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Mor eover ’ser?nqsdolhd 18{}-1(?@ material. Under more neutral or alkaline pH conditions, the silanization does
20 not proceed efficiently, possibly due to self-condensation of the silane. While for some
applications (e.g., anti-abrasion coatings) it is not critical to retain the silica particles in a
suspended state, for other applications (e.g., density gradient materials), it is important to retain
the colloidal properties of the suspension.
Various methods have been devised to circumvent the recognized problems of silanization.
25  According to one method, silanization is carried out in the presence of organic solvents in the
absence of water; however, such organic solvents are difficult to remove from the preparation,
and are not desirable in many applications, such as in density gradient materials, since they may
be toxic or otherwise deleterious to the application.
Another known method for silanizing silica particles uses a catalyst. Again, this has the
30 problem of adding unwanted, potentially toxic materials to the preparation. Moreover, addition of
organic solvents and/or catalysts to the preparation potentially create higher levels of toxic waste,
which must be disposed of in increasingly limited areas of the country. Therefore, it would be
useful to have available alternate production methods that utilize water-soluble, environmentally

safe reagents and intermediates.



or gani c sol vents and/or catalysts to the preparation potentially create
hi gher \‘f‘]’ J OXi c waste, whi ch nust be di sposed Gicrinisessoo403

i ncreasi ngly ?I mted areas of the country. Therefore, it would be

useful to have avail able alternate production nmethods that utilize

wat er - sol ubl e,y snvaté:@ QRN 780 Hekcribes a nfetfod of g@g@ﬂﬂg&n@r@msmxﬂiea%au&&aﬁﬁm

1 WO 99/ 36359 Patent 4, 927, 750 descri bes a
met hod oftbgiusitively n%mtoaswg%% IoypYSrethe BsHioR OB RIEPURGRAEiudes adtingegianego

rel ati velgfe EoMRidaIOSHicE ih 9 "e@b\bﬁe &}?mmrmﬁ]&%vm P&iba OF hiire, atie leGhixtuiCik Udes
adding silane to colloidal silica in a "dropw se" or gradual

manner oSl & agelativsly ‘th ﬁ@a?rgmrev&mfa tThés Tsthad, j§ me-gonsuming|zag doeg pot readily
rel atiyelnd it «d SR ghaAlttnGing TRkhods. TWhHe MR fay! HeRrerfe@RELIGGIARGE dOes
not readily 5 | end itself to bul k manufacturing nethods. Wile the nethod
may be cioPditionselids sirssred that wha pddiion of silane i, tie silish Mustjbe graguals Meareqvar, shight t he
addi tion QliaBédsdim e pheS&ibed nedd md§ feaffo &ﬁlﬁa@l@lthe SWRIeRGUE 'inakﬁ% e Qithsable
deviations fromthe prescribed nethod may lead to gelllng of The
suspensi ofr cerai appliqationsnapsdeparibed above.f or certain applications, as described
above. The present HveRidaS6iks ﬂnm&e&tthﬁgoﬁ&hy fnflerBR Y Eﬁf)aﬁtlﬂﬁs Rﬁ&b&sﬁfg@
i nherent in preparatlons made usin rior art net such
i nst athP | i Rripr @1t mptheds rsueh @nsstabpimeg%m@rmns; peRasTce O%@BMi%Vﬁ'aﬁdﬂd)@th@rtwtl@m c
I nt er medi d e ee,ﬁﬁ,;
accordi nglﬂ{eﬁﬁedﬁa?%rmgf%aﬁéra}&%taaowbgmgégﬁg or?rutgétq?%ns coulp§ f)irﬁy be
pr epar ed msthqzsg; ruequk iforgiulatieds oanldionlyrhg pospateti by painstakingdinslow imixingofshe h t he
col | oi dal e
At er nat 1 oy with Bt o8B oo, cRRREE T lsptRlyE R P pleRpial Sttty
however, ﬂbﬁereasretmfcoslddwh made ysing erganic sodsents;chowguesi ﬂ)atysteoffsmh reagentsiisonRek silica
conpo ti boTMe
ot or 121 < ARgHIor Elldal Bl Bpesti <R Sl BEE A @Pralriedh Rl
st andpoi nmatgfials. Nor iithei use of sugh rrageatsdanisulady tesirphle ot theystandpoint of The
pr esent 'ﬂ}{ﬁﬂfzig a&%& %ﬁ?r%’éi’x iGPes the problems inherent in prior art
nmet hods rovi 2 hod f or preparing organosil ani zed col | oi dal
silica part i cl "é*lc nresamt xaxtehmnghmﬂomvzmmmhemblems inhersnisin|prionartimededsafueous
conditio
pr oc essegl§r o%ﬁiiél ?eng% ?’flll}ﬁrgl gI H% m?ﬁx?sﬁ&r#g dap%&cﬂm Q%%g%& ?E%%ﬂ?nmmn
ext r e?f| yofstheipiliea under aqueons eapditions which camé:esmlﬂu Is¢adedpipetorbulle mannfaeturide nul ti pl e
cycl es of I r

x%&k&g 5}'1{ nggdélﬁﬁlz is dhi sfl@gk’é@)&%m IQ&zFeﬁﬂgl %a‘r%fle and rﬂ:afl_rgsw {ed

sterlllz i on of t or mu nis partic
for use wihesoluble Me even after multiple cycles of autoclaving and/or gamma 1rrad1at10n as required

rD

for sterilization of the medium. The formulation is particularly well-suited for use with animal
cell preparations, since it can be suspended in a physiological salt solution without gelling or
25 precipitating. Further it is relatively non-toxic to such cells, as evidenced by the observation that
it can be used to process human cells for transplantation without inducing adverse effects in
recipient patients. |
Summary of the Invention
The invention is concerned with a nove.l_, environmentally safe method for preparation of a
30 stable organosilanized colloidal silica suspension under aqueous conditions. The method is
particularly suited to bulk preparation of organosilanized colloidal silica particles.
It is the discovery of the invention that the primary reagents for making the
organosilanized colloidal silica suspension can be mixed together in a fairly rapid manner, without

resorting to the slow infusion or dropwise additions that are necessary in prior art methods. This
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In a further preferred embodiment, the pH range of the reaction is about 6.0 to about .7.0;

and preferably in the range of 6.2 to 6.5.
25 Silica particles making up the colloidal silica suspension can be of any size range
consistent with maintaining a colloidal suspension; preferred size ranges include about 3 to about
12 nm diameter, and even more preferably, about 7 to 12 nm diameter.
According to an important feature of the invention, the stability of the silica suspension is
evidenced by resistance to repeated autoclaving and resistance to gamma-irradiation treatment, and
30 to stability in the presence of physiological concentrations of salts, such as 0.9% sodium chloride
(saline). The foregoing manufacturing process is also relatively non-toxic to the environment,
since the reagents and components are aqueous. The resulting composition is also relatively non-
toxic to cells suspended in the silanized colloidal silica.
* These and other objects and features of the invention will become more fully apparent
35 when the following detailed description of the invention is read in conjunction with the

accompanying drawings.
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20 Detailed Description of the Invention
I. Definitions

"Colloidal silica” refers to an aqueous suspension of colloidal silica particles, usually
formed by polymerization of monosilicic acid from SiO, dissolved in water.
"Organosilanized colloidal silica (OCS) particles” refers 1o a colloidal silica composition to
25 which is covalently linked an organosilane coating. U.S. Patent 4,927,749 is incorporated herein
by reference in its entirety for its description of an organosilanized colloidal silica preparation.
The term "stable silanized colloidal silica suspension” as used herein refers to colloidal
silica particles which have been organosilanized in accordance with the above, further
characterized as having compositional stability with regard to pH, osmolality, and density for a
30 period of several days or after one or more autoclaving events or exposure to gamma irradiation.
A stable colloidal silica suspension is evidenced by lack of precipitation or "gelling” after such
treatments. Such stable suspensions also remain stable in the presence of, or after addition of,
physiological salt concentrations, such as 0.9% (wt/vol) sodium chloride, and are stable to

addition of acid to produce a pH of about 5-6. In contrast, when physiological salt or sufficient



salts; wo099/36359 FI G 5 shows the percent recovery of v&RAGTHRINONMIEs of
cells present in the interface of the sanple after processing in
colloidal silica prepared according to the nethod of the invention; 15
FIG 6 shethis added tpap anyable solsiop; gejlingror precipisation agenst-<idensed bthe peevionde or
absence glfearsuspensq&lthgﬁ,gabhlﬁldrlogﬁlugrepar ed according to the nethod of the
I nvention (Exanple 3); FI G 7 shows the percent recovery
of cells (col Ehg/teﬂ@rsrﬁl'hy wﬁ hagein egferp 12 Hanig eelloih gaypension, oggmixfuss inrwhich

condi ti 08sia(faRIPhL stbly dispéfied i Fhidiid fiffisdescription of the Invention

l. Definitions Colloidal silica" refers to an aqueous
susperfsi on of Tb«bqem i"BRlT asstspq Bereip aefers ¢9 @ solloidal, suspspsion of a igyidviny selid,

pol yrmer i %‘fﬁn bt Ghto £hbd glg(pga.él &l dissolved in water.

