measuring the stimulator
activity. In addition, the amount of exogenous PLA, used in
the assay also affects the appropriate volumes for measuring
the stimulator or SFA activity. Specific assay conditions with
regard to sample volume can be readily determined by a
skilled artisan.

As shown in the examples below, the PL A ,-s activity in the
CF BALF only stimulated the activity of monomeric PLA,-s
(e.g., PLA,-IIA, pancreatic PLA, and bee venom PLA,) but
not that of a dimeric PLA, (e.g., snake venom PLA,). This is
consistent with the fact that most PLA,-s, especially those
involved in inflammation conditions, are monomers. The
PLA,-s activity in the BALF is that of a truncated a1-AT.
Thus, when the assay is used to measure the PLA,-s activity
of a biological sample that contains ct1-AT, a monomeric
PLA, should be used.

In another aspect, the present invention provides a method
for identifying an agent that can alter the activity of a phos-
pholipase. The method involves measuring the phospholipase
activity in the presence of a test agent using the method
described above. A control group is run in parallel except that
the test agent is not included. The phospholipase activity of
the test agent group is then compared to that of the control
group. A higher than control activity indicates that the agent
is a stimulator of the phospholipase and a lower than control
activity indicates that the agent is an inhibitor of the phos-
pholipase. This method can be readily adapted to detect the
activity of a PLA, modulator by employing PLA, as the
phospholipase and substituting a PLA, stimulator for the test
agent.

In another aspect, the present invention provides a method
for determining whether a human or non-human animal sub-
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jecthas an abnormally high PLA, activity. The method com-
prises measuring the PLA, activity in the presence of a bio-
logical sample prepared from the subject for measuring a SFA
or activity or a PLA, stimulator activity. The PLA, activity is
then compared to that of a control that is measured in the
absence of the biological sample to determine the SFA or
stimulator activity in the biological sample. Optionally, both
the SFA and stimulator activities in the biological sample are
determined. Lastly, the SFA activity, the PLA, stimulator
activity, or the relative activity of the SFA to the stimulator or
the stimulator to the SFA of the biological sample is com-
pared to a normal range obtained from healthy subjects of the
same species. A lower than normal range of SFA activity or
SFA to stimulator relative activity, or a higher than normal
range stimulator activity or stimulator to SFA relative activity
indicates that the subject has an abnormally high PL A, activ-
ity.

A biological sample obtained from a human or non-human
subject may contain certain factors that can make the detec-
tion of PLA, activity contained therein difficult. Therefore, in
one embodiment of the method, the PLA, activity in a bio-
logical sample from the human or non-human subject is mea-
sured in the presence of a PLA, stimulator and the activity is
then compared to a normal range established by using the
same method and the same type of biological sample obtained
from healthy subjects of the same species. A higher than
normal range value indicates that the subject has an abnor-
mally high PLA, activity.

Another solution to the problem is to use the PLA, stimu-
lator and/or inhibitor activities in a biological sample as indi-
cators of the PLA, activity therein. In healthy human and
non-human animals, PLA, stimulators and inhibitors work
together to keep PLA, activity in check and hence the pro-
duction of lipid mediators in balance. Under pathological
conditions, a decrease in SFA activity and/or an increase in
PLA,-s activity will lead to an increase in PLA, activity,
which stimulates the production of lipid mediators. There-
fore, PLA, stimulator and/or inhibitor activities can be used
as indicators for the PLA, activity. Thus, in another embodi-
ment of the method for determining whether a human or
non-human animal subject has an abnormally high PLA,
activity, the PLA ,-s activity, the SFA activity or the relative
activity of PLA,-s and SFA (e.g., the SFA/PLA,-s activity
ratio and the PLA,-s/SFA activity ratio) in a sample obtained
from the subject is determined using the method described
above.

The activity is then compared to a normal range established
by using samples obtained from healthy subjects of the same
species. If the particular subject has a lower than normal SFA
activity or SFA to PLA,-s relative activity, or a higher than
normal PLA ,-s activity or PLA,-s to SFA relative activity, the
subjectis determined to have an abnormally high PLA, activ-
ity. As shown in the examples below, a higher relative activity
of PLA,-s to SFA can mean a lower absolute value of a
negative SFA/PLA,-s activity ratio, a higher absolute value of
a negative PLA,-s/SFA activity ratio, or a positive SFA/
PLA,-s or PLA,-s/SFA activity ratio.

An abnormally high PL A, activity is associated with many
disorders such as bacterial infection, viral infection, inflam-
mation, CF, allergy, arthritis, sepsis, brain injury, cancer and
cardiovascular disorders. The method of the present invention
can help in identify individuals with such disorders and in
implementing appropriate treatment and symptom relief
strategies.

While a plasma or serum sample is suitable in the method
of the present invention to determine whether a human or
non-human subject has a high PLA, activity in general, analy-
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sis of a more specific biological sample may be required
depending on the particular disorder in question. For
example, for lung inflammation, an analysis of the PLA,-s
and SFA activities in BALF is preferred. As another example,
for rheumatic arthritis, an analysis of the synovial fluid may
be necessary. A skilled artisan can readily determine which
samples are suitable for a particular disorder of interest.

In another aspect, the present invention provides another
method for determining whether a human or non-human ani-
mal subject has an abnormally high PLA, activity. The
method involves measuring the endogenous PLA, activity of
abiological sample prepared from the subject in the presence
of a PLA, stimulator and comparing the PLA, activity to a
normal range obtained from healthy subjects of the same
species. A higher than normal range PLA, activity indicates
that the subject may have a disorder associated with an abnor-
mally high PLA, activity.

In another aspect, the present invention provides another
method for determining whether a human or non-human ani-
mal subject has an abnormally high PLA, activity. The
method involves determining the amount of SFA, the amount
of a1-AT or both from an appropriate biological sample pre-
pared from the subject and comparing the amount of SFA, the
amount of a1-AT, or the relative amount of SFA to 0.1-AT or
a.1-AT to SFA to a normal range obtained from healthy sub-
jects of the same species wherein a lower than normal level or
relative level of SFA, or a higher than normal level or relative
level of c1-AT indicates the subject has an abnormally high
PLA, activity

In another aspect, the present invention provides a method
for treating a disorder associated with an abnormally high
level of PLA, activity in a human or nonhuman animal sub-
ject by inhibiting the PLA, stimulatory activity of a.1-AT in
the subject. The inventors have identified the full length
a1-AT and the truncated c1-AT from 16His to 357Pro (amino
acids 16 to 357 of SEQ ID NO:1) as PLA, stimulators. It is
expected that any truncated form of o.1-AT that retains at least
the part of 16His to 357Pro has PLA, stimulatory activity. The
inventors have further identified SFA as a PLA, inhibitor
when present at a sufficiently high level. The exact amount of
SFA needed to display the inhibitory activity may vary
depending on conditions of a specific application but can be
readily determined by a skilled artisan.

al-AT is only an effective stimulator for monomeric
PLA,-s (e.g., PLA,-IIA, pancreatic PLA, or bee venom
PLA,) but not dimeric PLA,-s (e.g., snake venom PLA,).
Although the identification of the PLA, stimulators and
inhibitor were made with human samples and proteins, it is
expected that human a1-AT (including truncated forms) and
SFA homologues in other species (e.g., other animal species)
also have PLA, stimulatory and inhibitory activities. It is
noted that at1-AT amino acid sequences in other species may
differ from the human sequence. A skilled artisan can use an
alignment program to identify the amino acids in those
sequences that correspond to the 16His and 357Pro of the
human sequence. In addition, one skilled in the art of molecu-
lar biology would appreciate that minor deletions, additions
and mutations may not change the attributes of a PLA,, stimu-
lator and inhibitor. To determine whether or not a modified
sequence will retain the essential stimulatory or inhibitory
functions, one only need to produce the modified sequence
and test it using one of the assays described in the present
invention.

The PLA, stimulatory activity of a1 -AT is resistant to heat
inactivation while the PLA, stimulatory activity of albumin
and the PLA, inhibitory activity of SFA are sensitive to heat
inactivation. For example, boiling at 100° C. for 5 min can
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destroy the stimulatory and inhibitory activities of albumin
and SFA. However, the stimulatory activity of al-AT
remained intact under the same conditions. Although deter-
mining the PL A, stimulatory activity of a.1-AT in a biological
sample such as plasma and serum is desirable under many
circumstances, it proved to be difficult with the fluorescent
method because the stimulatory activity of a1-AT is masked
by that of the more abundant albumin (e.g., the albumin
concentration (4.0 g/dLL) and is 20 times higher than the
a.1-AT concentration (0.2 g/dLL) in human plasma). Heat inac-
tivation of such a sample can destroy the activities from
albumin and allow the activity of a1-AT to be successfully
measured. Heat inactivation has the additional benefit of
destroying other factors in a sample that may potentially
interfere with the detection of the stimulatory activity of
a1-AT. Therefore, even for a biological sample such as BALF
that may or may not contain a significant amount of albumin,
heat inactivation is still preferred. Boiling at 100° C. for 5 min
is a suitable heat inactivation condition. Other suitable con-
ditions can be readily determined by a skilled artisan.

In another aspect, the present invention provides a method
for diagnosing lung inflammation in CF patients by determin-
ing the presence of a truncated c.1-AT in bronchial tubes,
BALF or sputum. In CF patients, neutrophil elastase (NE) is
believed to play a major role in the damage of airway cells and
supporting tissues, which lead to bronchiectasis and bron-
chial obstruction. c.1-AT is the most potent endogenous
inhibitor of NE. In CF patients, the amount of c.1-AT in the
serum is typically about two-times higher than the normal
level and the protein was fully active against NE (50). How-
ever, o1 -AT is largely broken down and useless for inhibiting
NE in bronchial tubes of the inflamed CF lung. Treating CF
patients with al-AT via aerosol inhalation has not clearly
provided any benefit. The finding disclosed here that o1-AT
can stimulate the activity of PLA, may provide an explana-
tion as to why the treatment is not effective and suggests a
different treatment strategy for these patients, i.e., to inhibit
the PLA, stimulatory activity of truncated c1-AT.

There are many ways that the PLA, stimulatory activity of
a.1-AT or the PLA, inhibitory activity of SFA can be inhibited
and a skilled artisan is familiar with these ways. For example,
antibodies against a1-AT or SFA can be made and used to
inhibit their activities. Other agents that can inhibit the PLA,
stimulatory activity of a1-AT or the PLA, inhibitory activity
of SFA can be identified by the method below.

For instance, in one aspect, the present invention provides
amethod for increasing the activity of a monomeric PLA, by
exposing PLA, to a polypeptide that contains al-AT in an
amount sufficient to increase the activity of PLA,. In an
alternate aspect, the present invention relates to a method for
inhibiting the activity of PLA, by exposing PLA, to a
polypeptide that contains SFA in an amount sufficient to
inhibit the activity of PLA,. In yet another alternate aspect,
the present invention relates to a method of inhibiting the
activity of a monomeric PLA, stimulated by c.1-AT by inhib-
iting the PLA, stimulating activity of al-AT sufficient to
lower the stimulated PLA, activity. In still yet another aspect,
the present invention relates to a method of increasing the
activity of PLA, inhibited by SFA by inhibiting the PLA,
inhibitory activity of SFA to increase the inhibited PLA,
activity.

In another aspect, the present invention provides another
method for treating a disorder associated with an abnormally
high level of PLA, activity in a human or nonhuman animal
subject by increasing the PL A, inhibitory activity of SFA in
the subject.



US 7,968,306 B2

21

In another embodiment, the present invention relates to a
method of treating a disorder associated with an abnormally
high level of PLA, in a human or non-human animal subject
by inhibiting the PLA, stimulatory activity of al-AT or
increasing the PLA, inhibitory activity of SFA. A skilled
artisan is familiar with the ways that the stimulatory activity
of a.1-AT can be inhibited and the inhibitory activity of SFA
can be increased. For example, antibodies and other a1-AT
blocking agents can be administered to the subject. Strategies
directed at suppressing the expression of al-AT (e.g., the
anti-sense technology) can also be used. To increase the
inhibitory activity of SFA, a polypeptide containing SFA can
be administered into the subject directly or an expression
vector encoding the polypeptide can be introduced into the
subject and the expression thereof can then be induced. Alter-
natively, SFA levels in the subject can be increased by strat-
egies such as enhancing endogenous albumin expression and
inhibiting albumin oxidization. Agents that can increase the
inhibitory activity of SFA can also be used.

In another aspect, the present invention provides a method
for identifying an agent that can alter the PLA, stimulatory
activity of a.1-AT or the PLA, inhibitory activity of SFA. The
method involves exposing a composition containing PLA,
and a1 -AT or SFA to atest agent, measuring the PL A, activity
of the composition in the presence of the test agent, and
comparing the PLA,, activity to that of a control composition
thatis not exposed to the test agent. If a difference is observed,
the test agent should be further tested to eliminate the possi-
bility that it altered the PLA, activity directly. In the method,
a1-AT and SFA can be provided in a biological sample.
However, one needs to heat inactivate the biological sample
when used in identifying agents for altering the stimulatory
activity of a1-AT if the sample contains substantial amounts
of albumin. In addition, amonomeric PLA, should be used in
the method for identifying agents that can alter the stimula-
tory activity of a1-AT since al-AT only inhibits the activity
of monomeric PLA,-s.

One source of agents that can be screened is various chemi-
cal libraries including peptide libraries. Examples of such
libraries include those from ASINEX (i.e. the Combined Wis-
dom Library of 24,000 manually synthesized organic mol-
ecules) and from CHEMBRIDGE CORPORATION (i.e. the
DIVERSet™ library of 50,000 manually synthesized chemi-
cal compounds; the SCREEN-Set™ library of 24,000 manu-
ally synthesized chemical compounds; the CNS-Set™ library
of 11,000 compounds; the Chemy-Pick™ library of up to
300,000 compounds) and linear library, multimeric library
and cyclic library (Tecnogen (Italy)). Once an agent with
desired activity is identified, a library of derivatives of that
agent can be screened for better agents.

As shown in the examples below, al-AT can inhibit the
activity of PLC. In one aspect, the present invention relates to
amethod of inhibiting the activity of PLC by exposing PL.C to
a polypeptide that contains a1-AT in an amount sufficient to
inhibit PLC activity.

In another aspect, the present invention relates to a method
of stimulating PL.C activity by inhibiting the PLC inhibitory
activity of a1-AT sufficiently to stimulate the inhibited PL.C
activity. There are many ways that the PLC inhibiting activity
of al-AT can be inhibited and these ways have been
described in connection with inhibiting the PLA, inhibitory
activity of a1-AT.

In another aspect, the present invention relates to a method
for identifying an agent that can alter the PLC inhibitory
activity of o1-AT. The method involves exposing a composi-
tion containing PLC and a.1-AT to a test agent, measuring the
PLC activity of the composition in the presence of the test
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agent, and comparing the PL.C activity to that of a control
composition that is not exposed to the test agent. If a differ-
ence is observed, the test agent should be further tested to
eliminate the possibility that the test agent altered the PL.C
activity directly. Examples of sources of agents that can be
screened are described in connection with a similar method
for PLA, inhibitory activity of al-AT.

In another aspect, the present invention provides a method
of measuring the activity of a lipase. The method involves
contacting PL.C with a liposome of the present invention in
which the fluorescently labeled molecule contains a fluores-
cently labeled fatty acid moiety. Diacylglycerol will form by
the action of PLC. The lipase is then brought into contact with
diacylglycerol leading to the release of fluorescent-labeled
fatty acids and hence an increase in fluorescence intensity.
The increase in fluorescence intensity is monitored for deter-
mination of the lipase activity.

C. In another embodiment, the invention provides a new
method of determining sPLA, activity in a subject using a
fluorescent assay substrate that is specific for sPLA, and more
sensitive and stable than the substrates previously used. The
method comprises providing a substrate comprising a fluo-
rescently-labeled phospholipid and a negatively-charged
phospholipid in an organic solvent such as ethanol, mixing
the substrate with phospholipase A, in a biological test
sample from the subject; measuring a change in fluorescence
intensity at defined intervals over a specific period of time to
determine the sPLA, activity in the test sample; and compar-
ing the sPLA, activity in the test sample to the sPLA,, activity
in a control sample, wherein an increase in fluorescence
intensity as compared to the control sample indicates the
subject has developed or is about to develop inflammation.

The substrate may further comprise phosphatidylcholine
(PC), wherein the PC is dioleoyl PC (DOPC). Other organic
solvents such as methanol or propanol may also be useful in
the method of the present invention.

In a preferred embodiment, the subject is human, and the
biological sample is selected from the group consisting of
plasma, serum, bronchoalveolar lavage fluid, sputum, urine,
synovial fluid, amniotic fluid, peritoneal fluid, white blood
cells, alveolar macrophages, cerebrospinal fluid, pleural
fluid, and pericardial fluid.

The negatively-charged phospholipid is preferably
selected from phosphatidylglycerol (PG), phosphatidylcho-
line (PC), phosphatidylserine (PS), phosphatidylinositol (PI),
phosphatidic acid (PA), a PG/PC mixture, and combinations
thereof. A preferred example of the negatively-charged phos-
pholipid is phosphatidylglycerol (PG), although a PG/PC
mixture is also preferred.

The inventors observed that when a serum sample from a
mammalian subject is added to the assay system, the fluores-
cence intensity (FI) increases. Accordingly, a subject having
inflammation will have an increased fluorescent intensity as
compared to a healthy control. Without intending to be lim-
ited by theory, the inventors believe that the method of the
present invention accurately detects sPLA, activity in a
sample because an increase in sSPLA, causes an increase in
fluorescence intensity when sPLA, induces a subset of albu-
min in the sample to release the fluorescently-labeled fatty
acid.

In a preferred embodiment, the substrate comprises 1,2-
bis-(4,4-difluoro-5,7-dimethyl-4-bora-3a,4a-diaza-s-in-
dacene-3-undecanoyl)-sn-glycero-3-phosphocholine  (BO-
DIPY-PC) and dioleoyl PC in ethanol. However, one of
ordinary skill in the art can readily determine which other
combinations of phospholipids(s) and organic solvents to the
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extent not specifically disclosed herein, can be used as the
substrate for practicing the present invention.

In the method of the present invention, the sPLA,, activity
in a saniple can be determined based on fluorescence data
collected at a single time point or recorded on a continuous
basis. The latter provides morereliable results because poten-
tial bias due to idiosyncrasies of particular time points can be
avoided. Continuous recording of the fluorescent intensity
increases the accuracy of the measurement. For instance, the
initial rate of the reaction may be much higher than at a later
point in the reaction. Accordingly, continuous recordation
more accurately reflects sPLA, activity.

In another aspect, the present invention relates to a method
for assessing whether a mammalian subject such as a human
subject has or is at risk of developing inflammation (e.g.,
systemic inflammation) or an inflammation-related disorder
(e.g., COPD, CF, bacterial or viral infection, sepsis, and
trauma such as head trauma) by determining whether a sub-
ject has a increasing or abnormally high sPLA, activity. In
thisregard, the sSPLA, activity in a biological sample from the
subject is measured according to the method of the present
invention and then compared to (i) the sPLA, activity from
the same subject measured at an earlier time; or (ii) a normal
range of sSPLA, activity obtained from healthy subjects of the
same species.

For a particular type of biological sample, the normal
sPLA, activity range can be determined by analyzing biologi-
cal samples from a suitable number of healthy individuals.
For example, atleast 10, 20, 30, 50, or 100 healthy individuals
are analyzed to determine the normal sPLA, activity range.

