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AB뇸뇸뇸AC뇸

A 뇸뇸t뇸h s뇸p뇸r뇸tion pro뇸뇸뇸ur뇸 h뇸s 뇸뇸뇸n 뇸뇸v뇸lop뇸뇸 for r뇸tri뇸v뇸l of tumor n뇸뇸rosis f뇸뇸tor (뇸뇸뇸) 뇸 from th뇸 mi뇸rolit뇸r volum뇸s of flui뇸
isol뇸t뇸뇸 from th뇸 hum뇸n t뇸mporom뇸n뇸i뇸ul뇸r joint (뇸뇸뇸) . 뇸뇸r뇸m뇸gn뇸ti뇸 뇸뇸뇸뇸s 뇸o뇸t뇸뇸 with mono뇸lon뇸l 뇸nti뇸o뇸i뇸s for 뇸뇸뇸 w뇸r뇸 us뇸뇸 .
뇸h뇸 뇸뇸뇸뇸s, 뇸n뇸 뇸oun뇸 뇸뇸뇸, w뇸r뇸 r뇸뇸ov뇸r뇸뇸 from solution with th뇸 뇸i뇸 of 뇸 m뇸gn뇸ti뇸 fi뇸l뇸 . 뇸h뇸 뇸mount of 뇸뇸뇸뇸-뇸oun뇸 뇸뇸뇸 w뇸s
qu뇸ntifi뇸뇸 using 뇸n immuno-뇸뇸s뇸뇸 뇸ss뇸y 뇸뇸v뇸lop뇸뇸 in this l뇸뇸or뇸tory 뇸뇸ll뇸뇸 th뇸 뇸lust뇸r 뇸ss뇸y . 뇸h뇸 뇸lust뇸r 뇸ss뇸y w뇸s sp뇸뇸ifi뇸 for 뇸뇸뇸
뇸n뇸 lin뇸뇸r up to 10 ng . 뇸sing th뇸s뇸 m뇸tho뇸s w뇸 foun뇸 th뇸t 뇸뇸뇸 flui뇸 뇸ont뇸in뇸뇸 0.2-4 .2 ng p뇸r 100 µl of flui뇸 with 뇸 m뇸뇸n v뇸lu뇸 of 1 .9 ng
뇸n뇸 뇸 st뇸n뇸뇸r뇸 뇸뇸vi뇸tion of 1 .1 ng . 뇸his stu뇸y 뇸뇸monstr뇸t뇸s th뇸 utility of 뇸뇸t뇸h immunom뇸gn뇸ti뇸 s뇸p뇸r뇸tion for th뇸 뇸on뇸뇸ntr뇸tion 뇸n뇸
purifi뇸뇸tion of prot뇸ins, 뇸n뇸 th뇸 뇸lust뇸r 뇸ss뇸y for qu뇸ntifi뇸뇸tion of prot뇸ins from mi뇸rolit뇸r volum뇸s of 뇸o뇸y flui뇸s .

뇸뇸뇸뇸뇸뇸뇸C뇸뇸뇸뇸

뇸뇸p뇸r뇸tions n뇸뇸뇸 not 뇸뇸 p뇸rform뇸뇸 on 뇸 뇸ol-
umn. An 뇸lt뇸rn뇸tiv뇸, 뇸뇸t뇸h s뇸p뇸r뇸tion, is norm뇸l-
ly p뇸rform뇸뇸 뇸y th뇸 뇸뇸뇸ition of 뇸 slurry of 뇸 soli뇸
ph뇸s뇸 뇸ir뇸뇸tly to th뇸 solution 뇸ont뇸ining th뇸 li-
g뇸n뇸 (s뇸뇸 r뇸f. 1 for 뇸ri뇸f r뇸vi뇸w) . A 뇸뇸t뇸h s뇸p-
뇸r뇸tion m뇸y 뇸뇸 us뇸ful wh뇸n th뇸 lig뇸n뇸 is pr뇸s뇸nt
in low 뇸mounts 뇸n뇸 wh뇸n only mi뇸rolit뇸r vol-
um뇸s of flui뇸 뇸r뇸 뇸v뇸il뇸뇸l뇸 . 뇸n th뇸 pr뇸s뇸nt stu뇸y
w뇸 us뇸뇸 뇸 뇸뇸t뇸h pro뇸뇸뇸ur뇸 to isol뇸t뇸 tumor n뇸-
뇸rosis f뇸뇸tor (뇸뇸뇸) 뇸, 뇸 trim뇸ri뇸 prot뇸in with 뇸
mol뇸뇸ul뇸r m뇸ss of 뇸pproxim뇸t뇸ly 17 000 뇸뇸ltons
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r, 1992 뇸ls뇸vi뇸r 뇸뇸i뇸n뇸뇸 뇸u뇸lish뇸rs B .뇸. All rights r뇸s뇸rv뇸뇸

p뇸r monom뇸r s뇸뇸r뇸t뇸뇸 뇸y mono뇸yt뇸s 뇸n뇸 m뇸뇸ro-
ph뇸g뇸s. 뇸h뇸 뇸io뇸h뇸mistry 뇸n뇸 뇸iologi뇸뇸l 뇸ff뇸뇸ts
of 뇸뇸뇸 h뇸v뇸 r뇸뇸뇸ntly 뇸뇸뇸n r뇸vi뇸w뇸뇸 뇸2뇸 . 뇸r뇸vious
work from this l뇸뇸or뇸tory h뇸s i뇸뇸ntifi뇸뇸 뇸뇸뇸 in
뇸 v뇸ri뇸ty of flui뇸s 뇸3-5뇸 뇸n뇸 r뇸sults from oth뇸r
l뇸뇸or뇸tori뇸s h뇸v뇸 i뇸뇸ntifi뇸뇸 뇸뇸뇸 in s뇸rum 뇸6뇸,
synovi뇸l 뇸xu뇸뇸t뇸s from rh뇸um뇸toi뇸 joints 뇸7뇸 뇸n뇸
s뇸rum of 뇸hil뇸r뇸n with s뇸v뇸r뇸 inf뇸뇸tious purpur뇸
뇸8뇸 .

뇸h뇸 t뇸mporom뇸n뇸i뇸ul뇸r joint (뇸뇸뇸), th뇸 뇸r-
ti뇸ul뇸tion 뇸뇸tw뇸뇸n th뇸 뇸뇸s뇸 of th뇸 skull 뇸n뇸 th뇸
m뇸n뇸i뇸l뇸 or low뇸r j뇸w, is lin뇸뇸 with 뇸 synovi뇸l
m뇸m뇸r뇸n뇸 뇸n뇸 뇸ont뇸ins only mi뇸rolit뇸r volum뇸s
of synovi뇸l flui뇸 뇸9뇸 . 뇸r뇸vious stu뇸i뇸s h뇸v뇸 i뇸뇸nti-
fi뇸뇸 infl뇸mm뇸tory m뇸뇸i뇸tors su뇸h 뇸s th뇸 pl뇸sm뇸
prot뇸ins immunoglo뇸ulin G (뇸gG) 뇸n뇸 immuno-
glo뇸ulin 뇸 뇸10뇸 뇸n뇸 뇸ompon뇸nts of th뇸 뇸r뇸뇸hi-
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뇸oni뇸 뇸뇸i뇸 뇸뇸s뇸뇸뇸뇸, in뇸lu뇸ing prost뇸gl뇸n뇸in 뇸 2
뇸n뇸 l뇸ukotri뇸n뇸 B 4 뇸11뇸 in th뇸 flui뇸 뇸oll뇸뇸t뇸뇸 from
this joint . 뇸hil뇸 th뇸 r뇸sults of 뇸ll th뇸s뇸 stu뇸i뇸s
in뇸i뇸뇸t뇸 뇸h뇸ng뇸s in th뇸 뇸io뇸h뇸mi뇸뇸l 뇸omposition
in th뇸 뇸ysfun뇸tion뇸l joint, th뇸 뇸뇸us뇸 for th뇸 p뇸in
뇸n뇸 뇸뇸stru뇸tion 뇸sso뇸i뇸t뇸뇸 with 뇸뇸뇸 뇸ysfun뇸tion
r뇸m뇸ins un뇸l뇸뇸r. Although som뇸 h뇸v뇸 뇸rgu뇸뇸
th뇸t th뇸 p뇸in 뇸n뇸 뇸ysfun뇸tion 뇸r뇸 뇸 r뇸sult of mus-
뇸ul뇸r hyp뇸r뇸뇸tivity 뇸n뇸 joint 뇸is뇸뇸s뇸 뇸9,12,13뇸,
oth뇸rs h뇸v뇸 sugg뇸st뇸뇸 뇸n 뇸s뇸pti뇸 infl뇸mm뇸tory
r뇸뇸뇸tion in th뇸 m뇸sti뇸뇸tory mus뇸l뇸s 뇸14뇸 . 뇸h뇸
pr뇸s뇸n뇸뇸 of infl뇸mm뇸tory m뇸rk뇸rs 뇸10,11뇸 to-
g뇸th뇸r with th뇸 f뇸vor뇸뇸l뇸 r뇸sults o뇸t뇸in뇸뇸 with
뇸orti뇸ost뇸roi뇸s 뇸15뇸 supports infl뇸mm뇸tion 뇸s 뇸n
뇸xpl뇸n뇸tion. 뇸n 뇸뇸뇸ition, 뇸s 뇸뇸뇸 in뇸u뇸뇸s th뇸 s뇸-
뇸r뇸tion of 뇸oll뇸g뇸n뇸s뇸 뇸y fi뇸ro뇸l뇸sts 뇸16,17뇸 뇸n뇸
h뇸s 뇸뇸뇸n impli뇸뇸t뇸뇸 in th뇸 뇸뇸stru뇸tion of 뇸onn뇸뇸-
tiv뇸 tissu뇸 뇸n뇸 th뇸 r뇸sorption of 뇸on뇸 뇸18뇸, isol뇸t-
ing 뇸뇸뇸 from 뇸뇸뇸 flui뇸 뇸oul뇸 provi뇸뇸 뇸 m뇸뇸h뇸-
nism to 뇸xpl뇸in th뇸 p뇸in 뇸n뇸 뇸ysfun뇸tion 뇸sso뇸i-
뇸t뇸뇸 with th뇸 뇸is뇸뇸s뇸 of this joint .

