PROTEI N FREE GAMETE AND EMBRYO HANDLI NG AND CULTURE MEDI A PRODUCTS
FIELD OF THE | NVENTION 5 The present invention relates to
protein-free nedia (PFM specialized and optim zed for human
reproduction and fertility prograns. The substantially protein-free
medi a products described herein are useful in preventing transm ssion
of protein-bound pathogens including inter alia and in particul ar
prions to patients undergoing 10 infertility treatnent, to newborns
concei ved frﬁ@(ﬁg{&iﬁ& ed Reproduction Technol ogi es (AF?QM% shiDs1s

wor kers in these aréas of endeavor, specifically relating to
application in human ART. BACKGROUND COF THE | NVENTI ON 15 Conventi onal
comer ci al | y- avai | aBRETERHFREEGAMETE ANRHEMBRYO HAMMLINGT pr ocedur es
contai n human serum al bunAAND HSRTUBE MENAFPROBRCES an bl ood and

ti ssue sources. In sone | aboratories bovine serumal bumn (BSA) is

al so used asFEISHUF dABEINVENKION, i n human enbryo cul ture procedures
(Loutradi8® et al., 1992; Quinn, 201994), sim.larly obtained from
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1 . The use in culfure nmedium o rotein obtain I.O nors
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under goi ng apslicgtmdhchding @pd-«in aid ie airtiaid: pridii @ geaoes atiergringpf vi abl e
human emjryos.in.a chem cal | y-defined culture system 25(devoid of
added p?g ei REH lt%ﬁr%‘ttf'rlﬁgri?o%’r‘% RN S %ﬁﬁir%asﬁl-tggg?p\%ﬂtborgot ein extract)
begi nni ng f r GephodoyidséARD) dne 6t warksrs ihoichoanerd obspdspeny spevifgshy redpting to

i nsem nation, f.ertil]i i up to the cleaved enbryo stage and
finally enbr ?/pd’ilgd:tlg%]snfhé?la §§T'not been descri bed, although

chem cal | y-defined nedia for nouse, rabbit and primates have been
reported i n BACKGRQENP OFBEE NNYENTH®5: i 30 et al., 1996; Schramm
and Bavi dfer, 1996). Previous clains of a chemcally defined

pr ot ei n- f r ee CApERtigRt CRINpeRbY- 2 Wi ehp Grbwe media for AUpaART wer e not
truly protei BrobddRs cdRfGAHSRn ldidn SIPRLMIEANLtlHRY fbi@ hihdn Aaidi.fn was
still prepared in nediumthat contai ned serum profei.ns (Mhr &
Trounson, 198%Ye SuCEsy 1&%?&[6@8?&%@%9@;“%%%&@ i FSAMCETS 2al |
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azar dous donor protein. ncern over possl e transm ssion o
pat hogeni ¢ dipstedisEs fransmit diseases to patients undergoing assisted conception treatment.
The generation of viable human embryos in a chemically-defined culture system
25  (devoid of added protein or albumin, or animal or human-derived protein extract)
beginning from oocyte collection, followed by sperm washing, insemination,
fertilization up to the cleaved embryo stage and finally embryo transfer has not been
described, although chemically-defined media
for mouse, rabbit and primates have been reported in recent years (Spindle, 1995; Li
30  etal., 1996; Schramm and Bavister, 1996). Previous claims of a chemically defined
protein-free medium (PFM) for human application, in fact, were not truly protein-free,
because the sperm meant for fertilization was still prepared in medium that contained
serum proteins (Mohr & Trounson, 1986; Serta and Kiessling 1997 (Abst); Parinaud
et al. 1999). A totally protein-free media for ART procedures thus has not been

35  described hitherto.



5in particular viral diseases, such as human acquired

i mmunodefi ci ency di sease syndrone (AIDS) and hepatitis, or
Creut zfel dt - Jakob di sease (CIJD) transmitted by prions or others in

bl ood- derived products has | ed a nunmber of providers of healthcare
services in the area of ART worldw de to seek alternative(s) to donor
protein for their enbryo culture and handling procedures. 10 The
transm ssion of a deadly viral disease (AIDS) to henpphiliacs through
bl ood-deriv ts is well docunented (See, for ven
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al bum n dona{; m%%é(?@%%% r()%i!"j(%{eeé’r di ed of CID (Kemmann, 251998).
There ardla nunber of reports of devel opnent of nouse bl astocysts
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The effect o nra astocyst opnent was only slightly
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did not lead to major perturbations. tion to its many
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such as | ubr GaddiRed3AE i SGRBhiN ty'h feRbh GhY lhidf Bed BATY Renhmheased
Vi SCosSi ty and_| ubr| cation in the culture mediumis required for ease

of handl i*Ag &%& nani pul ation of the enbryo and to prevent it from
adhering to the walls of the culture dish and enbryo transfer

cat heters. Eﬁ |ncor rat on of CEVP and PVA rve 15to
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generate via uman enoryos rot el n- ree culture system nopst
successfully cultured moube ag well as other mammalian embryos in protein-free

media (Dandekar and Glass, 1990; Spindle, 1995; Li et al., 1996; Schramm and
Bavister, 1996). In recent years, in addition to PVP, polyvinyl alcohol (PVA)



medi um when i nsem nation was perforned in the sane nedi um However
the resultant zygotes were cultured in BML nedium and although this
reference did not 30 specify whether their BM nedi um cont ai ned
protein, a previous publication fromthe sanme group suggested BM
medi um cont ai ned 1% HSA (Parinaud et al., 1998b). inpair
fertilization and cl eavage of viable enbryos in the nouse and human.
However Serta etal. (1997) suggested that the enbryo transfer

cat het er ‘EV @%18(3)1(ten3| vely with tRe protein-free m#%/m ch
gt

inmplies the ency of enmbryos to stick to the inner enbryo
transfer catheter. Serumprotein also has a role in 5maintaining pH
in cul ture meE@visier (RA9e basratse been uggd to replogprumpaaigig i quitere medismgor g
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such as a chal n-_breaki ng antioxi dant and a chelator of netal ions
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pH 15 buf f er potddal trmajorgegobatioss.f or t he greatest (95% portion of the
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vitro. A si ngiseadsmiprdiesiongiheist Thaineqrparation of Ffaand iiYet mesp s@¥e serum
protein. 135 A dubaghhdpmotiai ﬂn-ﬂ;n@eoﬂradinqgrdtmt HSM@’B@PVB aliened gpagnt  of
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such nedi a beroptfie &Ludeior, thﬁd:tﬁ)fpbglbal(pfophﬁcscmﬁPVPrﬁrhd [f\m: héwnarlbc@rfbm}yo

devel opnent. Thus ,t ere g()é i,Sts a ned,

. expmined, w tHeiruse in uma t{xl erapeu 1ca 51st re rodglctlon
protein-free gro I'um especi é’l y Pg ap ed f uman ART and

I VF. BAG(G?OQD@K@NH'HEY@EL@MTE@I@AFWS@

20
Some investigators have attempted to generate viable human embryos in a protein-
free culture system, most recently Serta et al. (1997) and Parinaud et al. (1998a).
However Serta and co-workers (1997) prepared their spermatozoa for insemination by
swim-down through a column of BSA (although subsequent culture was performed in

25  aprotein-frec medium). These workers achicved a pregnancy rate of 31% (n=45)
some of which have proceeded to term with the birth of normal offspring. Parinaud et
al, (1998=) obtained fertilizations with spermatozoa prepared in a protein-free
medium when insemination was performed in the same medium. However the
resultant zygotes were cultured in BM1 medium, and although this reference did not

30  specify whether their BM1 medium contained protein, a previous publication from the

same group suggested BM1 medium contained 1% HSA (Parinaud et al., 1998D).

Some workers have shown that replacement of serum protein with a single antioxidant
and chelator such as EDTA (Mehta and Kiessling, 1990; Serta et al., 1997) does not



There are previously known putatively "protein-free" nedia for
treating and cultivating manmalian cells, particularly cells from
rodents (mce, rats, guinea pigs, etc.) but also for fertilization
enbryo devel opnent and pregnancy in humans for in vitro
fertilization. 5 Caro et al. have descri bed one such "protein-free"
medi um for human application; however they were not able to overcone
the need for proteins in the sperm preparation nedi um because
proteins ar to induce capacitation of the sper
whi ch t he ssgéﬁﬁﬁﬁfﬁgnot acquire the gapaC|ty to penetrgg% aﬁ%@
fertilize the egg. Thus, Caro and co-worker's nmedia systemis not
conpl etely pﬁ@@b%ﬁﬁﬁﬁeeani@ﬂﬂﬂkeﬁk@@eﬂQ@Wﬁan@?H@WWaW& 1. ghstract)
and Pari naudﬂ@&@krs&;&%8@99m§§gc@e& thatl&%%)o&a%ﬁsfelceﬁet&% ﬁﬁdc@ed
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"protein-free" media for hupman ART but ey, like Caro etal. (1986)
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viruses and i@ bidldgicatdstémhe) BrotcidHas a hiintat sfotidt Hadvwahbhageaais because
it subjects pe 0zoa {0 n sary,str f shi ng

condi 1 ons. HRGFERR st ce ey BElE ORISR R R
resources. 2072PWainei avalf,r18%). nedia for grow h of nmanmalian or
particularly human cells outside the |IVF context has been discl osed,
inter alio, in Kovar et al., 1987, Biotechnology Letters, vol. 9 no.
4, p. 2590 267he'thysriogiahiodivdsolatbumingnd Cereeneteiat ingersrabEmabie® Hybri doma
Gowh in a E)chrtnﬁ‘lté’a' i"ﬁeergle%gbdﬁml n ﬂ%@ﬂlﬂg%&%ﬂn@&&hﬁﬁmﬁ&m 1a vol .

17: 193-202 "The culture of rat myeloma and rat bridoma cells in a
pr ot ei n- freedlzwsheaﬂmmmbrszeerablhet lta%mwi@éeicanﬂlaremtnéeweﬁpﬂl%m 45,
p. 111-123 " 3ush emefgﬁldﬁdmwemqﬂsw&t 3@ 618SomBe¥iddehéRetssure in

pr ot ei n- free medi um growt h, and nonocl onal anti body
product i on. " PHisesAfRER it @V?léqdale g transert qficehpn oxids G pEASERYl  ant i body
producti qp apdfed @RSmIQccdlhs edr@e%r@eamms%)@oﬁmhftﬁashnamd‘mbnaté/tﬁfﬁf ART

uses. O her blications. dis Sin rotein-fre nmedi.a, but
ot adapt ed SHIeaPREY BRsGaRo REHE : PR Gt Peh SR ol
1995, Bi ot ecbﬁmhagwhwwah be didher qmnvc%&m&%yl CdAr @v@lucdse ol gﬁcoBﬁCOﬂbl nant
Proteins in i hese A Protein- Fr
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WD 2005/ 1205FBveA2s reseSthRMe@M’d—dlﬁthMEm%@Nnﬁmntpr esent invention
relates t,g9 novel protein-free enbryo culture nmedia formulations for
retrieval of the human egg (i. Flushing nmediun), handling and storage
of 5sper mat oAognat{ept &t@éﬁ%‘v@lgﬁﬁﬁmﬁibﬂgﬂ%dﬁlwmme sy ghioplil fgrefashtakd  t he

human egg (i o co%éf@n (dlet }r'(fﬁo ghﬁ!ﬂ)ﬂ sx&%ﬁ@tc%ﬂcms\fﬂiﬁgndl ing
(iv. Ganete and Enb d i ng Med , .and as well as devel opnent

of the resul e9byPe &%ﬁé&g@n@ Ragpyiglion & 1(ww AprstaremeRneriumay "REHIHS tenr ough
1 to 2 cl eavageiday6de@mi@dteihuman application in the treatnment and

al l'eviation of sub-fertility and infertility using ART procedures.

The 10 przésent invention includes the formulation of a single nmedium
sol uti on t hatlitaph poRineER ntsatd/ ok s@@oﬂsﬁemo@ﬁlera ofemlnaeeﬁeﬂf&dan@édmm for

all of the aboye n di.a sol uti.ons. tiall
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syst emat i30 i grwedtinglam opedaizatddped f(tr(bumhem?bmkﬂ}/ﬁtl on of three
precursor nedia, nanely, ART-1, ART-2 and ART-3. In the sane report

the inventor has described how the substantially protein-free nedia
BACKGROUND OF THE RELATED ART



25has been described by the inventor (Ai,1997; Ali et al., 2000). In
exenpl ary enbodi ments of this invention, a series of substantially
protein-free nedia are specifically disclosed, terned the PFMI| 1
series herein. These nedia have the specific advantage of being of

uni form conposition devoid of potentially 30 hazardous non-uniform

bi ol ogi cal components that nmay harm ganetes and enbryos, and coul d
potentially transmt deadly presently known and hitherto unknown

di seases to nts under goi ng ART treatnent,

concei ved th‘&%%’"ﬂ&é{ggh treatnment and F—(I)- heal t hcar e hﬁi@@gdugﬁsgsolf;v d
in ART treatnent procedures, as well as to conply with rigorous new
nornms and r e§ifreart pagoyb\kap i priatively Vprptein-freet mpdid fppir¢adre aidchni ques and
met hods. The lﬁmmg%ﬁwalgﬁzau@%qmeesﬂyenmon& Fb@céé{%cfe%{s'@ln'cé/ igs,
protein-free nedia fornul ations Saccording to the present |nvent|on
al so i s usef ¢if) buh elpfor fertthéetwﬁgmbé@eiavf‘éwmeﬂttaad pieenangyrp hapAs o h enbryo
nmet abol i sm tﬂﬁbf%&dﬁ)j’new ousl y hanper ed due to t he undefi ned nature
and non-uni form conp05|t n C rrentl g enbryo culture
medi a f or ful SHP 6. aﬁ‘}fgsﬁ\?}iﬁq ‘?“teﬁ‘u‘gf prﬂW fﬁ‘g}“?"t‘i’s‘"‘p &at ed in
these subst andvwoRbd iheyRictt @i 4bid th @@erdtReditRe r(cEH:M pr6@ink elsnmimg t he

conti nuous ul tram crodropl et &)CQEJ % 10cul ‘ﬁ]ture techmt }é\%s

stati sti cal | JREOHPAFEDHFE G 6P Dt ET T °é?96‘?§x‘%%‘§a°fﬁé?f‘ Vé*Ohbed in
control co mmrthnuahrhmlettlb spefrowitLdoaddqoinsthcanécity mi pmgcteeraudfmrfmmitim tiks. The

PP medi a weLg, L AOKLS L8 UTRN.FPSLIRIORORm LRI LLERafLon and

subsequent déve con ent|
i ntra-cytlopl b‘&ﬁwee Speratrvi APEL phstract) anCBirinaybe at 0P distrast; t1%99éb€m3r ol s.
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suitable for use 1n's protel n-free human enbryo culture
and handl i ngbeferd themawedt niptips @ﬁelﬂ%@fﬁﬁfaseqfﬁlmféplﬁﬂ%ﬁﬁiﬁ‘ﬁ di seases are
not transmtted to patients and newborns. The substantially
protein-free_media of the invention can _be stored frozen at -20C for
up 20to 2 yeXfeshiyg praurreyiysly pipaed vitpmedum qEinipeddsthProiEHt i on has
successfukly d&b’l‘ﬂfeﬁ QiBest hereir@diobsot @dldﬁjcoﬁk@[ﬁ&étn@ﬁﬁb@bﬁ&gkxﬂs Wike
culture system rovides. a substanti.all ote ree medi a system
for human ARf® %T?c Y ORPIGFLY VIS 4 8§°“§dﬁ§‘$‘g éslisyasﬁr otein-free
medi a pr oducﬂﬁads)agagams mg:a%ﬁﬁsomcﬁggc gpe[ﬁafa'toemb un@@mam e fidtvathingn,

I nsem natl on, nd%irtl aft ?I'Itlg o CXCEI8IVE qeeman 5 0 man O%re]t SE‘ S LX(%Sand enbryo
transfer. Thr@FREY SRS agé%us y dfl {l Ul $hEs "the edi a of this
i nvention from previously described "protein- free cuI ture systens,
whi ch ut i20i z&RroeinefteeT medinfot giowihrd mawdia banpr patticiasly Apmanonks quisidathedur i ng

the proced“r?\{ﬁ&%&ﬁ{a?b&%ﬁi 5, u%BfH?L%ghéfarQ[ L g Aibi&Gnolbsy @

consequence, ese prior re nmeail a can e cont am nated with

i nfecti ous agemrs varfthorty 2¥cd4 pestimneunds giiigh Gmgentrations Erableons. The

CONMPOSi ti 0NS gyyf 38R Hrowh &f f?ﬁr[)t@ﬂ 8 NAERmMANELRADSS, CUbRESBES |v$1' p7at ions
of the varlous con@onents of the present |nvent|on are set fort
her ei n. 193-202 “The culture of rat myeloma and rat hybridoma cells in a protein-free

25  medium™; Stoll et al., 1996, J. Biotechnology, vol. 45, p. 111-123 “Systematic
improvement of a chemically defined protein-free medium for hybridoma growth and
monoclonal antibody production.” This work is related specifically to monoclonal
antibody production and does not disclose adapting such media for IVF or ART uses.
Other publications disclosing protein-free growth media, but not adapted or suitable

30 for human IVF procedures are: Zang et al., 1995, Biotechnology, vol. 13, p. 389-392,
“Production of Recombinant Proteins in Chinese Hamster Ovary Cells Using A
Protein-Free Cell Culture Medium”; and International patent application Publication
no. WO 2005/120576 A2.