" Organosi n|z cﬁl sH?‘ga sOCS é}%\IC refers to a coll oi dal

silica conposilhé tgnnt"mr@sxxc" wmeuhmms et & bubstange 15 pam@la Oébpmrg@%m dleseie
coati ng. :ét ?”Eﬂt“%‘t%i’ %xo%?o?b%i‘u%xéaﬁce;l??o‘?r% QFigd 6 MK inute {ef erence in
its entire escriptrron o rganosi | ani ze silica
pr epar at |dmnmshmg the number of Viabletcelisnhy' maera ithap about 200z eEreﬂmblyomhMablp lcéllsaare.
suspe e r.ef } cl es which
nave. Boc s ARSHUE H NELE by Bhdple Rkl Rlay. Expmikl bfRl b
char act ememdnaeelhammgamw@@isndltmapmstdad) il Exaynples 36 hesgiar d t o pH,
osnolality, and density for a 30 period of several days or after one or
nor e aut ocl avi ng events or exposure to garma |rrad| atlon A stable
coII0|daIIIS|I paringe $table 7 Sii it |p|tat|on or

"gel ling" aft t b remai n
stable in t he%pr\énsxrgn%r&zgd O?ovte Ofr‘i"o qﬁ%&ho&%&'ﬂrr}onﬁx LxFam%st &ﬁ"l ﬁal srifc%a?rééf sal t
concelft r ameommzedscme lof tos0 MajOesefsvif/reastion @ndiiioms: eﬂtﬁeo( l)dman aquebuaremnmhmhite to
addi ti on of H_af
phyS| ol o éllaecrg%? tcg%'ir% gtraﬁ §c19 dic p?l (a@o%?b%l 555) Whererihg 8 ﬁng /3 EidedV\'g'ﬁxe aqueous

colloidal ahcad‘ sol ima dmpwﬁse fahiou 0s kb Vvary slowlinfusion, igetder rogprevent gellmg

preC| pit 0CC en t.h S| l ear., n5| on
t ur ni ng \%%lh't%%l st @E)ﬁietfgacwn m%grQ1e9¥ut m%f%eg%fug(rg#]vm}s{o’me 5338' éelésd @ﬁé"?el h refers
to a |i qutabiiliesl inchoth gmaspmathodsndumgﬂnoﬁemml synthedis.c h solid particles

norer 200 o't WRsBREed ot Uk B BABRSsoivhpes is prmeraly ohiighE pilleyiBle i3S V5S¢

number of applications, due to toxicity and toxic waste concerns. Particularly in the context of

preparation of materials for density-based separation of biological fractions, inclusion of organic
solvents generally leads to cell toxicity. The known methods for silanization of colloidal silica
under aqueous conditions are generally cumbersome and too time-consuming for the types of high

25 capacity needed for industrial production of the material; moreover, even using these methods,
gelation of the product may occur.

The method that is the subject of the present invention eliminates the need for the tedious,
slow (dropwise) addition of reagent, and produces a silanized product that is stable and is non-
toxic to biological materials such as cells, as demonstrated in Section IV, below. Since the prior

30 art suggests that organosilanized compositions are unstable under aqueous conditions, the method
of the present invention provides a significant improvement by providing an environmentally-safe
method for forming a stable, aqueous composition.

Without committing to any particular theory, it is believed that the process of the

invention results in initial siloxane bond formation between the silanol groups on the surface of



form ng aWGBlessBé ke material, into a nore solid formthan aceRisesmo403
The term "non-toxic" to cells nmeans that a substance is capable of being

pl aced in cl ose contact with a suspension of biological cells for a

peri od of hasilitLpshicledthd th kh& e \MdidiP Ut the silane @tdiip Nindlthdd ¢hel bondinki6b@Ee Of viable
cells by nore than about 20% Preferab%{%é such viable cells are. 10 also

funct i onalt8angsilang tosthe sificagartigle is funthsy strefigihened Rropgh &, Furing proressgtat ipyplves of

met hods ofxposure of TR fedtion Go Eﬂtivel?%h%&cﬁoﬁ&ﬁ?éﬁﬂﬁé (gRuarkk tHal aBue 8PPy taded i n
Exanpl es 35hre|n arlngaStable Si | ani zed

Col | oi dalPegpf Pgéb%bg‘}‘}éﬂé?"éﬁl hours. This reacm"%!é il S0BWE, L pregosiiane

et hods f-pglytiastypre: n;m{,@m,@ggn@@g drodxdmplesi | i ca particles 15 have utilized
one of two maj or se%l reaction conditions: either (1) in an agueous

-envi ronnent, ExamPf%’eP‘i"é'QESc degails of the amethod ot Hierinveptionas it ranibe Ps¥p yeing pH

5. 5) \Ahergy& ﬁﬂohﬁnﬁmuﬁo@%@ (EPMENR @QH&%E agent. ItGPhddestRl sk thisGRethi0!

in a dropw se lon or as a very slow infusion, in order to prevent

gel ling ean be gadiiy, adapis to anpy qrafl of ke qreanesilangs Hawing syfficient TEAGHVIRO deMor gani ¢
sol vent .  stiaRare®@fds! if? Solifon. CRAbRA' prdiides a ust%% @thblaﬁﬂ@gado@llﬁ% 1hat08H 8E Hed to

met hods, during the chem cal synthesis. di scussed above,

the ud8 oforg rcgramswogbpﬁﬁém@em@nge%rlaMeyne@wﬁsaif G@r‘é‘@nm'éﬁ‘?%!ﬁéd psingy

nunber of GRpRlak % HMisne Biienrl R if Laefstdoll (R0 thaleiivmeVa@nd S'ptﬁlﬁ%gﬁ @fscondmons
Particul arl é@p e context of preparation of materials

densi t y- baH wpwpafhemmmlabreemgwée&wdfwcwmmﬁw skiflcof gkl mpt!@pnemugam c

sol vents geigidlshoh J.»p%ﬂﬁlfedthnd’?ﬁdnk toxicity. The known net hods for

si |l ani zati on of col I'ol dal I ca under aqueous conditions are

general |y cunbBrasmpieel mpb@@ the pse-of GPMnion grapensilaniging sobleisalofilics pgtiicles
capacijsy fmgsle ﬁorfp%pai'aﬂgrp%d' '61@1’0 Eﬁl@%ﬁ?ﬁftbﬂ '?neQIumt e TBEENIE A firsMRIGEPN KaterGY €N
usi ng these nethaods, Firon he product may occur.

The met hofprmacsolutign bmngsm@}aéeqncwranmofmbe\yelﬁ% i Ascortingole aB|imperat featurernf need
for the tgdiads ( %ﬁgﬁ s a
sil ani zed prl oducl:otn thﬁsast‘ﬁlngwéstrgﬁmm§ gﬁx‘oh'nﬁi%lﬁ 2 cﬂ{og og?‘gd i%dﬁga i

mat er i al shegiedio §&°Cfor 6Q mua%es@l&lmgmtm l§c!h¢1r¢°®ed:t0| roem [tapnpeprsyreyy Colipidd silich e
prior 30 iscitiedt A sRhcdul 's”lﬁhe &g&ﬁ,ﬂ%m@ahﬁg%mmw PR t@tanecou&a&ﬁgh%funder :

aqueous condi t1ons, resent” 1 nvention provides a

o ot 730c QRIS i patss ot By10f, 604 phefeoisrabonyd B vobvala Thp PEL#Tabe siane sikahod
for form pgknire 1§ #llsRd 1562804, Sﬁkgﬁl@%ﬂ:ﬁ tirred at room tempe%’i’@fb‘r”ab&x? g ting
to any particular theory, It i's believe tﬁ qhe process of the

i nventi on™iM4esi ts in initial siloxane bond for mat i on bet ween the sil anol
groups on the surface of

5




the silica particle and the reactive noiety of the silane group, and that
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st rengt hen throllgh a curing process that involves- eX RS he
reaction t _%ggggﬁlével y high reaction tenperature (greater than a 8}8{)405
80[err]C) for a period of about one to several hours. This reaction is
illustrated i nl‘ﬂtzzlsﬁ;ane]wsedjﬁﬁ' 32 thQonﬁE SrepeRive 335s may be  any of a number of sxlane
[err]-glycidoxypropyltrinethoxysilane as an exanpl e Exanmple 1
provi des cmpeurds. dhe etiticahisatnisf sHang jseleqtiny ésrfhat dhe Gmppunddia solhle prder aauaeus

usi ng [ercrolidltxons Ac%mg,gepwmdmlx ko bPM§EL awﬁfeloagﬁomg?éy@cm% But 3k R 21 ng

agent . I's understo can be readi |y adapted to any

or all ofllmlFPd to thgsmiisted inrdbs. Pasem ﬁé%aﬁ' (RORM incerperafed jhexgin by feferepre. Table
si | oxage Pgeadaaegh @w fb%ous sgmeﬁ tﬂaé%oa@dsdsm%é predenOfvalGITHoREver, the

organosi l a an be use form conposi tions of ‘the 1 nvention.
Wi | e t heinyastiboi nof tot tedinhited i ttheotacitatioreefeFaplei ¥.i ed usi ng GPMs as
organosi |l ane reagent, it is understood that reaction tinmes and optim zation
of conditions wi || depend upon the particular reagent selected; it is
within the skill of the practitioner flablel deternine such optinized

condi tions. Exanple 1 exerrpl i fies the use of GPMS for

or gand8i | ani zi ng col | oi daPrganbstlances)¥ ah B Prepad € f or preparati on of
a biol ogi cal separation nedi UMQB&MQ@MM added to water to
forma sol utlon having a final concentration of about 10% Accord| ng to an
i nportant fefture of the rnventt on, TNl S-SO0l|ET O T S] a0 al ¢ (pH

appr oxi mat el { 2.5): by additiaon of.agi d and is” then h gP[err] C
for 60 m nutéds: The- soI ut i on Pazent QEganesiimied t o f oo f enpel at ure. Coj | oi dal
silic added e aqueous siIlane solutton rrefstrrring

[
contlﬂaouslyéh t.o tration of 20 silane {s in the ffange of
5-10% and p efepg)a%gsggbéaé%mllvol. The pH of the sfilane silifa
m xture i s adgj Ustﬁgllyéxﬂo)@pﬁ)gi'l@trﬁn&hox?diﬁné he solution is st rrggcgt rjppom

temperature 1 3-§1l;<t:1doxypropyl) trlchloms{llzijntees' Cl
(3-glycidoxypropyl) triethoxysilane H,C,0
(3-glycidoxypropyl) triacetoxysilane H,CCO,
20 (3-glycidoxypropyl) methyl di- “X silane H,C