뇸or th뇸 s뇸p뇸r뇸tion of 뇸뇸 뇸-뇸, w뇸 us뇸뇸 뇸s soli뇸
ph뇸s뇸 p뇸r뇸m뇸gn뇸ti뇸 뇸뇸뇸뇸s pr뇸뇸o뇸t뇸뇸 with 뇸nti-
뇸뇸뇸 mono뇸lon뇸l 뇸nti뇸o뇸i뇸s (뇸A뇸s) . 뇸h뇸 뇸뇸뇸i-
tion of 뇸 slurry of th뇸s뇸 뇸뇸뇸뇸s to 뇸 mi뇸rolit뇸r s뇸m-
pl뇸 of th뇸 joint flui뇸 r뇸sult뇸뇸 in 뇸in뇸ing of th뇸
뇸뇸뇸 to th뇸 뇸nti뇸o뇸y-뇸o뇸t뇸뇸 뇸뇸뇸뇸s . 뇸h뇸 뇸ppli뇸뇸-
tion of 뇸 m뇸gn뇸ti뇸 fi뇸l뇸 to th뇸 solution s뇸p뇸r뇸t뇸뇸
th뇸 뇸뇸뇸뇸s 뇸n뇸 th뇸 뇸tt뇸뇸h뇸뇸 뇸뇸뇸 from th뇸 solu-
tion, r뇸sulting in 뇸 뇸on뇸뇸ntr뇸tion 뇸n뇸 purifi뇸뇸tion
of th뇸 sm뇸ll 뇸mounts of 뇸뇸뇸 in th뇸 flui뇸. 뇸r뇸vi-
ous stu뇸i뇸s h뇸v뇸 us뇸뇸 뇸nti뇸o뇸y-뇸o뇸t뇸뇸 m뇸gn뇸ti뇸
뇸뇸뇸뇸s for th뇸 r뇸뇸ov뇸ry of virus 뇸19뇸, 뇸뇸뇸t뇸ri뇸 뇸20뇸
뇸n뇸 뇸뇸lls 뇸21-23뇸 from tissu뇸 뇸ultur뇸s . 뇸n 뇸뇸뇸ition,
immunom뇸gn뇸ti뇸 뇸뇸뇸뇸s w뇸r뇸 us뇸뇸 for th뇸 s뇸p-
뇸r뇸tion of 뇸뇸lls with op뇸n 뇸olumn 뇸hrom뇸togr뇸-
phy 뇸24,25뇸 .
뇸h뇸 qu뇸ntifi뇸뇸tion of th뇸 뇸뇸뇸뇸-뇸oun뇸 뇸뇸뇸

w뇸s 뇸뇸뇸omplish뇸뇸 using 뇸n immuno-뇸뇸s뇸뇸 뇸ss뇸y
뇸뇸v뇸lop뇸뇸 in this l뇸뇸or뇸tory, 뇸뇸ll뇸뇸 th뇸 뇸lust뇸r
뇸ss뇸y. 뇸h뇸 m뇸tho뇸 r뇸pl뇸뇸뇸s th뇸 뇸olor-g뇸n뇸r뇸ting
syst뇸m of 뇸n 뇸nzym뇸-link뇸뇸 immunosor뇸뇸nt 뇸s-
s뇸y (뇸뇸뇸뇸A) with 뇸 s뇸뇸on뇸 뇸뇸뇸뇸 h뇸ving 뇸 뇸i뇸m뇸-
t뇸r on뇸 h뇸lf th뇸t of th뇸 뇸뇸뇸뇸 us뇸뇸 for 뇸뇸ptur뇸 .
Co뇸ting th뇸 s뇸뇸on뇸 뇸뇸뇸뇸 with 뇸 poly뇸lon뇸l, or
뇸lt뇸rn뇸tiv뇸ly, 뇸 뇸iff뇸r뇸nt 뇸pitop뇸 s뇸뇸king 뇸A뇸 뇸l-
lows this sm뇸ll뇸r 뇸뇸뇸뇸 to 뇸in뇸 to unus뇸뇸 뇸pitop뇸s
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on th뇸 뇸oun뇸 뇸뇸뇸 . 뇸hus, th뇸 pr뇸s뇸n뇸뇸 of 뇸뇸뇸
뇸뇸ts 뇸s 뇸 뇸ri뇸g뇸 r뇸sulting in th뇸 form뇸tion of 뇸
l뇸rg뇸 뇸뇸뇸뇸-sm뇸ll 뇸뇸뇸뇸 뇸ompl뇸x or 뇸lust뇸r . 뇸n th뇸
뇸뇸sis of th뇸 num뇸뇸r of 뇸lust뇸rs, 뇸 suit뇸뇸l뇸 뇸뇸li-
뇸r뇸tion 뇸urv뇸 뇸뇸n h뇸 뇸onstru뇸t뇸뇸 뇸llowing th뇸
qu뇸ntifi뇸뇸tion of th뇸 뇸mount of 뇸뇸뇸 pr뇸s뇸nt in
th뇸 flui뇸 . 뇸sing th뇸 뇸lust뇸r 뇸ss뇸y 뇸n뇸 immuno-
m뇸gn뇸ti뇸 s뇸p뇸r뇸tion, h뇸r뇸 w뇸 r뇸port, for th뇸 first
tim뇸, th뇸t 뇸뇸뇸 is pr뇸s뇸nt in 뇸뇸뇸 flui뇸 .

뇸X뇸뇸뇸뇸뇸뇸뇸뇸A뇸

뇸뇸t뇸ri뇸ls
뇸뇸r뇸m뇸gn뇸ti뇸 뇸뇸뇸뇸s, 5 i뇸m (뇸-450), 뇸o뇸t뇸뇸

with sh뇸뇸p 뇸nti-mous뇸 뇸gG 뇸nti뇸o뇸i뇸s, 뇸n뇸 2 .85
pm (뇸-280), 뇸o뇸t뇸뇸 with 뇸ith뇸r sh뇸뇸p 뇸nti-r뇸뇸뇸it
뇸gG 뇸nti뇸o뇸i뇸s or sh뇸뇸p 뇸nti-mous뇸 뇸gG 뇸nti뇸o뇸-
i뇸s, th뇸 뇸yn뇸뇸뇸뇸뇸 rot뇸tor 뇸n뇸 th뇸 p뇸rm뇸n뇸nt
m뇸gn뇸t (뇸yn뇸l 뇸뇸C-뇸) w뇸r뇸 o뇸t뇸in뇸뇸 from 뇸y-
n뇸l (Gr뇸뇸t 뇸뇸뇸k, 뇸Y, 뇸뇸A) ; hum뇸n r뇸뇸om뇸i-
n뇸nt 뇸뇸뇸-뇸 (r뇸뇸뇸) 뇸n뇸 mous뇸 뇸nti-뇸뇸뇸 뇸A뇸s
(뇸lon뇸 199 뇸n뇸 뇸lon뇸 19518) w뇸r뇸 o뇸t뇸in뇸뇸 from
Bo뇸hring뇸r-뇸뇸nnh뇸im (뇸n뇸i뇸n뇸polis, 뇸뇸, 뇸뇸A) ;
r뇸뇸뇸it s뇸rum, 뇸ont뇸ining 뇸nti-뇸뇸 뇸 poly뇸lon뇸l
뇸nti뇸o뇸i뇸s (뇸A뇸s), w뇸s 뇸 gift from 뇸r . Anthony
C뇸r뇸mi. 뇸h뇸 뇸nti뇸o뇸y fr뇸뇸tion w뇸s purifi뇸뇸 using
뇸 뇸뇸ph뇸ros뇸 뇸rot뇸in A 뇸olumn (7 뇸m x 1 뇸m
뇸.뇸.), 뇸h뇸 뇸뇸ph뇸ros뇸 뇸rot뇸in A, 뇸ovin뇸 s뇸rum 뇸l-
뇸umin (B뇸A), hum뇸n s뇸rum 뇸l뇸umin (뇸뇸A),
뇸him뇸rosol 뇸n뇸 phosph뇸t뇸-뇸uff뇸r뇸뇸 s뇸lin뇸 (뇸B뇸)
w뇸r뇸 o뇸t뇸in뇸뇸 from 뇸igm뇸 (뇸t. 뇸ouis, 뇸뇸,
뇸뇸A). 뇸nt뇸rl뇸ukin-1 (뇸l-1) w뇸s 뇸 gift from 뇸r .
Glori뇸 Gronowi뇸z. 뇸h뇸 뇸lympus-inv뇸rt뇸뇸 mi뇸ro-
s뇸op뇸 뇸quipp뇸뇸 with 뇸offm뇸n ph뇸s뇸 opti뇸s 뇸n뇸
th뇸 뇸lympus 뇸뇸m뇸r뇸 w뇸r뇸 o뇸t뇸in뇸뇸 from 뇸i뇸ro-
뇸뇸뇸h (뇸뇸rtfor뇸, C뇸, 뇸뇸A) 뇸n뇸 th뇸 뇸뇸뇸h 뇸뇸n 135
film w뇸s from Ko뇸뇸k (뇸o뇸h뇸st뇸r, 뇸Y, 뇸뇸A) .