The present invention is the product of studies on the effect,

tol erance and determ nation of optimal |evels of individual
conponents such as am no acids, antioxidants and chel ators,

osnol ytes, vitamns, nutrients and alternate energy sources that
could substitute in part the various roles of protein in vivo and in
vitro and which 5exenplifies the functions of proteins in various
protein-free handling nedia (e.g. sperm and oocyte handling nedia,
and I CSlI nedjum and enbryo cul ture npdia of this 'nﬁﬁﬁﬁhgﬁm#QQg
free of donor  Serum proteins. The optimal concentration he
menti oned conponents were utilized to fornulate a nunber of enbryo
cul ture nedi SUMBLGYeEHE INVIERIESt of these nedia showi ng opti mal
enbryo devel opnent and 10significantly higher blastocyst hatching
rate were identified and further refined to support human enbryo
devel opnent Tif Prosent ASUiAE E°146P (arpyeiPraen-ias prvreiuhee mrfe fsmpaioant i al | y
protein- freefoﬁﬁmeaalgfthé ﬁﬁnh@ﬁ@@tﬁiﬁﬁngﬁ@d&rﬂpﬁm%@fw&Uﬁg@&ft| ng
fertilization of hunman_oocytes with spernatozogﬂgrepared i.n the sane

medi um The PESWORAH Gamyt Radingidedinmantertiizeiiay 21 424 (i

subst anti al | gmREOCEUR: Mb@ﬁnﬁ@ﬁmwanﬁ 6mbi9s nanaﬁ1g\(lvabhrecteaafdlmbryo

cl eavage- st os. The transfer. of these

o ot pr oont BRI 1SS el Py IR e st AR ORRE PR GS
successf ul | yEpbov Caese Medim) tisedhul toizhrcwgh@utcs oYhinAiR Bppicavaduthes (egg
retrieval, s R S ert zation ul ture of
20 resul tant Pea%%enpang it ttiroT%o sub- Fertqlnys?n n}forFli]tg usify Jdl'll‘gro edtwﬁa Tﬁleed for
added pr df ei prssenmmtehfeancmhtdmtee Bymilgion of a smglfDEéIdNrﬂLEDiti@Esmaﬁ)Tl ON OF
CERTAI N EMB [S\%\AIEIM[ n

provi des a gegkl%%s%o?lq:r?tﬁ%érdﬁeg?epgo ut |%%Jg§ael?| caﬁ%velday%%gg to as
enbryo handl Wvglf’@nthbwrlélyméfml%rﬁ’?h@?dlaa‘?féhedeveﬁm Wdlfélﬁ?ﬁ figmgbei n or

protein-like r%@m}{%@%{éﬁé ge%@%@ﬁmﬂnﬁ%m{ﬁ sﬁ%ftﬂél'eld)?reweﬁ'sl; hdrel bgat i on
of human eggs and t he subsequent devel opnent fertilized ‘eggs

for up to 2 %Saewdwgtowhsl% Alhg 2bad{0)i M?Wérepqiﬁe%ﬂemmf?ﬁhém
sol utiongsar @es@ablech @6 sysRmEYiaveatidatibh Bat H@db fhe forfla@AE Eﬂr&'}brdcﬁksdrVF and

ART, ot her odoI ere it be

advant ageousm{: ﬂ%"écgtf%:[t ﬁ:‘%Ta% "’r‘{ar}‘ﬁ' f%éepﬁﬁ l’e"ﬁf‘tobl?ﬁéwt h media
i ncl ude st emicgalbbd h@@iﬁa@ibﬁtgmaﬁy’lﬂ'otchﬁﬁbaﬁym sl ARM?SaﬁmeR'rregeﬂewcatl on
and transpl a cedur es ed. worker w ||
appreci ate h }13%%} {)’ine & nﬁgmgry%‘c’egcen?ro?dtwl tra'c °H|a1snufs%eb%h uses. As
di scl osed i nmjeuindnKKISI)jetImbﬁbstamiddiwprowefr@fARmeaslum Anmedid deyies was

prot ei ”'gbeesu@?géfﬁﬂ scd%‘ r§alt€’/]:!)f[b\i§ 50?% %ﬁ%&{é%ﬁ%w g embryos

increased the e or ex he c i nical
pr egnancy ra@@emiawmlemegumcwg T@efwrevi@twenéARWFAWﬂhneﬁB@t’/hmeﬂla| ly

pr ot o1 11 e LRI Jhby ol B ior RS ERRE0ubPY B0 MRl 2l | age

groups and ug to 53. 8% I'n womren yeaf age,
when conpar efearaedgthat B#it 691 favrailqt@alﬁroe%éw@}ﬁerﬁlﬁ&m oprearser ABTPEr ot ei ns

(33% pr egnangkfsm f]% daleiopﬁgﬁ oA pRURS. ﬁﬁmlr&%ﬂm 8% n6t ils @6mpdRitibh, |
2004). The ICSI cljnical pregnancy rate wth substantlally

prot ei n-£f ee %@ﬁ‘i”élcﬁflbctdmyéh‘i‘ﬁ‘(?%tﬁf i oPE Aikgwe @i ncreased to 46. 2%
(12 of 26) in all age groups and up to 54.5 % (12 of 22) i n wonen

bel ow 40 years of a This difference is statistic ni fi cant
Ch faver of - IS e Ao S BTyt S8 Bt P B AP B ot 1 ng
that the subsitdnir gletificplydiselbsed frereed the @FHl- dfseddahareinritestmedi hiage at

151 east equi \ﬁalt‘;peegitﬁc a&at(tage of gemg c%eunﬁorg'i coml%sztltog ):levo{‘éir f pg{entl%il avai | abl e
comerci al prote

30  hazardous non-uniform biological components that may harm gametes and embryos,
and could potentially transmit deadly presently known and hitherto unknown diseases
to the patients undergoing ART treatment, the babies conceived through such

treatment and to healthcare workers involved in ART treatment procedures, as well as



contai ning nmediumcurrently available in the market. The nunber of
babi es born from enbryos generated in the PFM 11 nedi a by
conventional 1VF was 12 and by I CSl, 12. The babi es born from enbryos
generated in the PFM 11 of the invention are apparently normal,
intelligent, tal kative and active (according to parental reports).
20These statistical data were produced froma sanple of at least 24
children fromsuch births. As used herein, the term"protein-free,"
"essenti al | in-free" and "subst ntlaIIy prot ei

i nt ended toxﬁgaﬁ&@ﬁﬁ t he nedi a was p?epared usi ng n2ﬁ5%§6P”h§“8
25cont ai ni ng conponents (as described in further detail herein) and
t hat no pr ot ©icempy withseapPy-rewnemisHRhiysddivpoeryamBe Werieo Fadiediono t he
medi a. ExepRiftymgHR@disment s of the present invention include a
series of substantially protein-free media termed the PFM 11 series.
These nedi a series have a range of 30specific nedia products, nanely:

| . Subst ant i ahd ¥mpleRt eﬂneﬁ'h@lﬁre':ﬂh% QdHQQnthﬂdenzfreeMﬁtf@fﬂlhlaﬁéﬂby
Protei n-Free Ganete (Sperm. Hand I Medi.u Subst a tl ally

Pr ot ei n- FP ee®CHABE L ¢ ‘tﬁ&i??té?‘ﬁﬁtﬂﬂ“f “I—‘fé?fﬂilll’il ‘F?Eﬁﬁ]iﬁfﬁ‘m mms‘sﬁ‘f)st antially

Pr ot ei n- Fr eeinfpidatayion @H@uﬁaaﬂwﬁm maﬂ vcrala @ﬁ:exomdmampaﬁ:edut&eﬂhc askafidi ng to
t he net hods set forth o] to illustrate the use

;
L e n e i iyt rrRetEn o enRyPaaer et BrariiBad | e &
nmedi a, |nterﬁmhmanmsﬁhéMﬁhgmfﬁanlmemmamsyhmpmmmmbnﬂhﬂseMMmtﬁwSk|II in

the art. In dre%% f?e% ﬁlagr ok 89&':5%519 th% conhlfuﬂ)\{!?lrﬂg‘drggrodtgp ngl(dbg:' .”t S as

set forth hefein, €ac i ng
convent i dfal cmmwttmhmqufomsauamun@YMPaaabémq oebcénﬁh@reylbﬁmwhﬁf t he

invention. 1 ev'gﬁd”g&gﬁ ?%@a“ R ?al BEAPALALLRRS A\éﬁ!amg%&m@toﬁelﬁr ﬂ@uced

human senen per mat ozoa were prep are
st andard swi RFMpnedigatsr ngtiexig trdusee spsimeniePs. fewl%aﬁow@ﬁmswgﬁtam ent

centrifugati Qare;oblﬁentt BenudaR ShiiYos3y 3B ton R TOE SRS cyiddRshRGRVAT ed
pell et was washed 15 tw ce and résuspended in culture medi um

Sper mat ozoa PYERrHtIbs compaabicigeonisisng test or control media as
appropriate. Specifically, spermatozoa for ICSI or |IVF were prepared

in the substgptially protei fre 11). medium f he experinents
on the of fect Pt oe Bl RGBT MEfES! hEHPY By B Rt S he

har vest ed sparb@ﬁﬁtmﬂppmwf&;oihmﬁub@tbeﬂ) mnﬂenndgﬁﬁcemgmcmmaﬁemnfmsfﬁ% C2 in
alr at 37C urt};[al rotem%ounzd dxseasg's are not ansmueg o pap en‘?s and newcb\é ﬁ%t rieval

substantially protein-free media of the invention can be stored frozen at -20°C for up

20 to 2 years without loss of efficacy.

The present invention has successfully overcome the need for added donor proteins in
the culture system and provides a substantially protein-free media system for human
ART application that utilizes substantially protein-free media products beginning

25  from egg retrieval, sperm preparation, inscmination, fertilization, culture of resultant
embryo and embryo transfer. This feature advantageously distinguishes the media of
this invention from previously described “protein-free” culture systems, which
utilized protein-containing media products at some point during the procedure and
were thus not completely protein-fiee. As a consequence, these prior culture media

30 can be contaminated with infectious agents and may face possible regulatory
restrictions. The compositions, ranges, preferred ranges and particular specifications

of the various components of the present invention are set forth herein.



Ovarian stimul ati on was i nduced by subcut aneous injections of

gonadot r ophi nrel easi ng hornone agoni st (Buserelin; Suprefact;
Hoescht, Frankfurt, Germany) 25starting in the md-lutcal phase until
menstruati on or down-regul ati on was achi eved. Down-regul ati on was
considered to have been achi eved when endonetrial thickness was 4 mm
or | ess, and when bl ood estradiol, progesterone and LH |l evels reached
basel ine values. Injections of follicle stinulating hornone (FSH;

Met r odi n; %89@9]086 [re, Italy) were agministered for Mﬁrn?sgoogj/@fﬁsto
initiate recruitnent of follicles. 30 Thereafter, humanh nenopausal
gonadot r ophi n (Pergonal 500; Serono, Rone, Ital y) was adm ni st ered
accor di ng t oThdruesed g1yorivn isghe nrwbwfmiﬁiéimontthﬁ affeptpnlersnes 2bd| | i cul ar
devel opnent . d%ln@ﬂdn%@om%l lcO&féJ&f%Qi Q&ua%n{p&c‘ﬁﬁ%éﬂ@s Bhinadkd, 000 1'U of
human chori onic gonadotro (hCG Pregnyl; O ganon, Gss, Holl and)
after achi evihigxidgngapgd eft?laéﬂrs gsn%éyt%ﬁ Vl@@eﬁﬁ r&lfﬂeﬁw@ aliepply ERSIFISPYTSY al
(OR) was per fueidded s ﬁiﬁmmha{@h tllQ:deﬁJnI&.rrﬁ&‘Q)‘ﬂBQteg“hdﬂg aMBig vdlan@sPitK at i on.
| nsem nation and % re Techni %ues Vitr fer(ﬁj I IF'ﬁ%tl on (I VF)
Qocytes wer eSiHali ﬂ“ﬁ}“ﬂ*ﬁ%@f”r‘i Wét“é’ar‘%“ﬁ’f?‘% f9han £6%a in

m cro- dr opl ef@mdindegeiitd habdlfip @cbdia dnt IS nmeﬂmmﬁnd&tnb@ro@mn@emcﬁaadﬂ on of
100, 000/ mL u der uilibrated and e 0|I MB8410,

S g chorr cBiramveSiH hsATRe SihoR e Bty P PR PEE e o£ B ur o
in an at rmspimemtanalfcoﬁl%mwm utilized at foBrGite ﬂ'hmbﬁ:o:lflcminyagulmwnmdmg t he
oocytes wereqdenu A ILReLd dAt I ant| C
Di agnost i cs, S grgl%él-\t’glrﬁe& ogt?lgslé(;rlegg b]POVp gﬁ%al(e%%éjgiag\%qoﬂjﬁr&é

al ternatilQe ﬂgmﬁ@dﬂbrlégf(euble&docyﬁbﬂdev@wplv&@re ifentifiey\nad ﬁumrmﬁnhiman rral e
factor subfe red for
|51 by oxpociape puben ki (RRpRE B e A e PR U L
Cat No. 10110dttentiaNpprptemdice rwhsof theinyensian Papapalle of sumwrt@s@@ﬂhzatwn

Copenhagen, DepmRh KdcyROFith Q)%Hnﬁ(fz@ﬂ?t@[ﬁfeﬁ @ont R n%gﬁ!d-n' rlRirakgtht
Medi-Cult-1.mor subStantially protein-free nedia of the invention.