(3-glycidoxypropyl) dimethy! "X silane (H,C),

() e
(X),-Si(CH,),-0-CH,CHCH,0
(2-glycidoxyethyl) trimethoxysilane H,CO
(2-glycidoxyethyl) trichlorosilane Cl
25 (2-glycidoxyethyl) triethoxysilane H,C,0
(2-glycidoxyethyl) triacetoxysilane H,CCO,

(2-glycidoxyethyl) methyl di- "X silane

(3-glycidoxypropyl) dimethyl "X silane
(©) (X)5-Si(CH,),-0,CCH,
30 3-acetoxypropy! trimethoxysilane
3-acetoxypropyl! trichlorosilane

3-acetoxypropyl triethoxysilane

e s
——— —




6 WO 99/36359 The silane used for the foregoi ng prerarsad/noses st eps

may be any of a nunber of silane conpounds. The critical feature of
silane selection is that the conpound is sol ubl e under aqueous
condi tions. 0 T agartion to Govb, af
I ncl ude, bu
(DORN), inc
various silg
i nvention if-
Table 1 10 ._Organosi | ances Whic
Pr epar e 3-acetoxypropyimethyldi- "X silane 9
*LoRx 3-acetoxypropyldimethyl "XWiRfie X = f
( a) _._‘__.<__,.__._..__.___._...__A__....__.;_.; ________________________
(y-glyci doxjygr o@QJ-Sx(CHi)mpﬂﬂgyy | ane
(3-gl yci doxjypr hI orosi |
(3- gl yci dox pro%%? °XP'? ttW(S‘ %’W%ﬂ% H?CO
HerrjgClerrjo -acetoxyemyl tnchlor(as?laﬁﬂ yci doxypropyl) triacetpxysifane
H3CCO2 20 ci doxypropyl) nethyl di- X sjlane
Herr]C 2—acetoxyeth3(13x;16.]¥w§1 @8&ypropyl ) dinethyl X si] andGO
(Herr]Qlefr] 2-acetoxyethyl triacetoxysilane H,CCO,
2-acetoxyethylmethyldi- “X silane H,C
2-acetoxyethyldimethyl "X silane _ (H,C),
10 ) (X)y-Si(CH,),-N(CH,CH,0H), |
Bis(2-hydroxyethy!)-3 amino propyl-trimethoxysilane
H,CO
Bis(2-hydroxyethyl)-3 amino propyl-trichlorosilane
: Cl
Bis(2-hydroxyethyl)-3 amino propyl-triethyoxysilane
H,C,0
Bis(2-hydroxyethyl)-3 amino propyl-triacetoxysilane
H,CCO,
15 Bis(2-hydroxyethyl)-3 amino propyl-methyldi- "X silane
H,C
Bis(2-hydroxyethyl)-3 amino propyl-
| dimethyl Ssilane (H,C),
“(n (0 Si(CH) N(CH,CH,O),
Bis(2-hydroxyethyl)-2 amino ethyl-trimethoxysilane
H,CO
Bis(2-hydroxyethyl)-2 amino ethyl-trichlorosilane
Cl
20 Bis(2-hydroxyethyl)-2 amino ethyl-triethyoxysilane
H,.C,0
Bis(2-hydroxyethyl)-2 amino ethyl-triacetoxysilane
H,CCO,
Bis(2-hydroxyethyl)-2 amino ethyl-
methyldi- "X silane H,C




(b) (X)[err]-Si(CHerr])[err]
(2

-OCHerr]CHCH err] 0

-gl yci doxyet hyl ) trinmethoxysil ane H err] CO
(2-glycid trichlorosil ane 5
(2-glyci d%%#% triethoxysil ane PCT/USI9b403
Herr](err]O (2-gl yci doxyethyl) triacetoxysilane
H err] CCO erg= 2= =eheep eyt gH=——=s4t=a
Herr]O (3-glycidoxypropyl) dinethyl 'X si|lWhaeX = I
(Herr]QJer ] (-Bz)re(xt)())fgandss}laﬁ (CHerr])[err]-{O[err] CC err] 30
3- acet oxypr gttt ~ — rr]CO
3- acet oxypr apyl Bxs(ﬂfhudwmyu)ah@mno ethyl- HC):. J
3-acet oxypr dpy| dimgthylhsiepei | ane
Herr](err]p 7
VWer eX = ® X-BGHMCU Hanosi | ane 3- acet oxyp| opy!

triacetoxysi| anes. gcﬁrboxgetho:%)prp yltrimethoxysilane H €rr] CCQ err]
3- acet oxypr opyl e siT’ane

3- acet oxypr opy! - (ﬁeltbnylbthmcygprpmmhlomsilane

(d) (Xlerr]iSi( [ - rr]

tri met"hoxysi aneﬂ_lLr mL&'L’SB‘;'prgfﬁﬁ‘%xmg H3CO
2- acet oxyet hiyl t3’-(c6ﬂbbmétﬁ6iy{)1&np,yltriacetoxysilane

g
(H@rr] G [err]
Hada\ce oxyet hyl

H,CT0, '
err]O

2- acet oxyet hiyl t ane H! EE r1g

2- acet oxyet hiyl tHcé 8{“8%9?9’ Rrgpyd methyl-di- X silane H3

2- acet oxyet hiy| mes-pipdinethdxydpropy) Gimethyl- “X silane (HRXS, J
()  (X)y-Si(CHp,-CO,CH;

10 2-(carbomethoxy)ethyltrimethoxysilane H,CO
2-(carbomethoxy)ethyltrichlorosilane Cl
2-(carbomethoxy)ethyltriethyoxysilane H,C,0
2-(carbomethoxy)ethyltriacetoxysilane H,CCO,
2-(carbomethoxy)ethyl methyl-di- "X silane H,C

15 2-(carbomethoxy)ethyl dimethyl- “X silane H,0),

(i) (X),-Si(CHy,-NH(CH,),NH(CH,),CO,CH,
Methyl(2-(3-trimethoxy silylpropyl-amino)ethylamino)-3-
proprionate H,CO
Methyl(2-(3-trichloro silylpropyl-amino)ethylamino)-3-
proprionate Cl
Methyl(2-(3-triethoxy silylpropyl-amino)ethylamino)-3- f
proprionate H,C,0

20 Methyl(2-(3-triacetoxy silylpropyl-amino)ethylamino)-3-
proprionate H,CCO,
Methyl(2-(3-di-"X methylsilylpropyl-amino)ethylamino)-3-
proprionate H,C
Methyl(2-(3-"X dimethylsilylpropyl-amino)ethylamino)-3-
proprionate H,C),

@

(X);-Si(CH,),-NH(CH,),NH(CH,),CO,CH,

Methyl(2-(2-trimethoxy silylethyl-amino)ethylamino)-3-
proprionate

HCo |




2- acet oxy efvio ki

10 (e)-

Bi s(2- hydroxyethyl)-3

"X sil ane
Sl(CH[err])[err]

t hyl
(X)[err]-

am no propyl -t rimet hoxy5| I ane

Herr](err]
propyl -trichyorosil ane O Where X =
Jerr] ALeRlt Orgaapsilang rtriethyo
H5C20 rrac
H err] ccd er§] B’lethyl(z‘(z““cm°'°ys‘lB¥°§’¥'b"P§F‘BX‘?‘@’(“H&??‘%B“%%O pr opy! -
X sil ane _ _ c
Herr]C Methyl(2-(2-Blefiozy SWARIG YR InB)tY tadirRiB RRpPIbRRY | -
di met hyl sil gne H,C,0
(Herr]OQer] o (f) ] )
(X)[err]-Si ( €H eMehyj(@«(2-riapgtaspyséy ethri-qeine)sthyippiaek3-
Bi s(2- hydr oxyet hptoprionatari no et hyl -t ri nmet hoxysi | ane H,CCO,
H err] CO 5‘3"‘ 9 10 ethy|-trichl oy
d 20 Vet @SRy &f‘%@é{ L%}/%ﬂé H%mgﬂ% ~tri et hygyysil
Herr](err]( P p Bi s(2- hydroxyethyl)-2 am no i
et hyl - 5ri acetjoxy Mettgil(@-(2-"X dimethylsilylethyl- ammo)ethylarmno)-B-
H err] CCO[ er ]  proprionate Bi s(2- hydroxyethyl)-2 am np ethg),-
met hyl di - X |
Herr]C (K)  (X)y-Si(CH,);- NHCOCH,NHC(CH,)0 8
N-(trimethoxylsilylpropyDacetylglycinamide H,CO
N-(trichlorosilylpropylacetylglycinamide Cl
N-(triethoxysilylpropyl)acetylglycinamide H,C,0
10 N-(triacetoxysilylpropyl)acetylglycinamide H,CCO,
N-(di-"X methylsilylpropyl)acetyl-glycinamide
H,C
N-("X dimethylsilylpropyl)acetyl-glycinamide
H,C),
() (X);-Si(CH,),-NHCOCH,NHC(CH,)O
N-(trimethoxylsilylethyl)acetylglycinamide H,CO
15 N-(trichlorosilylethyl)acetylglycinamide Cl
N-(triethoxysilylethyl)acetyiglycinamide H,C,0
N-(triacetoxysilylethyl)acetylglycinamide H,CCO,
N-(di-"X methylsilylethyl)acetylglycinamide H,C
N-("X dimethylsilylethyl)acetylglycinamide (H;C),
20 (m) I 1
(X);-Si(CH,),-N-CH,-CH,-0-CH,-CH,
N-(3-trimethoxysilylpropyl)morpholine H,CO
N-(3-trichlorosilylpropyl)morpholine Cl
N-(3-triethoxysilylpropyl)morpholine H,C,0
N-(3-triacetoxylsilylpropyl)morpholine H,CCO,
25 N-(3-di-"X methylsilylpropyl)morpholine H,C

pefressdgadaer r ]

