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FEEABA MR (%)

SKBR 3 PC3

0 77 46
20 80 50
50 80 31
70 82 279
100 70 17

L T e T e T e T e T s T e T e T e B e B e B S |

O

Ooo0oooooo o0 ooDooooo0 oo oooogoooao
Oo0ooooooo0ooDoooooDooDooooQgoooao
Oo0oooooooooDoooooooDoooogoooao
OOo0oooooo oo oDoooogooooDoDooogoggoooao
OO0 oooogoggooDoooUggUoUooDoDooogo4Qgoooao
Oo0oooooooooDooooooooooogoooao

Oo0ooooooo0ooDooooo0oooooogodg
Oo0ooooooo0ooDooooooooooogodg
Oo0oooooo4o0ooDooooooooooogdg
Oo0ooooooooooDooogogooooooogd
OO0 o0ooDoooo0UoooDoooggooooooogd
Oooooooooooooooooooooood
Oo0ooDooooo0 oo ooooooooooogodg
Oo0ooooooo0ooDooooooooooogdg

O
O
O
O
O
O
O
O

O

OoooooooooDooooooooooogdg
OOo0oDoooog4oooDoooo4gogoooooogdg
OO0 oDoogg4doooDoooggUooooooogdg
Ooooooooooooooooooooodg
Oooooooo0ooooooooooooogdg
Oooooooo0ooooooooooooogodg
OoDooooo4oooDooooogoooooogdg
OOo0oooogog4oooDooooggogoooooogdg
OO0 o0DoDoogg4doooDoooggUooooooogd
OooooooooooooooooooooOgodg
Oooooooo0ooDooooooooooogodg
Oooooooo0ooooooooooooogdg
OOoDooooooooDooooooooooogdg
OO0 oDooogog4oooDooooggogoooooogdg
Oo0ooooooooooooooooooood
Oooooooo0ooooooooooooogodg
Oooooooo0ooooooooooooogodg
Oooooooo0ooooooooooooogdg
OoDooooo4oooDooooogoooooogdg
OO0 o0DoDoogog4UoooDooogogoooooooogd
Oooooooooooooooooooood
Oooooooo0ooDooooooooooogodg
Oooooooo0ooooooooooooogodg

OooooogogQgoao
Ooooooggogoao
OO0 ooooggogao

|

|

OO0 o0 ooooogogogoo
OO0 oooooogogoo
OO0 o0ooDooogogogo

g o

10

20

30

40

50



e s
e e e e e e e A [
e e e e ) [ |
e e e e e ) e e e e e [ B s [ |
e =y e s e e e e ) s e ey [ e B s s [ |

oo ooooooo oo o ooo o0 oo oDoooo0oooooo

oo ooooooogodg
oo o0 oooooogog
OO0 o0 oooooogg
OO0 o oooooogodg
OO0 oo ooooogdg
oo ooooooodg
oo o oooooogog
oo o0oooooogodg

O
g
u
O
g
O
g
g
O
g
u
O
g
O
g
g
O
g
u
O
g

Ooooooooooooooogdg
Oo0oooooooooooooogdg
Oooooooooooooogdg
OOo0oooooooooooogdg
OO0 oDoDoooggoooooogd
Oo0oooooooooooooogod
Ooooooooooooooogdg
Oooooooooooooogdg

g
u

Oo0oooooooooooogoQgg
Oo0oooooooooooooogodg
Oo0ooooooooooooogd
Oo0oooDooogooooooogd
OO0 oDooDooogggoooooogod
Oo0oooooooooooood
Ooooooooooooooogodg
Oo0oooooooooooooogodg

oooooooooboboooooogao
ooooooobobooooooooao

gooooboano

O

O

O

O

O

O

O

(23) JP 2004-504129 A 2004.2.12
goooooooOobooooooooobobooogooao
gboobooboobooboooboobobooboooboaoadnb
ooooooooOoooooooooobooboooooan
gbooobooboobooboobobooobooboooboodnb
gbooboboobooboobooobooboooboooagadnb
ooooooooOoooooooooobooboooooao
gobooboobobobooboboboobooboooboodnb
ugboobooboboobodoobooboobooboadnb
goooooooOobooooooooobobooogooao
gboobooboobooboooboobobooboooboaoadnb
ooooooooOoooooooooobooboooooan
gbooobooboobooboobobooobooboooboodnb
gbooboboobooboobooobooboooboooagadnb
ooooooooOoooooooooobooboooooao
gobooboobobobooboboboobooboooboodnb
gbooogbooboddd
oooooooooobo booOooao
gbooobooboobooboobobooobooboooboodnb
gbooboboobooboobooobooboooboooagadnb
ooooooooOoooooooooobooboooooao

gbooobooobooobooDb ooboooboobooobao
ugboobooboboobodoobooboobooboadnb
goooooooOobooooooooobobooogooao
gboobooboobooboooboobobooboooboaoadnb
oooooooooocopOotooooboboDbOOOOO O
gbooobooboobooboobobooobooboooboodnb
gboooboobooboodg gooboaoaao
oooooooobooOooooogao
gooobobobD oobooboogobooboooobao
ugboobpbbobO0oobobobobouoboobad
ooooooooOoooooooooobooboooooan
goboooooboogoboao
gbooboboobooboobooobooboooboooagadnb
ooooooooOooooooooooboobooogye O
ooboogo oobobooboobooob boooobooab
ugbooboobdxgobodooooobooboooadhb
goooooooOobooooooooobobooogooao
gboobooboobooboooboobobooboooboaoadnb
oooooooooooopooobobODbODOOO0OOOOan
gbooobooboobooboobobooobooboooboodnb
ugobooobd obobooobooooobopbOobOOOobO
ooooooooOoooooooooobooboooooao
gobooboobobobooboboboobooboooboodnb
ugboobooboboobodoobooboobooboadnb
oooooooOooboooogoooobobpp0bOOO0OOOn
gboobooboobooboooboobobooboooboaoadnb

10

20

30

40

50



Ooooooooo*®=o0oo0ooogogogoao

O
O
O
O
O
O
O
O
O
O
O
O
O

OO0 oooooogogooo
OO0 o ooooogogooo
OO0 oooooogogoo
OO0 ooooDooogogogo
Oooooooooogogoo

oo ooooooQodg

uobooobooboobooboooboooboobooooboobooobooobooboboao

oo ooooooQgodg

OO0 oooooogdg

O oo oooogdg

|

Ooocoooogoo

Ooooooood

oo ooooooQgodg

OO0 oooooogodg

Oooooooogdg

OO0 ooooogdg

|

Oooo0oooogoo

Oooooooodg

oo ooooooQgodg

(24)

ogagad

oo oooooogdg

OO0 oooooogdg

OO0 ooooogdg

JP 2004-504129 A 2004.2.12

ooooooooooboobooogdguy

Ooocoooogoo

ooooboobooboobobog
oboobooboobpbO0OOobOOobODO0O
pO0ODO0OO0OO0OO0oO0ooooobODoOoOo0aO

gbooooboobodaoad
ooooooooooan
gooobup0obOoOoban
ooooooooooan
gooooboooboban

gobooobooboooobogab

0Oooooo
0Dooooo
00000
0Oooooo
0Dooooo

oooooooboooooooooooooboooooOoooooboobooobooOogoao
gooobooobooboobobooobooboboogobooboboooboboDbodnb
gboouoboobodoboado

ooooao
0dg

BEAANL TR TEVIDORE

[EE# (PC 3)

L T e T e T e T e T e T e T e T e B e B e T e |

oCooDoooooTooooooooogU

(ng/ 1) Yo o] UL 2R

0. 0 14

0. 2 6 O

0. b 74

2. 0 8 0

5. 0 75
ooooao
obooobooboobooboobooboobooobooboobooban
oooooooooooooooooooboobooooooooooao
gboooboooboboobooboboobooobooboobobno
pooboobobooobooboocoooboobooobooobooboao
ooooooooooocoooooooboobooooooooooao
oooobooboboobooboboobooobooboobobnn
uboobooboboobdooboboobooboooboobooban
oooooooooboooooooooooobooooooooooao
obooobooboobooboobooboobooobooboobooban
oooooooooooooooooooboobooooooooooao
gboooboooboboobooboboobooobooboobobno
uobooobooboobooboobooboobooooboooboban
ooooooooooocoooooooboobooooooooooao
oooobooboboobooboboobooobooboobobnn
uboobooboboobdooboboobooboooboobooban
ooooao
ogoogano

OO0 oooooogoggogoooooaog
Oo0oooooooooooooao
Ooooooooo=oooono
Oo0ooooooooooooog
Ooooooooooooooaog

OO0 oooooogog4Qgooooog

OO0 0o oDoogog4gQgooooaog

10

20

30

40

50



L T e T e T s T e T e T e T e T e B e |

Ooooooooooooogodg

(25)

JP 2004-504129 A 2004.2.12

Oooooooooo0ooDooooo0 oo ooooogogooao

0000000000000 0000000000000 000000000000A0
0000000000000 DO0ODOO0ODOOan
0000000000000 00O0D00D0DO0O0DO0DO000O0D0DO0O0DDoDO0DOoOOoODooOOan
0000000000000 00D0DO0DD0DO0ODO0DO0OD0DO0O0DO0D0DDO0ODOoDOoODOoOOaOn
0000000000000 00D0D00DxO0D0DO0O0000D0D0O0DDODO0D0DO0OO0D0O0O0aD
0000000000000 000000D00D0D0O000O0D0DO000D0D0D00O0O0Oan
0000000000000 0D000D00000000DD0DO0DO0DO0OD0DO0OOoGOOy
0000000000000 00 000000000000 D0DD0DO0DOO0ODOO0Od
0000000000000 00000000D0D000000D0O0O0oDO0o0Ooo0oooOan
0000000000000 00D0D00DDOO0DO0DO0OD0DO0O0DO0ODDO0ODOoDODOOnD
0000000000000 00O0D00D0DO0O0DO0DO000O0D0DO0O0DDoDO0DOoOOoODooOOan
0000000000000 D0DO0ODOoDO0ODOO
oooogo
goao
BEEEH AL S LT P C 3#B3 SKBR 3
BV URE [ U = [E U =2
(z g/ ml) (%) (%)

0 23 91

2 77 98
oooagao
0000000000000 00D0D00DDOO0DO0DO0OD0DO0O0DO0ODDO0ODOoDODOOnD
0000000000000 00O0D00D0DO0O0DO0DO000O0D0DO0O0DDoDO0DOoOOoODooOOan
0000000000000 00D0DO0DD0DO0ODO0DO0OD0DO0O0DO0D0DDO0ODOoDOoODOoOOaOn
0000000000000 000D0D0DOO0DO0OO0OD0DO0O0DO0OD0DDODOODOOnD
0000000000000 00000000D0D0O000O00D0O0DDoDO0D0DOoDOoOoooOaOn
0000000000000 D00D0DD0ODD0DO0DO0DO0OD0DO0DO0DDO0DDO0ODOoDOoODOoOOnD
0000000000000 00D0D00DO0O0DO0DO0D0D0O0DO0D0DDO0ODOoOOoODOOnDn
0000000000000 00000000D0D000000D0O0O0oDO0o0Ooo0oooOan
0000000000000 00D0D00DDOO0DO0DO0OD0DO0O0DO0ODDO0ODOoDODOOnD
0000000000000 00O0D00D0DO0O0DO0DO000O0D0DO0O0DDoDO0DOoOOoODooOOan
0000000000000 00D0DO0DD0DO0ODO0DO0OD0DO0O0DO0D0DDO0ODOoDOoODOoOOaOn
0000000000000 000D0D0DOO0DO0OO0OD0DO0O0DO0OD0DDODOODOOnD
0000000000000 00000000D0D0O000O00D0O0DDoDO0D0DOoDOoOoooOaOn
0000000000000 D00D0DD0ODD0DO0DO0DO0OD0DO0DO0DDO0DDO0ODOoDOoODOoOOnD
0000000000000 DO0ODOoOOnD
oooagao
0oo0oaQ
0000000000000 00O0D00D0DO0O0DO0DO000O0D0DO0O0DDoDO0DOoOOoODooOOan
0ooDooDOoooDo
0000000000000 000D0D0DOO0DO0OO0OD0DO0O0DO0OD0DDODOODOOnD
0000000000000 00000000D0D0O000O00D0O0DDoDO0D0DOoDOoOoooOaOn
0000000000000 D00D0DD0ODD0DO0DO0DO0OD0DO0DO0DDO0DDO0ODOoDOoODOoOOnD
0000000000000 00D0D00DO0O0DO0DO0D0D0O0DO0D0DDO0ODOoOOoODOOnDn
0000000000000 00000000D0D000000D0O0O0oDO0o0Ooo0oooOan
0000000000000 00D0D00DDOO0DO0DO0OD0DO0O0DO0ODDO0ODOoDODOOnD

10

20

30

40

50



e R e [ [ A [
e e e e e e e A [
e e e e ) [ |
e e e e e ) e e e e e [ B s [ |
e e e e e e e e e s [ |
) R [ R e e [ A B [

O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
OJ
O
O
O
O
O
OJ
O
O

Oooooooogoogoo
OoooooogooQgogo-g
Ooooooogoggogoog
Oooooooggogog
OO0 oooooggogodg
Oooooooooogod
OoooooooogoogooQg
OoooooogooQgogoog
OoooooogogogogoQg
Ooooooogoggogg
OO0 oooooggogog
Ooooooooogoogoodg
OoooooooQgogoQg
Ooooooogogogoog
OoooooogogogogoQg

OooooooooQgogogoo
Ooo0oooooogoQgogooQg
OO0 oooooogoggogooQg
OO0 ooooooggogog
OO0 ooooooggogodg
OooooooooOgoogoao
Ooo0ooooooQgogooQg
Oo0oooooogogogogooQg
Oo0ooooooggogooQg
OO0 ooooooggogog
OO0 oooDoooggogoodg
OooooooooOgoogoo
OoooooooogoogogooQg

Oooooocoooooooooooooao
Oooooooooooooogooooao
Oooooooooooooogogoooao
OOo0ooooooooooogogoooao
OO0 O0OoDoo40oUoooDooo4gogogoooao
Ooooocoooooooooooooao
Ooooocoooooooooooooao
Ooooooooooooooooooao
Oooooooooooooogogooooao
Oo0DoDooooooooooogogoooao
OO0 O0DoDoo40ogUoooDooo4gogoooao
Ooooocoooooooooooooao
Oooooooooooooogooooao
Oooooooooooooogooooao
Oooooooooooooogogooooao
OOo0oDooo4ogoooooogogogoooao
Ooooocoooooooooooobooao
Ooooocoooooooooooooao
Oooooooooooooogooooao
Oooooooooooooogooooao
Oooooooooooooogogooooao
OO0 oDooo4gogUoooooogogoooao
Ooooocoooooooooooooao
Oooooocoooooooooooooao

O
O
O
O
OJ
O
O
O
O
O
OJ
O
O

|

|

(26)

O O
O O

OoooooogoQgogooQg
OoooooogQgogooQg
Oooooooggogog
OoooooooOooOon
OooooooogoOoogoo
OooooooogogQgogoo
OoooooogoQgoogooQg
OoooooogQgogooQg
Oo0oooooggogoQg
OoooooooOooOoOo
OooooooogoQoogoo
OooooooogogQgogooQo
OoooooogoQgogoaoQg
OoooooogQgogoQg
Oo0oooooggogog
OoooooooOooOoo
OooooooogoOoogoo
OoooooogQgogoo
OoooooogQgogooQg
OoooooogQgogoaoQg
OO0 oooogQgogog

O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

Ooooooggg
OoOooooooOoad
OooooooogoQgdg
OooooooogoQgdg
OoooooogQgg
OooooogQgdg
Ooooooggdg
OoOoooooogogoad
OooooooogoQo™g
OooooooogoQgdg
OoooooogoQgdg
Ooooooogogdg
Ooooooggdg
OoOoooooogogoad
OooooooogoQodg
OooooooogoQg™g
OoooooogoQgdg
OooooogoQgdg
Ooooooggdg

O
O
O
O
O
O
O
O
O

JP 2004-504129 A 2004.

