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body (EB;, FIG 7A) and the expression of markers indicative of polarized
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[0044] FLG 2 ent . determ ned by flow cytonetry of
pr opi di u%on%ogpﬁ%%q1§i §8§4 p% (?h ?%rﬂof primate germine stemcells.

[0026] FIG. 7 depicts the spontaneous differentiation of mGCs. Gastulation of embryoid
body (EB; FIG. 7A) and the expression of markers indicative of polarized epithelium (E-
cadherin and laminin1; FIGs. 7B-7C) and early development of the three germ layers, i.e.,
ectoderm (ZIC1, PAX6, SOX1), endoderm (GATA4, FOXA2) and mesoderm (BRACHYURY,
BMP4 and COL2A1) are shown in FIG. 7D-7F. During culture reprogramming mGCs also
differentiated spontaneously into cardiomyocytes (FIG. 7G-7J), adipocytes (FIG. 7K) and
neural cells (FIG. 7L and7M). Scale bars: FIG. 7A and 71: 50 ym; FIG. 7C and 7E: 30 pum;
FIG. 7B and 7D: 25 ym; FIG. 7G, 7H and 7L: 45 pm; FIG. 7K: 12 ym.

[0027] FIG. 8 depicts the induced differentiation of mGCs into lineage-specific
phenotypes. Confocal images of the cells expressed neural markers are shown in FIG. 8A-
8G. Expression of the neural gene markers is shown in FIG. 8J. Confocal image of mGCs
differentiated into cardiomyocytes are presented in FIG. 8I. Expression of the cardiac gene
markers is shown in FIG. 8L. Alcian blue positive chondrocyte after differentiation of mGCs
is shown in FIG. 8H. Expression of the chondrocyte specific genes is shown in FIG. 8K.
Scale bars: FIG. 8A, 8C and 8G: 20 um; FIG. 8B and 8H: 50 um; FIG. 8D-8F and 8J: 10 um.

[0028] FIG. 9 depicts the formation of teratomas after transplantation of mouse ES cells
(FIG. 9A-9F) but not multipotent LacZ-GFP mGCs (FIG. 9G-9L) into the skin, muscle and

testis. The morphology of ESC-derived teratomas was identified by H&E staining on thin



[ 0045] FIG 26 depicts the quantitative PCR anal ysis of PLZF expression

(FIG 26A) and telonerase activity (FIG 26B) in primate gernline stem

cell's. [0808DH/IG71227 depicts the percentages of proliferariusgoip/iosivas e
germine stemcells determ ned by proliferating cell nuclear antigen

PCNA 71FLG 2 fi f | at
f)f 1 it Se v iR Tote o6 S ARRR et ST HBReR! Gotm Gef (BHRORFar an
fex pgndedlerpumedrmzlelé@ﬂr S1airmg shewn ¢eldiuec oIS ywekls diftgs tl@ﬁ%;ﬂﬁnta?ﬂ)rﬁ L(BIBPm-QQcNEF
eeager a nat e er Il ne stem
Lo ot g Bt e ot Bl SR 65 e hiloBeiea 2t e RRES PR OB R S o Rt o
ﬁer m i rmamtsemrowl hemlmeyns_arrm‘ oley, |p)at5§agl%ck (drtdws; 296) 9[- Q%%hﬁl ? t\r}icslzst&g: ((:at S
unan test t
Son [ERRUSEFE. 9 YeSiehl Boshaelds oy TRt gl PR R S Gl
g E: 8 3&52bg)re a%nﬁ(hggﬂ E{Igre g?rgﬁmmﬂ% 5 FIETORItGR. r&rgssff wctlb(vg@ﬂth(eﬁkﬁng&éﬁ%s @reh Slanog
. | CL.S e - an
Cor 1 nt dFlige { GaTREnE sigusS iy S B s SR NS SoHEh GH8n ueyihstRaan 4
depi ct Smﬁjelgt@tdf\ﬂ& seminiferloss tubuldsl 456. dea(btéiﬁfromréndsgerngjs@‘pehmgertes&t (F$G.
ti ith i b 0 4 1 THT
SSEA 4 OMRgnETES Do SHHPEaT OO S AR o SRED HOCU T o B
reg i Ei @n)‘emmulg@wds&She?o_emdwagll‘ %MB%frmemﬁmlfdrhuﬁtlﬁiumedrof[s)@rseSﬁE}[% Adﬁ:Eﬂlr@ thab A)
an unan nuc I | I CLS e lve
oo FoT s o ebu Wik Sl blopginy i Msspdp oG Yo ISR ok bt g0iPE!
tr anﬁ plfn’umﬂ;&m][ﬂ tabllgs of fr@nntcee@ﬁlgleplamted |vmhetn<gt-4gw¢4ﬁe- ¢alstsa6wemdor?‘épomlgre§|r1%
nont Stal ne or an u n nu ear I ot el
Ton | T Seatogeng (R BB e fraicty, S B ost PO DR P e iah el o
tr anrs] pl4ta+7kt Ktﬂa icaftsowérigsanhhta riF 13- @&t)edrahe@gr}negmemlmefauasfogepgp;matafrée%ig?mg a
nont | he n a I N r
T oo S Tidiceig Tt el den s headtPins R 49). SlohE o, PAR L
9K: 275 um; FIG. 9B, 9D and 9I: 60 ym; FIG. 9C: 140 pym; FIG. 9E: 100 uym; FIG. 9F: 50 ym;
FIG. 9G and 9L: 125 ym; FIG. 9H and 9J: 40 pym; FIG. 9M-9R: 60 ym.

[0029] FIG. 10 depicts chimera formation after incorporation of mGCs into blastocysts
and host embryos. The incorporation of LacZ-GFP"™ mGC cells during early embryonic
development and blastocyst formation is presented in FIG. 10A-10D. The majority of the
GFP-lacZ cells injected at 8-cell stage have been incorporated at day two of the embryonic
development (arrow head) and some cells have not been incorporated yet (arrows). GFP+
cells were further found at day 3.5 incorporated in inner cell mass (arrow) of the blastocyst.
An example of four chimeric embryos showing different degree of chimerism is shown in
FIG. 10E as whole embryo staining. To visualize the internal organs, sagital sections of two
of the embryos (indicated by asterisks) are also shown (FIG. 10F and 10G). FIG. 10H-10K
show the chimeric pattern in dissected organs and FIG. 10L-100 show the chimeric cell
population in histological sections in the brain, heart, liver and gonadal ridge (chimeric LacZ-
GFP cells appear in blue). Amplification of the GFP and LacZ DNA in tissues of the chimeric
pups is shown in FIG. 10P and 10Q, respectively. Scale bars: FIG. 10A and 10C: 50 ym;
FIG. 10B and 10D: 25 ym; FIG. 10E-10D: 1250 ym; FIG. 10H-10K: 625 ym; FIG. 10L-10N:
50 um; FIG. 100: 10 ym.

[0030] FIG. 11 depicts graphically in a flow cytometric plot the results of freshly isolated
neonatal and adult ovarian cells from transgenic OG2 mice wherein the Oct-4 promoter
drives expression of GFP. FIG. 11A shows adult ovarian germline stem cells as depicted

graphically with the fluorescence intensity of GFP. FIG. 11B shows neonatal ovarian



testis sections stained only wth second anti body. [0058]FI G 39 depicts
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tissue freezing. [0068]FIG 49 depicts the average viability of thawed
porcine testicular cells frozen at different cell concentrations.

[ 0069] FI G&vO2011dspi2ét s the viability of thawed hunman tesPCraiSar10osine
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[ 0076] Bictifigr &@subedpgutationé\sf pridwdte lyernsline, stérdickieer enti ati on” refers to the
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idodine stained populations of primate germline stem cells.

[0045] FIG. 26 depicts the quantitative PCR analysis of PLZF expression (FIG. 26A)

and telomerase activity (FIG. 26B) in primate germline stem cells.

[0046] FIG. 27 depicts the percentages of proliferating primate germline stem cells

determined by proliferating cell nuclear antigen (PCNA).

[0047] FIG. 28 depicts the gene expression profile of subpopulations of primate

germline stem cells.

[0048] FIG. 29 depicts the morphology of an expanded primate germline stem cell
colony 10 days after culture on MEF feeder layer (FIG. 29A); SSEA-4 staining of expanded
primate germline stem cell colonies (FIG. 29B and C); and GFR-a staining of an expanded

primate germline stem cell colony after passage 4 (FIG. 29D)

[0049] FIG. 30 depicts human testicular tissue THT stained with SSEA-4 (FIG. 30A)
and VASA (FIG. 30B).

[0050] FIG. 31 depicts THT stained with GFR-a (FIG. 31A) and VASA (FIG. 31B).
[0051] FIG. 32 depicts THT stained for VASA (FIG. 32A) and Nanog (FIG. 32B).

[0052] FIG. 33 depicts THT stained for SSEA-4 (FIG. 33A) and a6-integrin (FIG. 33B).



[ 0078] Expanded: As used herein, "expanded” refers to a growi ng cul ture of
cells that has increased in cell nunber fromits original concentration.

[ 0079] Fetwib 28t1e037 28l | : As used herein, "fetal stem cell PCTafSess/ 05570@ cel l
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[0062] FIG. 43 depicts the morphology and cell surface marker analysis of adult human
testicular cells. Note the morphology of the testes obtained from the obstructive azoospermic
men (FIG. 43 A) are similar to normal human testes (FIG. 43B). Also after isolation cells with
similar morphologies were obtained from both normal testes (FIG. 43C) and testes collected
from azoospermic patients (FIG. 43D). Note SSCs were present in both testes isolates and
could be identified as round cells with large nucleus: cytoplasm ratio, 1-3 nucleoli and
cytoplasmic inclusions. Flow cytometry analysis of surface markers SSEA-4, CD49f and
CD90 in isolated cells from adult human testes (FIG. 43E-H). Distinct populations of SSEA-
4+, CD49f+ and CD90+ cells were found in the adult human testicular biopsies and no
population of double stained cells for CD49f and CD90 was found in the adult human testes
(FIG. 43E-F). Histogram representation of four independent flow analyses is presented in
FIG. 43l.

[0063] FIG. 44 depicts the immunohistochemical localization of spermatogonial stem

cell markers in adult human testes. Co-localization of SSEA-4 and CD49f at the basement



cell type except the cells of the placenta or other supporting cells of the
uterus. [0089] Post-natal Stem Cell: As used herein, "post-natal stemcell”
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" somat i wlaizeth oalsedésteeber sosilt(yetyl Phioed famgetrn melI spéecifr mpikar VASAERIG. t68M

cells. st e ells are ot oten mcel 98 StemCeIIs
o Leed Raeh SomepL e ATl o0t 8t ARBEAL ndrBGE of he hBSPAAELER | 2
abi | i t yocdatizepb CDHOD agth someewers hegytivector dfiis MrkerdaFI/CEs-flfmF\)\hlGoelomilzamcm of ng

the un%% r | ated sta { the_ kty to
ai 1 1 or extrar i st uedt faf g S L o BIR elihplad R exbles€ oSRRRTC.
46G-1). Among human cells colonlzed in the mouse testes some co-localize with GPR-125
and some are positively stained with pluripotent marker Nanog (FIG. 46J-L). Co-localization
of HNP with ¢-Kit revealed that all the human cells in the mouse testes are ¢-Kit+ (FIG. 46M-

0).

[0066] FIG. 47 depicts the expression pattern of cell surface markers used for
characterization of human spermatogonial stem cells by flow cytometry. There was a minute
amount of cells (1-2%) found in adult human testes expressing GFR-a1, CD24, CD117 and
CD166. BCRP, CD29, MHCI and MHCII were moderately (2-5%) expressed in adult human
testicular cells. CD90, CD49f, CD34, and SSEA-4 were abundantly found at the surface of
cells isolated from adult human testes. The value represents the actual amount of positive

cells minus any auto fluorescent events.
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[ 0099] Substantially Pure: As used herein, "substantially pure"” refers to a
popul ation of cells wherein greater than 75% greater than 85% greater
t han 90%wonrentwsrizshan 95% greater than 98% or great er PChAS2@95637D6 t he
cells have the desired characteristic(s). [0100] Toti potent: As used herein,

"totip re t ai. n the genetic in
needed B et e Tt RRER LR SOPIBRAR oM AATR e b FARAA el | s
have t hissoapeediig/ to be totipotent only during the first few divisions of a
fertilized egg. DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0101] The present

di scl os[_(mGB]pr oVFide gi9nieplutsithef averagel iggditty ohthaived|patsimntestoytarnilofrozen at
proce;rs#éﬁrﬁ(% Ko ﬁ Bresnfrrvatl on, assay, release and transpl antation of

germ i PRl SPYENPEHShot h mal es and femal es for the pur poses of

f il f | il )
[ 5102] ARYedlt PorEd sy M VBRI, & uhvad ahfep 1O RulE o6 Mibdedp threscor s,
as wel Idlﬁﬁremltrhedia farthireel diffpramit tindd ss@EHG e50A)sandhat afifferénttcett @bnddntratied (FOG.

si ckl e 53) anenm a and thal assem a) prior to bone nmarrow stem cel |l
transpl ation has a well-docunented, detrinental effect on the fertility

of pati und ther e

i npair [ﬁﬁ.}(ﬁreprt’eﬁI Ctl(%é) C(J[:Sapgboqrﬁn é/q‘ovﬁ'yt(ﬁ%%t? éﬁ% Irs(%arsﬁgﬁé ‘2% gﬁ)gl (ﬁ‘%

t hat t el By &bmefrizen sk inipldseae differanhE@rdentrations @b0 3hirpslgscooditiomd.ertility in

Mal es [0104] The present disclosure provides nethods for banking testicular
gonadal[007Hsue Bit/5 dgactel thaehahgenit avermgé rtesticplae -gell bl tof phippedtrst

[ 0105] [?'esstgé E\Zérstnpr situations in which tissue and gernline stemcell

banki ng Wou be desired in mal es incl ude, but is not limted to, bilateral
cryptor ism i t \v - kancer,
i ncl udl[ﬁmzﬁepr o'él%%t% 5 O%Bl(:?srﬂ&v%ﬁbr%mcé% gﬁg f/égo?ﬁ%geéﬁ%%zaﬁd &?6 qglé;ééﬁ;‘tet h r”ﬁﬁ@,
bone nHFK®W3A) and [@ftaAtG. 5|3B)tﬂs®se£rﬁaomfaﬁlmmoum donor is a prepubertal nale.
I n anot her enbodi nent, the donor is a post-pubertal nale. [0106] For adult
patients, a precautionary step BEfIMTIONQFEEERMSNt is the option to freeze

spermfor in vitro fertilization or other assisted reproductive
t echnoll8§7ds, shuulfelloniie gelfinitan of WOM20B1POSASE FRCY/ ol o¥'essredohérone

inferti le%déf %k t&rrn%‘?‘lﬁéé‘aﬂﬁ thuﬁBétthr r?avg%%% 1fie MoaRRbb %Eftﬁea/‘g‘é%t Yﬁhé‘ fesent

devel oped nmature sperm a eno/ r adi ot ere s no ot her
opt i on inyantien. sgm@ﬁoe@as bpermRiadg to B%ef t@rr@s Bheording énthetsrprdinary ipad cammant

met hodsy, @é’mr’id;%?\ﬁé;e?%héré“é% ?(fp%nq% BRER b\é/ﬁ/&(fenrlﬁe E&rﬂﬁioﬁlo‘?dlﬁ 'n?é%?nr{g;oé' d

preserV|n? ertility of pubescent patients. racti
cryopr dBe QHaMn@rdeﬁmltI@veuthm@@gbmtms %xp@reedepo@rrfo@rwﬁmtu lity preservation is
t he SudbECt of consi derabl e research. Addltlonally, transpl antation of

cryopr d9&fdled t eemmittidarAs usesiier¢inotcoriniligde refers tosgdpwhish @res ponsidererbion
SUCCGSSJeUberh%néHﬂW@émm%'té ePé';SedmtfuM&Fon' NCOMARILR: odls Qs a%fo eRIARbL &

fertility restoration followng transplantation of testicular tissue has
been comymewbydifareatigtadicelsy’ of ani mal nodel s includi ng nurine, bovi ne,
porcine and primate nodels as well as in human. [0107] Ri sks of Infertility

i n FendP@EI[ 0108yHHe: Heesehhewdns cRBBIE O prubiiiade seTarsttn dispoppdaienlar aglls

ovari angbssdHiroMlcSiitlons 06h MaBcAUNRSISSBhd PRFdBE S caiNinERE b@ird 1 Ssue,
follicles and cells fromadult patients. [0109] D sorders or situations in

whi ch trpgzgle andir@Rhnithiidhe RS ERFRékinDadiidBatiaBH! &8 to the adaptation of cells

for a particular form or function. In cells, differentiation leads to a more committed cell.

[0077] Embryonic Stem Cell: As used herein, “embryonic stem cell” refers to any cell
that is totipotent and derived from a developing embryo that has reached the developmental
stage to have attached to the uterine wall. In this context embryonic stem cell and pre-
embryonic stem cell are equivalent terms. Embryonic stem cell-like (ESC-like) cells are
totipotent cells not directly isolated from an embryo. ESC-like cells can be derived from

primordial sex cells that have been isolated and expanded.
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desired in fermales include disorders and situations that directly or
indirectly affect fertility such as, but is not limted to, ovarian cysts,
ectopi ¢ pvegoansies, hysterectomy, cancer, including repcodsetiowssand
non-reproductive cancers, cytotoxic therapy, bone marrow transplant,
ovarie ndo r|05|s or .faqr |,y anni n oses I.f n
vant s (00Ce e EEPERR o AS Ry £ creTaPeB e e Ko Srbh RS A" SRS ner
reprodUmfanceeaIHeldmﬁEcell muroee ferbitdbngimdl cotdeatrditsror i s a pre-pubertal fenale.
I n anot her enbodi nent, the donor is a post-pubertal female. [0110]In

f emal e40079)t ot ORetal SteeatCadint sAscasmie hedin, | ‘tethlastede st ueférontoamdetl etbal ts i n

prematur pa i nfer I n itipn ecreased re ductive
Dot ent IIBTRE T derfpd dich GaisyeleifogpHuefior Bt Peb i P E RHSFs W BHE ¥er m
heal t h midaitdganrgsnuenasis. ost eoporosi s and cardi ovascul ar di sease. Mre than

si x percent of fermale chil dhood cancer survivors experienced acute ovarian
fai I ur googajul t Gemeimevdel: haglusediesrgion ggetraredt, “geradiberealt,” baigermlind0i4sue”

d h di cal d .
ovar i cdE bR B KD Pt Be BT BRIy Cedar ey Cop Baat 41 8tk Ovelfan' s
fertiliibtp.a rehesactiveart dun disswar entditieg sucrecktld. when a patient is di agnosed

with malignant or benign ovarian tunors, an ectopic pregnancy,
endonet[P0®Hi s a@elrmimarFPramrsgrsS@m Bekkass usadd:erelrpageremme pre)a:ur$d1c5$e.3rn a:ell*ri sk

F educe EIET I ErekaBRhy G RRh o2 R oAbl ST Y B REE Aae ©

conpl i gaecws® stamdceglenet i ¢ predi spositions. [0111] There are I imted options
for wonen undergoing cytotoxic treatnment to ensure reproductive ability in
t he fut[0082] As GepnlmeaStearon@el stepusmsf deeity{garokine ssemcpelts teders ctoNd

2011/ 0%%&%55’5?(/ =R A Qs5§38e6rm%go§oﬁI%Yst8Fn £ Ageéflx énegéjg(r Veg&fr'é&psrt&ﬂ%‘éﬁ' ve

or an(s oocytes or opr es Oor ‘use

t d h t I
e231 1 aegor ot ek SRBPREAR on POML el kg
i s qui tteatl pwdakeeraeproductier eeits (@amietas tTihese iinclddecteriatg ovariesr whichrigedess |
with | O%ng§u{ﬁoqﬁ§||ettgst(¥é)l Ifr@eﬁrgﬁuc% é’II%I h does not el | ow cryoprotectant to

penet r at nmenbrane easily. erefore, tissue, prinordial follicle,
or ovarg géuce! | cqnt o i | vi abl e
option |nsgead a&%ﬁ%ﬁﬂpﬂﬁﬁ d?@L%hﬂpgﬁiﬂzkﬂgté%?@%@ﬁ%g&%F%%ggeBgﬁ%gﬁﬁm

cr yopr e eselle dinderacindiolled senditians foolldniger dwncainlebst twoamepihamredorisaidkni it o

pati ent h I are
ey 5raeny toBRER e IOl oty Rt ot ciifoartol Abre Rt Wl bR
under gdh@ontheat mere thor! xeancBIefetrablthte Igng-teym cmttu@sme aessage@faﬁdrwe ithe

or gan( S d i ;

at ar o o SR e g0 in e 20 pREsdeRET Thi) e cf B 1ong

XX/ XXX, tspxixcehwres isddphlyEstetendentrot the éndividuab teltpeand there ende vaghbility fiom ek ney
Docket Na.i, &gﬁ}%l4 00063) and filed on even date herewith, and incorporated
by referenc ereininits entirety, either in vitro or in an animal host
(used as 0 / tured
Cage. canode)®; veithaRh! RSB eRn T helll ey PRRAE 5, Bcee SFbofaele

ger m i reocheimical dieps leading tﬂearéuawteanlealiysdjﬁertee@ted@ﬁ:ﬂtgmnadal ti ssues from
mammal s i ncluding but not limted to, rodents, donmesticated animals, dogs,
cats arl80§fli mat Myltipgtest: t & sedhiergin.e sultinetgnydeders datcellss thadcan igivet éee too,
humans. gl QL Akrkhec @Ieg@eé ”SutCﬁIoEé (?eplet bé&'e@é EIﬁIn Q@Sﬁldn%berhe'ﬁ(n %&%El%sbpn or
| ack of expression a varie 5 nmbryoni ¢ and pluri pot ent

cel | muﬂb@cﬁent@eHWSIIﬁa@aﬁmqietw r@lqoril@l&mée"sﬁh@t %neiervebpllntﬁﬁe&ahtmpea/ASA

pronvel @eMoceli€ ﬁot%‘ 08 §) Fairt E44€F) . glial derived neurotrophic
factor receptgr glh%?h e§0 , gallntegrln Thy-1, CD9, CD90, CD49f,