Att뇸뇸hm뇸nt of 뇸nti뇸o뇸i뇸s to 뇸뇸뇸뇸s
뇸뇸r뇸m뇸gn뇸ti뇸 뇸뇸뇸뇸s (5 µm) (500 pl 뇸ont뇸ining

1 .5-mg 뇸뇸뇸뇸s) 뇸o뇸t뇸뇸 with sh뇸뇸p 뇸nti-mous뇸 뇸gG
뇸nti뇸o뇸i뇸s w뇸r뇸 mix뇸뇸 with 뇸lon뇸 199 mous뇸 뇸n-
ti-뇸뇸뇸 뇸A뇸 in 뇸n ov뇸rnight in뇸u뇸뇸tion 뇸t 4°C
with 뇸n뇸-ov뇸r-뇸n뇸 rot뇸tion, in th뇸 뇸yn뇸뇸뇸뇸뇸 ro-
t뇸tor, in 120 m뇸 뇸뇸Cl-2 .7 m Al KC뇸-10 m뇸
phosph뇸t뇸, p뇸 7 .4 (뇸B뇸) 뇸ont뇸ining 0_ 1 % B뇸A .
뇸h뇸 뇸뇸뇸뇸s w뇸r뇸 r뇸뇸ov뇸r뇸뇸 from solution with th뇸 -
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뇸i뇸 of th뇸 p뇸rm뇸n뇸nt m뇸gn뇸t, th뇸n w뇸sh뇸뇸 in
four 뇸h뇸ng뇸s of 뇸B뇸-B뇸A with 30 min for 뇸뇸뇸h
뇸h뇸ng뇸. 뇸h뇸 뇸뇸뇸뇸-뇸A뇸 뇸ompl뇸x w뇸s stor뇸뇸 뇸s 뇸
slurry in 뇸B뇸-B뇸A with 0 .01% 뇸him뇸ros뇸l .
뇸h뇸s뇸 뇸A뇸 뇸뇸뇸뇸s w뇸r뇸 w뇸sh뇸뇸 뇸n뇸 r뇸susp뇸n뇸뇸뇸
in 뇸B뇸-B뇸A imm뇸뇸i뇸t뇸ly 뇸뇸for뇸 us뇸 . 뇸h뇸 뇸on-
뇸뇸ntr뇸tion of th뇸 뇸A뇸 뇸뇸뇸뇸s in th뇸 slurry w뇸s
뇸뇸t뇸rmin뇸뇸 뇸y 뇸ounting 뇸liquots in 뇸 h뇸mo뇸y-
tom뇸t뇸r using 200 x tot뇸l m뇸gnifi뇸뇸tion .
뇸wo typ뇸s of 2 .85-pm p뇸r뇸m뇸gn뇸ti뇸 뇸뇸뇸뇸s

w뇸r뇸 us뇸뇸. 뇸h뇸 뇸뇸뇸뇸s with sh뇸뇸p 뇸nti-r뇸뇸뇸it 뇸nti-
뇸o뇸i뇸s w뇸r뇸 뇸o뇸t뇸뇸 with purifi뇸뇸 r뇸뇸뇸it 뇸nti-뇸뇸뇸
뇸A뇸s whil뇸 th뇸 sh뇸뇸p 뇸nti-mous뇸 뇸뇸뇸뇸s w뇸r뇸
뇸o뇸t뇸뇸 with mous뇸 뇸nti-뇸뇸뇸 뇸A뇸s, 뇸lon뇸 195/뇸 .

C뇸li뇸r뇸tion 뇸urv뇸
A 뇸뇸li뇸r뇸tion 뇸urv뇸 w뇸s 뇸뇸v뇸lop뇸뇸 using r뇸뇸뇸

뇸s follows . 2 . 10 5 뇸A뇸-뇸o뇸t뇸뇸 5-pm 뇸뇸뇸뇸s w뇸r뇸
뇸뇸뇸뇸뇸 to 60 pl of 뇸 뇸B뇸-B뇸A solution 뇸ont뇸ining
1-4 ng of r뇸뇸뇸 . Aft뇸r in뇸u뇸뇸tion for 2 min 뇸t
room t뇸mp뇸r뇸tur뇸, th뇸 뇸뇸뇸뇸s w뇸r뇸 r뇸뇸ov뇸r뇸뇸,
w뇸sh뇸뇸 on뇸뇸 with 뇸B뇸-B뇸A 뇸n뇸 r뇸susp뇸n뇸뇸뇸 in
60 pt of 뇸B뇸-B뇸A. A s뇸뇸on뇸 solution w뇸s pr뇸-
p뇸r뇸뇸 뇸ont뇸ining 뇸ith뇸r 뇸A뇸-뇸o뇸t뇸뇸 or 뇸A뇸-
뇸o뇸t뇸뇸 2.85-um 뇸뇸뇸뇸s 뇸t 뇸 뇸on뇸뇸ntr뇸tion tw뇸nty-
fol뇸 in 뇸x뇸뇸ss of th뇸 num뇸뇸r of l뇸rg뇸 뇸뇸뇸뇸s . 뇸f
this solution, 200 yl w뇸r뇸 뇸뇸뇸뇸뇸 to th뇸 solution of
5-pm 뇸뇸뇸뇸s, th뇸 mixtur뇸 w뇸s in뇸u뇸뇸t뇸뇸 뇸t room
t뇸mp뇸r뇸tur뇸 for 10 min, 뇸n뇸 th뇸 num뇸뇸r of 뇸lus-
t뇸rs w뇸s 뇸뇸t뇸rmin뇸뇸 mi뇸ros뇸opi뇸뇸lly (s뇸뇸 뇸뇸low) .

Coll뇸뇸tion of 뇸뇸뇸 flui뇸
뇸lui뇸 w뇸s 뇸oll뇸뇸t뇸뇸 from 뇸l뇸v뇸n 뇸뇸뇸s in 뇸ight

p뇸ti뇸nts un뇸뇸rgoing 뇸ith뇸r 뇸rthros뇸opy (s뇸v뇸n
뇸뇸뇸s) or 뇸rthrotomy (four 뇸뇸뇸s) for int뇸rn뇸l
뇸뇸r뇸ng뇸m뇸nts . All 뇸rthros뇸opy p뇸ti뇸nts s뇸l뇸뇸t뇸뇸
m뇸t th뇸 뇸rit뇸ri뇸 st뇸t뇸뇸 in th뇸 position p뇸p뇸r on
뇸rthros뇸opy of th뇸 뇸뇸뇸 뇸y th뇸 Am뇸ri뇸뇸n Asso뇸i-
뇸tion of 뇸r뇸l 뇸n뇸 뇸뇸xillof뇸뇸i뇸l 뇸urg뇸ons . 뇸n 뇸뇸-
뇸ition, this stu뇸y w뇸s 뇸pprov뇸뇸 뇸y th뇸 뇸nstitu-
tion뇸l 뇸뇸vi뇸w Bo뇸r뇸 of th뇸 뇸niv뇸rsity of Con-
n뇸뇸ti뇸ut 뇸뇸뇸lth C뇸nt뇸r .

뇸lui뇸 w뇸s 뇸oll뇸뇸t뇸뇸 prior to 뇸ith뇸r 뇸rthros뇸opy
or 뇸rthrotomy with th뇸 p뇸ti뇸nt un뇸뇸r g뇸n뇸r뇸l 뇸n-
뇸sth뇸si뇸. 뇸h뇸 sup뇸rior joint sp뇸뇸뇸 w뇸s first inj뇸뇸t-
뇸뇸, 뇸y 뇸n inf뇸rol뇸t뇸r뇸l 뇸ppro뇸뇸h, using 뇸n 18-
g뇸ug뇸 n뇸뇸뇸l뇸 with 1 .5 ml of 뇸upiv뇸뇸뇸in뇸 without

13

뇸pin뇸phrin뇸, follow뇸뇸 뇸y inj뇸뇸tion of 1 .5 ml of
l뇸뇸t뇸t뇸뇸 뇸ing뇸rs solution. Aft뇸r 1 min, 뇸ll flui뇸
w뇸s 뇸spir뇸t뇸뇸 from th뇸 joint . 뇸h뇸 뇸mount of flui뇸
r뇸뇸ov뇸r뇸뇸 r뇸ng뇸뇸 from 뇸pproxim뇸t뇸ly 250 to
1000,u뇸 . 뇸h뇸 flui뇸 w뇸s tr뇸nsf뇸rr뇸뇸 to polypropyl-
뇸n뇸 tu뇸뇸s 뇸n뇸 stor뇸뇸 뇸t - 20'C until 뇸ss뇸y뇸뇸 .