N(CH err]CH err]OH) [err]

osi | ane
ne
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VWhere X =

di met hyl ' si

3- (carbonet hg

3-(carboneth
3-(carboneth

3- (car bonet h

Bi s( 2- hydrv(\),;()),?(gft3

15 Parent Organo
?) 2 am no ethyl -
(9) (X)[err]-

| ane

ey

nky)propyltrlchlor05|Iane
DXY) pr 0pyl triet hymms&)igaﬂ&uane

0403

err]

Si(CHerr])[err]-COerr]CH err]

3- (car bonet hXT
2 {car bomet 15 §&*£E&4£W[e”] -
- (car bonet hpxy
e L ER e
g (car bome: E hX Yy ) Bi(2richlorasdwpmpylsndrphnodine H ar(e:]r 0|i i&rsr]
2 E gg:iggt h ;gg@t(?)f etlgﬁﬂ%{qmpy])mg@cﬁpgne (H Oflerr]
(i) (X[err|-Si I@@i[r%étbi}@ilylbrdﬁmrlﬁhbﬁdlfn}NHg E*l[err])[egr]w[ aicdsH grr
g/tra E)B?/: gﬁég 2- r ”ﬁ&{‘ﬁfﬁ& r%lztlhylsx ylip?'gp%l)m%ghgl?rzee ylam noj-3- H,C H err] CO
Met hyl (2- (3-§ri chlmre dshekiiishi 1 kRet hyl ar ni no) - 3- C
roprionate ( W {’M LV IS
R/bt Iﬁyl (2-(3-f(o) et hoxy sil 1-no) et hyl am no) - 3-
pr opnonat e (X)y-Si(CH,);-N-CH=CH-CH= CI; 3. t
triacet ox
o To B omyt bt S atrimmmmsiipropeviote. (Ot ACCTORY | L atico
Herr]CCO erf] N-(3-trichlorosil lpropyl%ﬁbl\é' (2-(3-di-X Cl
met hyl si | yl pfopyl_- am no) et anm no) - 3- prlopri onat e
Herr]C N-(3-trxethoxwélyl}égﬂp( (1’3 e- X H,C‘?O
?h{mt h]qusi |y} pr oRyd-i8ed BBk yRplRae - 3- Prgficgnage
err err
(X)[err]-Si (FH eN'r(?'ﬁ'-éfrthﬂﬁkYMMDP)]r}ql@;r] EHI( CH[ er;] é[ err|]] CoBg€r] Ci err]
Met hyk4 2- (2-§ ri meiH1OX W Sil 1.10) et hyl am no) - 3-
ety IL‘B 2 (2 | RN fintetrykiAb Iy 159 b1 MO ey co
®
(X)Si(CHy),-N-CH=CH-CH=CH
N-(2-trimethoxysilylethyl)pyrrole H,CO
N-(2-trichlorosilylethyl)pyrrole Cl
N-(2-triethoxysilylethyl)pyrrole H,C,0
20 N-(2-triacetoxysilylethyl)pyrrole H,CCO,
N-(2-di-.X methylsilylethyl)pyrrole H,C
N-(2-X dimethylsilylethyl)pyrrole (H,C), N
25 Preferably, the method of the invention will use trialkoxysilanes having the formula

RSi(OR,);, where the group R, is an aliphatic or aryl organic radical typically of 1 to about 20
carbon atoms such as n-butyl, n-hexyl, n-heptyl, n-octyl, t-butyl, 3 butenyl, phenyl, or the like.
These compounds, exemplified by GPMS herein are preferable due to their high reactivities,

compared, for example, to dialkoxysilanes and monoalkoxysilanes, which may also be used.
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Parent Organosil ane Met hyl (2-(2-trichloro

silyl et hyl -am no) et hyl am no) - 3- propri onat e

d Exemplary trialldzydilahes 2rg Bstedr indi.BoRagent 4,644,077 (Gupta), incorporated herein by

silylet h)’elfér %Lno) et hyl am no) - 3- propri onat e

Herr]Jerr[0™ Met hyl (2- (2-tri acetoxy

si |yl et hyl - anTheodolibidyll siliars@yting-material is preferably a cojjeidg) siliom particulate composition

ot Iyl o1 PRS2 28R wopsprign MR afils ibin h e from a1 45 s 000

H[ er r ]SC bm; for purposes of prebdrimgla(<@H (sépadétidn matelizil partiglbsetahgihg tursizadiont 392 amj no) - 3-
E)rHFg: Ir f gﬁaggaﬂculaﬂy from 7-10 melkjire desirable. An exemplary starting material is "LUDOX HS-

(X) [ err] 46 pide[byrDyPofe ias fesbiiiediirErampie\tietsth.er r] ) O .

ﬁ E E { : gﬁf g(r))(;glfx? b{eﬁt}u@%@ %’o&%g\?ﬁ%\} gﬁﬁg{;‘ﬁg‘ gr(xaunderlying mechanism of ld[eeuru;eLtgg?l it
N-(tri et ixakyughd giatphopnd fomatiyl bétwednnhapaiticles and the added silane reddeyis] C{ err].0 10
ﬁ g Ijiri_oaigttﬁ%)é%gﬁel 1y .{:i@;,@:gtﬁ’)’ofL ag'tg)tgélf%lf _e;:i:i(}g?rpﬁgﬁpﬁe intramolecular bondsl,_l[)re trh{'. ]li e, yezrl "]

H err] C subsequent "curing" probesg. Xypicallyl ychuting is efffyydd) yarbttkeagheyt iforeexXsle,
(H[err]C)ogrr. . (ghl) . 95°C for 3 ,
(X)[err] ﬁtae}!q e SPPFTSiY P SRSOBE PP R IOEs A frytY o 95°C for 3 ., as detailed
N-(tri metthBayipi 1 yeréih Howaoe! 3 ) deindidve oddn addition, the curing may by éffebtkd 6y 15

N E o g[‘hg{gg@ie% glhi%r%%l*‘ 5 g@%&%{;@%:%gﬁcgged in U.S. Patent 4,822,828, incofporated

H er r T @&eéreinby reference. For example, in order to ensure completeness of the curing process, a

heating regimen will be followed by exposure to ultraviolet light. Other suitable and equivalent

curing processes will be apparent to those skilled in the art.

118 Stability of Silanized Particles

20 According to an important aspect of the present invention, the silanized particles prepared
according to the claimed method of manufacture are particularly stable to high temperatures, such
as are imposed by standard autoclave conditions (121°C, 2.1 Bar, 30 min.), as well as to ionizing
irradiation, such as gamma irradiation providing a dosage of between about 2.5 and 4.0 megarads.
Stability is typically measured by comparing such physical parameters as pH, osmolality and

25  density of the preparation before and after treatment, as described below. Stability is also
assessed by adding salt or acid to the suspension, to produce a physiological salt concentration
(0.9% wt/vol sodium chloride) or a pH of about 5-6, respectively. When such additions are
made, a stable suspension will not precipitate or "gel", while an unstable suspension turns white
or opaque due to precipitation or gelling.

30 FIGS. 2A and 2B show the effect of repeated autoclaving (2-4 cycles, 121°C, 30 min.
each) on the measured density of the organosilanized colloidal silica. As shown, in the absence or
presence of physiological salts, the density of the suspension remained constant.

Likewise, the osmolality and pH of the suspension remained constant in the absence or
presence of salts after 2-4 cycles of autoclaving (FIGS. 3A, 3B, 4A, 4B). In these experiments,
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X d| met hyl si | yl et hyl ) acetyl gl yci nani de (Herr]OJlerr]

density of 1.

( Y[ err ] thgl %[ nd r|]n'511 condt 10|ﬁ_o&_‘re susqensdo_rit were as 6011&_'r reﬁlt_y C(:)H [leorslt’)i g/ml, pH 7.4,
N-(3-tri nsmdiality 280 mmedWN}% ﬁpﬁmhyngochemxcal parameters are used to isolate cemfinetyp§sCO
N-

(
M Eg E ;: g sgi"gg%l u?){’ gg)}é %@; %ﬁ@ #ﬂ'd%@mtor cells, lymphocytes, dendritic cells, meseng.ymal

H err] ( eslis]a@ the hke N- (3-triacetoxylsilylpropyl)norpholine

g% e }sgcq € Tk fither experiments carhbd(ott H sufipSTEbI WL Slebost RVARYSH) v%%@& foli

Wher e X that silanized colloidal silica prepared in accordance withethe methGi ghitire prelsenn invention is

(N_HE 2r i(] g' lFEts:a?le ?o 1r¥ad8[18:p yla}‘t{mgaﬂp ?A JhQ ?ange of 2.5-4.0 megarad. This corresponds to a

(X) [ err] rddigé GH)dsey thit-dxe ErventiohallpHised fof @ndHerilistion of solutxons, for example, for

N-(2-t h | | hol H co
N (2-tri CREBPbS PoRERBISHS hor phol i ne- s

N-(2-10ri et hoxyS| | yl propyl) m)rphol | ne

N-(tri acet oXYySi I$/I et hyl )acetyl gl yci nam de I—*L_flz {;@@(ﬁrr]
N-(di - %ﬁ yI et hyl') acetyl gl yci nam de err
N(

X

Herr]derr]0 c t l.si |yl propyl ) nor phol i ne
H err] err iological Compatibilit o E si 'yl propyl ) mor phol i ne
H err] C Separation of céils(b3-dedsitgti gﬁmﬁdny temirifygapiom 34 popolapiecinique in
(Herr]C

(X)[err ] thlc@yr ]'Strsewftfloq\é)é_wts d&_gh@jl_?men@_'thilbcells partition in a defined density