In one embodiment, the sPLA, activity of the subject is
compared to a normal range of sSPLA, activity obtained from
healthy subjects of the same species. An increase in sPLA,
activity as compared to a positive control indicates that the
subject has inflammation (e.g., systemic inflaimmation when
plasma or serum is the biological sample). For instance, a
sPLA, activity 1%-70% higher, preferably 5%-60% or 10%-
50% higher than normal would indicate the subject has mod-
erate to severe inflammation.

In another embodiment, the above method is used for deter-
mining whether a human subject who is a tobacco smoker has
developed or is about to develop chronic obstructive pulmo-
nary disease (COPD) by monitoring the sPLA, activity of the
subject. An increase decrease in sPLA, activity over time
indicates that the subject has developed or is about to develop
COPD. The amount of increase in sPLA, activity that is
indicative of the onset of COPD varies, but will be understood
by one of skill in the art. Smokers are at risk of developing
COPD and monitoring sPLA, activity over time can provide
early detection of COPD. In a typical example, a subject’s
sPLA, activity is measured at least once a month for at least
one year. A continuous increase (regardless of the rate of
increase) would indicate the development of COPD.

In another embodiment, the invention provides a method of
measuring sPLA, activity of a human subject who undergoes
a surgical procedure are measured before and after the sur-
gery, wherein an increase in sPLA, activity after the surgery
indicates that the subject has inflammation, such as that
caused by an infection. In a typical example, a subject’s
sPLA, activity is measured at least every twelve hours. A
continuous increase (regardless of the rate of increase) in
sPLA, activity would indicate the development of sepsis or
other inflammation disorder.

In another aspect, the present invention provides a kit for
measuring sPLA, activity. The kit contains a fluorescently-
labeled phospholipid as described above, a negatively-
charged phospholipid as described above, an organic solvent
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such as ethanol, sPLA,, and an instruction manual on how to
measure sPLA, activity in a biological sample from a mam-
malian subject according to the method disclosed herein.

Optionally, the kit can contain a control sample. The con-
trol sample is a sample that has a known level of sPLA,
activity. Examples of control samples include but are not
limited to biological samples from a mammalian subject as
described herein thathas a known level of sPLA, activity. The
subject can be a healthy subject or a subject with an abnormal
condition described herein.

The instruction manual can be provided in the form of a
publication, a recording, a diagram, or any other medium of
expression which is suitable for communicating to a user how
to measure sPLA, activity in a biological sample from a
mammalian subject according to the method disclosed
herein. The instruction manual of the kit can, for example, be
affixed to a container containing the components of the kit or
be shipped together with or separately from the container.

D. In another embodiment, the present invention provides
a continuous PLA, fluorescent assay (33) to determine the
effects of plasma or serum on sPLA, activity in real time,
analyze the serum protein components that may affect the
sPLA, activity, and determine the effects of sPLA, activity in
a disease state.

Secretory phospholipase A, (sPLA,) in circulation is an
acute-phase inflammatory response protein. It may play a role
as a bactericide in the case of sepsis and/or regulate the
synthesis of bioactive lipid mediators in a wide range of
inflammatory diseases. However, unregulated sPLA, activity
in circulation may have detrimental effect on peripheral tis-
sues. In the present invention, the inventors used a continuous
sPLA, fluorescent assay to determine the factors in human
plasma or serum that might have significant affect on sPLA,
activity. Serum albumin was the predominant protein that
either stimulated sPLA, activity in presence of small amounts
of albumin, or inhibited sPLA, activity in presence of large
amounts of albumin in the sPLA, assay mixture. Both stimu-
latory and inhibitory effects of albumin were triggered by
sPLA, that promoted an albumin-liposome interaction.

Among the heterogeneous forms of albumin, a fatty-acid
free specific fraction of albumin (SFA) that was about 5% of
total albumin mass was mainly responsible for the albumin
inhibitory effect on sPLA, activity. Using fluorescently-la-
beled fatty acid probes incorporated into liposomes as sub-
strates, the sPLA,-induced SFA activity in the serum from
healthy individuals was 198.73+4.05 (n=7) (fluorescence
intensity or FI/min/ul serum), from subjects with chronic
obstructive pulmonary disease was 93.03x14.12 (n=3), and
from patients with sepsis was 26.47+7.26 (n=3). The results
of this study suggest that in circulation sPLA, can induce
albumin to interact with phospholipid membranes that can
have a significant effect on sPLA, activity. Serum SFA activ-
ity could be used as a new indicator for assessing systemic
inflammation.

1. Definitions

By “SFA” we mean the specific fraction of albumin (typi-
cally about five percent of the total albumin present in a
biological sample) that stimulates or inhibits PLA,. SFA
(NCBI Accession No. CAA00606 or AAA98797) acts as a
PLA, stimulator at low concentrations by relieving product
inhibition. However, the inventors have shown that SFA also
acts as a PLA, inhibitor under certain conditions. Without
intending to be limited by theory, the inventors believe that
SFA inhibits PLA, activity by blocking PLA,’s action on
cellular membranes.

By “biological sample” we mean a tissue or fluid sample
from a mammalian subject, a sample from cultured cells or
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culture medium, or a preparation derived from any of the
foregoing. In one embodiment, the biological sampleis a fluid
sample such as a blood, plasma, serum, white blood cells,
alveolar macrophages, bronchoalveolar lavage fluid (BALF),
synovial fluid, sputum, urine, amniotic fluid, peritoneal fluid,
cerebrospinal fluid, pleural fluid, or pericardial fluid sample
or a preparation derived therefrom. In a preferred embodi-
ment, the sample is a plasma or serum sample or a preparation
derived therefrom. While a blood, plasma, or serum sample is
a suitable sample in general for various applications of the
methods of the present invention, other biological samples
may also be suitable depending on the particular disorder that
the method of the present invention is applied to detect. One
of ordinary skill in the art can readily determine which
samples are suitable for a particular disorder of interest.

By “subject,” we mean any member of the class Mammalia
including, but not limited to, humans, non-human primates
such as chimpanzees and other apes and monkey species,
farm animals such as cattle, horses, sheep, goats, and swine,
domestic animals such as rabbits, dogs, and cats, and labora-
tory animals such as rodents (e.g. rats, mice, and guinea pigs).
The term “subject” does not denote a particular age or sex.
Preferably, the subject is human.

By “PLA,” we mean a phospholipase enzyme including
secretory PLA, (sPLA,) such as human PLA,-IIA (e.g.,
recombinant human PLA,-IIA, NCBI Accession No.
NP__000291) or pancreatic PLA, (e.g., porcine pancreatic
PLA,-1B), as well as PLA, from bee venom and PLA, from
snake venom.

By “negatively-charged phospholipid,” we mean the class
of lipid compounds containing a phosphate group, a glycerol
moiety, and 1 to 2 fatty acid groups and having a net negative
charge wherein one carbon of the glycerol moiety is joined by
the phosphate group and one or both of the other two carbons
of the glycerol moiety is joined by a fatty acid group.
Examples of negatively charged phospholipids that can be
used to form the liposome of the present invention include,
but are not limited to, phosphatidylglycerol (PG), phosphati-
dylcholine (PC), phosphatidylserine (PS), phosphatidylinosi-
tol (PI), phosphatidic acid (PA) apc/PG mix or any combina-
tion thereof. In one embodiment, PG is used to form the
liposome used in the present invention. In another embodi-
ment, the liposome contains two phospholipids such as PG
and PC. Examples of PCs that can be used include, but are not
limited to, DOPC, dipalmitoyl PC and PCs with other fatty
acyl groups. DOPC is a preferred PC for the purpose of the
present invention.

By “carboxylic acid,” we mean a compound defined by the
formula R—COOH wherein R is a hydrocarbon chain having
alength of about 4 to 24 carbons, preferably 6 to 18 or 6 to 14
carbons, and more preferably 6 to 13 carbons. The hydrocar-
bon chain can be saturated, unsaturated, linear, branched,
cyclic, or polycyclic and can have substituted groups includ-
ing those with heteroatoms (atoms other than carbon and
hydrogen). Examples of heteroatoms include but are not lim-
itedto N, S, O and Cl. In one embodiment, the hydrocarbon
chain either does not have heteroatoms or only has one or
more oxygen heteroatoms. In another embodiment, R is an
alkyl, alkenyl, or alkynyl group. In apreferred embodiment, R
is an alkyl or alkenyl group. Examples of carboxylic acids that
can be used in the present invention include, but are not
limited to, hexanoic acid, heptanoic acid, octanoic acid,
nonanoic acid, decanoic acid, methyldecanoic acid, dode-
canoic acid, tridecanoic acid, and tetradecanoic acid. The
exact position at which a carboxylic acid is labeled is not
critical so long as fluorescence intensity changes upon
removal from the liposome by SFA.
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By “continuous recordation” or “continuous measure-
ment” we mean measuring the fluorescent intensity of the
substrate- or liposome-sample mixture at a defined interval or
intervals over a specific time period. The defined intervals can
be zero seconds or a longer time period. For instance, record-
ing fluorescent intensity once every ten seconds (defined
interval) over a period of two minutes is considered a “con-
tinuous recordation” for the purpose of the present invention.

By “PLA, modulator” we mean PLA, stimulators and
PLA, inhibitors.

By “a.1-AT” we mean the full length o.1-AT, a truncated
form of al-AT or both. A truncated form of al-AT is an
a1-AT that is shorter than the full length a.1-AT but at mini-
mum contains the amino acid sequence of 16His to 357Pro of
SEQ ID NO:1 or its equivalent in other al-AT sequences.

By “substantially pure” we mean preparations of PLA, or
PLA, stimulators or inhibitors that are purified to a degree so
thatany impurities contained therein do not interfere with any
ofthe assays of the present invention to an unacceptable level.

By “buffer systems” we mean those buffers known to a
skilled artisan that can support the reactions catalyzed by a
phospholipase such as a PLA,. Examples of buffer systems
that can be used include but are not limited to Tris-HCI,
phosphate, acetate, citrate and glycine. The pH value of a
buffer system can range from about 2 to about 10, preferably
fromabout 6 to about 10, and most preferably about 7.4. In the
case of the Tris-HCl system, the Tris-HCI concentration can
range from about 0.001 M to about 1.0 M, preferably from
about 0.005 M to about 0.2 M, and most preferably about 0.01
M. When the activity of a calcium-dependent PLA, is mea-
sured, a calcium source is also added into the buffer system.
Examples of calcium sources that are useful in the present
invention include but are not limited to CaCl,, calcium fluo-
ride and calcium carbonate. The Ca** concentration in the
buffer system can be from 0 to about 1.0 M, preferably from
about 0.0001 M to about 0.1 M, and most preferably about
0.01 M. It is noted that other metals such as magnesium can
replace calcium for the purpose of measuring the PL A, activ-
ity.

By “control sample”, we mean a biological sample from (i)
the same subject measured at any earlier time; or (ii) a normal
range of SFA activity obtained from a healthy subject of the
same species.

By “instructions for use” we mean a publication, a record-
ing, a diagram, or any other medium of expression which is
used to communicate the usefulness of the invention for one
of the purposes set forth herein. The instructional material of
the kit can, for example, be affixed to a container which
contains the present invention or be shipped together with a
container which contains the invention. Alternatively, the
instructional material can be shipped separately from the
container or provided on an electronically accessible form on
an internet website with the intention that the instructional
material and the biocompatible hydrogel be used coopera-
tively by the recipient.

The following examples are, of course, offered for illustra-
tive purposes only, and are not intended to limit the scope of
the present invention in any way. Indeed, various modifica-
tions of the invention in addition to those shown and
described herein will become apparent to those skilled in the
art from the foregoing description and the following
examples and fall within the scope of the appended claims.

IV. EXAMPLES
Example 1
Measuring SFA

Preparing PLA,. Porcine pancreatic sPLA, (EC3.1.1.4)
was purchased from Sigma Chemical (St. Louis, Mo.). The



US 7,968,306 B2

27
working solution of sPLA, was freshly prepared by diluting
about 10 units of PLA, to 1 ml with 0.01 M Tris-HCI, pH 7.4
and kept at 4° C. prior to use.

SFA activity assay. Unless otherwise specified, the assay
described in this example was used to conduct the experi-
ments presented in this example. Liposome substrates were
prepared by mixing C1-BODIPY C12 FA with 50% DOPC
and 50% PG in a ratio of 0.016 mg: 1 mg: 1 mg (for 1 ml
liposomes) in chloroform (C1-BODIPY Cl12 FA: 4 4-dif-
luoro-5-methyl-4-bora-3a,4a-diaza-s-indacene-3-dode-
canoic acid; DOPC: dioleoyl phosphotidylcholine; and PG:
phosphatidylglycerol). After chloroform was evaporated to
dryness under a stream of nitrogen, lipids were suspended in
1.5 ml sucrose/Tris buffer (0.25 M sucrose, 50 mM Tris-HC],
0.02% sodium azide), pH 7.4. The suspension was stirred
occasionally with vortex within 30 min. Then, the lipid sus-
pension was sonicated 6 times (30 s at a time with 1-minute
intervals between sonications) on ice using a Virsonic cell
disrupter (VirSonic, Gardiner, N.Y.). The liposomes were
stored at 4° C. before use.

In single cuvette assay, the 3 ml reaction mixture contained
0.01 M Tris-HCI, 10 mM calcium, 60 pg liposomes labeled
with C1-BODIPY C12 FA (described above), PLA, (10-20
ng) and/or serum (1-10 pl) sample. The assay was conducted
at room temperature for 2-4 minutes and FI was recorded
every 5-10 seconds using a Perkin-Elmer Luminescence
Spectrometer LS50B equipped with FL WinLab™ software
(Perkin-Elmer Instruments, Norwalk, Conn.) at 488 nm exci-
tation (slit 2.5) and 530 nm emission (slit 5.0).

In microplate assay, the volume of the reaction mixture and
the amounts of reagents were reduced to one tenth of that used
in single cuvette assay or otherwise as specified. The assay
was also conducted at room temperature for 2-4 minutes; F1
was recorded every five seconds. 96-well microplates were
used for the microplate assay.

Microplate SFA activity assay using DOPC-PG/BODIPY-
FA substrate prepared in ethanol. Substrate was prepared by
mixing 1 mg DOPC, 1 mg PG, and 0.016 mg C1-BODIPY
C12 FA in 0.5 ml ethanol. An aliquot of buffer (10 mM
Tris-HCI, 10 mM Ca**, pH 7.4) was added into a well. The
volume of the buffer was adjusted to have a final volume of
0.3 ml after subtraction of the volumes of the components to
be added into the reaction mixture. Then, an amount of 6 pg
substrate phospholipids in ethanol (1.5 pl) was added into the
buffer, followed by addition of 1 pl of serum in the presence
orabsence of 1 ul (5 ng) of sSPLA, solution. The solution in the
well was rapidly mixed after addition of each component.
Fluorescence intensity (FI) was recorded every 5 seconds at
room temperature for 3 min. The activity was determined
from the initial rate of the reaction curve from the data of the
first 2 min of reaction and expressed as change in FI/min/
microlL serum.

Endotoxineffect (lipopolysaccharide) (LPS) on SFA activ-
ity in rat serum. Sprague Dawley rats were obtained from
Charles River Laboratories and kept in the animal house
facility at the University Clinical Science Center. All rats
were fed with normal diet for a week and appeared to be
healthy. Before a rat was injected with lipopolysaccharide
(LPS or endotoxin) (E. coli 055:B5) (Sigma-Aldrich), the rat
was anesthetized and blood was sampled. Then, the rat was
injected intra peritoneal with LPS (3 mg/kg body weight).
Three hours later after LPS injection, blood was taken again.
Serum was isolated from each blood sample and stored
at =70° C. before use.

SFA activity in the rat serum was determined using the
BODIPY-FA liposome-microplate method described above.
The assay in a microplate well contained 6 pug liposome
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phospholipids in buffer, 10 mM Ca®*, and 1 pl serum in a final
volume of 0.3 ml of 10 mM Tris-HCl, pH 7.4. The assay was
conducted in the absence and presence of 5 ng porcine pan-
creatic sSPLA, (Sigma-Aldrich) in the reaction mixture at
room temperature for 2-4 minutes. FI was recorded every 5
seconds. The activity was determined from the initial rate of
the reaction curve (see FIG. 2) and expressed as change in
Fl/min/microl serum.

Single cuvette SFA activity assay. The plot of FI against
reaction time was normalized by subtracting the initial FI
reading from subsequent readings. The presence of sPLA,
(porcine pancreas, Sigma P6534) in the reaction mixture did
not significantly change the FI, i.e., sSPLA, activity was not
detectable in this reaction (FIG. 1). The presence of serum or
plasma in the reaction mixture also did not yield any signifi-
cant change in FI. However, in the presence of serum (or
plasma) and sPLA,, FI increased in a time-dependent man-
ner. The SFA activities of serum and plasma were the same.
Similarly, the presence of human serum fatty acid-free albu-
min (FAF-Alb) and sPLA, caused FI increase, but the SFA
activity of globulin-free albumin (GloF-Alb) was much lower
than that of FA-free albumin (FIG. 1).

Microplate SFA activity assay shows that exogenous
sPLA, induced SFA activity in human serum. SFA activity in
serum was also determined in 96-well microplates. The assay
in each microplate well was determined individually because
of the rapid SFA reaction that should be recorded within 2-4
minutes and the current PerkinElmer LS50B plate reader is
not capable of recording multiple samples at that short time.

In the microplate assay, an amount of 1 ng of exogenous
porcine pancreatic sPLA, was added to the reaction mixture
in a microplate well followed by addition of 1 pul of serum,
mixing well after each addition. An example of serum SFA
activity is shown in FIG. 2. The reaction curve was fitted to a
second-order polynomial equation and the first-degree coef-
ficient was taken to be the initial rate of reaction (V,) and
expressed as change in F/min. The baseline FI change was
determined for the reaction in the absence of the sample or
protein.

The SFA activity was determined in sera from healthy
subjects (HS), cigarette-smoking but otherwise healthy indi-
viduals (CS), patients with chronic obstructive pulmonary
disease (COPD), and patients with acute respiratory decom-
pensation requiring intensive care admission for treatment of
pneumonia or sepsis at a life trauma support center (TLC).
Obtaining serum samples from human subjects was approved
by the Institutional Review Board of the University of Wis-
consin School of Medicine and Public Health. Informed con-
sent was obtained from all subjects or their authorized repre-
sentatives for the collection of the samples.

Striking differences in serum SFA activity among the
assayed groups (HS, CS, COPD, and SEPSIS) are observed
(FIG. 3). The activities (FI/min) of SFA of sera from HS were
2-times higher than that from COPD and SEPSIS. Although
three out of four CS serum samples had similar SFA activity
as HS, one CS had lower SFA than normal.

Microplate SFA assay shows that endogenous sPLA,
induced SFA activity in human serum. In these assays, no
exogenous sPLA, was added to the reaction mixture. In the
absence of exogenous sPLA,, sera from HS, CS, and COPD
did not have significant SFA activity (F1G. 4). However, sera
from septic patients had significant increase in SFA activity
(FIG. 4). This is believed to be due to the presence of endog-
enous sPLA, in the serum from septic patients (33).

Use of SFA Activity as a Biomarker. Subtracting endog-
enous sPLA,-induced SFA activity from exogenous sPLA -
induced SFA activity ([serum+exogenous sPLA,| assay)
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vields an even more striking pattern of the SFA activity
among HS, CS, COPD, and SEPSIS individuals (FIG. 5). The
average activity units (FI/min) of SFA in the sera from HS,
CS, COPD, and SEPSIS are 198.7+4.1 (n=7), 190.69.5
(n=4), 93.0¢14.1 (n=3), and 26.5£7.3 (n=3), respectively
(nmumber in parenthesis represents number of subjects; each
sample was assayed in triplicate).