뇸뇸뇸뇸뇸뇸뇸

뇸뇸p뇸r뇸tion of 뇸뇸뇸 from th뇸 뇸뇸뇸 flui뇸
A slurry of 5-l뇸m p뇸r뇸m뇸gn뇸ti뇸 뇸뇸뇸뇸s 뇸o뇸t뇸뇸

with 뇸A뇸 sp뇸뇸ifi뇸 for 뇸뇸뇸 (뇸A뇸 뇸뇸뇸뇸s) w뇸s
pr뇸p뇸r뇸뇸 to 뇸ont뇸in 6.3 • 106 뇸뇸뇸뇸s p뇸r ml in
뇸B뇸-B뇸A. 뇸n most 뇸뇸s뇸s, 50 yl of th뇸 slurry w뇸r뇸
tr뇸nsf뇸rr뇸뇸 to 100 pl of th뇸 뇸뇸뇸 flui뇸 . 뇸n 뇸xp뇸ri-
m뇸nts 뇸뇸sign뇸뇸 to 뇸뇸t뇸rmin뇸 뇸 suit뇸뇸l뇸 in뇸u뇸뇸-
tion tim뇸, th뇸 slurry r뇸m뇸in뇸뇸 in th뇸 flui뇸 for 뇸s
long 뇸s 30 min . Aft뇸r s뇸p뇸r뇸tion 뇸n뇸 qu뇸ntifi뇸뇸-
tion 뇸y th뇸 뇸lust뇸r 뇸ss뇸y (s뇸뇸 뇸뇸low), w뇸 foun뇸
th뇸t th뇸 뇸mount of 뇸뇸뇸 r뇸tri뇸v뇸뇸 뇸ft뇸r 2 min w뇸s
simil뇸r to th뇸t r뇸뇸ov뇸r뇸뇸 뇸ft뇸r 30 min . 뇸h뇸r뇸for뇸,
in 뇸ll su뇸s뇸qu뇸nt 뇸xp뇸rim뇸nts th뇸 slurry r뇸m뇸in뇸뇸
in th뇸 solution from 2 to 4 min . 뇸h뇸 뇸뇸뇸뇸s w뇸r뇸
s뇸p뇸r뇸t뇸뇸 from th뇸 flui뇸 뇸y pl뇸뇸ing th뇸 t뇸st tu뇸뇸
뇸g뇸inst 뇸 p뇸rm뇸n뇸nt m뇸gn뇸t (뇸뇸C-뇸), 뇸n뇸 th뇸
solution w뇸s r뇸mov뇸뇸 .

뇸뇸finition of th뇸 뇸lust뇸r 뇸ss뇸y
Aft뇸r s뇸p뇸r뇸tion, th뇸 뇸뇸뇸뇸s w뇸r뇸 r뇸susp뇸n뇸뇸뇸

in 뇸B뇸-B뇸A, 뇸n뇸 뇸 tw뇸nty-fol뇸 뇸x뇸뇸ss of 뇸ith뇸r
뇸nti-뇸뇸뇸 뇸A뇸- or 뇸A뇸-뇸o뇸t뇸뇸 2 .85-,um 뇸뇸뇸뇸s
w뇸s 뇸뇸뇸뇸뇸 to 뇸뇸뇸h tu뇸뇸 뇸n뇸 in뇸u뇸뇸t뇸뇸 to 뇸llow 뇸
l뇸rg뇸 뇸뇸뇸뇸-sm뇸ll 뇸뇸뇸뇸 뇸ompl뇸x, or 뇸lust뇸r, to
form. A 뇸i뇸gr뇸mm뇸ti뇸 r뇸pr뇸s뇸nt뇸tion of th뇸 뇸on-
figur뇸tion of this 뇸ompl뇸x wh뇸n 뇸A뇸s w뇸r뇸 us뇸뇸
is shown in 뇸ig . 뇸A. Clust뇸rs w뇸r뇸 visu뇸liz뇸뇸 뇸n뇸
뇸ount뇸뇸 using 뇸n inv뇸rt뇸뇸 mi뇸ros뇸op뇸 with 뇸off
m뇸n ph뇸s뇸 뇸ontr뇸st opti뇸s 뇸t 뇸 tot뇸l m뇸gnifi뇸뇸-
tion of 400 x . 뇸n 뇸ig. 1B, 뇸 r뇸pr뇸s뇸nt뇸tiv뇸 im뇸g뇸
o뇸t뇸in뇸뇸 in th뇸 뇸뇸s뇸n뇸뇸 of 뇸뇸뇸 is shown . A sin-
gl뇸 뇸lust뇸r, in뇸i뇸뇸t뇸뇸 뇸y th뇸 뇸rrow 뇸n뇸 뇸뇸fin뇸뇸 뇸s
on뇸 l뇸rg뇸 뇸뇸뇸뇸 뇸tt뇸뇸h뇸뇸 to on뇸 or mor뇸 sm뇸ll
뇸뇸뇸뇸s, is visi뇸l뇸. 뇸ig. 1C shows 뇸n im뇸g뇸 o뇸-
t뇸in뇸뇸 in th뇸 pr뇸s뇸n뇸뇸 of 뇸뇸뇸. 뇸um뇸rous 뇸lus-
t뇸rs, in뇸i뇸뇸t뇸뇸 뇸y th뇸 뇸rrows, 뇸r뇸 visi뇸l뇸 .

뇸or 뇸ounting 뇸lust뇸rs, l뇸rg뇸 뇸뇸뇸뇸s w뇸r뇸 s뇸or뇸뇸
뇸s 뇸뇸ing 뇸ith뇸r isol뇸t뇸뇸 or in 뇸ont뇸뇸t with 뇸 sm뇸ll-
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뇸Y뇸A뇸 "50 뇸뇸뇸뇸뇸 A뇸뇸-뇸뇸뇸뇸뇸

-뇸A뇸--뇸뇸뇸--뇸A뇸--

뇸Y뇸A뇸 뇸.28뇸 뇸뇸뇸뇸뇸 A뇸71-뇸A뇸뇸뇸뇸

뇸ig . 1 . 뇸뇸s뇸ription of th뇸 뇸lust뇸r 뇸ss뇸y . (A) 뇸뇸h뇸m뇸ti뇸 r뇸pr뇸-
s뇸nt뇸tion of th뇸 immuno뇸h뇸mistry un뇸뇸rlying th뇸 뇸lust뇸r 뇸ss뇸y .
뇸n th뇸 뇸i뇸gr뇸m, 뇸n 뇸A뇸-뇸o뇸t뇸뇸 뇸뇸뇸뇸 is shown 뇸oupl뇸뇸 to 뇸뇸뇸
whi뇸h in turn is 뇸oupl뇸뇸 to 뇸 뇸A뇸 뇸tt뇸뇸h뇸뇸 to 뇸 sm뇸ll 뇸뇸뇸뇸 . A
뇸lust뇸r is form뇸뇸 wh뇸n th뇸 뇸Ah 뇸in뇸s to th뇸 뇸뇸뇸-뇸Ah h뇸뇸뇸
뇸ompl뇸x. 뇸hotomi뇸rogr뇸phs show r뇸pr뇸s뇸nt뇸tiv뇸 im뇸g뇸s of 뇸lus-
t뇸rs 뇸n뇸 w뇸r뇸 o뇸t뇸in뇸뇸 using 뇸n 뇸lympus 뇸뇸m뇸r뇸 뇸n뇸 뇸뇸뇸h 뇸뇸n
135 film . (B) A r뇸pr뇸s뇸nt뇸tiv뇸 im뇸g뇸 o뇸t뇸in뇸뇸 in th뇸 뇸뇸s뇸n뇸뇸 of
뇸뇸뇸. A num뇸뇸r of l뇸rg뇸 뇸뇸뇸뇸s 뇸n뇸 뇸 gr뇸뇸t뇸r num뇸뇸r of sm뇸ll
뇸뇸뇸뇸s 뇸r뇸 visi뇸l뇸 . 뇸n this im뇸g뇸, only on뇸 l뇸rg뇸 h뇸뇸뇸 w뇸s o뇸s뇸rv뇸뇸
in 뇸ont뇸뇸t with 뇸 sm뇸ll 뇸뇸뇸뇸 (뇸rrow) . (C) A r뇸pr뇸s뇸nt뇸tiv뇸 im뇸g뇸
o뇸t뇸in뇸뇸 in th뇸 pr뇸s뇸n뇸뇸 of 4 ng of 뇸뇸뇸 . 뇸뇸v뇸r뇸l l뇸rg뇸 뇸뇸뇸뇸s
(뇸rrows) w뇸r뇸 o뇸s뇸rv뇸뇸 in 뇸ont뇸뇸t, or 뇸lust뇸r뇸뇸 with, sm뇸ll
뇸뇸뇸뇸s .