Oooooooooooooogooao
Oooooooooooooogooao
Oooooooooooooogoggogogoao
OO0 ooooogogoooooogoggdgogoao
Ooo0ooooooooooooogooao
Ooooooooooooooogogooao
Oooooooooooooogooao
Oooooooooooooogooao
Oooooooooooooogoggogogoao
OO0 o0ooooogogoooooogogdgogoao

.12

10

20

30

40

50



OO0O0Oo0oo0oooao
OOoOo0ooooao
OOoo0ooooao

O0Ooo0oooao
OO0Oo0oooao
O0Ooo0oo0ooao
O0Ooo0oooao
O0Ooo0oooo
O0Ooo0oooao
O0Ooo0oooao

O

oogogao
ooogao
ooooao

oooogao
oooogao

[ Ry

O O

27)

ogagad
ooaod
ooaod

oo
oagaod

ooogag
oooogao
ooooan

oooogoao
ooooao

JP 2004-504129 A 2004.2.12

oooooooOooogogao
OooooooobDoDoOoano
oooooooooao

O O

gboooboobooboooad
ooooooobooooano

O



L T e T e T e T e B T T e T e O e Y e O e O s O e, T e, R e T e, IO e, T e O e R e O e O e T e T e T e T e T e T e

oooooooooooano

(28)

(12} INTERNATIONAL APPLICATION PHBLISHED UNIHCR THE PATENT COOPERATION TREATY (FCT)

{I4) World Intellectual Property Organization
Tnternational Burean

(43) Internativmal Publication Dale
14 January 2002 (24,01, 26412}

RCT

L e iy

(14 Intermational Publication Numlser

WO 02/06730 Al

=

Inteenatinnal Patenl Classilicstion™
138, 20400, 230, 21117, 212
ol FI] P

GHN LD,

(21y Interninnal Applicativn Kuwber:  PCTATROKINT L

22y International Filing Date: 14 July 200G 14,07 2000)

2% Filing [auguage: Fnglish

(263 Puhlivativn Linguange: Tinglith

(1) Applicant (fin ol dusigauted Stares axcepd €25 IMMLL
NIV D CORPORATION [USAUS] 1210 Masons Mill
IL Iuniingcon Vallay, DA 19006 (TS

(72) Inventors; sud

(75 Inventorsiapplivants giw US ondir LIBERT, Panl, A.

[LISAUIS]. LS03 Grshiapper R, T
166 (1780, RAD, Galla, Thandra [TNACS); 6 Heritage
Boulevad. Princeton, NI GB50 {US1 TERSTAPPEN,
Lean, W,, M., M, [NLATS). 1354 Old Ford Read, 1Tnnt-
ingcdon Valley, PA 19006 (US)

i Yalley, PA

{24) Agenls: REGALT. Kalhleen, 1, o alz Do, Ourfoan,
emell wnd Skillnan, Swjte 720, 1601 Blarkel Strews,
Philadelphia, P 19103 rU78;.

{81) Designared States inadonaly: AR, AL AT AML AT, ATD,
AZ,BA.BD. DG DR, BY, BZ, CALCLLON.CR, 1L CZ
T DK, DM, DE, L GO, GO, GI GILGML R,
HU, 1D, 1L, [N, 15, JB, KL, KRG, KP KR, K2, LC. LK, LR,
LS UL LU LA WA, ML, MG MK, NN MW, MXL M2,
WO, NZ.PL.FT.RO. RIT. SD. SE. §G. SL 3K 5L, TIL TM.
TROTETL AL UG LS, LIZ, VN, XU ZA, EW,

tes tregfonal; ARTPO palent (GH. GM,
KT, L5, MW, MZ, 5D, 5L, 52, TZ, UG, 21 Buresio
paent AN, A7 BY, Ko, K7, MDD RU, T1LTM)
patent (AL BE, CH. UY, DL DKL LS, (1 7R, G, UK, 1E,
1T. 117 ME, ¥, PT, 8Fa, PAFT patent (BF. B CF 01,
CL M, G4, GNL GW, ML, MR, NE. §¥ TI. TE),

P

lished:
—  with internarioned zearch report

For tww-leiter coudes amd otfier abbrevictions, refir o e “Grdd-
sehioe Nt i b viiid ADBrci i Gppearien of e bt
ning of vech regular Bswe of the POT Gazenee.

—

—J

=

~

\D (54) Tiks TNCHEASFD SFPARATION FEFICTENCY V1A CONTROULED AGGREGATION OF MAGNETIC NANOPARTT-
& CLEs

L)

= osed which enbance the micrascopls abservation and analysls of bological
) interlering g Jiskers creml by natimally (eCaming smaegions

=

cells om biologkel samples ans disclased.

of colloida) magnerie pariicles. Additionally means fer significantly enhancing the magnetic isolaton of Jow antgen density larget

JP 2004-504129 A 2004.2.12



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

[0

10

15

20

25

30

35

(29)

WO 0206790 PCTUSOTL

INCREASED SEPARATION EFFICIENCY VIA CONTROLLED
AGGREGATION OF MAGMETIC NANOPARTICLES
Pauyl A, Liberti
@alla Chandra Rao

Lacn WMM Tevstappen

FIELD OF THE INVERTION

This invenkion relates to the fields of bioaffiuitx
separations and diegnostic testing of biological
samples. More gpecifically, the invention provides
compositions and methods which, may be usad in magnetic
separation assays and enrichment procedures for
controlling endogencus magnetic particle aggregation
factors which, if uncontrolled, would obscure
wvisualization of isclated entities. BAlsc provided are
methods for constructing and synthesizing reveraiblce
zggregaticn facters and the resulting conpositions which
simultanecusly enhance yvecovery of rare biological
substainces while facilitating cbservatisn of substances

so isolated.

BACKGROUND OF THE INVENTION

gseveral publications are referenced in this
application by numerals in parentheses in order to more
fully describe the state of the art to which this
invention pertains. The disclosure of each of these
publicationg is incorporated by reference hersin.

Many laboratory and clinical proceduras ewploy bio-
specific affinity reactions. Buch reacticns are
cowmenly utilized in disgnostic testing of biclegical
samples, or for the separation of a wide range of target
substances, especially biclogical entities such as cell,
viruses, proteins, nucleic acide and the like.

Various methods are available for analyzing or

1
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separating the above-mentioned rarget substances based
upon cemplex formation between the substance of inceresst
and another substance to which the target substance
specifically binds., Separation of complexss from
unbound material wmay be accomplished gravitationally,
e.g. by settling, or, altermatively, by centrifugation
of finely divided particles or beads coupled to the
target substance. If degirvred, such particlesz or beads
may be made magnetic to facilitate the bound/free
geparation step, Magnetic particles are well known in
the art, as is their use in immune and cbthexr bio-
specific affinity reactions. BSee, for example, US
Patent o, 4,554,088 and Immincassave for Clinical
Chewmistyy, pp. 147-162, Hunter et al. eds., Churchill
Livingston, Edinborough {1983). Generally, any materizl
which facilitates magnetic or gravitaticnal separation
may be ewployed for this purpose. Howsver, in the past
20 years the superiority of magnetics for performing
such geparaticns has led to its use in many
applications.

Magnetic particles generzlly fall into two broad
Categoriés, The first category includes particles that
are permanently magnetizable, or ferromagnetic. Ths
second category comprises particles that demonstrate
bulk megnetic behavior only when subjected to a magnetic
field. The latter are referved to as magnetically
respensive particles. Materials displaying magnetically
responaive behavior are sometimes described as
supgrparamagnetic. However, materials exhibiting bulk
ferromagnetic propertics, e.g., magmetic iron oxide, may
ke vharacterized as superparamagnetic only when provided
in crystals of aboub 30nm or Jess in diametaer. Largsr
cryetals of ferromagnetic materials, by contrast, retain
permanent maginet characteristics after exposure ta a

magnetic field and tend to agaregate thereafter due to

2
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strong particle-particle interaclions.

Magnetic particles can be classified as large (1.5 Lo
about 50 microns}, small (0.7-1.5 microng), and
calloidal or nanoparticles («200nm) . The latter are
alao called ferrofloidg or ferrofluid-like and have many
of the properties of clasgigal ferrofluids. Tiberti et
al pp 777-750, E. Pelizzetti {ed} “Fine Particles
Boience and Technology” Wluwer Acad. Publishers,
Nethorlands, 1996.

Small magnetic particles arc quite useful in
analyses involving bio-specific affinity reactions, as
they are conveniently coated with biofuncticnzal polymers
(e.g.. proteins}, provide very high surface areas and
give reasonable resacticn kinetics. Magnetic particles
ranging from ©.7-1.5 microne have been described in the
patsot literature, including, by way of example, US
Patent Nos=. 3,970,518; £,01E,886; £,230,6885; q,267,234;
4,452,772; 4,554,088; and ¢,65%9,678. Certain of these
particles are disclosed to be useful solid supports for
immunolegic reagents.

In addition to the small magnetic particles
mentioned above, there are a nlass of large magnetic
particles ranging in size from approximately 1.5-50
microns, which also have superparamagnebic behavior.
Typical of such materiale are those invented by Ugelstad
(B3 Patent Wo. 4,654,267} and manufactured by Dynal,
{0alo, MNorway). The Ugelstad process invelves the
synthesis of polymer particles which are caused to swell
and magnetite cxystals are embedded in the swelled
particles. Other materials in the same size range are
prepared by synthesizing the particle in the presence
of dispersed magnetite erystals. Thie results in the
trapping of magnetite crystals in a polymer matrix, thus
making the resulrant materials magnetic. In both cases,

the resultant particles have superparamagnetic behavior,

3
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which is manifested by the ability to disperse readily
upon removal of the magnebic field. Unlike magnetic
colloids or pnanoparticles, these materials, ag well as
small magnetic particles, are readily separated with
simple laboratory magnetics because of the mass of
magnetic material per particle. Thus, separations are
effected in gradients from as low as 2 few hundred
gauss/om on up to about 1.5kilogauss/om. Colloidal
magnetic particles, (below approximately 200nm) ,on the
other hand, require substantially higher magnetic
gradients because ¢f theiyr diffusicn energy, small
magnetic mass per particle and Stokes drag.
s Patent No. 4,795,698 to Owen et al. relates to
polymer-coated, c¢olloidal, superparamagnetic particles.
Such particles are manufactured by precipitation of a
magnetic species in the presence of a biofunctional
polymer. The structure of the resulting parxticles,
raferred to herein as single-ghot particles, has been
found to ba a micro-agglomerate in which one or were
ferromagnetic crystallites having a diameter of 5-10om
are embedded within a pelymer body having a diameter on
the order of S50nm. The resulting particles exhibit an
appreciable tendency Lo remein in agueous suspensicn for
cobservation periods as long as several months. US
ratent No. 4,452,773 to Molday demcribes a material
gimilar in properties to those described in Owen et al.,
which is produced by forming magnetite and other iron
oxides from Fe™/Fe'® via base addition in the presence
of very high concentrations of dextran. Materials so
produced have colloidal properties and have proved to be
very useful in cell separation. Thie technclogy has
been commercialized by Miltenyi Biotec, Bergisch
Gladbach, Germany.

Another mwethod for producing superparamagnetic

colloidal partieles is described in US Patent Mao.

4
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5,597,531. In contrast to the particles described in
the Owen et al. patent, these latter particles arc
produced by directly coating a biofunclicnal polymer
onto pre-formed superparamagnetic crystals which have
been dispersed, e.g., by sonic energy intc guasi-stable
erystalline clusters ranging in size fxom about 25-
1z20nm. The resulting particles, referred to herein as
direct coated (DC} particles, exhikbit a significantly
larger magnetic moment than Owen et al. or Molday
nancparticles of the same overal) size and can be
separated effectively in magnetic gradients grealer than
about EkGauss/om.