Human oocyt edveRist %lbfeﬁﬁiﬁﬁéﬁf‘éfalc’l’f@rm e yubsipifizthparofei-freg arediymite 8 medi um

under gageousiapbask cRhvapdetiddBunih @itiyoR!l Th3 GhnstRdf thbxeBmBloaueted W th a
denudi ng pi pette (ART No. nt ernati onal Medi cal Products BV,

Zut phen, Hol FER@)Preepigey Héhi%ﬁrran oocytes 25 were washed and
finally incubated in cul ture nedi umfor a further 30-60 m nutes.

et an B Gplaghs SLBSAB B S b Aty o on
13030013; Laborsuss fceg ﬁ@yalﬁ@empﬂam ms@hmﬁpmrﬁqml?z@@@&@areloﬁ Fr ance

or | njecty,on i

0 Pt 125: TG sErnfahd byl (R0, B9 n BRI el 12,

ul tra mcro- teephetsygfmPVP (Cat No. 1089001, Medi-Cult A/'S, Dennar k)

was thinly spread at the centre of a petri dish (Cat No. 1006, Fal con
Pl astics, Becton D ckinson, Rutherford, New Jersey, 07070, USA). The

PVP spread was surrounded by up to a maxi mnum of five 10 pi,

m cr o- dr opl epgraf EFEBEScRPTRNOF CERTAIN EMBODIMENTS OF THE
25  INVENTION

The present invention provides a series of nutrient solutions generically referred to as
embryo handling and culture media that are devoid of any protein or protein-like
components. These media are useful in the fertilization of human eggs and the

30 subsequent development of fertilized eggs for up to 2 to 6 days outside the body in
vitro. These nutrient solutions are called "embryo culture media”. In addition to [VF
and ART, other methodologies and techniques where it would be advantageous to use

substantially protein-fiee nutrient growth media include stem cell technology and



WD 2009/ 08619112PCT/ US2008/ 087818 | VF nedi um ( Ganet e- 1009

Scandi navi an 1VF Sci ences AB, Cothenberg, Sweden). The mcro-droplets
were overlaid with equilibrated and enbryo tested mneral oil (M410,
Sigma Chemicals, USA). Sperm preparation (1 to 2ptL) was introduced
at the centre of the PVP spread. ICSI of mature oocytes were
performed conventionally (for 5exanple, as set forth in Palerno et
al., 1992). Utra mcro-droplet culture Utra mcro-droplets (UVD;

1.5to 2 R, ure of 3 to 7 hugan enbryos) of di um
ELms T Pt S

were made in di shes previously filled with equ
mneral oil. The dishes were incubated under a gaseous phase of 5%
C2 in air athe@mGeelKissticupacnaaiion hethigpashlagteiipry rqauunps precsAviesg kg skied h a

finely drawnygyt, Fagheiiatdtlor@b hepUad NeiLGHolth REah & sihidr e medi umin
prelimnary experinents but not changed (cUVD; or continuous UVD)

until day 3 of culture in latter experinments. 15 Determ nation of

Fertilizati opskgdidsed inmmep&tmu%mdeﬁbsBma@@s.t&&m@@o@ﬂameaﬁqwsoﬂt@& or
| VF. The oocyt es, were considered fertilize

nct
pronucl ei > wetgenfipy fop prnanggametes angd ggb ra%*dmf@ée%%fg%%‘aﬂl‘(ﬁ F%f%*
m cr o- dr opl eFs: cRimpid, '&Hc&hxﬁﬂ:dk@;@gﬁﬁ@ﬂhteb&mﬁéd R chivbitsh20VIPREE um i n an

at nosphere of 50/ eavage, a r qual ity were
assessed aft &P Stigﬂaf y%ﬁtﬁl&a% @Mj{) nileg’taés PHF edptgsgnﬁg{?équg\)églﬁﬁﬁel ized to
det er m ne V\hgﬁohpsramﬂ ﬁmode%ut@ofméﬁnummb@demgaﬁsof ighpvipnesemitcd

i nventions causes n 0 St. .nkhe
efficacy of ohumr‘ﬂéif“’ ﬁq“@gﬁ °%‘e“{) h e p&’é‘?‘%"é}% ﬁPfe@dgé%i*?f Yigher
proporti df ogrodmwcenbiperemtcitbd bl Adic RE4aThe KB! dlings] regsmp entanvith  suggest
Lhe medi um g, bbtgnt%%y rseeﬁrﬁee%dlld@?ﬁls%{v@amqg BSie REEEETLAgLYQM af  Day

2 Cleaved E paraneters were oyed to determ ne
t he enmbryo qi%@lﬂi1 %li/agéﬁmﬂwnéuléww&s§12\¢f%2) in ‘(\’Wﬂd)&]@wdﬁée%i degoner e

score and thenAURERME IMMQH}%@#@%HJ@%%& o\e@{é%regl&& SHIBASY @Seihol | ows:
5 (i) Average bl astonere_score = nber of bl astoneres Tot al

nunber of enfF§BEI A\‘ﬂ@?-%{’@éhaé%Plg}’éfa'ﬁ’ra%lﬂ@(’tefl"offf‘élmeé‘ﬁ offsiRyEntipRAes Tot al

nunber of]senkit@§uivalent to (and can be superior to) currently available commercial protein-
containing medium currently available in the market. The number of babies born from
embryos generated in the PFM-11 media by conventional IVF was 12 and by 1CSI,
12. The babies born from embiyos generated in the PFM-11 of the invention are
apparently normal, intelligent, talkative and active (according to parental reports).
20  These statistical data were produced from a sample of at least 24 children from such
births.

As used herein, the term “protein-free,” “‘essentially protein-free” and “substantially
protein-free™ is intended to mean that the media was prepared using non-protein
25  containing components (as described in further detail herein) and that no protein or

protein-containing components were added to the media.

Exemplary embodiments of the present invention include a series of substantially
protein-free media termed the PFM-11 series. These media series have a range of

30  specific media products, namely:

1. Substantially Protein-Free Flushing Medium
2. Substantially Protein-Free Gamete (Sperm) Handling Medium
3. Substantially Protein-Free Gamete (Oocyte/Embryo) Handling medium



10 Since nost healthy day 2 human enbryos generally attain the 4-cel
stage, an average bl astonere score 4 and above (in a range of 2 to 6)
was consi dered excellent. The enbryos were graded according to a
scale of 1 to 4, where the nunerical 1 denoted poor quality, and 4,
excellent quality. Enbryos were graded collectively by a 15 m ni num
of three (but preferably four) |aboratory personnel. In addition, two
ot her paraneters included to establish differences in the rate of
devel opnent vage stage enbryos,, These were: (i rtion
of enbryos §ﬁ$3ﬁL§g%€e 4-cell stage and (ii) the proﬁ%?%g%wgggﬁg
enbryos that were grade 3 and above, on day 2 of culture in human
studi es. 20 MsSdbstenrdlyfndteinFeon EfheyofCattwraMetliven of an exenpl ary
substantially protein-free nedia of the invention described herein
was as follows. Albumin is known to be a source of fixed nitrogen
25and nut ri efitess medie anvedaacerding to hnarctheds srtdthbalpr whirluire fendTd ot her
rol es i ncl udjjpgrfRpdsabanat ablik b dfchnBNlimitiUs anyt AGitsPsEaM Al | Y
protein-free nmedia of the invention substituted al bumn with other
medi a conpon®ftis Aegliagr Yo ART mehass kipamtg hese vl skid & ho @ty t he
functions of d@glb};iﬁg fhe iﬁﬁdiﬁ Uﬁth&ﬁl@entibrﬂiﬁick‘;%ediéhaﬂts LB RYeh t@éﬂh{, b lms*gi um o
components used for these purposes include. anm no.acids.(including but
ot Vit od PO ENPET AGH HirE S SR P A PR By PGt o
gl ut am ne, gt¢mipRe,PAM sftthdibwetion. sol ueci ne, | euci ne, |ysine,
met hi oni ne, phenyl al ani ne, taurine, thereonine, tryptophan, tyrosine,
val ine, serine), antioxidants and chelators (for exanple, EDTA,
reduced gbut &tvhemoSvermdiacoplaprraion, alternate energy sources (such as
fructose, glutam ne, sodium pyruvate), osnolytes (including mannitol
ands nyoinositol), vitam ns 35(ascorbic acid, cyanocobalamn, folic
aci d, t ocoph¥falsipatieatsgjodused heherremerdly mastyphationT figerpgerog meeatepyrd of
i ndi vi dual coMpERgnLS bRy SURRRAE bRhelABndty ARG Itnsk A84i0RY ST
devel opnent mas_c005|deredpopt|nal. Three nmedi a were fornul at ed
(ART-1, ART- ergifepaigr Ithe depstohgradien) eogndisribe sroveiergresentsicivent i on.
The invensor (RasinBFBYhEHS] M cHBSCHEIRE ShEatbadalpRItEa NP el TRAE Ssing
undertaken to formnul ate the substgg%Lﬁahy pr ot ei n- ? grgﬁﬁpedla t he
ART-7 and ARFSTPROUEP; adlizas aparonyiate cRpetifivaly-rRUmERToARF /G5 ICANYE ware07; Al |
et al., 2000prcpaldiein picesRahtiallp yerin-0dg, (PENg | Rbivkd fop hetBichAmédtes medi a
series were forpulated .fr the culture di ART-3 (ALi, 1997, A
ot e "5000fH < Sl ARl pal b e PRt P et S P
products of the ifleEbdctiinge gases:s alime ¢fi 300 1l@iain ot PC egilas. set forth
bel ow. Thg concentrations of HEPES and bi carbonate in these media
preparations vary, as set forth herein. The substantially
pr ot ei n- f r ee Omerdlindtivkiatidvemi Peewt Ravevéonpri se m neral salts, am no
acids, antioxidants, antibiotics, energy conponents and buffer
conponents (HEPES 15and bi carbonate for incubation under
CC2- suppl eneRrEdn simdition sasipdechdby ab@riagkaws Inigetiens obgradgirerhitmct i n
their particu@gise (dnatReGosm®R Hisatiny saydhd;allefnt, BrAlG RemRALAI Ni NY
25  starting in the mid-lutcal phase until menstruation or down-regulation was achieved.

Down-regulation was considered to have been achieved when endometrial thickness

was 4 mm or less, and when blood estradiol, progesterone and LH levels reached

baseline values. Injections of follicle stimulating hormone (FSH; Metrodin; Serono,

Rome, Haly) were administered for three days to initiate recruitment of follicles.

30  Thereafter, human menopausal gonadotrophin (Pergonal 500; Serono, Rome, Italy)
was administered according to the response of the patient to stimulate follicular
development. Ovulation was induced by an injection of a 10,000 [U of human

chorionic gonadotrophin (hCG; Pregnyl; Organon, Oss, Holland) after achieving



medi a. The substantially protein-free nedia of the invention uniquely
conprise a macronol ecul ar species (nethylcellul ose and rel ated

pol yners) and an optionally an un-netabolized sugar al cohol
(D-mannitol). 20 The macronol ecul e conprising the substantially
protein-free nedia of the invention is nethyl cellulose of Fornmula I:
R-Ob-R, \1 0-R 1In the forrmula of nethylcellul ose above, R can be
either Hor CH3. The extent of nethoxy substitution ranges between
27.5-31. 5% i ah Degree of substjtution (D.S., er of
substi t uent Q’g‘?%ﬁ%{g‘ﬂ%{tached to the riir}g hydr oxyl s) i?@@%?@%{ghi S
range gives maxi numwater solubility. Lower nethoxy substitution
resul ts i n Shilghlersizseof idsirh ptyore.Dopeit eatrieaial dORswpmeftemedph [atrdycode " n"
desi gnat es taﬁasloﬁn\ﬁegluidgiva%&lab/ﬁ%{gdg@ti on, and optimally corresponds to
a nol ecul ar wei ght "of 14,7000 I'tons relating to an approxi nate
viscosity index of 15 cPS for a 2% solution in water at 20 C

(met hyl cel | uhosg.dwey hRClihRsSemRe&l fications is comercially

avai l able from Sigma Chemical Co., St. Louis, MO USA;

WWW. Si gr oaal dri ch. com; this corresponds to a 10 value of "n" that is
bet ween abouin VB4o andizakeutvid3, preferably 36 to 39. The range of this

conponent in_the PFMis 0.01 to.0.15 ¢g/L and the npst. preferred range
7o 5706 t o 0ORGRE Meps R RBQHfe eGRe e S e ronies of

Met hyl cel | ul egg@ibessd calatre @sdiamatanbhotitteans s 18000008 ohdet @pilibiatet] and
non-toxi c, enzyne 15resi st d..not ~cel.l per I .Stewart et al.,
1965) 1t ner et e Akt i R SR, el nrenc a
insults, 10n paytks eut arltued imolkathysplisred SPadPon kis a3AWC. Geabtlowengr essur e
changes. It . e | ps

i ntai n honbaa EelDobff RE ARl uTE KL ARE b RATRIE DGR, |

contri but es Pogioewsdd®®d viscosity of the nedium so that the ganetes
and enbryos do not stick to sides of 20dishes and inside pipettes and
catheters. These physical attributes are supplied in the absence of
serum proteins that normally performthese functions. This substance
IS inert lgndlrﬁa&@nf&%c@%m@g&{@ cayion. Methylcellul ose has been
used el sewhere 1 n human pharmaceutical and food industry 25for well
over 25 years without any side effects in human or aninal studies.
FAQ WHO and Rlnditéregitt posedade 10w, 6@ RSdipRd, fob Bvcdfomiithk:c @bl Bkese, and

it has been used.a egative trol in cancer earch as it is
known to be HORTLPECHbEBReCT T BorsropaRediy 155y el o
t hi ckener anblyabmatlidabd somarion for Mavetonds(80 DdchLatid NeOd $6080,iMedpCaldact s, and
has nedi gj,nal S for treatmen f, constipation .lf IS not
di gest i b?te) , }ﬁtg%qsl[eagl%lhz %t?, gh@%ﬁggnh%%cp,g{?c&uemﬁrlkif'm%lt!%cgl?ragﬁcn}%g Ento cquihlnlatcd
phar macol ogi datit@ili hprsabstan§dly paten-§ee media of the invention. Human oocytes

were incubated for 5-7 minutes in the culture medium under gaseous phase of 5%

CO; in air at 37°C and then denuded with a denuding pipette (ART No.1670,

International Medical Products BV, Zutphen, Holland). The denuded human oocytes

25  were washed and finally incubated in culture medium for a further 30-60 minutes.