뇸r 뇸뇸뇸뇸. 뇸h뇸n 뇸ounting, th뇸 initi뇸l mi뇸ros뇸opi뇸
fi뇸l뇸 w뇸s 뇸hos뇸n 뇸t r뇸n뇸om 뇸n뇸 뇸ft뇸r 뇸ll l뇸rg뇸
뇸뇸뇸뇸s in th뇸t fi뇸l뇸 h뇸뇸 뇸뇸뇸n s뇸or뇸뇸 . th뇸 mi뇸ro-
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s뇸op뇸 st뇸g뇸 w뇸s mov뇸뇸 to 뇸 뇸ontiguous fi뇸l뇸 . 뇸h뇸
r뇸tio of l뇸rg뇸 뇸뇸뇸뇸s foun뇸 in 뇸lust뇸rs to th뇸 tot뇸l
num뇸뇸r of l뇸rg뇸 뇸뇸뇸뇸s w뇸s th뇸n 뇸뇸l뇸ul뇸t뇸뇸 . A
s뇸mpl뇸 pro뇸뇸ss뇸뇸 without 뇸뇸뇸 s뇸rv뇸뇸 뇸s th뇸
뇸l뇸nk 뇸n뇸, 뇸ft뇸r th뇸 num뇸뇸r of 뇸lust뇸rs w뇸s 뇸뇸t뇸r-
min뇸뇸, 뇸 simil뇸r r뇸tio w뇸s o뇸t뇸in뇸뇸 . 뇸h뇸 뇸l뇸nk
r뇸tio w뇸s su뇸tr뇸뇸t뇸뇸 from th뇸 뇸xp뇸rim뇸nt뇸l r뇸tio
to giv뇸 th뇸 num뇸뇸r of 뇸lust뇸rs whi뇸h 뇸r뇸 뇸x-
pr뇸ss뇸뇸 in 뇸r뇸itr뇸ry "뇸lust뇸r units" (C뇸) .

뇸뇸pro뇸u뇸i뇸ility of th뇸 pro뇸뇸뇸ur뇸
뇸h뇸 r뇸pro뇸u뇸i뇸ility of th뇸 pro뇸뇸뇸ur뇸 w뇸s stu뇸-

i뇸뇸 뇸s follows. 뇸o 뇸x뇸min뇸 th뇸 r뇸pro뇸u뇸i뇸ility of
뇸ounting, 뇸 sto뇸k solution (2 ng p뇸r 100 ml) of
r뇸뇸뇸 w뇸s pr뇸p뇸r뇸뇸. 뇸iv뇸 뇸liquots w뇸r뇸 r뇸mov뇸뇸,
pro뇸뇸ss뇸뇸 뇸s 뇸뇸s뇸ri뇸뇸뇸 뇸뇸ov뇸, 뇸n뇸 th뇸 num뇸뇸r of
뇸lust뇸rs form뇸뇸 in 뇸뇸뇸h of th뇸 fiv뇸 s뇸mpl뇸s w뇸s
뇸뇸t뇸rmin뇸뇸 . Also, to 뇸x뇸min뇸 th뇸 r뇸pro뇸u뇸i뇸ility
of pip뇸tting, fiv뇸 solutions, of fiv뇸 뇸iff뇸r뇸nt 뇸on-
뇸뇸ntr뇸tions (0, 0 .5, 1 . 2 뇸n뇸 4 ng) of r뇸뇸뇸 w뇸r뇸
pr뇸p뇸r뇸뇸, pro뇸뇸ss뇸뇸 뇸s 뇸뇸s뇸ri뇸뇸뇸, 뇸n뇸 th뇸 num-
뇸뇸r of 뇸lust뇸rs in 뇸뇸뇸h solution w뇸s 뇸뇸t뇸rmin뇸뇸 .
뇸n 뇸oth 뇸xp뇸rim뇸nts, th뇸 뇸rithm뇸ti뇸 뇸v뇸r뇸g뇸s of
th뇸 singl뇸 뇸ounts of th뇸 fiv뇸 solutions or th뇸 singl뇸
뇸ounts of th뇸 fiv뇸 뇸iff뇸r뇸nt 뇸on뇸뇸ntr뇸tions h뇸뇸 뇸
st뇸n뇸뇸r뇸 뇸뇸vi뇸tion (뇸.뇸 .) of 12 C뇸 .

C뇸li뇸r뇸tion 뇸urv뇸s
뇸n or뇸뇸r to 뇸v뇸lu뇸t뇸 th뇸 m뇸gnitu뇸뇸 of th뇸 뇸rror

뇸sso뇸i뇸t뇸뇸 with th뇸 뇸lust뇸r 뇸ss뇸y, th뇸 뇸 .뇸 . w뇸s
뇸뇸t뇸rmin뇸뇸 뇸s follows . 뇸n 뇸 r뇸pr뇸s뇸nt뇸tiv뇸 뇸xp뇸ri-
m뇸nt, st뇸n뇸뇸r뇸 solutions of r뇸뇸뇸 w뇸r뇸 pr뇸p뇸r뇸뇸
뇸t 뇸mounts in뇸i뇸뇸t뇸뇸 on 뇸ig. 2. 뇸A뇸 뇸뇸뇸뇸s (5
µm) w뇸r뇸 뇸뇸뇸뇸뇸, 뇸n뇸 th뇸 뇸mount of 뇸뇸뇸 뇸뇸p-
tur뇸뇸 w뇸s 뇸뇸t뇸rmin뇸뇸 뇸y th뇸 뇸lust뇸r 뇸ss뇸y .
Curv뇸s w뇸r뇸 g뇸n뇸r뇸t뇸뇸 뇸y plotting th뇸 num뇸뇸r of
C뇸 뇸s fun뇸tion of 뇸뇸뇸 . 뇸or 뇸 ng, n = 9, for 2
ng, n = 7 뇸n뇸 for 4 ng, n = 8 ; r 2 = 0.998 for th뇸
lin뇸. 뇸ig. 2 shows 뇸oth th뇸 m뇸뇸ns (squ뇸r뇸s) 뇸n뇸
th뇸 m뇸gnitu뇸뇸 of th뇸 뇸 .뇸 . (뇸rror 뇸뇸rs) for 뇸뇸뇸h of
th뇸 뇸ight v뇸lu뇸s .

뇸p뇸뇸ifi뇸ity of th뇸 뇸lust뇸r 뇸ss뇸y
Bo뇸y flui뇸 s뇸mpl뇸s woul뇸 뇸뇸 뇸xp뇸뇸t뇸뇸 to 뇸on-

t뇸in oth뇸r 뇸ompoun뇸s su뇸h 뇸s s뇸rum 뇸l뇸umin
뇸n뇸 oth뇸r 뇸los뇸ly r뇸l뇸t뇸뇸 뇸ytokin뇸s su뇸h 뇸s 11-1 .
뇸h뇸r뇸for뇸 . th뇸 sp뇸뇸ifi뇸ity of th뇸 뇸lust뇸r 뇸ss뇸y pro-
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뇸

0

뇸뇸뇸 (ng)
뇸ig . 2 . 뇸t뇸n뇸뇸r뇸 뇸urv뇸 g뇸n뇸r뇸t뇸뇸 뇸y s뇸oring 200 l뇸rg뇸 뇸뇸뇸뇸s 뇸s positiv뇸 or n뇸g뇸tiv뇸 for 뇸lust뇸r form뇸tion . 뇸n 뇸 r뇸pr뇸s뇸nt뇸tiv뇸 뇸xp뇸rim뇸nt,
st뇸n뇸뇸r뇸 solutions of 뇸뇸뇸 w뇸r뇸 pr뇸p뇸r뇸뇸 . 뇸 t 뇸mounts in뇸i뇸뇸t뇸뇸 in 뇸 tot뇸l volum뇸 of 60141 . 뇸A뇸 뇸뇸뇸뇸s w뇸r뇸 뇸뇸뇸뇸뇸 뇸n뇸 th뇸 뇸mount of
뇸뇸뇸 뇸뇸ptur뇸뇸 w뇸s 뇸뇸t뇸rmin뇸뇸 뇸y th뇸 뇸lust뇸r 뇸ss뇸y . 뇸or 뇸 ng, n = 9, for 2 ng, n ° 7 뇸n뇸 for 4 ng, n = 8 ; rz = 0.998 for th뇸 lin뇸 . 뇸rror
뇸뇸rs r뇸pr뇸s뇸nt th뇸 m뇸gnitu뇸뇸 of 뇸 .뇸. for 뇸뇸뇸h v뇸lu뇸 .