N-(3-tri mﬂhﬁwacemrhmbms €eit bupyant deénsities. Various density gradient materials are use&lk'(&rsﬁ&}QO
N (3- H | %Qplaxgarngr?sl lu}é:ku%gn%p 112)1833 sxhca—%ased media.
An example of a colloidal silica-based density medium commonly used in dehsity gradient
separation is "PERCOLL" (a registered trademark of Pharmacia Fine Chemicals, Piscataway, NJ).
PERCOLL is a stable suspension of colloidal silica particles having polyvinylpyrrolidone coatings.
While PERCOLL is fairly stable at physiological pH, it is unstable to sterilization using heat or
20 ionizing irradiation, under physiological conditions (e.g., when diluted in a physiological salt
solution). These properties limit the usefulness of the product, especiaily in the context of clinical
applications involving re-introduction of separated cells into humans or anywhere else that finally
sterilized material is required.
U.S. Patent 4,927,749 provides an organosilanized colloidal silica {OCS) particle (OCSP)
25 preparation for density gradient separation that overcomes some of the problems discussed above.
This medium has the advantage with respect to PERCOLL of being much less toxic to cells,
particularly "rare” blood cells, such as hematopoietic progenitor cells, stem cells, antigen-specific
lymphocytes, mesenchymal cells and the like; particularly after the medium is sterilized.
However, as mentioned above, the method of preparation described in U.S. patent 4,927,749
30 includes a slow addition of silane to the preparation, which is impractical and expensive for bulk
production methods.
It is the discovery of the present invention that a silanized colloidal silica particle
preparation can be made using the method described above, and that this preparation is similarly

non-toxic to biological preparations, particularly isolated blood cell fractions, as described below.
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N(3-trie kdoyl propyl ) pyrrole PCT/US99/00403
Herr]Jerrl. N-(3-triacetoxysilylpropyl)pyrrole

Herr]CCJ err] N-(3-di-. X nethylsilyl propyl)pyrrole
Herr]C i{5contrast as discussed\atio%e pribr @ﬁtpi’()dlu&k ba¢| @ty HiFRicultQb repare, unstable to

(H err] C) 7@1‘? N‘;(—g-{

(X) [ err] S&piizelpn 2py/pl BRI ORESH = o1 oH = CH

N-(2-trimet horysi3 otk e pepaéht :Ql:cﬁery of various types of cells present in the interfadelof el CO
N-(2-trichlorosilylethyl)pyrrole

N-(2-tri g{oﬂgiwlq g,qeétp%squucﬂogmdal silica prepared according to the method of the

H err ]sC ﬂfv’éﬂtﬂmz ®Briefly, PBMC were Naﬁéa'lhﬂblaadéﬁkhmg! %&bb@ﬁﬁhhbﬂﬁgi&hﬁmmd

H err] CCJ e l i_- X net hylsilylet pyrrol e

Herr]C colloxda silica having anlepsityyof d; (#H@.tq%]hg, 80 xgpﬂy aycbgqnpgpggd as described in

(H err] Cek@hpik 2. Cefl® were recovered foff B fddrface bdhPecRiicOAHiIMY mit&%l AR Bdn, Wi | |
use trial koxysil anes having the formul a RSi (F@S rr])[err], where the
group R[ &radjen; matgginl and arabyzed foF celh ppe. using st9indngrard anglyficabprogeduses, S t o
about 20 detzuled xﬁ@&gﬂﬂe At O s ind4G NS t@ﬁ%l*’cefk' ﬁ@@ﬁm* ReIRSRY lhe p fbd&ﬁﬁxﬁ Hed

t bu 3 buten phenyl, or the lik hese conpounds,

" fiRrpsof cgl ésq!#@f & pipeaediunder @elcﬁ@lt’@nh}l-‘gﬁ reactivities,

cormar ed, for Fﬁﬁﬁém&ﬁ‘eruﬁeﬂtsqh&leiM%ﬁlﬁﬂﬁﬁetﬁ’b@oé@ﬁf&?%li&%é’ﬁhﬁlé‘rlﬁ;‘q wiiidi ch may
al so be used ;%/ trial koxysi | anes are

| i sted i fdnpcubated with the organesilaniged collgidal sidica fqrﬂé@p%r 165 615Bqvesi the pyults of

refer €N xperiments in which cBw cals! @ardﬂicub%teh'm i @Bsg cBdi&A Siftka (o5, B b ably
a col |l oi da It ca particul ate conposition ri sing an aqueous
suspensi 68f mrsu(ﬂi‘%)afop&@ mirutes angd 24 heusyy then tgﬁtez!éowl Higib dystshawa, sellsbout 5000 5
e F Y ABASERPLoBiAPATa k@l Blille SORGE eéusq&uﬁmﬂmmffep@ﬁe ke T anging
in size from3 and partlcu arly from?7 nm are desirable.
exenpl arye@martl ng rraterl al is "LUDOX HS- 40" made by DuPont, as
described in X aHdkLsaldies) BEtsled in Example 3, functiofifl vitbili) SNGHCARAN ypedyishOut

committing to an underlying mechani smof the I nvention, it I s t hought
that t he meswaed afierraxnosue kP encallnidalgsilion ifer 30omisn PBSHes calirida silira fanal r eagent

is 10  styigael t*aﬁéo\ﬁ% by%eh rg?cSth){ne feﬁHTgécb\%”s Wl ﬁm?ﬁ)' 0P EouROBHBRS or

i nt ranol ecul ar subsequent _"curing” process.
Typi cH} | wollojdal gilisa in lhg pteseneﬁr vfessﬂ@df%;% heurs. s skawneiptFIG 7 fungtionalytiability by

heati ng t(‘o”i%loé!&?ﬁx:&flgeg&w& InBBkrEehdatiol BoreRidl) Wal YisEiSed B W ccisHySERMANLkY, bO 95C

for 3
described in Example 5. The data show that even under the most stringent incubation conditions,

colony forming characteristics were unchanged for the CD34* cells.
In vivo toxicological tests carried out in support of the present invention in mammalian
25 species also indicated that the product is apparently non-toxic when administered intravenously or
intracutaneously. As such the product has the additional advantage that it may be suitable for use
in separation and preparation of cells for introduction into mammalian species, such as in stem
cell transplantation. |
The invention also provides an environmentally safe method of preparing the colloidal
30 silica material, since it is carried out using aqueous, relatively non-toxic preparation materials.
The following examples illustrate, but in no way are intended to limit the present

invention,
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i n Exanpl ewbobeéaspn. However, as an alternative or in additipgfiyudeb@oseyri Ng

may be effected by ultraviolet light treatnent, for exanple, as
described in U S. Patent 4,822,828, incorporated 15 herein by reference.
For exanple, in order to ensure conpMatenass of the curing process, a

heating regi mn W blephiSdiPde SBLke o GANASMARGS Coald] LT 8V1 01 €T 11 ght. Ot her

sui tabl e and equiv be apparent to those
skilled in th&etpheral blood mongnugiear celly @BMC)toplierted Jiyl aphérasixifrda non-Hbdpkingd O

‘Accordin an Al I . t ent invention, .the.silanized
particl egy’ﬁd’?l 8’%%%%2? ﬁﬁ@%ﬁ@&gﬁ%&{%ﬁ}ﬁgegﬁ%c%car 'i’%‘?ﬂf)&' °E?f°b&&ﬁ8?f2& fe are
part i dul Sohe/Matraw Teansplattatign LabemgtonaatuheStanfordcUniversity Schoal lof Mediaiag EPAIPY

st andard t pgl M . [; C...2.1.Bar, 30 mn.), .as.wel|l as to
oni zi ng A &4 BIR R e Bogiied il At gfﬁ%ﬁ‘ﬁPWé‘Pﬂas@aH&é‘be of
bet ween ghwint2yenousty) fdlloverby £3-68E (10 ug/kg, Sitedverdoutly, dasly). yPBME| weYe miBEIRzGEd by

i hysi cal t lalit 25 . d it f th
or epar at MRS AR Salifs BEATRL iR R B bolal dufivimi Bl Rumrea B ARG s
al so reikg sintraedously, daily).n§BMLC weremabilized inCHL parichts yanainhs witpGlrgrluce a

physi fH Ogigﬁ§| salt concentration (0.9% wt/vol sodiumchloride) or a pH
of about "5-6, respectively. Wen such additions are made, a stable
suspension will not precipitate or "gel", while an unstabl e suspension
turns white or, ue due to precipitation or gelling. 30

FI GS. 2A and 5 shé%g@g’éeffect of repeated autoclaving (2-4 cycles,

121 err] IC 30 M(;:inﬂclclmal gmtibletﬂéﬂ_ \nAb) dirbted @ah ﬁlﬂrseﬁ‘aﬁ?ﬂﬁg'eh% spetifit fé¥ hematopoietic

or ganosi |ani ze al . CA. own, in the absence or | presence
of Sohvei BBRRERrIB LrB AHRCA) o e ROSHS (ChEp G-t dtees Shutinedrest o

Li kewl% e BettbreDizkinEdnalirict YSanlokepEARS THe iitfereif RELSS Wére dgeRIyNSLcaqASt ant in the
absence

[ . .pr.esence alts after, 2-4 cycles of autoclavin FI GS.
3A 3B, ilg\?re%g)n_l of%oc[yﬁggee(%&g@eqrip ‘?‘?F’Q', rin (Pé), a%:/cordmg to standard methods ?Au(subel.
12 et al., 19995, PE1abeled Botype contiohBG1HotyicihalRGbddied HereCotbhel fRASB&tont NE
suspensi Mhger e as §0I | ows;, . density of 1.0605 g/m, pH 7.4, osnolality
280 nOs M B (185 (Sag Jose. SN<i cocheni cal parameters are used to isol ate
certain types of useful cells, such as henatopoietic progenitor cells,

I tes, ndritjc cells,. nesenchynmal cells and the like. 5
I %rTBfrbtc Ker ex Sﬁ? fz’ﬁ\‘@m"% examplysdijusyate. P‘Hy‘% 0P BaY aregnternded to Himitdba PrES§Btent i on, it

has been ifventivd.