Determining SFA activity using liposomes with different
phospholipid compositions. SFA activity could not be deter-
mined using the substrate composed of 100% PC containing
BODIPY-FA (FIG. 6). The SFA activity was observed using
100% PG substrate, but the highest SFA activity was obtained
using 50% PC and 50% PG substrate (FIG. 6).

Use of DOPC-PG and BODIPY-FA in ethanol as substrate.
An example of the time course-activity graph generated from
the assay using the substrate of BODIPY-FA labeled 50%
DOPC-50% PG in ethanol solution is shown in FIG. 7. Two
different isoforms of sPLA,, PLA,-1B (porcine pancreatic
protein) and PLA,-ITA (recombinant human protein) were
tested in this assay. The results show that there is no signifi-
cant increase in FI in the reaction solution containing either
sPLA, (PLA,-1B or PLA,-IIA) or serum during the period of
assay, as compared to the background. However, FI rapidly
increased with time in the reaction mixture containing both
sPLA, (PLA,-1B or PLA,-ITA) and serum (FIG. 7A). These
results are similar to that observed with using liposome sub-
strate prepared in buffer as shown in FIG. 2.

This study shows that the assay can use the phospholipid
substrate either prepared as liposomes in buffer or dissolved
in ethanol; PLA,-1B and PLA,-IIA yielded similar results. In
this study the inventors also observed that the SFA activity
could not be detected when BODIPY-FA alone was dissolved
in ethanol, indicating that the detection of the SFA activity
requires a substrate of mixture of fatty acid with negatively
charged phospholipids (FIG. 7A).

In addition, substrates of PC-PG containing BODIPY-PC
(2-(4,4-difluoro-5,7-dimethyl-4-bora-3a,4a-diaza-5-in-
dacene-3-pentanoyl)-1-hexadecanoyl-sn-glycero-3-phos-
phocholine) can also be prepared in ethanol and used in the
sPLA2 assay of the present invention. A comparison of the
activity of sSPLA2-ITA in human serum using 100% PG-BO-
DIPY-PC liposomes in ethanol and 100% PG-BODIPY-PC
liposomes in buffer as substrates is shown in FIG. 7B. Using
phospholipid substrates in ethanol offers many unexpected
advantages, such as, for example, the substrates are easy to
prepare, they are stable at —20° C., and they represent better
vield higher activity substrates for PLA2 (FIG. 7B).

The inventors have also determined the sPLA2 and SFA
activities in the serum from LPS-sPLA2 rat model using
100% PG-BODIPY-PC ethanol substrate and 50% DOPC-
50% PG-BODIPY-FA ethanol substrate, respectively. Spe-
cifically, the inventors have recently developed an endotoxin
(lipopolysaccharide) (LPS)-induced inflammation rat model
to determine sPLA, activity in serum using 100% PG-BO-
DIPY-PC in ethanol as substrate. An amount of 100 pl of
blood was collected from pedal vein before (Day 0), 4 hours,
1, 2, 3, 4, and 5 days from the same rat following LPS
injection (3 mg/kg body weight). Serum sPLA, activity
increased and peaked on day 1 and started to decrease on day
2, and further decreased to the baseline level on days 4 and 5
following LPS injection (FIG. 8A). The sPLA, activity time
course profile correlated well with some of the observations
of the rats, such as body weight loss and lack of mobility. The
rats had significant body weight loss 4 hours after LPS injec-
tion, further body weight loss on days 1-2, and started to show
body weight gain from days 3-5 (F1G. 8B). Also, from 4 hours
to 1-2 days following LPS injection, rats showed lack of body
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mobility, but started to be more active on day 3 and appeared
to be healthy on days 4 and 5. The results suggest that serum
sPLA, activity is closely correlated with pathogenesis of
LPS-induced inflammation.

The activity time course profiles of serum sPLA, and SFA
correlate well with the recovery of the rats following LPS
injection, as shown in F1G. 9. SFA activity peaked on day 2,
the day the rats started to show recovery from LPS-induced
illness. These results suggest that both serum sPLA, activity
and SFA activity can be used as specific markers for assessing
acute-phase response of inflammation and recovery.

Specifically, these results show that a substrate of 100%
PG-BODIPY-PC prepared in ethanol is better than that pre-
pared in buffer as liposomes for sPLA, assay. The results also
show that a substrate of 50% DOPC-50% PG-BODIPY-FA
prepared in ethanol is better than that prepared in buffer as
liposomes for SFA assay. Finally, the results indicate that
serum sPLA, activity and SFA activity correlate well with
pathogenesis of infection and can be used as inflammation
specific markers.

Most studies of the context of infections rely heavily on the
determination of circulating levels of cytokines as indicators
of ongoing inflammation. Serum cytokines are primarily
involved in the initial phase of inflammation and thus spike
within 1-2 hours following the induction of inflammation.
Cytokine levels often return to baseline levels within a few
hours (34-37). Therefore, the determination of cytokines lev-
els may not provide an accurate, consistent and complete
evaluation of inflammation, but rather provide a small
glimpse into the inflammatory response, which often lasts
several days or weeks with significant pathology occurring
over this extended period. Although C-reactive protein
(CRP), an acute-phase response protein, has been shown to
increase in the serum in response to infections (38, 39), it is
considered to be a non-specific marker of inflammation (40).
The results suggest that sSPLA2 and SFA are specific markers
for inflammation.

The effect of LPS on SFA activity inrat serum. As observed
in normal human serum, healthy rat serum did not stimulate
Flinthe BODIPY-FA liposome assay in the absence of exog-
enous sPLA, (FIG. 10). However, serum from the rats which
received LPS markedly increased FI in the absence of exog-
enous sPLA,. In the presence of exogenous sPLA,, serum
collected before and after LPS injection showed a striking
increase in FI (FIG. 10). There was no significant difference
in the exogenous sPLA,-induced FI increase in the serum
collected before and after LPS injection. Subtraction of the FI
of (Serum-Exogenous PLA,) from the FI of (Serum+Exog-
enous sPLA,) shows a nearly 80% decrease in the SFA activ-
ity in the serum from the rats administered LPS (p=1x107°,
duplicate assay from 5 rats) (FIG. 11). These results are
similar to those observed in human serum comparing normal,
healthy subjects (HS) with those with sepsis (see FIG. 5). The
results show that the BODIPY-FA liposome assay is a highly
sensitive and rapid method to determine systemic inflamma-
tion in response to infection (e.g., sepsis). Similar results as
those shown in FIGS. 10 and 11 were observed using the
substrate of BODIPY-FA-labeled 50% DOPC-50% PG in
ethanol (data not shown).

Example 2
Measuring Phospholipase Activity
Bronchoalveolar lavage fluid. Samples of bronchoalveolar

lavage fluid (BALF) were obtained from normal volunteers
and patients with CF as described previously (41). The fluid
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was filtered through two layers of a sterile gauze into a 50 ml
tube, then centrifuged at 1,200 rpm for 10 min at 4° C. using
a Beckman Model TJ-6 centrifuge. The cell-free BALF was
stored at —=70° C. before use. The cell pellets were washed
with about 35 ml incomplete Hanks balanced salt solution
(HBSS) and spun at 1,000 rpm at 4° C. for 10 min. The pellets
were suspended in 1-2 ml HBSS. Total and viable cells were
counted by mixing an aliquot of cell suspension and trypan
blue solution using a hemacytometer. An amount of 15,000 to
20,000 cells was taken for each cytospin slide preparation for
morphological analyses using Diff-Quik Stain Set (Dade
Behring AG, Dudingen, Switzerland). The rest of the cell
suspension was spun at 1,000 rpm and the supernatant was
discarded. The pellets were suspended in HBSS buffer;
approximately 5x10° cells were homogenized in 100 ul buffer
containing 2 mM phenylmethylsulfonyl fluoride (PMSF) and
1 mM EDTA and sonicated for 30 sec two times on ice using
a Virsonic cell disrupter. The cell homogenate was centri-
fuged at 10,000 rpm for 1 min; the supernatant was saved and
stored at =70° C. before use and the pellet was discarded.

A portion of the cell free BALF was concentrated 50-fold
to less than 0.2 ml using an Amicon microconcentrator-10
(membrane cut-off molecular weight 10,000) as described
previously (41). The condensed BALF was stored at =70° C.
before use. The protein content in each sample was deter-
mined by the method of Lowry modified for 96-well plate
analysis.

Sputum. Sputum is induced by inhalation of a 3% saline
mist generated from an ultrasonic nebulizer. Wearing nose-
clips, subjects inhale the saline mist with tidal breaths and
with an inspiration of total lung capacity once every minute.
Every 4 min subjects are instructed to blow their noses and
rinse their mouth with water before expectoration to mini-
mize nasal contamination of the sample. This procedure con-
tinues for 12-24 min until an adequate volume of sputum is
produced. Sputum is stored in a sterile container on ice and
processed immediately (within 1 hour).

Sputum is transferred to a 50 ml conical polypropylene
tube and its weight is determined. The sputum sample is
mixed with 10% Sputolysin (Calbiochem, Biosciences, Inc.,
Lo Jolla, Calif.) and the mixture is incubated at 37° C. in a
shaking incubator for 15 min. The solution is centrifuged at
2,000 rpm at 20° C. for 5 min. The supernatant and cells in the
pellet are separated for further analysis.

Isolating neutrophils, mononuclear leukocytes and plasma
from peripheral blood. Blood was collected into a heparinized
tube from a normal healthy subject or from subjects with CF
or COPD. Neutrophils, mononuclear leukocytes and plasma
were isolated using the neutrophil isolation media (NIM,
Cardinal Associates, Santa Fe, N. Mex.) as described by the
manufacturer’s protocol. Cell differentiation and purity were
analyzed by cytospin and morphological analysis using Diff-
Quik Stain Set (Dade Behring AG, Dudingen, Switzerland).
Cells were suspended in HBSS buffer containing 2 mM
PMSF and 1 mM EDTA and sonicated for 30 sec two times on
ice using a Virsonic cell disrupter. Approximately 5x10° cells
were homogenized in 100 pl buffer. The cell homogenate was
centrifuged at 10,000 rpm for 1 min; the supernatant was
saved and stored at =70° C. before use and the pellet was
discarded. The plasma was stored at -20° C. before use.

Preparing PLA2 and fluorescently-labeled liposomes. Por-
cine pancreatic PLA, (EC3.1.1.4), PLA, from bee venom
(dpis mellifera) and PLA, from snake venom (Crotalus
durissus terrificus) were purchased from Sigma Chemical
(St. Louis, Mo.). The working solution of PLA, was freshly
prepared by diluting about 10 units of PLA, to 1 ml with 0.01
M Tris-HCI, pH 7.4 and kept at 4° C. prior to use. Dioleoyl
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phosphatidylcholine (DOPC) and phosphatidylglycerol (PG)
were purchased from Sigma Chemical. Fluorescently-labeled
1,2-bis-(4,4-difluoro-5,7-dimethyl-4-bora-3a,4a-diaza-s-in-
dacene-3-undecanoyl)-sn-glycero-3-phosphocholine  (Bis-
BODIPY FL C,,-PC) was obtained from Molecular Probes
(Eugene, Oreg.).

Fluorescently-labeled unilamellar liposomes (UL) were
used as substrates for in vitro measuring of PLA, activity,
similar to that described previously for rapid screening of a
Ca”*-independent PLA, isolated from rat lung (13). Fluores-
cent liposomes were prepared as previously described (42) by
mixing 2.04 umol DOPC, 2.04 umol PG, and 0.018 pumol
Bis-BODIPY FL C,,-PC in a molar ratio 10:10:0.14 in chlo-
roform. After chloroform was evaporated to dryness under a
stream of nitrogen, lipids were suspended in 1.5 ml sucrose/
Tris buffer (0.25 M sucrose, 50 mM Tris-HC], 0.02% sodium
azide), pH 7.4. The suspension was stirred occasionally with
vortex within 30 min. Then, the lipid suspension was soni-
cated 3 min on ice using a Virsonic cell disrupter (VirSonic,
Gardiner, N.Y.). The liposomes were stored at 4° C. before
use. Radioactively labeled liposomes were made of 2.04 umol
DOPC and 2.04 pmol PG in the presence of 1 uCi of L-a-
[1-'*C]dioleay] PC (NEN Du Pont, Wilmington, Del.) in 1.5
ml sucrose/Tris buffer as described (43).

Fluorescentassay of PLA,. The PLA, assay was conducted
in a cuvette in which 2.95 ml 0.01M Tris-HCl, pH 7.4, 30 pl
of 1 M CaCl,, and 10 pl of liposomes (27.3 nmol phospho-
lipids) were each added. The solution was mixed well after
the addition of each component. The fluorescence intensity of
the solution was measured at room temperature using a Per-
kin-Elmer Luminescence Spectrometer LLS50B equipped
with FL WinLab software (Perkin-Elmer Instruments, Nor-
walk, Conn.) at 488 nm excitation (slit 2.5) and 530 nm
emission (slit 5.0) to obtain the background reading. Then, an
aliquot of PLA, (0.01-0.5 pg) working solution was added to
the reaction mixture followed by rapid inversion of the
cuvette three times (the final volume of the reaction mixture
was 3 ml). Fluorescence intensity readings were immediately
recorded every 10 sec for 2 min. In some tests, the fluores-
cence intensity of the reaction solution without the presence
of PLA, was recorded for up to 2 min. To test PLA, activity in
biological samples, an aliquot of sample solution was intro-
duced to the reaction mixture prior to the addition of PLA,
and the fluorescence intensity was determined for up to 2 min.
Then, PLA, was added and fluorescence intensity was
recorded as described above. Porcine pancreatic PLA, was
routinely used in this and following studies unless otherwise
specified.

Radioactive assay of PLA,. In a 5 ml glass test tube, the
PLA, reaction mixture contained 0.1 m! of 0.01 M Tris-HCI
buffer (pH 7.4), 10 mM CaCl,, 5 nmol **C-labeled liposomes
and 0.5 pg of pancreatic PLA,. In some tests, 25-100 g of CF
BALF proteins, or 10 pg of rabbit lung annexin I or annexin
VIII or both were added to the reaction mixture as specified.
The reaction was carried out at room temperature for 30 sec
and stopped by adding 2 m1 of chloroform:methanol (1:2 vol)
followed by addition of 0.4 ml water, and 10 pl of egg PC and
lysoPC (20 nmol) which was used as carrier. The test tube was
stirred using a Vortex. Lipids were extracted by adding addi-
tional 0.6 ml water and 0.6 ml chloroform. After agitating on
avortex, the mixture was centrifuged at 2,000 rpm for 10 min.
The chloroform layer was withdrawn and transferred to a new
test tube using a Pasteur pipette. Chloroform was evaporated
to dryness under a flow of nitrogen. PC and lysoPC were
isolated by the methods of silica gel thin-layer chromatogra-
phy (TLC) using a developing solvent system of chloroform/
methanol/water in a ratio of 65/45/5 as described previously
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(41). Lipids on the TLC plate were visualized by exposure of
the TLC plate in an iodine tank. The PC, lysoPC and FA spots
on the plate were scraped into a scintillation vial and a cock-
tail of scintillation fluid was added to the vial. Radioactivity in
the vial was determined by using a beta scintillation counter.
PLA, activity was expressed as either decrease in PC radio-
activity or increase in fatty acid or lysoPC radioactivity as
described previously (41).

Heat treatment of BALF and plasma. A portion of BALF or
plasma was incubated in boiling water for 5 min followed by
centrifugation at 10,000 rpm for 5 min. The supernatant was
removed from the pellet. The pellet was suspended in the
same volume of the supernatant and sonicated for 30 sec on
ice. The protein content in both supernatant and pellet frac-
tions were determined as described above. An aliquot of the
supernatant or pellet was added to the PLA, reaction mixture
as specified.

Presence of PLA,-s and SFA activities in human plasma. In
the fluorescent assay an initial reading was recorded at zero
time and then readings were recorded every 10 sec for 2 min.
To present PLA, activity, the initial reading was subtracted
from the subsequent readings and PLA, activity was
expressed as fluorescence intensity vs. time (sec). The fluo-
rescence intensity of the reaction mixture containing buffer,
CaCl, and fluorescently-labeled liposomes remained rela-
tively unchanged for up to 2 min (FIG. 12). Introduction of
0.1 pg of porcine pancreatic PLA, into the reaction mixture
caused a linear increase in fluorescence intensity for up to 2
min. The presence of plasma collected from a normal, healthy
subject (N1) (plasma 061301) increased the PLA, activity in
a dose-dependent manner up to 4-6 pl of plasma (FIG. 12).
Above 4-6 pl, the plasma exhibited an inhibitory property
against PLA, activity and the PLA ,-stimulating activity, also
in a dosedependent manner (FIG. 12). The plasmaat 15 pl not
only completely inhibited PLA, activity and the PLA,-stimu-
lating activity, it also reduced the fluorescence intensity of
liposomes below the baseline values (FIG. 12). At 20:1 or
larger volume, the plasma further reduced the fluorescence
intensity to the lowest values. The intensity that was lower
than the initial reading was in the negative range.

These results show that plasma from a healthy person had
PLA,-stimulating activity (namely PLA, stimulator or
PLA,-s)and PLA, inhibitory activity (known throughout this
application as the specific fraction of albumin causing the
inhibitory activity, SFA). Whether PL A, activity is stimulated
or inhibited by plasma in the in vitro reaction depends on the
amounts of plasma present in the reaction mixture. In the
absence of PLA, in the reaction mixture, plasma itself (e.g., 4
ul and 30 pl) had little effect on liposome fluorescence inten-
sity (FIG. 12). Similarly, plasma stimulated and inhibited
PLA, from bee venom (Apis mellifera) and to a lesser extent
PLA, from snake venom (Crotalus durissus terrificus) (FIG.
13). Itis noted that the volumes of plasma needed to show the
optimal stimulating and inhibitory effects of PLA, from
venom were less than that used in the pancreatic PLA, stud-
ies. This is because the sensitivity of the PLA, assay varies
from batch to batch of the commercial products of PLA, and
phospholipids. In the following studies, a plasma dose-de-
pendent effect on PLA, was routinely performed for each
batch of PLA, and liposomes to determine the volumes of
plasma required to show optimal PLA,-stimulating and -in-
hibitory activity.

PLA,-s and SFA activities in plasma from healthy lungs vs.
inflamed lungs. Interestingly, two different plasma samples
from subject N1, one collected when the subject had allergic
rhinitis (plasma 092800) and the other one collected when the
subject had a viral respiratory infection (plasma 122900), had
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distinct SFA activity as compared to that shown in FIG. 12. At
5t these plasma samples exhibited similar PLA,-s activity
(FIG. 14) as that shown in FIG. 12. However, at 20 ul these
two plasma samples diminished PLA, and PLA,-s activities
only to the baseline values of liposomes (FIG. 14). Later, a
plasma sample was collected when the subject was healthy
(plasma 022801), and SFA activity was back to the level
similar to that shown in FIG. 12 (FIG. 14).