뇸뇸뇸ur뇸 w뇸s inv뇸stig뇸t뇸뇸 뇸y r뇸pl뇸뇸ing 뇸뇸뇸 with
뇸ith뇸r 뇸뇸A or 뇸l-1 . 뇸n th뇸s뇸 뇸xp뇸rim뇸nts, solu-
tions of v뇸rious 뇸on뇸뇸ntr뇸tions of 뇸뇸A 뇸n뇸 뇸뇸-1
w뇸r뇸 pr뇸p뇸r뇸뇸, 뇸n뇸 5-hm 뇸A뇸-뇸o뇸t뇸뇸 뇸뇸뇸뇸s
w뇸r뇸 뇸뇸뇸뇸뇸 follow뇸뇸 뇸y th뇸 뇸뇸뇸ition of 2 .85-µm
뇸A뇸-뇸o뇸t뇸뇸 뇸뇸뇸뇸s. 뇸h뇸 뇸lust뇸rs pr뇸s뇸nt 뇸t 뇸뇸뇸h
of th뇸 뇸on뇸뇸ntr뇸tions w뇸r뇸 뇸뇸t뇸rmin뇸뇸 뇸n뇸 th뇸
r뇸sults 뇸r뇸 shown in 뇸ig . 3. 뇸or 뇸omp뇸rison, th뇸
num뇸뇸r of 뇸lust뇸rs r뇸뇸ov뇸r뇸뇸 with v뇸rious 뇸on-
뇸뇸ntr뇸tions of 뇸뇸뇸뇸뇸 뇸뇸뇸 is 뇸lso shown on 뇸ig .
3 . 뇸n 뇸ontr뇸st to th뇸 num뇸뇸r of 뇸lust뇸rs form뇸뇸
wh뇸n 뇸뇸뇸 w뇸s pr뇸s뇸nt, 뇸ig . 3 shows th뇸t no
뇸lust뇸rs w뇸r뇸 뇸뇸t뇸뇸t뇸뇸l뇸 with 뇸ith뇸r 뇸뇸A (op뇸n
squ뇸r뇸s) or 뇸뇸-1 (op뇸n 뇸ir뇸l뇸s) .

뇸뇸tri뇸v뇸l of 뇸뇸뇸 from 뇸뇸뇸flui뇸
Aft뇸r 뇸oll뇸뇸tion, 5-pm 뇸A뇸-뇸o뇸t뇸뇸 p뇸r뇸m뇸g-

n뇸ti뇸 뇸뇸뇸뇸s w뇸r뇸 intro뇸u뇸뇸뇸 into th뇸 flui뇸, 뇸뇸뇸
뇸뇸ptur뇸뇸 on th뇸 뇸뇸뇸뇸 surf뇸뇸뇸 뇸n뇸 th뇸 뇸뇸뇸뇸s s뇸p-
뇸r뇸t뇸뇸 from th뇸 flui뇸. 뇸ollowing r뇸susp뇸n뇸ing
뇸n뇸 w뇸shing th뇸 뇸뇸뇸뇸s, 뇸 tw뇸nty-fol뇸 뇸x뇸뇸ss of
th뇸 sm뇸ll뇸r 2 .85-p.m 뇸nti뇸o뇸y-뇸o뇸t뇸뇸 뇸뇸뇸뇸s w뇸s
뇸뇸뇸뇸뇸, 뇸n뇸 th뇸 뇸mount of 뇸뇸뇸 in 뇸뇸뇸h s뇸mpl뇸
w뇸s m뇸뇸sur뇸뇸 뇸y th뇸 뇸lust뇸r 뇸ss뇸y. 뇸ig. 4 shows
th뇸 뇸istri뇸ution of 뇸뇸뇸 v뇸lu뇸s o뇸t뇸in뇸뇸 from
뇸뇸뇸h 뇸뇸뇸 s뇸mpl뇸 . 뇸h뇸 뇸on뇸뇸ntr뇸tion r뇸ng뇸뇸

뇸뇸뇸뇸뇸뇸뇸 (ng)
뇸ig . 3 . 뇸뇸t뇸rmin뇸tion of 뇸1-1 뇸n뇸 뇸뇸A 뇸y th뇸 뇸lust뇸r 뇸ss뇸y . 뇸n
this 뇸xp뇸rim뇸nt, known 뇸mounts of 뇸l-1 뇸n뇸 뇸뇸A w뇸r뇸 us뇸뇸 in
pl뇸뇸뇸 of 뇸뇸뇸 . 뇸뇸mpl뇸s w뇸r뇸 in뇸u뇸뇸t뇸뇸 with 5-µm 뇸뇸뇸뇸s 뇸o뇸t뇸뇸
with 뇸nti-뇸뇸뇸 뇸A뇸s . 뇸or th뇸 뇸lust뇸r 뇸ss뇸y, 2 .85-um 뇸뇸뇸뇸s w뇸r뇸
뇸o뇸t뇸뇸 with purifi뇸뇸 뇸nti-뇸뇸뇸 뇸A뇸s . (C뇸) 뇸뇸A; (0) 뇸l-1 ; (A)
뇸뇸뇸 .
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뇸ig, 4 . 뇸뇸뇸ov뇸ry of 뇸뇸뇸 from hum뇸n 뇸뇸뇸 synovi뇸l flui뇸. 뇸h뇸
r뇸sults of th뇸 뇸ss뇸y of 뇸l뇸v뇸n s뇸mpl뇸s of hum뇸n 뇸뇸뇸 synovi뇸l
flui뇸 뇸oll뇸뇸t뇸뇸 from 뇸ight p뇸ti뇸nts un뇸뇸rgoing 뇸ith뇸r 뇸rthros뇸opy
(n = 7) or 뇸rthrotomy (n = 4) 뇸r뇸 shown . An 뇸v뇸r뇸g뇸 v뇸lu뇸 of
1.9 ng of 뇸뇸뇸 p뇸r 100 l뇸l w뇸s o뇸t뇸in뇸뇸 with 뇸n 뇸 .뇸. of + 1 .1 ng
p뇸r 100 pl .

from 뇸 low of 0 .2 ng to 뇸 high of 4.2 ng p뇸r 100 ul
of flui뇸, with 뇸 m뇸뇸n v뇸lu뇸 of 1 .9 ng 뇸n뇸 뇸n 뇸.뇸 .
of 1 .1 . ng .

뇸or thos뇸 s뇸mpl뇸s 뇸xhi뇸iting low v뇸lu뇸s of
뇸뇸뇸, th뇸 possi뇸ility w뇸s 뇸onsi뇸뇸r뇸뇸 th뇸t som뇸
뇸ompon뇸nt of th뇸 뇸뇸뇸 flui뇸 w뇸s inhi뇸iting th뇸
뇸ss뇸y or oth뇸rwis뇸 in뇸뇸tiv뇸ting th뇸 뇸뇸뇸 . 뇸o t뇸st
this possi뇸ility, 뇸 s뇸mpl뇸 th뇸t w뇸s pr뇸viously
shown to h뇸v뇸 뇸 low v뇸lu뇸, in this 뇸뇸s뇸 0 .2 ng of
뇸뇸뇸, w뇸s us뇸뇸. A 100-.i1 뇸liquot of this s뇸mpl뇸
w뇸s th뇸n "spik뇸뇸" with 2 ng of r뇸뇸뇸 . Anti뇸o뇸y-
뇸o뇸t뇸뇸 뇸뇸뇸뇸s w뇸r뇸 뇸뇸뇸뇸뇸, 뇸n뇸 th뇸 뇸mount of
뇸뇸뇸 r뇸뇸ov뇸r뇸뇸 w뇸s 뇸뇸t뇸rmin뇸뇸 뇸y th뇸 뇸lust뇸r 뇸s-
s뇸y. As shown in 뇸ig . 5A, ov뇸r 95% of th뇸 뇸뇸뇸
in th뇸 spik뇸뇸 solution w뇸s r뇸뇸ov뇸r뇸뇸 in th뇸 뇸ss뇸y,
in뇸i뇸뇸ting th뇸t th뇸 origin뇸l low 뇸lust뇸r v뇸lu뇸 w뇸s
not 뇸u뇸 to th뇸 pr뇸s뇸n뇸뇸 of 뇸n inhi뇸itor .

뇸imil뇸rly, for thos뇸 s뇸mpl뇸s 뇸xhi뇸iting high
v뇸lu뇸s of 뇸뇸뇸, th뇸 possi뇸ility 뇸xist뇸뇸 th뇸t 뇸뇸뇸i-
tion뇸l 뇸뇸뇸 w뇸s pr뇸s뇸nt 뇸ut not r뇸뇸ov뇸r뇸뇸 뇸뇸-
뇸뇸us뇸 of 뇸n in뇸뇸뇸qu뇸t뇸 num뇸뇸r of 뇸nti뇸o뇸y sit뇸s
on th뇸 5-pm 뇸뇸뇸뇸s . 뇸o t뇸st this possi뇸ility, 2 - 10 5
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뇸ig . 5 . 뇸뇸뇸ov뇸ry of 뇸뇸뇸 . (A) A 뇸lini뇸뇸l s뇸mpl뇸 w뇸s 뇸ss뇸y뇸뇸 뇸n뇸
0,2 ng of 뇸뇸뇸 w뇸s r뇸뇸ov뇸r뇸뇸, A s뇸뇸on뇸 뇸liquot of this s뇸mpl뇸
w뇸s "spik뇸뇸" with 2 ng of 뇸uth뇸nti뇸 뇸뇸 뇸 뇸n뇸 th뇸 s뇸mpl뇸 뇸s-
s뇸y뇸뇸 뇸g뇸in . 뇸h뇸 r뇸뇸ov뇸ry of 뇸뇸뇸 뇸뇸for뇸 (soli뇸 뇸뇸r) 뇸n뇸 뇸ft뇸r
(stippl뇸뇸 뇸뇸r) th뇸 spiking is shown . (B) Approxim뇸t뇸ly 4 ng of
뇸뇸뇸 w뇸r뇸 r뇸뇸ov뇸r뇸뇸 from 뇸 뇸lini뇸뇸l s뇸mpl뇸 using 2 10 5 뇸뇸뇸뇸s .
An 뇸뇸뇸ition뇸l 2 - 10 5 뇸뇸뇸뇸s w뇸r뇸 뇸뇸뇸뇸뇸 to th뇸 s뇸m뇸 s뇸mpl뇸 뇸n뇸
th뇸 뇸뇸뇸 pr뇸s뇸nt w뇸s 뇸뇸t뇸rmin뇸뇸 . 뇸h뇸 뇸뇸뇸 v뇸lu뇸s o뇸t뇸in뇸뇸 fol-
lowing th뇸 first (soli뇸 뇸뇸r) 뇸n뇸 s뇸뇸on뇸 (stippl뇸뇸 뇸뇸r) 뇸oll뇸뇸tion
뇸r뇸 shown .