Example 1
PREPARATION OF SILANIZED COLLOIDAL SILICA

25 v-glycidoxypropyltrimethoxysilane (GPMS; United Chemicals, Bristol, PA) was added to

water to form a solution having a final concentration of 10%. The pH was lowered to 2.5 with 1

N HCI, with continuous stirring. The solution was heated to 80 degrees C for 60 minutes, then
cooled to room temperature. Colloidal silica (Ludox HS-40, DuPont Chemicals, Wilmington,
DE) was gradually added to the aqueous silane solution while stirring continuously until the total

30  concentration of silane was 7% vol/vol. The pH of the silane silica mixture was adjusted to 6.2
10 6.5, and the solution was stirred at room temperature for 15 minutes. The solution was then
heated to 80°C for 60 minutes, and subsequently at 95 degrees for 3 h. The solution was cooled
to room temp. and the pH was increased to pH 9-10 with 1N NaOH. The silanized colloidal

silica preparation was passed through an activated carbon column to remove reaction byproducts.
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that silanyadagrb!l oidal silica prepared in accordance w t hpd¢iressymbioad of
the present invention is al so stable to irradiation, particularly in
the range of 2.5-4.0 negarad. This corresponds to a range of doses
that are conventionally used for finpBkangilegilization of solutions, for

exanpl e, for I sol ation_of bi g! ogi cal cell S 10 | V. Bi ol ogi cal

Conpatibility of Silanized ' TION Separ ati on of

gel lts Ey fienSIPlB%cgml I?fﬁiegfbﬁﬁhdd&?@%trt&éht ﬁ&utﬁnﬂ@iﬂk‘h@ﬂ:e{t@Chﬁ laytSing Wast '
i ot echnol g is nmethod e its e phenonenon at. ce artition in

a defi ne@effg‘%?f]tsks’“’y to a"ﬂ'ﬂd‘i"ﬁ‘ﬁgﬁg@&sﬂﬁ’m F‘B“Fﬁ@'f‘??mb %’tm“ﬂbﬂé% g ’é’g"”\’?’arl ous

density Gva3dyert peedbe. | mhescea:hmgu@m b&forﬁxb@fbx iémﬁamogtdtm temPéehtiiféi N

colloidal_silica- based medj a. a coll oi dal

si | i ca- bateRFeHBHBIXTE ok il Wt dansity gadient FPl‘éfé’Hs ‘hFﬁe’lj‘i“{’i&"r Wi stopped

separ at i Gfithioft brilfiptokde. 1&@«:&1@9&&& @maeh hf@mwehs@fﬁaak@nmat e erface
Chem cal s, Pi scat away I s a stabl e suspensi on of

col | oi daland P|hf&9éiewtfraem@swlh%{\/ﬁ°ﬁgs % PillFF nBotp gl Bactigeswere satlertadusinga  \wpj | e

PERCOLL igpetiaand %u&ha%%n&ﬁergbmlﬂaiyswpﬂeﬁe d%klnfdg'é olbe. 1R talllvRrd Qashed once
sterilizat | on using heat or i-oni zi ng} i rradiation, under physi ol ogi cal

condi &9 orfgd gtereg in C\%}ﬁeﬁ‘ddﬁﬂ tfé"G DylbescanDFBS| 2 Hrogpiempgpture until fugher it i on) .
These pr qnﬁﬁﬁulaﬁgn | *rﬂé FurbtRE atdSRhdtioRAiS ofhe ﬁé%ﬁto%ﬁ‘i’é'ﬁr%genﬁ&p&ﬁé FuLe!y 'cénss he

context of clinical appl 1 cations involving re-introduction of
separ at edvasdieteningsk is bethrrgh Sraggiony hy RAEP anadysisand glopogenia a§spyp as shownsiner i | j zed
mat eri al Fnéuréseﬂhﬂdr‘ﬁ%smcnvely U. S. Patent 4,927,749 provides an

organosi |l ani zed colloidal silica (OCS) particle (OCSP) 25 preparation for
density gradi ent separation that overcones sone of the problens di scussed
aboveys This medi um has the advagg 1@@ g/lth respect to PERCOLL of being
much | ess toxic to cells, particularly "rare" blood cells, such as
hemat opoi etic progenitor cells, W@Mi gen-specific

| ynphocyt es, rfﬁﬁ%ﬂfaaymmé;@up%nﬁms bRolab i inP@febd @hihl UnPhbRhdpe medli um
is steriljzed, However, "as nmenti oned above, the ne reparation
descri bedinfupatignof hﬁmfepﬂflphﬂ@ﬂo@mﬂ@@iensiﬂm eradigatssolutien. omhamwwﬂber stadyl ane
to the prepasabhine WhiE] te Setsith's @aafeh&s%iuuam e e¥t90 (8¢ viabtlit§ and the
production nethods | SCO 1}1 e présent

i nvenP onfundtionalisy eff human hermatensictie istelal ce%s I$ll§ diffseent muqms and mcu?ﬁnepa%radlm can
be nmade Uﬁér@ﬂsédhﬁaﬁ?etéiﬁ&n%ﬂécés'(Pﬁﬂxcélba&ﬁ and that this preparation is
simlarl non-toxi ¢ to bi ol ogi cal preparations, particularly isolated
bl ood ceI | fr atPesifeplly, X H@g@}s,ms@gqn@w in 5 ml test buffer or density gradient solution

13 inals mﬂlﬂlté}?ﬂfygﬁvgi'leneacintﬂ Q%Eedlﬂtﬁgr‘ﬂﬁle Wk tRh iRhbatdd 04 lfiRe T ©

frequently difficul repare nst ab
period of time at room temperature, as mdlcated in Table 2 below, Cells were incubated for 30

25 minutes, 30 minutes followed by 24 hours in cell culture medium (Iscove’s buffer + 10% fetal

calf serum), or 24 hours. Cells were collected and screened for ability to form hematopoietic
colonies (CFU-E, BFU-E, CFU-GM and CFU-GEMM). Further assessment was made by
measuring the volume of the PBMC sample, and placing half the volume into each of two 50 ml
centrifuge tubes. Cell samples were then resuspended in a total of 50 ml volume using 1 X D-
30 PBS (Ca**, Mg** free). One tube was centrifuged at 550 g for 10 minutes, and the supernatant
was discarded. The pellet was resuspended up to the original volume ml using CD34 Enrichment

Solution. Cells in each aliquot were then counted.
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sterilizat iwygosRey Or toxic to cells. FIG 5 shawsuddfodasr cent

recovery of warious types of cells present in the interface of the

bl ood sanple after processing on colloidal silica prepared according to the
nmet hod of the 5 invention. Briefly, 7dBM2 were | oaded into a centrifuge
tube on the anosil ani zed colloidal sili a den5| ty

of 1.0605, pH GedditasC Msm a%‘ihtﬁiﬁﬂ%ﬁn ged asjdescri L0 '
CO\‘/)eregf omthe I nter agLelubetwee the I?)Igc n%onnaten 3

Cells were rd

the density 1 n T
stai ning andFACSanal tlcaf:a mM&ecf[ﬁeé%‘PBﬁs 30!@@{@pmetempn Exarrpl b 4. As
shown in Fl rr rr S re the pre nant

10 forns ofqlﬂc! s "‘"E ]\gé%l%%fngt%%de] 3'?)&1[3}"“5\ tgmme ,p,mﬂ[n

Furt hes expelfi renBs sh vaed Cﬁath’erfw‘edm}BBst ic tmqgﬁmobmrte,gfl ba;e@re i abl e,

even when i ncubat ed with the organosil ani kesisgend inode or 24
hours. FIG shows the results of exper| mni,sodnmempl ch CD34[ r]
cell s were i fcubated thoufTer  (PBS), cottorfga—sitTca tcs)—or—ft al
cal f serum (§CS) for 30 mi HGRUY Géi*ﬂi‘m?ﬁ’qu 3Qening wamdemp.opeligl, abifl i ty. As

15 incubfted with coll oi dal 5| | i {resuspepd inesllmedivmethers [lver &

shown, cells
ed with befer or fetal calf 2§éymnmtemp n

cells i ncuba

further studites, get ai 1+n ‘aﬂaa'ﬁP%s j_wagtl }I%%gur\gll%g Ly of varjl ous
cell types S rreasur Fed ot CBI B -dal silffca for
30 mn., PBSje+—eettoid °""‘° pute |

growt h nedi ufp (1 séove' $ Ibnnﬁnf)eGradxememem@mf—iOnO%4?hQnUﬁrS, ro8in tEiB;S or 20

col l oidal silfica in the preseRasl Qaff Ssamum for P4 hours. As shown inf FIG 7

functional viaprirty {Ororogrear,  protreratrve g —tH FFerere Fat i on
potentlal) was assessed by a colony form ng assay, as described in
Exanpl 19 57 The data show that even under the nost stri ngent i ncubation
condi tions, colony form ng characteristics were unchanged for the
CD34[err] cells. In vivo toxicological tests carried out in
support of the present invention in Exampleidn 25 speci es al so indicated
that the product is apgpmRRk!PRoPRHIRERN e belcgjsqd | ntravenously or
i nt racut aneously. As suc € PR v PACS rtronal  advantage that it
may be suitable for use I nN"separatton eparation of cells for

i ntroddction i Qeadtitstiemel CRH weliscveeriomed byFAGH selysis. The calls were labeled

envi TN el [y oL 1 Aty disedifts VRO, e B I v merial
since it feergiged inote gae °ﬁ§u°hfgteﬁqﬂl§o ddis arpetoa@h vas| chosen to avoid the prerfozance ofon
mat eri al Sunnucleated pamculate nyi‘é?xaf Qhth Wa@&r&?%ﬁ ckil Lﬁmfs% fre FAWs. | N no way
are intended to I'imt th resent nventi on.