A ratio of the PLA,-s activity (5 ul plasma) over the SFA
activity (20 pl plasma) was calculated from each total activity
within 2 min period of reaction and named as “sPLA,/SFA
ratio.” The PLA,-s/SFA ratios of the four plasma samples of
N1 subject were determined and each of the samples was
assayed two to three times on different days. The ratios are
summarized in FIG. 15. The absolute value of the negative
ratio was less than 1.5 when blood was withdrawn when
subject N1 was healthy (plasma (02/08/01 and plasma Jun. 13,
2001). However, the absolute value of the negative ratio was
greater than four when blood was withdrawn when the subject
had either allergy (plasma Sep. 28, 2000) or a viral respiratory
infection (plasma Dec. 29, 2000). Negative ratio was obtained
because of the negative value of total SFA activity. The higher
the SFA activity, the lower the absolute value of the negative
ratio. Several more plasma samples were obtained from four
normal healthy subjects and the effects of these plasma
samples on PLA,-s activity were tested; multiple plasma
samples were obtained from one subject at different days.

These plasma samples all exhibited PLA,-s (5 pl plasma)
and SFA (20 ul plasma) with a PLA,-s/SFA ratio bet-
ween —1.0 and -1.6 (FIG. 16). In contrast, plasmas collected
from three subjects with CF and three subjects with COPD all
showed sPLA, activity, but these plasma samples all had
deficient SFA (FIG. 17). The PLA,-s/SFA ratios of these
samples ranged from -3.8 to -159 (the greater the absolute
value of the negative ratio, the less SFA in the negative fluo-
rescence intensity range). One COPD plasma sample had a
ratio of +9.5, which means at 20:1 this sample had a total SFA
in the positive range (i.e., greater SFA deficiency). The
PLA,-s/SFA ratios of plasma from healthy subjects, subjects
with inflammation symptoms, and a smoker are summarized
in FIG. 18. The cut-off point of the absolute values of the
negative ratio for healthy subjects appears to be less than 2.0
(FIG. 18, light gray area). A negative ratio whose absolute
value is greater than 2.0 or a positive ratio is likely associated
with inflammation. It is interesting to note that a cigarette
smoker, who appeared to be healthy, except for a chronic,
intermittently productive cough, had a PLA,-s/SFA ratio
value of -2.6.

Distributing PLA, and SFA in blood and tissues. The pat-
terns of PLA,-s and SFA activities in the sera were similar to
that observed in plasma. For example, the PLA,-s/SFA ratios
of the sera from two healthy subjects were -1.2 and -0.6,
whereas the ratios of the sera from two COPD subjects
were -9.6 and -4.0. PLA,, -s and SFA activities were found in
neutrophils, mononuclear leukocytes, and alveolar macroph-
ages. An example of PLA,-s and SFA activities in neutrophils
from a healthy subject and a COPD subject is shown in FIG.
19. SFA deficiency was observed in neutrophils from a sub-
jectwith COPD. In the presence of 0.1 mg neutrophil proteins
from a healthy subject, PLA, and PLA,-s activities were
totally inhibited, whereas even in the presence of 0.4 mg
proteins from a COPD subject’s neutrophils, no SFA inhibi-
tory activity was observed (FIG. 19). Similarly, SFA was
deficient in mononuclear leukocytes and macrophages from
subjects with inflamed Iungs.

PLA,-s and SFA activities in BALF. BALF from a CF
subject stimulated PL A, activity in a dose-dependent manner
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and the stimulation reached its optimum at 0.1 mg of BALF
protein, indicating the presence of PLA,-s in the fluid (FIG.
20). No SFA activity was detected in the BALF evenup t0 0.6
mg protein. Similar to the plasma, in the absence of PLA,,
BALF itself had no effect on liposome fluorescence intensity.
BALFs from normal healthy individuals had little PLA,-s
activity under the same assay conditions (F1G. 21A). BALFs
from subjects with allergic asthma stimulated PLA,, activity
by more than 2-fold (FIG. 21B).

Characterizing PLA,-s and SFA. Incubating plasma in
boiling water for 5-10 min considerably diminished SFA
activity, but had little effect on PLA,-s activity (FIG. 22). This
indicates that SFA and PLA,-s are two different moieties. The
molecular weights of PLA,-s and SFA were estimated to be
larger than 10 k because both factors were retained in the
concentrator with membrane of 10 k molecular weight cut off
after BALF or serum was concentrated in the device. Lipo-
somes containing radioactively labeled [1-'*C]dioleoyl PC
were used as PLA, substrate to determine that the enzymatic
products observed in the fluorescently-labeled liposomes
were derived from PC hydrolysis. After PLA, reaction, the
amounts of radioactivity were found increasing in fractions of
free fatty acids and lysoPC and decreasing in PC, indicating
PC hydrolysis. BALFs from CF subjects increased PLA,
activity by nearly 2-fold, whereas the CF BALF itself had no
PLA, activity (FIG. 23). Again, BALFs from normal volun-
teers had no effecton PLA, activity (FIG. 23). Heat treatment
of CF BALF in boiling water for 5 min also did not diminish
PLA2-s activity (FIG. 24). Interestingly, the native lung
annexin I and annexin VIII proteins significantly inhibited
PLA, and PLA,-s activities (FIG. 25).

Example 3
Effects of BALF on Pancreatic PLA, Activity

Continuous Fluorescent Assay. The present invention pro-
vides a simple and sensitive continuous fluorescent assay of
PLA, activity using fluorescently labeled unilamellar lipo-
somes as substrate. The unilamellar liposomes were made of
dioleoyl phosphatidylcholine (DOPC), phosphatidylglycerol
(PG) and fluorescently labeled 1,2-bis-(4,4-difluoro-5,7-
dimethyl-4-bora-3a,4a-diaza-s-indacene-3-undecanoyl)-sn-
glycero-3-phosphocholine (Bis-BODIPY FL C, ,-PC) (Mo-
lecular Probes, Eugene, Oreg.) in a molar ratio of 10:10:0.14
as described previously (42). The PLA, assay was conducted
in a single quartz cuvette in which it contained 0.01 M Tris-
HCI buffer, pH 7.4, 10 mM CaCl,, 27.3 nmol liposomes
phospholipids, and 10 ng porcine pancreatic PLA,. The fluo-
rescence intensity was recorded every 10 sec for 2minat21°
C. The fluorescence intensity was measured using a Perkin-
Elmer Luminescence Spectrometer LS50B equipped with FL
WinLab™ software (Perkin-Elmer Instruments, Norwalk,
Conn.) at 488 nm excitatopm (slit 2.5) and 530 nm emission
(slit 5.0). To test factors that might affect PLA, activity in the
BALF, an aliquot of the specimen was introduced to the
reaction mixture prior to the addition of PLA,.

There was no significant fluorescence intensity change in
the reaction mixture containing liposomes and calcium with-
out PLA,, or mixture containing liposomes and PL A, but no
calcium (FIG. 26). However, the fluorescence intensity of the
mixture containing all three components increased in a time-
dependent fashion within 2 min that was PL.A,-dose depen-
dent between 5-80 ng and liposome phospholipid-dose
dependent between 3-100 nmol (FIG. 26). The florescence
intensity increase was due to the release of fluorescently
labeled fatty acid and lysoPC from the quenched membrane
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environment. In the following studies the fluorescence inten-
sity increase of the control PLA, reaction was maintained at
linear range within 2 min (approximately 3-4 units increase at
2 min in the presence of 10 ng PLA, and 30 nmol liposome
phospholipids).

The specimens of BALF from CF patients were obtained
and prepared as previously described (41). Adding an aliquot
of CF BALF to the PLA, reaction mixture markedly stimu-
lated the PLA, activity in a BALF dose-dependent manner
(FIG. 27A). The stimulation reached to the optimal level at
100 pg BALF protein. The average percentage of the stimu-
lation by BALF from 4 individuals with CF (100 pg protein
per test sample) was 287.46x57.01%. BALF from normal
volunteers (NV) had little effect on the PLA, activity (FIG.
27B). BALF itselfhad no effect on the fluorescence intensity,
indicating that there was no detectable endogenous PLA,
activity in the BALF under the assay conditions. Heat treat-
ment of BALF from subjects with CF in boiling water for 5
min had no significant effect on the PLA,-stimulating activ-

ity.
Example 4

Effect of CF BALF on Bee Venom and Rattlesnake
Venom PLA, Activity

The CF BALF that stimulated pancreatic PLA, also
induced bee venom PLA, but had no effect on the snake
venom PLA, activity (FIG. 28). Although all the secretory
PLA, have similar molecular weights around 14 kDa, the
rattlesnake venom PLA, is distinct from pancreatic and bee
venom PLA, in that it is dimeric in structure and active in the
dimeric state (44). These results suggest that the CF BALF
stimulation was more specific for pancreatic- and non-pan-
creatic PLA, that includes the human PLA,-IB and PLA-
ITA.

Example 5
Isolating and Identifying PLA,-s in the CF BALF

Protein isolation. A pool of BALF from two CF subjects
(160 ml) were treated in boiling water for 7 min and the
denatured proteins were discarded by centrifugation. The
supernatant was concentrated and the concentrate was
employed for protein isolation by the methods of gel filtra-
tion, anionic exchange, and reverse phase high performance
liquid chromatography (HPLC). The PLA,-s activity was
traced by using the fluorescent assay. One single protein
possessing PLA,-s activity (named PLA,-s) was isolated.
The PLA,-s isolated by the reverse phase HPLC showed a
single band with an apparent molecular weight of 48 kDa on
sodium dodecyl sulfate polyacrylamide (SDS) gel (FIG.
29A). The purified PLA,-s also exhibited PLA,-stimulating
activity (FIG. 29B).

Protein structure determination and identification. The
protein band of PLA,-s on the SDS gel was excised and
digested with trypsin. The trypsin-digested peptides were
used for mass and peptide sequence determination by the
methods of “matrix-assisted laser desorption ionization”
(MALDI) and tandem mass spectrometry (MS/MS) con-
ducted at the Biotechnology Center (UWBC) on the Univer-
sity of Wisconsin campus. The PLA,-s peptide sequences,
after searching in the GenBank database, matched human
a1-AT. The matched peptide sequences are shown in Table 1.
SDS gel electrophoresis showed that the apparent molecular
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weight of the truncated .1-AT was indeed less than the intact
human serum o.1-AT which is a 52 kDa protein.

TABLE 1

38

to the addition of PLA, in a final volume of 3 ml. Then, PLA,
was added and fluorescence intensity was recorded. In some

Peptide mass and sequence of PLA, stimulator isolated

from BALF.

2Amino acid residue

Peptides Amino acid sequences location at human al-AT
1 IVDLVK (SEQ ID NO: 2) 169-174
2 LSSWVLLMK (SEQ ID NO: 3) 235-243
3 LSITGTYDLK (SEQ ID NO: 4) 291-300
4 GTEAAGAMFLEAIP (SEQ ID NO: 5) 344-357
5 ITPNLAEFAFSLYR (SEQ ID NO: 6) 26-39
6 VFSNGADLSGVTEE (SEQ ID NO: 7) 311-324
7 TLNQPDSQLQLTTG (SEQ ID NO: 8) 102-115

The native human a1-AT molecular weight is 52 kDa.
Apparently, the purified 48 kDa a1-AT from CF BALF was
the truncated a.1-AT. This finding is consistent with previous
report that l-AT in the BALF from CF patients with
inflamed lungs was a 48 kDa proteolytic product. It is known
that the truncated al-AT has no activity against neutrophil
elastase (45).

Example 6
Continuous Fluorescent Assay of PLA,

Liposomes were prepared by the method as previously
described (40). In this method phospholipids of 2.04 pmol
dioleoyl phosphatidylcholine (DOPC), 2.04 umol phosphati-
dylglycerol (PG) and 0.02 pmol fluorescenctly labeled 1,2-
bis-(4,4-difluoro-5,7-dimethyl-4-bora-3a,4a-diaza-s-in-
dacene-3-undecanoyl)-sn-glycero-3-phosphocholine  (Bis-
BODIPY FL C,,-PC) (Molecular Probes, Eugene, Oreg.)
were dissolved in about 1 ml chloroform. The chloroform was
then evaporated to dryness under a stream of nitrogen. The
dried phospholipid residues were suspended in 1.5 ml
sucrose/Tris buffer (0.25 M sucrose, 50 mM Tris-HCI, 0.02%
sodium azide, pH 7.4). The suspension was stirred occasion-
ally with vortex within 30 min. Then, the phospholipid sus-
pension was sonicated for 30 sec on ice and repeated 6 times
using a Virsonic cell disrupter (VirSonic, Gardiner, N.Y.). The
50% PC-50% PG liposomes were stored at 4° C. before use.

The PLA, assay of the present invention was conducted in
a 3 ml quartz cuvette in which 2.96 ml 0.01 M Tris-HCI
containing 0.02% sodium azide, pH 7.4, was first added,
followed by adding 30 ul of 1 M CaCl, and 10 pl ofliposomes
(27.3 mmol phospholipids). The solution was mixed well by
three times inversion of the cuvette covered with a piece of
parafilm. Then, an aliquot of PLA, working solution (0.01 pg
in 2-3 pl) was added to the reaction mixture followed by rapid
inversion of the cuvette three times. Fluorescence intensity
was immediately recorded every 10 sec for 2 min at 21° C.
(room temperature). The fluorescence intensity was mea-
sured using a Perkin-Elmer Luminescence Spectrometer
LS50B equipped with FL, WinLL.ab™ software (Perkin-Elmer
Instruments, Norwalk, Conn.) at 488 nm excitation (slit 2.5)
and 530 nm emission (slit 5.0). To test factors that might
affect PLA, activity in the plasma, serum or BALF, an aliquot
of the specimen was introduced to the reaction mixture prior
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tests, the fluorescence intensity of the reaction solution with-
out the presence of PLA, was recorded for up to 2 min to
obtain the background reading.

Determining endogenous PLA, activity inplasma and syn-
ovial fluid by fluorescent assay. To determine the endogenous
PLA, activity in specimens, the assay of the present invention
was conducted at 37° C., instead of at room temperature. The
reaction components were the same as that described above;
3 ml Tris buffer containing Bis-BODIPY FL C,;-PC-labeled
liposomes (27.3 nmol) and 10 mM CaCl, in the presence or
absence of specimens specified. The cuvette holder of the
luminescence spectrometer was connected to a water bath
with circulating water that kept the cuvette holder at 37° C.
and the buffer was maintained at 37° C. in the water bath.
Prior to determining the PLA, activity in the specimen, the
cuvette that contained pre-warmed buffer, liposome and cal-
cium (in the absence or presence of CF BALF) was kept in the
cuvette holder to allow the temperature to be equilibrated at
37° C. for 4 min. Then, the specimen to be tested was added
to the reaction mixture and the reaction was carried out at 37°
C. The fluorescence intensity was recorded every 10 sec for 2
min.

Isolating and characterizing SFA and PLA,-s from human
serum—@el filtration. A total of 14 ml of human sera from
healthy volunteers was employed to isolate SFA and PLA,-s.
One half of the serum was applied to a Sephadex G100
(Pharmacia, Piscataway, N.J.) column (2.6x55 cm) equili-
brated with Tris-EDTA-NaCl buffer (0.01 M Tris-HCI, 5 mM
2-mercaptoethanol, | mM EDTA and 0.15 M NaCl, pH 7.4).
The proteins were eluted with the Tris-EDTA-NaCl buffer at
a flow rate of 12 ml per hour and collected in 2 ml per tube.
Protein in each fraction was detected by absorbance at 280 nm
and the activities of SFA and PLA,-s were determined by the
fluorescent assay. The PLA ,-s activity was determined using
40 pl of the fraction and SFA was determined using 150 pl of
the fraction. Fractions that contained SFA and PLA,,-s activi-
ties were pooled, equilibrated with 0.01 M Tris-HCI, pH 7.4,
and concentrated to about 1 ml for the next step of isolation.
Similarly, the second half of the sera was run through the
G100 column by the same manner.

To isolate PLA,-s from BALF, a total of 160 ml BALF
collected from two subjects with CF were heated in boiling
water for 5 min. The denatured proteins were removed by
centrifugation at 10,000 rpm. The supernatant was concen-
trated to 25 ml. An aliquot of 8 ml of the concentrated super-
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natant was applied to the Sephadex G100 column as
described above. Three runs were performed. Fractions con-
taining PLA,-s activity from all three runs were pooled and
concentrated to about 1 ml for next step isolation.

Isolating and characterizing SFA and PLA,-s from human
serum: Anionic exchange column chromatography. One half
of the SFA/PLA,-s solution (from serum) or PLA,-s solution
(from BALF) from Sephadex G100 column was applied to a
high performance liquid chromatography (HPLC) anionic
exchange MonoQ column (5x50 mm) (Pharmacia) equili-
brated with 0.01 M Tris-HCI buffer, pH 7.4. The column was
eluted with 0.01 M Tris buffer with an ascending gradient of
1 M NaCl in Tris buffer. The column was first eluted for 10
min with 0.01 M Tris buffer, then with 25% of 1 M NaCl for
100 min, 50% of 1 M NaCl for 30 min, and finally with 100%
of 1 M NaCl for 10 min. The flow rate was 1 ml/min and the
collected fraction volume was 1 ml per fraction tube. Protein
in each fraction was determined by absorbance at 280 nm and
the SFA and PLA,-s activities were determined by the fluo-
rescent method.

Isolating and characterizing SFA and PLA,-s from human
serum—Reverse phase column chromatography. The SFA/
PLA,-s or PLA,-s fractions obtained from HPLC MonoQ
column chromatography were pooled, concentrated and
applied to a reverse phase HPLC Vydac C4 column (4.6%x250
mm, Separations Groups, Hesperia, Calif.). The column was
eluted with a gradient of solvent A of 0.1% trifluoroacetic
acid (TFA) and solvent B of 0.086% TFA in 80% acetonitrile
at a flow rate of 1 ml/min. The proteins were eluted with the
following gradient program: 10% B for an initial 2 min, then
agradient 0f 10-70% B in 60 min. Protein in each fraction was
determined by absorbance at 215 nm and 280 nm and the SFA
and PLA,-s activities were determined by the fluorescent
method.

Isolating and characterizing SFA and PLA,-s from human
serum. Sodium dodecyl sulfate polyacrylamide gel electro-
phoresis (SDS-PAGE). The amounts of proteins were deter-
mined by the methods of Lowry et al. (41) with modifications
suitable for microtiter plate assay. A specified amount of
protein (1-10 pg) was employed for protein separation using
a Bio-Rad Mini-PROTEAN 3 Cell Assembly Unit with the
use of a 10% SDS Ready gel (Bio-Rad, Hercules, Calif.)
under denaturing conditions. Proteins separated on the gel
were stained with Coomassie brilliant blue solution followed
by destaining.

Structure determination and identification of SFA and
PLA,-s. The protein band on the SDS gel was excised and
placed into a 0.5 ml microcentrifuge tube. The gel was treated
in 100 pl 25 mM NH,HCO,/50% acetonitrile to remove the
Coomassie blue stain. The de-colored gel was dried in a
vacuum centrifuge. The protein was reduced in 100 mM
dithiothreitol followed by modification with 55 mM iodoac-
etamide. Then the protein was digested with trypsin (Se-
quencing Grade Modified, Promega) solution (20 pul 0 0.006
mg/ml)at37° C. for 24 hours. The peptides were collected by
washing the gel with water followed by washing with 5%
trifluoroacetic acid/50% acetonitrile. The washes were com-
bined and dried in a vacuum centrifuge. The dried peptides
were used for mass and peptide sequence determination using
the methods of “matrix-assisted laser desorption ionization”
(MALDI) and tandem mass spectrometry conducted at Uni-
versity of Wisconsin—Madison Biotechnology Center
(UWBC, Madison, Wis.) on campus. The peptides of trypsin-
digested protein in SDS gel were also used to determine the
amino acid sequences by the tandem mass spectrometry (MS/
MS) method using the TOF instruments at UWBC.
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Fluorescent assay of phospholipase C (PLC) and lipase.
The fluorescent assay of PLC (Clostridium perfringens,
Sigma) was the same as the fluorescent assay of PLA.,, except
PLA, was replaced with a specified amount of PLC (0.01 to
0.05 unit) in the reaction mixture. The fluorescence intensity
was recorded every 10 sec for 2 min after PLC was introduced
into the reaction mixture. In some studies, an amount of 0.14
unit of porcine pancreatic lipase (Sigma) was added to the
reaction mixture after 2 min of PLC reaction. Then, the fluo-
rescence intensity was continuously recorded every 10 sec for
another 2 min.