Commercially available ICSI pipettes were used for micromanipulation (Injection
Needles, Cat No.130340B; Holding pipette, Cat No. 13030013; Laboratoire CCD, 60
Rue Pierre Charron, 75008 Paris, France or Injection needle, Cat. No.10-MIC;

30  holding pipetie, Cat. No. [0-MPH-120; Humagen, Charlottesville, Virginia 22911,
USA). A 5uL ultra micro-droplet of PVP (Cat No. 1089001, Medi-Cult A/S,
Denmark) was thinly spread at the centre of a petri dish (Cat No. 1006, Falcon
Plastics, Becton Dickinson, Rutherford, New Jersey, 07070, USA). The PVP spread

was surrounded by up to a maximum of five 10 uL micro-droplets of HEPES-buffered



excipients and a carrier material. It is used in eye drops, as a

bul ki ng agent and | axative, used for diarrhea in functional bowel

di sease, to control ileostony output and as absorbent of toxic
substances that causes infective diarrhea. It is also an anti oxi dant.
The substantially protein-free nedia of the invention also conprises
13-mannitol. This 5 conpound is poorly absorbed and is excreted

al nost unchanged in urine. As an antioxidant and an osnolytc this
substance can protect the enbryo fro 2harm‘ul environnental effects.
It thus can YUFPHEFSubstitute for serum proteins, inPG4REl0sAsgHs
protect the enbryos agai nst adverse conditions. It is of interest to
not e t hat D mannddiod (Bxetet1 §0BSqanBatiay BVIefdiacds AN Gobasergb$vasitrocy st
devel opnment L.n vitr en in th esence. f_protein in the nmedia.
In the exerrpjrl%{:rnf/m@h % ?easn T4 ‘1°§}a‘§?"§{‘ 8?“21@faﬁced]eag(%%lﬁ%é)%&c{}wgaiiOﬁventi on
(PFM 11), O- (MitfiSigrba Ghemiprledéfiat). Spernaptpraedtion (led 2glonae mpdicida thef 2. 8
m cronol ar ( ¢ g J gl N of
0.056 to 6. 9Eeﬂ1§%§%ﬁ%ﬁ\§{§£§%é8%6’?g’q%re gﬁbﬁpaeﬁg%&%goﬁvgﬁ?ﬁﬁwggr& 5

m cronol af; eswenlemssd fyhdf Belerag epw/t h¥%3)-t he range of 2.5 to 3.0

m cronol ar. The nost preferred concentration is about 2.7 mcronol ar.
The enpirical fornula of D-mannitol is C6l-4406 and has the
structural fBHifbEo-draast e OH OH OH OH 20D-mannitol is a food
additive, used in cakes, confectionaries and sweets; being sweeter
than sucrose, it is considered _an allr%er r’[ativ% s;t(\ﬁet'eneé fgr

di abet i cs. | Fliagnigrp-denplets GMP: dide ARk Fos1 BEAT 3 9 1 % BRERY96ed i n

hi gh conaent gafui-aRGivhOndre @ade iRCtHeR dBlids pkeioudpfilledetith cquikiratdD years.
Hyper nol ar concent. ians of this conpound are used, t.reat, severe
brai n darrageméf‘r‘?ﬁtp‘él['gb%\%g’ﬁs TYRE F%t’:l?aéeﬁiuﬁ er?)?%%%’ﬁgkg? eﬁﬁg/%é)o’énalir tretic and
i s used for @7°€rksdionmiwmas ¢hasded AdyUMD pdingjos)iwid) 2 focly downreadaster

extracel lular. £l uid conpar tdg\ﬁll%e mg(}i,ﬁl nﬁgpﬁaﬁgﬁ?\% ol B G

. ¢ ing Equi €
manmal s i ncl B8I'Rg nan: adverse effe
(cUMD; or continuous UMD) until day 3 of culture in latter experiments.
15

Determination of Fertilization

Fertilization was determined 18h to 20h after ICSI or IVF. The oocytes were

considered fertilized when two distinct pronuclei were visible. Fertilized oocytes were
20  cultured in micro-droplets or ultra micro-droplets of equilibrated medium in an

atmosphere of 5% CO; in air at 37°C. Cleavage and embryo quality were assessed

after 24h.

Zygote Arrest rate

25
This parameter was utilized to determine whether the culture medium according to the
present inventions causes developmental blocks at the 1-cell stage. The efficacy of the
medium can be determined using this assay. Higher proportion of developmental
blocks at the 1-cell stage will suggest the medium to be deficient or less efficacious.
30

Determination of Day 2 Cleaved Embryo Quality



5been reported as a result of clinical application of Dnmannitol as a
t herapeutic agent. It is also non-cytotoxic and non-nutagcnic in
several species. D-mannitol is poorly absorbed and is excreted
(M1lde, 1965; Wddowson and Di ckerson, 1965). The inclusion of this
substance in culture mediumincreased bl astocyst devel opnment in the
nouse even in the presence of serum proteins, suggesting a positive
role in enbryo 10 culture as an anti oxi dant and osnolyte (Ali,

unpubl i shed observations). Its use is,permtted by the F ? he
EU, and FAQWS"HE8% onci uded it to be safe for hunanmcgg‘ﬁ%ﬁ% |%)n

the solutions and fornul ations of the invention, D mannitol of
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m cronol ar. ddtreemikd 4s|fellbwaor ker wil | appreciate that the role of serum
proteins are numerous, and 20 in its absence, one or two conponents
by thensel ves may not provide a conplete substitute for proteins in
the medi utn (Fhus AVF%@@%quﬂe@dc%rk@Llwiﬁé%@ﬁﬁé that the
invention does not nerely provide el I’é“@ﬂﬁﬁ?‘@%‘?ﬁ ed with

nmet hyl cel | ul ose and D- mannitol. Rather, the invention provides nedia
conpri si ng i pi)addivkiagdentbri0ifleex nira;thwfemm;o gedkst i onal conponents,
preferably in optimal concentrati omsial mmdertofiem@possel ecti ve excl usi on
of commonby used nedi a conponents that have proven detrinental to
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enbryos. Opt Ltmg,eelenﬁag,eg ik %ieo@sthé)ﬁroﬁoﬁ-ﬁlﬁtoeéﬁbr%s%t rraBe0eaboutta@.ahd MM t 0
6.0nmM fructose, with a nore preferred concgntratl on bej nglfrom 5about

TV t 0. 5. GriiD Ao ol GIRBR8 U BALcL oA AtGEre™ OF SHGBRS M M The
opti mal conceghsmatid@ns of the remaining two energy sources are given
el sewhere_in this docunent. 10(iii)lncluding the foll ow ng
concentrétions of certain am no acids. NanmeOpti num rangePreferred
rangeMost pr efegwredulone. Conc. in PFM (mM) (MM (mV) 15
The formulation of an exemplary substantially protein-free media of the invention
described herein was as follows. Albumin is known to be a source of fixed nitrogen
25 and nutrients, an antioxidant, and to also have a number of other roles including
membrane stabilization. Thus, the substantially protein-free media of the invention
substituted albumin with other media components that perform, individually or
collectively, the functions of albumin in culture. Individual embryo culture medium
components used for these purposes include amino acids (including but not limited to
30  alaning, asparagine, aspartate, cystine, glutamate, glutamine, glycine, histidine,
isoluecine, leucine, lysine, methionine, phenylalanine, taurine, thereonine, tryptophan,
tyrosine, valine, sering), antioxidants and chelators (for example, EDTA, reduced
glutathione, tocopherol), aliernate energy sources (such as fructose, glutamine,
sodium pyruvate), osmolytes (including mannitol ands myoinositol), vitamins

35  (ascorbic acid, cyanocobalamin, folic acid, tocopherol, etc) and elemental iron.



L-al ani ne L-arginine L-cystine.21-1Cl L-ulutamate 0.1-10 0.018-0.18
0. 0025-0.025 0.01-1.0 0.45-0.55 0.072-0.125 0.01-0.02 0.45-0.55 0.5
0.072 0.01 0.5 20 L-glycine 0.1-1.0 02-0.3 0.25 L-histidineHCL. 1120
0. 005-0. 05
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The concentration of individual components that supported the highest blastocyst
development was considered optimal. Three media were formulated (ART-1, ART-2
and ART-3) in the development of the present invention. The inventor has previously
described the various experiments undertaken to formulate the substantially protein-

5  free media the ART-7 and ART-7b series from the culture medium ART-1 (Ali, 1997,
Ali et al., 2000). The present invention, the PFM-11 protein-free media serics were
formulated from the culture medium ART-3 (Ali, 1997; Ali et al., 2000).

The final formulations for the various media products of the PFM-11 series are given
10 in tables as set forth below. The concentrations of HEPES and bicarbonate in these

media preparations vary, as set forth herein,

The substantially protein-free media of the invention comprise mineral salts, amino
acids, antioxidants, antibiotics, energy components and buffer components (HEPES
15 and bicarbonate for incubation under CO,-supplemented conditions) that are similar
to but distinct in their particulars from commercially-available, protein-containing
media. The substantially protein-free media of the invention uniquely comprise a
macromolecular species (methylcellulose and related polymers) and an optionally an
un-metabolized sugar alcohol (D-mannitol).
20
The macromolecule comprising the substantially protein-free media of the invention

is methyl cellulosc of Formula I:

25  wherein

each R is independently CHs or H and n is between about 34 and about 43.



0.02-0.04 0.02 L-isoleucine 0.01-0.1 0.04-0.08 0.04 L-leucine
0.01-0.1 0.04-0.08 0.04 L-lysine HC1 0.0125-0.125 0.05-0.1 0.05 25
L- net hi oni ne 0. 0025-0. 025 0.01-0.02 0.01

WO 2009/086191 15 PCT/US2008/087818

In the formula of methylcellulose above, R can be either H or CHs. The extent of
methoxy substitution ranges between 27.5-31.5% by weight. Degree of substitution
(D.S., average number of substituent groups attached to the ring hydroxyls) is 1.5-1.9.
This range gives maximum water solubility. Lower methoxy substitution results in

5 higher solubility in water and is preferred. The code “n” designates the level of
polymerization, and optimally corresponds to a molecular weight of 14,000 Daltons
relating to an approximate viscosity index of 15 cPS for a 2% solution in water at 20
°C (methylcellulose having these specifications is commercially available from Sigma

Chemical Co., St. Louis, MO USA; www sigmaaldrich.com); this corresponds to a

10 value of “n” that is between about 34 and about 43, preferably 36 to 39. The range of
this component in the PFM is 0.01 to 0.15 g/L and the most preferred range is 0.09 to
0.1g/L. The optimal concentration is 0.1 g/L.

Methyleellulose can act as an antioxidant and osmolyte, it is non-toxic, enzyme

15 resistant and not cell permeable (Stewart et al., 1995). It helps to protect gametes and
embryos against environmental insults, in particular attack by free radicals and
osmotic pressurc changes. It protects the cellular membrane from damage and helps
maintain homeostasis. It is also a surfactant and [ubricant. It confributes to increased
viscosity of the medium, so that the gametes and embryos do not stick to sides of

20  dishes and inside pipettes and catheters. These physical atiributes are supplied in the
absence of serum proteins that normally perform these functions. This substance is

inert and safe for human application.

Methylcellulose has been used elsewhere in human pharmaceutical and food industry
25  for well over 25 years without any side effects in human or animal studies.
FAO/WHO and EU directives allow consumption of methylcellulose, and it has been

used as a negative control in cancer research as it is known to be non-carcinogenic.

Methylcellulose is also used as a thickener and emulsifier in various food and

30 cosmetic products, and has medicinal uses, such as for treatment of constipation. It is
not digestible, non-toxic, and not allergenic. Its pharmacological/clinical uses are as
excipients and a carrier material. It is used in eye drops, as a bulking agent and

laxative, used for diarrhea in functional bowel disease, to control ileostomy output



L- phenyl al ani ne 0. 005-0.05 0.02-0.04 0.02 L-threonine 0.01-0.1
0.04-0.08 0.04 L-tryptophan 0.00125-0.0125 0. 005-0.01 0. 005
L-tyrosi ne. 2Na2H20 0. 005-0.05 0.02-0.04 0.02 30 L-valine
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and as absorbent of toxic substances that causes infective diarrhea. It is also an

antioxidant.

The substantially protein-free media of the invention also comprises D-mamnitol. This
5  compound is poorly absorbed and is excreted almost unchanged in urine. As an
antioxidant and an osmolyte this substance can protect the embryo from harmful
environmental effects. It thus can further substitute for serum proteins, in part, to
protect the embryos against adverse conditions. It is of interest to note that D-mannitol
exerts a positive effect on mouse blastocyst development in vitro even in the presence

10 of protein in the media.

In the exemplary substantially protein-free media of this invention (PEM-11), D-
mannitol is present at a preferred concentration of 2.8 micromolar (the most preferred
concentration) within the range of 0.056 to 6.9 micromolar. The more preferred range
15  is 1.4 to 5.5 micromolar; even more preferred within the range of 2.5 to 3.0
micromolar. The most preferred concentration is about 2.7 micromolar. The

empirical formula of D-mannito! is CeH140s and has the structural formula:

_OH

HO——1—H

HO) et b
H-—1—0OH
H——OH

s

OH

20  D-mannitol is a food additive, used in cakes, confectionaries and sweets; being
sweeter than sucrose, it is considered an alternative sweetener for diabetics. It is an

osmolyte and antioxidant, It has been used in high concentrations to treat acute stroke



0.01-0.1 0.04-0.08 0.04 (iv) Including the follow ng concentrations
of water soluble vitamns. NameOptinum range Preferred range Conc.
Most preferred 35 Conc. (mM (MM (M) Choline chloride 0.004-
0. 007 0.004- 0.005 0.004

WO 2009/086191 17 PCT/US2008/087818

for well over 30 years. Hypermolar concentrations of this compound are used to treat
severe brain damage and elevated intracranial pressure. Tt is a diurctic and is used for
dieresis in instances of poisoning, or to measure extracellular fluid compartment. It
also has laxative effects in mammals including man. No adverse effects in man have
5  Deen reparted as a result of clinical application of D-mannitol as a therapeutic agent,
It is also non-cytotoxic and non-mutagenic in several species. D-mannitol is poorly
absorbed and is excreted (Milde, 1965; Widdowson and Dickerson, 1965). The
inclusion of this substance in culture medium increased blastocyst development in the
mouse even in the presence of serum proteins, suggesting a positive role in embryo
10 culture as an antioxidant and osmolyte (Ali, unpublished observations). Its use is
permitted by the FDA and the EU, and FAO/WHO has concluded it to be safe for

human consumption.

In the solutions and formulations of the invention, D-mannitol of Formula II is present
15  at a concentration of from about 0.05 micromolar to about 6.9 micromolar, The more
preferred range is 1.4 fo 5.5 micromolar. The most preferred concentration is about

2.8 micromolar,

The skilled worker will appreciate that the role of serum proteins are numerous, and
20  in its absence, one or two components by themsclves may not provide a complete
substitute for proteins in the medium. Thus, the skilled worker will recognize that the
invention does not merely provide media supplemented with methylcellulose and D-
mannitol. Rather, the invention provides media comprising in addition a complex
mixture of additional components, preferably in optimal concentrations, and the
25 sclective exclusion of commonly used media components that have proven

detrimental to embryos in culture. Some of these include:

(i) Including unique concentrations for two amino acids (L-taurine and
glutamine) that are the principal providers of nutrition and osmotic balance.
30 These amino acids are provided at concentrations within the range of ImM to
30mM L-tauring and 1mM to 50mM L-glutamine, more preferably 10mM to
30mM L-taurine and 10mM to 30mM L-glutamine and most preferably 20mM

cach of L- taurine and L-glutamine.



D-Biotin 0.0024 - 0.004 0.0024 - 0.003 0.0024 Folic acid 0.0014 -
0.0023 0.0014 - 0.0016 0.0014 Myoinositol 0.0067-0.011 0.0067- 0.0078
0. 0067 N aci nam de 0.005 - 0.008 0.005 - 0.0057 0.005 D pantothenic
Acid.1/2Ca 0.0025 - 0.004 0.0025 - 0.003 0.0025
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(ii)  Including as energy sources any one or plurality of compounds (including D-
glucose, fiuctose, or pyruvate) that are less likely to cause developmental
blocks in human embryos. Optimal concentrations of fructose are from about
0.5 mM to 6.0mM fructose, with a more preferred concentration being from

5 about 1mM to
5.6mM, and a most preferred concentration of about 5. 1mM. The optimal
concentrations of the remaining two energy sources are given elsewhere in this

document.

10 (i) Including the following concentrations of certain amino acids.