Dol i chqgodyf | OUK/IHFEIpél%HI N&dl@ﬂ&g%ﬁ%“bellé‘eﬂé %ed:ﬁéﬂeurﬁ%@lﬁb&@nt'ﬂﬂuﬁ%g’enﬁ&'@w

germ cel |l nucl ear anti | 'uri potent cel

mar ker eilgicefage to BIIII’“DQI@@’[ ﬁ@JtS 'E@'ﬁieﬂé@ffﬂ de @?!’t& IZIJa(rP’@lMUFI?J) ha\r%ﬁﬁ‘@goo’f%ﬂt'@hlq ne
phOSph%tlﬁ’égmtla%sﬁﬁ) Gblis BRINE-REbARAH, hE¥Ydefh- an[j%a@&é:eraI Il‘If‘era@rQé e, germine cells
can al so be 1sol ated based on the expression of germline and/or pluripotent
stemcell genes. Germline stemcell genes include, but are not limted to,
tel onerase, VASA, c-RET, c-Kit, PLZF, DAZL and GFR- al. Pluripotent cell
genes include, but are not limted to, Oct-4, Nanog, Dppa-5, Sox2, alkaline
phosphatase and Crypt. [0117] Additional embodinents presented herein
include the long-termculture of certq%n popul ations of germine cells such
that long-termnultipotent or pluripotent cells |lines are generated. These
cells lines can be used as a source of cells for differentiation into W)
2011/ 057123PCT/ USZOlO/ 055706 t| ssue- speC| fi c I i neages. Long ter m cul ture of

oy o o o, o o o, . 2 a0



[0118] I n certain enbodi nents, isolated, substantially pure popul ations of
germine cells or germine cell lines can be used for therapeutic

appl i cat iwoo0iwsregener ati ve nedi ci ne. Gernli ne cell s dipstluss@d/obnei n are
capabl e of forrri ng nore di fferenti ated germine cells such as

sper mat t|d min male, and folljcles and _.oocytes in
oo o 100RRar - EREATRA! G PR sERTD APl g E resPfh e Bl kiR VR iSF AT

Vi vo. [délll1;Q>]eTé3<eegehértelmeaftthes@u@rinamkéthq Sypbriny otlid dfehguieasnt di scl osure
conprises the follow ng conponents and/or steps: 1) Tissue collection; 2)
Transpd0089]f t i Besteatad St@mtcreut Aanked bgelets dpostinataB steRr oelt gsfergytoodinyt talsue at

central, ban opreservation of tissue and isolated cells at central

bank; ahet" %éérd?)glfwﬁl g&’ith?%l'H %%f‘#&e&}gﬁbf ti ssue and/or isol ated ceI | s.
An opti Si X te nprises re-inpl.a ti.ssue an,(or i spl at ed
cor 1o 108, b BN ReERo0M ERe. farolt PR TbER T omt P EhofR Mielsr i e
cells amdavudeﬂls w&meldavfermmteesehtmeq)rplmerm/o Ohsetiafigubartty masﬁocateﬁywmm ighc

procedure ¢ on ter an nur %IL)?ICI’] anledtoth tructlon of the
P olichafud il Rpbfha Spornd s Yol huliit, FBFnL b 37 [ 48, a7
r enov echoundess, $Luerg2|oglhoae@m (L¢1)cam|dcfomclemﬂmaradn@mesndsr&s(FaH)PhyImrtyatbegmj

tic .di f the.t
oort or oSSRt FBn0 47 88 b 1 Erd Sr kiR ARG e h TR R Bl
banki ngnoraei dgdsy on[&zidlel girlertegenthediroesss, oft @beite abant se?rryemré eadies thanbul e

tissue s iINto appro Lg 10x nd up

bl aceq oxs St sl e R eOR A i eiTIP ISP ARy B dech Brieutther
enbodi mhotterttri_mf.e\/\/tthgslsejspsl!yrfmvrmtga]o_n&ﬂbtempube_siyrtgl@e_ph?ece and placed in a
sterile container containing sterile shipping nedia. [0123] Shipping nedi a

i ncl udgqeosdiy nEEIilraomhaiIcGBrma@eISulA{salstedtﬁeeemj ahiniardigl gdrmt el i(EGICarefers to

sem ni f I | to 24 hr.

on- 11 1007 Rkl 3P Bodlis a4 TR R bégéméﬁ%ﬁa%'%pss FRS, DVEM
suppl e d Wi ( I a as
wel | gﬁ %prl el%%p%ﬁa&?e@ﬁﬂqm%%}%?é%& 6a'u E ﬁga{ er}] Eﬁ?é@faﬁg’t&@% ?%Xatl on
No. ZOCBTerOGEEtD?EBp refleireth to & shmctdopmaataegelmmlneea‘esroehc@tm@nﬁem PGS Galréferst

cont ai r C 0p5706
[o124) 35 SETHA Gl Bl Wl TF g o e R0okE ahir UrkGrEe e 0

f rom ovg@neede geinoimet stetmheellis rantdi tarewqmogﬁnyaas:yvldermadcbypnsca@dltw o, repopulatef t er
an inj C Leady t r f C r at
the t1 retislnT BrierBRuc o BF PRI HohleRTuily 40°RENTRCE bodhSRRe
tissue Gernﬂleﬁemdellsmaelbewiayceralorasm@ly dvidiogdh adtdmpmddctg/emssms anest hesi a.
Physi cal and enzymatic digestion of the tissue to forma single cell
suspﬁns[%%]can Beprpgrahuningd Asi uskdrhepgein greptogrammat eafersto ireresetting ohinet i ssue
to the I 0146 t sue is
cut i nt"%%{“gﬁ prrﬁ'iﬂf %gﬁélr”‘gdéh ﬁ1¥t thﬁa Je% éQhEb.tQ'hﬁ’ur 1’@5&%‘3& rg:ﬁgcheassoﬂég ed ?ﬁfhg%fe o
steril @rodume eofullpi devetppsd eonglaesmm |dp| a@plnmfmtlas nenrcwnfunrmW gwbadhhaemll t he
tissue t I

cont ai i s By BpREEm A AeRRldheR! S BId RoBRER ol 58 SbREM BT o
whi ch dbacsllipplsmre-programmalmglstatg. of ovari an ti ssue and/ or di ssoci at ed cells
for up to 24 hr. Non-limting exanples of tissue naintenance nedi a include
PBS, FR8094IVEM Selpgliceneisedsed thhraHEPESIeatieh” amefdarditot iuvsescpest-adtivhied eeld

popl | oot e s BB b TEe B0 8 p IS g s iRk 1
har vestpsefile est i cul ar or ovar| an tissue is kept at approxi mtely 4C and

transported to the central banking facility such that it arrives at the
cent r all0801ki ngSexéelli tAs usachherePyq “sax edll” refersute wglpwegrt handoid @efls darivedshow

t hat thﬁ)@(ltﬁ@rnhd'?nirﬁaﬁn ﬁﬁ]el Br #fSe %Eogpaﬂlgetié Ler & r&enﬂtw@@)@ﬂﬁgﬁ gﬂ hr

declines after I pnent . er to have t tissue wt
of har vbess erlls ifdudeonalemanoeyss.rigmefe ganosytes, oogonia, type-A spermatogonia and

Type-B spermatogonia.

[0096] Somatic Cell: As used herein, “somatic cell” refers to any tissue cell in the body

except sex cells and their precursors.
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[ 0130] Harvested ovarian and testicular tissue is enzymatically dissoci at ed,
assessed for viability and cell markers prior to cryopreservation. In one
enbodi merwQ 2gawvosvizae stemcells are enriched fromthe tPETUES20i063706 O
cryopreservation. In another enbodi msnt tot al testi cuI ar or ovarian cells,

ot nerl OB o neRratCRITE AL oSG e TN T Fora e TROR 11 ow

cyt onetmiltpaenttar pyripsiengstamtdebdBevatpsemfdetts ey noredtpondétem dettsral e
germine stemcells. [0132]5. Cryopreservation [0133] A variety of nedia and
pr ocedqom]can benusSelts: f As ussdy/ogreds estemngligonfedato ddlls sapataandf sslf-gaewhi ne

stem ce 2011/ 057123PCT/ US2010/ 055706 [ O n one enbodi nen
cerm | e apibE Py 30 AR GeLaR, SHoER d Sal ot slone o SERETAS tes: one
Cr yopr aineliffeegritiatedcdtatdi angl, bdmg ahietistl moitipetdnt @he dapmeithyd dsfeldntiziedeto( dsO) ,

et hyl e I coI . gl ycer and propanediol; at |east one culture nmedium
i ncl udiqﬁﬂg?) SW&Q%F%/%?IRHW DVEM NMEM and proprietary medi a di scl osed

above; east .an f a t . ncl udi. n but not. limted t

above badie? s Ga A HL ks ARSI DR PP b R oo
t he solagtls cmneoammr}glreaiesth@n y&5Sh, ogrédle CHah08 5 d igeeatdsi thhn 198%Sajredteotian] 96%.,
Bot hel |

ropl acdiEAE PRATP P%é@%ti tﬁb@g%’“ﬁﬁ%‘?% BB s Brlieosen vt a

I ]
Cont o DSy STy ar BBy Ao 08T MRS M SRS AL SEAS |,
the f rem:rmquanrmydamtcﬁ oreatd slsthe azils oéthe tﬁcrdgeatwmtjme plarentontumbh edls bave
fr cozemndihiadiy fo.bd Bbdeh! SraFPo' e AEFIFERGHbRE o EITRALR dog, 1\ 2n T nternal

chanber s yecy npérat ure of any Lo t hat

hanmb he f | h |
Chamber 1o 40 aﬁﬁeﬁinng R iR b BRERHeR Cont nue the
pr ocedypey i | £, gﬁesgﬂpws&om% EBlBed LERRRE 16f BAOUERYjsoBRbh SeREfision

suspended I'n a cryopreservation I'a cool e S SpeI’ISI onis
al i quotpsdcasaing, @ngesqV@tlonlamypaIea@e;aodltahsplirhtetltm gfcgerrmline stem celie fromabel ed

and pI t :

o ompt ai el (SRR for B8 pliftSoq ARARY, FUATRon Rt MARIBIRSH! 1 o
an addifeitibtyal 10 m nutes. Next, the chanber is cooled at a rate of

-1C mnute until the tenperature reaches -80C. The chanber then cooled at a
rat e of[01&1C/ nmi Ghewothartapy and rediativre thesanyeugedrinttie treatinent 20 cancafs, ais veell

m nut e a r raze I to
1200 FFng"ef g EnsF BREAL Bufh ol TS 1 e, B lgre B

ni t r ogehal@esearia) eriot c!mgpqner magowr &g del) 1B8]sPlratatienubas far sedideguiperieddur e
begi ns ; i v t i's
Dot "> RURERBREIAT o a9 'ohieht SEELABIEIRLE Bl NAERZ e el

pol ycarbahaewanently irair freoiebtsisiciiveecanabtifycell patieajse aresshing a@Q% igharce

cool i ngntafh f sessful cell cryopreservation and recovery.
The baseé ofgpéﬁéﬁltgl\)ﬁl %EE@@?%% % filled wth 250 nL of 100% i sopropanol. The

t ube ratglf?:jIJs pl ﬁ&@g o?rthﬂgnyImﬁlgléfsd is screwed down over the tube rack and

t he ' Is placed at 4 or at least 1 hour before being used. The
cells qb%ﬁUSDeﬁlﬁj@gréSBn@dl%Wéﬂ% %Wdé%tmgﬂﬂogéa%r%a‘ﬁﬂﬂbqgstfcﬂlaﬂ%ongmttls&%l !
suspension’is aliquoted into cryovials per cryovi al he cryOV|aIs
are t hemdlaiigermalinesiem gplcleem ipfe-pukesperi-nedenteéd "M . Frosty”. The "M .
Frosty" is placed back at 4C for 10 m nutes. The "M. Frosty IS then

pl aced [P0 - goRisprdees, @ siyationsi igHthichAfssae apf geavlnerftgmiced bajking weHld begoc
freezergesh&® it A Rlcfida! Butl isafistiIRkifeRttol Rildtetal %é’;%r@h&%@]%%‘sh@@l‘é@"tor&@ﬁ

| ong-term storage. WO 2011/ 057123PCT/ U52010/ 055706

assur arttdesgrnded| eglie dﬁ”@‘iﬁhey caRaar t @§Hlé§19dé$ﬁr9@é?t'@@r ang n@%r%&%%@d/ or
cells [&%@r]sp&k&%&’ the%w bl¥ne H@%WtFa)ﬁspl\éhlth|dnt93én%@|n$érﬁ‘bthb'dbMora§%Ek¥§ are
perforned on the sanples prior to cryopreservation, or at specific time

poi nt s RUbeFalgpalei | @wheraaﬁwodrsraﬁm rtBe 8aR it 3 PepisRibsTtakARIet he tissue or cells
are in proper condition for transplantation. These assays quantify specific
rel evar{B r ker Bon gultpatients sg gresalidnasnsisp defdia trepimsnt dethewpderia %@?\Zeon t he
amount QbrdesiTh ViR T‘éFtFﬁE%thﬁ'dr%tIEHr%%@@fed(rb?ro@ﬁétfv@ﬁ@érﬁ‘]bﬁ)gtééeshcﬂﬁﬁ #RCYatient
potential to repopulate testes if transplanted), viability of cells, and
optionally DNA analysis to confirmidentity of the cells. Stability assays
consi st of small sanples of tissue or cells being thawed at regul ar
intervals to check quality of cryopre§§rvati on. [0139] 7. Re-i npl antati on of
testes-derived germine tissue and/or Cells [0140] Transpl anting the

i sol ated substantially pure popul ation of germine stemcells




into the recipient is acconplished by direct injection using standard

i njection neans known to persons of ordinary skill in the art. In another
enbodi mrerwQ 28uppor28 cell s, such as Leydig or Sertoli celPC3/ush@b/opi7ovi de

hor monal stinulus to spermatogonial differenti ati on are transferred to a
reci pi ent test al ermine stemce se tr rr

Cuppor e Eans e AR fdeBett o FOF -l fesbpiopgtonss wnbofiat ool PEvaimeat | e
These trmatnesf sper@catshig timiet of bk s/ radiothieeapgiithete gous otbier battcmrlmjtogwes ort celei t her

the d t test A t t th
st oAnkFl GERR vy BT e SR CBlOgS B HRNEBRL Bl Forer Pate wh s
will | ifssditye b@tlmﬁ mr prédeevinigitgefeafityabbmble ©8-pub8ddent @hlientpeExtrhctiohhghdcel | s

are be introduc r}to t he, vas e,g‘ere 'iﬁ fthfe rl.gvte testl.s or r’ghe st of

seni ni fAYEUSLE 'BBrCP TS ogoR8h 8tk ET 197 RIS PIERBIVAIR) &3 i FUBIFChBbbI es
(I ess tdoasiderapia Ne@edbarmﬂtd@rtao_nelgn t@pépl@rﬁtahdryoberybmgerp@d aéﬁduliarntlﬂsubf(aot

£ anspi St yuPRe TR beRPeet rEbt T8l peBReRlbelf nifiarBe ot n
appr oprofatcmcénstaﬁfs Chrtiliey restyraion Helllqsnfnmgh tffa(néplphtaﬂd)mg)f ttbsticoe diseué makhigeen

i nj ectlon i [O%élrl Swftabl ell, | I}? ant . vehlcI es_are kno .rtno

per sons’o %? i & aiasy |of 3ning h'@ gﬁf IhEYRE HBYBEUPYSTE [ RUMELE ym
al bum nnodmt)iazewtaldaagln fameinor | eci thin, sel enium and inorganic salts as well
as serum conponents and/or growth factors and/ or cytoki nes. Typically the
cel I trjaneg]l ant Riskbiot lrefettility in Péinalesch is roughly physiologic, i.e. 7.0 to
7.6. [0142] The instant cellular conpositions may to be adm nistered al one
or in doms]nat i Ome weshniodisclosurenprevigasamethods forctzdnkingamaept dibswee aad celesr s, i n

e e AL PRI
wel | ts[o%dment l§|S8Fders s(?{u%‘ (?ns if hllceh t?s%ﬁg%Ha rg%}P IH] s?@r% C%P%F\Xﬂr&%ﬁﬁld%om oxi ¢

sol ven arnaceutl rmthree
functi alesired 1 fetrmle\sammtlmerdlsamde ra&@esﬁuetubﬁsethaékjlrectiymrt|h¢rectti§staa’iatt fedllityul ar
20 5 t
'f ?gg 32'%‘. "?eréi i %%néseﬁg %Q%%J gneos-éﬁifggls ?es%gé gtpgz((zﬂ%%ng'gsr %S\?(!ér%g%l %Sééneg ?3) :
to i npriosledibderep@sectoe bamdhom@pufdubﬂn@ icasteamt cyiotmpmstftarany byona marrow
t t t f
Iplr’ljagclt ai‘jﬂ?}@&lahtﬁ%g%rkbtcﬁ)megt%ntd ehr,osg: I)F%r eﬁmlg' pg%)r(rn? gﬁgrpgpeeﬁ iP %?R%xﬁtwﬁ?s g an
phar nacmeﬂerv;eatepmmptma patemtil blqirlsrenorbycmnmm pasaggdmr remd)dmtlva:mrhml Brone
conposi &l ony rﬁt o 2R W?%ﬁ;‘%sl%! %%%M | BGGRP bJ%r?otﬁé"rr BodimBdt & a&mrﬂ%.%tkefed
inavarie y 01’ dosage for uch as’injéctable So |ons and the Tike.
The phamshplmmiatbmmmrrl ers can, if de5| red, contain additional ingredients
such as binders, excipients, and the |ike. The aqueous solution is
pref er BI10Isui t mbfemaded.f eytetxict trammmrcyusmdoltjwrl desiruttion | arentredultr st
render e;ﬁ' ?Rﬁgome%o\ﬁ%ﬁs% §r'rH n‘fecrhlﬁ |§%'ddfﬁ‘8n % d%% % cfre $H&I&t.9&§§%‘ﬁﬁa|sﬂl utions
are sui it r 2 ar, e
i nt r apdoss ohealrogem ecd |omrmr ﬁ'cbrmosads)joaotlead éoi Ibeg depue besltmpdotderesHuoy exs ar e
bt ai t il t.
0143] SokerDlas AR Aot B0g BrEmsatMbra ol e bBrckRPSdehllghiddd e
[ 0144] Guarivas eyeemndricad aiummamarsfamlowl d Anieltl\&@ham ethd hadnypdeigene scapceror t o
h £
n i1 (e B ke 0GR ene b BRH R L e EEe, ' Okl oA bralfithed BFET e
from hmsaovamreanowl@sr encﬂ hasitsiciombiesl ouectblcemqmgat or che affeat aavorsam's derdlity.
t hel ' fi t d
eP el bRl LD B AR Pl LB Kl rbsld Suf Wb, dogiget e
suppor tovahan Virabis| iahyedondc pragnancy, eﬁdorrelrlcslsdamd ngamer‘mecysmq)l eB1reast|aamcer

t t ft d
P 005 HpubASL I ok MRS hIAIAY e, BRclil g Bclet KRAH ey 2t
ovar i arovesédtsmies fratreduces theirt lshandei ghateyilosinggeush cehtars adee sepmratoedl f rom
t he mald g{ﬂ)%%tloﬁglahg ?ﬁétﬁg)r&ﬂ%&&sli%ﬁs negative sel ection procedures I n

non- mal § ranspl antation of ovarian surface

epi t hel (OSE y C ImenUR S

di ssect[egﬂ]r om 't}rr]]é(;@ ar(—p‘ﬁmrf?é %ﬁg&%vfg‘r’ igvg)rrpetni ssutraédlﬁfgﬁo@glaltgeecalttégrﬁ}(}oéﬁgy% cm X
0.5 cmrpprededtivai alility hre thid dteteer Asfa prepautioniaes stepi befers aytetokicoxresytestating a
vitrification procedure and kept frozen until patients need them for
fertility restoration. Wien needed, the OSE pieces are thawed and sutured
together to make a larger piece and grafted to the surface of the infertile
ovary. [0146] Additionally, ovarian folticles at different devel opnental
stages can be frozen and either re-inplanted into the patient or be used
for |n V|tro culture |nto mature folllcles Oocytes fromthese folllcles
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[0151] I n the case where spermatogenesis has already been started in
prepubescent patients but not conpleted, partially mature germcells that

al ready ewbepadsmedosi s (primry and secondary sper nat oP¢TASPOI0AKTOE St or ed
and used for further differentiation to round or el ongated spermatids.
Spernatbds t hen couLd be E%Fd faor |CS| allomﬁng fertilizatgon andd
subseqUBHEPEIbFYE FelPEIYBhEHEP Y T8 FRR G SOPBER AT ABIhEULPRFE" QR e for
use i n ayopresenvel for iuse lwithi au3istdaltepaiuctivertdcrdolbgies, ahsald, thei tientdissoeate cat ed
ani mal s h as cattle, sw ne, sheep.an oat s 0gs,, .cats, etc. .[0153] A
Gor 1 HRBHE PRy e 5 SRBUTET 458 &g PRRe rORER pokks in v
germi n@?/cdeb:t§ irﬂTer@ﬂrdgfid;u;l&ssihémgzi@b|§veﬂ%ﬁbrbé[@bll i/\ﬁth I@&Eerfk@emi \rtgmrré' Ingtio y
:;]9 reaigﬁmr{i%gdgé%%ppgyo%g:{m%zétgaggta nB?Srlge?ra(t)q? g}ve\IaX%maé[mtgrar?e Setelgiw. Cq'lnersefoar(ra,e ept
2011/ 051832 REmoHHAGAI040, 55 B rigT edllqug it nisr ¢obtksn gérnilineBtenm delish bankiegisr=ol | ed
envi ron invention, a depository, e.g., a