Radioactive labeling of neutrophils (PMN) with
*H-arachidonic acid and study of the effects of PLA,, BALF
and plasma on *H-PMN. Neutrophils were isolated from
peripheral blood from a normal volunteer using the neutro-
phil isolation media (Polymorphprep™, Axis-Shield PoC
AS, Oslo, Norway). A total of 38.6x10° PMN were obtained
from 20 m1 peripheral blood. An amount of 5.5x10° PMN was
added to 1 ml RPMI culture medium containing 5% fetal calf
serum, 2 mM glutamine, 10 mM HEPES, penicillin (200
U/ml), streptomycin (200 U/ml), amphotericin (500 ng/ml),
and 5 pCi *H(N)-AA (Sigma) in a well of a 6-well dish.
Neutrophils were cultured at 37° C. ina 5% CO, incubator for
20 hours. After incubation all radioactively labeled cells were
harvested and combined. The medium was removed by cen-
trifugation and cells were washed with 10 ml ice-cold incom-
plete Hanks balanced salt solution (HBSS) two times. The
cells were suspended in 2 ml HBSS and used for PLA, stud-
ies. A small amount of PMN was cultured in non-radioactive
medium under the same conditions as that of radioactive
labeling of PMN and was used for cell viability and morphol-
ogy analyses.

PLA, reaction was conducted in 1 ml HBSS containing 1
mM CaCl, and 2x10° *H-labeled PMN in the presence or
absence of pancreatic PLA,, BALF, or plasma as specified in
a 10-ml culture tube. The reaction tube was incubated at 37°
C. for 10 min with frequent shaking. The reaction was
stopped on ice followed by centrifugation at 2,000 rpm for 10
min to precipitate the cells. The supernatant was removed; the
cells were washed with 10 ml ice-cold HBSS twice and
washes discarded. The cells were suspended in 0.1 ml lysis
buffer (0.01 M Tris-HC], 1 mM EDTA, 5 mM 2-mercaptoet-
hanol, 1% Igepal CA-630 nonionic detergent, and 2 mM
PMSE, pH 7.4) and sonicated on ice for 30 sec. Lipids in cell
homogenate were extracted with chloroform/methanol by the
method of Bligh and Dyer (46). Phospholipids, lysophospho-
lipids, neutral lipids and fatty acids were separated by thin-
layer chromatography (TLC) and their radioactivity was
determined as previously described (43).

Effects of plasma, serum and BALF on PL A, Activity. The
effects of plasma from healthy subjects on PLA, activity
varied depending on the amount of plasma in the assay. In the
presence of less than 2.5 pl plasma in the assay mixture, the
PLA, activity expressed as fluorescence intensity increase
was stimulated, and the stimulation was plasma dose-depen-
dent (FIG. 30). However, when the volume of plasma in the
assay increased, not only PLA, activity was inhibited, the
fluorescence intensity also dropped below the baseline. For
example, with the presence of 5 ul of plasma, the fluorescence
intensity decreased in the first 30 sec, and then gradually
increased afterward. When the plasma volume increased to 10
pl, the fluorescence intensity was reduced to the minimal
levels far below the baseline. Further increasing the amount
of plasma to 20 pl had nearly the same effect as 10 pl plasma.

Similar results were obtained from plasma samples
obtained from several healthy individuals. The inventors
observed that 1.75 pl plasma from a number of healthy sub-
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jects provided maximal PLA, stimulating effect and 10 pl
plasma was the minimal volume that yielded optimal PLA,
inhibitory effect. In the absence of PLA,, the amounts of
plasma ranging from 1.75 ul to 20 pl had no effect on the
fluorescence intensity under the assay conditions at room
temperature (21° C.) (FIG. 30).

The presence of 1.75 pLL of plasma from subjects with CF
or COPD also stimulated sPL A, activity similarto that stimu-
lated by the plasma from healthy subjects. Representative
examples are shown in FIG. 31. However, the effects of 10 ul
plasma from subjects with CF or COPD had less sPLA, and
fluorescent intensity inhibitory effects than that from healthy
subjects. Again, in the absence of sSPLA,,, the plasma had little
effect on the fluorescence intensity under the assay conditions
at room temperature (FIG. 31).

The inventors also quantified the total PLA, activity by
adding up each fluorescence intensity change at 10 sec inter-
val within 2 min reaction time. The total fluorescence inten-
sity (TFI) is more reliable than a single reading of the initial
rate. Also, because of both stimulating and inhibiting effects
of plasma on sPLA, activity and fluorescence intensity, TFI
appears to be more representative of the effects of the plasma.

The TFI of SFA (10 pl plasma) and PLA,-s (1.75 pl
plasma) were also determined by the same manner. The aver-
age TFI value of 29 different assays of PLA, was 23.37+4.77.
The TFI values of SFA were in the negative range because of
fluorescence quenching. Thus, higher negative value of TFI
represents higher SFA activity. Among the tested specimens,
the TF1 values of 10 ul plasma from NV were about 40-50%
higher than that from subjects with CF or COPD or from a
cigarette smoker (Table 2). However, the PLA,-s activities of
all groups were insignificantly different. The plasma albumin
levels of CF and COPD subjects were about 5% and 25%
lower than that of the normal subjects, respectively (Table 2).

TABLE 2
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had no significant change after plasma was set on ice for more
than 5 hours or stored at =70° C. for more than three days. As
described above, CF BALF also contained a PLA,-s (FIG.
33). Much of the experiments and results of BALF PLA,-s
isolation and identification are described above.

Determining endogenous PLA, activity in plasma and syn-
ovial fluid. When the fluorescent assay of the present inven-
tion was carried out at room temperature, the plasma, either
from NV or CF, did not produce any increase in fluorescence
intensity (FIGS. 30 and 31), i.e., no endogenous PLA, activ-
ity in the plasma could be determined. However, when the
assay temperature increased to 37° C., plasma in the reaction
mixture caused a time-dependent increase in fluorescence
intensity without adding porcine pancreatic PLA,. The total
fluorescent intensity generated by the plasma increased with
increasing amounts of plasma (from 1 to 2.5 ul) in the reaction
mixture (Table 3). The increase in fluorescence intensity was
probably due to factors other than PLA,, in the plasma. This is
probably why there was no apparent difference in the total
fluorescent intensity between NV and CF plasma.

However, the presence of heat-treated CF BALF in the
reaction mixture increased the fluorescence intensity of the
CF plasma, but the stimulation diminished with plasma vol-
ume greater than 2.5 pl. In contrast, CF BALF had little effect
on the fluorescence intensity of NV plasma among the tested
samples ranging from 1 to 2.5 pl plasma (Table 3). The
reaction mixture contained 27.3 nmol PC-PG (50%-50%) UL
labeled with Bis-BODIPY FL C,,-PC, 10 mM CaCl, in 3 ml
0.01 M Tris-HCI, pH 7.4 under conditions described in the
Table. The assay was conducted at 37° C. for 2 min. There-
fore, it is likely that the increase in fluorescence intensity in
the CF plasma caused by CF BALF was due to the stimulation
of the endogenous PLA, activity in the CF plasma by CF
BALF.

Total fluorescence intensitv (TFI) of SFA and PLA2-s and amount of albumin in plasma.

SEA (TF]) PLA,-s (TFD) Albumin
Sample Mean = SD % Mean = SD % s/ Ratio Mean = SD %
Normal -61.89 £5.61 (16) 100 70.96 £ 18.95 (16) 100 -1.14+0.26 39=02(8) 100
(Range) (-53.10 to —74.11) (67.65 to 113.39) (~0.84 to -1.72)
CF -37.22+£10.51 (7)* 60.1 79.69 = 20.04(7) 112.3 =240 £ 1.20 3.720305) 949
(Range) (-18.02 to -50.61) (52.83 10 114.14) (~1.20 to -4.61)
COPD  -27.59 +14.56 (4)* 44.6 56.65 £ 14.13 (4) 79.8 -2.59 £ 1.55 29=0403) 744
(Range) (-14.27 to -43.64) (37.69 10 64.52) (-1.16 to -4.62)
Smoker -34.49 55.7 64.89 914 -2.62

Numbers of samples are shown in parenthesis.
*p < 0.05 (t-test) compared to NV.
The value of TFI of the control PLA, was 23.37 + 4.77 of 29 assays.

The activities of PLA,-s or SFA were also present in the
serum (FIG. 32). Heat treatment of serum in boiling water for
5 min had markedly different effects on the SFA and PLA,-s
activities. With 1.75 pl heat-treated serum, the stimulating
activity was nearly totally diminished. With 10 ul plasma, the
inhibitory activity was completely abolished; instead, it
showed stimulating activity. Increasing plasma to 20 ul or 40
wl still had no inhibitory activity; there was only stimulating
activity. The stimulating activity reached the maximal level
with 10 pl of serum. These results suggest that there are
probably two separate factors, a heat-liable inhibitor (SFA)
and a heat-stable stimulator (PL.A,-s) in the serum or plasma
that affect the PLA, activity.

Plasma was isolated within 60 min after blood was drawn.
Both PLA,-s and SFA activities in the freshly isolated plasma
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TABLE 3

Fluorescent assay of endogenous PLA, activity
in plasma and the effect of CF BALF.

Plasma PLA,
Condition volume (ul)  activity (TFI) % control
Experiment 1
CF1 Plasma (control) 1 6.23
CF1 Plasma + CF BALF* 16.00 256.9
CF1 Plasma (control) 16.27
CF1 Plasma + CF BALF* 1.25 25.17 1547
CF1 Plasma (control) 38.28
CF1 Plasma + CF BALF* 39.66 103.6
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TABLE 3-continued

Fluorescent assay of endogenous PLA, activity
in plasma and the effect of CF BALE.

Plasma PLA,
Condition volume (ul)  activity (TFI) % control
Experiment 2
CF2 Plasma (control) 1 5.16
CF2 Plasma + CF BALF* 1 11.16 216.3
CF1 Plasma (control) L5 7.86
CF1 Plasma + CF BALF* 1.5 11.88 151.1
CF1 Plasma (control) L5 9.10
CF1 Plasma + CF BALF* 1.5 12.88 141.5
CF3 Plasma (control) L5 8.39
CF3 Plasma + CF BALF* 1.5 12.0 143.0
NV plasma
Plasma (control) 1 6.68
Plasma + CF BALF* 1 7.52 112.6
Plasma (control) L5 15.34
Plasma + CF BALF* 1.5 14.31 933
Plasma (control) 2.5 44.22
Plasma + CF BALF* 2.5 45.90 1253

*Heat-treated CF BALF with 100 ug protein.

The PLA,-s in the CF plasma stimulated by CF BALF was
probably the secretory PLA,-1IA, a subform of PLA, whose
level increases in the circulating blood of patients with
inflammatory diseases. Because sPLA,-IIA is enriched in
rheumatoid arthritis synovial fluid (12, 13), the inventors
further tested the effect of CF BALF on synovial fluid PLA,
activity using the fluorescent assay method of the present
invention. When the fluorescent assay was carried out at 37°
C., synovial fluid also increased total fluorescent intensity in
a dose-dependent manner (Table 4). Similar to that observed
with plasma, CF BALF stimulated synovial fluid PLA,, activ-
ity and the stimulation decreased with increasing synovial
fluid volume (Table 4). The reaction mixture contained 27.3
nmol PC-PG (50%-50%) UL labeled with Bis-BODIPY FL
C,,-PC,10mM CaCl, in3 m1 0.01 M Tris-HCl, pH 7.4 under
conditions described in the Table. The assay was conducted at
37°C. for 2 min.

TABLE 4

Fluorescent assay of endogenous PLA, activity
in synovial fluid and effect of CF BALE.

SF PLA, % Of
Conditions quantity activity (TFI)  control
Synovial fluid (control) 12.5 pl 18.62
125 ul 18.05
125 ul 17.41
Synovial fluid + BALF? 12.5 pl 30.22 167.6
125 ul 22.80 126.5
125 ul 28.38 1574
Synovial fluid (control) 25 ul 21.76
Synovial fluid + BALF® 25 ul 34.32 157.8
Synovial fluid (control) 50 pl 36.64
Synovial fluid + BALF? 50 ul 44.71 122.0

“The reaction mixture temperature was equilibrated to 37° C. prior to addition of synovial
fluid or PLA,
“Heat-treated CF BALF with 100 1g protein.

Because the catalytic activities of all secreted PLA,
enzymes in vitro are alike, apparently the CF BALF stimu-
lated the secretory PLA, activity including the pancreatic
PLA, (PLA,-IB) and PLA,-1TA. For convenience, the inven-
tors used the commercially-available porcine pancreatic
PLA, as the enzyme source in this study.

Radioactively labeled PMN assay. To investigate whether
the effects of CF BALF and plasma on PLA, are biologically
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significant, the inventors conducted experiments using
*H-phospholipid labeled PMN as substrate, instead of lipo-
somes, to test the effects of CF BALF and plasma on PLA,
activity. The inventors observed that after overnight incuba-
tion of PMN with *H-AA in the culture medium, over 80% of
total radioactivity (2.17x10* CPM) in the lipid fraction was
associated with PC. The inventors determined CPM of
lysoPC representing hydrolysis of PC catalyzed by PLA,.
The results showed that PLA, alone did not significantly
hydrolyze PMN phospholipids (Table 5). Neutrophils iso-
lated from normal volunteer peripheral blood were cultured in
medium containing *H-AA for 22 hours.

However, in the presence of CF BALF, PLA, hydrolyzed
PMN PC. The inventors also observed that in the presence of
NV plasma, PLA, did not hydrolyze PMN PC, but CF plasma
significantly induced PC hydrolysis catalyzed by PLA,.
These results suggest the biological importance of the stimu-
lation of PLA, by CF BALF and plasma. Isolation and iden-
tification of the factors in the CF BALF and plasma were
attempted.

TABLE 5

Effects of BALF and plasma on neutrophil phospholipid
degradation hydrolyzed by pancreatic PLA.

Experimental conditions Lyso phospholipids (cpm)

PMN control 2335.05
PMN control 1793.48
PMN + CF BALF 2242.45
PMN + CF BALF 3172.00
PMN + PLA, 1787.47
PMN + PLA, 1925.24
PMN + CF BALF + PLA, 4555.00
PMN + CF BALF + PLA, 3766.77
PMN + NV plasma 1682.84
PMN + CF plasma 1639.24
PMN + NV plasma + PLA, 1754.34
PMN + CF plasma + PLA, 3447.64

Isolating, characterizing and identifying SFA and PLA,
from human serum and PLA ,-s from human BALF. Some of
the results of isolation and identification of PLA,-s in CF
BALF that were presented above are repeated in this example
so that the properties of BALF PLA,-s can be compared with
that of serum PLA,-s.

Gel filtration. After serum was applied to the Sephadex
G100 column, most SFA and PLA,,-s activities were in frac-
tions containing proteins in the range of molecular weights
between 10 k-70 k (FIG. 33, Fractions #70-90). A small
amount of SFA and PLA,-s activities was found in fractions
containing high molecular weight proteins (Fractions #54-
67). The high molecular weight SFA and PLA,-s was prob-
ably a product of protein aggregation. In this study the inven-
tors focused on the isolation of SFA and PLA,-s in the low
molecular weight fractions between #70 and #90.

After BALF proteins were eluted from Sephadex G100
column, the PLA,-s activity was determined in the same
number fractions as that of serum proteins (FIG. 35). No SFA
activity was determined in all fractions.

Anionic exchange HPLC. After the serum protein fractions
collected from Sephadex G100 column were applied to the
anionic exchange MonoQ column, most SFA and PLA,-s
activities were found in the fractions eluted between 0.07 M
and 0.17 M NaCl gradient (between 60 to 90 min elution
time) (FIG. 36). The protein profile in these fractions had
broad multiple protein peaks that overlapped one another.
The SFA activity was more narrowly concentrated in frac-
tions between 65 and 75 min elution time than PLA,-s. Up till
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this step, SFA and PLA,,-s were not separable by the methods
of column chromatography described. The next step the
inventors employed used the reverse phase HPLC Vydac C4
column to isolate SFA and PLA,-s. The fractions eluted
between 60 and 90 min from MonoQ column were divided
into four groups with each group having the same number of
fractions in consecutive order. The fractions of each group
were pooled, concentrated, and equilibrated in 0.01 M Tris-
HCl buffer (pH 7.4) for applying to the reverse phase HPLC.

The protein profile of BALF eluted from MonoQ column
was different from the serum proteins (FIG. 37). Fractions
between 42 and 87 min elution time were divided into four
groups. Fractions of each group in successive order were
pooled and concentrated as described above for reverse phase
HPLC.

Reverse phase HPLC. Two major protein peaks, namely
protein-land protein-1I, were obtained from the reverse phase
HPLC chromatograms of the serum samples (FIG. 38A). The
amount of serum Protein-II was about 3% of protein-I.
Because the organic solvents used for the reverse phase
HPLC interfered with the PLA, fluorescent assay, all protein
fractions were re-equilibrated with 0.01 M Tris-HCI buffer,
pH 7.4, and concentrated. Most BALF proteins were eluted
from the column within the same time range of the serum
proteins (FIG. 39B).

Characterizing purified SFA and PLA,-s. Both serum pro-
teins [ and IT and BALF protein-II were highly purified as
each of these proteins exhibited a single band on the SDS gel.
The serum protein-1 and protein-I1 had the same molecular
weight around 52 kDa, whereas the BALF protein-1I had an
apparent molecular weight around 48 kDa.

The fluorescent assay demonstrates that protein-I has both
PLA,-inhibiting and PLA,-stimulating activities (FIG. 39).
At low protein levels (e.g., less than 30 pg), protein-I stimu-
lated PLA,. However, when the amount of protein increased
to 60 to 100 pg, protein-I showed PLA, inhibitory activity in
the beginning of the reaction and then showed PLA, stimu-
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lating activity. At high protein levels (e.g., 256 pg), protein-I
totally inhibited PLA, activity and reduced the fluorescence
intensity far below the baseline (FIG. 39A). Contrarily, pro-
tein-II at a wide range of protein concentrations exhibited
only PLA ,-stimulating activity (FIG. 38B).

After treating the protein in boiling water for 5 min, pro-
tein-11 lost less than 20% of'its activity, whereas protein-I lost
all of its stimulating and inhibiting activities. The activity
properties of protein-I and protein-II were consistent with
that observed with the plasma or serum as described above.
Although protein-IT isolated from BALF had lower molecular
weight than the protein-II isolated from serum, it also exhib-
ited PLA,-s activity and was heat stable (FIG. 40). The puri-
fied serum PLA,-s and BALF PLA,-s had similar levels of the
PLA,-stimulating activity at 61 g protein in the assay. Thus,
the inventors concluded that protein-1 was SFA and protein-I1
was PLA,-s.