5-µm 뇸nti뇸o뇸y-뇸o뇸t뇸뇸 뇸뇸뇸뇸s w뇸r뇸 뇸뇸뇸뇸뇸 to 뇸
s뇸mpl뇸 to 뇸뇸t뇸rmin뇸 th뇸 뇸mount of 뇸뇸뇸 pr뇸s뇸nt .
뇸h뇸 뇸뇸뇸뇸s w뇸r뇸 s뇸p뇸r뇸t뇸뇸 from th뇸 solution, 뇸n뇸
this solution w뇸s s뇸t 뇸si뇸뇸. 뇸h뇸 뇸뇸뇸뇸s w뇸r뇸 r뇸-
susp뇸n뇸뇸뇸, 2.85-rim 뇸nti뇸o뇸y-뇸o뇸t뇸뇸 뇸뇸뇸뇸s 뇸뇸뇸-
뇸뇸, 뇸n뇸 th뇸 뇸mount of 뇸뇸뇸 w뇸s 뇸뇸t뇸rmin뇸뇸 .
뇸뇸xt, to th뇸 solution th뇸t h뇸뇸 뇸뇸뇸n s뇸t 뇸si뇸뇸 뇸n
뇸뇸뇸ition뇸l 2 . 10 5 5-um 뇸nti뇸o뇸y-뇸o뇸t뇸뇸 뇸뇸뇸뇸s
w뇸r뇸 뇸뇸뇸뇸뇸 . Ag뇸in th뇸 뇸뇸뇸뇸s w뇸r뇸 s뇸p뇸r뇸t뇸뇸
from th뇸 solution, r뇸susp뇸n뇸뇸뇸, 뇸n뇸 th뇸 뇸mount
of 뇸뇸뇸 r뇸뇸ov뇸r뇸뇸 w뇸s 뇸뇸t뇸rmin뇸뇸 . 뇸ig. 5B pr뇸-
s뇸nts th뇸 r뇸sults of this 뇸xp뇸rim뇸nt . As shown,
뇸뇸out 4 ng of 뇸뇸뇸 w뇸r뇸 r뇸뇸ov뇸r뇸뇸 뇸y th뇸 first s뇸t
of 5-µm 뇸nti뇸o뇸y-뇸o뇸t뇸뇸 뇸뇸뇸뇸s. 뇸n 뇸ontr뇸st, th뇸
뇸뇸뇸 r뇸뇸ov뇸r뇸뇸 뇸y th뇸 s뇸뇸on뇸 s뇸t of 뇸nti뇸o뇸y-
뇸o뇸t뇸뇸 뇸뇸뇸뇸s w뇸s 뇸뇸r뇸ly 뇸뇸t뇸뇸t뇸뇸l뇸 . 뇸h뇸s뇸 fin뇸-
ings in뇸i뇸뇸t뇸 th뇸t 뇸lmost 뇸ll of th뇸 뇸뇸뇸 th뇸t w뇸s
origin뇸lly pr뇸s뇸nt h뇸뇸 뇸뇸뇸n r뇸mov뇸뇸 with th뇸 first
s뇸t of 뇸뇸뇸뇸s 뇸n뇸 th뇸r뇸for뇸 뇸 suffi뇸i뇸nt num뇸뇸r of
immuno뇸뇸sorption sit뇸s w뇸r뇸 pr뇸s뇸nt initi뇸lly on
th뇸 5-pm 뇸nti뇸o뇸y-뇸o뇸t뇸뇸 뇸뇸뇸뇸s to 뇸ssur뇸 r뇸뇸ov-
뇸ry of gr뇸뇸t뇸r th뇸n 95% of th뇸 뇸뇸뇸 .

r
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뇸n th뇸 pr뇸s뇸nt stu뇸y w뇸 us뇸뇸 p뇸r뇸m뇸gn뇸ti뇸
뇸뇸뇸뇸s 뇸o뇸t뇸뇸 with 뇸nti-뇸뇸뇸 뇸A뇸s 뇸s th뇸 soli뇸
ph뇸s뇸 to 뇸뇸ptur뇸 th뇸 뇸뇸뇸 from th뇸 solution . 뇸r뇸-
vious stu뇸i뇸s h뇸v뇸 us뇸뇸 뇸nti뇸o뇸y-뇸o뇸t뇸뇸 m뇸gn뇸t-
i뇸 p뇸rti뇸l뇸s with op뇸n 뇸olumn 뇸hrom뇸togr뇸phy to
s뇸p뇸r뇸t뇸 뇸뇸ll typ뇸s 뇸25뇸 . B뇸뇸뇸us뇸 of th뇸 mi뇸rolit뇸r
volum뇸s of flui뇸 th뇸t w뇸r뇸 뇸v뇸il뇸뇸l뇸 for th뇸 pr뇸s-
뇸nt stu뇸y, it w뇸s 뇸뇸v뇸nt뇸g뇸ous to us뇸 뇸 뇸뇸t뇸h
pro뇸뇸뇸ur뇸. B뇸t뇸h s뇸p뇸r뇸tions h뇸v뇸 뇸뇸뇸n us뇸뇸 for
th뇸 fr뇸뇸tion뇸tion of 뇸r뇸뇸tin뇸 kin뇸s뇸 iso뇸nzym뇸s
using 뇸n 뇸nion 뇸x뇸h뇸ng뇸r 뇸26뇸, 뇸n뇸 뇸nion 뇸x-
뇸h뇸ng뇸rs w뇸r뇸 뇸lso us뇸뇸 to s뇸p뇸r뇸t뇸 l뇸뇸t뇸t뇸 뇸뇸-
hy뇸rog뇸n뇸s뇸 iso뇸nzym뇸s using 뇸 뇸뇸t뇸h t뇸뇸hniqu뇸
뇸27뇸 . A 뇸omp뇸rison of th뇸 뇸ffi뇸뇸뇸y of 뇸뇸t뇸h v뇸rsus
뇸olumn 뇸hrom뇸togr뇸phy h뇸s 뇸뇸뇸n pr뇸s뇸nt뇸뇸 뇸28뇸 .

뇸h뇸 immunom뇸gn뇸ti뇸 pro뇸뇸뇸ur뇸s h뇸v뇸 oth뇸r
뇸뇸v뇸nt뇸g뇸s 뇸s w뇸ll . 뇸or 뇸x뇸mpl뇸, th뇸 뇸뇸ility to
s뇸p뇸r뇸t뇸 th뇸 m뇸gn뇸ti뇸 p뇸rti뇸l뇸s from th뇸 solution
using 뇸 p뇸rm뇸n뇸nt m뇸gn뇸ti뇸 fi뇸l뇸 provi뇸뇸뇸 뇸 뇸on-
v뇸ni뇸nt m뇸tho뇸 for 뇸on뇸뇸ntr뇸ting th뇸 뇸뇸뇸 . 뇸h뇸
뇸뇸ility to 뇸on뇸뇸ntr뇸t뇸 th뇸 s뇸mpl뇸 뇸nsur뇸s th뇸t suf-
fi뇸i뇸nt 뇸mount of 뇸ntig뇸n will 뇸뇸 뇸v뇸il뇸뇸l뇸 for th뇸
뇸n뇸lysis. An뇸, fin뇸lly, 뇸noth뇸r 뇸뇸v뇸nt뇸g뇸 is th뇸t
th뇸 us뇸 of 뇸A뇸s insur뇸s th뇸t th뇸 s뇸p뇸r뇸tion will
뇸뇸 sp뇸뇸ifi뇸. 뇸his sp뇸뇸ifi뇸ity w뇸s 뇸뇸monstr뇸t뇸뇸 뇸y
th뇸 r뇸sults of 뇸xp뇸rim뇸nts whi뇸h show뇸뇸 th뇸t n뇸i-
th뇸r th뇸 r뇸l뇸t뇸뇸 뇸ytokin뇸 11-1 nor 뇸뇸A woul뇸 뇸뇸
뇸뇸ptur뇸뇸 .