Magnetic separation technigues are lnown wherein a
magnetic field ie applied to a fluid medium in order to
separate ferromagnetic bodies from the fluid medium. In
contrast, the tendency of colloidal superparamagnetic
particles to remain in suspension, in conjunction with
their relatively weak magnetic responsiveness, requires
the use of high-gradient magnetic separation (HGMS)
technigues in order to separate such particles from a
fluid medium in which they are suspended. In BGMS
systems, the gradient of the magnetic fieid, i.e., the
spatial derivative, exerts a greater influence upon the
behavicr of the suspended particles than is exerted by
the strength of the field at a given point.

High gradient magnetic separation is useful for
separating a wide variety of magnetically labeled
biological materials, including eukaryostic and
prokaryotic cells, viruses, nucleic acids, proteins, and
carbohydrates. In methode known heretofore, biolegical
material has been separable by HOME, provided at least
one characteristic determinant is present on the
material, which iz capable of being specifically
récognized and hound to & receptor, such as an antibody,

antipedy fragment, specific binding protein (e.g.,

S
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protein A, streptavidin), lectin, and the liks.
HGMS systems can be divided inte two broad categories.
tne such category includes magnetic separation systams
which employ a magnetic circuit thatr is entirely
situated externally to a ssparation chamber or vessel.
Examples of such extszrnal separators (or open field
gradient separators) are described in US Patent Ho.
5,186,827. 1In several of the embodiments described in
the ‘827 patent, the reguisite magneti¢ fisld gradient
iz produced by pogitioning permanent magnets around the
periphery of a non-magnetic container such that the like
poles of the magrets ave in a field-oppesing
configquration. The extent of the magnetic field
gradient within the test medium obtainable in such a
system is limited by the strength of the magnete and the
separation distance between the magnets. Hence, thers
exigts a finite limit to gradients that can be obtained
with external gradienf systems. In 2 co-pending
Application Wo. 60/0%2,021, meane for maximizing vradial
gradients and methods for maximizing separation
efficiency via novel vessel designs are disclosed.
ncther type of HGMS separator utilizes a
Ferromagnetic collection structure that is disposed
within the test medium in order to: (1) intensify an
applied magnetic field; and (2) produce a magnetic field
gradient within the test medium. Previcusly disclosed
internal HGMS systems comprise fine steel wosl or gauzZe
packed within z columm that is situated adjacent to a
magnet. The applied magnetic field is concentrated in
the vicinity of the steel wires so that suspended
magnetic particles will be attracted toward, and adhere
to, the surfaces of the wires. The gradient produced on
such wires iz inpverse=ly proportional te the wire
diameter whereas the magnetic "reach” decreases with

diameter. Hence, very high gradients can be generated.

&
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One major drawback of internal gradient sysbems is
that the use of steel wool, gause material, steel
microbeads or the like, may entrap non-magnetic
components of the test mediwn by eapillary action in the
vicinity of incersecting wires or within interstices
hetween intersgcting wires. Various coating procedures
have been apgplied to such internal gradisnt coluns {US
Patent Nos. 5,693,53%9; 4,375,407}, however, the ilarge
surface area in such systems still creates recovery
problems due to abdorption. Hence, internal gradient
gystems are nok desirable, particularly when recovery of
very low frequency captured entities is ths goal cof the
separakbion. Further, these systems make automaticn
diffioult and cestiy.

On the other hand, HGMS approaches using extermal
gradients for cel)l separation provide a number of
conveniences. Firstly, simple laboratory tubes such as
test tubes, centrifuge tubes or even vacutainers (used
for plood collection) can be employed. When extexnal
gradients are of the kind in which separated cells are
effectively monolayered, as is the case with
quadrupole/hexapole devices {US Patent No. 5,186,827) or
rhe oppoming dipole arrangement described in US Patant
No. 5,466,574, washing of cells or gubaequent
manipulations are facilitated. Further, recoveries of
cells from tubss or similar containers is a sinple and
efficient process. This ip particularly the cases when
compared to recoveries from high gradient columns. Such
separaticon vessels aleo provide another important
feature which is the ability to reduce volume of the
original sample. For example, if a perticulax human
bleod cell subset, (e.g. magnetically labeled 0 34+
cells), is iscolated from blood diluted 20% with buffer
to reduce viscosity, a 15ml conical Eest tube may be

employsd as the separation vessel in an appropriate

7
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quadrupole magnetic device. After appropriate washes
and/or separations and resuspensions Lo remowve non-bound
cells, CD33+ cells can very effectively be resuspanded
in a volume of 260 yi. This can be accowplished, for
example, by starting with 12ml of solutien fblood,
fervofluid and dilution buffer) in a 15ml comical test
tube, performing a separation, discarding the
‘*supernatant’ and subsequent wash “supernatants” zng
resuspending the recovered cells in 3ml of appropriate
cell buffer. A second separation jies then performed
which may include additional separation/wash steps (as
might be necessary for doing labeling/staining
reactions) and finally the isclated cells are easily
resuspended in a finmal volume of 200 pl. By reducing
volume in this seguential fashion, and employing a
voriex mixer for resuspension, <¢ells adhered to the tube
zbove the resuspension volume are recoverad into the
reduced velume. TWhen done carefully and rapidly in
appropriately treated vessels, cell recovery is guite
efficient, ranging between 70-90%.

The efficiency with which magnetic separations can
be done and the recovery and purity of megnetically
labelsd cells will depend on many factors. These include
such conaidexations as the number of cells being
separated, the receptor demsity eof such cells, the
magnetic load per <¢ell, the non-specific binding {NSR)
of the magnetic material, the technique employed, the
nature of the vessel, the nature of the vessel surface,
the viscosity of the medium and the magnetic Feparation
device employed. If the level of non-specific binding
of a system is substantially constant, as is uswally the
case, then a® the target population decreases so does
the purity. B&s an axample, a system with 0.2% NSE that
recovers B80% of a population which is at 0.25% in the

original mixture will have a purity of 50%. Whereas if
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the initial population were at 1.0%, the purity would be
B0%. Mot as cbvious is the fact that the smaller the
population of a targeted cell, the more difficult it
will be to magnetically label and to recover.
Furthermore, labeling and recovery will markedly depend
on tlie nature of wagnetic particle employed. For
example, when cells are incubated with large magnstic
particlea, such as Dynal beads, the cells are labheled
through collisions created by mixing of the syatem as
the beads tend to be too large to diffuse. Thus, if a
cell were pregent in a population at a freguency of 1
oell/ml of blood or even lesz, as could be the case for
tumor cellsg in very early cancers, then the probability
of labeling target cells will he related to the numbers
of magnetic partlcles.added to the system and the length
of time of mixing. Since mixing of cells with such
particles for substantial periods of time will be
deleterious, it becomes necessary to increase particle
concentration as wuch 2 pogsible. There is, however, a
limit to the quantity of magnetic particle that can be
added to the system, in that one can substitute & system
comprising a rare cell mixed in with other blood cells
with one comprising a rare cell mixed in with large
gquantities of magnetic particles upcn separation, in
which case the ability to enumerate the cells of
interest or to examine them is not markedly improved,

There is another drawback to the use of large
particles'to isolate cells having rare frequencies (1-50
ceils/ml of bloed). Despite the fact that large
magnetic particles allow the use of external gradients
of very simple design and relatively low wmagnelic
gradient, large particles tend to cluster around cells
in a cage-like fashion making them difficult to “see” or
te analyze. Hence, the particles must be relsased

kefore analysis, and releasing the particles often

g

JP 2004-504129 A 2004.2.12



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

10

18

20

25

20

(38)

WO 0206790 PCTUSOTL

introduces other complications.

In theory, colleidal magnetic particles, used in
conjunction with high gradient magnetic separation,
should be the method of cholce for separating a cell
subset of interest freom a mirxed population of eukaryotic
cells, particularly if the subset of interest comprises
only a emall fraction of the entire population. With
eppropriate magnetic loading, swufficient force is
exerted on & cell, facilitating its isolation even in a
media as viscous as moderately diluted whole blood. As
noted, ¢olloidal magnetic materials below about 200
nancmeters will exhibit Brownian metion which markedly
enhances thelr ability ko ¢ollide with and magnetically
label rare cells. This is demonetrated in US Patent No,
5,541,072, where results of very efficient tuwor cell
purging experiments are described emploving 100nm
colloidal magnebic particles {ferrofiuide). Just as
importantly, colloidal materials at or below the size
range hoted do not generally interfere with viewing of
calls. Cells so retyieved can be examined Ey flow
cytometry with minimal forward scattering effects or by
microscopy employing visible or fluorescent technigues.
Because of their diffusive properties, such materials,
in contrast to large magnebic particles, readily “find”
and magnetically label rare biclogical entities such as
tumor cells in blood.

There is, however, a significant problem which
arieses in the use of ferrofluid-like materials for cell
separation in external field gradient systems which, for
reasons given above, is the device design of choice.
Direct moncclonal antibody conjugates of Owen et al.
materials or Molday nancparticles, such as Lhose
produced by Miltenyi Biotec, deo net have sufficient
magnetic moment for use in cell selection employing the

best available external magnetic gradient devices, such

1o
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as the guadrupole or hexapole magnetic devices degcribed
in US Patent MNo. 5,186,827. When used for separations
in moderately diluted whole klood, they are &ven less
elfective. Using similar materials, which are
substantially more magnetic, as described in US Patent
N, 5,698,271, more prpmising resultse have been
ohtained. In model spiking experiments, it has been
found that SKBR3 cells (breast ctuwer line), which have a
high EpCAM (epithelial cell-adhesion melecule)
determinant density, are efficiently separated from
whole blood with direct congugates of anti EpCAM MAb
ferrcfluids even at very low spiking densities (I-
s5cells/ml hload}). ©On the other hand, PC3 cells (a
prostate tumor line) which have low antigen density are
separated at significantly lower efficiency. Mast
likely thia ie a cangeguence of inadequace magneric
loading onto khese low density receptor cells.

From the foregoing discussion, it would be
zdvantageous te provide a magnetic esparation system
which combines the beneficial properties of both
colloidal wagnetic materials and large magoetic
particles {e.g., diffusion bazed labeling and large
magnetic moment, respectively) for separations involving
rare eventa or for cells with very low density
receptors. One could envision starting a separation
prodess with a magnetic colloidal or nanoparticle which,
due to their Brownian motion, would rapidly find and
labal cells in rare numbers or cells with very low
density receptors. Once that labeling ds achisved, it
would be desirable to convert the magnebic moment of the
nanoparticle to g walue similar to chat of 2 large
magnatic particle. In that way, magnetically labeled
entities could be separat=d in the kinds of gradient
fields used for larger particles, e.g., a simple

external field gradient eeparatecr. 1In the case of very
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low density receptor cells, which are recoversd
inefficiently even in high gradient external field
separators, use of such a principle would clearly
increase the efficiency of separation. In apolications
where cells are to be analyzed or used for some
biological purpese following separatieon, it would also
he very desirabls to he able to convert the magnetic
moment of the labeled entity back to that of its
original colleoidal magnetic labeling density. Thia
approach would permit separation frowm excessive magnetic
material, which would facilitate subseguent analysis or
uge.

2 Patent Wo. 5,465,574 to Liberti et al.,
describes a system which has some of the foregaing
featuresz regarding “loading on* of magnetic materiszls
onte cells. It was discovered that when oells were
firet labeled wilh specific monocleonal antibodies (with
or without biotinylation) followed by maghetic labeling
with goat anti-mouse ferrcfluid or with streptavidin-
ferrofluid (respectively), separation was enhanced in
the presence of excess meonoclenal antibody. The unique
ability of ferrefluids to ersate this “no wagh”
enhancing precedure ig due te immuncchemical
crogslinking of free ferroflvnid in soluticon to
Ferrofluid-bound target cells. Ferrofluid bound to
monoclonal antibody on cells, in turn, binds to free
ferrofluid in sgolution via free monoclonal antibedy.
This results in immunochemical clusters of monoclonal
antibody/ferrofluid “growing” off of monocelonal antibody
iabeled ¢ell determinants (referrcd to as chailning).
Thus, magnetic ccllodd is “arcificially” loaded onto
cells making them more magnetic and easier to separate.
The phenomencn was found teo obey immunochewical rules,
in that a high excess of monoclonal antibody resulted in

a decrease in chaining (menocleonal excegs zone) and a
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lose of separation efficlency. Similarly high levels of
ferrofluid also reduced chaining {ferrofluid excees
zone} . Chaining has been found te be useful for purging
vnwanted cells, e.g. tumor cells, in bone wmarrow or
peripheral bloed “grafts.* By this method, wvory high
levels of magnetic material ([visible brown rime arcound
celle, as observed via microscopy) can be loaded onto
target cells giving vise to very efficiont separaticn in
high gradient fields of only 8-12kGauss/cm gradients.

Cn the other hand, cells labelad with "monomeric*
ferrofluid ware found to eeparate 1éss cfficiently in
the same gradient.

In attempts to use chaining for isclating rare
cells from whole blood, several problems have been
encountered. Pirst, although spikad cells ars, indeead,
efficiently recovered, they are so densely coversd with
ferrcfluid (chaining) that the abkbility to analyze them
is markedly reduced. Hence this appreoach is not ideal
for applications wherein the posibtively selected cells
are to be observed via microscopy or flow c?tcmetry.
Rdditicnally. chaining seems to promote non-specific
binding. In summary, designing a chaining-based assay
where the level of chaining similtaneously gives rise to
geparation enhancement, non-obstructed viewing of the
igelated cells and accsptable levels of non-specific
binding is extraordinaxily difficult. The chaining
reaction is difficult to control because it requires
immunochemical stcoichiomekry. For examcle, most (»95%)
of the added menoclenal antibody {or tagging ligand)
will always be free in solution regardless of the
affinity of the antibedies. Hence, the amount of
ferrofluid required to achieve jmmunochemical
equivalence (whers the best separations take place via
chaining) generzlly leads to more chaining than is

desired, particularly in the cage where the selected
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cell is to be viewed and/or further studied. Chaining
can be lessened by concurrent decreascs in labeling
moneclonal antibady and added ferrofluid, however this
results in a sacrifice of sgeparation efficiency.