Name Optimum range Preferred range Most preferred Conc.
Cone. in PFM (mM} fmM) (mM}
15
L-alanine 0.1-10 0.45-0.55 0.5
L-arginine 0.018-0.18 (.072-0,125 0.072
L-cysting.2HCI1 0.0025-0.025  0.01-0.02 0.01
L-glutamate 0.01-1.0 0.45-0.55 0.5
20 L-glycine 0.1-1.0 0.2-0.3 0.25
L-histidineHCLH,O 0.005-0.05 0.02-0.04 0.02
L-isoleucine 0.01-0.1 0.04-0.08 0.04
L-leucine 0.01-0.1 0.04-0.08 0.04
L-lysine HCI 0.0125-¢.125  0.05-0.1 0.05
25 L-methionine 0.0025-0.025 0.01-0.02 0.01
L-phenylalanine 0.005-0.05 0.02-0.04 0.02
L-threonine 0.01-0.1 0.04-0.08 0,04
L-tryptophan 0.00125-0.0125 0.005-0.01 (.005
L-tyrosine.2Na2H20 0.005-0.05 0.02-0.04 0.02
30 L-valine 0.01-0.1 0.04-0.08 0.04
(iv) Including the following concentrations of water soluble vitamins.
Name Optimum range Preferred range Cone. Most preferred
35  Cone.
(mM) (mM} {mM)

Choline chloride 0.004 - 0.007 0.004 - 0.005 0.004



Pyri doxi ne HC1L 0.003 - 0.005 0.003 - 0.0034 0.003 Ri boflavin 0.00016
- 0.00027 0.00016 - 0.00019 0.00016 Thi am ne HO 0.0018 - 0.003 0.0018
- 0.002 0.0018 The range for vitamn Bl2 is as follows:

15NaneQpt i mum rangePref erred rangeMost preferred Conc. Cone. in PFM
(pM (pM (PM Vitam n 812443 -885590-738616 20 (v) Including vitamn E
(Mitamn E Type 6, Sigma Chemical Co.) at a concentration of from5
m cronolar to 20 mcronolar, nore preferably 8 25m cronolar to 12

m cronol ar, even nore preferably 10 9crom)l ar. (vi) Exclud ng

L- aspar agi n@"O104BH3t t ate and L-sering that can be de‘E‘}Tm‘}‘if’“g‘ 380 the
devel opment of zygotes and early cl eavage stage enbryos. 30(vii)

Excl udi ng el et al i ron, 0pR&atl06an be détrihdhtal to enbf 4

devel oprent . sdivdciii ) | ncl udbng-oveduced gloutaddioone (GSH) aboia

concentrati of, @f§0 ™ cr ogRsfh.efi0 500 4 0067-0.0078 0.0067
Niacinamide 0.005 - 0.008 0,005 - 0,0057 0.005
5  D-pantothcnic Acid.%4Ca 0.0025 - 0.004 0.0025 - 0.003 0.0025
Pyridoxine HCl1 1.003 - 0.005 (.003 - 0.0034 0.003
Riboflavin 0.00016 - 0.00027 0.00016 - 0,00019 0.00016
Thiamine HCI 0.0018 - 0.003 0.0018 - 0.002 0.0018
10

The range for vitamin Bi2 is as follows:

15  Name Optimum range Preferred range Most preferred Cone.
Conc. in PFM (pM) (M) (pM)
Vitamin B12 443 — 885 590-738 616
20

(v)  Including vitamin E (Vitamin E Type 6, Sigma Chemical Co.) at a
concentration of from 3 micromolar to 20 micromolar, more preferably 8

25 micromolar to 12 micromolar, even more preferably 10 micromolar.

(vi)  Excluding L-agparagine, L-aspartate and L-serine that can be detrimental to

the development of zygotes and carly cleavage stage embryos.
30 (vi)) Excluding elemental iron, that can be detrimental to embryo development.
(viii) Including reduced glutathione (GSH) at a concentration of 60 micromolar to
500
micromolar, and more preferably 250 micromolar to 350 micromolar, and

35 even more preferably 300 micromolar,

Other compounds



m cronol ar, and nore preferably 250 m cronolar to 350 mcronol ar, and
35even nore preferably 300 mcronolar. O her conpounds Concentration
in final solution DescriptionRangePreferred RangeMost 5Preferred
Conc. D-glucose0. 75-1. 00. 75-0. 900. 78 u/ L Sodi um

chl ori de6. 12-6. 956. 12-6. 196. 171 W. 10Pot assi um

chl ori de0. 35-0. 40. 35-0. 360. 355 W. Cal ci um chl ori de
-0.23-0.270. 23-0. 240. 235 g/ L Magnesi um

sul f at e0. 086- 0. 0980. 086- 0. 0870. 087 ghh Sodi um di hydr ogen

phosphat e0. IH?2W4$8H. 107- 0. 1090. 108 G/ L EDTA, T/US2008/087818

Sodi unD. 0416- 0. 0430. 0416- 0. 0420. 0418 g/ L 15Sodi um

bi carbonat e*2. 22.22.2 g/L Sodium |l actate, 60% syrupl.91.91.9 rnl/1.
Phenol red0. Odh®@rador n@dtiqy/ L " Sodi um bi carbonate 20l n Fertilization

and Cul ture ﬁ§d+gg2w2mzﬁhwezeq%£gwyefe—v&—fggreg§%%efe—g/ «(26.2 MV
In GanetesHandi fng Media2. 2 u/l (26.2 mV2. 2°W .2 rea U/ L

( 26. 2 I'TM Conc.
D-glucose 0.75-1.0 0.75-0.90 0.78 /L
Sodium c¢hloride 6.12-6.95 6.12-6.19 6,171 gL

10 Potassium chloride 0.35-0.4 0.35-0.36 03535 ¢/L
Calcium chloride — 0.23-0.27 0.23-0.24 0235g/L
Magnesium sulfate (.086-0.098 0.086-0.087 0.087 g/l
Sodium dihydrogen phosphate 0.107-0.122 0.107-0.109 0.108 g/L.
EDTA, Sodium 0.0416-0.043 0.0416-0.042 0.0418 g/L.

15  Sodium bicarbonate* 2.2 22 2.2 o/l
Sodium lactate, 60% syrup 1.9 1.9 1.9 ml/L
Phenol red 0.011 0.011 0.011 g/L
*Sodinm bicarbonate

20  InFertilization and Culture media 2.2 g/L (26.2 mM) 2.2 /1 (26.2 mM) 2.2 g/l (26.2
mM)

In Gamete Handling Media 22 ¢/L (262 mM) 2.2 /L (26.2 mM) 22gL(26.2
mM)
In Flushing medium 22g/L (26.2mM) 2.2g/L. (26.2 mM) 2.2¢/L (26.2

25 mM)

** HEPES
In Fertilization and Embryo Culture media 0 mM

30 In Gamete Handling Media 15mM
In Flushing medium 25 mM
The PFM-11 media series set forth herein differs from conventional embryo culture

35 mediain at least the following aspects:

40

1. Absence of adding donor serum proteins to media — this eliminates the

potential for disecase transmission, making the PFM-11 media series

according to the present invention non-hazardous.



In Flushing nediunR.2 g/L (26.2 mMM2.2g/L (26.2 mV)2.2W. (26.2 25 nm)
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series set forth herein differs fromconventional enbryo culture

35nedia in at |east the foll ow ng aspects: 1. Absence of addi ng donor

serumproteins to nmedia - this elimnates the potential for disease

transm ssion, nmaking the PFMI 1 nedia series according to t he

present invention non-hazardous. 2. The presence
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salts, all optimzed for enbryo culture. Anong the advantages of the

media of the invention are reduced risks to patients/healthcare
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thi s occur ri fAgorstheavintagat ofhsmedised e fveqtive aieaghediteit's except for

antibiotics Iadhenmttﬂcymmaﬁs ARGuRARHAIS dfkdi Bec néédtadfﬂ@ﬁ@eﬁtemss are in

m nute concel tions n 15[i kely to elicit an allergic response
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statisticallae gpgmnﬁqrt@aqun-reactlve All ingredients are in minute concentrations not

15 likely to elicit an allergic response.
Clinical Trial

A clinical trial was approved for the transfer of embryos generated in the final
20  formulations of the PFM-11 media serics. The clinical trial also investigated the
difference in efficacy of the PFM-11 media series when fertilization was performed

either by conventional IVF and 1CST.

Statistical Analysis
25
Statistical comparisons were performed with the 2-sample #test or two by two tables.
A value of p<0.05 or less was considered statistically significant.
RESULTS
30

Culture Characteristics of Sibling Human Oocytes When Inseminated By
Conventional IVF In PFM-11 Protein-Free Medinm And MediCult™ Embryo
Culture Media



RESULTS 30 Culture Characteristics of Sibling Human Qocytes Wen

| nsem nated By Conventional |IVF In PFM 11 Protein-Free Medi um And
Medi Cul t TM Enbryo Culture Media The fertilization rate of sibling
oocytes after conventional IVF was simlar in the control Medi CultTM
and the PPM 11 nedia (Table A). A higher proportion of zygotes
arrested in the control Medi Cult TM nmedi um (8.1% conpared to (2.2%
the PFM but this was not statistically significant. The quality of

cl eaved day 2 human clVF sibling 5e yos generated in the PFM 11 in
ul tram croplBP 20 e was signi ficantly superior in PEFUREOypTSIS

bl ast omere nunber and grade conpar ed to those generated in the
control nedi Gm fettilizatitverafeFfbiblingrmeditas atfitrbenamena d€F bhadhidavir tte nunber
was 3.4 and eM o 3.1 (n5116). Jn the control
rodi um ( Wodi CUPP Tt e SRRl PARASnE L £ QT Bhoorkh o PR0RS
(p=0. 865) at arBsitd ik qohieol dediCalfB! eedumy 6. 1YO geapkecdta 2. 26)dlr FEME Bt | y
l'ower (1) =0. 9\%@&%&%&&1041? sgg%ﬁrbcantmg M.g&%&b‘%&‘d 2 IRiRE thf?é had
attained the > 4-stage was siml ar ﬂ groups but t proportion
of embryo8 t HBQYYWF@%@GU the §FMde nﬂ»BItrwa@rogiegfr\lﬂtvrﬁ@amlgryﬁqﬁn@fepenphe

PPM-11 pr ot ejieris 8€ol AR nuﬁéafraam Srad¥ cofpatbd &Yho@(fb%:cQéWtcd?mMﬁ’tro?' bl'i ng
enbryos generat ed Igﬁg%@@ VF in protelin-free medi um
I

Medi unFerti | AEdiway Bams @W%E‘Fﬁ‘?ﬁ%ﬁ%%ﬁ%’a‘ﬁa“ﬁ 4498th9 st age
%vean( 1SD) celelag€¥agieo grideas 3 PEM11d). BIhokodtrad mdiftm (MediCult™) the

average blastomere number was similar (p=0.865) at 3.4 and the average embryo
10 grade was significantly lower (p=0.001) at 2.7 (n=118). The proportion of embryos
that had attained the > 4-stage was similar in both groups but the proportion of

embryos that were above grade >3 was significantly higher the PFM-11 protein-free
group.

15  Table A: Quality of day 2 human sibling ¢cmbryos generated by conv. IVF in
protein-free PFM-11 medinm

Medium Fertil Arrested Blast Grade % %
% @ 1-cell number Mean =>4 >3
20 stage % Mean (1SD) cells  Grade
(15D)
PFM-11 853 22 34 3.1 58.4 743
(- protein) (116/136) (1.0) (0.9)
25
MediCultT> 79.2 8.1 34 2.7 562 381
(+ protein) (118/149) (1.0) (0.8)
Significance p=0.235 p=0.052 p=0.865 p=0.001 p=0.847 p=0.017
30

[Embryo grade: 4=excellent; 3=good; 2= fair; 1=poor]; Contral embryos generated by

ICSI or IVF; Blast = blastomere; Findings: Test medium superior to control

35  Culture Characteristics of Sibling Human OQocytes When Inseminated By
Conventional IVF In PFM-11 Protein-Free Medium And MediCalt™ Embryo
Culture Media
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3.1 58.4 74.3 ( - protein) (116/136) (1.0) (0.9 Medi Cul t TM 79.
8.13.42.756.258. 1 (+ protein) (118/149) (1.0) (0.8)
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The fertilization rate of sibling ococytes after ICSI was statistically higher in the
protcin-free PFM-11 medium compared to the control MediCult™ (77.8% vs 69.4%,
p=0.043;

Table B). The developmental arrest at the zygote stage was lower in the PFM-11
medium compared to the MediCult™ medium but this difference was not statistically
significant (2.8 vs 6.3% respectively, p=0.088). The quality of cleaved day 2 human
ICSI sibling embryos generated in the PFM-11 medium cultured in ultra micro-
droplets was significantly superior in terms of blastomere score compared to those
generated in the control medium (3.8 vs 3.3 respectively, p=0.001). The average
embryo grade of embryos generated in the PFM-11 medium was similar to that of
embryos generated in the control medium (2.9 vs 2.8, p=0.080). The proportion of
embryos that had attained the > 4-stage was similar in both groups but the proportion
of embryos that were above grade >3 was significantly higher the PEM-11 protein-
free group.

Table B: Quality of day 2 human sibling embryos generated by ECSI in protein
free PFM-11 medinm

Medium Fertil Arvested Blast Grade % %
% @ 1-cell number Mean =4 =3
stage % Mean (18b) cells
Grade
(1SD)

PFM-11 77.8 2.8 38 29 714 635
( - protein) (196/252) (1.2) (0.7)
MediCult'™ 69.4 6.3 33 28 548 586
(+ protein} (175/252) (1.1) (0.8)
Significance p=0.043 p=0.088 p=0.001 p=0.080 p=0.002
p=0.413

{(Embryo grade: 4=excellent; 3=good; 2= fair; 1=poor); Blast = blastomere; Control

embryos generated by ICSIIVF; Findings: test medium superior to control

Clinical Trial

The conventional IVF clinical pregnancy rate with substantially protein-free PFM-11
media is increased to 50.% (14 of 28) in all age groups and up to 53.8% (14 of 26) in

women below 40 years of age; when compared to currently available embryo media



Significance r0.235 r0.052 r0.865 p-0.001 p=0.847 p=0.017 [Enbryo
grade: 4=excellent; 3=good; 2= fair; 1=poor]; Control enbryos
generated by ICSI or |VF, Blast = blastonere; Findings: Test nedium
superior to control 35 Culture Characteristics of Sibling Human

Qocyt es When I nsem nated By Conventional |IVF In PFM 11 Protein-Free
Medi um And Medi Cul t TM Enbryo Culture Media The fertilization rate of
sibling oocytes after ICSI was statistically higher in the
protein-free PPM 11 nedi um conpared tp the control Medi Cul t TM (77. 8%
vs 69.4% pWOPAAIBIPhpl e B). The developmental arrestPdUSERE Aot e
stage was lower in the PPM 11 5 nedi um conpared to the Medi Cult T™M
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of enbryos t had attai ned the > 4-stage was siml ar bot’h groups
but the pr opwnwVélﬁabberﬁammlai watﬁmwew@n%w@mgrcwﬂwau% in the
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10 61.5% 8 of 13 of the pregnant women delivered; one pregnancy lost to follow—up) and
by ICSI, also 12 babies (36%, that is 8 of 22 women treated delivered or 66.7% (8 of
12) or of the pregnant women delivered. The babies born from embryos generated in
the PFM-11 of the invention are apparently normal, intelligent, talkative and active
(according to parental reports). These statistical data were produced from a sample of

15  at least 24 children from such births.
SIGNIFICANCE OF RESULTS

The availability of a chemically defined medium for generating viable early cleavage

20  stage human embryos improves the safety of patients undergoing assisted
reproduction treatment (ART) because, inter alia, potentially hazardous donor protein
can be eliminated from the media. This is a particular concern with regard to
transmission of pathogenic diseases, in particular viral diseases, such as human
acquired immunodeficiency disease syndrome (AIDS) and hepatitis, or Creutzfeldt-

25  Jakob discase (CID) transmitted by prions, or others in blood-derived products has led
a number of embryologists worldwide to seek (unsuccessfully) alternative(s) to donor
protein for their embryo culture and handling procedures. The danger is certainly real:
in the past an epidemic of hepatitis B occurred in about 200 IVF patients that received
embryos cultured in medium containing pooled sera contaminated with hepatitis B

30 virus (van Qs et al., 1991). More recently the scientific community was confronted
with the dilemma of having to inform their patients that a commercial preparation of a
culture medium used for embryo culture and handling may be contaminated with

albumin donated by a person who later died of CJD (Kemmann, 1998).