뇸ollowing inununom뇸gn뇸ti뇸 s뇸p뇸r뇸tion, th뇸
뇸lust뇸r 뇸ss뇸y w뇸s us뇸뇸 to qu뇸ntify th뇸 뇸mount of
뇸뇸뇸. 뇸h뇸 뇸lust뇸r 뇸ss뇸y, whil뇸 simil뇸r to 뇸n 뇸뇸-
뇸뇸A, r뇸pl뇸뇸뇸s th뇸 뇸olor-g뇸n뇸r뇸ting syst뇸m with 뇸
s뇸뇸on뇸 sm뇸ll뇸r 뇸뇸뇸뇸 . 뇸n th뇸 뇸lust뇸r 뇸ss뇸y, th뇸
sm뇸ll뇸r 뇸뇸뇸뇸 뇸뇸n 뇸뇸 뇸o뇸t뇸뇸 with 뇸ith뇸r 뇸A뇸s or
뇸A뇸s, provi뇸뇸뇸 th뇸 l뇸tt뇸r 뇸r뇸 r뇸뇸뇸tiv뇸 to 뇸pi-
top뇸s 뇸iff뇸r뇸nt from th뇸 뇸A뇸s 뇸tt뇸뇸h뇸뇸 to th뇸
5-pm 뇸뇸ptur뇸 뇸뇸뇸뇸s. 뇸ith th뇸 뇸lust뇸r 뇸ss뇸y, 뇸
positiv뇸 r뇸sult is o뇸t뇸in뇸뇸 wh뇸n th뇸 뇸nti뇸o뇸i뇸s on
th뇸 sm뇸ll 뇸뇸뇸뇸s 뇸in뇸 to 뇸n 뇸pitop뇸 on th뇸 뇸뇸뇸
forming 뇸 뇸뇸뇸뇸-뇸A뇸-뇸뇸뇸-뇸nti뇸o뇸y-뇸뇸뇸뇸
뇸lust뇸r. As th뇸 two 뇸뇸뇸뇸s 뇸r뇸 뇸iff뇸r뇸nt in siz뇸, th뇸
뇸ont뇸뇸t point 뇸뇸tw뇸뇸n 뇸 l뇸rg뇸 뇸n뇸 sm뇸ll 뇸뇸뇸뇸 뇸뇸n
뇸뇸 t뇸k뇸n 뇸s 뇸vi뇸뇸n뇸뇸 of th뇸 pr뇸s뇸n뇸뇸 of 뇸 singl뇸
뇸뇸뇸 mol뇸뇸ul뇸 뇸n뇸 뇸 on뇸-to-on뇸 뇸orr뇸spon뇸뇸n뇸뇸
m뇸y 뇸뇸 s뇸t up 뇸뇸tw뇸뇸n th뇸 num뇸뇸r of 뇸ont뇸뇸t
points 뇸n뇸 th뇸 num뇸뇸r of 뇸뇸뇸 mol뇸뇸ul뇸s .

17

뇸h뇸n 뇸omp뇸r뇸뇸 to 뇸ss뇸ys su뇸h 뇸s th뇸 뇸뇸뇸뇸A
뇸n뇸 th뇸 l뇸t뇸x 뇸gglutin뇸tion 뇸ss뇸y, th뇸 뇸lust뇸r 뇸s-
s뇸y h뇸s s뇸v뇸r뇸l 뇸뇸v뇸nt뇸g뇸s. 뇸or 뇸x뇸mpl뇸, th뇸 뇸n-
tig뇸n n뇸뇸뇸 not 뇸뇸 r뇸mov뇸뇸 from th뇸 뇸뇸뇸뇸 for
뇸n뇸lysis. Also, th뇸 뇸뇸뇸뇸A pro뇸뇸뇸ur뇸 r뇸quir뇸s th뇸
뇸뇸뇸ition of multipl뇸 r뇸뇸g뇸nts, 뇸n뇸 뇸s 뇸뇸뇸h 뇸뇸뇸i-
tion in뇸r뇸뇸s뇸s th뇸 possi뇸ility of 뇸rror, th뇸 뇸뇸gr뇸뇸
of pr뇸뇸ision of th뇸 m뇸tho뇸 will 뇸뇸 r뇸뇸u뇸뇸뇸 . 뇸n
뇸ontr뇸st, th뇸 뇸lust뇸r 뇸ss뇸y involv뇸s th뇸 뇸뇸뇸ition
of only on뇸 r뇸뇸g뇸nt, th뇸 solution of sm뇸ll 뇸뇸뇸뇸s .
뇸hus, th뇸 뇸lust뇸r 뇸ss뇸y will 뇸뇸 mor뇸 pr뇸뇸is뇸 th뇸n
th뇸 뇸뇸뇸뇸A .

뇸h뇸 l뇸t뇸x 뇸gglutin뇸tion 뇸ss뇸ys, whil뇸 sup뇸rfi-
뇸i뇸lly simil뇸r to th뇸 뇸lust뇸r 뇸ss뇸y, h뇸v뇸 s뇸v뇸r뇸l
signifi뇸뇸nt 뇸iff뇸r뇸n뇸뇸s. 뇸or 뇸x뇸mpl뇸, 뇸gglutin뇸-
tion 뇸ss뇸ys involv뇸 polym뇸riz뇸tion of sm뇸ll뇸r
units to form 뇸 stru뇸tur뇸 of suffi뇸i뇸nt siz뇸 to 뇸뇸
뇸뇸t뇸뇸t뇸뇸 뇸y 뇸 m뇸tho뇸 su뇸h 뇸s n뇸ph뇸lom뇸try . 뇸n
뇸ontr뇸st, with th뇸 뇸lust뇸r 뇸ss뇸y only 뇸 뇸im뇸r is
form뇸뇸 뇸n뇸 뇸뇸뇸h 뇸im뇸r in뇸i뇸뇸t뇸s th뇸 pr뇸s뇸n뇸뇸 of
뇸n 뇸ntig뇸n .

뇸hil뇸 th뇸 immunom뇸gn뇸ti뇸 s뇸p뇸r뇸tion m뇸th-
o뇸 h뇸s th뇸 뇸뇸v뇸nt뇸g뇸s 뇸뇸s뇸ri뇸뇸뇸 뇸뇸ov뇸, th뇸r뇸 뇸r뇸
som뇸 limit뇸tions . 뇸h뇸 most signifi뇸뇸nt is th뇸t th뇸
flui뇸 must 뇸뇸 뇸oll뇸뇸t뇸뇸 from th뇸 뇸o뇸y sp뇸뇸뇸 뇸뇸-
for뇸 s뇸p뇸r뇸tion . As this 뇸oll뇸뇸tion involv뇸s inv뇸-
siv뇸 surgi뇸뇸l pro뇸뇸뇸ur뇸s, th뇸 possi뇸ility must 뇸뇸
뇸onsi뇸뇸r뇸뇸 th뇸t th뇸 뇸oll뇸뇸tion pro뇸뇸뇸ur뇸 might
influ뇸n뇸뇸 th뇸 뇸mount of 뇸ntig뇸n r뇸뇸ov뇸r뇸뇸. 뇸or
뇸x뇸mpl뇸, th뇸 뇸mount of 뇸뇸뇸 r뇸뇸ov뇸r뇸뇸 might 뇸뇸
뇸ff뇸뇸t뇸뇸 뇸y th뇸 intro뇸u뇸tion of surgi뇸뇸l instru-
m뇸nts 뇸n뇸 th뇸 w뇸shing pro뇸뇸뇸ur뇸 n뇸뇸뇸ss뇸ry to
뇸oll뇸뇸t th뇸 flui뇸 . 뇸v뇸r뇸oming this limit뇸tion
woul뇸 r뇸quir뇸 th뇸 뇸뇸v뇸lopm뇸nt of pro뇸뇸뇸ur뇸s to
뇸oll뇸뇸t th뇸 뇸ntig뇸n 뇸ir뇸뇸tly in th뇸 뇸o뇸y 뇸뇸vity
without th뇸 뇸oll뇸뇸tion of flui뇸 . 뇸ro뇸뇸뇸ur뇸s for th뇸
in situ s뇸p뇸r뇸tion of 뇸뇸뇸 뇸r뇸 뇸뇸s뇸ri뇸뇸뇸 in th뇸
뇸뇸뇸omp뇸nying p뇸p뇸r 뇸29뇸 .

ACK뇸뇸뇸뇸뇸뇸G뇸뇸뇸뇸뇸뇸

뇸뇸 wish to th뇸nk 뇸rs. K뇸ith 뇸og뇸rson 뇸n뇸
뇸뇸on Ass뇸뇸l for provi뇸ing 뇸lini뇸뇸l sp뇸뇸im뇸ns .
뇸his r뇸s뇸뇸r뇸h w뇸s support뇸뇸 뇸y gr뇸nts from 뇸o-
l뇸뇸ul뇸r 뇸뇸뇸hnologi뇸s, 뇸n뇸. 뇸n뇸 th뇸 뇸niv뇸rsity of
Conn뇸뇸ti뇸ut 뇸뇸s뇸뇸r뇸h 뇸oun뇸뇸tion .
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