Another drawback Lo the use of chaining to cnhance
geparation is the inability to, in some praclical
marney, reverse chaining. If chaining could be reversed
and the concomitant increase in non-specific binding
decreased, the phenomencn would provide a viabie
approach to enabling the desired “loading on* of
magnetic material. Ancother diszadvantage of thiz method
is that a two step rsaction is required, i.e., reaction
of rargets with primary monoclonal antibody in a £irst
step followed by repetition with ferrofliuid specific for
primary monoccicnal antibody in the second step. This
approach caunot be used in aecays where primary antibody
is directly coanjugaeted to ferrofluid.

US Patent No. 5,108,532 to Liberti ot al. discloses
the use of weakly magnetic coclloidal materisls such as
those described by Owen et al. or Molday in immunoassays
employing external field magnetic separators. Such
materials zre degcribed therein as agglonerable and
resugpendable colloidal magnstic materials which remain
gubstantially undisturbed in an external magnetic field
system, f[or example, thosge commercially available at
that time {(Ciba Corning, Wampole, Mass.; Sercno
Diagnostice, Norwell, Mase.). By vontrast, materials
made by the process disclosed in the ‘531 patent being
substantially more magnetic, as noted above, will
separate in those separatoys., In the %33 patent means
for converting the colloid to an agglomerate are
disclosed s¢ as te make them separakble in those
separators. Thus, auch materizls could be used for
performing the bound/free separation step of

immunoassays. There is no mention in 933 for the need
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of, or methods for reversing agglomeration reactiona.
In light of the foregoing and recent discoveries of
naturally ocourring ferrofluid aggregation factors, the
present inventors have recognized the need for
compositions and methods for controlling aggregation of
ferrofluid by endogencus faciers during the isclaticn
and iwmunochemical characterization of rare target
bicentities. Such compositions and methods may be used
to advantage to facilitate apalysis and observation of
bicentities so isclated. Purther, this inventicn alsc
permits the use of substantially less magnetic resgent
a3 well as the opportunity to use lower magnetic
gradients. In the case of a fixed gradienk, the
inventicn provides for the capture or isolation of
entities which might have otherwize had insufficient

magnetic labeling to he captured.

SUMMARY OF THE INVENTION

In accordance with the pregent invention, wmethods,
compositions and kits are provided for controlliag the
aggregation of ferromagnetlc nancparticles by endogencun
aggregation factors. Fexrofluild aggregation often
presents problems during subsgeguent viewing of the
isolated targets. The methods of the invention
facilitabe visualization of the isclated hicentities by
allowing the investigator to contrel the level of
zggregarion. In one ewbodiment of the invention, a
method is provided for inhikbiting the agaregation of
magnetic nanoparticles on the surface of isolated target
entities. The method cowmprises obtaining a biological
specimen suspected of containing a target bioentity.
Hext, immunomagnetic suapensicns are prepared by mixing
the specimen with colloidal, magmetic particles coupled
to a biagpscific ligand having affinity for at least ovne

charazcteristic determinant of the target bicentity. The

is
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immuncmagnetic suspsneion is thereafter subjected to a
magretie field to obtain target bioentity enriched
fractions. Optionally, the fractione are then examined
to determine the characteristics of the targeb bioentity
sG isclabed. Inhibition of ferrefiuid aggregaticon
facilitates subsequent analysis of cells as aggregates
©f ferrcofluid on the cell surface ars eliminated. The
absence of such agyregetes is lomportant for several
types of analyses including, for example, flow oytometry
and immincfluorescance microscapy.

The reagents provided herein efficiently inhibit or
remove endogenous aggregation factors. The factor
removal or inhibition step may be performed befare or
simultansously with the addition of ferrofluid to the
biclogical spzcimen for separation and enrichment.

To further characterize target bicentities isolated
using the methods of the invention, the method
opticnally includes the steps of adding to the target
bicentity enriched fractiom at least one biospecific
reagent which recognizes and effectivelv labels at least
one additional characteristic determinant on said target
hiosntity. The labeled targst bicentities are then

separated in & magnetic field to remove unbound

bicspecific reagents., A non-cell exclusion agent ig

added to the separated bioentities to allow exclusion of
non-nucleated componente present in the sample. After
purifying the target biocentity, it is then ready for
analysis using a variety of different analysis
platforms. Target bicentities include, without
limitaticnm, tumor cells., +wvirally infected cells, fetal
cells in maternal circulation, virus particles,
bacterizl cells, white blood cells, myocardial cells,
epithelial cells, endothelial cells, proteins, hormones,
LNA, and RNA. Targel bicentities may he analyzed by a

process selected from the group consisting of
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maltiparameter flow cytomerry, immunoflourescent
ricroscopy, laser scanning cyteometry, bright field base
image analysis, capillary volumetry, manual cell
analysis and automated cell analysls. Agoregaticn
inhibiting agents suitable for vee in the methods of the
present invention, include, but are not limited to
reducing agents, animal serum proteins, Smmune-
complexes, carbohydrates, chelating agent, unconjugated
ferrofluid, and diamine butane. In the casge where the
endogencus aggregation facter is of the IgM class and
reactive with ferrofluids, preferred aggregation
inhibiting agents are reducing agents, such as Mercapto
ethane sulfonic acid [MES], Mercapto Propane Sulfonic
acid [MPS] and dithiothreitol [DTT]I. In a particularly
preferred embodiment, the hicspecific ligand is a
monoclonal antibody having affinity for an epithelial
cell adhesion melacule,

In an alternative and preferred embodiment of the
invention, & method ie provided for isolating target
hicentities from a biological sample by controlling
aggregarion of magnetic nancparticles. The method
entaile obtaining a biological specimen suspected of
containing said target bicentlty and conkacting the
kiological specimen with a reagent effective tao
inactivate any endogenciue aggregating facktore present.
Inmupomagnetic syspensions are then prepared wherein the
specimen is mixed with colleidal, magnetic particles
coupled toc a bioapecific ligand having affinity for at
least one antigen present on the targel bioentity, the
magnetic particles being further coupled to a first
exogenous aggregation enhancing factor which comprisea a
first member of a specific binding pair. A gscond
multivalent exogenous aggregation enhancing factor is
then added to the immunomagnetic suspension to increase

aggregation of the particles, the second aggregating
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enhancina factor comprising the second member of the
gpecific binding pair, which reversibly binds to the
magnatically labeled target bicentity. The sample is
then subjected to a magnetic field to obtain a Larget
bioentity enriched fraction. This preferred ewbodiment
takes advantage of the fact that aggregating ferrofluid
onte Largeb entities in a cankrelled and reversible
fashion resulls in substantizlly impwroved isclation
efficiency.

In a further smbodiment, the above described method
further comprises the steps of adding at least ons
bioapecific reagent which recognizmes and labels at least
ene additicnal characteriptic determinant on sald Larget
kicentity. The target bicentity so labeled is then
geparated in & magnetic field te remove unbound
biospecific reagent. A non-cgell exclusion agent is
addad to the separated biloentities to allow exclusion of
non-nucleated components pregent in the sample. The
target bioentity is then purificed and further analyzed.
In order to reverss the agoregation mediated.by the
excgencus agaregation factorsg, a member of the apecific
binding pair may be added in excess to the purified
bicentity to reduce ferrofluid aggregation on the
surface of cells, thersby facilitating viewing of the
velle, e.g. in a microascope., Suitable specific binding
pairs for this purpose include, witheout limitation,
bictin-streptavidin, antigen-antibody, receptor-horwons,
recepbor-ligand, agonist-antagonist, lectin-
carbahydrate, Protein A-antibedy Fe, avidin-biotin,
biotin analeg-streptavidin, bletin analeg-avidin,
desthichbiotin-streptavidin, desthiobiotin-avidin,
iminocbictin-sltreptavidin, and imincobiotin-avidin.
rreferably, the bicspecific ligand is a monoclonal
antibody having affinity for epithelial cell adhesicn

molecule, Exemplary bicgpecific reagents include

pR:}
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wonoclonal antibodies, polyeclonal antibodies, detectably
labeled antibodies, anlibody fragments, and single chain
antibodies. Isolated target bicentities may be analyzed
by a process selected from the group consisting of
multiparameter flow cytometry, immnoflucrescent
microscopy, laser scanning cytometry, bright field base
image analysis, capillary volumetry., manual cell
analysis and automated <¢ell analysis.

In agcordance with the present invention,
controlling aggregation of fsryofluid in a sample has
several unexpected benefite previously neoted, e.g.
increasing efficiency of separation oi some particular
entity. IL has been discovered that addition of an
exogenous aggregation enhancing factor gives rise to
wnereased magnetic leading, resulting in increased
separalion efficienay while reducing the amcunt of
ferrofleid required to isclate Lhe target bicentity,
The increased magnetic loading also allows fox reduced
incubabion periods and facilitates isolation of Lhe
target bicentity in the presence of a suboprimal
magnetic field.

In sn additional embodiment of the present
invention a kit is provided which facilitates the
practice of the methods described herein. An exemplary
kit For isclating target bioentities includes i) coated
magnetic mancparticles comprising a magnetic core
material, a protein base noating material, and an
antiboty that binds specifically to a first
characteristic determinant of said target bicentity,
s3id antibody being coupled, directly or indirectly, to
said base coating material; ii) at least one antibody
having binding specificity for a second chaxacteristic
determinant of said rare biological substance; iii) an
aggregation inhibiting factor; and iv) & non-cell

exclusion agent for excluding non-nucleated sample
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components other than said target bicentity from
analysis.

A kit for improving the isolation efficiency of
certain biclogical entitirs, such as might be reguirad
for iseolating low antigen density tumor cells from a
biclogical sample, is alsc provided in accordance with
the pregent invention. This kic utilizes controlled and
reversible aggregatlon of magnetic nanoparticles to
achieve such improvement. Such a kit dnclindes 1) a
reagent effective to inactivate endogencus sggresating
factors; ii) coated magnetic nanoparticles comprising a
magnetic core material, a protein base coating matarial,
and an antibody that binds apesecifically to a first
characteristic determinant of said tumor cell, the
antibody being ecoupled, directly or indirectly, to tne
baae cvating material; the magnetic particles being
further coupled to a first exogenous aggregation
enhancing factor, the factor comprising ons wember of a
gpecific binding pair; 1ii) at least one antibody
having binding specificity for a second characteristic
determinant of said tumor cell; iv) a second excgenous
aggregation enhancing factor, Lhe second aggregation
enhancing factor comprising the second member of the
specific hindipg palr; and v) a non-cell exclusion agent
for excluding non-nucleated sample companents other than
the tumer cells from analysis. The kit may opticmally
include a reagent for reversing the exocgencus
aggregation factor. Specific binding pairs useful in
such a kit, include without limitation, bictin-
streptavidin, antigen-antibody, receptor-hormone,
receptor-ligand, agonist-antagonist, lectin-
carbohydrate, Protein A-antibedy Fo, and avidin-biotin,
biotin analeg-avidin, desthiobiotin-streptavidin,
desthiobictin-avidin, imincbictin-streptavidin, and

imincbictin-avidin. Reagents effective to insctivate
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endogenous aggregating factors include reducing agents,
animal serum preteins, immune-complexes, carbohydrates,
chelating agent, unconjugated ferrofluid, and diaming
butane.

The methods. cowpositions and kite of the iovention
provide the means for controlling the aggregaticon of
magnebic nanoparticles, thus facilitarting the iselation,
vigualization and characterization of rare biclogical

substances or cells from bhieologicel specimens.

BRTEF DEJCRIFTICN OF THE DRAWING

Figures 14-1H are a series of micrographs depicting
what. is chserved in a micreoscope in samples derived from
blood donors with high levels of endogenous aggregating
factors versus those with low levels of endogenous
aggregation factors. Breast cancer cells were apllked
into whele bleod and selected using BRPCBM colloidal
magnetic particles and stained in suspension. Fig. 1a&,
trangmitted light only, low aggregation; Fig. 18,
transmitted light only, high zggregation; Fig. 1C,
cells stained with Hoechat nuclear stain, low
aggregation; Fig. 1D, cells stained with NHoachst
muclear etain, high aggregation; Fig. 1E, cells stained
with the epithelial cell marker cytokerstin Alexa 488,
low aggregation; Fig. 1F, c¢ells stained with the
epithelial cell marker cytokeratin Alexa 488, high
aggregation; Fig. 136, cells stained with tumor cell
receptor merker erbZ-conjugated to phycoerybhrin, low
aggregabion; Fig. 11, cells stained with tumor cell
receptor marker erbZ-conjugated to phycoerythrin, high
aggregatien,

21
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DETALLED DESCRIPTIGN OF THE IWVENTION

The term “target bicentities" as used herein rcfars
to a wide variery of materials of biclogical or medical
interest. Examples include hormenes, proteins,
peptides, lectins, oligonucleolides, drugs, chemieal
substances, nucleic acid molecules, {e.g., RMNA ana/or
DNA) and particulate analytes of bicleogical origin,
which inclypde bisparticles such as cells, viruses,
bacteria and the like. In & preferred embodiment of tho
invention, rare cells, such as fetal cells in maternal
ciroylation, or civculating cancer cells may be
efficiently isolated from nen-target cells and/or other
bicentities, using the compeositions, methods znd kite of
the present inventicn. The term "biclogical specimen”
includes, without limitation, cell-containing bodily.
fluids, peviphberal klood, tissus homegenatss, nipple
agpirates, and any other source of rare cells rhat is
obtainable from a human subject. An exemplary Llssue
homogenate may be obtained from the sentinel node in a
breast cancer patlient. The term "determinant®, when
uzed in reference to any of the foregoing target
bioentities, may be specifically bound by a biospecific
ligand or a biospecific reagent, and refers to that
portion of the target bisentity invelved 1o, and
responsible for, selective hinding to a specific binding
substance, the presence of which is reguired for
selective hinding to oocour. In fundamental texms,
determinants are molecular contact regions on target
bicentities that are recsgnized by receptors in specifiic
binding pair reactions. The term "specific binding
palr" as used herein includes antigen-antibody,
receptor-hormone, receptor-ligand, ageonist-antagonist,
lectin-carbohydrate, nucleic acid [ENA or DNA)
hybridizing sequences, Fo receptor or mouse IgG-protein

A, avidin-biotin, streptavidin-biotin and virus-receptor
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interactions. Various other determinant-specifilc
binding substance combinations are contemplated for uae
in practicing the methods of thies inventien, zuch as
will be apparent to those skilled in the art. The term
vantibody' as wsed herein, includes immunoglobulins,
moncclonal or pelyclonal antibodies, immunoreactive
immunoglobulin fragments, and single chain antibodiss.
Alsc contemplated for use in the invention are peptides,
oligonucleotides or a combination therszof which
specifically recognize determinante with specificity
similar to kraditieonzlly generated antibodies. The term
tdetectably label" is used to herein to refer to any
substance whoge detection or wmeasurement, either
directly or indirectly, by physical cr chemical means,
is indicative of the presence of the target bicentibky in
the test sample. Representative examples of useful
detectable labels, include, but are not limited to the
following: molecules or ions directly or indirectly
detectable based on light abeorbance, flucrescence,
reflectance, light scatter, phosphorescence, of
luminescencea properties; molecules cr iong detectable by
their radicactive properties; molecules or ions
debectable by their nuclear magwetic resonance of
paramagnetic properties. Included among the group of
molecules indirectly detectable based on light
absorbance or fluworescence, for example, are various
enzymes which cause appropriate subgtrates to convert,
2.g., from non-light abscrbing teo light abeorbing
molecules, or from non-flucrescent teo fluorescent
molecules. & nucleic acid dye or other reporter
molecule, sometimes referred teo herein as a non-cell
exclusion agent, which is capable of identifying both
target bicentities and certain pon-target bioentities,
such as intact nucleated cells, is added tc the sample

to allow @xclusion of any residual non-nucleated celle
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or other potentially interfering sample components prior
to enalysizs by floweytometry, microscopy., or other
analytical platforms. Non-cell exclusicn agents may be
reactive with DNMA, RNA, preotein, or lipids such that the
amwount of signal obtaired isg typical of that obtained
For ceolls or the image obtained reveals typical features
of a cell, such as cell and nuclear wmewbranes, nucleus,
and mitochondria.