ent. In. di . t hi
germ i nvga%g‘ae?ﬁ’t'og‘dﬁﬁj‘?aqeg‘?grr'h\né?jaé'agi%Poéﬁ8fﬁeﬁﬂn%er nine cell units in
tici i f dt t fertility.in the d . Th . of th
i sct od et noBdiEfc FubRESEEET s drsupet i o B Rl RGBT R b
al so t atientsdidsey ioscoatbinferti¢, et bnighesafte traatiepo shtbothey dre idadly lto edstste thei t hi n
So°t hadEaHEn ABGal Y ' e haTPoNadEsShe Mot BY st Cer B b B EoLhate )
retri evetdct Aspyoduntlexiongardsi thetfrozen atissey sdrefollicies ¢ bsedseddoint ahféd lhosthi s
. Al's iLded i. t tem that. t i . l
P s Duednair i BEREp 65 e SndleR A8In e T arhiRliod NE-EEK ROGHUIE BPeg i
such wehost haturaticst off gegelifieasiehi tallsiiAttorbey Bbtlet No. 305131 4H0088kdsd filkkbams ands
d RN f diff { m i | its. [.0155] i ded
ot had st et PRy ol PP DI e Rt I en T MBS B | ne”
cel | undnt snimhOiesdt i(Gsadnanly a§ ar suppbadsystem fon alaburngt gqagtesdalidliéd)iamd matured

cel | uri i(63dngnly o6 or sppbamy sl onaiante o0 matured
| nt or mateagan BE orlYea SR nlt Tolo Rt E BB or macton "1t ey i nal e

i nfor j such as _the val . of t ermine,cell.unit or the total
nuner 181 Pl 1's el Gl R Shsdd el Akt MR ol chrlal BEGAL BN, | e
f or m ofmammalse inctudiangs betr edt iichéed itdi erdentstledonjddlis@E&Eamrtimgler nbgsecatel dnduni t
e.g., particular unit fram.,an_ indiyidual,. wil|l indexed in a manner for
reli ablpém%aar% 'a-@]ceut at "¢t i'?(fl%dz;etsi‘ B%t |§ﬁ<at “rmt-:'- eldit%’\l}]alman%hy conventi onal

i ndexi ste [ | i . t For

exampl 491 B OO NG o8 4@ bA80 bbed o Bl ¥k, SEK FiekoiSShpy,

al phanwier variaty dé germiare, coteggnio andmpjurpbtent celb gmrkerb] eGematlinedcedir markers

conbi nat j,;ons t hereo . oGatd on | epository. t,s) t
deposi '? F(')(lf@(?%’t Lgréérgn%%; I@Re'tegjnloag@&é%’gi B'%Ogn ytaerpl)gyt(rflcegegjagrltnga %ﬁn’gﬁg ﬁtépé? L?ﬁf oqm rgrlati on
enabl i rigrivele neirbiroptic dactafreegutdr whi(GFRAAT), bS-ihtegad,i Try-1, CD% eCDEPGD4%r y and

enabl i i dentification of t ource, and/ or type of ynit. i s indexing
oyot em 2RSS tghiGeasHinyBRA) RiGan SR Bhesi imdkol MealiaiaepMore!
non- manmuglelay antejeq. 1 @CNAP@heDAALd conventional software can be used.
[0157] I n one enbodi ment, the germine cell bank conprises a systemfor

st ori ndo# 5}l ur aPiutipoteiit seti (arklers sz, atieatewiot imie ol Cat-# t(ROWBFI pdNavbgual s
and a plur.ali f.gerndd I\l unit record may contain type

i nfor r‘raef”fa(yﬂ? péésr%??%?t%%&%r ﬁgtb‘i%ﬁ a(ﬂ]rdsrﬁéﬁg{]'ypi c information associ at ed
wWth t rmipe.cell units.or ecific indivi ls. ,[0158] St orage o
germ 1 01 B LFEE g it St e9BEER B 18 SRl R T S Fhe
cel | s ageembiney agon platipoteirstse cek denednyGstndinagtemeeh gdnerminclode usgdrgnotvi di ng
that the .store roduct . ret ai L abil i o] eth peut i ur.pose

i scusSERHEPefOnP TS oY REhy TRt BYaF aBaZtcihCERF G SPUPPBRGER i ne
cel | s ajepeknmWde] buttdie natrlimirddo,cast-4) Nans gD Ee® rSixagalkalinephoppresadet and

di scl OS(':JrK/Stb There is no upper limt on the nunber

t he

[0117] Additional embodiments presented herein include the long-term culture of
certain populations of germline cells such that long-term multipotent or pluripotent cells lines

are generated. These cells lines can be used as a source of cells for differentiation into
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WO 2011/ 057123PCT/ US2010/ 055706 of germine cell units than can be stored
in one particular bank. In one enbodi nent, hundreds of germline cell units
from di f fwoent1/ismdvi duals will be stored at one bank oPCItuse@gesi7aci lity.
[0160] A facility for storing germine cell products may be quite small, yet

still store es for, al e nher, of pepple.. In one e |rrent

Corm i HESlEpPetli PR gy el PR SRR oMo foseorihSat BR e

space nﬁwﬂimg[a()slﬁ)%ﬂaﬁhalyadm agmlét&m dflthe/dwsedlgeemrcbecenﬂmed oarexpregsiort hod

of or ganr i ndex r oduct dtorratlred rohotic
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ret n on sto L m e us to StOI’ nits.

These. Maiet AoRefSed 260 hyidlo M PhuRr P B g stntndndenfiued adfcetiot ore

enbodi munipdiert Baatst Thadgendg-@ah lcuttires desgtided Heneidichh ereemopsé@treaj far future

different countries. The storage facilities may be underground or
abovegrfifid. [0162] Fault tol erance conput ers and redundant systems may be

used t hout, t he, stor rtr £s to imnate po roblems and
o e or oD SHL o i it PP st o b B Fe Rt i P B B L oo
for ef fdetl$ engemﬁroe aglélrrmsd:aneierUSedabr tbérabaﬁromjprnatmes aﬂiebemmam\& medlgne

Machi n ion, Aut omat e d Vehicle

& o1 noingdelT Braioe Lot SFRbaan P oW B Bt o e AT Eout or
Al ded Riuok s sspBiradtocytes, ssemhétmsiamralspermmemlmnurf@llrclesLersd; osojidE itfemateed
storage f ﬂ/e areas nmintai ned at

I
approgrel ?agéfl o ier gt{%?pé)gulgﬁr}g aP %rrﬁdﬁgrogugtr\gadéﬂ%n@ "Fhi ch arfe i nfjexed and
163 .
ger é*ﬁ’égerb it S S8Rl b SYehT B Bl Pl PR 8 KBEbod 4 e

germi rfellcmemg csrapmm amﬂoos’epsxr 1r)ﬂ'nssupramdienﬂhn@) Stanbpah of frs*sueriocxreeﬁrai ng

t he ger rr1]e ceIII ngg'ﬁrs folrn stQ e ol nf,[ro rragf?e:l ant at i on. gcesm iy

be dondB§MdAOGaHS oqsShe g eat kel panks 51 GO R OPé’b whi h
speci alrsczlaed |ca||sgzetraehtralebar:rkj anf ety agpusandesindirelgese dftissoerane/obisdiateint s,

t he entr roce N ocessrn tion i n recordi and.

the st Siflcel PR aREGHR By e Bare TaPaRBuel ffisAi obERC RN AP b iy P
sone emwodi.nents, the operating of this system nay be nanaged with the

assi stance of dedicated software. The software may manage enrol | ment of the
pot ent i[@fl20]eci pl.ent Tissaguwoledtiamfrom mhkesger m i ne cell units from donors,

dat abase managenent, storage nonitoring, quality checking. In sone

enbodi f@M2Y, t hGemglipst ealisrary repieved droom testes pricato temmittadion of o eyrhotoﬂne
conput roééﬁ%lreeg? g(?c)ﬁ éfﬂa? quﬁjU!}p\letCh %Sx'réa%% tﬁe %estr@ctr%ﬁ%l? g?er g(?rﬂ{ c
processor, proce evelope processor
wWthi n‘kiﬂw&ede gmbhwnrprfejo%mbu@ tnsa@@lsrrbmverkun@mr surgumi asgpticenodifionse. g. ,

2 7 P 0 7 | g ,
di skng(\élB ET%\PEGV\B q%i/%%x%ﬁgna % jd%gé& %F t%ﬁ&%‘ito oM %t g‘P9'§y IIem IS
capabl esuspensiomnéargbe medaynasheittaetr ipnigr &y st efter $mpraerp1arftthemtsare bediemat , t he
dat abaso%nﬁ%é gﬂt?tores information for each germine cell unit in the bank.
Certainin on is stored in association with each unit. The
i nfor may,.b d I n
i dent rﬁr cat'i on Igf eaaﬁ%%ﬁrﬁ%rﬁ e %Lﬁaerasgﬁﬁrgfer@é&ggwggﬁ?%q 'gt(%{ ?%ﬁéﬁwgﬁ vel y,
or additOxdoair pjeceh@nd npde ﬁmre@s araylased sapslazile tube donfaininmstedia. shEm)ing
exanpl e i . i ) - r Il unit
or the CEQ b QF égﬁéﬁ%d'mﬁgptﬁ%é ggugﬂgtrﬁéﬁﬁé%wgsmlé E%nggyéjd&\%dﬁﬁ Ceach
sanpl e sterilg eantaihabtantamdg steletshippéy mediasanpl e in such a way that it can be
| ocated and supplied to the client imedi ately. EXAMPLES [ 0165] The
f ol | owi[ARHx anpblippiag enadinincludes iahy mﬂdrawbict'yr@en@upm theevidlliy wktasticdare not

limt £ t
popul st puiers HOIE Beq s aRpGTARECRE Qs o PR NT S Beltimics 8 1°
ger nl i rissyr enaictehanrcenwnredia mlt@lleeBBSy FﬁfrtIDM@M mpnbementedsl:wrtrgérl&ﬁlé%lar@

Qct - 4+ g |5se{ﬁ)|eﬁrcr r%dtgﬁ%gto?ﬂyﬁmgl s &Sirre é}grrm?irae&‘r@élg?e% |ﬂrq 8f p& 8 st om

recept or e recept or I'ts

cel fa‘impdjcat(oscanbh@at@n Non 807 -8620Ki50, Whlgamin@@rp@tawl bwr&tﬂr@rqe,hea@efcmd it
regul at Qs fre§ RUED Ak S val . G Kit is expressed in PGCs from
their initra egr gatr onto ther r arrival at the genital ridge. In
postnatal nouse testes, it has been reported that c-Kit can be used as a
mar ker for differentiation of undifferentiated and differentiating type A
sper mat ogoni a. Conbi nati ons of Cct-4 éﬁd c-Kit allow the isolation of two
di stinct populations in germine stemcells: one containing nore primtive
germ ceI s or ger m i ne pr ogenr tors (Cct - 4+/ K| t+) and ot her ~cont ar ns.
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SSC and generation of spermatogonia conmtted to differentiation. Under
certain in vitro conditions, GSC from both neonatal and adult nopuse testis
can reporwedby/gernarate nultipotent germcell (nG0) | i n@sTiusa410/053766
characteristics and differentiation potential simlar to ESC. However, nCs

gener at i,n different |abqgratories showed different germ WO

2011/ OégfzngCT/ 520 lflsﬂgg?g%&b%ﬂ *ro%éﬁml?eseri stics; for exanple, some retain
their roperti es and some have, L.ost it.conpl et . .Thus, .the :

poss! bilP129) ¢ enaPidrer a8 AL DTeoHiE TRY dhahy A HIEE ' f Srelo ity
have bgeocedi@rd, seon bftemandinfufyewkioh csnlyadpol ke destsctidn gfehargemecdt tessue et his

resi de ithin the nouse testes. To, nvestigate this question, a

{ r ansgalr MrtioR HEHETY ok Ve CL N erA! (AL PGP & C0PTel Tt S &FTOWci 11 ¢
Cct - 4 pmasp$Eyicukssepiedondiiivns Gind igenertal pagstiaata. artg/sivalr and ennychaticdiggstidne
germin temcells with.regard to their expression of .transcrjptiop factor
ot 4 dndhe IRpE sodult By s 5T 98P egHO G PR, o CUBS UG PHGSh OGaRR | ne
st em cahignentbtiheitisslieatoebe tertral batkvey faoikitynat al or adult testes and cul tured
in a conplex mxture of growh factors, generate cell |ines that express

pl uri pdoe2a] ES ImesrieeesmbodimenOuivadan Nasi@gis GoXitp dpexeximatpad) raSEhedss

al kal i nedphoi(p |9t ase exrhi t?i t di hi %g rJiel nerase act | vrityhand d;nffierepti at ed
into mA"Ci W & MYRELEES TRAEY DERTHY ear Al BAPE e ShReldained'd) | & and
chondr copthes efrdlobiovént gthé rtidsieeid naaiht@rednin iaading piecotaod qllged Thiasstelde aubel ear | y
show t he F)fiistsetnrcler?ﬁf gi stinct populations within germine stemcells from
whi ch ocﬁ)lnfr{rllﬁa SéF |prﬁ)é]gdp%(g%‘ni tors can generate nultipotent cell |ines
with s | uri n cteristics, . ric 1t .of i ne
ot em caPi2! bo RPRERR (F B RE Gy P ML P SERRERERI Ry, PRl o
gel at i Misscatedlocdibsagiatedcalsdar dpto 24 . Nar-lirditih§ ekanplesalof tisduesnaintehanaeenove

somati c . s t t r f jif f i ion,. . I
uspendl e AR B e AV BL disy by Wi B B TR s incane

0. 01- 0.d9¥spbomycinh s archill dsspropoethy fedinetisdaed dn UD.GRatémt- A plicdtivar Rublisation
correl gg | expression of GFP and c-Kit (FIGs. 1F-1H).

[0169] ﬁ\tjladr'\%@(s)?@éﬂﬁg%hat al germcells were cultured in a stemcell culture

nedi um[% a r'g_xt urr%ﬂ%hogt%%\)%s%ugactors as described on culture dishes.

Initial si grial s I'Sappeared after a few days in culture (FIG

2B). T ; di St : i L ]
chai n- | TEabled B Ral SRR it s ik TR RASh AR ¢ ENANHRpondY @ 1O
2C- 2D) .theJpenteq) laaking facilfty Sa¢h that itrediiest adhé genthal baokiog rfagildye withinGAPhipofsi ti ve

celI's sts@é ﬂa&%tﬁﬁ; g)ﬁjr%%%egﬁ&g tr?gtttﬁé v%bﬁit%ﬁﬁlrsgjor?g%)g#f]%gﬁFé%r L?SFPW ofA‘f ter

2-4 weeks in cu ositive coloni’es ransferred
i nt o cuhipment dind heslingist aftem 72b raf shipnent.rWatpeefento have baiiispom nwithini 24 bbbfast

f eeder Ha?\)’eeé'iiﬁ (MEF) in the same cul ture medi um suppl enmented with 15% FBS.
After passing 3-4 tinmes, via nechanical transfer to new MEF cul tures, the

col oni q?l%ﬁre egtabb}g&ggi%%%%d be renoved fromthe culture plate

enzynmat ly (col | agenase , 5-10 mn) for further expansion and/or

st or aggqqgk4h! | qui i - i g Of L - i ce,

rpr aaP 1o\ e Bl R SR (SRELEfesd Slenaithoncall BB SoE e

cyt onetfey viabitity\@adeced|i marersyprionlte gryedresarveipn. (Dsomeyem@Erdigend @rminszstaince, in
I

t ot al I : hav | cel

[ Tnes cxhy SL gt RR foh WRRAl AR A8 OB T ¥y ARFRQENBHANEL: il o1

[ 0170] Itestisd@r oi ov@rian calsCwWitheiet endshrpentdergasaliie siemmesdacaraicryapregengge CD- 1
mce indicating that the method is not |limted to transgenic 0G2 m ce.

Sel ect d@13HI | [ inrAnothes eebodymend enrigmrentieTRrUine $BMOGHF 0B cindyged/tyHiewed and

pr opag ; Wit i oat - ing tinme
b 72 Y e s TR SN B RaRERpRARE o AR TEIBR Gl oo
di fferqgj3d)i mespoi OhDpfeddrPstist! ture (day 2, FIG 3A; day 5 FIG 3B day
9, FIG 3C day 15, '"FIG 3D), the nunber of G-P+ cells were anal yzed by
FACS (Hb$3313E) - A[KEL] & Kkt S brdcebilies Wihebs tRad %ﬁ@rgBﬁr%Eé&ﬂ@ Gorthbr / GFP+
cells by fl'ow cytonetry (FIG 1D-E) and cultured on MEF feederS. Only

c- Ki t + tisepriprd/PigRsMiemaiemt @iSmGC col oni es and no cell line could be
generated fromthe c-Kit- pool. Anong the growmh factors used in this
study, renoval of GDNF resulted to snaller colonies indicating the role of
GONF in self renewal of the nCGCs. In contrast, renoval of FGF2 resulted in
differentiation of the colonies, indicating possible role of FGF2 in

mai nt enance of the n3Cs in their undi f%erenti ated stage. Renoval of LIF or
EGF did not affect either the expansié or differentiation of the nCs.
[0172] The majority of cells in the n3C col oni es expressed Cct-4 (FIGs.

4A- 4D), Nanog (FI Gs. 4E-4H), VASA (FIG 41-4L), and SSEA-1 (FIGs. 4M 40).
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WO 2011/ 057123PCT/ US2010/ 055706 (nestin, neuroDl), neurons (MAP2, NF-68,
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until it reaches a temperature of -120°C. After 5 minutes at -120°C the temperature of the

frozen cells will equilibrate to -120°C. The cryovials of frozen cells are then transferred to a

liquid nitrogen Dewar for long-term storage.

[0136] The manual freezing procedure begins by preparing a “Mr. Frosty” freezing
container (Nalgene) which is used to slowly freeze the cells. The “Mr. Frosty” container is a
polycarbonate unit that provides the critical, repeatable -1°C/minute cooling rate required for
successful cell cryopreservation and recovery. The base of the “Mr. Frosty” is filled with 250
mL of 100% isopropanol. The tube rack is placed on top, the lid is screwed down over the
tube rack and the “Mr. Frosty” is placed at 4°C for at least 1 hour before being used. The
cells are suspended in a cryopreservation media cooled to 4°C. That cell suspension is
aliquoted into cryovials, 1 mL per cryovial. The cryovials are then labeled and placed in the
pre-cooled “Mr. Frosty”. The “Mr. Frosty” is placed back at 4°C for 10 minutes. The “Mr.
Frosty” is then placed in a -80°C freezer overnight. After the overnight stay in the -80°C

freezer, the cryovials are transferred to a liquid nitrogen Dewar for long-term storage.
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372 (84.5) Cct-4+/c-Kit- 580 448 (77.2)c 132 (22.8) nmGC 420 100 (23.8)a 320
(76.2) Sham 480 80 (16.6)a 400 (83.4) WD 2011/057123PCT/ US2010/ 055706

[ 0178] Forwoenatwmae3f or mat i on, equal nunbers of nouse ESECTAS2@095370& e
control) or Cct-4-GFP/LacZ nCs were injected into the skin, nuscle and

m ce (8PBYTh codhvi nGUeR Shspviiicand Esassaovan afne [shtescderead ot AR

cont r atissue@nd/crfcellse m ce (0/20) receiving nm3Cs gave rise to teratonas
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pluri po(}o%gtnhae}iu'aﬁ)x gggite'fb% @e%ﬁ[ﬁf ér%ru%Fe's?I@Ss than 2 uym in diameter) can optionally be
incorporated into the carrier fluid for easy identification of satisfactory delivery of the
transplanted germline stem cells to testes. An ultrasound equipped with appropriate

transducer may be helpful for placing the needle in the injection site.

[0141] Suitable cell transplant vehicles are known to persons of ordinary skill in the art
and include molecules such as serum albumin, cholesterol and/or lecithin, selenium and
inorganic salts as well as serum components and/or growth factors and/or cytokines.

Typically the cell transplant vehicle has a pH which is roughly physiologic, i.e. 7.0 to 7.6.