Structure determination and identification of SFA and
PLA,-s. The peptide amino acid sequences of trypsin-di-
gested serum SFA and PLA ;-sand BALF PLA ,-s determined
by mass spectrometry are shown in Table 6. Database search
revealed that all determined serum SFA peptides matched
human albumin and all determined serum PLA,-s and BALF
PLA,-s peptides matched human a1-AT. This confirms that
serum SFA was albumin and serum PLA,-s was al-AT.
Because serum c.1-AT had a molecular weight of 52 kDa and
BALF PLA,-s had a mass of 48 kDa, this suggests that BALF
PLA,-s was a truncated c.1-AT. The cleavage site of a1-AT to
form the truncated c.1-AT in CF respiratory secretion had not
been previously determined. In this invention the inventors
determined that the N-terminal sequence of the truncated
al-AT was HDQDHPTFNKIT, indicating that a1-AT was
cleaved between His15 and His 16 bond in CF respiratory
secretions. Because the truncated o.1-AT molecular weight
was 4 kDa less than a1-AT, this suggests that cleavage at the
C-terminus must also occur, such as at the Pro357-Met358
bond (47-49).

TABLE 6

Results of tandem mass spectrometry (MS/MS) of trypsin
in-gel digested SFA and PLA,-g.

Peptides Obgerved m/z Expected m/z Calculated m/z

SFA from serum

Human albumin peptides

1 302.18 301.18 303.15 ER

2 508.24 507.23 507 .24 FGER (SEQ ID NO: 9)

3 927.49 926.49 926 .49 YLYEIAR (SEQ ID NO: 10
4 100.61 999.61 999.60 QTALVELVK (SEQ ID NO: 11
5 1149.63 1148.62 1148.61 LVNEVTEFAK (SEQ ID NO: 12)
6 671.82 1341.62 1341.63 AVMDDFAAFVEK (SEQ ID NO: 13)
7 820.47 1638.92 1638.93 KVPQVSTPTLVEVS (SEQ ID NO: 14)
8 955.97 1909.93 1909.92 RPCFSALEVDETYV (SEQ ID NO: 15
9 682.36 2044.07 2044.09 VFDEFKPLVEEPQN (SEQ ID NO: 16

PLA,-s from serum Human alpha l-antitrypsin

1 474 .26 473.26 473.28 LVDK (SEQ ID NO: 17
2 532.24 531.23 531.27 ELDR (SEQ ID NO: 18
3 505.27 604.28 604 .31 VPMMK (SEQ ID NO: 19
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TABLE 6-continued

48

Results of tandem mass spectrometry (MS$S/MS) of trypsin
in-gel digested SFA and PLA,-s.

Peptides Observed m/z Expected m/z Calculated m/z

4 390.17 778.32 778 .40 SPLFMGK (SEQ ID NO: 20}
5 504.7 1007.39 1007 .49 QINDYVEK (SEQ ID NO: 21}
6 555.75 1109.48 1109.60 LSITGTYDLK (SEQ ID NO: 4)
7 601.93 1802.77 1802.95 LQHLENELTHDIIT (SEQ ID NO: 22}
8 917.88 1833.74 1832.92 VEFSNGADLSGVTEE (SEQ ID NO: 7)
9 1288.09 2574017 2573.33 TLNQPDSQLQLTTG (SEQ ID NO: 8)
PLA,-s from BALF Human alpha l-antitrypsin
1 686 .44 685.43 685 .44 IVDLVK (SEQ ID NO: 2)
2 538.8 1075.58 1075.61 LSSWVLLMK (SEQ ID NO: 3)
3 1110.62 1109.61 1109.60 LSITGTYDLK (SEQ ID NO: 4)
4 754 .85 1507.69 1507.71 GTEAAGAMFLEAIP (SEQ ID NO: 5)
5 821.42 1640.83 1640.86 ITPNLAEFAFSLYR (SEQ ID NO: §6)
6 917.46 1832.90 1832.92 VEFSNGADLSGVTEE (SEQ ID NO: 7)
7 858.77 2573.28 2573.33 TLNQPDSQLQLTTG (SEQ ID NO: 8)
30

Effects of PLA,-s and SFA on PLC activity. It has been
shown that a number of proteins can stimulate PLA, activity
by depleting product inhibition (15). As shown above, while
CF BALF could stimulate pancreatic PLA, and bee venom
PLA,. ithad little effect on snake venom PLA,. This suggests
that stimulating pancreatic or bee venom PLA,, by truncated
al-AT was not due to product inhibition depletion. The
inventors speculated that truncated c.1-AT might interact with
membrane phospholipid head group and enhance PLA, pen-
etration. Unlike pancreatic and bee venom PLA,, snake
venom PLA, acts as a dimer that was probably not affected by
truncated al-AT-membrane interaction.

To test this hypothesis, the inventors tested the effect of
intact and truncated ct1-AT on PLC, an enzyme that cleaves
the phosphate bond on phospholipids to yield diacylglycerol.
The inventors employed the fluorescent method to determine
PLC activity. Unlike the PLA, reaction, the FI decreased in
the presence of PLC in the reaction mixture and the decrease
was PLC-dose dependent (FIG. 41). The decrease in F1 was
because of the release of more hydrophobic diacylglycerol
from PC into the environment that caused fluorescence
quenching. When pancreatic lipase was added to the reaction
mixture after 2 min of PLC reaction, the fluorescence inten-
sity markedly increased with time because of the hydrolysis
of diacylglycrol and the release of fluorescent-labeled fatty
acid (FIG. 41). In the absence of PLC in the reaction mixture,
lipase only yielded a moderate increase in FI, presumably due
to contamination of pancreatic PL A, in the commercial prod-
uct.

Interestingly, the purified serum PLA,-s (intact c1-AT)
and BALF PLA,-s (truncated al-AT) effectively inhibited
PLC activity, but they had no effect on the lipase activity
(FIG. 42). However, an amount of serum SFA (albumin) that
was 5 to 10-times more than PLA,-s had little effect on the
PLC activity.

Effects of commercial products of human albumin and
a1-AT on PLA, activity. Two different human serum albumin
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products, one globulin free (A8763) and one fatty acid free
(A3782) were purchased from Sigma Chemical Co. The fatty
acid-free albumin, as described in Sigma product information
sheet, was prepared from globulin-free product. The fatty
acid-free albumin exhibited the stimulating and inhibitory
effects on PLA, similar to that shown by the purified SFA and
plasma (FIG. 43A). Although the globulin-free albumin
stimulated PLA2 similarly as the fatty acid-free albumin, it
had much less PLA, inhibitory activity (FIG. 43B). It
appeared that more Sigma albumin was needed to display the
effects on PLA, than the newly purified SFA. For example,
Sigma fatty acid free albumin at 320 pg displayed similar
inhibitory and stimulating effects as 128 g of the newly
isolated SFA. This was not due to impurity in Sigma protein
because the Sigma albumin showed only a single protein band
and migrated at the same distance as SFA on the SDS gel.

It is known that the broad protein peak of albumin as seen
on anionic column chromatogram is a result of oxidation of
the SFA sulfhydryl group (18). It is interesting to note that
PLA,-s activity distributed along the broad protein peak,
whereas SFA activity was found mainly in the major protein
peak (FIG. 36). The major protein peak is known to be the
SFA which has the lowest fatty acid content among other
forms of albumin (18). This seems consistent with the results
that the commercial product of fatty acid-free albumin had
much higher SFA activity than the globulin-free albumin
(FIG. 43). Even the fatty acid-free albumin also has hetero-
geneous forms of albumin (47). This may explain that twice
the amount of commercial product of fatty acid-free albumin
was required to reach the optimal SFA activity as compared to
the purified SFA. These results imply that deficient SFA activ-
ity in albumin, such as resulted from oxidation or high content
of fatty acid binding, may impair its function as a regulator in
PLA,-mediated inflammation processes.

Human serum a1-AT was obtained from Sigma Chemical
Co.and it stimulated PLA, activity and inhibited PLC activity
similar to that displayed by the purified serum and BALF
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PLA,-s (FIG. 44A). In addition, the PLA,-stimulating activ-
ity and PLC-inhibiting activity (FIG. 44B) of the commercial
product of a1-AT was not affected by heating the protein in
boiling water for 5 min.

Effects of phospholipid membrane charge on PLA, stimu-
lation by truncated c.1-AT To determine whether stimulating
PLA, by truncated al-AT was phospholipid-charge depen-
dent, the inventors prepared three different groups of lipo-
somes: 100% PC liposomes, 90% PC-10% PG liposomes,
and 50% PC-50% PG liposomes. In the PLA, fluorescent
assay the inventors used each of these groups of liposome as
substrate to test the effects of truncated cl-AT on PLA,
activity. The results show that PLA, did not hydrolyze 100%
PC liposome phospholipid (e.g., no fluorescence intensity
increase) even at 37° C.; truncated a.1-AT also did not stimu-
late PLA, activity (FIG. 45A). Using 90% PC-10% PG lipo-
some as substrate, PLA, increased fluorescence intensity ina
PLA,-dose dependent manner, but the presence of truncated
a1-AT did not significantly enhance the PLA, activity (FIG.
45A). However, with 50% PC-50% PG liposome as substrate,
PLA, not only exhibited an enzyme dose-dependent activity,
its activity was two-times higher than that with 90% PC-10%
PG liposomes (FI1G. 45B). Also, with 50% PC-50% PG lipo-
some as substrate, PL A, activity was markedly stimulated by
truncated al-AT (FIG. 45B).

Effect of mixing lysoPC and truncated c1-AT or intact
a1-AT on PLA, activity was also determined by the fluores-
cent assay. The reaction mixture containing 27.3 nmol UL, 10
mM Ca* in the absence or presence of specified amount of
egg yolk lysoPC, truncated ou1-AT, intact a.1-AT, or human
serum albumin in 3 ml Tris buffer (pH 7.4) was incubated at
37°C. for 2 min followed by addition of 5 ng PLA,. Reaction
was continued at 37° C. for 2 min. Total fluorescence intensity
(TFI) within 2 min was determined as described in the mate-
rials and methods section. As shown in Table 7, pre-incuba-
tion of truncated or intact a1 -AT with lysoPC, a PLA, prod-
uct that causes fluorescence intensity increase in the
fluorescent assay, had little effect on PLA,-stimulating effect.

TABLE 7
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Example 7

Endogenous Serum sPLA2-Induced Activity

The activity of serum specific fraction of albumin (SFA) is
regulated by the secretory phospholipase A, (sPLA,). To
determine the endogenous sPLA,-induced SFA activity, it is
necessary to quantify the sPLA, activity to correlate with the
SFA activity. The inventors have recently developed a new
sPLA, fluorescent assay substrate that is specific for sPLA,
and more sensitive and stable than the substrates previously
used.

An amount of 2 mg of 100% phosphatidylglycerol (PG)
and 0.014 mg of BODIPY-PC are dissolved in 1 ml 100%
ethanol and stored at —-20° C. before use. The mixture of
PG-BODIPY-PC in ethanol is stable at -20° C. over a six-
month period, more stable than liposomes composed of the
same components that are prepared in buffer following soni-
cation. Preparation of PG-BODIPY-PC in ethanol does not
require sonication.

After the components are dissolved in ethanol, the ethanol
solution can be used for determining sPLLA2 activity in bio-
logical samples including serum (plasma) or tissues. The
assay using ethanol PG-BODIPY-PC solution is also simpler
than using a liposomal PG-BODIPY-PC substrate that
requires sonication. An example of using a 96-well micro-
plate for a triplicate assay with using PG-BODIPY-PC etha-
nol solution as substrate and human serum sPLA2 as the
enzyme source is described as follows.

Anamount 0£0.099 ml of 0.01 M Tris-HCI buffer contain-
ing 10 mM CaCl, (pH 7.4) is added to each well followed by
addition of 11 of serum and mixing. An amount of 9.9 pl of
PG-BODIPY-PC ethanol solution is added to a 0.66 ml of
0.01 M Tris-HCI-10 mM CaCl, buffer in a trough, mixed
thoroughly, and then an aliquot of 0.2 ml of the substrate-
buffer mixture is added to each well using a multiple tips
pipette with gentle mixing. The reaction mixture in each

Effect of mixing lysoPC and truncated al-AT or intact al-AT

on PLA, activity determined by the fluorescent assay.

Experimental condition TFI % of control
PLA, (5 ng) (control) 37.62 100
Truncated al-AT (6 ug, 0.12 nmol) + PLA, (5 ng) 57.23 1521
Intact al-AT (20 pg, 0.38 nmol) + PLA, (5 ng) 68.96 1833
LysoPC (9 nmol) + PLA, {5 ng) (control) 19.70 100
LysoPC (9 nmol) + Truncated a.1-AT (6 pg, 0.12 nmol) + PLA, (5ng) 31.82 161.6
LysoPC (9 nmol) + Intact al-AT (20 pg, 0.38 nmol) + PLA, (5 nmol) 29.81 1514
PLA,; (5 ng) (control) 4743 100
Albumin (20 pg, 0.32 nmol) + PLA, (5 ng) 66.20 1396
LysoPC (9 nmol) + PLA, (5 ng) (control) 40.68 100
LysoPC (9 nmol) + Albumin (20 pg, 0.32 nmol) + PLA, (5 ng) 46.01 1131
PLA, (5 ng) (control) 2423 100
Albumin (20 pg, 0.32 nmol) + PLA, (5 ng) 48.19 198.9
LysoPC (9 nmol) + PLA, (5 ng) (control) 23.75 100
LysoPC (9 nmol) + Albumin (20 pg, 0.32 nmol) + PLA, (5 ng) 3591 1512

Inhibiting PLA, and truncated a1-AT activity by annexin.
The inventors previously described that lung annexins (an-
nexin [ and annexin VIII) inhibited PLA, activity and sup-
pressed the stimulation of PLA, by CF BALF using the radio-
actively labeled liposome method (30) (FIG. 46A). Here,
using the fluorescent assay of the present invention, the inven-
tors also demonstrate that annexin [ markedly inhibited both
PLA, activity and the effect of truncated a1-AT on PLA,
stimulation (FIG. 46B).
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microplate well contains 11 of serum and 31 of substrate in a
final volume of 0.3 ml. The microplate is immediately placed
in atemperature-controlled (30° C.) microplate reader (Perki-
nElmer microplate reader accessory) attached to a Perki-
nElmer Luminescence Spectrometer L.S50B (PerkinElmer
Instruments, Norwalk, Conn., USA). The fluorescence inten-
sity (FI) in each well is recorded every 20 sec for 90 cycles at
488 nm excitation (excitation slit: 2.5 nm) and 530 nm emis-
sion (emission slit: 5.0nm). Toassay sPLA, in the presence of
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EGTA, 0.01 M Tris-HC1 (pH 7.4) containing 10 mM Ca®* and
20 mM EGTA is used as the assay buffer.

A comparison of the activity of sSPLA,-1IA in human serum
as measured using 100% PG-BODIPY-PC in ethanol and
100% PG-BODIPY-PC liposomes prepared in sucrose-Tris
buffer (Tsao, et al. Clin Chim Acta 2007; 379:119-126) is
shown in FIGS. 47 and 48. The advantages ofusing 100% PG
and BODIPY-PC in ethanol over liposomes in buffer are
several: (1) omit sucrose-Tris buffer, (2) easy to prepare, (3)
stable at —20° C. for storage, and (4) enhance sPLA2 activity
(FIGS. 47-48).

Example 8
Continuous PLA, Fluorescent Assay

Materials. Porcine pancreatic PLA,, dioleoyl phosphati-
dylcholine (DOPC), phosphatidylglycerol (PG), globulin
free albumin, and fatty acid free albumin were purchased
from Sigma Chemical (St. Louis, Mo.). Fluorescence labeled
bis-BODIPY, C,,-PC (1,2-bis-(4,4-difluoro-5,7-dimethyl-4-
bora-3a,4a-diaza-s-indacene-3-undecanoyl)-sn-glycero-3-
phosphocholine) (BODIPY-PC) and C1-BODIPY® C12
(4,4-difluoro-5-methyl-4-bora-3a,4a-diaza-s-indacene-3-
dodecanoic acid) (BODIPY-FA) were obtained from Invitro-
gen Molecular Probes (Eugene, Oreg.). Sequencing grade-
modified trypsin was from Promega (Madison Wis.).
Recombinant human sPLA -1TA was kindly provided by Dr.
Wonhwa Cho in the Department of Chemistry, University of
Illinois at Chicago, Il1., USA.

Isolating human plasma and serum. Obtaining serum
samples from human subjects was approved by the Institu-
tional Review Board ofthe University of Wisconsin School of
Medicine and Public Health. Informed consent was obtained
from all subjects or their authorized representatives for the
collection of the samples. Serum samples were obtained from
adult healthy volunteers and patients. For isolating plasma,
blood from the subjects was drawn into vacutainer tubes
containing 15% (w/v) K;EDTA (BD, Franklin Lake, N.J.,
USA). The tubes were centrifuged at 2,000xg for 20 min at
16° C.toobtain plasma. Forisolating serum, peripheral blood
was centrifuged at 2,000xg for 20 min after clotting taking
place. Patients diagnosed with chronic obstructive pulmonary
disease (COPD) and patients with sepsis (sampled at the time
of diagnosis) were recruited in this study. Septic shock was
diagnosed according to clinical criteria defined as the pres-
ence of a suspected or known infection and sepsis-induced
dysfunction of at least one organ (cardiovascular, renal, res-
piratory, hematologic, or unexplained metabolic acidosis).
Eligible patients were admitted to the intensive care unit at
University of Wisconsin Hospitals and Clinics, Madison,
Wis. Patients were excluded from the study if they were
admitted to intensive care unit more than three hours after
suspicion of sepsis or if they received antibiotic treatment
prior to enrollment and obtaining of the blood sample. Inves-
tigators were blinded to patients’ clinical course and outcome
and the patients received treatment at the discretion of their
clinicians.

Determining sPLA, activity and sPLA,-plasma (serum,
albumin)-BODIPY-PC-liposome interactions. The PLA,
assay of the present invention was conducted using liposomes
composed of 50% DOPC-50% PG labeled with BODIPY-PC
as the substrate either in a 3-ml quartz cuvette or in a 96-well
plate (33). The reaction mixture of the assay carried out in a
quartz cuvette contained 10 mM CaCl,, 20 pg liposome phos-
pholipids, and 10 ng PLA, in afinal volume of 3 ml 0of 0.01M
Tris-HCI, pH 7.4. The amounts of all the components in the
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reaction mixture were reduced 10-fold when the assay was
conducted in a microplate well. The commercially-available
porcine pancreatic PLA, was mainly used as the enzyme
source in this study. The PLA, working solution (2.5 ug of
protein in 0.5 ml 0.01 M Tris-HCI, pH 7.4) was freshly pre-
pared before use.

To determine the interactions between PLA, and albumin
or serum, the substrates of 50% DOPC-50% PG liposomes
labeled with BODIPY-FA were used in some of the assays.
DOPC-PG-BODIPY-FA liposomes were prepared by mixing
2 mg DOPC, 2 mg PG, and 0.032 mg BODIPY-FA in chlo-
roform. The stock solution of BODIPY-FA was prepared by
dissolving 1 mg BODIPY-FA in 1 ml of methanol. The chlo-
roform of the DOPC-PG-BODIPY-FA solution was evapo-
rated to dryness and liposomes were prepared in 2 ml sucrose-
Tris buffer (0.25 M sucrose, 50 mM Tris-HC], 0.02% sodium
azide) as described previously (33).

The reaction was initialized by adding the protein solution
(PLA,, serum, plasma, or albumin) and the fluorescence
intensity of the reaction was immediately determined at 488
nm excitation (slit2.5) and 530 nm emission (slit 5.0) at room
temperature using a luminescence spectrometer LS50B (Per-
kin-Elmer Instruments, Norwalk, Conn.). An initial reading
was recorded as zero time and subsequent readings were
taken every 5-10 sec for 2-4 min. The activity was expressed
as fluorescence intensity (FI) vs. time (sec) after initial read-
ing was subtracted.