The term “obtimal" used herein describing
ferrofluid concentration, magnetic field atrenath, or
incubation time refers to the conditions used in a
standard, uwnmodified assay, =eparation, isolation, or
enrichment .

The term “sub-optimal” used herein describing
ferrafluld concentration, magnetic field atrangth, or
incubation time refers to the conditicons used in an
assay, separation, isclation, or enrichment which would
produce inferior resvlts, as compatasd to resulis
obtainable under cprimal comditioms.

The term *ferrofluid’ as used herein refers to
magnetic nanoparticles in suspension. The terms
ferrofluid and magnetic nanopartiocles are used
interchangeably herein.

Endogenous ferrefivid aggregation factors are those
present in a sample isclated from a test subject.
Exogenous agdaregation factors are these provided herein
which are added and/or reversed as desired by the
investigatoer.,

The preferred magnetic particles for use in this
invention are particles that behave as colloids and are
superparamagnetic. The colloids are characterizmed by
their gsize, i.e., smaller than 200om or of a size which
doesn't interfere with the analysisz. The
cuperparamagnetic particles become magnetic only when

they are subjacted to a magnetic field gradient and do
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not become permanently magnetic. The colloidal
superparamagnetic particles do not separate or setbtle
from aguecus sclulion for extended periods of time.
These particles are compesed of either single crystals
of iron oxides or sgglomerates of such crystals
surrcunded by molecules either physically adsorbed or
covalently attached. The colleoidal magnetice particles
with the above characteristics can be prepared as
desgoribed in US Fatent Nos. 4,7%5,698; 5,512,332 and
5,597,531, A monoclonal antibody, which recognizes a
specific subset of ¢ells, vonjugated to magnebic
particles is preferred for use in this invention.

in the courge of studies on rare cell izolaltion, a
factor present in the blood of csrtain patiente was
discovered which effactuates aggregatcion of magnetic
nancparkicles. PFurther, this enhanced aggregabion
effect appears to be readily reversible. 7Thus, rare
cells having low receplor densities can be isolated noze
efficiently from woderately diluted whole blood in
extsrnal field guadrupole or hexspole separators by
*lozding on” more ferrofluid than that which is
specifically bound to a characteristic determinant of
the rare cell of interest. When izclated cells are
examined by microscopy, ferrofluid clusters are present
on the cell membrane. Reversal of the enhancing efiect
deaggregates the clusters, facilitating microscopic
analysis of the cells. This endogenous enhancing effect
exists in varying levels in sbout 90% of apparently
normal doneor blood samples. By manipulating assgay
conditions, the resultant ferrofluid clusters can be
dispersed without damaging the cells of interest. Thus,
the present invention provides metheds for sliminating
the effects of endogenous ferrofluid aggrecation Factors
and where desirable, means for consetructing agents

capahle of controlled and reversible aggregation of
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ferrofiuid. Thies permits effective and efficient
isclation and enrichment and subseguent analysie of rare
cells, and cother biclogical entities such as virueses and
bacteria.

The endogenous ferrofluid aggregating substance
found in bleood nas the following characteristics: (1) it
is present in plasma or serum; (2) it is sensitive to
millimolar concentraltions of dithiothreitol; and (3) it
reacls with "bare” crystalline regions on direct coated
Eerxofluid, as degcoribed in US Patent 5,597,531,

Control experiments revealed that Lhe factor is oot
ferritin, transferrin, fibrinocgen, Clg, human anti-mouse
oY anti-B3A antibodies. The aggregating substance is
2150 not of the IgC subclass since IgG-depleted plasms
alsgo caused aggregation of the ferrofluid. Ferroiluid
aggregabion appears to be correlatable with ferrofluid
or serum concentraticn. The dependency of aggregation
on cancentration «f either component iz similar to that
observed with precipitin curves and based on the
observations noted above, it was postulated that the
subsrance is an TgM, This was Gonclusively provan by
rémoving the IgM from the plasma samples via
immuneaffinity purification. The resulting IgM depleted
plasma did not effectuate ferrofluid aggregation.
control experiments, where the same plaswa samples
ware absorbed through a BSA affinity media, did show
ferrofluid aggaregation. Further study demonstrabed that
extengive adsorpticn of sera containing the aggregating
factor with ferrofluids only removed a small amount of
the total IgM and that purified human IgM causes
ferrefiuid aggregation. These chservations along with
identity studies of adsorbed aggregating factor and the
ability to cauge aggregation with adsorbed/deserbed
material led te the conclusion that the aggregation

factor in these experiments ig, indeed, a highly
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specific TgM. Based on the inability to inhibit
aggregaticon by any cowpenent uged in forming the
ferrofluid except for magnetite crystals poorly coated
with pretein or magnetite crystals partially coated with
detergent, it is believed that the epitope recognized by
the IgM is present on the magnetite crystalline surface.
The zrole <f this specific IgM is not known but it is
present in a significant portion of the human population
and ai varying levels. Tt is possible that this
antibody plays some role in iron metabolism.

Methode of manipulating endogencus enhancing
factors are described herein which permift patient-to-
patbient comparigon of isolated cells in a meaningful
manney. Because the endogenous aggregation enhancing
factor concentration variesg in patient populations. it
ig difficult to ereale a standard procedure for
separating rare circulating cells, ke they tuwmor cells,
fetal cells in maternal blood or virally infected ceils
Recent discoveries in a co-pending application {Na.
05/248,388) have demonstrated that the magnitude of Ehe
nurber of circulating cells is directly related to tumor
burden and stage of disease in breast cancer patients.
Similarly, viral burden has been shown to be of
gignificance in the prognosis of EIV infection. The
need for accurate quantitation of such entities is
becoming ever more important. The methods disclosed
herein are conwveniently practiced by weans of test kits
which may be used te advantage in the clinical setbing.

Having discoversd the presence of this ferrofluid
aggregation factor (FFANF} in donor serxa, careful studies
confizrmed thak ite presence markedly Smproves the
retrieval of spiked low density receptor tumor cells
using monoclonal antibody conjugated ferrcfluid. In
these studies, cella spiked at levels of 1leell/2rls of

blood containing FFAF are rouwtinely retrieved at greater
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than 70% efficiency. Tn contrast, in donor blood where
FFAF is absent, efficiency of retrieval is reduced to
approximately 15-25%. TFrom those experiments, the
following cbservations were made:
3. low densibty receptor celles are often isclated less
efficiently than cells with high density receptors;
3. separation efficiency varies considevably for low
density recepror cells and this variation is dependent
on the hlood donor;
3. when either cell type {high or low density
c¢haracteristic determinant cella) was exanined via
microscopy following ferrofluid/magnetic isolaticn from
the blood of different donors, ferrofluid was aggregated
in about 90% cf patient samples; and
S tumer cells retrieved had differing degrees of
vigible ferrofluid aggregated on their surfaces,

Moreover, since the aggregabicm materisl is
sengitive Lo DIT, retrieved cells can be readily
visualized by microsaopy for worphological
characteristics by reduction cof the ferrcfluid
aggregates prior to observation.

In comparing the phenomena of FFAF and chaining
{gsee US Patent No. 5,466,574) to enhance <ell
recoveries, some interesting ceonclusions can bhe drawn.
When FFAF iz present in blocd in exceedingly low
concentrations, as is the case in many individuals,
excallent recoveries of low density receptor spiked
cells are obtained, e.g., 1-% cells/mi blcod. The
quality of the recovered cells, as assessed by the level
of magnetic wmaterial on thelr surfaces is guife suitable
for morphological examination or further manipulztion.
When FPAF is in high concentrations, recoveries are alsec
excellent but the guality of the recovered ¢ells is not
acceﬁtahle as the agglomerates on the cells checures

their viewing. Hence, unlike the components of
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chaining, i.e. monoeclenal antibody-ferrofluid "chains”,
which are limited by concentration, there is a level of
FFAF which can lead to vary affective cell separation,
thus providing an isclated populatien of cells which can
be studied effectively. In certain embodiments of the
invention, endogencous FFAF's in the samples are
inactivated at the cutset go that aggregation can ba
comtrolled by the investigator by adding the
compositions described herein. In this way, aggregatien
can be enhanced or inhibited as desired.

FFAF and any similar substances must ba evaluated
in assays to lsolate rare cells. sSuch factors must be
controlled in order to develop a test which functions
reliably for every patient., For example, many
individezls have anti-rodent antibodies, or antibodies
to components, such ag carbohydrates, which might be
found on rthe surface of some magnetic nancparticies.
Other potential aggregating substances normally present
in bleood include Clg, rheumatoid factor, and bloocd
clocbing proteins.  Such reactions must either be
controlled, so as Lo maks them constant from specimen to
gpecimen, or bhe sliminated altogether., In the caase of
anti-redent antibodies, this can he accomplished by
adding rodent proteins to the system sc as ta inhibil
their aggregating effects. Thie addition iz gquite
different from adding such components te immuncaseay
systemsz, In Lthe latter case, anti-rodent antibodies
generally enhance isclaticon but alsc tend t£c lncrease
false pesitives as they link captured antibody with
labeling antibody in sandwich-type reactions. In
conktrast, asdditional antibodies used in the methods of
the pregent invention enhance the recovery of low
deneity recepbtor celle. Thus, in one case aggregabing
factors can artificially elevate false positives, and in

another facilitate isclatiom of the target hioentity.
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RBesides competitively inhibiting such factors, they
may be disabled or adsorbed from solution, or the
determinant on the magnetic colloid to which such
factors bind may be eliminated. FFAF activity may be
inhikited by formulating a special buffer that contains
opbimal amounts of additives such as mouse and cther
animal gerum proteins, immune-complexes, carbohydrates,
chelating agents which inhibit various activation
eyetems, including complement, and ceompounds which
specifically inhibit the interaction of C1g with reacted
antibedy, such as diaminc butane. In the case where
FFAF is an IgM, reducing agents effectively disable the
FFAF without affecting the ligands used for labeling
cells. Thus, such factors could be selectively disabled
chewmically or enzymatically. Adsorprion with
appropriate materials, e.g., unconjugated ferrofluid,
provides snother route for removing aggregating factors
from the sample.

It may alse be possible to make the amount of
aggregator congtant from patient to patient so as to
always have identical levels of enhancement. This may
be sccomplished in different ways. For sxample, all
endogencus factors wmay be reduced teo the same level in
all patient samples. However this seems a difficult and
impractical sclutien., As an alternative, a two step
process may be employed where, as a firast step, all
endogenons FFAF‘g are disabled without affeoting
aspecific ligand binding of the ferrofluid to its target
or subseqguent cell analysis. The second step entails a
vontrolled aggregation reaction. Colloidal magnetic
materials conjugated to two kinds of ligands may be usoed
to practice the two step method desczribed above. Onc
ligand, guch as moncclonal antibody would be directed to
cell surface determinants and effectively labels cells,

The secondary ligand would have no reactiwvity with any
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component of blacd yet have binding affinity for a
#ultivalent component which would be added following
binding of the primary ligand. Thus, addicional
magnetic colloid would bind to colleid already hound ko
cells, thereby enhancing their magnetic load just as
FFAF doeg.  Siwmilarly, it would be preferable if the
reaction of the secondary ligand and ite multivaient
component wers reversible. By selecting the right
compoitents of the secondaxy reactions and their
concentratiens, it showld be possible to add ferrofluid
and the aggregation factor simultaneousty,

Therefore. FFAFs are provided which facilitale
contrelled aggregation of fervofluids, thereby ennancing
recoveries of rarely oecurring bioleogical entitiss. The
ideal aggregating factor is onc which mediates a
reversible sggragating effect. Reversal of aggregation
eliminates magnetic nanoparticle clusters so as to
facilitate wisualization of igclated cells. The factors
of the invention operate in a manner similar to the
ideal magnetic particle conditions described above i.e.,
by converting colloid nancparticles which are bound to
target into large particles with the added ability to
readily reverse that process. The identification and
elucidation of an endogenous factor present in the hiasd
of most normal donors which enhances the efficiency of
isolation of low density receptor rere cells iz
described herein.