14 A cell suspensmn of 2 X 107 cells/ml was made in Ca** and Mg** free D-PBS. 50 pl of

20  this cell suspension was distributed in wells of 96 well microtiter plates, at a concentration of 1 X
10° cells per well. 50 ul of 2 20% heat inactivated rabbit serum/D-PBS solution was then added
to each well, followed by 10 ul of a 10 pg/ml LDS solution and 75 x1/D-PBS solution to each
well. The contents of each well were mixed. The microtiter plate was covered with foil and
incubated for 30 minutes at room temperature. To each control well was added 20 pl IgG1-

25  phycoerythrin (IgG1-PE) and 20 ul CD34-PE, followed by mixing. The plate was recovered with
foil and incubated for 15 minutes at 4°C. Plates were then centrifuged at 850g for 2 minutes at
4°C. Plates were then flicked rapidly to remove supernatants, followed by resuspension of each
cell pellet in 200 gl of cold (4°C) 1 x DPBS (Ca** and Mg** free). Plates were centrifuged at

850 g for 5 minutes at 4°C, then flicked rapidly to remove the supernatant. Each cell pellet was
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WD 99/ 36359 Material s

A Prepw@ g fLoof Peripheral Blood Progenitor Cells PCT/US99/00403
Per i pher al nononucl ear cells (PBMC) coll ected by apheresis from
non- Hodgki ns | ynphorma (NHL), Hodgki ns | ynphoma (HL) and breast cancer
patients wRisfendddtiais0dl 20 %i¥nd 1hﬁ:uvﬁed?ﬂﬁlﬁt ik mednarmgham@mm vasde@tOry
at the Stanford Uni VerSIF’xltliL ﬁchool |veq> ci ne, USA.
PVBC wer eSaRbEAntrPlang tesh ¥ ?de*?é/t@*xw trl"é%f‘t‘ﬁ%ﬁPWeFPﬁ"ﬁ’ny’c‘ 554?195% #idle (4
g/ nf err], 30 minbRy awees! A od pi Aipercbfed @ CHH K IB-PBSH(Cho/ dt@,Mgﬂ‘wtffea)wamu&Ady '
daily). PBNC Wer e ITDbI|I§ I n breast can ts by, t nent

Wt VP- 18 HAOBIAE R walee EaepluaSte pr She AL do0n e g e ofowed
[ err] gkkgpy tal fdrrﬁadacisgqu séxﬁoveciapérﬁ{a}amsPEtMﬁ peRée wﬁﬁhbéulsﬁ’dﬁded iA 16b upatd @PES1 Y

treat nent _w Ant i bodi es

Monocl onaP-East (Cat +o‘}“é§‘4¥+ﬁﬁﬁ59") Bql’r"éfeq B’blc“é’{:féf}‘ﬁé‘f’n gtLﬁSpg(fgr %H’t“?"g"é A4 oellrtes ¢ for
henat 0poi §reGhen ﬂxckecpfdﬁﬂﬂ}ntot 1oy ?&nz(tg?%d el detl Iﬁ?@h& r@ﬁyaeddsal fogtes

(CD45, anti-HLe-1) were obtained from 15 Becton Inc. (San Jose,

CA). The Yffrefamildende é4 “for Blages pusee qoyeredy With £l Wdtlﬁf‘ at 4 wxhﬁé\(é% aealysis.

| sot hi ocyanat epffd Iﬁ)ysﬂrwai?%!ﬁ&%{ebﬁoﬂrlbﬂﬂ&»PE\)ents%ﬁﬁgraqﬂA&SEaQ Pﬁk@&k@eﬁ{ Ehu thods
(Ausubel , et al | abel ed i sotype control cI onal

ant i boWi eitha LY S¥Skprestany %ﬁ%@éﬁ*@ﬁm Inc.). AR iReginn 1)%se pgfﬂgaﬁﬁo%sl@ CA) .
20 nuclem@ AR Idk@mlﬂgj ﬁsxeﬁp b§ 6 sthihing Bt FBS §r orlkt to ighte 08t HE Yed R, bidlefnded
tolimt th egresen I'nvent | on.

Exanpl e 1and debris. FL1 and FL2 were displayed as appppioRisingdqsion 1| A gae Rson2) ®roOAL
SI'LI CA 2515ced aroun ch m&rcl:n géﬁﬁwmw&m%&ﬁ m&&%ﬁ%ﬂ@rﬁd @5@?&534 LiAibES Orhe.

Chem cal s, Bri st forma solution having a

final conderRTgS Pfcﬂﬁnb?hatl%% wrthéhemquv(a%}ﬂ (Bh@r@é am!rCP4§ (GFRDpmAb’'s was N HCI |
Wi th cont wauakitd 3 Rédidd'8l: TRESeptlbit tH/peiBR dmtﬁgﬁn@é’ccﬁﬂ u@'&g f:&ﬁ%mﬁ&bér f 60

m nut es, then cool ed to room t enper at ure. l'itca (Lu

HS- 40, mp&lﬁatedjq@hw Clae sotal\umpieft (PB4 positive gyilp méetgtrra@ndan FIV vaemqusesio the
aqueous S Lipileard@h el O ilhich Bbiied HoRANE BRAfaE B ellet YA drodeliing Pl 30
concentration of silane was 7% vol/ The pH the silane S|I|ca m xture
was adj usPBMG ssmplepon the denseimrayxenwwne sol utlon was stirred at room
tenperature for 15 m nutes. The solution was then heated to 80[err]C
for 60 m nutes, and subsequently at 95 degrees for 3 h. The solution was
cool ed?0 Example §

CoLONY FORMING (C ASSAY

Cells were mixed at 10° cells in 1 mL semi-solid methyl cellulose containing different
colony stimulating factors and erythropoietin (MethoCult™ H4433 medium, Terry Fox
Laboratories, Vancouver). After 14 days of culture at 37°C, the erythroid (CFU-E, BFU-E),

25 granulocyte/macrophage (CFU-GM) and mixed (CFU-GEMM) colonies were counted under an

inverted microscope (40x).
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to roomt ewo osmessst he pH was i ncreased to pH 9-10 with IN Nar@Htushba0403

sil ani zed cotl oi dal silica preparation was passed through an activated
carbon colum to renove reaction byproducts.
15 Example 6 Exanpl e 2

DENSI TY GRADI ENT CENTRI FUGATI ON gr mrericar AnalRlC Were |ayered on the
density gradi ent solution using . ayering was per f or med
slow y to avoiTherpescemeeld frecovery sasrgtermivied foy trecfosmilait i on. A maxi num of 2 x
10[err] cells 5 was |layered per tube. The centrifugation is perfornmed for

30 mn at 850 g at room tenperature. To prevent mxing of the cells
and th& density gradi ent sol uti orNumliehef cajeafitrmiafipylpion was st opped W t hout
braking force. The &B<MeY Fere di vi d%b'cmf&"&;‘QW density ®ri¥ction | ocat ed
at the interface and a high density fraction which forns the pellet.

Both cell fractions were collected using a pi pette and poured into
another 50 m pol ypropyl ene centrifuge tube. The cells were washed once 10
and stored i n Thepsroeht G ool [reqoviry fwas detBmiibed by shesfonmBS at room t enper at ure
until ;purther mani pul ati on. The nunber and functionality of the
hemat opoi etic progenitor cells (CD34[err] cells) was determ ned in
both cell fractions by FACS anal ysi s apmbercof GP crilvvifter manipvlaios as shown i n
Figures 5 and 7, rdsheety gd¥yx 15

Number of CD34 cells at start

Exanpl e 3 I'N VI TRO TOXI COLOGY
The purpose of these experinments was to assess the effect of m xing and
subsequent i ncubation of human peripheral blood in the density

gr adi gt sol Utfﬂberc?&ecl?}%%&%éenere&i/e&% %Etlf-i?“nedb r%hé("ﬁﬁnﬁl?: det erm ne whet her

the density gradient so Ion exerts any effect e viability and the 20
functionality of human hematopoietic stemcells. Six different m xing and

i ncubati on paradi gns were used in these experinents, as outlined
bel ow. Speci fically. 3 Xumbeobgondecnicatls sficipapisladggspended in 5 ni
test buffer or de’hgﬁ"‘t"g’ Gri¥df ent” sol Ut i Ofumber of clohdRenfd cehdu Bl 1 111 t €T

pol ypropyl ene centrifuge tube. The sanple was then incubated for a defined
perioa@gof time at roomtenperature, as indicated in Table 2 below. Cells

wer e i ncubat ed qr 3Q 25, minutes, 30 mnpnutes followed by 24 hqurs in cell
cul ture nedi un’("%‘l & thg\Javeatiqq Jyap Bpen descridpd witty peference 1 Spe i BEDAYS 28y 24 hours.

Cel | s wer enudinhedtst RAviRBE aftEceRaEEal vario®thddificitidng ahEHIhEES ol VR a8 without

departing from the invention.
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colonies (CFU-E, BFU-E, CFU-GM and CFU-GEMM) . Further assessnent. was made
by wo9f3kizg t he vol une of the PBMC sanpl e, _and pI aC| rpg:mgb/ou)s

vol une into-each of two 50 mi centrlfu sanpl es were then
resuspended in a total of 50 ni vcw j\mg 30 PBS (Ca[err],
My[ err] ITN8ELAINED:t ube was centri r 10 m nutes, and the

super nat ant was di scarded. The pel | et was resuspended up to the
original volunme m using CD34 Enrichnent . Solution. Cells in each
al i quot were It h&medmdnif ®olik preparation of a stable organosilanized colloidal silica suspension in
16 Table 2
Condi t i &H.aqueous environmpgr.x CORPRIRAL | m | ncubat i on
1 5 providih@ i dquedds[oeganpsilhnewhitioRBaving a BH inihe range ofraicenB3 and

2 G adien I\/Edi'éum 30 mn, roomtenp. 5

3 heated to algee%sggr%? ﬁﬁf%’ﬁ&’f’%# D PBS 30 nin, roomtenp.,

pel | et addmg to said organosﬂane solution, a colloidal silica suspension to form an organosilane-

resuspend

24 h. rd8 15@ I~?glca rmxture"ilavmg a%nnal congf,ntranon of between aBngSS atrv a@%d?%nt Vedi um

30 mn, drgdna3ilafeTp. pel | et
resu%)end in cell

24 h¥ro0omt ealq,_b:snngr{ﬁ ﬂ of sau? organosilgne-colloidal smcﬂx@wrf to w{leg'rqa}er thap abouly ppg
10% 24 dygurs, roomtenp. Fetal Calf

n % 24 h rs,
rSg (r)lr:qmt enp. curing said suspenglon for a penocli)e P tim effgleg tloquéc{ug(?e 9 : utm: c@é ou

+

suspension, as evidenced by lack of precipitate formation in the presence of physiological salt or
acid,

15 wherein said resulting stable colloidal silica suspension is aqueous and non-toxic to cells.