Isolating and characterizing factors in human serum that
affect PLA, activity. To determine the factor(s) in the serum
thatmay affect the PLA, activity, a total of 7 ml ofhuman sera
from four healthy volunteers was used for a series of column
chromatography isolation. The activity of the factor(s) that
affects PLA, reaction was determined using the single cuvette
method with DOPC-PG-BODIPY-PC as the substrate. The
serum was first applied to a Sephadex G100 (Pharmacia,
Piscataway, N.J.) column (2.6x55 cm) equilibrated with Tris-
EDTA-NaCl buffer (0.01 M Tris-HCl, 5 mM 2-mercaptoet-
hanol, I mM EDTA and 0.15 M NaCl, 0.02% NaN,, pH 7.4).
The proteins were eluted with the Tris-EDTA-NaCl buffer at
a flow rate of 12 ml per hour and collected in 2 ml per tube.
Protein in each fraction was detected by absorbance at 280
nm. An aliquot of 40 pl or 150 pl of each fraction collected
from the column was added to the PLA, reaction mixture to
determine the unknown factor activity. Fractions that had FI
inhibitory effect in the presence of PLA,, were pooled, equili-
brated with 0.01M Tris-HCI, pH 7.4, and concentrated to
about 1 ml. The concentrated pool was applied to a high
performance liquid chromatography (HPLC) anionic
exchange MonoQ column (5x50 mm) (Pharmacia) pre-
equilibrated with 0.01 M Tris-HCl buffer, pH 7.4. The column
was eluted with 0.01 M Tris buffer with an ascending gradient
of 1M NaCl in Tris buffer. The column was first eluted for 10
min with 0.01 M Tris buffer, then with 25% of 1 M NaCl for
100 min, 50% of 1M NaCl for 30 min, and finally with 100%
of 1 M NaCl for 10 min. The flow rate was 1 ml/min and the
collected fraction volume was 1 ml per fraction tube. Protein
in each fraction was determined by absorbance at 280 nm and
its effect on PL A, activity was determined.

The fractions from HPLC MonoQ column chromatogra-
phy that affected the PL A, activity were pooled, concentrated
and applied to a reverse phase HPLC Vydac C4 column
(4.6x250 mm) (Separations Groups, Hesperia, Calif.). The
column was eluted with a gradient of solvent A (0.1% trifluo-
roacetic acid, TFA) and solvent B (90% acetonitrile in
0.088% TFA) ata flow rate of 1 ml/min. The elution program
was setup as: 0-10 min 0% B, 10-25 min 0-30% B, 25-65 min
30-70% B, 65-80 min 70-100% B. Protein in each fraction
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was determined by absorbance at 215 mm and 280 nm and its
effect on the PLA, activity was determined.

The purity of the protein was analyzed by sodium dodecyl
sulfate polyacrylamide gel electrophoresis (SDS-PAGE)
using 10% SDS Ready gel and Mini-PROTEAN 3 Cell
Assembly Unit (Bio-Rad, Hercules, Calif.) under denaturing
conditions. Proteins on the SDS gel were visualized by Coo-
massie brilliant blue staining.

Peptide sequence determination of serum protein that
affects PLLA2 activity. An amount of 5 pg ofthe purified serum
protein that affected the PLA, activity was run by SDS-
PAGE. The Coomassie brilliant blue stained protein band on
SDS gel was excised and placed into a 0.5 ml microcentrifuge
tube. The gel was treated in 100 pl of 25 mM NH,HCO,/50%
acetonitrile to remove the Coomassie blue stain. The de-
colored gel was dried in vacuum centrifuge. The protein was
reduced in 100 mM dithiothreitol followed by modification
with 55 mM iodoacetamide. Then the protein was digested
with trypsin (20 pl of 0.006 mg/ml) at 37° C. for 24 hr. The
peptides were collected by washing the gel with water fol-
lowed by washing with 5% trifluoroacetic acid and 50%
acetonitrile. The washes were combined and dried in vacuum
centrifuge. The dried peptides were used for mass and peptide
sequence determination using the methods of “matrix-as-
sisted laser desorption ionization” (MALDI) and tandem
mass spectrometry (MS/MS) method using the TOF instru-
ments conducted at the University of Wisconsin Biotechnol-
ogy Center (UWBC) on campus.

Effects of plasma and serum on PLA, activity. The effects
of plasma or serum on PLA, activity were investigated by
using plasma or serum from healthy subjects (HS) and pan-
creatic sPLA, as the enzyme source. In the reaction mixture in
acuvette containing liposomes (50% DOPC-50% PG labeled
with BODIPY-PC) as the substrates, pancreatic sSPLA, gen-
erated a time-dependent increase in fluorescence intensity
(AFD) (FIG. 49). Without sPLA,, the levels of AFI remained
no significant change during the 2-min reaction. Presence of
1.75 ul of plasma or serum in the reaction mixture markedly
increased AF] in the sPLA, reaction. However, an increase in
plasma or serum, for example, to 5 pl in the PLA, reaction
mixture, AF] started to decrease to the level below the base-
line in the first 30 sec and then gradually increased afterward
to the baseline level. Increasing the amount of plasma or
serum to 10 pl reduced AFI farther from the baseline level and
vielded negative AFI values through the 2-min reaction.
Increasing the plasma or serum to 20 pl had a similar effect as
10 ul of plasma or serum. In the absence of sPLA, but pres-
ence of calcium, or absence of calcium but presence of
sPLA,, plasma or serum at 1.75 pl or 10 pl had no effecton F1.
The effects of plasma or serum on the sPLA, reaction
remained no change after plasma or serum was set on ice for
more than 5 h or stored at =70° C. for more than a month. The
effects of serum from subjects with COPD were tested.
COPD subject’s serum at 1.75 pl had similar stimulating
effect on AF1 in the PLA, reaction as that from healthy sub-
ject. However, presence of 10 pl of serum from COPD subject
only decreased AFI in the PLA, reaction to the level as that
affected by 5 pl healthy subject’s serum (FIG. 49).

The effects of 1.75 ul (for PLA,-s) and 10 ul (for SFA) of
plasma were determined from multiple plasma samples from
several HS, COPD, and patients with cystic fibrosis (CF).
Total fluorescence intensity (TFI) was obtained by adding up
of all recorded AFI within 2 min of the reaction time. The
results of TFI and albumin level of the assayed plasma
samples are summarized in Table 8.
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TABLE 8

Total Fluorescence Intensity (TFI) of SFA,
PLA,-s, and albumin content in plasma.

Subjects  TFI of SFA TFIof PLA,-s Albumin (g/dL)
HS -56.66 +1.15 (8) 62.21 £2.45(8) 3.94+0.09(8)
CF -29.28 +5.64 (5) 61.97 £5.40 (5) 3.66 £0.14(5)
COPD -17.10+1.92(3)  56.01 £10.80 (3) 2.90+031(3)

The data is presented as mean = SEM. TF1 is the sum of API recorded within 2 min ofreaction
time. Plasma samples were obtained from HS (healthy subjects), CF (cystic fibrosis subjects)
and COPD (chronic obstructive pulmonary disease subjects). The number of subjects is
shown in the parenthesis. Each sample was assayed in duplicate.

*p < 0.05 (t-test) compared to HS.

The value of TFI of PLA2 without plasma was 23.37 +4.77 for 29 assays.

There were no significant differences among the values of
PLA,-s TFI of the plasma samples of HS, CF, and COPD.
However, the values of PLA,-1 TFI of CF and COPD were
only 52% and 30% of that of HS, respectively. The amounts of
albumin in the CF and COPD samples were 93% and 74% of
that of HS, respectively. The marked difference in PLA,-1 TFI
between HS and CF and COPD prompted us to determine the
PLA,-i factor in the plasma or serum.

Isolation, characterization, and determination of the fac-
tor(s) in the human serum that affect AFI in sPL A, reaction.
Because plasma and serum had the same effects on PLA,
activity, a pool of 5 ml of serum from healthy subjects was
used as the source for isolation of the PLA,-i factor. After
serum was applied to a Sephadex G100 column, the factors
that increased or decreased AFI in the PL A, assay werein the
fractions containing proteins in the range of molecular
weights between 10-70 kDa (data not shown). After the
Sephadex G100 column fractions that affected AFI were
pooled, processed, and applied to an anionic exchange
MonoQ column, fractions collected between 60 and 90 min
contained factors that increased percentage of total AFT of
sPLA, (100% assigned for sPLA, activity) (FIG.50A). How-
ever, fractions that decreased percentage oftotal sPL A, activ-
ity was mainly in the fractions collected between 65 and 75
min (eluted between 0.07 M and 0.17 M NaCl gradient). After
the fractions eluted between 65 and 75 min from MonoQ
column were further purified by the HPLC reverse phase
Vydac C4 column, two major protein peaks were obtained
(FIG. 50B). Only the protein fraction marked Protein-I con-
tained the stimulating and inhibitory effects on AFI in the
sPLA, assay. SDS gel analysis showed that Protein-1 was
highly homogenous with an apparent molecular weight of 62
kDa (FIG. 50B).

The fractions of Protein-I were pooled and equilibrated in
0.01 M Tris-HC1 buffer, pH 7.4 to eliminate the organic
solvent used for the reverse phase column chromatography,
and its effect on AFI in sPLA, assay was determined. Pro-
tein-I exhibited similar effects on AFI in the sPLA, assay as
that observed with serum or plasma (FIG. 51). At low protein
level (e.g., less than 30 ng), Protein-I increased AFI, at high
protein level (e.g., 256 pg), Protein-I produced negative AFI
below the baseline. After treating Protein-I in boiling water
for 5 min, Protein-I lost all of its AFI increasing and decreas-
ing effects in the sPLA, assay. Protein-Iitselfhad no effect on
the F1 in the assay.

All determined peptide sequences of trypsin-digested Pro-
tein-I (Upper Case) were identical to the matched human
albumin peptide sequences (GenBank/NCBI, accession No.
AAA98797) shown in the numeric numbers: YLYEIAR (162-
168), QTALVELVK (550-558), LVNEVTEFAK (66-75),
AVMDDFAAFVEK (570-581), KVPQVSTPTLVEVS (438-
451), RPCFSALEVDETYV  (509-522), VFDEFK-
PLVEEPQN (397-410). The results of the peptide sequences
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and the apparent molecular weight shown in FIG. 52B of
Protein-1 confirmed that Protein-1 was albumin. The inventors
then tested the effects of commercially available albumin
products, globulin-free albumin and fatty acid-free albumin
on AFT in the sPLA, assay. Presence of globulin-free or fatty
acid-free albumin in low amount (0.08 mg) in the sPLA,
reaction mixture increased AFI (FIGS. 52A and 52B), similar
to that observed in reactions containing plasma, serum, or
Protein-1. With increasing amounts of albumin to 0.32 mg in
the reaction mixture, the fatty acid-free albumin reduced AFI
in the first 60 sec to the level below the baseline, and then
gradually increased AFI to above the baseline level (FIG.
52A). With increasing the amount of fatty acid-free albumin
to 0.64 mg in the sSPLA, reaction, AFI was reduced far below
the baseline during the 2-min reaction (FIG. 52A).

In contrast, globulin-free albumin at 0.32 mg to 0.64 mg
had much less inhibitory effect on AFI in the PLA, reaction
(FIG. 52B). Although fatty acid-free albumin and globulin-
free albumin showed a single protein band on the SDS gel,
both proteins yielded multiple protein fractions after each
protein was passed through the anionic MonoQ column; the
patterns of column chromatograms of both proteins were
similar (FIGS. 52C and 52D). Some fractions from fatty
acid-free albumin and globulin-free albumin had similar AFI-
increasing effects when certain amounts of the protein in
these fractions were added to the sPLA, assay (FIGS. 52C
and 52D blue).

Under the sPLA, assay conditions that determine the AFI-
decreasing effect with large amounts of protein, only a small
fraction of protein eluted between 87 and 92 min from the
column loaded with fatty acid-free albumin had the AFI-
decreasing effect. The amount of protein in these fractions
was only about 5% of total albumin recovered from the
MonoQ column. This fraction of albumin is known through-
out this document as the “Specific Fraction of Albumin”
(SFA). Unlike fatty acid-free albumin, none of the protein
fractions of globulin-free albumin collected from MonoQ
column had significant AFI-decreasing effect under the same
assay conditions (FIGS. 52C and 52D red).

To test whether or not globulin-free albumin’s lack of
AFI-decreasing effect in the PLA, assay was due to contami-
nation in the globulin-free albumin that might inhibit the
AFI-decreasing effect, the inventors added 0.64 mg of globu-
lin-free albumin and 0.64 mg fatty acid-free albumin to the
PLA, reaction mixture. There was no difference in TFI
between the reaction containing (globulin-free albumin+fatty
acid-free albumin) and the reaction containing fatty acid-free
albumin (-97.15+7.0 vs.-91.87+2.03 from 2 assays, respec-
tively). Similar to the pancreatic PLA, assay, serum and fatty
acid-free albumin also had AFl-increasing and AFI-decreas-
ing effects on the recombinant human sPLA,-IIA activity in
the fluorescent assay with BODIPY-PC labeled liposomes
(FIG. 53). Therefore, there is no significant difference in
regards to determination of the effects of serum or albumin on
the activities between sPLA,-IIA and pancreatic sPLA, by
the in vitro fluorescent assay.

Determining sPLA,-induced albumin-liposome interac-
tion using BODIPY-FA-labeled liposomes as substrates.
BODIPY-PC used in liposomes was the substrate of sPLA,
which generated fluorescently labeled fatty acid and lysoPC.
Clearly, albumin effects on AFI-increasing and AFI-decreas-
ing signals in the sPLA, assay with BODIPY-PC liposomes
as substrates probably involved interactions of albumin with
three fluorescently labeled components, PC, fatty acid, and
lysoPC. Thus, mixed fluorescent signals from the sPLA,
reaction and albumin-liposome interaction were produced.
To eliminate the F1 change that could be generated by sPLA,,
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the inventors used fluorescent probe-labeled FA (BODIPY-
FA) to replace the BODIPY-PC in liposomes so the fluores-
cent probe was no longer the sPLA, substrate.

With BODIPY-FA-labeled liposomes as substrates, the
inventors observed that sPLA, did not produce significant
AFT in the assay mixture conducted in a single cuvette (FIG.
54A). Without sPLA,, presence of plasma, serum in the assay
mixture containing BODIPY-FA liposomes did not produce
significant changes in AFI. However, combining plasma (se-
rum or albumin) and sPL A, in the reaction mixture generated
a time-dependent increase in AFT; there was no significant
difference in AFI produced by plasma or serum. However, the
presence of fatty-acid free albumin in the sPLA, reaction
mixture increased AFI much higher than that generated by the
same amount of globulin-free albumin (FIG. 54A). The
BODIPY-FA-labeled liposome assay could be easily per-
formed in 96-well microplate, similar to the sPLA, assay
previously described (33).

Three different kinds of liposomes labeled with BODIPY-
FA were used as substrates to test the sSPLA,-induced serum-
liposome interactions. Liposomes made of 50% DOPC-50%
PG yielded the highest AFI values in the reaction mixture
(214.81+7.02, n=3), next was liposomes made of 100% PG
(170.96+4.20, n=3); liposomes made of 100% PC did not
yield any FI change in the reaction (-2.74+0.53,n=3). Similar
results were obtained by using 10 pl BODIPY-FA-labeled
DOPC-PG mixture prepared in 100% ethanol as substrate in
microplate assay (data not shown). This substrate preparation
further simplifies the assay procedure by omitting sonication.
Substrates in ethanol were stable at -20° C. for at least over 6
months.

The inventors next examined the effects of serum from
healthy individuals, subjects with COPD or sepsis on sPLA,-
induced albumin-BODIPY-FA-liposome interactions. The
assay was conducted in 96-well microplate under two differ-
ent conditions: assay 1 was performed in the absence of
exogenous sPLA,, and assay 2 was carried out in the presence
of exogenous pancreatic PLA,. In the absence of exogenous
PLA2 in the assay reaction, only the serum from septic
patients yielded significant amounts of AFI, whereas serum
from healthy and COPD subjects did not produce any AFI
(FIG. 54B). In the presence of exogenous PLA,, the AFI
values generated by the serum from healthy subjects were
nearly 2x higher than that generated by the serum from COPD
or septic patients (FIG. 54C). Subtraction of the AFI values in
FIG. 54B (Serum-Exogenous PLA, assay) from the AFI val-
ues in FIG. 54B (serum-+exogenous PLA, assay) yielded the
serum-liposome interaction values among the three groups of
subjects more strikingly different (FIG. 54D). The average
value (termed as SFA activity in unit of AFl/min/pl serum) in
the serum from 7 healthy individuals, 3 COPD subjects, and
3 septic patients were 198.7+4.1, 93.0+14.1, and 26.5£7.3,
respectively.

SFA activity was dependent on the phospholipid composi-
tion in the substrate. Negatively charged phospholipid (PG) in
substrate was required for determining the serum SFA activ-
ity (FIG. 55). SFA was completely inactive with using 100%
DOPC as substrate. A combination of 50% DOPC and 50%
PG was better substrate than 100% PG substrate.

Determining sPLA, activity by the continuous fluorescent
assay is based on the measurement of FI change due to the
cleavage of the fatty acyl group at the 2-position of fluores-
cent probe BODIPY-PC embedded in liposomes by sPLA,
(26). The presence of plasma or serum in the assay mixture in
absence of sPLA, did not have any effect on FI as compared
to the background. However, co-presence of sPLA, and
plasma or serum, FI changed in addition to that generated by
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sPLA,. For example, addition of a small amount of plasma or
serum (e.g., 1.7 pl in 3 ml reaction volume) into the sPLA,
assay mixture markedly increased the change of FI (AFT).
Moderate increase in plasma or serum (e.g., S ul) did not
increase AFI proportionally, rather, a biphasic characteristic
effect was observed; AFI decreased to yield negative value in
the beginning of the reaction and then gradually increased to
the positive level with increasing reaction time.

In the presence of more than 10 pl of plasma or serum in the
3 ml sPLA, assay mixture, FI rapidly decreased and negative
AFT values were obtained during the period of assay. Plasma
and serum had the same effects. The additional FI changes
could be due to fluorescence perturbation of the substrate or
products by plasma or serum, or due to the effects on the
sPLA, activity. Analysis of the components in the serum
showed that albumin was the only constituent that increased
or decreased FI in the sPLA, reaction. No other serum pro-
teins had these dual effects in the sPLA, assay.

Ithas long been demonstrated that some proteins including
albumin affect PLA, activity in vitro. By keeping liposome
substrate concentration constant but varying the amounts of
human plasma, serum, or albumin, this study showed similar
results; low amounts of plasma, serum, or albumin increased
FI and high amount decreased F1. Increase in F1 could be due
to removal of sSPLA, products by albumin that might result in
sPLA, activity increase, and also could enhance the fluores-
cence signal due to removal of fluorescent products from
substrate membranes. Decrease in FI to the level lower than
the baseline initial FI reading by high content of plasma,
serum, or albumin suggests the possibility that albumin might
shield the emission of substrate liposome fluorescent energy.
Such phenomenon may be similar to the mechanism of sub-
strate depletion enforced by albumin in the PLA, reaction, as
previously suggested (32).