20%@ 1- cel | nunber Mean>4>3 stage %vkean(1SD)cells Grade (1SD) 25

PFM 1177.82.83.82.971.463.5 ( - protein)(196/252)(1.2)(0.7)

Medi Cul t 73169. 46. 33. 32. 854.858.6 30(+ protein)(175/252)(1.1)(0.8)
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by 1CSI, 18l sgottids Babic®d,(03606rse! Widh chéni&li9tefhdd wedih istuk@iahddd del i ver ed
or 66.7% (8 of nant wonen delivered. The babies
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under gOI ng assi ste repro uctron trea ecause Inter ali a,
potential |y twirmcdoitdong dfros impeandy the fatlizeéonghtp, arEeeatosoRe et nedi a,

This is a pag Eggagﬁéﬁacff cxﬁ%&ﬁcﬂcr@%& 1 8@ ShikSnthal ARSI Madith PFM-

pat hogeni c dis articular viral diseases, such as human

acqui red i mrbhsermn é?lﬂétﬁé rigfites @allseexeA it Baeon ol dP MR RIBE AITENSs,  or

Creut zf el dt - g any of the parameters tested. On the other hand the control medium has proven
20  inferior in some of the parameter tested. The clinical trial showed that the PEM-11
medium is as efficacious or better than the control embryo culture medium containing
proteins for day 2 embryos. Morcover it is completely safe as it is devoid of

hazardous donor proteins of biological origin.

25  Improved quality of embryos generated in micro-droplets have been carlicr shown to
be due to autocrine and paracrine effects of certain growth factors released by the
embryo into the medium (Paria and Dey, 1990; Paria et al., 1991; Canesco et al,
1992). Indeed, the addition of hIGF-1 to culture medium was found to enhance human
pre-implantation development, in particular, blastocyst formation was significantly

30  improved (Lighten et al., 1998). Recently communal culture of human embryos was
reported to result in higher implantation and pregnancy rate in human assisted
reproduction {Almagor et al., 1996). The effect of growth factors in pre-implantation
development has been extensively reviewed by Kane et al. (1997). Evidence from

previous studies on the effect of growth factors indicates a lack of clear growth
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bl ood-derived products has | ed a nunber of enbryol ogists worldw de to
seek (unsuccessfully) alternative(s) to donor protein for their
enbryo culture and handling procedures. The danger is certainly real:
in the past an epidem c of hepatitis B occurred in about 200 |VF
patients that received enbryos cultured in nmedi um containing pooled
sera contam nated with hepatitis B 30virus (van Gs et al., 1991).
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possi bl y LI porign cannot exclude with absolute certainty the possibility of transmission of
unknown pathogens (Truyen et al., 1995). With the formulation of substantially
protein-free media and the substitution of hyaluronidase with a recombinant

hyaluronidase such as Cumulase®, it is now possible to perform the entire laboratory



Fertilization in human oocytcs was found to occur in PPM 11 with
spermat ozoa prepared in a PPM 11. Capacitation was not affected.
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high fertilization rate during conventional [VP using PFM 11

i ndi cated 10 that the absence of protein in the mediumdid not inpair
sperm capacitation, fertilization, and enbryo devel opnent in vitro
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reproduction procedures with no apparent risk of transm ssion of
di sease to | VREBARAZHPN OF FFNdAOFUEHBINVENEIN bst ant i al | y
protein-free PFM 11 nedium of the present invention 5was denonstrated
a3l aalt g Sy e FSR@PhE| on i nto oocyte during
conventional |IVF, and fertilization follow n% | CSI or convent.i onal
| VF, bei i uReion Rt Lo solpicagh sielisells (Respleo24 Pelgtiotor BB HpEdRids®d when
enbr yos generadl @mblatidnhe PRRMueE eheliiANSintitd 10ddlingintebium a6d Fl0dhera]
pregnancy rate. .of above 50%in wonen 39 years and bel ow. Overall the
PFM 11 medi ul® "equal ly efficacious if not superior 10 to nmedium
containing serumproteins in the generation of viable human enbryos.
The routi ne|us¢RaWw nlARMal conlpei@it assi st euastigept i on [procedures can
elimnate the potential risk of transm|ggLbn of diseases through
pr ot ei n- bound. patlbiogehlsride- 2dhAger ous pr|i2di$23.8thMg stjudy showed t hat
it is possibleito generate viable human enbryos in a nmedi um devoi d of
added pr ot ei| A. | Magnesiehlsulpiageg(aidyl) ur e sy 91986 (BUMNWPREPARATI ON OF PFM 11
OF THE | NVENTI ON

3. | Potassium chloride 4.0 (53.7 mM)

4. | Sodium chloride 69.53 (1.2 M)

5. | Sodium phosphate monobasic 1.22 (10 mM)
{anhyd.)

6. | D-glucose 10.517 (58.4 mM)

7. | Phenol red 0.11 (0.31 mM)

8. : WFI(Water for injection) 950 mL




Basal Salt Solution (BSS) Stock Solution 1: 20Preparation of stock
solution of basal salts (Basal Salt Solution - BSS) to be used is a
final formulation of PPM Culture nedium Ganete handling nmedi um and
Fl ushing nedium Raw nmaterial conponent Quantity WO I. Cal cium
chloride - 2 H20 2.65 (23.8 mV) 2. Magnesi um sul phate (anhyd.)
0.9767 (8.1 mV) 3. Potassiumchloride 4.0 (53.7 mM 4. Sodium
chloride 69.53 (1.2 M 5. Sodi um phosphate nonobasi ¢ (anhyd.) 1.22

(10 mv) 6.

WO 2009/086191 28 PCT/US2008/087818

Preparation procedure;

5 1. Rinse mixing container with WFI (Water for injection, 18.2 MegaOhms
resistivity) before preparation of stock solution.

2. Add component 1 to 1000 mL of WFI water as it {s extremely hydroscopic.

10 3. Add components 2-7 in order, mixing continually and make up final volume to
1000 mL using WFIL

4. Sterile filtration to be carried out immediately after all solutes are fully dissolved.
Da not filter if solutes remain, 0.1 micron filters can be used but avoid excessive
15 pressure when filtering. The Stock 1 solution can be pre-filtered with 0.2 micron

filter followed by 0.1 micron filter,
3. There should be no precipitate or cloudiness post-filtration.
20 6. Fill into containers of suitable volume, ¢.g. boftles.
7. Cap bottles (preferably tamper-evident seal bottles).
8. Store in the dark between 2 and 6 degrees Celsius.
25
Storage and shelf life.
The Basal Salt Solution (BSS) stock was stable for two months when stored between
2 and 6 degrees Celsius. Always check stored BSS stock carefully for precipitates or
30  cloudiness before use. Discard if precipitates oceur or the solution has tured cloudy
during storage.
Inclusion volumes of BSS stock 1 in final preduct:
35  Where sodium bicarbonate is the predominantly active buffer component in the

formulation (Culture media products), 70 mi** of BSS must be present in every

1000 ml of final formulation prepared.



D- gl ucose 10.517 (58.4 mV) 7. Phenol red 0.11 (0.31 mVM 8. WFI
(Water for injection) 950 rnL Preparation procedure: 51. Rinse

m xi ng container wth WAl (Water for injection, 18. 2 MegaOhns
resistivity) before preparation of stock solution. 2. Add conponent |
to 1000 nL of WFI water as it is extrenmely hydroscopic. 103. Add
conmponents 2-7 in order, mxing continually and nmake up final vol une
to 1000 nL using WFI. 4. Sterile filtration to be carried out

i medi ately after all solutes are fuli di ssolved. Do not filter if

sol utes renatA20YBe9%i cron filters can be used but aVfiTHSERVEYF ve

15pressure when filtering. The Stock 1 solution can be pre-filtered
wth 0.2 micron filter followed by 0.1 mcron filter. 5. There

shoul d be_ nowRLESIEBEE AL LioSho) DARSRASLaLI LN AhL RmudgR FT1

into containers
bottles (pre(seﬂraﬁluymtmqﬁemr@:\w@eﬁﬁmbe‘éBSSOlaaddeé@)r every 1000 mL@f ﬁ@ﬂore in

the dark betmﬂat%ngggargd_degrees Cel sius. 25
5

Adjusting the osmolality of final medium with BSS or WFI water to increase or

decrease (respectively) the osmolality of the medium:

Should the osmolality of the final medium be 285 mOsmols when final volume is less

10 than 1000 mi (i.e. after adding BSS, BAAS and BVS); then separately dilute a small
amount of BSS with WFL Use | volume of BSS with 9 volumes of WFI water to give
a working BSS (WBSS). Adjust osmolality of WBSS to 285 mOsmols. Make up final
volume of final medium to 1000 ml with adjusted WBSS.

15  For composition of final formulation from all stock solutions — see Stock 4
instructions.

Basal Amino Acid Solution (BAAS) Stock Solution?:

20  This protocol was used to prepare a 1 litre stock solution of basal amino acids in
solution (Basal 5 Amino Acid Solution — BAAS) for inclusion in final formulations of

PFM Culture medium, Gamete Handling medium and Flushing medium.

Reagents
25
Raw material component Quantity
(g/L)

1. | L-arginine HCI 1.26 (6.0 mM)
2. | L-cystine (L cystine.2HCD* 0.313 (1.0 mM)
3. | L-histidine HCLH20 0.42 (2.0 mM)
4. | L-isoleucine 0.52 (4.0 mM)
5. | L-leucine 0.32 (4.0 mM)
6. | L-iysine.HCl 0.752 (4.1 mM)
7. | L-methionine 0.15 (1.0 mM)




Storage and shelf life. The Basal Salt Sol ution (BSS) stock was
stable for two nonths when stored between 2 and 6 degrees Cel sius.

Al ways check stored BSS stock carefully for precipitates or

30cl oudi ness before use. Discard if precipitates QGar or the solution
has turned cloudy during storage. Inclusion volunes of BSS stock 1 in
final product: 35 Were sodium bicarbonate is the predom nantly
active buffer conponent in the formulation (Culture media products),
70 m** of BSS nust be present in eveyy 1000 ml of final formulation
prepared. WRFEBEBES is the predonminantly active buffEF?PEMEBRent
in the formulation (sperm flushing nedia products), 50 nml of BSS is
added for eyéryLiBo@ladninef final fornul ati on P3xpamaéd) b Adj usting
the osnolal |ty|of final nediumw th BSS or WFI water to|increase or
decrease (re8peétthgaiing the osnolality of thel#seditmi) Shoul d t he
osnolality of fhe final nediumbe 285 nOsnmols when final volune is

| ess 10 t hanl@(Q08omioplfan. e. after addi ng BSS,  BA&RS%amd) BVS); then
separately dilute a small anount of BSS with WFl. Use 1f vol une of BSS
wi th 9 vol upkk | dftypfhe (hetyresing INagile@)*a wor ki ng0-BSR2.0wBBS) .  Adj ust
osnolality af SS to 285 nOsnols. Make up final vol unme| of final

medi um to 100D | ktvalmet h adj ust ed WBSS. 15For co#p@fintvbn| of fi nal
formul ationlLfromall stock solutions - see Stock 4 jnstructions.

Basal Am no id Sa on ((BAA ock Sol u m pr ot ocol was
used to pre 2 W {Whicr fowineetionk sol ution o ] acids in
solution (Basal 5 Am no Acid Solution - BAAS) for inclusion in final
f or mul at i onsInstrugtions fonprepeeatiop af Ypsk 2Bde% e Handl i ng nedi um and

Fl ushing nedium Reagents 25 Raw nmaterial conponent antity (g/L)
5 1. Rinse mixing containers with WFI (Water for injection, 18.2 MegaGhms

resistivity)
2. Dissolve components 1, 2 and 4-11 in 400 mLs of WFI.

Compliance with Supplier’s storage recommendations is required as difficulties with
10 solubility may be experienced with less than optimal conditions. If a precipitate
occurs discard and start again using 25 mL of 0.11 N NaOH and 275 mL of WFI.

Sodium hydroxide is only used as last option.

3. L-histidine HCI-H,0 and L-valine can be difficult to dissolve and in such
15 circumstances solubility can be achieved by using 1N HCl. Components 3 and 12
should be dissolved in their own separate 300 mL volumes of WFI. Use only the
smallest volume possible of 1N HCI to achieve solubilization. The maximum amount
of IN HCI (embryo tested) that should be used is 25 mL in 300 mL of WFI. Avoid
heating water, alkalis and acids above 37 degrees Celsius to dissolve all components.
20
4. Once components 3 and 12 are fully dissolved, make up final volume of 1000 mL
by gradually adding in a stepwise manner, a 200 mL portion of the water soluble

amino acids made in step 2 to:

25 (a) 300 mL solution of L-histidine HCL.HzO giving 500 mL in total volume,
(b) 300 mL solution of L-valine giving 500 mL in total volume.



1. L-arginine HCL 1.26 (6.0 mM 2. L-cystine (L cystine.2HC)*
0.313 (1.0 M) 3. L-histidine HCl.H20 0.42 (2.0 MM 4. L-isoleucine
0.52 (4.0 MM 5. L-leucine 0.52 (4.0 M) 6. L-lysine.HCl 0.752 (4.1
mv) 7. L-methionine 0.15 (1.0 nV)
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5. Combine both 500 mL volumes, gradually in a stepwise manner with constant

mixing to avoid precipitation.
6. Sterile filter solution with 0.2 micron filter immediately.

7. Fill into containers of suitable volume (e.g. bottles).

8. Cap bottles (preferably tamper-evident seal bottles).

10 9. Store in the dark between 2-6 degrees Celsius.

Storage and shelf life,

15  The Basal Amino Acid Solution (BAAS) stock will keep for two months when stored
between 2 and 6 degrees Celsius. Always check stored BAAS stock carefully for
precipitates or cloudiness before use. Discard if precipitates or cloudiness occurs

during storage.

20
Inclusion volumes of BAA stock in final product:
10 ml of BAA stock solution should be used per 1000 ml in the preparation of all final
formulations.

25

L-Tyrosine.2Na 2H;0 and L-Cystine.2HC! were used because free form L-Tyrosine
and

L-Cystine were not commercially available.

30 Basal Vitamin Solution (BVS) Stock Solution 3.

The protocol according to this example prepares a 1 litre stock solution of basal
vitamins in solution (Basal Vitamin Solution — BVS) for inclusion in final
formulations of PFM Culture medium, Gamete handling medium and Flushing

35 medium.

Reagents



WD 2009/ 08619130PCT/ US2008/ 087818 8.
9. L-threonine 0.48 (4.0 mV) 10.
L-tyrosine (L-tyrosine.2Na 2H20)* 0.519 (2.0 mM 12.

(3.9 MV

L- phcnyl al anine 0.32 (1.9 mV)

L-tryptophan 0.1 (0.49 nM 11.