[0142] The instant cellular compositions may to be administered alone or in
combination with one or more pharmaceutically acceptable carriers, in either single or
multiple doses. Suitable pharmaceutical carriers may include inert biodelivery gels or
biodegradable semi-solid matrices, as well as diluents or fillers, sterile aqueous solutions
and various nontoxic solvents. The pharmaceutically acceptable carriers generally perform

three functions: (1) to maintain and preserve the cells in the instant cellular composition; (2)
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t he basenent nmenbrane of the sem niferous tubules. Al of the GFR a-1+
cells were also positive for germcell specific marker VASA. [0206] Al |
SSEA- 4+ cebl2s1vesresl ocated at the basenent nenbrane of &dmuS2@oiosEe
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[0213] For isolation of primate germine stemcells, c-Kit was gated as the
negati ve/ parent sorting w ndow agai nst which were plotted both CD90+ and
CD49f+ to identify the double positi V? CD90+/ CD49f + cells. Sorting for
doubl e positive cells resulted in iso 4tion of germine stemcells, present
as about 5.77% of total cells in the adult primate testicular isolates. The
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[ 0214] These conbined fl ow cytonetric analysis resulted in isolation and

substantial purification of two discrete germine stemcell popul ations
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[ 0222] SSCs share sonme but not all phenotypic and nol ecul ar characteristics
with other stemcells, in particular hematopoetic stemcells. The flow
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i ndi cates that SSEA— 4+ cells mght represent the acti veI y dividing SSC and
triple stained cells mght resenble qgéescent stemcells. Interestingly
both SSEA-4 and triple stained cells pressed C-ret, the receptor of GDNF,
while only triple sorted cells showed PLZF expression. Both GDNF and PLZF
are known to be maj or regul at ors of sper mat ogonl aI stem ceI | self renewal.
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enriched by tagging with magnetic m crobeads and passing the cells through
a magnetic colum. Freshly isolated primate testicular cells were | abel ed
wi t h bi otwoybatmsdizant | bodi es for SSEA-4 or for a6-i nt egPCh/saaoDb3rod
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50 ng/ nL Bovine Serum Al bum n 5 pg/nL Sodi um Pyruvate 30 pg/nL

Hydrocorti sone 0.05mM D/L Lactic Acid 1 pl/nmL Qutamne I x MEM Vitamn 2X
MVEM NEAA Wg 2bnigdri2a- Tr ansferrin- Sel eni ne 1X Peni ci | |i n/ SCrastaoipsine 1X
Epi dermal Growth Factor 20 ng/nL basic Fibroblast Gowh Factor 10 ng/ nlL

(nestin, neuroD1), neurons (MAP2, NF-68, GADG67) and glial cells (GFAP, MBP, A2B5, O4,
NG2) as shown in FIGs. 8A-8G and 8J. They could also be induced to form cardiomyocytes
(troponin1, cardiac myosin, desmin, Nkx2.5, GATA4, FIG. 81 and 8L) or chondrocytes
(collagen Xa1, and staining by alcian blue, FIG. 8H and 8K).

[0176] In a separate differentiation study with mGCs, the number of cells (nuclei) were
counted with and without staining of neural markers in seven colonies within a culture and
the average percentage was estimated as 17.6% for GFAP" cells, 2.5% for Tuj-1" cells and
2.3% for MAP-2" cells. In general, the efficiency of induced differentiation by these protocols

was much higher in ES cells compared to the mGCs.

[0177] Four weeks after transplantation, testes of the control animals as well as those
which received Oct-4+/c-Kit+ cells showed no spermatogenesis in the majority of the
seminiferous tubules. However, 80% of the mice which received freshly isolated Oct-4+/c-
Kit- testicular cells showed some degrees of spermatogenesis throughout the testes,
indicating the presence of functional SSCs in the cell suspension. Only the c-Kit-
subpopulation of germline stem cells colonized the recipient testes. Testes regeneration
following transplantation of germline stem cells before and after culture in presented in FIGs.
9M-9R and Table 1. Cross section of the normal testis of an immune-deficient mouse is
depicted in FIG. 9M. One month after busulfan treatment, the majority of the seminiferous
tubules were depleted from endogenous spermatogenesis (FIG. 9N). While 73% of
seminiferous tubules of mice transplanted with Oct-4+/c-Kit- cells showed some degree of
spermatogenesis (FIG. 90), the majority of tubule cross-sections of the mice receiving Oct-
4+/c-Kit- cells were empty (FIG. 9P). A CSFE-tagged positive colony shortly after
transplantation of Oct-4+/¢c-Kit- cells is depicted in FIG. 9R. No spermatogenesis was found
in the majority of seminiferous tubules of the recipient mice testes transplanted with the

mGCs, indicating these cells do not have SSC properties (FIG. 9Q).

Table 1. Restoration of spermatogenesis following transplantation of subpopulations of

germline stem cells and multipotent germ cell lines in recipient mouse testes

Transplanted cells Total No. of tubule Total No. of tubules Total No. of empty
cross sections with spermatogenesis tubules (%)
analyzed (%)

Oct-4+ 580 328 (56.5)° 252 (43.5)
Oct-4+/c-Kit+ 440 68 (15.5)° 372 (84.5)
Oct-4+/c-Kit- 580 448 (77.2)° 132 (22.8)

mGC 420 100 (23.8)* 320 (76.2)

Sham 480 80 (16.6)? 400 (83.4)
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[0182] Based on microarray analysis, mouse Oct-4+/c-Kit+ germline cell lines
expressed pluripotent genes Nanog and crypto but at 1000-fold and 5000-fold lower levels
than in ESC. Similarly, the germ cell lines expressed oncogenes including, but not limited to,

p53, Eras, Bak, Int-2 and ¢c-myc, but the expression levels were several fold lower than with
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Exanple 5 Isolation of Human Male Germine Stem Cells [0251] Human testes
collected as testicular biopsies frompatients with non-obstructive
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2% (w/v) bovine serum albumin (BSA), 2% (v/v) normal goat serum (GS)/ 1x Cytoperm-PBS

for 30-60 min both at room temperature. Primary antibody was either diluted at the optimal
concentration in 2%BSA 2%GS/1x Cytoperm-PBS and incubated for 3 hr at 4°C, or diluted in
blocking buffer overnight at 4°C. After two washes, fluorescent secondary antibody was
diluted accordingly in 2% BSA/2% goat serum/1x Cytoperm-PBS and incubated for 1 hr at
4°C in the dark. Cells were washed twice in PBS, wrapped in foil and stored at 4°C until
microscopic analysis. Images were recorded using an Olympus 1X71 microscope or Ziess

LSM510 confocal microscope equipped with digital image hardware and software.

[0192] For brightfield immunocytochemistry, cells were washed once in 1x PBS.
Endogenous peroxidase activity was blocked with 3% (v/v) H,O, for 15 min followed by
permeabilization, blocking with 2% BSA/2% GS/1x Cytoperm-PBS for 30 min. Primary
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t o no rmitia ibdubatih 8UHC for 15 min to activate the enzyme. This was followed by 35 cycles

of 95°C for 15 sec, the appropriate annealing temperature for 1 min and 72°C for 1 min,

which was then followed by 1 cycle of 72°C for 10 min for final extension. Reactions were
carried out using an iCyclerTM Thermal Cycler (Bio-Rad). The procedure for RT-PCR was
carried out using specific primers including, Oct-4, Nanog, Rex-1, DPPa5, Dazl, 3 actin,
Nkx2.5, Nestin, Mab2, and GFAP. For internal controls, GADPH was used as a house
keeping gene for cellular samples and [-actin or interleukin-2 (IL-2) was used in mouse

embryos.

[0195] Imprinting patterns in mGSCs and mESCs were determined by a PCR-based
analysis. PCR amplification of each dimethylated region (DMR) from bisulfite-treated DNAs
was carried out by specific primers. For analysis of the imprinted genes the UVP image
software was used to quantify the band intensity. For GFP and LacZ amplification, individual
tissue from chimeric embryos were carefully collected by dissection, minced into small
pieces, and placed in DNA extraction buffer (DNeasy kit) for DNA isolation and purification

according to the manufacturer’s protocol.

[0196] Spermatogonial stem cell transplantation: To test the functionality of mGCs for

regeneration of spermatogenesis, spermatogonial stem cell transplantation was used.
Twenty 6-8 weeks immune deficient nude male mice (Harlan) were treated with busulfan (40
mg/kg) and used as recipients. One month after busulfan treatment, 2x10° cells were

transplanted into the seminiferous tubules via rete testis injection. Four mice received mGCs
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females, previously mated with vasectomized males. Incorporation of lacZ cells was

examined in different areas of the chimeric 12.5 dpc embryos by the R-galactocidase
staining kit (Sigma). In addition, lacZ and GFP PCR were performed in DNAs isolated from
the brain, heart, liver and gonadal ridges of the chimeric embryos formed from Oct-4-
GFP/LacZ cells.

Example 2
Isolation, Identification, and Characterization of Primate Germline Stem Cells

[0199] Since quiescent and actively dividing germline stem cells exist as two discrete
cell populations in mouse testes (Example 1), the possibility that these two cell populations

might also be present in adult primate testes was investigated.

[0200] Spermatogenesis is a highly regulated process in which undifferentiated germ

cells classified as spermatogonial stem cells (SSC) divide and mature to produce
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spermatozoa. In rodents, As (Asingie) SPermatogonia are considered to be the resident stem
cells responsible for spermatogenesis as they are capable of both self-renewal and
differentiation.  Unlike in rodents, histological studies of primate and human cells
demonstrate two different distinct types of nuclear staining resident on the basement
membrane of the testicular seminiferous tubular epithelium, i.e., designated as Agak and Apaie

spermatogonia.

[0201] Below are described markers and isolation methods for substantial purification

of primate testicular germline stem cells.

[0202] Rhesus monkey testes were used for characterization of primate germline stem
cells. Immunohistochemical examination, surface markers and fluorescence activated cell
sorting were used to identify, characterize and substantially purify germline stem cells from
adult Rhesus monkey testes. The presence of germline stem cells in each cell population
was confirmed using telomerase, RT-PCR and immunohistochemical staining with the germ
specific marker VASA and SSC-specific marker GFR-a1. Spermatogonial transplantation

was used to define the functional capacities of cell populations before and after enrichment.

[0203] Immunohistochemical methods were used to identify, characterize and localize
germline stem cells in primate testes. For these studies antibodies specific for extracellular
matrix component (ECM) a6-integrin, SSEA-4 and GFR-o1 were used to visibly stain

histologic sections of primate testes.

[0204] Antibodies specific for a6-integrin stained cells located adjacent to the basement
membrane in the seminiferous tubules, as well as the seminiferous tubular basement
membrane (FIG. 18). An average of thirteen a6-integrin+ cells was found in each
seminiferous tubule histologic cross section. Within seminiferous tubular sections the
majority of a6-integrin+ cells were also VASA+, confirming their germline stem cell status.
Quantitatively, there were more a6-integrin+ cells per tubular cross section than GFR-a1 and
co-localization studies showed that about 60% of a6-integrin+ cells were also GFR-a1+.
These combined immunohistochemical studies of primate testis revealed cells adjacent to
the basement membrane of the seminiferous tubules which had co-localization of a6-integrin
and SSEA-4 cell surface markers and with germ cell specific marker VASA and SSC specific

marker GFR-a1, i.e., markers specifically expressed in male germline stem cells (FIG. 19).

[0205] The GFR-0-1 cell surface marker was specifically expressed in cells located at
the basement membrane of the seminiferous tubules. All of the GFR-a-1+ cells were also

positive for germ cell specific marker VASA.

[0206] All SSEA-4+ cells were located at the basement membrane of adult primate

seminiferous tubules and these cells also were positive for VASA staining. The majority of
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SSEA-4+ cells were also a6-integrin+. There was also significant co-localization between
SSEA-4 and GFR-a1 showing that SSEA-4 is an important cell surface marker for germline
stem cells. About 40% of spermatogonial cells at the basement membrane of the

seminiferous tubule in primate testes histologic cross-sections expressed SSEA-4.

[0207] Very few c-Kit+ cells were found in primate testes. Within tubular cross
sections, c-Kit staining was only found in the cells located at the lumen of seminiferous
tubules. All ¢-Kit+ cells were also VASA+ showing that they were differentiated germ cells.
No c-Kit staining was found in cells located at the basement membrane of the seminiferous
tubular cross sections. These findings indicate that in the primate germline stem cells are ¢-
Kit-.

[0208] Nanog was expressed in abundant in primate testes. Nanog appeared as a
nuclear staining and was colocalized with VASA in almost all germ cells in seminiferous
tubules. Nanog expression was stronger in advanced germ cells located at the lumen of
seminiferous tubules compared to undifferentiated germ cells located at the basement
membrane. Co-localization study of Nanog and GFR-a1 showed that all the germline stem

cells showed a low level of Nanog expression.

[0209] CD90 antibodies stained only the basement membrane and did not stain any

cellular structure in the testes.

[0210] The immunohistochemical characterization of primate testicular samples
showed that germline stem cells in the adult primate testes are positive for a6-integrin,
SSEA-4 and GFR-a1 and are negative for c-Kit.

[0211] Testes from euthanized Rhesus monkeys, age 3-7 years, were surgically
removed; placed in PBS supplemented with penicillin/streptomycin (Cellgro and Invitrogen,
respectively) and transported overnight on ice. After surgical removal of the testicular
capsule, a biopsy samples were removed for histology and molecular analysis. The
remaining seminiferous tubular tissues were finely minced and digested with collagenase A
(1 mg/mL) (Roche) and DNase (10 U/mL) (Invitrogen) in a reciprocating 37°C water bath for
15 min. After collagenase digestion, the undigested tissue was sedimented at unit gravity
and cells in the supernatant were removed. The undigested tissue was further digested in
an enzyme cocktail consisting of 1.5 mg/mL collagenase A, 1.5 mg/mL hyaluronidase Type
V (Sigma), 0.5 mg/mL trypsin (Worthington Biochemical Corporation), and 10 units/mL
DNAse in DMEM in a reciprocating 37°C water bath for 20 min. Digested and undigested
tissue was passed through a 70 ym strainer into FBS (fetal bovine serum; Hyclone) to

inactivate enzymes. After centrifugation at 400Xg for 10 min, the cell pellets were
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resuspended in DMEM+10%FBS and placed in tissue culture coated 15cm dishes in a 5%
C0,/95% air humidified incubator.

[0212] Flow cytometry was used to identify cell surface markers specific for adult
primate testicular germline stem cells (FIG. 20). Contrary to reports from other investigators
with non-primate SSCs, freshly isolated adult primate testicular cells did not express
epithelial cell adhesion/activating molecule (EpCAM). However, germline stem cells were
identified as a very small portion of the total adult primate testicular cell population, less than
1% of the total testicular cell isolate, by virtue of expression on their cell surface of the GDNF
receptor GFR-al. Similarly, contrary to experience with murine testicular germline stem
cells (Example 1) freshly isolated adult primate germline stem cells did not express ¢-Kit.
However, adult primate germline stem cells, (about 2% of the isolated testicular cell
population), expressed cell surface carbohydrate determinants bound by Dolichos biflourus
agglutinin (DBA), a lectin. In addition, the adult primate germline stem cells expressed the
CD9, CD90 and CD49f cell surface markers (FIG. 21).

[0213] For isolation of primate germline stem cells, c¢-Kit was gated as the
negative/parent sorting window against which were plotted both CD90+ and CD49f+ to
identify the double positive CD90+/CD49f+ cells. Sorting for double positive cells resulted in
isolation of germline stem cells, present as about 5.77% of total cells in the adult primate
testicular isolates. The latter CD90+/CD49f+ double positive cells were collected for further
use. Additional purification was achieved by selecting for ¢-Kit- cells that were positive for
SSEA4, resulting in isolation of a second substantially purified cell population that
constituted about 2% of the total adult primate testicular cells. A yet additional purification
was achieved by selecting for ¢-Kit- cells that were positive for all of CD90, CD49f and
SSEA4, resulting in isolation of a third substantially purified cell population that constituted

about 1.47% of the total adult primate testicular cells.

[0214] These combined flow cytometric analysis resulted in isolation and substantial
purification of two discrete germline stem cell populations from adult primate testis with the
following properties: namely, (a) Thy-1+ and o6-integrin+ cells and (b) SSEA-4+ cells
expressing both GFR-a1 and VASA cell surface markers and high telomerase activity, cell
populations where more than 50% of the cells were positive for both GFR-a1 and VASA

cells.

[0215] To further extend the flow cytometric analysis and immunohistochemical
staining freshly isolated adult primate testicular cells were sorted as follows: (i) a6-integrin+;
(i) CD-90+; (iii) CD-90+/a6-integrin+/c-Kit- (triple sort); and (iv) SSEA-4+ cells. The different

isolated and purified testicular cell populations were tested for the presence of germ cell
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marker VASA and SSC marker GFR-a1 (FIG. 22). Non-sorted cells contained about 70%
VASA+ cells, but only 10% of these cells stained positive for GFR-a1. Sorting for just a6-
integrin resulted in a significant increase in cells with both germline and SSC markers, i.e.,
populations with 42.6% VASA+ and GFR-a1+ cells. Sorting for CD-90 alone or in
combination with c¢-Kit- (triple sort) also significantly increased the proportion of
VASA+/GFR-a1+ cells to 30% and 46.4% respectively. Sorting for SSEA4+ alone, also
resulted in an enrichment for cells expressing germline and SSC markers, i.e., sorted cell
populations in which 37.5% of the cells were VASA+ and GFRa-1+.

[0216] The functional properties of different primate testicular cell populations were
determined before and after substantial purification by testing for their ability to repopulate
the basement membrane of seminiferous tubules in the testes of immunodefficient nude
mice treated with the chemotherapeutic drug busulfan. For these studies nine 6 to 8 week
old athymic nude male mice were treated with busulfan (40 mg/kg). One month after
busulfan treatment, 2x10° adult primate testicular cells were transplanted into the
seminiferous tubules via rete testis injection. For these studies, three mice received a
transplant consisting of freshly isolated non-sorted cells; three mice received a transplant
consisting of freshly isolated c-Kit-/SSEA-4+ sorted cells; and, three mice received a

transplant consisting of freshly isolated c-Kit-/SSEA-4- sorted cells.

[0217] To better identify transplanted primate cells in the recipient mouse testes, the
vital dye carboxyfluorescein diacetate succinimidyl ester (CSFE) was used as a fluorescent
marker. CSFE is a colorless and non-fluorescent compound until the acetate groups are
cleaved by intracellular esterases, yielding a highly fluorescent product. The latter
fluorescent product was well retained and was fixed with aldehyde fixative, however, the
fluorescent intensity diminished exponentially with each cell division. For this vital staining,
cells were collected and washed once in 1XPBS containing 1%BSA; then, once in 1XPBS;
followed by incubation in 8uM CSFE in 1XPBS at 37°C for 10 min. The resultant vital
stained cells were washed with MEMa, (Invitrogen) containing 2% FBS; collected by

centrifugation at 400Xg for 5 min; re-suspended in media, and counted.

[0218] Two weeks after transplantation, mice were sacrificed and the number of
CSFE+ cell colonies was determined microscopically in histologic sections of the mouse
testes (FIG. 23). Theoretically, if germline stem cells have a cell cycle time of about 72 hr, at
two weeks post-transplantation the cells should have undergone 2-3 cell doublings, resulting
in colonies of about 4-8 cells. For statistical analysis the ANOVA test was applied and

p<0.05 was considered significant.
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population, containing cells expressing GFR-a1 and VASA markers, had the ability to
repopulate the busulfan-treated mouse testes (FIG. 24). These findings show that these

cells are primordial germline stem cells.

[0220] To investigate the cell division status of the respective cell populations, the DNA
content of the two populations was investigated using flow cytometry (FIG. 25). This
analysis showed that the SSEA-4+ cell population had a cellular DNA content resembling
that of cells in GO-G1 stage of the cell cycle. In contrast, cells having the Thy-1 and a6-
integrin cell surface markers had two discrete and different DNA contents, resembling either
the GO0-G1 stage of the cell cycle or the S phase. The data show that SSEA-4+ cell
population with SSC cell surface markers represents a quiescent population of progenitor
germline stem cells, while the Thy-1+ and a6-integrin+ population of cells represents an

actively dividing population of SSCs (FIG. 27).

[0221] The results show clearly that germline spermatogonial stem cells in the adult
primate testis possess molecular and phenotypic characteristics similar but distinct from
SSC in rodents. Immunohistological examination using a variety of stem cell, germ cell and
spermatogonial stem cell specific markers revealed that in the primate GFR-a1 is specifically
expressed at the surface of spermatogonial stem cells along the basement membrane of the
semniferous tubules. GFR-a1 is the receptor for GDNF which is an important regulator of
self renewal of SSC. GFR-a1+ cells were VASA+ indicating that they are germ cells.
Colocalization of a6-integrin with GFR-a1 was 80% in cells located within adult primate
seminiferous tubules. Cell populations enriched by selecting a6-integrin+ cells showed a
very high level of co-localization with GFR-a1, confirming the findings using
immunohistochemical methods to identify germline stem cells in testes sections. Expression
of a6-integrin on primate SSC indicates that this marker is conserved among the species as
mouse, marmoset and human SSC also possess this marker on their cell surface.
Localization of some a6-integrin+ cells within interstitial cells outside the tubules indicates
that this marker alone can not be used for isolation of highly pure populations of SSC from

adult primate testes.

[0222] SSCs share some but not all phenotypic and molecular characteristics with
other stem cells, in particular hematopoetic stem cells. The flow cytometry analysis, using a
variety of cell surface markers, revealed that in the adult Rhesus monkey testes, there are
distinct cell populations expressing a6-integrin and Thy-1 and the majority of cells in primate
testes were c-Kit-. Immunohistochemical staining of primate testes also showed that all the
cells along the basement membrane of seminiferous tubule were c-Kit- indicating that a6-

integrin+ cells are c¢-Kit-. Sorting for a6-integrin or Thy-1 alone resulted in enrichment of SSC
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removing the column from the magnet, freeing the cells to be washed off of the column. This
process was successful in enriching the population of cells positive for each of the markers
up to 22X the original percentage in freshly isolated cells. In addition, magnetic sorting could
provide a population as high as 90% purely labeled cells. This enrichment process was
used in conjugation with fluorescent flow cytometry. By magnetically sorting the cell isolation
before performing fluorescent flow cytometry the amount of time needed to sort out
fluorescently labeled cells was greatly reduced and the number of fluorescently labeled cells

that could be sorted out was greatly increased.