2. The method of claim 1, wherein said stability of said organosilanized silica suspension

is evidenced by resistance to repeated autoclaving and resistance to gamma-irradiation treatment.

20 3. The method of claim 1, wherein said organosilane has the formula: (X),-Si-(CH,),-Y,

wherein

—

Y is selected from the group consisting of -O-CH,CHCH,0,
-0,CCH;, -N(CH,CH,0H),, -CO,CH,, -NH(CH,),NH(CH,),CO,CH;,
25

] 1 I )
NHCOCH,NHC(CH,)O, -N-CH,-CH,-0-CH,-CH,, and -N-CH=CH-CH=CH, and wherein X is
selected from the group consisting of H,CO, Cl, and H,C,0.

4. The method of claim 1 wherein said organosilane is gamma-

30 glycidoxypropyltrimethoxysilane.

5. The method of claim 1, wherein said curing is accomplished by heating said

suspension to at least about 80 degrees C for at least one hour.
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Exanpl e 4. STAI Nl NG PROCEDURE AND | CAT| ON
OF CD34+ WO 9936359 CELLS BY F%&&ﬁ@% 15

Quantitation of CD34[err] cells was perforned by FACS anal ysis. The cells

wer e | abel ed : ' r s. q] . §P§4 and CD45.
The percent CI%ATg%%%@°§£EQQE$?’ﬁg¥§?g$%§§ﬁﬁﬁsgh%9%§§gd%?e ﬁb?%ﬁ?gd cells.
Thi s appr sapdnsiomso diragelat rrdiatien.d the interference of unnucl eat ed
particulate material with the accuracy of CD34 cell analysis in the FACS.
A cell suspension of 2 x 10[err] cells/mM was made in Ca[err] and M[err]
free D-PBS. 507 Brerhdthaf of2aimt1hiwhersirl daidspk pbsaid enganesiiancticeliaidab sitiedmixmurevil | s
of 96 || .00, Gr.ot i oncentration of 1 X 10[err] cells
per We}gle L% e?etrgtra]ﬁw%f&%?a%géf%%gtma?%acti vated rabbit serum D PBS sol ution
was t hen added to each well, followed by 10 [err]l of a 10 [err]g/m
LDS solution a 75 r L D- PBS sol ut i ta each I The contents
of each wel | mg‘?’gherﬁl&g%{ J’tjﬁ&aémrf gPSEequé’}dopgf é’ft‘g?@?a?n%eo?}.esr%@ Pth foil and

i ncubated for 30 minutes at roomtenperature. To each control well was
added 20 [err] a- .2 hycoerythrin (I - PE) and 20 [ .CD34- PE
Fol Toved by m %1 He meied of BAS Rotiereln it s grimertine i Sl it o
for 1510m suspesiontaredfherattbfized Byatsiz rivpeaf bbudn 3 ¢esbout 12 gadimiete350g for 2

m nut es at 4[err]C. Plates were then flicked rapidly to renove
supernatants, followed by resuspension of each cell pellet in 200
[err]] of col di¢.4Tke mphpd of HaiPRSVHetedd Sdid §ilicushriMidsaird ¢hafacRfited Uyl AdifSranRr €

centrifuge for 5 mnutes at 4[err]C, then flicked rapidly to

renpve th89§%%%1ﬁhPa§$3“%§Eﬁ_ce|| pel | et mag _ o
bt on. 20 ort T SBCE e s o oo sar ML St

followed by mxing. Plates were covered with foil and incu at'ed % or* 30
mnutes at 4[err]C. A 100 [err]l aliquot of cold (4[err]C 1 x D-PBS
(Ca[err] and Mg[err] free) was added to all control and test wells.

Each plate was centrifuged at 850g for 5 mnutes at 4[err]C, followed 5 by
rapid flicking to renove supernatants. Cell pellets were resuspended in 100
[err]] cold (4[err]C 1 x D-PBS (Ca[err] and Mg[err] free) foll owed by
centrifugation at 850g for 5 mnutes at 40 C. Pl ates were then flicked
rapidly to renmove supernatant, and each cell pellet was resuspended in 200
[err]l 1 % par af ormal dehyde (4[err]C). Plates were covered with foi
and left at 4[err]C until FACS anal ysis. FACS anal ysi s was
performed on 10[err] flow events using a FACSStar Plus system equi pped 10
with a LYSYS Il program (Becton Dickinson, Inc.). A gate (Region 1) was

pl aced around the

21



nucl eated cells determ ned by LDS 751 staining in FL3 in order to gate.out
the red cevbD99/3¢8sat el et s and debris. FL1 and FL2 were BCHps®0e4b3as a
dot plot using Region 1. A gate (Region 2) was pl aced around the cell
popul ation that stains both with the anti-CD45 and anti-CD34 mAb's. The
percentage of cells that stain with the anti-CD34 (FL2) and anti-CD45 (FL1)
MAb's was 15 determned in Region 2.1/9i s represents the percent CD34

positive coils in the total nunber of nucl eated cells. The total
nunber of CD34 positive cells was determ ned in the unprocessed sanpl e
and in the cell fraction obtained fromthe interface and pellet after
processi ng of the PBMC sanpl es on the density gradient sol ution. 20
Exampl e 5 COLONY FORM NG (CFU) ASSAY
Cells were naxed at 10[err] cel:lsg m. sem -solid nethyl cellul ose
cont ai ni ng & T B ent Hﬂol oy st nul ating factors and erythropoietin
(Met hoCul t [ E~—+BidTPNA®E ﬁmo Laboratori es, Vancouver).
After 14 dam f/culture at 37[zerr)C, the erythroid (CFU-E, BFU-E), 25
gr anul ocyt e/Amatt ophage (CFU- GVEa m xed (CFU-GEMV) col onies were counted
under an inverted m croscope (40x).
18
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Exanpl e .6 STATI STI CAL
ANALYS| S WO 99/36359 The percent cell recovery was det er ni REGUSH/00403

formul a: 5 Number of cells
after mani pul ation % Recovery =

x 100 2/5 Nunmber of cells at
start ll‘ﬁe percent CD34 cell recovery was determ ned by the
formula: 10 Nunber of
CD34 cells after manipul ation % Recovery = 100 x
Nunber of CD34 cells at art 15 The percent cl onogenic cell

recovery was detern ned plisteted olovLe:
Nunber of cl onogenic cell SE- Ny Y

% Recovery

= 100 x 2 E,’. 53 LTS 2 Nunmber of

cl onogeni c cel | s at@start{ iz [ eyl :geddle invention has been

described with refeBencet guseeyi FHEHPt HiEfhnBsey enbodi nents, it will

be appreciated that™vari du$t h f EREERD N EHHEN cHANGSs may be made wit hout
B
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19 | T IS CLAl MED: 1. A nethod of bul k pr.eparation
of a stablwoeosgasosi | ani zed col | oi dal silica suspension in PCT/U$8%/084p3e0usS
envi ronment , - conpri sing 5 provi di ng an aqueous organosil ane
solution having a pHin the range of about 2-3 and heated to about 80
degrees C for about 1 hour, addi ng to sai d organosil ane
solution, a colloigdal silica suspensi%ﬁ to forman organosil ane-

colloidal silica Qure having a final concentration of between about 5

and about 10% o] g%ﬁl ane; 10 adjusting the pH of said
organosi | ane-col | oi dal iz C amach UbER0M a fRFZES eat er than about 6. 0;
curing sai d susper®)-prisfsiia [EEEEDd fipfd fEbct i ve to produce a stable
col | oi dal B4, LRI y [
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suspensi on, -as evidenced by | ack of precipitate formation in the presence
of physi 6mdHIBsSal t or acid, 15 wher ei n saiRET/E$99/00403 g
stabl e colloidal silica suspension is aqueous and non-toxic to cells.

2. The nethod of claiml1l, wherein said stability of said organosil ani zed
silica suspension I s evidenced b{/eg esi stance to repeated autocl aving
and resi stitace to ganma-irradiation tfeatnent. 3. The net hod
of claim1; erein said orge'}rnosi | ane has the fod

(X)[err]-Si- (JCPEE ] n Y ils selected fromthe
group consi stli RéHE P aH o) -g
-N(CH er r]Ctle s | bR ]
-NH( CH err+ CH[err],7§
NHCOCHNHC( CH| |e [k [ O CH, - CH[ er}r Fsizanl NSE8FCH CH=CH,
and wherein X E3ss group consilst f ey 1Co d,
and H[erHCé LY q 4 3 et hogg o ABEE n sai d
or ganosi [an@7)i §2¥a y ltrimet®o 3 2 I R
5. The net ho E 35! Y s Muring i s acic@hBiEEhedsy heat i ng
sai d S USIp GEERAE JabERELE0 degr ees el Kea%t] one hour.
20 SATELS Aogesddzlc] ai m 1, whletgtnzbab#=G¥ing is
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suspension to ultraviolet irradiation. 7. The net hod of
claim1l1, wenesssssai d pH of said organosil ane-colloidal sili L3ture 7's
5 adjusted to a pHin the range of 6.0 to 7.0. P%%"gb§§%@3

met hod of claim7, wherein said pHis in the range of 6.2 to 6.5.

9. The nethod of claim1l1, wherein silhfg particles conprising said

col | oi dal Siéi#ﬁ; 10 suspension are characterized by a size range of about

3 to about 1 di aneter. 10. The nethod of claim9,
wherein said sil{ca particles are characterized by a size range of
about 7 to 12 nnjdi aneter.
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