L-val i ne 0. 46

13. WFI (Water for injcction)1000 nL Instructions for

preparation of Stock 2 BAAS 51. Rinse mixing containers with W

(Water for

I njection, 18.2 MegaChns resistivity)
conponents 1,2 and 4-11 in 400 nLs of WFI.
WO 2009/086191 32
Raw material component Quantity
(gfL)
1. | Choline chloride 0.1 (0.7 mM)
2. | D-biotin 0.1 (0.4 mM)
3. | Myoinositol 0.2 (1.1 mM)
4. | Niacinamide 0.1 (0.82 mM)
5. | D-paniothenic acid 0.1 (0.46 mM)
6. | Pyridoxine HCI 0.1 {0.49 mM)
7. | Riboflavin 0.01 (26.5 pM)
8. | Thiamine HCI 0.1(0.33 mM)
9. | Folic acid 0.1 (0.23 mM)
10. | WFI (Water for injection) 1000 mL

10

15

20

Instructions for preparation of Stock 3 (BVS)

2. Dissol ve

PCT/US2008/087818

1. Dissolve components f-7 in 800 mL of WFI water (Water for injection, 18.2

MegaOhms resistivity). Should any component not dissolve, small amounts of 0.1 N

or

1 N NaOH can be uscd to achicve solvation as a [ast option.

2. Dissolve component 8§ in 2.5 mL of 0.1 N NaOH and add carefully in a stepwise

manner, with constant mixing to 800 mL containing components 1-7.

3. Make up volume to 1000 mL using WFI water with constant mixing and sterile

filter immediately with 0.2 micron filter into suitable containers (e.g. 60 mL Nalgene

bottles, tamper-evident bottles).

4, Cap bottles,



Conpliance with Supplier's storage recommendations is required as
difficulties wwth 10solubility may be experienced with | ess than
optimal conditions. If a precipitate occurs discard and start again
using 25 nL of 0.11 N NaOH and 275 nL of WET. Sodi um hydroxide is
only used as last option. 3. L-histidinc HC1-H20 and L-valine can be
difficult to dissolve and in such 15circunstances solubility can be
achi eved by using 1IN HCI. Conponents 3 and 12 shoul d be dissolved in
their own separate 300 nL vol unes of . Use only the snall est

vol ume possiBPEYPBHENI HC to achi eve sol ubilizati ont CHFE MR Frum
anount of IN HC1 (enbryo tested) that should be used is 25 nL in 300
i nL of Wl . Awwireinhataikg-2aiteres Calskal i s and aci ds above 37 degrees
Cel sius to dissolve all conmponents. 20 4. Once conponents 3 and 12
are fully dissolved, make up final volune of 1000 niL by gradually
adding in a Stoeqpenséshefdier, a 200 nL portion of the water soluble
am no acids nmade in step 2 to: 25(a) 300 nL solution of L-histidine
HC1. H20 giving 500 nL in total volune. (b) 300 nmi sol ution of

L-val i ne §i viFhgBag(/ itemin Sofution dFVAD stpel qambe storedsfor @grmsiniie when stergrd i
vol unes, gr adza%%ycsldalsﬁ_s SRR 5GudB ANy Whebbin SRS Aol %hBE11§ 0 avoi d
preci pitation. . Sterile filter solution with 0.2 mcron filter

i medi at el y. o pregipitatgsior clpydingssdsforcaishdliscargfil ngrinitaiet @wreps PR, g.

bottl es). séhatioraphchotib®s (preferably tanper-evident seal bottles).
109. Store in the dark between 2-6 degrees Celsius. Storage and shel f
life. 15 The Basal Am no Acid Sol ution (BAAS) stock will keep for two
mont hs when Sichisid vbiaineeeBVA stdell icto diegipeaticeel si us. Al ways check
stored BAAS stock carefully for precipitates or cloudi ness before
use. Discard. if _pregcipitates. or, c|lqudines curs,during. storage. 20
I ncl usi on voP8§%§ﬁ§§%§kﬁE§§%€Rb?WLﬁFH% P%ﬁS@@%#?“TBPm‘“%P“ Aﬁ st ock
sol uti on shotihd fdyeulased ppened-0®OSKtk 4.n t he preparation of all final
formul ati ons.

15
Stock 4 solution and final formulation combinations.

The preparation of Stock 4 permits the final addition of the unique chemicals in this
20  Formulation and the addition of specific volumes taken from Stock 1 Basal Salts
Solution (BSS), Stock 2 Basal Amino Acid Solution (BAAS) and Stock 3 Basal
Vitamin Solution (BVS). The protocol describes the addition of buffers and
antibiotics that are specific to the media formulation being prepared, i.e. Culture
Gamete handling and Flush media.
25
The following protocol prepares 1 litre of final formulation of Culture medium,
Gamete handling or Flush medium. Larger batches may be prepared by appropriate

scaling of quantities.

30 Reagents

Raw material Quantity (g/)
component

1. | Sodium pyruvate 0.02975 (0.27 mM)




25 L-Tyrosi ne. 2Na 2H20 and L-Cystine. 2HCL were used because free form
L- Tyrosi ne and L-Cystine were not comercially avail abl e.
Vitam n Sol ution (BVS) Stock Solution 3. The protocol

this exanple prepares a 1 litre stock solution of basa

sol ution (Basal

Flushing 35 medi um Reagents

materi al co

Vitam n Sol ution -

onent ('g)ﬁant ity (g/L) 1.

WO 2009/ 08619132PCT/ US2008/ 087818 Raw
Choline chloride 0.1

BVS) for

30 Basal

according to
vitamns in

i nclusion in final
formul ati ons of PFM Cul ture nedium Ganete handling nedi um and

0.7
2. Dbiotin @20_139" 861 3. Moi nOS?i4t ol 0.2 (1.1 MCT]USZMS/GS_"S]S

2. | Fructose 0.92125 (5.1 mM)
3. | Glycine 0.01875 (0.25 mM)
4, | Glutathione 0.09225 (0.30 mM)

(Reduced)
5. | D-mannitol 0.0911 (0.5 mM)
6. | EDTA (sodium 0.04175 (0.10 mM)

tetra)
7. | L-alaninc 0.04455 (0.5 mM)

Raw material Quantity (g/1)

component
8. | L-taurine 1.251 (1.0 mM) 20mM
9. | L-glutamic acid 0.0735 (0.39 mM)

mono sodium
10. | Lactic acid 1.9 mL per liter

Sodium salt
11, Vitamin B-12 100 uL/L
12, | Vitamin E Type 6 333 /L
13. | Stock 1 BSS 70 mL
14. | Stock 2 BAAS 10 mL
15. 1 Stock 3 BVS 6 mL

Quantity g/L Quantity g/L. Quantity g/L
Culture medium Gamete handling | Flush
Medium medium

16. | Gentamycin 15 4 {sperm) 1.5

sulphate 1.5 (oocyte)
17. | Penicillin G 75 0 (sperm) 75

75 (oocyte)

18. | L-glutamine 1.461 (20mM) 1.461 (20mM) 1.461 20mM)
19. | Sodium bicarbonate 2.2(26.2 mM) 2.2 (262 mM) 2.2 (26.2 mM)




4. N acinamde 0.1 (0.82 nW 5. D pantothenic acid 0.1 (0.46 nV)
6. Pyridoxine HOO0.1 (0.49 mVM 7. R boflavin 0.01 (26.5 p.M 8.
Thiamne HCl 0.1 (0.33 mMM 9. Folic acid 0.1 (0.23 mV 10. WFI
(Water for injection) 1000 niL

WO 2009/086191 35 PCT/UGS2008/087818
20. | HEPES 0.0 3.5745 (15 mM) 5.9575 (25
mM)
21. | Methyl cellulose 0.1 0.1 0.1
22. | WFI (Water for 1000 mL 1000 mL 1000 ml.
injection)

Instructions for preparation of Stock 4 and final formulation combination,

5 1. Rinse mixing vesscl with WFT (Water for injection, 18.2 MegaOhms resistivity).
2. Dissolve components 1-11 in 700 mL of WFI mixing continuously whilst the
additions are made.

3. Add components 12-15 and make up to 900 mL with WFI and continue mixing.
4. Add components 16-21 depending on preparation of the basic formulation type i.e.
10 PFM Culture media, PFM Gamete media handling medium and PFM Flush medium.
5. Adjust osmolality of all three media and separately filter sterilize using 0.2 microns
pore-size filters, 0.1 micron filter can also be used but avoid using pressure. Do not
use
0.1 microns filter if high pressure required for filtering the solution.
15 6. Sterile filter immediately into final packaging (Nalgene bottles).:
PFM Culture media is filled into 60 mL bottles
PFM Gamete handling media is filled into 60 mL bottles.
PEM Flush medium is filled into 125 mL bottles.
(Bottles used are preferably tamper-¢vident bottles.)
20 7. Cap bottles.
8. Label bottles.

9. Store in the dark at between 2 and 6 degrees Celsius.

Footnote for Stock 4 and final formulation combination.
25
Check osmolality. If the osmolality is high, then adjust to 285 mOsmols by adding

WEFT pure water. The amount to be added is calculated as follows:

[Osmolality of medium — Desired osmolality (i.e., 285)/0Osmolality of medium] x

30  volume of medium



5 Instructions for preparation of Stock 3 (BVS) |I. D ssolve
components 1-7 in 800 nL of WFI water (Water for injection, 18.2
MegaChns resistivity). Should any conponent not dissolve, snal
amounts of 0.1 N O 101 N NaOH can be used to achi eve solvation as a
| ast option. 2. Dissolve conponent 8 in 2.5 nL of 0.1 N NaOH and add
carefully in a stepwi se manner, with constant mxing to 800 nL
contai ni ng conponents 1-7. 15 3. Make up volune to 1000 nlL using WFI
water with constant mxing and sterilg filter imediately wth 0.2
mcron filt&f°FHRYE%slitabl e containers (e.g. 60 niL Na‘TCJ&ﬁé"“%%‘{”’t‘? es,
tanper-evident bottles). 4. Cap bottles. 5. Store in the dark at -20
degrees Celsius. Storage and shelf-life. 5 The Basal Vitam n Sol ution
(BVS) stock fer two. : i 2gr ees
Celsius in 6 &ﬁlﬁggfo&s@g@w o &%@@‘Sgﬁ% Yo a&gﬁ%‘%@?gtggécﬂﬂ %Q’E‘g‘r%’efm ly
for precipittheesslcoletees gudhhdes: before use. Discard if precipitates
appear or the thaw solution appears cloudy. 10 Inclusion vol unes of
BVS stock into final product: 6.0 nmL of BVS stock solution should be
used per 10060t 2380 Hed909elsB0lkP¥h=6F al|l final formul ations
prepared - see Stock 4. 15 Stock 4 solution and final formnulation
conbi nations, The preparation_ of Stock 4 permits the final, addition
of the uni quEhEiRRtiaay didq nl gl waterdo thg PsdiPE EPGHEMESERS RSPt i on of
speci fic vol srrsyduakant thidmcBlyaeic «h obiasalty Salbb g 280dludhiais (dBSS) , St ock
2 Basal Am no.Acjd Sol u@;{l on (_%ﬁ\AS) agd, Stoock 3 Basal Yltagi nthoI ution
(BVS). The pYBtdeorv ety 1YL e g Mo eBre BEIRar e SIS I%i ot i cs
t hat ar e 18 peiht fiediwh ovill breomedilveedfand will :dkdt dre cffehayepf grepauedsven ife.

Cul ture Ganete . handl | nd. Fl nmedi_a., . The fol j r ot ocol
prepares 1 I}(({urbém%ﬁack ?%é)?m(g%hr%%ﬁg rfl%dﬂung y%ﬁﬁngﬂlrlées?% ?‘#%QQ%%}?& e
handl i ng or Flush nedium Larger batches nmay be prepared by

appropri ate §6alng ool de: fn 2SI EERAE MuSstocRAWsTBRIGH @

conponent ‘ . _
medium, approximately 2 to 3 mOsmols increases per ml of Stock 1 BSS but this may

15  notalways be predictable. So be very careful not to add too much. Add a little ata

time and measure osmolality.
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Reproductive Medicine. October 1. Biotechniques. 19(4):598-604

Meet i ng‘; of the Anerican Society for Reproductive Mdicine. Cctobe
188- 2213-199%he syhstantiabitRroteldhTes, MeiHMeRFCaidiide's GHIMAlTe MNGERIn (fseurﬁmeraj salts

5214- 5 Ror(stNgstheambdium are present at a concentration of: 3.1 mM {0.235 g/L) for calcium
chloride; 0.72 mM {0.087 g/L) for magnesium sulfate; 4.8 mM (0.355 g/L) for potassium chloride;
0.11 M (6.171 g/L) for sodium chloride; and 0.88 mM (0.108 g/L) for sodium dihydrogen
phosphate.

14, A substantially protein-free medium according to claims 1, 2, 3, or 4, wherein the vitamins
comprising the medium are choline chloride, myoinositol, niacinamide, D-pantothenic acid,
pyridoxine HCI, riboflavin, thiamine HCI, folic acid, vitamin B12, vitamin E, or any combination

thereof.

15. The substantially protein-free medium according to claim 14, wherein the vitamins
comprising the medium are present at concentrations between: about 0.004 mM (0.0005 g/l.)
and 0.005 mM (0.0007 g/L) for choline chloride; about 0.0024 mM (0.0006 g/L) and 0.0028
(0.0007 g/L) D-biotin; about 0.0067 mM (0.0012 g/L} and 0.0078 mM (0.0014 g/L) for
myoinositol; about 0.005 mM (0.0006 g/L) and 0.0057 mM for niacinamide (0.0007 g/L}; about
0.0025 mM (0.0005 g/L} and 0.003 mM {0.0007 g/L) for D-pantothenic acid; about 0.003 (0.0006
g/L} mM and 0.0034 mM (0.0007 g/L.) for pyridoxine HCI; about 0.00016 mM (0.00006 g/L} and



5 Spindle, A (1995) Beneficial effect of taurinc on nouse zygotes
devel oping in protein-free culture nmedium Theriogenol ogy 44, 761-772
St aessen, C., Janssenswillen, C., De Cerck, E. et al. (1998)
Control |l ed conmparison of 10 comercial nmedia for human in-vitro
fertilization: Menezo B2 nedi um versus Medi Cult universal and BML
medium Hum Reprod. 13, 2548-2554  Tesarik, J., Pilka, L.

Drahorad, J. et al. (1988) The role of cumulus cell-secreted proteins
in the devel opnent of human spermfertilizing ability: inplications
in 1VF. 15Hum Reprod. 3,129-132 Paralnaud, J., Mlhet, P., Vieitez,
G and Richoilley, G (1999). Use of a nmediumdevoid of 5 any human
or ani mal conpound (SMART21) for enbryo culture in intracytoplasmc
sperminjection. J. Assist. Reprod. Genet. 16: 13-16. 20 Truyen, U
Par 11 sdigod+g rgM'@'bQ@dﬁ gIL) for n@&naah a%&?@%bwmﬁm doBs oAl fahalg 0RE1 RRARN005

except chan ence new viral diseases.

T b nipp iammin B1CT mbopep DR L MO LI0P. /et SRV, 007 G/ for Tore acid:
Dr ogenglioukg43aH {((sdé ndnetdnarsss \6M3(1 2 mﬁﬁ_?]%r vithrhOd12: The0ions hine eeuaad/L) and

contam nation o ture medium wit epatitis B'virus on the outcone

of |nQ/m?r’@'\’\‘@rQO?IQ/LQaf\%"Bﬂmb‘rFegnanC| es. Am J. Obstet. Gynecol. 165,
152-159 Vi dl akova, Erazinova, J., Horlcy, J. etal. (1972)

Rel ati onship of s antioxidative 30actiyit eral and ., .
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Dam BtomipBing ¢ mdangolaeh pleskht #ita admce(mﬂzz&&ﬁ)of'lmmii ﬁiMi((l @5 g/L) for choline
contr| tlon as teins to t
por oyl ebet i f B e o DD Ripi 68605l RGO B TebyboqBL Tiaps mv
Bi ochi (th00Bb6 gfihys niadokbaid? 4).00858:M 1@ 08054/ HfonB quantofhelic amdeJDD& kEdEitng/L)
J. W T (m I, o I o
Met abo |éﬁ1%ﬁe h%rok éondg&{?m@g%fﬁl@ﬂ% ﬂfw{&dﬁg% moé\:qogfd;@ fOrltI.mEme
subst a€i; 8100y4 p)ml‘dt(@DﬂG bile dordelid acd | @16 K09 ngthf for vitamiaiB12eq1co A0 i
cells, % gﬁg ? fre use throughout in vitro treatnent of human
ctive’ce

r eprod s to be used inin vitro fertilization and other
assi sted reproduction technol ogies, conprising mneral salts, am no

aci ds, qant '/Q@ugﬁﬁﬁt?ali Vdrét@ﬂlffb% m@HﬁJH QEE&dlnga@&'éiHn%"Fsz :P'&aﬂn%@ﬂem the
and net hyl cel I'ul ose ¥ has a nol ecul ar wei ght of 14,000 Daltons.