[0232] Primate germ cell immunohistochemical staining: Tissues were fixed overnight

in 4% paraformaldehyde (PF; Electron Microscopy Science); transferred into 20% sucrose
(Sigma) and frozen in OCT (VWR). Cryosections were prepared at 8 ym thickness and
stored at -80°C. Sorted cells were fixed in 4% PF, re-suspended in 100mM sucrose at
approximately 25,000cells/10ul; 10ul aliquots were transferred onto ornithine/lysine-coated
glass slides; and, the slides were placed on a 37°C hot plate until dry. Slides were stored at

-80°C until analysis.

[0233] For immunohistochemical staining, the cells in testicular sections and in FACS
sorted samples were permeabilized using 0.1% Triton-X100 and blocked in either a solution
containing 2% BSA and 5% sheep serum, or alternatively, in a solution containing 2% BSA,
5% goat serum and 0.1% Triton-X100. DAPI (Invitrogen) was used for nuclear visualization.
Following multiple washes in 1X PBS + 2%BSA, cells were preserved using Permafluor
(Beckman Coulter). Distribution of surface markers in tissue sections and sorted cells was
evaluated using an Olympus BX-61 microscope fitted with SlideBook™ imaging software.
For localization of primate testicular cells in mouse or primate tissues, 50 different
seminiferous tubules were analyzed. For each different marker staining procedure, 3 to 4
different sections were analyzed and, for FACS cell samples, at least 200 different cells were

analyzed in at least three different aliquots.

[0234] Primate germ cell RNA extraction, RT-PCR analysis and QRT-PCR _analysis:

Total cellular RNA was isolated using RNeasy mini kit (Qiagen) according to the

manufacturer's recommendations. The isolated RNA was then transcribed to cDNA using
the Quantitect RT kit (Qiagen) and purified with the QlAquick PCR purification kit. For each
RT-PCR reaction, 20ng of cDNA template was used in a 25uL reaction volume with HotStar
Taq Plus and with the different respective primers. All target cONAs were amplified for 30
cycles. Amplification products were identified by size on a 2% agarose gel. For QRT-PCR,

5ng of cDNA template was used in a 25uL reaction volume with Quantitect Sybr Green PCR
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master mix (Qiagen) and the samples were amplified using a BioRad iCycler. Each sample

was assayed in triplicate and normalized to a GAPDH control.

[0235] Primate germ cell telomerase assay: The SYBR Green real time quantitative

telomeric repeat amplification protocol (RQ-TRAP) was employed. Tissue or cells pellets
were washed once in PBS, resuspended and homogenized in 1x Chaps lysis buffer
containing RNaseOut Inhibitor (Invitrogen), at a final concentration of 1000 cells/uL and
400units/mL of the RNaseOut Inhibitor. After 25 min of incubation on ice, the cell lysates
were centrifuged at 4°C in a microfuge at 16,000 rpm for 10 min. The supernatant was
transferred to a fresh microcentrifuge tube and the protein concentrations determined by
measuring absorbance at 280nm using an ND-1000 spectrophotometer (Nanodrop).
Telomerase reaction volumes were 25ul in a solution containing 500ng protein lysate,
Quantitect SYBR Green PCR mix, 1ug TS primer, 0.5ug ACX primer and nuclease-free
distilled water. Each sample was tested in triplicate along with a no template control (lysis
buffer), a positive control (ESC cells), and a standard curve prepared from aliquots of human
ESC lysate that contained 1000ng, 200ng, 40ng, 8ng or 1.6 ng of protein. Using the iCycler
iQ5 (Bio-Rad), the reactions were incubated for 20 min at 25°C, for 15 min at 95°C, and
amplified in 40 PCR cycles under the following cycle conditions: 30 sec at 95°C and 90 sec
at 60°C. The threshold cycle values (Ct) were determined from semi-log amplification plots
(log increase in fluorescence versus cycle number) and compared with standard curve. The
software default setting for the threshold was 10 times the mean of the standard deviation of
the fluorescence reading of each well over the first 10 cycles, excluding cycle 1. Telomerase
activities for different primate testicular cell samples were read from the standard curve

and/or expressed as a percentage of the values recorded with human ESC lysate standards.

Table 2. MEM-X Primate Media Composition

Component Final Concentration
DMEM/F12 N/A
Testosterone 50 ng/mL
Estradiol 50 ng/mL
Bovine Serum Albumin 5 yg/mL
Sodium Pyruvate 30 pyg/mL
Hydrocortisone 0.05mM
D/L Lactic Acid 1 pl/mL
Glutamine 1X

MEM Vitamin 2X

MEM NEAA 1X
Insulin-Transferrin-Selenine 1X
Penicillin/Streptomycin 1X
Epidermal Growth Factor 20 ng/mL
basic Fibroblast Growth Factor 10 ng/mL
human Leukemia Inhibitory Factor 10 ng/mL
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and ability. Cells positive for both SSEA-4 and triple sort formed highest number of colonies in

culture and cells depleted from SSEA-4 and triple sort did not form any colony. The colonies
were then stained for SSEA-4 (FIG. 29B-C), GFR-a (FIG. 29D) and a6-integrin

Example 4
Isolation of Murine Female Germline Stem Cells

[0238] Mouse ovaries from 40-60 transgenic OG2 post-natal pups, aged 2-5 days,
were dissected under a micro dissection microscope and used for cell isolation. Ovaries
were first collected in a culture dish containing cold D-PBS supplemented with 4mM EDTA.
Using a 5ml pipette, ovaries were then transferred with to a 50ml conical tube. After
centrifugation and washing, the D-PBS wash solution was removed and the ovaries were
resuspended in collagenase (1 mg/ml) and DNase-l (20 unit/ml); and, placed in a 37°C water
bath. Every 10 min, the digesting ovarian tissues were physically disrupted by pipette and at
the end of the incubation (30 min) 5 ml of FBS was added to neutralize the enzymes. The
resultant cell suspension was passed through a 40um strainer to remove tissue debris and
the isolated cells were collected by centrifugation at 400xG for 10min. The supernatant
enzyme-FBS solution was removed and cells were resuspended in culture medium and kept

on ice until use.

[0239] Ovarian germ-line stem cells were substantially purified by collecting GFP-

positive cells by flow cytometry identifying green fluorescent intensity (FIG. 11A), gating
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[0244] As expected, colonies of GFP+ ovarian cells stained positive for Oct-4 (FIG.

15A). Supportive of their identity as germline cells, the cells in these colonies also stained
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micrometer (u) and smaller; ceIIs were homogenous population all accumulated in R1
(FIG. 17A); significant numbers of large cells (>15u) in the germ cell cultures of FIG. 206

grown on MEF (FIG. 208B). Some of these cells were about 60-70 micrometer in diameter.
[0247] MATERIALS AND METHODS

[0248] Culture of ovarian_germline stem cells: GFP+ cells were cultured on MEF

feeders in PM-1™ medium in a concentration of 5000-10000 per well of a 4-well plate.
Culture was maintained at 37°C and half of the medium was changed every other day. Every
two weeks cells were transferred either mechanically or enzymatically (collagenase) to a

new MEF plate.

[0249] Characterization of ovarian germ-line stem cells: Freshly isolated GFP-positive

cells were used for telomerase assay and gene expression profiling. For ovarian histology,
ovaries were fixed in 4% paraformaldehyde (PFA) in 1M sucrose overnight at 4°C and
mounted in cryostat freezing medium. Five micron sections were prepared and localization
of the GFP+ cells was determined using fluorescent microscopy. Localization of germline

stem cells in the ovary was confirmed by Oct-4 and VASA double labeling. For
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immunocytochemistry (ICC), cultured ovarian germ-line stem cells were fixed in 2% PFA for
30 min at room temperature, washed in PBS and kept at 4°C. To characterize cultured
ovarian germ-line stem cells, VASA, Oct-4, Nanog and alkaline phosphatase staining was

performed using bright field ICC, as described further below.

[0250] RT-PCR and QRT-PCR analysis: Total cellular RNA was isolated using an
RNeasy mini kit (Qiagen) according to the manufacturer's recommendations. The isolated
RNA was then transcribed to cDNA using a Quantitect RT kit. Transcribed cDNA was
purified using QIAquick PCR purification kit. For each RT-PCR reaction, 20ng of cDNA

template was used in a 25ulL reaction volume with HotStar Taq Plus (Qiagen) and

appropriate primers. All targets were amplified for 30 cycles. Amplification products were
identified by size on a 2% agarose gel. For QRT-PCR, 5ng of cDNA template was used in a
25uL reaction volume with Quantitect Sybr Green PCR master mix and the reaction
mixturures were amplified using a BioRad iCycler. Each sample was assayed in triplicate

and normalized to a GAPDH control.

Example 5
Isolation of Human Male Germline Stem Cells

[0251] Human testes collected as testicular biopsies from patients with non-obstructive
azospermia or remnant of testes tissue collected after orchiectomy were used for this study.
All the tissues were donated with the informed consent of the patients. Tissues were
transferred in PBS-antibiotics at 4°C within 24 hr of collection. The procedure of processing

human testicular tissue is similar to that for primate as disclosed in Example 2.

[0252] Before cell isolation, a tissue sample was taken for ICC, and two small pieces of
testes were taken for RNA and DNA extractions. Following cell isolation and determination of
viability and cell number, samples were taken for RNA and DNA analysis. Methods for ICC,
RNA and DNA extractions are similar to the primate as disclosed in Example 2. In addition,
cells were labeled for expression of cell surface markers previously developed for separation
of primate germline stem cells were used by magnetic cell sorting and flow cytometry.
Antibodies and methods used for flow cytometry are similar to that used for separation of

primate germline stem cells as disclosed in Example 4.

[0253] The population of germ cells was also enriched by tagging with magnetic
microbeads and passing the cells through a magnetic column. Freshly isolated testicular
cells were labeled with biotinylated antibodies for SSEA-4 or for a6-integrin and Thy-1.
Once biotinylated, the cells were labeled with streptavidin magnetic microbeads.
Magnetically-labeled cells were selected for by passing the cells through a column in the

presence of a magnet.
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[0254] Magnetically-labeled cells were removed from the column by removing the
column from the magnet and freeing the cells to be washed off of the column. This process
was successful in enriching the population of cells positive for each of the markers up to 22X
the original percentage in freshly isolated cells. In addition, magnetic sorting could provide a
population as high as 90% purely labeled cells. This enrichment process was used in
conjugation with fluorescent flow cytometry. By magnetically sorting the cells before
performing fluorescent flow cytometry, the amount of time needed to sort fluorescently-
labeled cells was greatly reduced and the number of fluorescently-labeled cells that could be

sorted was greatly increased.

[0255] Sorted cells were then used for RT-PCR and DNA analysis. Also, some
samples cells were subjected to a spermatogonial transplantation assay using
immunodefficient mice as recipients. The techniques for spermatogonial stem cell

transplantation are similar to the mouse and primate as disclosed in Examples 1 and 2.

[0256] Immunohistochemical staining on frozen sections prepared from both testicular
biopsies and remnant testes tissue revealed that there are many a6-integrin+ cells at the
basement membrane of tubular cross sections. Also SSEA-4+ cells and GFR a1+ cells were

found at the basement membrane of the seminiferous tubules.

[0257] The following ICC was performed: whole human testes tissue (THT) stained for
SSEA-4 and VASA (FIG. 30); THT stained for GFR-o. and VASA (FIG. 31); THT stained for
VASA and Nanog (FIG. 32); human bHT (testes biopsy tissue) stained for SSEA-4 and a6-
integrin (FIG. 33). Negative controls consisted of human testis sections stained only with
secondary antibody (FIG. 34). THT SSEA-4+ magnetic bead sorted cells were transplanted
into busulfan-treated recipient mouse testes and after one month were sectioned and
stained for the following markers: SSEA-4 and human nuclear protein (HNP, FIG. 35); u6-
integrin and HNP (FIG. 36); SSEA-4 and a6-integrin (FIG. 37). Negative controls consisted
of THT transplanted cells in mouse testis sections stained only with secondary antibody

(FIG. 38). All stains contain a general nuclear dye.

[0258] Flow cytometry analysis confirmed immunohistochemical observation and
positive populations for a6-integrin were found in samples collected from human testes. In
addition, a distinct population of Thy-1+ cells was found. Co-localization of Thy-1 and «6-
integrin showed that there are three subpopulations of Thy-1+ cells within human testes: 1)
aThy-1 medium and a6-integrin low, 2) a Thy-1 high and a6-integrin medium, and 3) a Thy-1
high and a6-integrin negative. Most of the a6-integrin+ cells were Thy-1-. There were also
clear population of SSEA-4+ (10-12%) and GFR-a+ (1-5%) cells found in human testes.
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Magnetic sorting significantly enhanced the percentage of SSEA-4+ cells to 44% indicating a

4 fold increase for this marker.

[0259] Quantitative RT-PCR analysis revealed that among the samples tested SSEA-
4+ cells and GFR-a+ cells express highest levels of spermatogonial stem cell markers
including C-RET, PLZF, and TERT and germ cell markers including VASA and DAZL.
Telomerase activity is indicative of spermatogonial stem cells. Spermatogonial stem cell
transplantation revealed that SSEA-4+ cells colonize testes of recipient mice and repopulate,

indicating that these cells are functional spermatogonial stem cells.

[0260] It has been shown that infertile male mice can be made fertile through
transplantation of male germ line stem cells (GSC’s) from a donor mouse and that these
mice can then produce offspring. However, the properties of mice derived from this method
had not been previously examined. The aim of this study was to determine the properties of
mice derived from GSC transplantation and compared to the known growth patterns of the
parental strain. FIG. 54 depicts the average growth of male (FIG. 54A) and female (FIG.
54B) F1 mice created through breeding of mice derived from male GSC transplantation.
These growth rates are similar to the growth rates of the parental mice as provided by the

vendor (data not shown).

Example 6
Phenotypic characteristics of human spermatogonial stem cells

[0261] Human testicular cells were enriched for spermatogonial stem cells (SSCs) by
magnetic sorting for SSEA-4 and the enriched population was microinjected into the testes
of a recipient mouse. One month after transplantation, testes were harvested and
cryosections were made. The identity of human cells in the mouse testes was determined
using human nuclear protein (HNP) antibody conjugated to alexa-488. Co-localization of
HNP with germ cell, somatic cells, stem cells and pluripotent markers (Table 3) were used to

assess the phenotypic characteristics of human SSC in the mouse testes.

[0262] Extensive colonization of human cells as detected by HNP staining in the mouse
testes indicates the presence of highly enriched population of SSC in the SSEA-4 magnetic
sorted cells. All the human cells colonized the mouse testes were positively stained for germ
cell marker VASA and negatively stained for LHR, a marker for testicular sertoli and leydig
cells. This indicates that all the colonized cells are germ cells. Among the markers used in
this study only 15% of the human cells expressed SSEA-4, 31% expressed a6-integrin and
45% of them expressed GPR125 on their surface. Almost all the human cells colonized
mouse testes expressed c¢-Kit indicating that this marker is needed for SSC self renewal.

Among the pluripotent markers testes, no Oct-4+ or TRA-160+ cells were found, but 29% of
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human cells showed Nanog expression. This indicates there is a population of cells among
human SSCs with pluripotent characteristics. Almost all the SSEA-4 cells were also positive
for a6-integrin. Also all the SSEA-4+ cells were positive for ¢-Kit indicating that only the c-

Kit+ population of SSCs have the ability of colonization in the recipient testes.

Table 3
Marker Percentage of positive cells
VASA 100
LH-R 0
SSEA-4 15
Alpha-6 integrin 31
GPR-125 45
c-Kit 96
Nanog 29
Oct-4 0
TRA1-60 0

[0263] This study clearly demonstrates that human SSCs have phenotypic
characteristics of VASA+, c-Kit+, LHR-, TRA1-60-, Oct4- and subpopulations of human
SSCs are SSEA4+, a6-integrint, GPR125+ and Nanog+. This indicates that different

populations of SSCs are present in human testes.

[0264] Luteinizing Hormone Receptor (LHR) does not co-localize with monkey, human,
or mouse germ cells as indicated by VASA, SSEA4, GFRa, and ab-integrin co-localization
studies. LHR is expressed on Sertoli and Leydig cells as indicated by the location and
morphology of those positive cells. Connexin-43 appears to stain both germ cells located at

the basement membrane, Sertoli cells, and possibly Leydig cells.

Example 7
Cryopreservation of Male Germline Tissue

[0265] Human male testicular tissue containing spermatogonial stem cells are obtained
as in Example 6. Either isolated cells or testicular tissue are cryopreserved. Additionally,

small segments of seminiferous tubules are preserved for use in ex host maturation.

[0266] The cells or tissues are cryopreserved in a solution comprising at least one
cryoprotectant including, but not limited to, dimethyl sulfoxide (DMSQ), ethylene glycol,
glycerol, and propanediol; at least one culture medium including but not limited to, DMEM,
MEM and proprietary media disclosed above; at least one additional agent including, but not
limited to, sucrose, dextran, a serum substitute and HEPES buffer. In one example, the
solution comprises CryoStor™ CS-10 media (BioLife Solutions Inc.). The cells or tissues are

frozen by either conventional methods or at a controlled rate.
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[0267] For thawing, cryopreserved germline stem cells are suspended in 1.5 mL of
DMEM with a DMSO concentration of 10%. The cell suspension is then diluted to 50 mL
with media to bring the DMSO concentration to 0.3%. The cells are then centrifuged, the
media aspirated, and the cells resuspended in media to bring the residual DMSO

concentration to no more than 0.012%.

[0268] In order to determine whether testes should be cryopreserved in cell suspension
or tissue form, 2-5 day old prepubertal mouse testes were obtained and some testes were
cryopreserved as tissue and some was dissociated to a single cell suspension prior to
cryopreservation. A controlled rate freezing protocol was used in both instances. After
thaw, the total cell number recovered, the viability and cell surface markers were analyzed to
determine the proportion of germ cells, somatic cells and germline stem cells in each
suspension. The results indicate that cryopreservation of cells are better than tissue. While
cryopreserved mouse testes cells are about 95% viable, cells isolated from frozen tissue are
about 80% viable (FIG. 48).

[0269] It was also determined the appropriate number of cells per volume of
cryopreservation medium to use with porcine testicular cells. Cells were obtained from
prepubertal porcine testes (~3 months old) and were resuspended in freezing medium in
concentration of 2.5, 5, 10 and 20x10%/ml and were frozen under controlled rate freezing
protocol. After thaw, the total cell number recovered, the viability and cell surface markers
were analyzed to determine the proportion of germ cells, somatic cells and germline stem
cells in each suspension. The cell concentration has no effect on their viability or cellular

compositions (FIG. 49). The cells can be frozen in bags or in cryovials.

[0270] Due to the unavailability of prepubertal human testes material, testes from adult
human were also studied. Testes sample from young adult men (two samples) undergoing
transsexual surgery were used for banking. Also testes biopsies (three samples) donated
from a fertility clinic were used for tissue and cell banking. Testes cells demonstrated high
viability after thaw using controlled rate freezing and viability was not affected by cell density
or different transport media but viability was reduced after 72 hr of transportation (FIGs. 50A
and B).

[0271] Additionally, it was determine whether testes cells are better maintained after
cryopreservation using manual freezing or by slow freezing in a controlled environment. 2-5
days old prepubertal mouse and 3 months old prepubertal porcine testes were used for this
experiment and some cells were frozen manually and some with a controlled rate freezing
protocol. After thaw, the total cell number recovered, the viability and cell surface markers

were analyzed to determine the proportion of germ cells, somatic cells and germline stem
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cells in each suspension. Cryopreservation of murine cells under controlled freezing

protocols produce cells with similar characteristics to manual freezing (Table 4).

Table 4
Live GFP+/
Sample # Freezing GFP+/ Live GFP/ | Live GFP/ GFP+/ CD117-/
mode 7AAD- CD49f+ CD117- CD117- CDA49f+
/CD49f+ | (population)

1 M na 6.10 33.36 19.80 0.068

2 M na 6.16 49.90 14.29 0.072

3 M 62.92 7.21 63.12 22.86 0.140

4 M na 14.16 68.30 21.56 0.150

5 CRF 14.00 6.93 16.72 34.69 0.054

6 CRF 13.85 6.11 15.83 29.31 0.045

7 CRF 14.20 6.88 16.80 32.22 0.049

8 CRF 44.50 8.24 50.45 18.80 0.083

9 CRF 14.40 5.22 17.17 29.73 0.044

10 CRF 15.31 5.51 17.56 30.58 0.049

11 CRF 12.61 5.68 18.22 28.72 0.029

12 CRF 16.00 7.30 14.90 26.80 0.041

13 CRF 12.2 7.10 15.20 26.00 0.041

na = not available; M = manual freezing; CRF = controlled rate freezing

Table 5

Freezing Protocol

Fresh Cell Viability

Frozen-Thawed Cell

Number of viable

(%) Viability (%) cells recovered
Manual 94 .4 85.7 1892000
CRF 95.6 91.2 1938000
Example 8
Cryopreservation of Female Germline Tissue
[0272] One major difference between male and female gametogenesis is that in female

oogenesis is in a more advanced stage than male in the prepubertal stage. While in the

testes the only germ cells to be seen are spermatogonial stem cells and their precursors, in

the ovary, oocytes within the premordial follicles are considered as the functional

reproductive units. Currently, for preservation of female fertility at a prepubescent age two

options are available: 1) cryopreservation of ovarian segments. 2) cryopreservation of

primordial follicles. Cryopreservation of human ovaries either with slow freezing protocols or

with vitrification has been done successfully. Based on these results, preparing very thin
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layer of ovarian surface epithelium is required to preserve follicular components needed for
ovarian regeneration. Ovaries after freeze/thawing and transplantation can result in

consistent fertility restoration and birth of healthy offspring in mice.