¥referable FFAFs include specific multivalent
substancas which recognize determinant (s) on ferrofluid
magnebic particles thersby croesslinking the particles.
This facter may natwrally ccour in plaema or may be an
exogencusly added reagent. Several types of exogenous
reagents are suitable for this purpose and‘include, bur
are not limiked te, Ig@, dimerie IgG, IgM, Streptavidin,

Avidin, Protein &, Protein ¢, dimeric or tstrameric
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poly-A or poly-T, or specific oligonuclectide sequences.
The secondary ligand can be introduced onco Ferrofluid
and is recognlzed by FFAF., There are several types of
secondary ligande which may be selected such as hapten,
biotin, bictin analogues (iwinobiotin, desthichiotin),
sheep Ig&, goat Igd, rat IgG, pely-A or poly-T or
oligenuclectida. FFAP-secendary ligand inberaction may
be either reversible or irreversible but a reversible
interaction is preferrxed. There are geveral reagernte
which may be used to reverse FPAF-secondary ligand
interaction such as reducing agents, excess of haptensz,
excees of hapren analogues, excess of analogues of the
secondary reagent, change of salt concentration, changs
of pH or change of temperature.

When an assay or separation is performed under
optimal conditions, the percent recovery of the target
<¢elle ig maximized. However, the ability to wodify the
conditions is apparent when exogencus aggregation is
induced. 1In the cass of high density surface receptor
target cells, the amount of ferrofluid nesded for
maximum recovery is gquite high without exogencus
aggregation, to enaure that each target ig magnetically
responsive by sabturating zll the available binding
sites. One benefit of this invention is that less total
ferrofluid is needed for separation, as it does not need
to saturate all the available binding sites. Thia is
due o the ability to form crosslinks of magnetic
particles, mediated by the exogencus aggregation factor
and increace the magnetic mass per binding site.

Instead of rendering cells magnetically responsive by
the use of many single magnetic particles per cell, i.e.
one particle binde one cell surface antigen, the
aggregates af wmultiple particles can bind the single
antigen and will maintain the same magnebic force as

optimally captured cells. Bach particle now has the

32

JP 2004-504129 A 2004.2.12



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(51

10

15

20

a5

30

35

(61)

WO 0206790 PCTUSOTL

capakbility to bind a cell surface antigen or ancther
particle. In other words, even though less total
Terrofluid is wsed, each target cell will have the same
magnetic responsiveness, and the resulting separation
efficiency will be comparable to that obtained under
optimal cenditions. Optimally, 10 pg of ferxefluid is
uwsed per 1 ol of saﬁple. This concentration may be
reduced 10-fold in accordance with kue present
invention.

In addition to reducing the amount of ferrofluid
neaded, the magnetic strength as well as the incubation
time can be reduced. Because the aggregates of the
invention are larger than individual magnetiec particles
in a non-aggregating separaticon, a lesser magnetic field
strength can still move the aggregates. Prowoting
exogenous agdregation creates tewporary and reversible
large magnetic particles from small magnetic particles.
Indeed, the benefits of large particles, including the
ability to use weak magnetic fields for separation, can
be applied to the present invention. The gquadrupole
magrnietic separators Lypically used maintain a field
gradient strength of §.3kGauss/cm at the vessel surface.
Magnetic arrangements, such as dipoles, which have
almost half the wagnetic field strength at the vessel
surface may be utilized in practicing the methods of the
present invention.

In the non-agaregating syatem, longer incubation
times are reguired to increase the number cf magnetic
particles per cell for effective separation. In this
system, one magonetic particle will bind one cell surface
antigen. However, in an exogencusly-induced aggregation
system, the same number of particles per cell can be
achieved by causing multiple particles per antigen, via
the induced aggregates. This allows the incubation time

to be shortened because not all of the available binding
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gites will need to be bound to wagnetic particles. By
adding this second binding paiv member, the particles
now can bind to other particlas, instead of only being
capable of binding to free cell surface antigens.
Therefore, as explained sbove, the binding sites do not
need to be saturated to have the same magnetic
responsiveness ag optimal conditions, which allows Lhe
reduction of incubation time. The minioum time fox
magnebic incubations is 30 winutes. Using the present
invention, these btimes may be reduced up to 3-fold.
However, it is not intended that both ferxyofluid
concentraticn be reduced and incubation time he
shortened simultanecusly. Variations of these steps
should be exploited independently of ane ancther in
order to maintain maximal recovery of target
bioentities.

A secondary ligand which is zetoognized by an
exogenous fexrofluid aggregation factor will be coupled
ko ferrefluid in additicon to the above monoclonal
antibody by standard coupling chemistry., The secondary
ligand may be a emall molecule such as hapten or hiotin
analogue or a big molecule such as an antibody or a
specific protein or a polymer such as polypeptides oo
polyoligonucleotides. A biorin analegus such as
desthiohiokin is preferred for conjugation to magnetic
particles as a secondary ligand in this invention as it
exhibits a lower affinity (Ke = 10° M for streptavidin,
as compared te native biotin (Ka = 10 M?). The
ingeraction between streptavidin and desthiobictin can
be easily disrupted by the addition of excess biotin.
The combination of desthicbictin and avidin has been
used to remove magnetic particles or inscluble phase
from the target substances {BOT/US94/10124 and Us Patent
No. §,232,678%). In this invention, that combination is

used only to aggregabs and disaggregate magnetic
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particles and not to remove magnetic particles from the
target subsbance.

The reacticn vessel for uge in this invention may
be either glass or plastic, however, plastic kubes are
preferred. The bottom of the tube may be round ©or
conical in chape. Tubss with different lengths or
diameters may be used to process different volumes of
samples. For e¢xample, in some instances a 50ml cenical
tube may be used to process 20ml of blood or more., In
one embodiment of this invention, a 12x75mm polystyrenc
tube or 15ml conical tube is used. The reaction vessel
vsed during incubation with magnetic particles and the
vaseel used during magnetic separation deoes not
necessarily need to be the same. Two different types of
vasgels wmay be used, one typs for incubation and another
type for magnetic separation. However, it is preferred
to use only one veseel in both cases. The magnetic
separation vessel may be a tube or a Flow-through
chawber or some cther device,

The test madium used in practicing the present
invention may be any liguid or solution which comtains
tile rarget substance and is preferably blood. A Lest
sample in the reaction wvesgel is incubated with a
ferrofluid conjugated to antibodies specific for 2
target subzstance and a secondary ligand specific for
FPAF. Additionally, an exogencus FFAF 12 added
simultanecusly with ferrofluid to the test sample or
after pinding of ferzefluid te target substance.
Optiecnally, a reagent which iohibits or disables
naturally eccurring aggregaling factow may be added
gimultanecusly with ferrofluid, or added prier to
ferrofluid additien, After an optimum incubation Lime,
magnetically labeled targets are separated from the rest
of the test medium in a magnetic separator. The

magnetic separator and separation time are selected
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based upon test medium and reaction vessel. It is
preferred to use high-gradient wagnetic separation
devices such as those described in US Patent No.
5,186,827, Aftex aspirating the uncollected Iiquid, the
collected cells may be resuspended in an isotonie buffer
or permeabilizing sclution to permeabilize cells for
intracellular staining. The magnetically labeled cells
ars reseparated magnetically to remove permeabilizing
reagentes. The collected cells are resuspended in a
small volume of cell buffer for staining with labeling
substances. The velume of the buffer may be from 100-
300 pl. Optionally the cell buffer may vontain staining
antibodies. Additionally, the cell Luffer may contain a
disaggregating reagent as described above, e.g., bicktin,
The final concentration of biotin may be from 1- 5SmM.
The incubsation time for antibody staining or for
ferrcfluid disaggregation with disaggregating reagent
may be from 26-60 minutes and iz preferably 15 minutes.
After optimum staining with antibodies or dizaggregabion
of ferrcfluid, excess reagents may be removed from cells
by aacther magnetic separation. After aspisating the
uneollected liguid, the collected cells are resuspended
in a small volume of isotonic Muffer. The volume of
this buffer may be from 100-500 pi. The ferrofluid
labeled cells may bes further processed or analyzed by
floweytometry or microscopy.

While magnetic particles conjugated to antibody
only have been described above, other types of
confuygated magnetin particles are contemplated for use
in rhe present inveotion. Magmetic particles conjugated
to proteins other than antibodies may be used. For
axample. streptavidin conjugated magnstic particles may
be used to bind target cells which are labeled with
antibody-blotin ¢onjugates. Follewing labeling of

target cells, excess unbound antibody-bilotin may be
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removed by & wash step using a centrifuge. The target
cells labeled with antibody-bictin are then incubated
with streptavidin ferrofluid for magnetic labeling of
cells. Desthiobiotin conjugated to any polymer or
protein (aggregating factor) will be added to the test
madivm Lo aggregate ferrefluid. Aggregating factor may
be added simultanecusly with magnetic particles or after
the magnebic particles bind the target cells. The
number of desthioblotins per polymer or protein should
ba more than one to aggregate ferrofluid. Preferably
desthiobiotin conjugated to bovine serum albumin {BSA)
may be used. The number of desthiobiotins on BSA may he
2-10. $Such desthiocbictin/protein conjugates may be
synthesized as set forth hereinbelow.

Although the prasent ionvention is described hereln
primarily with reference teo tumor cell selactiocn from
blood, the invention ig not limited to tumor cell
selection. Other cell types present in blood,
levkophoresis or bone marrow, such as CD34, Cb4, and
fetal cells may be selected. The antigenic determinants
on those cells may be low to high. More generally, the
invention applies to the isolation of any cell which
requires magnebic enhancement for its efficient
isolation.

The following examples are provided to illustrate
various embodiments of the invention. These exanples
are not intended to limit the zcope of the invention in

any way .

EXAMPLE T
The following data illustrate the effects of the
FFAF of the present invention on the recovery of low and
high density receptor tumor cells spiked into blood
sanples . An exemplary FFAF has been identified as a

gpecific IgM present in the blood samples of most
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donors.  Reducing agenis such as dithiothreitel (DT
and mercaptoethans sulfonic acid (MES) which clocave
disulfide linkages, prevented ferrofluid aggregation in
bloced by converting pentameric IgM to its monomeric
form. DTT is nct a preferred reagent [or use in the
methods of the present inventiom, as high concentrations
alter cellular merphology, and are toxic to target cells
and leukocytes.

In this example, the effect of MES on ferzofluid
aggregation and tumor cell recovery of both high and low
antigen densibty tumor cells from spiked blood is
described. The protocol used for this study was as
follows. Bleoed (2ml) was placed in a 12x75mm
pelystyrens tube and lml of Immunicon dilution-wash
buffer waa added to dilute the blood. Next, 100 pl of
call buffer (isctoniec 7inM phosphate, pH 7.4 with 1% BSA
and S EDTA) containing appreximately 1000 SKER3I or
oCy cells was added. Increasing veolumes of MES (not
exceeding 150° pl} were added to the bloocd samples to
obrain different concentracvions of reducing agent.
After wmixing, BpCAM MAb (BA73.3; 50 pl) conjugated
ferrcofluid magnetic particles were added tao the sample.
The final concentration of magnetic particles was
5 gy/ml. The bloed sample was mixed well and incubated
for 15 minutes at room temperature. After the
ineubation, the tube containing the blood sample was
placed in a guadrupole magnetic separation device.
Magnetic separation was performed for 10 minutes. The
supernatant was aspirated and the tube was removed from
the magnetic device. The magnetically callected cells
were resugpended in 1ml of dilution-wash butffer and
reseperated in a gquadropole magnetic separation device
for 5 minutes. The supernatant was discarded and after
removal from the quadrupcole device, the target calle

ware resuspended in 150 pi of dilution wash buffer. A
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portion of this sample {5 pl} was spotted on a
microscope slide. The recovered cells were then
photographed using 2 microscope with a digital camera
atbached to it.

The remaiping sample was subviscted te floweytometry
analysis to assess the recovery of tumor cells using the
fnilowing procedure. Phycocrythrin (PE) -conjugated MAL
{5 pl) epecific for tumor cells (Neu 24.7) and 5 pl of
peridinin chlorophyll protein {PerCP)-conjugated CD45
wonoolonal ancibedy were added to the sample which was
then incubated for 15 minutes. After the incubation,
1l of dilution-wash buffer was added and a magnetic
separation was performed in order to remove excess
staining antibodies. The magnstically collectad celle
were resuspended in 500 pl of diluticon-wasgh huffer.
Hucleic acid dye (10 pl) and 5 pl of 3mM sized
flucrescent beads (5000) were added to this sample. Yhe
sample was then analyzed on 2 FAUSCalibur flowcytometer
(Becton Dickinzon) using FLL as threshold. The fraction
of the fluerescent beads acquired in the flowcytometer
was used to determine the awount of mample analyzed by
flowcytométry which, in turn, facilitates calculation of

the recovery of spiked tumor cells.

Concentyation of MES (miM) Recovery of tumor cells (%}
SEER3 PC3

[ 77 ag

20 B0 50

50 20 31

75 82 27

100 70 17

When viewsd by microscopy, the final sample showed
free fervofluid aggregates and ferrofluid aggregates op

tumor celle in the absence of MES. As the concentration

3e

JP 2004-504129 A 2004.2.12



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

ig

1s

20

25

30

35

(68)

WO 0206790 PCTUSOTL

of MBS was increased, ferrcfluid agyregabes decreased
and no aggregatce were scen at higher concentrations of
MES. These visuai results wers then compared with tumor
cell recovery as measured by I[lowcytometry. The addition
of KES had no significant effect on recovery of 3KBR3
cells (high antigen density)l although microscopy
revealod that it decreased ferrofluld agyregation in
solution and on cell surfaces. In conkbrast, MES hed a
significant effect on the recovery of pC3 cells (low
antigen density). Aa the concentration of WES was
increased from 0-100mM, recovery was decreased from 47%
to 17%. This decrease in recovery of BC3 cells in the
presence of increasing conceniraticns of MES was due to
inhibition of ferrofluid aggregatien and not due to any
gide effects of MES on cells, as MES did not decrease
the recovery of same spiked PC3 cells from lysed blood
samples. Lysed blood iz obtained by lysing red Llood
cella with ammonium chloride followed by wash step which
removes plasma and ammonium chloride. Lysed blood
samples contain only leukocytes (white cells) whereas
whole blood alse contains erthyrocytes and plasma. No
ferrofluid aggregation ls observed with lysed blood.
Moreaver, MBS has no significant effect on csll
morphology. These data show that low antigen dengity
cells were isclated less efficiently than high antigen
dengity cells and inhibition of ferrofluid aggregation
dramatically affects the isolaticon of low antigen
density cells. Ferrofluid aggregation was also not
obzerved whan wached blood (blood cells with plasma

removed! samples were utilized Therefore, washed blood

of

samplies were used 23 a control for no aggregation. Jus
as with whole blood, the recovery of SKER3 cells was not
decreased with washed blood. PC2 cell recovery con the
other hand was decreased significantly (2 to 4G-fold)

when washed blood was used. Thie data clearly shows thatb
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ferrofluid aggregation does not have any effect on SKER3
cells recovery but has a major effect cn PC3 cells
recovery.