2. A s%@?rﬁ%t‘iomﬂr'?”%r@Pemﬁwﬁb@rﬁé&i@l&‘ﬁﬁ’%cwweﬁ% frectesea Igetic, agiflerosi Y
sai d ngihhsichkndrése 1s characterized so that a 2% sol ution has a
viscosity of 15 centipoise at 256C. 3. A substantially protein-free
medi um according to claim1, wherein said nethylcellul ose is of

fornmul @8.1 : THekebstartianh pl%témrbada@mmdemcbwmg @ clehid Bmdvheréis tA® nutrients

i nt eger haV|n al.ue from about about , 43 el t hox
ubst | CURTBIRO0S PRI oY egTtt 3o sohy o g § i 788 B b aREIRIY
mM (0.02975 g/L) for sodium pyruvate; 5.1 mM (0.92 g/L) for fructose; and 10mM (1.13 g/L} for

sodium lactate.

19. The substantially protein-free medium according to claim 18, wherein D-giucose is
present at a concentration between 4.2 mM (0.75 g/L} and 5.6 mM (1.0 g/L).

20. The substantially protein-free medium according to claim 18, wherein fructose is present
at a concentration between 1 mM (0.18 g/L) and 5.6 mM (1.01 g/L}.

21, A substantially protein-free medium according to claims 1, 2, 3, or 4, wherein the

antioxidant in the solution is glutathione.



45 5. A substantially protein-free mediumaccording to clains 1, 2,
3, or 4, wherein said nethylcellulose is present in the solution at a
concentration from0.01 g/L (0.71 mcronolar) to 0.5 g/L (0.036 mM.
6. A substantially protein-free nmediumaccording to clains 1, 2, 3,

or 4, wherein said nethylcellulose is present in the solution at a
concentration from0.01 g/L (0.71 mcronolar) to 0.15 g/L (0.00011
mV). 7. A substantially protein-free nmediumaccording to clains 1,

2, 3, or 4, wherein said nethylcelluhgée is present in the solution
at a concentration of about 0.1 g/L (0.0071 mV. 8. A substantially
protein-free medi umaccording to clains 1, 2, 3, or 4, wherein the

am no acids are L-arginine, L-cystine, L-histidine, L-isoleucine,

L-l euci ne, L-lysine, L-nethionine, Lphenylal anine, L-threonine,
L-trypspphag,e éub%bémagfb%teinzfve%' hB&Gum LacBb BRGNS clabn LAUhEBIn the ShdAfFfon
acid, L-glutamne or glycine, or any conbination thereof 9. The
subst aeftaludthipng isdrebreenfabedt G MO arldiang %35 mMA{Ph!8/Lwher ei n t he
am no acids are present at concentrations between: about 0.018 nM and
about 0.18 mM for L-arginine HCl; about 0,0025 nM and about 0.025 nV
for L-€¥stite shefantialyqieten-TRgsmadikmRFCAHBELo §1ai8 nvvpeein theicepseatraien
HCI . H28 g1 adfidhe & €4 miiMeosp gbput 0.1 nM for L-isol euci ne; about 0.01
mM and about 0.1 mM for L-1eucine; about 0.0125 mM and about 0. 125 nM
for L-lysine.HC; about 0.0025 nM and about 0.025 nM for

L- met h2ani ng sutshaiaiOp@@in-fdé ardivabattordhddo adiing dr 2| pheny lfatrencoaprising
about ng% mM and about 0.1 mM for L-threonine; about 0.00125 and
about 070125 mM L-tryptophan; about 0.005 and about 0.05 mM
L-tyrosi ne. 2Na2H20; about 0.01 nmM and about 0.1 nmM for L-valine;

about 0 a 0 - al ani ne. . . 3
i for 221 aus R, srefitesinalry® £B0aRy e 2k Ui BRaaith
about d¢f EDTAMsdetivesbabbutsD! mW (34 16-94)) @nd R 108 noy! (;edLe/LD. 1 nM and

about 1.0 nmMfor L-glycine. 10. The substantially protein-free

medi um according to claim9, wherein the amno acids are present at a
concengf-at | Ore ebstaptiglymypteindras mediem apcordingip (claiy A6, waerein thejcongengration
MM L- hisgied Re).1 RnPed. gk lgniysol euci ne; 0.04 nM L-Ieucine; 0.05 nmM
L-lysine.HCl; 0.01 mM L-nethionine; 0.02 mM L-phenyl al ani ne; 0.04 niV
L-t hreoni ne; 0.005 mM L-tryptophan; 0.02 mML- 46 tyrosine.2Na2H20;
0. 04 nmpf L- vRIsuB&antfily proMih-frad atidnei acdddrdifg fo0diaifrstiar 8N&; 4, Quihefbmprising
glutam ¢ _acid; and 20 mM L-glutam ne or 0.25 nML-dycine. 11. A
substaH?Pgﬁly protein-free medi umaccording to clains 1, 2, 3, or 4,
wherein the mneral salts conprising the medium are cal cium chlori de,

ohaspnate. e StbiaEl SRl e CaesP e B e RROPR g yaton
cl ai m dflHERBS il 1 il €3. 5 4%e1/B) orszEinthd (£ 857 ¢/k), Bgd tHeecameehttativmpEDi3lessatis

at congentratijon ; 0 : g/L) and 3.6 nM (0. 27

g/ L) fg?etwgglﬁéfla%%ibzﬁﬁ@\r’@gg;gll_gg%ét{)oug"‘5% rﬁ%(ﬁ'g.gééB g/L) and about 0.81 nM
(0.098 g/L) for nmagnesium sul fate; about 4.7 mM (0.35 g/L) and about
5.4 0.4 S i.dex aboyt: Q.1 oMs( ,
about 6012 M EvabRly BRRARSeY MR Bk PRInGRR AT Geont Do e tenee P
g/ L) t phensbiad or ofhenH (Biicedar. g/ L) for sodi um di hydrogen phosphate.

13. The substantially protein-free nediumaccording to claim 12,
wherein the mneral salts conprising the nmediumare present at a _
concenBPat i e sebstantiglynpyoiein-pasmerivin Fesprding e daincit sheesin thg, cppcepiation
(0. 087 ofhtenof RE iTBRORESMIMAYIghat e; 4.8 mM (0.355 g/L) for potassium
chloride; 0.11 M (6.171 g/L) for sodiumchloride; and 0.88 mM (0. 108
g/ L) for sodium di hydrogen phosphate. 14. A substantially

prot ei B4f r ed suBsthbtEIAERIEHrag re@iuf] AictBlink, to 2lairds 1A, 34or Hheeeiimgédi@mycin

vitam rs]Slfa(%g g%rrtlasselnp iﬂ t["gehseo[&%gla?? cgrgc%n rgt%nlfz%?n gbholu?% .ISdrr?g!L %’%oﬁ?ﬁ In";[g?ﬂ.’



20. The substantially protein-free medi umaccording to claim 19,
wherein fructose is present at a concentration between 1 nM (0. 18
g/L) and 5.6 nM (1.01 g/L). 21. A substantially protein-free nedium
according to clainms 1, 2, 3, or 4, wherein the antioxidant in the
solution is glutathione. 48 22. The substantially protein-free

medi um according to claim21, wherein the concentration of

gl utat hione is between about 0.25 nM (0.077 g/L) and 0.35 nM (0. 11
g/L). 23. The substantially protein-fyee nmediumaccording to claim
22, wherein the concentration of glutathione is 0.3 mM (0.092 g/L).
24. A substantially protein-free nmediumaccording to clains 1, 2, 3,
or 4, further conprising EDTA. 25. The substantially protein-free
medi um according to claim24, wherein the concentration of EDTA is

bet weeg, aboA’Eu&ta%nQM [:(r? 914ﬁ1e@ é&&lm%gorg E;QC?’CIQMS(‘P 20§3or91{ %eretr?lﬁenuﬁﬁy‘?@x
substantially ree | um accor aim 2 wherein
concen*@rf)léf-tsieb‘frﬁ'f(.f)‘fCOF_NZWW&‘I'@f1 @°7f> M#-( 0. 0418 g/ L) 27. A subst antial | y
protein-free nmediumaccording to clainms 1, 2, 3, or 4, further
conprising HEPES. 28. The substantially protein-free nmedium

accor dithg th sepsianiplyorotpingres metiH® ao5AERae SRIMth ! ¢ SHEPEYheein B-panitol
(3. 5748 pidskht Aa oaﬁaéwtr(aﬁ@@ﬁarﬁ aBbl)o. 05@nﬁic.bh@>sa<wd1§tmt 6 8tnhiGdnefarD- G ucose
is between about 4.2 mM (0.75 g/L) to about 5.6 mM (1.0 g/L). 29. A
substantially protein-free nediumaccording to clains 1, 2, 3, or 4,
furt heg4.conmid sub3gNpAIENRbieretbeOmetiuiest @dim Ba]i vtadran .D-rrﬁﬁmitoTliBEpresent at a
substanti altb% E o ﬁ n- fre rredi um according to claim29, wherein the
concent? ST GH© P% 8H%’PmP is 0.031 mM (0.011 g/L). 31. A
substantially protein-free medi umaccording to clains 1, 2, 3, or 4,
wher ei e,sol 0,

concertyat i burseeRnsfbE s AT dlint 1208 o 4 fif mogng sodir
subst abitéarabthate.pr ot ei n-free rredl um according to clains 1, 2, 3, or 4,
wherein Penicillin Gis present at a concentration of 75 ng/L. 33. A
substantially protein-free nediumaccording to clains 1, 2, 3, or 4,
wher ei 86-D- nHnubslaniially pradeiaiee arediing efriaimt avherginfsogivmalliearbor@ies@resent
m cronyilaatgonggntaagghugfé%@nm grogelar. 34. The substantially
protein-free mediumof claim33, wherein D-mannitol is present at a
concentration of 2.8 mcronolar. 35. A substantially protein-free

medi unypf ct %sﬂantlaﬁiy pﬁ)tesﬁffreé ,mefd!lfnﬁ Bﬂflalﬁ%pﬁ/hét’em%o@@m Blfarbonate is present
bi car bonate 36. The substanti a ee nedjum of clai m 35,

Dhere: S tcaniaor atsnsand-p g e it S A A REE R L o or Coe. 3 ou

(2.2 g/L). 37. The substantially protein-free medium of claim 35,
|carbon te is resent .at a,concentration of  bet tween
andling

V\/ner ﬁM%]? gog‘g%ema i)"“eéﬂﬁléi" “ags (rﬁpr? Eﬁtw? technology comprising the step o

human reproductive cells with the substantially protein-free culture media of claim 36.

39. Use of a medium for assisted reproductive fechnology according to claim 38, wherein the

human reproductive cell is an unfertilized ovum.

40. Use of a medium for assisted reproductive technology according to claim 38, wherein the

human reproductive cell is a plurality of spermatozoa.

41, Use of a medium for assisted reproductive technology according to claim 38, wherein the

human reproductive cell is a fertilized ovum.

42, Use of a medium for assisted reproductive technology according to claim 38, wherein the

medium is specific for inter-uterine insemination.



38. Use of a nmedium for assisted reproductive technol ogy conpri sing
the step of handling human reproductive cells with the substantially
protein-free culture nmedia of claim36. 39. Use of a nmediumfor

assi sted reproductive technol ogy according to claim 38, wherein the

human reproductive cell is an unfertilized ovum 40. Use of a nmedium
for assisted reproductive technol ogy according to claim 38, wherein
the human reproductive cell is a plurality of spernmatozoa. 41. Use

of a nmedium for assisted reproductive (iechnology according to claim
38, wherein the human reproductive ce is a fertilized ovum 42,
Use of a nediumfor assisted reproductive technol ogy according to
claim38, wherein the nediumis specific for inter-uterine

insem nation. 50 43. A substantially protein-free cell culture
medi um for human reproductive cells according to claiml1, prepared

from ag; | eag by ipshifiy d@ro@r\uﬁ'@é ¢dinbuiire TRelm ﬁf?lhuﬁwbﬁ’?e%réﬁuomé@dlélhc&ﬁ&:ﬁéto
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cel | s, sidtdnadllyerdtein-fisseel bllRgmeditm. n vitro treatnment of hunman
reproductive cells to be used inin vitro fertilization and ot her

assi sted reproduction technol ogies, conprising 0.1 g/L (0.0071 mV)

et hyl el | uA@BEstdﬂ‘&MllmgfoaalmiDé@celll attumsahghibm dér Hiha@0BprDdldtion sellsQ siGtabid for
L-arginin
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pot assi um chl ori de; IE_VL sodl um chl ori de;
(0. 108Lg/reging. P EVITN Q#ﬁdﬂMW@@fbﬁ % lalapise; 29 DHMORMAUGNE MY glytamic
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concenfructesenri OmM et @(hyﬁmdﬂur@ ifctada; &. 3 M (0Rf2 0/L) gl@atiiiine: SaieMABO0f s oA
prot ei ppfrheg oﬁ?krlnﬂ}t?dﬂﬁw{g H@doﬁ s%lé‘r'oﬂ?of‘aﬁlo rWQ.%{u%I @etzhﬁm (2.2 glL) sodjum
concentration o 8 ucose |s 3.6

e ween 3. to about
mv (0. B5aengteatfumeimenisilincemnd k9 ﬁ’@/Lﬂ?ﬁﬁﬁWS(CB" Wa@ g/ L) HEPES. 51
47. The substantially protein-free cell culture nediumof claim 44,
wherei n_the_concentrati on of D-glucose is between 3.3 nmM (0.59 g L,) .
to abof®- 3. Ehemnstrngavgrreteindrme qelJrGEJH‘é’P necstise PEFIAE %We('@t@f% gytiajion
HEPES. of déhtaniyti silfagtiaatigal |y protein-free cell culture medi um of
clai m 45, wherein the concentration of 0-glucose is between 3.3 nM
(0.59 g/L) to about 3.6 mM (0.65 g/L) and further conprising 15 nM

(3. 574%6 9/ LThdlais@antialySrofémefreudasitoaiire ahddiunp bdélgim44, neeraietie cnbéntiraion
of D-glucose is between 3.3 mM (0.59 g/L) to about 3.6 mM (0.65 g/L) and further comprising 15
mM (3.5745 g/L) HEPES.
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17. The substantially protein-free cell culture medium cf claim 44, wherein the concentration
of D-glucose is between 3.3 mM (0.59 g/L) to about 3.6 mM (0.65 g/l.) and further comprising 25
mM (5.9575 g/L) HEPES.

48. The substantially protein-free cell culture medium of claim 45, wherein the concentration
of D-glucose is between 3.3 mM (0.59 g/L) to about 3.6 mM (0.65 g/L) and further comprising 15
mM (3.5745 g/L) HEPES.

49. The substantially protein-free cell culture medium of claim 45, wherein the concentration
of D-glucose is between 3.3 miM {0.59 g/L) to about 3.6 mM (0.65 g/L) and further comprising 25
mM (5.9575 g/L) HEPES.