[0273] To cryopreserved the ovary, of thin slices of ovary (<1mm) from prepubertal age
females will be prepared and cut into small pieces. Combination of DMSO, ethylene glycol
(EG) and serum substitute (SS) in DMEM will be used as freezing medium. Vitrification will
be conducted according to the following protocol: (1) equilibrate in 7.5% EG and 7.5%
DMSO in 20% SS for 25 min, (2) equilibrate in 20% EG and 20% DMSO in 0.5M sucrose for
15 min or until tissue sinks, and (3) place tissue on metal strip and submerged directly into
liquid nitrogen. To thaw the tissue, the metal strips are immersed directly in 1M sucrose at
37°C for at least 1 min and then are transferred into 0.5M sucrose for 5 min at room
temperature. The thawed tissue is then washed twice in the base medium without

cryoprotectant.

[0274] It is also determined whether ovaries are better maintained after
cryopreservation of tissue or cell suspension in an animal model closer to human. Ovarian
tissue from prepubescent and adult monkeys is used in this study. Upon arrival ovaries are
dissected and cortex is separated from the medulla. Ovarian cortex is then cut into small
pieces (2x2 mm). Half of the pieces are used for tissue freezing and the other half are
subjected to tissue chopper and enzymatic digestion for isolation of follicles and cells.
Different cryoprotectants and freezing protocols are used. The viability and survival of cells
and follicles frozen under different conditions is analyzed after thaw by flow cytometry and

for apoptosis.

Example 9
Transport of Germ Cells and Tissues

[0275] This study determined which transport media is more suitable for shipping
testes. Also proper cell density for cryopreservation of testes cells was investigated. Due to
the unavailability of human testes from prepubescent boys, porcine testes were used. Each
testis was cut into 10 pieces and equal number of pieces was divided into two tubes: 1)
containing MEM, and 2) containing PBS. Upon arrival, tissue was dissociated to single cells
and cells frozen in different densities from 2.5 to 20x10%/ml. The results indicate that both
MEM and PBS can support human testes during shipment and also viability of cells is
unaffected by cell density (FIG. 51A and B).

[0276] Additionally, the maximum time the tissue can be kept in validated shipping box
prior to cell processing was determined. Prepubescent rat testes were used for this

experiment and tissue were kept in validated shipping box for up to 96 hours after removal
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fertility and produced viable GFP offspring. The GFP offspring are then used to validate the
GFP germ cell transplantion assay by comparing the parameters described below with the
total cells transplanted and/or other parameters (marker expression, testes weight, etc.).
After GFP pups are born, those GFP offspring from the transplanted GFP germ cell sire are
used to verify fertility and germline transmission of GFP germ cells into the next progeny by

mating again with nude mice.

[0279] Each individual GFP+ transplanted male mouse is mated with 4 nude female
mice. Two females are mated with each male every night. The four females are cycled
every night depending on their estrus cycle. The males will mate for three weeks, have a one
week break, and begin another three weeks of mating if the females have not formed a
vaginal plug. These procedures will give the females the optimum opportunity to become
pregnant, while the break periods will allow the male to recover from continuous matings.

Each morning, the mice are checked for vaginal plugs as a positive indicator of successful

54



Table 8 Transplanted cells Nunber of recipient mce 1.5x106, 3 7.5x105 6
5.0x105 9 2 .5x105 18 1.0x10518 O 5 Total 59 Total cells 1 Nunber of
needed ; wWorrorv/gsaps , 4. 5x106; 31, PCT/US2010/055706

mating. This mating procedure is continued for 5-7 months post transplantation. If no

females become pregnant, matings will continue for an additional 2 months.

[0280] After the mating period, the matings stop and testes from the GFP transplanted
mice are analyzed by flow analysis, sperm analysis for GFP, and histology to determine the
number of GFP+ and SSC+ marker expressed in the testis. The F1 progeny are also
assayed for GFP using fluorescence and PCR. As nude mice do not have fur, any pup with

fur should have been generated from the GFP positive sperm.

[0281] In order to assess the fertility and germline transmission of GFP or coat color
from the F1 progeny, they are allowed to mature to the age of 2 months and then mated with
2 nude mice (male or female) for two months to ensure pregnancies. After the F1 mice
produce F2 progeny, the F2 GFP+ and/or coat color+ mice will be screened for GFP with
fluorescence and PCR. This will verify trans-generational germline transmission of the GFP+
cells. F2 progeny which prove to be GFP+ are then sacrificed and the reproductive organs

collected for histology to verify complete spermatogenesis with GFP+ sperm.

[0282] Fresh testes cells isolated from prepubescent mice can restore fertility in
busulfan-treated mice and 87% of the mice regained their fertility either by natural mating or
using assisted reproductive techniques. To determine whether cryopreserved testicular cells
can restore fertility, 5-8 week old male nude mice were treated with busulfan and the animals
become infertile after a month. Cells from 2-5 days old prepubescent GFP+ pups were
frozen and used as donor cells for transplantation. Mice received one of four treatment
regimens: nine mice received cells (5x10°) that have been frozen manually; nine received
cells (5x10°) that have been frozen with controlled rate freezing method; nine were received
cells (1.25x10°) that have been frozen with controlled freezing protocol; and nine other
received a smaller number of cells (5x10%) that have been frozen with controlled rate
freezing protocol. Three months after transplantation, animals were mated with two females
each and the efficiency of the mating was determined by plug check and the number of
pregnancies and GFP pups were recorded. One of these animals that regained fertility, but
produced nude pups, was sacrificed and the presence of GFP sperm was determined using
flow cytometry and fluorescent microscopy (FIG. 53). Flow cytometry analysis of this showed
that there is a small population of GFP+ sperm in the left testis while no GFP+ sperm were
found in the right testes. GFP+ tubules were found in both right and left testis of the mouse
indicating that transplanted cells have survived and colonized recipient testis. Based on flow

data only 0.5% of the spermatozoa are GFP positive.
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the highest integration score. Interestingly, the fertile mice (n=2) demonstrated the highest

integration score (5), while there was a big variation among the infertile animals (n=4) with
the average score of 2.75 (Table 6). Representative images of a fertile and an infertile testis
after gross examination are shown in FIGs. 40 and 55. Histological examination of these
testes demonstrated that fertile animals had significantly higher percentage of tubules with
sperm as compared to the infertile mice. As expected, infertile animals showed significantly
higher percentage of empty and partially full tubules (FIG. 41). Unexpectedly, percentage of
tubules with GFP+ cells was higher in the infertile mice compared to the fertile mice (FIG.
42).

Table 6. GFP score after gross examination

GFP
Sample Y/N GFP score (1-5)
5

5N RT

5N LT

6N RT

6N LT

6R RT

6R LT

9L RT fertile
9L LT fertile
14N RT fertile
14N LT fertile

< |=<|=<|x|=|<|=<|<|<]|<
N[NNIV~ O
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[0285] The results clearly demonstrate that testes weight increased significantly after to

transplantation. Histological and gross examination both showed the extensive repopulation
of GFP+ cells in all the transplanted animals. While GFP score based on gross examination
showed a positive correlation with fertility, the percentage of GFP+ tubules showed a
reverse correlation. There is a positive correlation between the number of tubules with full
spermatogenesis and fertility and a negative correlation between the number of empty

tubules and fertility.

[0286] The results indicate that testes weight, GFP score, and testes histology are
reliable indicators of fertility and can be used in future for determination of the predicted

success of transplantation.

Example 12
Restoration of fertility with cryopreserved testicular tissue

[0287] In male mice that have been sterilized by busulfan treatment, 77.78% of the
mice can have their fertility restored by testicular cell transplantation surgery. A range of
approximately 101,563 to 1,000,000 cells transplanted into each testis results in restoration
of fertility. Also, the range of GFR-a+ injected cells that can result in fertility restoration is 41
to 6,675, and the range of c-Kit-/a6-integrin+ injected cells that can restore fertility is 22,648
to 166,500. SSEA-1+ cells do not appear to be present in pre-pubertal mice and therefore
did not correlate to the fertility after transplantation, but the same marker for the human
(SSEA-4) may be crucial for fertility restoration. Also, Thy-1 and Triple Stained (Thy-1+, c-
Kit-, a6-integrin+) cells did not correlate with fertility restoration in the mouse, but may be

important in the human.

Example 13
Restoration of fertility with cryopreserved mouse ovarian tissue

[0288] The objective of this project is to find out whether ovarian tissue is more
successfully transplanted in tissue or cell suspension form. Mice were ovariectomized and
some received grafts of fresh ovaries, some received grafts of frozen/thawed ovaries, some

received a graft of a clot containing fresh ovarian cells and follicles, some received a graft of
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a clot containing frozen/thawed ovarian cells and follicles, and some remain intact as control
for normal breeding. Vascular Endothelial Growth Factor (VEGF) was added to the clots to

promote vascularization and angiogenesis of the grafted clots.

Example 14
Transplantation of spermatogonial stem cells into human testis using ultrathin endoscopic

microinjection technigue

[0289] Spermatogonial stem cell transplantation technique in rodents was developed
more than a decade ago using a glass capillary and micro dissection microscopy. In the
mouse, the anatomy and size of the testis provides feasible access to rete testis via efferent
ductus allowing fast and reliable transplantation of sufficient number of SSCs into the lumen
of the seminiferous tubules by a single injection into the efferent ductus. Rete testis in
rodents is visible from outside of the testis and is located in a far enough distance from the

testicular artery and vein.

[0290] In larger mammals, however the anatomy and size of the testis is different. First,
the rete testis is located in the testis in the close vicinity of testicular blood supply. Secondly,
there are multiple efferent ducti connecting the rete testis to epidydimis. Finally the size of
testes requires higher volume of cell suspension to fill in the testes (milliliter rather than
microliter volumes). In bovine and monkey, ultrasound guided methods have been
developed for transplantation of SSCs into the testes by injection of a large needle into the
testes lumen. However these protocols are inefficient and invasive as in both methods the

injection in some cases results damage to the rete testis and hemorrhage.

[0291] Also disclosed herein is a microinjection device for human testes allowing
access from outside to human testis segments, including the epidydimis, and having the
ability to maneuver into individual efferent ductus allowing access to rete testes without
damaging the arteries and veins. This device consists of two parts: An endoscopic capillary
catheter, which has a light source and a camera allowing the operator to guide the catheter,
and an internal narrower catheter that passes through the ductus efferent and transfers the
cell suspension into the rete testes. The catheter is inserted into the epidydimis via a small
incision and is guided to the efferent dustus. Prior to cell injection, an ultrasound contrast
solution (Levovist) is injected and the flow of the solution is monitored by an ultrasound
device to ensure that the solution is passing through the rete testis into the seminiferous

tubules.

[0292] Advantage of this device is non-invasiveness and reliable access to human

testicular lumen. This device can also be used for diagnostic purposes of male infertility, for
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example finding the exact location of obstructive azospermia. The device can also be used
to collect cells and tissue from epidydimis and rete testes in a less invasive manner.

Example 15
Prepubescent male germline stem cells and their use in infertility treatment

[0293] Treatments for blood-borne cancers, which are the most common childhood
cancers, tend to require alkylating agents, combined with total-body irradiation and bone
marrow transplantation. These treatments not only destroy malignant cells, but may also
have a cytotoxic effect on the rapidly dividing spermatogonia. As a result, spermatogenic
failure and infertility may occur during adulthood. Adolescents and adult men have the option
of cryobanking their semen before cancer treatment and, by artificial insemination, IVF or

ICSI, they can father children who are genetically their own.

[0294] Prepubescent patients are at a greater risk of losing their fertility since they have
not completed spermatogenesis. Their seminiferous epithelium contains only Sertoli cells
and different types of spermatogonia, among which are the stem cells. Because of the
absence of mature gametes, cryo-preservation of immature tissue is currently the only

means by which fertility may be preserved in young boys.

[0295] Testis cell transplantations have been performed using donor testis from a wide
variety of animals, mostly using immunocompromised mice as the recipient. The animals
that have been used as donors in experiments where the recipient was mice includes; mice,
rats, hamsters, rabbits and dogs, cattle, monkeys, and humans. Progeny derived from the

donor testis cells has only been shown in mice and rats.

[0296] Strategies to preserve the fertility of prepubescent patients include the isolation
and cryopreservation of germline stem cells. These germline stem cells can be auto-
transplanted into the patient after chemotherapy and/or radiation therapy. However,
autotransplantation of germline cells from cancer patients poses the risk of transmission of
malignant cells. Therefore, germline cells should be completely isolated from malignant cells.
Disclosed herein is a method, based on flow cytometry sorting, that differentially selects for

germline stem cells and to purify them from cancer cells.

[0297] Also disclosed herein is a physiological relevance assay for germline stem cell
transplantation. The results of the assay will allow decisions about the amount of stem cells
needed to restore fertility. It is further used to evaluate stability, viability and potency of
germline stem cells at the time of tissue collection and before release. A mouse model is
used since surface markers for spermatogonial stem cells in this species are well
characterized and a transplantation technique is available. This transplantation technique will

test functionality of germline stem cells in the busulfan-treated immunodeficient mouse
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testes allowing complete progression of spermatogenesis of the donor cells in the recipient

animal.
[0298]

[0299]

Determination of suitable antibodies for testicular support cells

Leutinizing hormone receptor (LHR) is a specific marker to differentiate germ

cells from somatic cells. LHR only binds to Sertoli cells and Leydig cells in the testis.

Table 7
Cell Surface Marker Intra-Cellular Marker Positive staining on Cell
Adult Pre-pubescent | Adult Pre-pubescent Types
CD3620 AMH Inhibin alpha Sertoli,
Class | Vimentin Vimentin Sertoli,
MHC
Leu M3 Cytokeratin Sertoli,
CLA-1/SR-BI Sertoli, Leydig, spermatid
acrosome vessicle
HSL Sertoli, Leydig,
spermatogonia, golgi region
of spermatocytes, nucleus of
spermatids
GalC GalC Sertoli, Leydig, connective
tissue of intertubular space
A2B5 CNPase CNPase Sertoli, Leydig, connective
tissue of intertubular space
Thy-1 GFAP GFAP Leydig
O4-antigen Nestin Leydig
(04)
p75/NTR COL-1 Connective Tissue
PM cells in 13.5pc mice
Inhibin BA Connective Tissue
PM cells in13.5pc mice
Caldesmon1 Connective Tissue
PM cells in13.5pc mice
Tropomyosin1 Connective Tissue
PM cells in13.5pc mice
[0300] 2. Separation of germline stem cell from cancer cells
[0301] The objective of this study is to enrich germline stem cells while removing any

tumor cells from a patient sample, a method is developed that differentially selects and

isolates germline stem cells from a heterogeneous cell population; to quantify the selection

process to a point where contaminating cancer cells have been depleted enough for clinical

application. This includes the evaluation of how many cancer cells are required to initiate
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tumor growth. In order to treat each patient according to its disease phenotype, a method
for disease specific immunophenotyping will be developed. To do this the specific cell
surface marker expression for a specific cancer type will be assessed and used in the

depletion of cancer cells from a patient sample.

[0302] The main concern of this procedure is the isolation of germline stem cells. A
procedure for the negative selection of germ cells from leukemic mice by flow cytometry
sorting has been established with antibodies against two surface markers expressed in
blood cancer cells including MHC class | and common leukocyte antigen (CD45). This
procedure leads to successful transplantation of mouse germline cells into recipient testes
without transmission of leukemia in mice. For further exclusion of malignant cells, human
germ cells are positively selected with specific markers for germ cells such as CD90, CD49f,
SSEA-4 and GFR-a. In addition, other indicators for cancer can be employed such as DNA
ploidy detection. The goal of this model is to restore fertility without reintroducing cancer into

a patient.

[0303] The experiments will determine the feasibility of a positive or negative selection
for germline stem cells, a threshold when a tumor can be re-transplanted in a mouse model

and a disease specific surface marker expression topology.
[0304] 3. Spermatogonial stem cell potency assay

[0305] To reach conclusions about the ability of different germline stem cell populations
to restore fertility in busulfan-treated testis, a potency assay is needed. Each of the
populations was compared to a negative control to determine the increase in efficency. This
also allows conclusions about the necessity of co-transplanted cell types such as Leydig
cells, Sertoli cells or myoid cells. Increasing amounts of germline stem cells should yield a
higher efficiency of transplanted cells and restoration of fertility. To be able to unambiguously
recognize donor cells from the recipient, germline stem cells are isolated from transgenic
GFP mice (NAGY, Jackson Labs) testes. To mimic prepubescent human patients, juvenile

male mice between 7-10 days were used for collection of germline stem cells.

Table 8

Transplanted Number of Total cells Number of Mice for
cells recipient mice needed Donor pups mating

1.5x10° 3 4.5x10° 3 1

7.5x10° 6 4.5x10° 3 2

5.0x10° 9 4.5x10° 3 2

2.5x10° 18 4.5x10° 3 2

1.0x10° 18 1.8x10° 3 2

0 5 0 0 2

Total 59 15 11
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[0306] Transplantation efficiency analysis. An active round of spermatogenesis lasts

about 35 days in the mouse, therefore all but 2 of the transplanted mice were sacrificed 4
weeks after transplantation. The testis were dissected and weighed as an indicator of active
spermatogenesis. The testes were then digested into a single cell suspension and the
expression of GFP detected by flow cytometry. This allowed for the determination of the
number of GFP+ cells originating from the donor stem cells. The testes were also assessed
by flow cytometry for the same markers to reach conclusions about the amount of germline

stem cells present originating from the donor and the endogenous recipient.

[0307] Detection of restoration of fertility. The two remaining mice were used for

mating 8 weeks post transplantation. Each male mated with two nude females. The
generated offspring were assayed for their GFP expression or fur color to demonstrate what
the originating strain was. The offspring from each transplanted mouse were observed for

eventual abnormalities. Results are depicted in Table 9.

Example 16
Differentiating and Testing Functionality of Mouse Ovarian Cultured Germ Cells

[0308] Ovarian tissue transplantation (OTT) is becoming an increasingly popular
strategy for fertility preservation and propagation of ovarian follicles. The spectrum
incorporates OTT in twins discordant for premature ovarian failure (POF) and to restore
ovarian function (OF) in women with ovarian dysgenesis using ovarian tissue from matched
donors, i.e. heterologous transplantation. Another proposed indication is to prolong the
reproductive life in otherwise healthy women. The potential uses proposed for harvested
ovarian tissue are: in vivolin vitro maturation of primordial follicles, xenografting of ovarian
tissue, or using a novel method to subsequently differentiate germ cells while using blood
plasma clots and grafting them with ovarian tissue for maturation and development of

oocytes.

[0309] To develop a method of differentiating female mouse OG2 germ cells into
follicles and/or oocytes by engrafting mouse OG2 germ cells with ovarian tissue cells
together in blood plasma clots onto functional ovaries or by developing them engrafting into
the subcutaneous space on the back of nude mice. The goal of the experiment is to
determine if plasma clots function as a graft medium to differentiate germ cells into immature
or mature oocytes while co-culturing them with functional ovaries. To test for early stages of
follicle development, 4 cell-clots are engrafted into the subcutaneous space on the back of
the nude mouse and one clot is removed once every 7 days for 28 days and the clots are

checked for follicle and oocyte development by histological examination. To test
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functionality of the differentiated transplanted cells co-grafted into host ovary, the mice are
naturally mated to see if there are any functional oocytes that have differentiated, are
fertilizable, and able to vyield live pups from the transplanted cells. To test which clot method
could be most successful for differentiation and propagation, four clot conditions co-grafted
to host ovaries in the ovarian bursa and subcutaneous space are used: 1) cultured OG2
female GS cells on MEF (Day 0); 2) early EB’s (2 day old) from cultured OG2 female GS
Cells; 3) late oocyte-like cells from EB’s (6 day old) from cultured OG2 female GS cells; 4)
freshly isolated ovarian cells and follicles from 4-6 day old FVB GFP mice (used as a

positive control). Methods:

[0310] Germ Cell Embryoid Formation: A 6-well plate containing a culture of OG2
female colonies is obtained at ~80% confluence (colonies had minimal contact with each
other). The media is aspirated and the wells are washed once with PBS and 700 pL of
warm trypsin was added to each well. The plate is then placed in a 37°C incubator for 4 min.
Each well of the 6-well plate is triturated to wash OG2 female cells off of the MEF layer and
then breakup the MEF layer as much as possible. After each well is triturated and all wells
were micropipetted into a 50 mL conical tube containing an equal volume (4.2 mL) of
PM1™+15%FBS+GFs. One mL of PM-1+15%FBS+GFs is used to wash out the first three
wells of the 6-well plate and combined with cells from the previous step and this step is
repeated for the last three wells of the 6-well plate. The cells are then spun down at 400xg
for 5 min and the supernatant aspirated with vacuum aspiration and then a 200 L pipette is
used to aspirate the remaining supernatant. The cells are resuspended in 8 mL of PM-
1+15%FBS, no B-mercaptoethanol, no GFs. Two mL of this cell suspension is pipetted into
each of 4 wells of a 6-well non-adhesive plate and the plate is placed in a 37°C incubator for
2-9 days with 50% media change every two days. The media is changed by pipetting
1000uL of media in wells.

[0311] Digestion of Support Ovarian Tissue. Ovaries of 4-8 day old LacZ/Oct4 GPF
OG2 mice are isolated and bisected with fine dissection scissors. The bisected ovaries are
transferred to 2 ml of HEPES-buffered DMEM containing 5% FCS and collagenase (1.5
mg/ml). Ovaries in digestion solution are incubated into a 37°C water bath for 30 min, with
gentle pipetting every 10 min. 12 ml of HEPES-buffered DMEM containing 5% FCS is

added to stop the digestion of ovaries and digestion mixture after 30 min. The cells are spun

at 80xG for 10 min at 4°C. Supernatant is removed and cells washed twice by

centrifugation.

[0312] Preparing Ovarian_Support Cells Mixture with Germ Cells for Differentiation.