In summary, aggregation of tumor specific
ferrofluid with the plasma component (IgM} present in
blood of wany patients st warying levels hazm &
significant effect on recovery of low antigen density
zells. Recovery of such cells is affected by the
extent of ferrofluid aggregation and increases with
inereasing aggregation. Ferrofluid aggregation
ingreases the recovery of low antigen density cells by
increasing magnetic leoad on the cells. Ferrofluid
aggregation can wary from one bloed donor to ancther
depending upon the concentration of the aggregating
factor or aggregator, As a4 result, the recovery of
tumer cells will vary from person to perscn even though
they mzy possess the same nuwber of civculating tumor
cells. Tt iz aleo possible that the concentration of
the aggregator present in the blocd from the same person
can vary with time thus altering the extent of
ferrofiuid aggregation and recovery of tumor cells, The
best way to prevent this variation is to prevent
naturally occurring ferrofluid aggregation. However,
this gives rige to a decrease in the sfficiency of tumor
cells isolation and detection. One means to increase
tumor cell recovery uhder thesge circumstances will be to
tmprove the magnetic deviece with 2 higher gradient which
can pull weakly magnetic labeled cells effectively and
incgreasa thelr recovery. The other way To increase the
recovery of tumor cells will ke to mimic natural
ferrofluid aggregation wikh an exogenous reagent. This
reagent can ke 2 specific multivalent reagent which can
recognize ferrofluid and can be added to the blood and
ferrofluid. The specific reagent will aggregate

ferrofluid similarly to IgM but under a controlled
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reaction. Controlled aggregation will have two
agvantages: (1) the percentage of tumor cells recovered
will increase; and (2) the percentage of tumor cells
recovered will met vary Erom patient to patient and will
not vary with time from the same patient when the

samples have the same number of tumor cells.

EXAMPLE 1T
preparation of desthicbiotin/EpCAM MAD ferrofluid for
controlled aggregatiom.

2 base ferrofiluid was made as described in US
patent No. 5,698,271, Monccleonal antibody to the
epithelial cell adhesion melecule (EpCRM] was conmjugated
te bage material by standard coupling chemistry, as used
in US Patent Applicaticn No. 092/248,388. EpCAM MAL
ferrcfluid was then resuspended in 20mM HEPES, pH 7.5
for conjugation to desthicbiotin using N-
hydroxyeuccinimide-DL-desthiobiotin (WHS-desthickiotin)
(Qigma, Cat.# H-2134). B stock solution of NHS-
desthiobiotin was made in DMSO at lmg/ml. NHS-
desthichiotin (18 pg) was added to Llmg of EpCAM MAD
ferrofluid and incubated at room temperature for 2
hours., Unreacted NOS-desthicbiotin was removed by
washing 3 times with ZomM HEPES, pH 7.5 contaiping
img/ml BSA, 0.05% ProClin 300 using a high gradienk
magnet . Afrer the final wash, desthicbiotin/EpCaM MEb
ferrofluid was resuspended in Immunicon fexrrofluid
storage buffer and filtered through a 0.2 um syringe
fiiter.

EXFMFLE ITT
Increase of recovery of low anticen density PC3 tumor
cells from spiked blood by aggregatlon of
desthiobiotin/EptaM ferrofluid with Streptavidin.

in this example, prostate carcinoma cells (PC3)
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which have a low EpChl antigen density were spiked into
normal blood and used as a wodel system to assess
recovery of those spiked cells. A known number of PC3
cells (~5000} in S0 pl of buffer {isotenic 7mM
phosphate, pH 7.4 with 1% BSA and 50mM EDTR) were spiked
into 1wl of normal blood without plasms in a 12x75mm
polystyrene tubc. Blood without plasma wasg uged in
these expariments to prevent any interference of plasma
components in the selection of target cells and it wae
prepared by centrifugsation of bleed. 300 apl of
Tmruinicen dilution-wash buffer and 15 pl of streptavidin
at different concentrations in PBS were added to
aliquots of the bleod sample. After mixing the sample,
degthiobictin/EpCaM Mab ferrofluid (25 pl} Ifrom BExample
1 was added to the sample, mixed well and incubated at
roon tempexature for 15 minutes. The fimal
ceneentration of ferrofluid was 5 pg/ml. After the
incubation, the rube containing the blood sample was
placed in a gquadrupole magnetic separator for 10 minutes
for coliection of magnetically labelecd cells. The
uncollected sample was aspirated and the tube was
removed from the wagnetic separator. The magnetically
collacted cells were rasuspended in 750 pl of dilution-
wash buffer and reseparated in a magnetic separator for
5 minutes. The uncollected sample was discarded again
and the coilected cells were resuspended in 150 pl of
dilution-wash buffer after vemoval of the tube from the
magnetic separator.

The sample was then stzined with antibodies to
detexrmine the recovery of tumor cells hy flowcytometry
as follows. S ul of phycoerythrin (PE)-conjugated MAb
specific for Lumer cells (New 24.7) and 5 pul of
peridinin ohleorophyll protein (PerCP) -conjugated CD45
MaL were added to the ramples and incubated for 1%

minutes. After the incubation, 1ml of dilucion-wash
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buffer was added and a megnetic eseparation was performed
for 5 minutes in order ko remove excess staining
antibodies. The wagnetically collected cells were
resuspended in 500 pl of dilubtlon-wash buffer. Mucleic
acid dye (10 43} and 5 pl of 3uM fluorescent beads
(5000) were added to thisz sample. The sample was then
analyzed on a FACSCRlibur flowcybometer (Becton
Dickinsen} using FL1 as threshold. The fraction of the
flucregcent beads acquired in the flowcytometer was used
to determine the amount of sample analyzed hy
flowoytometbry which was then used to calculate the
recovery of spiked rumor cells. The percent rscovery of
tumer cells are shown in the following Table.
Coancentration of Aggregator, Tumor Cells (PC3)

streptavidin {(gg/ml) % Trecovery

14
60
74
890
75

MmN e oo
LR L oL e}

The samples which were left aftexr the flowoybomebry
analysi=s were divided into two parts. Eiotian from a
stock zclution in PBRS was added to one part of the
sample to final concentration of 2mM and incubated abt
room temperaturs for 15 minutes bte disaggregale
atreptavidin-mediated ferrofluid aggregates. These
samples (5 pl) were spotted on a microscope glide and
photographg of the recovered cells were taken using a
microscope with a digitzl camera attached to ic.

The data indicate that the recovery of tumor cells (PC3)
was inacrezsed significantly as the concentration of
aggregator {stzeptavidin) was increased, reaching a
maximum at a 2 ug/ml concentraticn of streptavidin.
These results were correlated to free ferrofluid

aggregates in gselution and ferrofluid aggregates on
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calls as cbgerved with microscopy. There were no
ferrofluid aggregates at 0 py/ml of streptavidin and
ferrofluid aggregates were increased as the
concentration of gtreptavidin was inorsased.
Streptavidin causes aggregation of ferreofluid by
multivalent binding of streptavidin to desthicbicbin on
different ferrofluid particles. BAll these ferrofiunid
aggregates were reversibly disaggregated by the addition
of excess biotin. The principle of this disaggregation
of ferrofluid by excess biotin was due to displacement
of desthicbiotin from streptavidin as biotin has a

higher affinity than desthicbiccin for streptavidin.

EXAMPLE IV
Recovery of spiked low and high EpCAM antigen density
cells from blood with and without aggregation of
desthiobiotin/EpCaAM MAb ferrofluid.

Breagt carcinoma cells (SKBR3) have about 7-times
nigher EpCAM antigen density compared to PC3 celis and
were chosen as the model high antigen density tumor
zells for this example. A known number of SKBR2 or »C3
cells in cell buffer were spilked inte 1ml of blood
without plasma separately in a 12x75mm tube. Ferrofluid
Ailution-wash buffer (500 ul} and 15 p! of PBS
containing streptavidin were added to the sample. After
mwixing the sample, 25 pl of desthicbiotin/FEpChM M2b
ferrofluid waz added and the blood sample mixed well and
incubated for 15 minubes. Rlter incubatiocn, the tube
wag placed in a quadrupole magnstic s=eparator for 10
minutes to collect magnetically labeled cells. The
magnetically isclated cells were analyzed for recovery
of tumor cells by flowcybometry and for observation of

calls by microscopy as described in Example IIX.
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Conoentration EC3 cells
SKBRZ cells
of aggregator, recovery
recovary
Streptavidin &3] %
(pg/ml}
0 23 51
2 77 58

The data reveal a significant difference in
recovery of tumor cells between low and high antigen
density cells when the ferrofluid aggregator,
streptavidin, was not added to the blood sample. There
were also no ferrofluid aggregates in solution or on
cell surfaces without streptavidin as observed with
microscopy. Addition of streptavidin te the blood
sample increased the recovexy of low antigen density PC3
cells significantly {3-fold) with a commensurale
increase of ferrofluid aggregation in sclution and on
rthe cells. On the other hand, there wag only & small
difference in recovery of high antigen density SKBRD
cells with and without streptavidin present in the blood
sample. There were encugh ferrofluid particles on HKRR3
cells even without ferrofluid aggregation ko ceollect
them effectively and to recover all of them. Ferrofluid
aggregates im solotion and on cells were completely
disaggregated by the addition of excess biotin to the
sample. In the case of low antigen density cells, thers
were not enough ferrofluid particles on cells to be
collected effectively by magnetic methods. Ferrofluid
aggregztion by streptavidin increaged the number of
particles on these cells facilitating collection,
effectively resulting higher recovery. It is also
ncteworthy that aggregation of farrefluid increased the
recovery of low antigen density celle c¢lose Lo Chat
ohtainesd with the high antigen density cells. 1In other

words, there was no significant difference in recovery

ag
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of low and high antigen density tumor cells upeon
addition of reversible ferrofluid agyregator to the

bloocd sample.

EXAMPLE V
Inhibition of ferrxefluid aggregation by endogenous
aggregation factors and creatiom of controiled
ferrofluid aggregation with an exogensus acgregation
factor.

In this example, 2 method is provided to inhibit
all endogenous ferrofluid aggregabtion factors and to
create controlled ferrcfluid aggregation by addition of
an exogencus aggregation facter. The endogencous
ferrcfluid aggregation factors present in the sample can
be inhibited by adding a variety of inhibitors to the
sample. Theses inhibitors will act on different
endogencus aggregation factors and prevent them from
either crosslinking or binding teo ferrcfluid to cause
aggregation. Inhibition will eliminate any variations in
ferrofluid aggregation from sample to sample as
endogenous aggregation factors are present at different
concentrations in different samples. Onge endoganous
factor-ferrofluid aggregation i= prevented, ferrcfluid
aggregation can be promoted DY adding an exogenous
aggregation factor which can enhance the wecovery of
targets efficiently. The sxogencus aggregation can be
controlled consistently with all the samples and it can
be readily reversed.

The blood sample is preincubated with a buffer
containing inhibitors to inhibit endogencus ferrcfluid
aggregation factors befoxe ferrofluid te added to kbhe
blaed. The antibody coupled ferrofiuid cobtains bovine
gerum albumin and streptavidin cn the surface of

ferrofluid particles in additicn to antibody. Therefore,
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the possible ferrofluid aggregation facbors can bs IgM
(specific for orystal surface). human-anti-mouse
antibody (HAMA}, human-anti-bovine serum albumin
antibedy (HABAR), human-anti-streptavidin etc. I any
of the above aggregation factors are present in plasma,
they will recognize and kind to ferrofluid and cause
ferrofiluid to aggregate. It is already known that some
patient plasma samples have HAMA and HARAD presenl
therein. ¢learly, any other components used £D
manufacture ferrofliunids could also be targets for
aggregation and would needs to be dealt with
accordingly.

one of the inhibitors can be a reducing agent, such
as mercaptoethans sulfenic acid at loomM, which can
dizable Igh-induced aggregation without affecting the
ligands used for labeling cells. The reduring agent can
ke added as a single reagent to the blood or could be
placed in & blood collection tubs, The sscond ivhibiteor

can be bovipne serum zlbumin, which can be included in

‘the buffer at 10mg/ml, and will neutralize any HABBA.

The third inhikitor can be nonspecific mouse antibody,
in particular, the appropriats isotype which matches the
antibody on the ferzofluid. This can ke inciuded in the
buffer at a concentration of 0.5-Emg/ml to neutralize
even the most gevere HAMA. The fourth inhibitor can be
Streptavidin to be included in the buffer, if necessary.
to nevtralize any anti-streptavidin antibody present in
plasma. However, thers is no any information regarding
the existence of ankti-streptavidin antibody in plasma ak
this date.