However, most previous studies were conducted with using
radiometric assay which determines the end products. The
radiometric assay cannot determine albumin-substrate
dynamic interaction during the assay. The continuous fluo-
rescent assay could determine the dynamical albumin-sub-
strate interaction.

Previous studies showed that albumin alone could interact
with model membranes (50). However, the inventors’ study
showed that a wide range of the amounts of albumin had little
effect on the liposome fluorescence intensity. Only when
PLA, was added to the albumin and liposome mixture, was
the fluorescence intensity markedly reduced in a time-depen-
dent and albumin dose-dependent manner. The decrease in
the fluorescence intensity was likely due to the interaction
between albumin and liposomes induced by PLA,. Under
such conditions, albumin not only binds or aggregates lipo-
somes, it may also block the PL.A, action on the membrane.
The PLA,-induced albumin-membrane interaction was not
previously reported. Under the assay conditions without
sPLA,, a wide range of amounts of plasma, serum, and albu-
min had insignificant effect on liposome F1, suggesting a lack
of albumin-liposome interaction in the absence of sPLA,.
Other proteins such as annexins also bind and aggregate
vesicles in a calcium-dependent manner and inhibit PLA,
(51, 1). However, annexin alone binds and aggregates lipo-
somes and the annexin-membrane binding does not require
PLA, (51, 1). The requirement of large amounts of albumin to
decrease the liposome fluorescence intensity suggests that
albumin may interact with liposomes on the bilayer mem-
brane surface and thus inhibit PLA, action and prevent the
fluorescence emission from liposomes. This albumin prop-
erty may have arole in cellular protection against the action of
secretory PLA,.
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In this study, the inventors observed similar multiple frac-
tions from fatty acid-free and globulin-free albumin passed
through the MonoQ Column (FIG. 52C-D). The fluorescent
assay showed that not all heterogeneous forms of albumin
interact with liposomes in the same way in response to SPLA,
actions. At low albumin concentrations, most fractions of
fatty acid-free albumin and globulin-free albumin increased
AFIsimilarly. However, at high albumin concentrations, only
a small fatty acid-free albumin fraction that was about 5% of
total albumin (named specific fraction of albumin or SFA)
had the activity to produce negative AFTinresponse to sPLA,.
The SFA activity was largely deficient in the globulin-free
albumin fractions. The SFA is part of the SFA fraction which
has the lowest fatty acid content among other forms of albu-
min (18). It is not clear why the commercial globulin-free
albumin product was SFA deficient whereas human serum
samples the inventors assayed had the SFA activity.

As described in the commercial products, fatty acid-free
albumin was produced from globulin-free albumin by
removal of fatty acids. Apparently, removal of fatty acids
from globulin-free albumin restored the SFA activity. This
suggests that fatty acid bound to SFA could deplete the capa-
bility of SFA to interact with liposomes in response to the
sPLA, reaction. It is noted that proteins of commercial albu-
mins were eluted about 20 min earlier than proteins from
serum from MonoQ column (FIG. 52C-D vs. FIG. 50A). This
is probably due to variable column conditions or to the pres-
ence of other proteins in the serum that might affect the
protein retention time in the column. Nevertheless, the frac-
tions that had SFA activity were relatively in the same loca-
tions in the major fatty acid-free SFA protein peak in the
chromatograms of the commercial product of fatty acid-free
albumin and the human serum.

The FI values generated from sPLA,-albumin (plasma or
serum) assay using BODIPY-PC labeled liposomes as sub-
strates were combinations of the FI values from sPLA, reac-
tion and albumin-liposome interaction. To eliminate sPLA,-
produced FI signals, BODIPY-FA labeled liposomes were
used as substrates because FA is a sPLA, reaction product.
Based on the nature of BODIPY-FA, the probe is quenched
when it is incorporated into liposome membranes. FI
increases while BODIPY-FA is removed from liposome
membranes. Therefore, if albumin interacts with liposomes,
binds and removes BODIPY-FA from liposomes, the inven-
tors would expect an increase in FI.

As a result, addition of albumin (plasma or serum) to the
sPLA, reaction mixture yielded a time-dependent increase in
F1, whereas sPLA, alone did not generate any change in F1.
Without sPLA,, plasma, serum, or albumin alone did not
change FI1. This again demonstrates that sPLA, induces albu-
min interacting with liposomes, and the interaction further
drives albumin to bind and remove BODIPY-FA embedded in
liposomes, thus results in FI increase. In this assay only
positive AFI values were obtained, despite the amount of
albumin present in the assay. Similar to the sPLA, reaction,
calcium is also required for the sPLA,-induced albumin-
liposome interactions, and incorporation of negatively
charged PG in liposomes greatly enhanced the sPLA,-in-
duced albumin-liposome interactions.

Without liposome membranes, BODIPY-FA alone could
not serve as substrate. It is interesting to note that substrate of
BODIPY-FA and DOPC-PG prepared in ethanol produced
similar results as substrate liposomes prepared in buffer.
Although phospholipids dissolved in ethanol are single mol-
ecules, they form liposomes spontaneously once phospho-
lipid ethanol solution is added to the buffer (52, 53). Albumin-
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liposome interaction or albumin-FA binding requires the
presence of calcium, negatively charged liposomes, and
SPLA,.

To determine the SFA activity in the serum with using
BODIPY-FA liposome as substrate, two assays were carried
out for each serum sample: assay one was conduced with
addition of exogenous sPLA, into the assay mixture; assay
two was conducted in absence of exogenous sPLA,. The
levels of exogenous sPLA,-induced albumin-liposome inter-
actions in the serum from healthy individuals were 40-60%
higher than that in the serum from subjects with COPD and
sepsis. In the absence of exogenous sPLA,, serum from
healthy and COPD subjects did not produce any significant
change in FI. However, serum from septic patients had
marked high levels of FI increase in the absence of exogenous
sPLA,, presumably produced by the endogenous sPLA,-in-
duced albumin-liposome interactions. As previously
reported, serum from septic patients contained high levels of
endogenous sPLA, activity (33). Subtracting endogenous
sPLA,-induced albumin-liposome interaction level from
exogenous sPLA,-induced SFA-liposome level (namely
sPLA,-SFA activity) revealed that the sPL.A,-SFA activity in
the serum from COPD and septic patients was about 50% and
80% lower than that from healthy subjects, respectively (FIG.
54D). In part, deficiency in sPLA2-SFA activity in patients’
serum is probably due to lower quantity of serum albumin.
Because total serum albumin of COPD (Table 8) and septic
patients (3.140.7 for 3 septic patients) were only about
20-30% lower than healthy subjects, the inventors speculate
that SFA in COPD and sepsis patients’ serum was deficient.

The sPLA,-SFA-liposome interaction assay of the present
invention shows that sPLLA, triggers albumin to interact with
liposomes to bind fatty acids. The assay sensitively deter-
mines the binding activity changes in albumin under patho-
physiological conditions. It is not clear whether the lack of
SFA activity in the serum from subjects with systemic inflam-
mation is due to protein deficiency or to the modification of
SFA fatty acid binding sites. Nevertheless, the sPLA,-SFA-
liposome assay of the present invention provides a sensitive,
simple method to determine the serum albumin activity
including transporting fatty acids and possibly other metabo-
lites and drugs.

The present invention is not intended to be limited to the
foregoing examples, but encompasses all such modifications
and variations as come within the scope of the appended
claims. It should be noted that the above description, attached
figures and their descriptions are intended to be illustrative
and not limiting ofthis invention. Many themes and variations
of this invention will be suggested to one skilled in this art
and, in light of the disclosure. All such themes and variations
are within the contemplation hereof. For instance, while this
invention has been described in conjunction with the various
exemplary embodiments outlined above, various alternatives,
modifications, variations, improvements, and/or substantial
equivalents, whether known or that are or may be presently
unforeseen, may become apparent to those having at least
ordinary skill in the art. Various changes may be made with-
out departing from the spirit and scope of the invention.
Therefore, the invention is intended to embrace all known or
later-developed alternatives, modifications, variations,
improvements, and/or substantial equivalents of these exem-
plary embodiments.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 23

<210> SEQ ID NO 1

<211> LENGTH: 394

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 1

Glu Asp Pro Gln Gly Asp Ala Ala Gln Lys Thr Asp Thr Ser His His
1 5 10 15

Asp Gln Asp His Pro Thr Phe Asp Lys Ile Thr Pro Asp Leu Ala Glu
20 25 30

Phe Ala Phe Ser Leu Tyr Arg Gln Leu Ala His Gln Ser Asp Ser Thr
35 40 45

Asn Ile Phe Phe Ser Pro Val Ser Ile Ala Ala Ala Phe Ala Met Leu
50 55 60

Ser Leu Gly Ala Lys Gly Asp Thr His Asp Glu Ile Leu Glu Gly Leu
65 70 75 80

Asn Phe Asn Leu Thr Glu Ile Pro Glu Ala Gln Ile His Glu Gly Phe
85 90 95

Gln Glu Leu Leu Arg Thr Leu Asn Gln Pro Asp Ser Gln Leu Gln Leu
100 105 110

Thr Thr Gly Asn Gly Leu Phe Leu Ser Glu Phe Leu Lys Leu Phe Asp
115 120 125

Lys Phe Leu Glu Asp Phe Lys Lys Leu Tyr His Ser Glu Ala Phe Thr
130 135 140

Val Asn Phe Gly Thr Asp Glu Glu Ala Lys Lys Gln Ile Asn Asp Tyr
145 150 155 160

Val Glu Lys Gly Thr Gln Gly Lys Ile Val Asn Leu Val Lys Glu Leu
165 170 175

Asp Arg Asp Thr Val Phe Ala Leu Val Asn Tyr Ile Phe Phe Lys CGly
180 185 190

Lys Trp Glu Arg Pro Phe Glu Val Lys Asp Thr Glu Glu Glu Asp Phe
195 200 205

His Val Asp Gln Val Thr Thr Val Lys Val Pro Met Met Lys Arg Leu
210 215 220

Gly Met Phe Asn Ile Gln His Cys Lys Lys Leu Ser Ser Trp Val Leu
225 230 235 240

Leu Met Lys Tyr Leu Gly Asn Ala Thr Ala Ile Phe Phe Leu Pro 2sp
245 250 255

Glu Gly Lys Leu Gln His Leu Glu Asn Glu Leu Thr His Asp Ile Ile
260 265 270

Thr Lys Phe Leu Glu Asn Glu Asp Arg Arg Ser Ala Ser Leu His Leu
275 280 285

Pro Lys Leu Ser Ile Thr Gly Thr Tyr Asp Leu Lys Ser Val Leu Gly
290 295 300
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64

Gln Leu Gly Ile Thr Lys Val
305 310

Val Thr Glu Glu Ala Pro Leu
325

Val Leu Thr Ile Asp Glu Lys
340

Leu Glu Ala Ile Pro Met Ser
355

Pro Phe Val Phe Leu Met Ile
370 375

Met Gly Lys Val Val Asn Pro
385 390

«210> SEQ ID NO 2

<211> LENGTH: 6

«<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 2
Ile Val Asp Leu Val Lys

1 5

«210> SEQ ID NO 3

«<211> LENGTH: 9

«<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

«<400> SEQUENCE: 3

Phe

Lys

Gly

Ile

360

Glu

Thr

Ser

Leu

Thr

345

Pro

Gln

Gln

Leu Ser Ser Trp Val Leu Leu Met Lys

1 5

«210> SEQ ID NO 4

<211> LENGTH: 10

«<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 4

Asn

Ser

330

Glu

Pro

Asn

Lys

Leu Ser Ile Thr Gly Thr Tyr Leu Asp Lys

1 5

<210> SEQ ID NO 5

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 5

10

Gly

315

Lys

Ala

Glu

Thr

Ala Asp Leu Ser

Ala

Ala

Val

Lys
380

Val His
Gly Ala
350

Lys Phe
365

Ser Pro

Gly Thr Glu Ala Ala Gly Ala Met Phe Leu Glu Ala Ala Pro

1 5

<210> SEQ ID NO 6

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 6

10

Ile Thr Pro Asn Leu Ala Glu Phe Ala Phe Ser Leu Tyr Arg

1 5

<210> SEQ ID NO 7

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

«<400> SEQUENCE: 7

10

Lys
335
Met

Asn

Leu

Gly

320

Ala

Phe

Lys

Phe
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-continued

Val Phe Ser Asn Gly Ala Asp Leu Ser Gly Val Thr Glu Glu
1 5 10

<210> SEQ ID NO 8

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 8

Thr Leu Asn Gln Pro Asp Ser Gln Leu Gln Leu Thr Thr Gly
1 5 10

<210> SEQ ID NO 9

<211> LENGTH: 4

«<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

«<400> SEQUENCE: 9

Phe Gly Glu Arg
1

«<210> SEQ ID NO 10

«<211> LENGTH: 7

«<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

«<400> SEQUENCE: 10

Tyr Leu Tyr Glu Ile Ala Arg
1 5

«210> SEQ ID NO 11

«<211> LENGTH: 9

«<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

«<400> SEQUENCE: 11

Gln Thr Ala Leu Val Glu Leu Val Lys
1 5

<210> SEQ ID NO 12

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 12

Ala Val Met Asp Asp Phe Ala Ala Phe Val Glu Lys
1 5 10

<210> SEQ ID NO 13

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 13
Ala Val Met Asp Asp Phe Ala Ala Phe Val Glu Lys

1 5 10

<210> SEQ ID NO 14

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 14

Lys Val Pro Gln Val Ser Thr Pro Thr Leu Val Glu Val Ser
1 5 10
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-continued

<210>
<211>
<212>
<213>

SEQ ID NO
LENGTH :
TYPE: PRT
ORGANISM:
<400> SEQUENCE:

Arg Pro Cys Phe
1

<210>
<211>
«212>
<213>

SEQ ID NO
LENGTH :
TYPE: PRT
ORGANISM:
«400> SEQUENCE:

Val Phe Asp Glu
1

«210>
«211>
«212>
«213>

SEQ ID NO
LENGTH: 4
TYPE: PRT
ORGANISM:
«400> SEQUENCE:

Leu Val Asp Lys
1

«210> SEQ ID NO
«211> LENGTH: 4
«212> TYPE: PRT
«213> ORGANISM:

«<400> SEQUENCE:

Glu Leu Asp Arg
1

«210> SEQ ID NO
«211> LENGTH: 5
«<212> TYPE: PRT
«213> ORGANISM:

<400> SEQUENCE:
Val Pro Met Met

1

«<210> SEQ ID NO
«<211> LENGTH: 7
«<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:
Ser Pro Leu Phe

1

«<210> SEQ ID NO
<211> LENGTH: 8
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:
Gln Ile Asn Asp

1

«210> SEQ ID NO

14

14

15

Homo sapiens
15

Ser Ala Leu Glu Val Asp Glu Thr Tyr Val
5 10

16

Homo sapiens
16

Phe Lys Pro Leu Val Glu Glu Pro Gln Asn
5 10

Homo sapiens

17

18

Homo sapiens

18

19

Homo sapiens
19

Lys

20

Homo sapiens
20

Met Gly Lys
5

21

Homo sapiens
21
Tyr Val Glu Lys

5

22
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70

-continued

<211> LENGTH: 14
<212> TYPE: PRT
<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 22

Leu Gln His Leu Glu Asn Glu Leu Thr His Asp Ile Ile Thr

1 5 10

<210> SEQ ID NO 23

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 23

His Asp Gln Asp His Pro Thr Phe Asn Lys Ile Thr
1 5 10

We claim:

1. A method for measuring the activity of a specific fraction
of albumin (SFA) in a mammalian subject, the method com-
prising the steps of:

providing a substrate comprising a fluorescently-labeled

carboxylic acid and a negatively-charged phospholipid
in an organic solvent;

mixing the substrate with phospholipase A, in a biological

test sample from the subject;

measuring a change in fluorescence intensity to determine

the SFA activity in the test sample; and

comparing the SFA activity in the test sample to SFA

activity in a control sample, wherein a decrease in SFA
activity of the test sample as compared to the SFA activ-
ity of the control sample indicates that the subject has
developed or is about to develop inflammation.

2. The method of claim 1, wherein the organic solvent is
alcohol.

3. The method of claim 2, wherein the alcohol is ethanol.

4. The method of claim 1, wherein the subject is human.

5. The method of claim 1, wherein the biological sample is
selected from plasma, serum, bronchoalveolar lavage fluid,
white blood cells, alveolar macrophages, synovial fluid, spu-
tum, urine, amniotic fluid, peritoneal fluid, cerebrospinal
fluid, pleural fluid, and pericardial fluid.

6. The method of claim 1, wherein the fluorescence inten-
sity is measured at defined intervals over a specific period of
time.

7. The method of claim 1, wherein the negatively-charged
phospholipid is selected from phosphatidylglycerol (PG),
phosphatidylcholine (PC), phosphatidylserine (PS), phos-
phatidylinositol (PI), phosphatidic acid (PA), a PG/PC mix-
ture, and combinations thereof.

8. The method of claim 7, wherein the negatively-charged
phospholipid is phosphatidylglycerol (PG).

9. The method of claim 1, wherein the carboxylic acid is a
fatty acid.

10. The method of claim 9, wherein the fatty acid has a
hydrocarbon chain length from about 6 to 18 carbons.

11. The method of claim 10, wherein the fluorescently-
labeled fatty acid is 4,4-difluoro-5-methyl-4-bora-3a.4a-
diaza-s-indacene-3-dodecanoic acid (BODIPY-FA).

12. The method of claim 1, wherein the substrate comprises
4 4-difluoro-5-methyl-4-bora  -3a,4a-diaza-s-indacene-3-
dodecanoic acid (BODIPY-FA), phosphatidylglycerol (PG),
and dioleoyl PC.

25

30

35

40

45

55

60

13. The method of claim 1, wherein a decrease in the SFA
activity of the test sample as compared to the SFA activity of
the control sample indicates that the subject has developed or
is about to develop chronic obstructive pulmonary disease
(COPD), cystic fibrosis (CF) or sepsis.

14. A method for measuring the activity of a secretory
phospholipase (sPLA,) in a mammalian subject, the method
comprising the steps of:

providing a substrate comprising a fluorescently-labeled

phospholipid and a negatively-charged phospholipid in
an organic solvent;

mixing the substrate with phospholipase A, in a biological

test sample from the subject;

measuring a change in fluorescence intensity to determine

the sPLA, activity in the test sample; and

comparing the sPLA, activity in the test sample to sPLA,

activity in a control sample, wherein an increase in the
sPLA, activity of the test sample as compared to the
sPLA, activity of the control sample indicates that the
subject has developed or is about to develop inflamma-
tion.

15. The method of claim 14, wherein the organic solvent is
alcohol.

16. The method of claim 15, wherein the alcohol is ethanol.

17. The method of claim 14, wherein the subject is human.

18. The method of claim 14, wherein an increase in the
sPLA, activity of the test sample as compared to the sPLA,
activity of the control sample indicates that the subject has
developed or is about to develop chronic obstructive pulmo-
nary disease (COPD), cystic fibrosis (CF) or sepsis.

19. The method of claim 14, wherein the substrate com-
prises 1.2-bis-(4,4-difluoro-5,7-dimethyl-4-bora-3a,4a-
diaza-s-indacene-3-undecanoyl)-sn-glycero-3-phosphocho-
line (BODIPY-PC) and dioleoyl PC.

20. A kit for measuring the activity of a specific fraction of
albumin (SFA), the kit comprising:

a fluorescently-labeled carboxylic acid,

a mixture of neutral and negatively-charged phospholipid;

phospholipase A;

a positive control comprising SFA from a healthy subject;

and

instructions for use.
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