The digested cells from one ovary are used as support cells for germ cells for each

condition. 100K GS cells from each condition are added to one completely digested
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OG2/LacZ ovarian cell pellet. For only late EB from GS Cells (Day 6), instead of using 100K
GS cells, 100 oocyte-like cells (40-70 um) are manually picked and added to one completely
digested OG2/LacZ ovarian cell pellet. The cell mixture is mixed completely with gentle

tapping. Cells are spun at 80xG for 10 min at 4°C then all the supernatant is removed.

[0313] Making of Blood Plasma Clot. The prepared cell mixtures are spun down at

80xG for 5 min. The supernatant is carefully removed and 20 pl of venous plasma is added.
Re-suspend cells in venous plasma by gentle tapping to vortex cells and plasma. Remove
20ul of plasma and cells and make a drop on 6¢cm dish and add 0.5 ul of 1M CaCl, to the
plasma drop. Cover the dish and place plasma drop with cells into 37°C incubator. Incubate
for 30 min to allow clot to form. After 30 min of incubation clots hardened to a gelatin like

consistency and are ready for transplantation into the ovarian bursa next to the ovary.

[0314] Transplantation of Venous Clots with Germ Cells Into Ovarian Bursa. A 6-8

week nude mouse is anesthetized with 0.5 ml of avertin. Wipe the back of the recipient
mouse with 70% ethanol and then make two single small longitudinal incisions (less than 1
cm) in the skin with fine dissection scissors near the midline at the level of the last rib (one
incision to the right of the midline and the other to the left of the midline). Slide the skin to
the left or right until the incision is over the ovary (orange-pink) or fat pad (white), both of
which are visible through the body wall. Then pick up the body wall with forceps and made a
small incision (avoiding larger blood vessels) just over the ovary with forceps. Using a blunt
forceps, pick up the fat pad and pulled out the left ovary, oviduct, and uterus, which will be
attached to the fat pad. Slip a serrefine clamp onto the fat pad and laid it down over the
back so that the ovary, oviduct, and uterus remained outside the body wall. Gently pick up
the mouse and place it on the stage of a stereo microscope with its head to the left. Carefully
fing the ovary and made a tiny incision (2 mm) with fine dissection scissor into the ovarian
bursa. Pick up previously made plasma clot with cells and carefully inserted clot into the tiny
incision of the ovarian bursa. Using forceps, gently place the clot into the ovarian bursa
incision site. Unclip the serrefine clamp and remove the mouse from the stage of the
stereomicroscope. Use forceps to pick up the fat pad and place the ovary, oviduct, and
uterus back inside the body wall. Sew up the body wall with one or two stitches (optional)
and close the skin with wound clips. Repeat on the opposite side (right side) of the mouse.
The following day checked on general health of transplanted mouse. Seven days after

transplantation wound clips are removed.

[0315] Transplantation of Venous Clots with Germ Cells into Subcutaneous Space in

the Back of Mouse. While the mouse is still under anesthesia from implantation in ovarian

bursa, use scissors to separate muscle from skin from the two original incision sites. Insert
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spermatogonia, the daughter cells either migrate away from each other and become two

new stem cells, or stay together through an intercellular bridge and become A-paired (Apr)
spermatogonia. The Apr spermatogonia develop further into chains of four, eight or 16 A-
aligned (Aal) spermatogonia. The Aal spermatogonia differentiate into A1 spermatogonia
and after six mitotic divisions result in A2, A3, A4 and, finally, B spermatogonia, which give

rise to spermatocytes at the last mitotic division.

[0318] Unlike rodents, in human and other primates classical histological studies of
nuclear morphology indicate that two types of undifferentiated spermatogonia are present on
the basement membrane of testicular seminiferous epithelium, designated as Aga and Apae
spermatogonia. Morphological characterization of spermatogonial stem cells on testicular
biopsies from patients having undergone semicastration for malignant tumors and radio- and

chemotherapy showed that the stem cells of the human testis most likely are the A,y
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Met hod CD49f BD Pharm ngen 1:100 Fl ow cytonetry CD49f Santa Cruz Bi ot ech.
1: 200 I CC CD29 Chem con 1:100 Flow cytonetry CD90 BD Pharm ngen 1: 100 Fl ow
cyt onet r ywODRAUASBR23 Phar m ngen 1: 100 Fl ow cytonetry CD11PCSAIsL@ 005376

Bi ot ech.

respective primers (Table 11). All targets were amplified for 30 cycles. Amplification products

were identified by size on a 2% agarose gel. For QRT-PCR, 5 ng of cDNA template was

used in a 25 pL reaction volume with Quantitect Sybr Green PCR master mix (Qiagen) and

run on a BioRad iCycler. Each sample was assayed in triplicate and normalized to a GAPDH

control.
Table 10
Antigen Antibody Source Working Method
Dilution
CD49f BD Pharmingen 1:100 Flow cytometry
CD49f Santa Cruz Biotech. 1:200 ICC
CD29 Chemicon 1:100 Flow cytometry
CD90 BD Pharmingen 1:100 Flow cytometry
CD117 BD Pharmingen 1:100 Flow cytometry
CD117 Santa Cruz Biotech. 1:100 ICC
SSEA4 eBiosciences 1:200 Flow cytometry
SSEA-4 Chemicon 1:200 ICC
SSEA-4-biotin eBiosciences 1:200 MACS
Streptavidin microbeads Miltenyi Biotec 1:20 MACS
GFR-a1 R&D Biosystems 1:100 Flow cytometry, ICC
GPR-125 Abcam 1:250 ICC
Oct-4 Santa Cruz Biotech 1:50 ICC
Tra-1-60 Chemicon 1:100 ICC
DDX4 (VASA) Abcam 1:200 ICC
VASA R&D Biosystems 1:100 ICC
Nanog Bethyl 1:100 ICC
HNP Chemicon 1:250 ICC
Alexa 488 Invitrogen 1:500 ICC
Alexa 568 Invitrogen 1:500 ICC
FITC Jackson 1:200 Flow cytometry
DAPI Invitrogen 1:10.000 ICC
TO-PRO-3 Invitrogen 1:100 Flow cytometry
Hoechst 33342 Invitrogen 1:1000 Flow cytometry
Alexa 488 antibody Invitrogen ICC
labeling kit
Table 11
Gene 5 sequence 3’ sequence SEQID DNA size
NOs. (bp)
C-Kit AGGTGACACTATAGAA | AGGTGACACTATAGAAT 1,2 151
TAGCACGGTTGAATGT | AGCACGGTTGAATGTA
AAGGCT AGGCT
GFRa1 AGGTGACACTATAGAA | GTACGACTCACTATAG 3,4 256
TATCAGCAAGTGGAGC | GGAAGCATTCCGTAGC
ACATTC TGTGCTT
PLZF AGGTGACCACTATAGA | CTACGACTCACTATAG 5,6 155
ATATTCATCCAGAGGG | GGACCTCGTTATCAGG
AGCTGTT AAGCTCG
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1: 100 |1 CC SSEA-4 eBiosciences 1:200 Fl ow cytonetry SSEA-4 Chem con 1: 200
| CC SSEA-4-biotin eBiosciences 1:200 MACS Streptavidin m crobeads M| tenyi
Bi otec 1:W02MAGB7@BR-al R&D Bi osystens 1:100 Fl ow cyt omeCTyUS201Q05GRAR- 125

c-Ret

AGGTGACACTATAGAA
TAACATTGCCCAGCAA
CTTAGG

GTACGACTCACTATAG
GGAGGTGGCTCCTTTC
TCAACTG

7.8

219

GPR125

AGGTGACACTATAGAA
TACTTGGCGCAGATGT
GATAGA

GTACGACTCACTATAG
GGAGAAAAGTTGGCTG
CTTCCAC

9,10

215

Dppa5b

AGGTGACACTATAGAA
TAGAAAGTTCCCGAAG
ACCTGA

GTACGACTCACTATAG
GGAACTGGAGCATCCA
CTTGGTC

11,12

252

FGFR3

AGGTGACACTATAGAA
TATGGGTTTTCTCATCA
CTCTGC

GTACGACTCACTATAG
GGAGTTGGACTCCAGG
GACACCT

13, 14

247

hTERT

AGGTGACACTATAGAA
TATTGTCAAGGTGGAT
GTGACG

GTACGACTCACTATAG
GGAGGCTGGAGGTCTG
TCAAGGT

15, 16

227

[0325]
amplification protocol (RQ-TRAP) has been adapted from Wege et al (Wege H, Chui MS, Le
HT, Tran JM, Zern MA (2003) SYBR Green real-time telomeric repeat amplification protocol

Telomerase Assay. The SYBR Green real time quantitative telomeric repeat

for the rapid quantification of telomerase activity. Nucl. Acids Res. 31, e€3.). Tissue or cell
pellets were washed once in PBS and re-suspended and homogenized in a prepared lysis
buffer containing 1x Chaps lysis buffer and 400 U/ml RNaseOut Inhibitor at a volume of
1,000 cells/ul. After 25 min of incubation on ice, the cell lysates were centrifuged at max
speed for 10 min at 4°C. The supernatant was then transferred to a new micro centrifuge
tube and the protein concentrations were determined at A280 nm with the ND-1000
spectrophotometer. Reactions were done in 25 pl volumes containing 500 ng protein lysate,
Quantitect SYBR Green PCR mix (Qiagen), 1ug TS primer, 0.5 ug ACX primer, and
nuclease-free water. For every reaction plate assayed, each sample was tested in triplicate
along with a no template control (lysis buffer), a positive control (ESC cells), and a standard
curve prepared from Human ESC protein lysates (1000 ng, 200 ng, 40 ng, 8 ng, 1.6 ng).
Using the iCycler iQ5 (Bio-Rad), the reactions were incubated for 20 min at 25°C, for 15 min
at 95°C, and amplified in 40 PCR cycles for 30 seconds at 95°C and 90 seconds at 60°C.
The threshold cycle values (Ct) were determined from semi-log amplification plots (log
increase in fluorescence versus cycle number) and compared with the standard curve. The
software default setting for the threshold is 10 times the mean of the standard deviation of
the fluorescence reading of each well over the first 10 cycles, excluding cycle 1. Telomerase

activity was expressed as a percentage relative to human ESCs.

[0326]

transplantation technique was used to test the functionality of cell populations by

Spermatogonial Stem Cell Transplantation. Spermatogonial stem cell
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colonization in recipient mice testes. Eight week old immune deficient Athymic Nude-Foxn1™
male mice (Harlan) were treated with a single intraperitoneal busulfan injection (40 mg/kg)
and were used as recipients. One month after busulfan treatment, 0.3-0.8 x 10° SSEA-4+
magnetically sorted adult human testicular cells were transplanted into the seminiferous
tubules via rete testis injection. Four weeks after transplantation, the mice were sacrificed
and the testes were fixed in 4%PFA and cryosections were made. The identity of human
spermatogonial stem cells in the mouse testes was recognized using human nuclear protein
antibody in combination with other stem cell or germ cell markers. All animal experiments
were conducted in accordance with the National Research Council’s Guidelines for the Care

and Use of Laboratory Animals.

[0327] Statistical Analysis. Except otherwise indicated all the experiments are
repeated three times. Two sample student T test and ANOVA test were used for statistical

analysis and P<0.05 was considered as significant.
[0328] RESULTS

[0329] Isolation and enrichment of spermatogonial stem cells. Cells isolated from

testicular biopsies collected from obstructive azoospermic men showed similar morphology
and distribution of spermatogenic cells to the normal human testes indicating that
spermatogenesis is in progress in these patients. On average 0.5 x 10° cells was isolated
from each sample with the viability of 87%. Spermatogonial stem cells were morphologically
detectable among the other cells as round cells with large nucleus to cytoplasm ratio, 1-3
nucleoli and cytoplasmic Inclusions (FIG. 39). For enrichment of spermatogonial stem cells
dissociated cells from adult human testicular tissues were analyzed for various cell surface
markers using flow cytometry. Expression profile of adult human testicular cells stained with
various stem cell markers are presented in FIG. 43. Among the surface markers used for
characterization of SSCs, SSEA-4 has been shown to be expressed on SSCs in the adult
Rhesus monkey testes, was abundantly expressed in the human testes. Human testicular
cells isolated from both testicular biopsies and donated tissues were tested and it was found
that 13.3 = 1.4% of cells express SSEA-4 on their surface. Another subset of SSC markers
that have been described in rodent and primate testes are CD49f (a6-integrin), CD90 (Thy-
1), CD117 (c-Kit), and in combination CD49f+/CD90+/CD117- (Triple Stain). In the adult
human testes, 25 + 2.5% of cells express CD49f and 13+ 5% are CD90+. Interestingly, in
contrast to the monkey testes, there was no population of Triple Stained cells in the human
testes. (FIG. 39E-H)

[0330] Histological and Immunohistochemical Staining of Testicular _Sections.

Histological examination revealed that testicular biopsies have a similar morphology when
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compared to the donated tissues after hematoxylin-eosin staining (FIG. 39A-B). Human
testicular tissues were taken for immunohistochemical examination to better understand the
distribution and marker expression of human SSCs. SSEA-4 and CD49f, also known as «6-
integrin, have interesting staining patterns in adult human testes, which is very similar to
previous observations in the monkey testes (FIG. 40). According to histological
guantifications, almost all of the germ cells adjacent to the basement membrane of
seminiferous tubules express CD49f (28.7 + 1.2 per tubule cross section), a marker that has
been found at the surface of rodent and monkey SSCs and other multipotent stem cells.
Also, many of the cells along the basement membrane of seminiferous tubules express
SSEA-4 (18 = 1 per tubule cross section), a pluripotent marker found in human embryonic
stem (ES) and embryonic germ (EG) cells and adult Rhesus monkey SSCs. Interestingly,
the majority (88.3%) of SSEA-4+ cells co-localize with CD49f. No specific immunoreactions
were found for CD90 in the adult human testes. Unexpectedly, it was observed that most
germ cells localized ¢-Kit, a receptor for stem cell factor and an early marker for germ cell
differentiation, in the nucleus rather than on their surface. Approximately 75% of SSEA-4+
cells co-localized with c-Kit, suggesting the possibility of the existence of two different
populations of SSCs in adult human testes. Also co-localization of CD49f and ¢c-Kit showed
that the majority (73.6%) of the CD49f+ cells at the basement membrane of seminiferous
tubules co-express c-Kit which is very similar to that of SSEA-4. All the SSEA-4+ cells were
also positive for germ cell marker VASA while only 50% of CD-49f+ cells showed VASA
staining indicating that CD-49f is also expressed at the surface of the testicular somatic cells.
Contrary to this, luteinizing hormone receptor (LHR) is not expressed on VASA+ cells in the
seminiferous tubules, but appears to stain the cytoplasm of Sertoli and Leydig cells in human
testes, indicating that LHR is expressed only in the somatic cells and not germ cells in adult
human testes (FIG. 44). There were clear populations of cells at the basement membrane of
human testes expressing Oct-4 indicating the existence of a population of cells among

human SSCs with pluripotent characteristics.

[0331] Real Time PCR and Telomerase Assay. Gene expression analysis was

performed on SSEA-4+ and SSEA-4- cells to test for spermatogonial stem cell specific
expression. All of the genes including c-Kit, GFRa-1, PLZF, ¢c-RET, and GPR-125 were
expressed at least 3-fold and up to 7-fold greater in the SSEA-4+ population (FIG. 41A).
Remarkably, SSEA-4+ cells showed a much higher (24-fold) expression level for FGFR-3
(data not shown), indicating that FGFR-3 and its ligand FGF9 might be involved in human
SSC proliferation and self-renewal. Moreover higher expression level of h-TERT in SSEA-4
sorted cells indicates their high level of telomerase activity and their repopulation capability.

SSEA-4 positively sorted cells were compared with none sorted cells from the testis against
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human embryonic stem cells (hESCs) for telomerase activity (FIG. 41B). The none sorted
cells showed an average of 10.4% = 10.32% telomerase activity as compared to hESCs
(100%), while SSEA-4+ cells had about 5-fold more expression as compared to the none
sorted cells 54.6% (+/- 7.8%), which is also approximately 2-fold less than hESC telomerase
expression. This supports the finding of upregulated h-TERT expression and suggests at

least prolonged replication capabilities in SSEA-4 positive cells.

[0332] Spermatogonial Stem Cell Transplantation. Co-localization studies were done

on mouse testes that have been transplanted with enriched population of human
spermatogonial stem cells to test their colonization efficiency and unravel markers
expressed on the surface of human SSCs repopulating in the mouse testes. Summary of the
localization of these markers is presented in Table 12. Using HNP together with SSEA-4,
CD49f, and c-Kit, of the cells that are positive for human nuclear protein, 28.1% (+ 3.6%) are
positive for CD49f, 94.9% (£ 1.3%) are positive for c-Kit, and 14.2% (z 3.6%) are positive for
SSEA-4. Furthermore, we observed that 100% of the SSEA4+ cells are also positive for c-
Kit, further indicating the possibility that only SSEA-4+/c-Kit+ cells can integrate into recipient
mouse testes and therefore are the SSCs that are self-renewing among the SSEA-4+
population. Co-localization studies with a6-integrin and SSEA-4 have demonstrated that
95.63% (£ 1.6%) of SSEA-4+ cells are also positive for a6-integrin. Considering these
results, and the fact that a6-integrin co-localizes with HNP, 2-fold more than SSEA-4 and
HNP, two populations of a6-integrin+ cells, a6-integrin+/SSEA4+ and a6-integrin+/SSEA-4-,
are SSCs that can repopulate the recipient testis. It should also be noted that a6-integrin+
cells only account for about a quarter of the integrated cells, meaning that about 75% of the
SSCs that have integrated have yet to be characterized with a surface marker by flow
cytometry. Although almost all of the integrated cells stain positively for ¢-Kit, it is localized in
the nucleus in most cells and c-Kit+ cells were not found by flow cytometry (FIG. 43). Co-
localization of HNP with other cell surface markers revealed that human SSCs colonized in
the mouse testes do not express CD-29 (B1-integrin), a marker that is expressed on the
surface of mouse SSCs (FIG. 42). However 42.8% of HNP cells co-localized with GPR-125
indicating this marker is expressed at the surface of a population of repopulating human
SSCs. Also, 28.3% of the HNP positive cells co-localized with pluripotent marker Nanog
indicating that about one third of repopulating human SSCs might have pluripotent

characteristics.
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151 GFRal AGGTGACACTATAGAA TATCAGCAAGIGGAGC ACATTC GTACGACTCACTATAG
GGAAGCATTCCGTAGC TGIGCTT 3,4 256 PLZF AGGTGACCACTATAGA ATATTCATCCAGAGEG
AGCTGIT GVOCBADFORCTATAG GGACCTCGITATCAGG AAGCTCG 5, 6 1BET/UAE»10/055706

2011/ 057123PCT/ US2010/ 055706 c- Ret AGGTGACACTATAGAA TAACATTGCCCAGCAA CTTAGG

GTACGA TAG GGAGGTGECTCCTTTC TCAACTG 7.8 219 GPR125 AGGTGACACTATAGAA
TACTT TGT GATAGA GTACGACTCACTATAG GGAGAAAAGITGECTG CTTCCAC 9, 10 215
Marker Co-localization with
HNP (%)
VASA 100
c-Kit 498+ 2.9
GPR-125 428+ 2.6
LH-R 0
CD49f 28.1+3.6
CD29 0
SSEA-4 142+ 3.6
Nanog 283+15
Oct-4 Not determined
Tra-1-60 0

[0333] DISCUSSION

[0334] This study clearly demonstrates that spermatogonial stem cells in the adult
human testes have phenotypic and molecular characteristics distinct from the mouse and
similar but not identical to primate SSCs. First, the localization and expression of selected
markers in the human testes sections and isolated cells were studied. Immunohistochemical
studies demonstrated that among the markers tested, SSEA-4 is specifically expressed at
the surface of human SSCs. All SSEA-4 cells were located at the basement membrane of
the seminiferous tubules and co-localized germ cell marker VASA. This is very similar to the
previous observations in the adult primate testes. However the percentage of SSEA-4+ cells
in the adult human testes was much higher in the human (13%) than the monkey (2%)
testes. Molecular biological analysis also revealed that SSEA-4 sorted cells have higher
expression level of all the SSC specific genes and a high level of telomerase activity
indicating the presence of spermatogonial stem cells in this population. Previous studies
showed that SSCs isolated from mouse and adult primate testes express CD49f and CD90
and are negative for CD117. Expression of CD49f and CD90 in isolated human testes cells
has already been reported. This immunohistochemical study revealed that CD49f in human
testes was localized along the basement membrane of seminiferous tubules suggesting that
this marker is expressing in both the SSCs as well as the differentiating type A
spermatogonia. Also expression of some CD49f positive cells outside seminiferous tubules
indicates that CD49f, although expressed in human SSCs, is not a specific marker and
cannot be used alone for enrichment of SSCs from human testes. Flow cytometry analysis

confirmed immunohistochemical staining and showed that there are distinct populations of
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cells colonized recipient testes were c-Kit+, indicating that only the c-Kit+ fraction of SSEA-4
sorted cells were able to colonize recipient testes and therefore are the active SSCs in the
human testes. RT-PCR analysis also revealed that SSEA-4 sorted cells have a very high
expression level of ¢-Kit and FGFR3. Expression of ¢-Kit in human SSCs might indicate the
involvement of this receptor and its ligand SCF in colonization and/or repopulation of human
SSCs. There is a large body of evidence demonstrating that c-Kit and SCF are key
regulators of germ cell migration adhesion and proliferation. Also, high expression of FGFR3

in human SSCs might indicates involvement of its ligand in proliferation and self-renewal of
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WO 2011/057123 PCT/US2010/055706

one third of SSCs express Nanog indicating the existence of populations of spermatogonial
stem cells in the adult human testes with pluripotent characteristics. The results have direct
implications for isolation and purification of spermatogonial stem cells from adult human
testes for clinical applications, culture expansion or differentiation purposes. In addition,
expression of pluripotent markers in subpopulations of human SSCs indicates potential

application of these cells for cell replacement therapy and tissue regeneration.