The pre-treatment of bleood with the above buffer
and reducing agent can be from 15-20mirnutes to
neutralize all endogencus aggregation factors. After
all endogenous aggregation factors ars neutralized, an

exogenous ferrofInid aggregation factor is added to the
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sample, followed by ferrofluid. The ferrofluid is
coupled Lo an antibody specific for targets, as well as
to apother ligand specific for the exogenous aggregation
factor. After optimum labeling of Larget zells with
ferrofluid and induced aggregation of ferrofluid with
exogencus aggregation factor, the sample ies subjected to
magn=tic separation te envich tavgets. After removing
all non-targets, magneticaily-labeled targets and free
ferrofluid ars resuspended in a small wolume of buffer.
The magnetically-labeled targets, such as cgells, can be
permeabilized to stain intracellular antigens. The
sample is then jacubated with different staining
reagents depending upon the desired analysis method,
including flow cytomekry or fluorescent or bright field
microscopy. After optimum incubation time, the excess
staining reagents are removed by wash step using
magnetic separation. The magnetically-labeled cells are
then resuspended in a small velume of buffer. The final
sample contains frse ferrofluld aggregates and
aggregares on target cells. The final gample without
any further treatment can be used for flowoytometry
analysis, as ferrofluid aggregation on cell surface does
not interfere with the analyeis. However, ferrofluid
aggregation on ¢ell surface interferss with microscopy
analysis. In such ceses, exogencue mediated-ferrefluid
aggregation shonld be reversed. This can be achieved by
resuspending the final sample in a buffer containing a
disaggregation factor which binds to exogenous
aggregation factor. The disaggregatien [actor
disaggregates all ferrcfluid aggregates, leaving cells
easy te view and anaslyze. These methods permit
effective target recovery and visuwalization for
morphology studiess.

Several patents and pending U.S. patent

applications are referred to in the present
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specification, The entixe disclosures of each of these
patents and patent applications are incorporated by
reference herein.

while certain of the preferred embodiments of the
present invention have been described and gpecifically
exemplified above, it is not intended that the invention
be limited to such embodiments, Various modificaticns
may be made thersto without departing from the scope and

apirit of the invention, a5 set forth in the claims.
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what is claimed is:

1. A method for isclating a target bicentity
from a biclogical sample by means of colloidal magnetic
particles with reduced aggregation of eaid magnetic
particles, compriging:

a) obtaining = biological specimen suspected
of containing said target bicentity Logether with non-

rorget kicentities and endogencus aggregating factors:

b) contacting said biolegical specimen with a

reagent effective te inactivate any endogenous
agoregating factors present in eald specimen;

c) preparing an immuncmagnetic suspension
comprising a mixturs of paid specimen and colloidal,
magnetic particles coupled to a biospecific ligand
having binding affinity for at least one characteristic
docterminant pregent on said targeb bioentity; and

d) subjecting said immunomagnecic fuspension
to a magnetic field to obtain a targst bicentity-

enriched fraction.

2. A method as claimed in claim 1, further
comprising the steps of

&) purifying said target bicentity from said
enriched fracticn; and

£} analyzing said purified target bicentity.

3. A method as claimed in olaim 2, further
comprising the steps of:

e} adding to said target bicentity enriched
Fraction al least ore biospacific reagent which has
binding affinity for at least one additional
characteristic determinant on said target bioenbtity;

f} ceparating said target bicentity in a
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magnetic Tield to remove unbound biospecific reagent

from said enriched fraction.

4. A methad as claimed in claim 3, further
comprizing the steps of:

g) purifying said separated target bloentity;
and

h} apalyzing said purified target bicentity.

5. A method as claimed in claim 3, further
comprising the steps of:

g) adding a non-cell exclusion agent to said
separated target bicentities to allow sxclusion of non-
nucleated entities present in the sample;

h} purifying =aid target bicentity; and

i} analvzing said purified target hiocentities.

6. B method as claimed in claim 1, wherein
said target biocentity is selected f{rom the group
censisting of tumor cells, virally infected cells, fetal
calls in maternal circulation, virus particles,
bacterial cells, white blood cells, myocardial cells,
apithelial celle, endothelial cells, proteins, hormones,

DNA, and RMA.

7. A method as claimed in c¢laim 2, wherein
gaid target bioentities are analyzed by & process
selected from the group consisbing of multiparameter
flow cytometry, immunoflucrescent microscopy. laser
scanning cytometry, bright field baze image analysis,
capillary volumetry, manual cell analysis and automated

cell analysis.

£2
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B A melthod ap cladmed in claim 1, said
aggregation inhibiting agent being at least cne selected
from those consisking of a reducing agent, an animal
gorum protelin, an imrme-complex, a carbobydrate, a
chelating agent, an unconiugated ferrofluid, aﬁd diamino

butarne.

9. A method as elaimed in claim 5, wherein
said aggregalion inhibiting agent ieg =z reducing agent
selected from the group consisbing of mercapte ethane
sulfonic aclid [MES], mercapte propane sulfeonie acid
[MPS] and dithiothreitel [DTT].

10. A method as claimed in olaim 1, wheresin

said biospecific ligand is a monoclonal antibody.

11. A method as claimed in claim 9, wherein
said bicspecific ligand ie a wmonoclonal antibody having

affinity for epithelizl cell adhesion molecule.

izZ. A method for isolating target bicentities
from a biclogical sample by means of colloidal maguetic
particles with controlled aggregation of said magnetic
particles, comprising:

a] obtaining a hiological specimen suspected
of containing said target bicentities together with non-
target bicentities and endogenous aggregating factars;

b) contacting said biclegical specimen with a
reagent effective to inactivate any endaogenous
aggregating factors pregent in said specimen;

@} preparing an immuncomagnetic suspension
comprising a mixture of colloidal, magnstic particles
coupled to a biospecific ligand having affinity for at

least one characteristic determinant present on said
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target bicentity, seaid magnetic particles being further
coupled to a first exeogenods aggregation enhancing
factor which comprises one member of a specific binding
pair;

d} adding a second exogenous aggregation
enhancing factor to said immunomagnebic suspension to
increase aggregation of said particles, paid gecond
aggregating enhancing factor comprising the othor momber
of szid gpecific hinding pair; and

¢) subjecting said sample to a magnetic field

to obtain a targel bioentity-enriched fraction.

13. A method as claimed in claim 12, further
comprising the steps of:

f} adding to said immunomagnetic suspension at
least one biospecific reagent having binding affinity
for at least one additional characteristic determinant
on said target bioentity;

g) separating said target bicentitiss in a
magnetic £ield to remove unbound biospecific reagent;
and

h) adding a non-cell exclugion agent to said
geparated bicentities to allow exclusion of non-
mucleated entities present in the sample;

i) purifying said target bicentikbies; and

3} analyszing said separated and purified
target bicentities.

.

14. B method as claimed in claim 12, further
comprising examining said purified target bicentity-
enriched fraction to determine the degree of aggregaticn
mediated by said first and second members of said

specific binding pair.
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15. A wethod as claimed in claim 12, wherein
one or the other member of said specific kinding pair is
added to szid purified bicenbtity fraction to reverse
aggregation of said sample, thereby facilitabing

analysis of said target bicentities.

16. A method as claimed in claim 12, wherein
said specific binding pair is selected from the group
consisting of bictin-streptavidin, antigen-antibody,
receptor-hormone, recepbor-ligand, agonist-antagonist,
lectin-carbohydrate, Proteinm B-antibody Fc, and avidin-
bictin, biotin analog-streptavidin, biotin analog-
avidin, desthicbiotin-streptavidin, desthiobiotin-
avidin, iminobictin-streptavidin, and iminchiotin-

avidin.

17. R wethod as claimed in claim 12, whersin

said bicapecific ligand is a monoclenal antibody.

18. A method as claimed in claim 17, wherein
said bicepecific ligand iz an antibedy having affinity

for epilthelial cell adhesion molecule.

15. A method as claimed in olaim 12 wherein
caid zt least one bicspacific reagent is selected from
the group of consisting of monoclonal antibodies,
polyelonal antibodies, detectably labeled antibodies,

antibody fragments, and single chain antibodies.

20. 2 methog as claimed in claim 12 wherein
sald btarget bioentities are analyzed by & process
selected from the group consisting of mltiparameber
flow cytometry, immunofluorescent microscopy, laser

soanning cytomekry, bright field base image analysis,
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capillary volumetry, manual cell analysis and antomated

cell analyais.

21. A method as claimed in claim 12, wherein
said immunomagnetic suepension is dncubated for isss

than 30 minutes.

22. A method as c¢laimed in claim 12, wherein
said purification of said sample is performed in 2

magnetic £igld gradient of less than 6.3 kZauss fom.

23. A method asg c¢laimed in claim 12, wherein
said colloidal magpetic particle concentraticn in said
impunomagnetic suspensicon is less than 10 pg per

milliliter.

24. A method for iaclating low antigen
density tumor cells from a biclogical sample by means of
colloidal wmagnetic particles with controlled aggregation
of said magnetic particles, comprising:

2) obtaining a biological specimen suspected
of contatning said tumor cells together with non-tumor
cells and endogenous aggregatbing factors:

b) preparing an immunomagnetic SUSpensicn
comprising a mixture of said specimen and ool loidal,
magnetic particles coupled to & biospecific ligand
having binding affinity for at least ane characteristic
delerminant present on Said tumeor cell, said magnetic
particles being furthe} coupled to a first exogenocus
aggregation enhancing factoy, said factor comprising one
nerber of a specific binding pair;

c) adding a second exogencus aggregating
ephancing factor to said immunemegnetic suspension to

increase aggregation of said particles, said second
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aggregating enhancing factor comprising Lhe other member
of said specific binding pair; and
d) purifying said sample in a magnetic field

to obtain a tumor cell-enriched frackion.

25, A method as claimed in claim 24, further
comprieing the steps of:

e} adding to said fraction, al least one
biospecific reagent having binding affinity for abt least
one additional characteristic determinant on said tumor
cell;

£} separating said tumer cells in a magnetic
field to remove unbound bicepecific reagent;

g) adding a non-cell exclugion agent to =aid
separated cells to allow exclusion of non-nucleated
entities present in the sampls; and

h} analvzing said separated btumor cells to

asgess at least cng of tumor cell rhmber and type.

25. A method as claimed in claim 25, wherein
a member of said specific binding pair is added to the.
separatad cells to reverse aggregation of gaid sample,

thereby facilitarting analyeis of said cells.

27. A method as claimed in claim 24, wherein
said specific binding pair is selected from the group
consieking of blotin-streptavidin, ant igen-antibody,
receptor-hormone, receptor-ligand, zgonist-antagonist.
lectin-carbobydrate, Protein A-antibody Fo, and avidin-
bictin, biotin analog-avidin, desthiokbictin-
streptavidin, desthicbictin-avidin, iminobiotin-

streptavidin, ang imincbictin-avidin.
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28, A wethod as claimed in claim 24, wherecin

szid biospecific ligand is a monoclonal antibody.

29. A method as claimed in claim 28, wherein
s2id biocspecific ligand is an antibody having binding

affinity for epithelial cell adhesion melecule.

20. A method as claimed in claim 25, wierein
said at least one biospecific reagent is selected from
the group of consisting of monoclonzl antibodies
pelyclonal antibodies, detectably lalkeled antihedies,

antibody fragments and single chain antibodies.

31. A method as claimed in olaim 25 wherein
zaid tumor cells are apalyzed by 3 process selected from
the group consisting of wultiparameter flow cytometry,
immunoflucrescent wmicroscopy, laser scanning eytometry,
bpright field base image analysis, capillary volumetry,

manual ¢eli analysis and automated cell analysis.

32. A wethod as claimed in claim 24 wherein
said biological sample is pretreated with an aggregation
inhibiting agent to inactivate endogenous aggregation
factors present in the sample prior to the preparation

of gald immuncmagnetic guspénsion.

33. A method as claimed in claim 25, wherein
satd purified tumer cell-enriched fraction is cxamined
to determine bhe degres of aggregation mediated by said

firast and second members of said specific binding pair.

34. A kit for inhibiting endogencus
aggregation of colloidal magnetic particles in

processing of biclogical material for isolation of

sa
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target bicentities from such materials, comprising:

2) coated magnetic nanoparticles comprising a
wagnetic core material, a protein base coating material,
and an antibody that binds specifically to a First
characteristic determivant of said target bicentity,
said antibody being coupled, dirvectly oF indirectly, to
zaid bzse voating material;

b} at least one antibeody having binding
specificity for a second characteristic determinant of
said target bicentity;

¢} an endogenous aggregation inhibiting
factor; and

d) a non-cell exclusion agent for excluding

non-nucleated cells from analysis.

35. A kit for iselating low antigen density

tumor cells from s biclogical sample with controlled

aggregation of cclloidal magnetic particles, comprising:

a) a reagent effective to inactivate
endegencus aggregating factors;

b} coated magnetic nanoparticle; comprising
a magnetic core material, 2 protein base coating
material, and an antibody that binds specifically to a
first charascteristic determinant of sald tumer cell,
said antibody being coupled, directly or indirectly, te
sais base coating marerial; sald magnetlc particles

being further coupled Lo a first execgenous aggregakion

ephancing factor, said factor comprising one mermbher of a

specific binding paix;

) at least one antibody having binding
specificity for a second charazcteristic determinant of
gaid tumor cell;

d) a second exogenous aggregabion enhancing

factor, said second aggregation factoX comprising the

s9
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other member of sald specific binding pair; and
&) a non-cell excluding agent for excluding

non-nucleated cells from analysis.

36. A kit ag claimed in claim 35, wherein said
specific binding pair is selected from the group
consisting of biotin-streptavidin, antigen-antibody,
receptor-hormone, receptor-ligand, ageonist-antagonist,
lectin-carbohydrate, Protein a-antibedy Pe, and avidin-
kiotin, biotin analog-avidin, deathicbilotin-
gtreptavidin, desthicbiotin-avidin, imincbictin-

streptavidin, and iwmincobiotin-avidin.

37. 0 kit as eclaiwmed in claim 35, said kit further
comprising a reagent for reversing the effect of said

eXogenous aggregation factor.

38. A kit as claimed in claim 35, said reagent
effective to inhibit endogenous aggregation factor being
at least one selected from the grouprconsiatiﬁg cf a
raducing agent, an animal serum protein, an imnmune-
complexes, a carbohydrate, a chelating agent, an

unconjugated ferrofluid, and diaminoe butans.

3%. A method as claimed in claim 38, wherein said
said endogencus aggregation factor inhibiting reagent is
a reducing agent selected from the group of agents
consisting of mercapto ethane sulfonic acid [MES),
mercapto Propane Sulfonic acid [MPS] and dithiothreitol
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