Example 18
Collection, Processing, Cryopreservation and Banking of

Human Male Germline Tissue and Cells

[0340] Research subjects are enrolled in the study based on the recommendations of a
participating principal investigator. Once it is determined that subjects fit into the criteria for
the study, the subject completes the consent (and assent in the case of a minor) process.
The subject has surgery to remove a portion of the gonadal tissue and this tissue is shipped
under specific conditions to the processing facility. A small portion of tissue is saved for
immunohistochemical analysis. The processing facility isolates the cells from the tissue
using a mechanical and enzymatic process. A small portion of the cells is assayed for
viability, cell surface markers and microbial contamination. The remaining cells are

cryogenically frozen and stored in liquid nitrogen vapor phase.

[0341] The testicular tissue is collected under different conditions. First, during surgery
to correct undescended testes or torsion, a small piece of testicular tissue weighing
approximately 1 gram is removed under sterile conditions. For testicular cancer patients, a
larger piece of testicular tissue is removed during surgery to remove the cancerous growth.
For cancer patients, thalassemia or sickle-cell anemia patients or patients with other non-
malignant hematological indications that require stem cell transplantation, surgery is

performed to remove the portion of testicular tissue.

[0342] Surgery. During a scrotal procedure to correct an undescended testis, testicular
torsion, or varicocele, a small incision is made on the anterior surface of the tunica albuginea
of the testis with a 15-blade scalpel, approximately 1-2 mm in length. The testis is manually
compressed (squeezed) to produce egress of seminiferous tubular tissue. The expressed
tissue is captured and placed in the tube and returned via courier in the temperature
controlled boxes provided to the processing facility. The small incision in the tunica
albuginea is then closed with absorbable suture material to reapproximate the tunica
albuginea and to provide hemostasis (control of any bleeding from the incision). The primary
procedure for which the patient was brought to the operating room ensues as normally

planned. For patients with primary malignancies being rendered infertile by chemotherapy
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have phenotypic characteristics of SSEA-4+, CD49f+, CD90+, GPR-125+ and
c-Kit+. About WO 2011/057123PCT/ US2010/ 055706 one third of SSCs express
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[ 0344] Shi pnent to Processing Laborator7 . The tissue is picked up by a
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20 mn in a dry incubator and centrifuge 1 mn at 400 x g when done. Renove
the parafil mand renove the liquid, taking care not to disturb the

undi gest esot2esitascizBar ti ssue at the bottom of the tube. PBTiusgowioss70el une up
to 10 nL with PBS+EDTA. Add 10 nL of 2x enzynme solution. Tightly close the

| ncubatbapar S R0 il s PL P o ihre ritadraes ik 1B S "or

serum nepickeenent and m x well. Pass the m xture a 100 pM strainer and into
a new 50 nL tube. Centrifuge at 400xg for 10 m nutes at room tenperature.
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t he
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i rregulfaftility- wo 2011/ 057123PCT/ US2010/ 055706 shaped, while Leydig cells have
alot of lipid drorpl ets in their cytoplasmwhich ook |ike small vesicles.
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Pen to draw a cl ean border around the tissue section. WAsh tissue section
with PBS twice to renmove OCT. Bl ock using 5% goat or sheep serumt+ 1% BSA +
0.1 % Triworee/asm2PBS for 1 hr at room tenperature (bl oekTaskamwiossToshoul d
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are norf08étct i vRemankhl/-3tb2ageHTL Products, thialV, aréiB&a&, frolBc , coateamiiididnarvathst or ed

in the vapor phase of, a _pernmanent .stor L QUi LW rogen-freezer

ot weer CrBERR R ApcRe oS e S it E oy 8 REE i M Rt o
w t h t urestared insthe aeparkphasb at b @erraanauh arags lgubditregenafrearer famk dietwemn -
reactivg to HlViglh2, HTLV-1/11, HCV, HBSAG HBc, and WAV, are stored

per mnentl| |ﬂ 1[ e vapor phase of a permanent quarantine liquid nitrogen

k b - -19 i L1 i . |
For heplitais anaory i Soray Bs 5T sttt BPR kIR a1ttt TR ve
r esul t snaetdbicddzothric bofsiedi, borebbiivedo h it 2 H TR I 1i, ¢HC\4 rdBaASS, dtBalandl JYNV,
ot . ¢ 1] ) . | vsi
11 T SR UPA R, Alihe, (TR ERAG, U peBRafih? theBhing (R hlalx el yo!
between -150°C and -196°C. Assent will be required to study enrollees for hepatitis and HIV
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processi ng and cryopreservation (pre-freeze conpari son with post-thaw);
determ nation of product stability in cryogenic storage (post-thaw anal ysis
at dif f erwot2oti/osei2poi nts after freezing); determnm nati onPofi/usatie/osf706
infertility for various indications; determ nation of rate of adverse
reactiqn or c lication for the surgical collection procedure;

ot or PP EonABY AREve FPak i o, BRaGa6T o itk oBTas Bt BERES A 0« ne
cel | s afppedpribteastiungelindeind trsatmadrit ol o plokieleef f ect of ef ficient
cryopreservation protocol on viability after thaw [0364] Protocol Stoppage
Rul es. [0B&3]accr 8ty cdnghats eit Sndlue Wbtermhiatibn vafl losd eof seedlp et drisiitly  for
subjected to revidew (g% t he tl RB if_there are. anx@gleat h?h or. sever.e adver se
react i SRECHPPIANYCYIUEPEVHE s PERTEHE UPRATERD T PELTHBH: a? SERHRTY onl y

i f the gr&tBiotletatslity tin r@psgenbkrage (gost-thatv ahalysibeatt diffatlentvtinle poiatsuafterof
patients resung, Exanple 19 |l ection, Processing, Crvopreservation and
Banki nd e B i PR ST ATy o BE e SCaRPe Mo S RASRE 4 Yole b

Enr ol | neivtrseResamnadr oulpjliestion foi the hegiesrolléaidniprodduaress tdethrmoratian of the

physi ci an' commendat i on. ce.it. is determned that subjects fit . into
Pha”cr i918ef of FE R 186 stbieeifaS e B (1 I8 oBEF kiabe, 2eRaRElon oh it
assent dffect dfeffoie cybp@saivation pptoasckessviahiltpaf¢Suagery and Ovari an Ti ssue
Col l ection. The ovarian tissue is collected under different conditions.

Dur i ng [0864]er vy, PatsiobBtoppage Bulek. Oveaacarmal b phtientd fos sheetriaewijienguspended

appr oxi_mat el - rans (s . e ed. under sterile conditions, For conditions
ot °r i st 10E B b i TR 2 i B PR Paita S S/ ecastass fegkipst

pat i entdirecily teaulgeg frpomebe sorgical eslieatiornt presadrire.s Onkyribthe dRE weemg itsreagm@raplet o
renove [he. cancerqus vﬁio"‘(':th '%E, fhe.entire ovary, or both ovaries. For
cancer Bé?l Kt et HAIAsEEhT 4 P pg%l ERtS°wi th ot her nonnal | ghant

hemat ol ogi cal indications that requi m cel |l transplantation, an

el ective surgery is perfornmed to rExJn? LN e portion of ovarian tissue or an

ovary. [0367] Shi pre@llectorRFreessinpgCilyap@sertvetign arihBartkirgsefe 1 s pi cked up by
a representative and transported., %ér%ﬁn@‘i’%&?esgﬁd"@ ISaci lity. The tissue

w Il be placed inside a of maintaining a

t f - 48 i Lng: th
erper 364, °f, BGieh?, Aol ok R0 THEBLSFLARCRF IS5 6 e
enzynmatphysiciayp’'sdeg@sineddatiosi Oaceft ia deteammed| thatygubjeas fili ioathetoyiteriabion dte
nsi de of I . _ " diti '
st iR s o SorfoiBleaRD LR EAY SsPATE logltBPe ar ShIdklFebdly "
follicl d t - - / / 706
bionolcﬁl [g?mﬁincr Sggféﬁﬁ’r Er}_o(c)?k/%@%[ ?gﬁﬁ??ﬂ%@oy\?eﬁg%ﬂgg #éégecﬁg t %ﬁg%% Qtuﬁgérovar y
i s slicatfferect sorglitionshi Pupnecesgeandai smpll girpeedl Owariar gortexe diesueatviemhingTo

di ssect - l.f i Cl I Lt he fi i |

of ccos SRAXRINCLE SRS s rGholdel el Atbre sbiadrs® LYok o dlet faSiB

f ur t herovpriodew®sdorf ovarohysipresteriestsion aal bvaran esyishipstierds.es darggr tniegeeof or m
the tis L Ssl ed | nsi i cahi net L Qr.to
procesa AT ARSES S RUR6Uad 1 3ol e SANRC ARV or S B00l® 11
oper at avanbeirngotbt evarieel y Fgowaeetr ridiestst doaassenya Hirnpgatieotsswite ethert hen-

bi osaf : i t.ni:ng. t reyl steri . An
assi st gﬁ Ilgg?gﬂsﬂgﬁg%(ﬁ)ogerat'ggglg%r? Qgﬁgﬂﬁéng'%oS%ﬁp%ggsggé@%%ﬁkér&gﬁé%%a}e%%ﬁ%t o and
out of surgerpisqeeafoangd teabimose the BBHY] FfaveriaytissudenantoyaryPurity and Stability
Assays (Pre-Freeze and Post-Thaw): The isolated cells are counted. This
dat a sHB36d cor Skibenent teiHrhcesisimakaborateryn lihe tissuede blcsepep bwairgprieserftatiiessue

t hat ar I I 2SSt : - tabi |ty € o

char actLe Shepaerid fE AbETRoNaORGs St b Foicd ihigd 3 frilyalnec

vi abi | ishjppenecanablepdiohaigiaining ateaipgsatare ARZHE dx Bieaioe§ hperss t han hal f a
mllion cells are used for testing and once a year for 10 years the sanple
is re-d0368led. [issiel Progessing] aPade deg Itisseg ds taégrecessing deciblynithre tissue is

per cent 308 RicamPbhd dnPahaftiafy iRl inside of a Class Il Type A2 biosafety cabinet

inside of an ISO class 7 clean room environment under sterile conditions. First, the shipping

media is transferred to a Petri dish and floating follicles and eggs are collected under a
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This is done during the counting process with two types of viability
assays: trypan blue dye exclusion viability assay (sanples with <50%
vi abi | i t ywenretiasyregeni cally frozen only after consulti ngCriuskotvioss7oedi cal
di rector) and 7AAD flow cytonetric assay (sanples with <20% viability are

cryoge frozen o after. consulting with t i ca ir
COLo9r ttulal iR be By afbibf ST ke dos st AnEoVaRaS plitdd T
mor pholtbigi ;ﬂatcesaamil ‘gqalrispatred ﬁ&t@wfré@rtf@@ht o dq;satztl ang, |ssleﬂaesraa|dfc%tﬁmratd
a ear an .S. SO t he Cl sue to
SPPE PR 188 gtV is BleiP s DeckP Bad enegh el foedtalBokE Giar fitd

cont r asdre heatl Td’l’gheﬁ@td@smij fttratrybmeﬁywagubh anll mateidls slecessany & aaucﬂordﬁtneot
appear dark or fragme re deta r.mation bout the intra

Pr Al 4FRld e RE TR e Tleo bioB b kS BT Co PR B BBl ed by
Hof f maruidiionNaterrayr sk istatilizedis hepese né'étﬁadp Tas epeataf bedog stehlely gjcﬁm&G aousd

! oond My desbufiRe Gk o BRebdtelorbind of cayting el hes TE BBSA riRietsEr . ©

nucl earstetitigéd:| An 663tanir aide tenpenated and ehswrs eoréddr)passadenos patedinishinidi e
(M1). Oéhf ﬁ &i af‘ps that can nor phol ogi cally be dissected fromthe
ovary &CFGEPIGse W't ferent stages of devel opment from pri nordi al
follic ant ral oocytes in
the i c@f’%&ﬂand at” cia : L Fund
t hem Rsolated dield amncbuptedrrarTynsf @dth |sbbte!d cmaremte witls ltrzsekrfa\mnar%@atﬁﬂ&eMrpand
antral foII|? ral mllineters and the graffian follicle

can r e GO ES%“eqﬁ?q aﬁgogtélr‘legéroé% 'SHE PrE52091/ 057123PCT/ US2010/ 055706

enbedd t he nd Lghtly.attached t t he chanc fi nd| ng
Chorwitatdl; ' nesPERRYs e RlRoblition'os Hid BHEH, defte pliol BBoSeRle % 8udas) 'S
w | bena;dllay amdjnmqmodmﬁma&aiym tAppeoxireaielyt legs thbo\tvatfyatronrteh@ells oredesedrfon ne
heal t h, quallt size 16?e0|f|c ch racterlstl s of the cells. The

rs

ger i i &SR3 %INGG a#&?'k ‘ﬁ%rFu%Fesa ¥ SPE SR Cq im'tgd to, VASA Oct-4,
K
Fln‘:teoﬁ?Fﬁ g éb%&%i%ﬂgx% %t% dg{gr |(I§§ %rpé;rﬁ% Sfﬁggﬁha?rger\g%lﬁcl ude,

but ar eThiois donaiduedg the, cdRiNing Qrocesﬂ)wmlatwco)typ% of Yiekitty ress&yesr Srygee blisedel n an
t f L] di

ot ont | SPEEEF nisHY AB6A RAey it e85 Uarlit 5, Sl BT by o6 ! "9

[ 0375] 'Idmes@tmrgﬂ/vltlm_dha:eiekjicabdjieantdraandrﬁAk@rfk)w ngbmdtic dssby &aenphed w!tm RO%d t o,

A o g SR A oElPa RS S0 B T BBKET® | 00| v, bt

these OTATs ardis, 3, Bhesstluley §'Pnabt Akfist Rucrbiiops Yof PREABbLED,

t ypes ciatysisrtioadetenplihes healttcImudlltMQSIp@taedtgeanratl;@lppbaraececef tre, callnd Al$rethe

Dot ent hify! SSAGESECE ! Il RARMAEQIEN DML, BP BE'GIEA L

met hodsantatyzedJriﬂmdemphdamt:omtgasbhealtm s mmttama btmghtaadpbmobsimoaﬂ'e@atdato time
ft d

OF Ly SSHE sBeb R B RSERREN bR MBS oRRRLA 0| 0 61 cEhf bR 2

pr ot ocovhcluqlﬁ)@Yt‘ﬂpl nfigdets cusl @yt@e@sm tcast bagobtralnled bey pldoﬂfmarmadort dloemsiskie

saf ety. F V- (lis,
bR Qe P BB as b s Bl el S¥euEPEeP e oSy Bl

coI I ectblrmcutaalr eigestopeoOacylis Areappmd)laegb ¢edlb ahddepest omthesrowioledr mgturatianhe

approv ~ul e

testi ngsqadsea%gﬁ]a#:églﬁtjglg%dves th@gé\gtl C sus %}fjgﬁr{??ﬁé 9?'2%{ ?’?\o;b(?g'l @OCOE t@r@ i's

posi ti \Qt)‘lelastwcpeeﬁ thaheah morpbngicellysiod érsgecteq‘ fromo Itttem\eary greffolicles Vwedifferlaeh

P T QadilYof Wi Ghal HRPBHROLATSRLBTL AR il BF N 8L St

cells, speciation ot c suscepti bi

er adi cattoetaangocrytesrlocbmq;mmmnd pma&@emmgwf\mammel érrtdetheqa t:eilswe;mlralt ed

fromt i i d i

cr yopr oty BAHERAE TPy BIRISERTERCe WdnCadPES B ARFAAF NI, e

A cont rre&chr bt sevieraenidimaterstdnantha sgrdffian f@ll@twcynfremtlz@ 243ecraehs dollitles are

-1 mnute from+4C to -60C, and from-60C to -90C, the freezing rate w |l

be at -10C/ mnute. For larger cells, follicles, and ovarian tissue strips,

ot her cryopreservati on nethods such as vitrification are used. The cells

are then place in quarantine storage liquid nitrogen vapor phase between

-150C and -196C. WD 2011/ 057123PCT/ US§§)10/ 055706 [0379] Quaranti ne Storage:

Cryopreserved products are stored in tenporary quarantine |iquid nitrogen

tank between -150C and -196C. In the event of a product contam nated by

turmr cel I s, aer ob| c bact eria, anaer ob| c bact erl a, or fungi, or reactive to

oAl o~ 1IN AN T L e 1




[ 0381] Products that are found to be contam nated with tunor cells, aerobic
bacteria, anaerobic bacteria, or fungi, or reactive to HV-1/2, HILV-1/11,
HCV, HBsA®0D 2piBms728d WNV, are stored permanently in thePcaseoiosses of a
per manent quarantine quui d ni trogen tank between -150C and -196C. Assent

IS reqwredt study enrol | ees nd, H'V t n An ositive
osul ¢ ol 8 S B ek e i ARt T B ahinea PERRRS it BB e
counselméghaaindl driepaymetid dissagigion s eyl low]. 0382] Study analysis will include
determ nation of loss of cells and viability for processing and

cryopr g0873jat i 0Qel(spwiét-berstaiaed amweissmm\h tarbepolstbp flbwwltontteéreto rdeteaininen  of
produc bility in _cryogenic stqrage haw anal ysis at. different

Pl e Ot Rl seF aB3 ERESTY SaadtiiBs DR ar b8 SR oM PoRes

var i oudndludh, bat aremsf lirdiedcetom/ASA| Oot-fc-KigtSSEN-4 adver se reaction or
conplication for the surgical collection procedure, determ nation of the
ef f ect [0874]he aGfes obcyt@eelﬂsU-HIﬁeMrEertsondd:dﬁaiuut ke obt linhiedcte] GOFSf Z€n, zRaw ng,

and det tion ect, of e ficCj nt cr 0 er i 0 tocol on
b 1 ng 06 PO el aranti i BRbedt o e FRUPRLEFGL KRR, 2o Bh7EH

pat i entd thexe maetsraraluses irs as peswieid alsel3§ltnbj meﬁeemdetoo drfrevare\tydey of logarddRB i f

t here arﬁ arhéf(ﬁ t'{ A gSevere [']adver e.re cttllg ﬁ%lFe resultl ng from
the surgical™é IQ%%? &ﬂlug%r%@&:‘fﬁ eyr'? e Oc‘lee reasonabl e to
reinitigbont he u of

ot hor w88 nd: ol Berntinp ‘ool ffdtDlac i B2 .%Céﬁ%u%ﬁfé‘rﬁ”@é‘%?g. VTR AL
proper t4, @sKlsl,‘BSEPas rﬁhbyiarce\lrl/encgenularrreatensoncludmdJut BeEnsot lan@dso, Biobth used
in the i$d.c 0 ai u i [ din
a1 1 st Orede o e anTh Areal SsfieHBPSE b PR RELES TR hFhie

cont r arliynitetihte, tﬁ’tl}mer |Pcabmpmamfebémseseemafl«erst bra nsédhé fol dssey rig aspess thecatl on
and atta a S ar end] .he
desi red propercifl %‘@gf%@{@ﬁ?g var tcgpshehg@émgﬁ%tenr %ps/%gr?rﬁ'lﬁﬁvéeeﬂ?’i %rﬁooﬂ}épt h
very | gmddntiabiodestote fasiliggn atterrpt tolimt the appl i cation of the doctrine
of equivalents to the scope WO 2011/ 057123PCT/ US2010/ 055706 of the cl ai ns,
each nUfgf6lcal PRO&eTwIngvillbedparforinedda cordirmaddarttityueidhée patierghiLaf Tyipirey
nunber .of i | gi.t i n ng
Fechni doesRB A I bEA foocBkS (AP oefiR o 9 S3Eh ol BRI

setti ng:oﬂexrtem at tiree lof tne&wesmd@éioofare hentitnae rASFdrap@rca/ed;nb fmxHMt tiyping ,antl lae

nuner | f@ YEbHESq ol REOIKRY BobBSCSRARNL froRMRcET frdpr f od as

preC|se 0SSi wever herently contains
certal ors r t r vigti din
Chei s resp ot Vl@%%ﬂé@@&fsbyse %§%§T{évnlgoé b?@%@?fﬁ e%@HPe Qafé’tg rf’dys%quéé? e ond
si m | arHIVe¥/2r Bhtg- I/Usekﬂ:\:{ rHBsfe, dtise, Syhiis, G&BE AT, nlgl\/t HeCY ramanWn blood
(e=peciahidid BoklacR by Bl ke EIhWANS PLPATRIASED Rl SoTakYEY, o
or cl eackgrdggntor ﬁ\dl anpe@/eldylab@rmretopol Reungiabéohicodnd amagrgbiofbagteliacsiitheer ei n
i's mer ng jdual l'y
to eacnLognrBLETDn N SFNPIC S opiiky RRER, [PLIRR RindsBUE Hlt B LIS o
her ei n,ensaxetsafetyi ficdlere statbsu@el, thenmeior mra(tfetﬂlre alutologhl® sawplantatiahiobtheas i f
| ver &hAgl isdua! dY oL ECILEaRET Shit: ofblonfLA0g5lfP GELRG Ysn LRl MeGaD Pe
perfor i'n any SUi Tabl 8" oFder dnl e8s "ot Rerw S& 1 mdi cat herei n or
othermﬁﬂeﬁmﬂeanyyﬂQOQQamdmsted by context. The use of any and all exanples,
or exerFe)gaar]y | anguage (e.qg. @;;Cgha;@i) g(rjowtc{inegs herein is |ntendedmr1r§ed[ ely
to bet t[8378]1 | unCryapeeseivatiomvéng cells iselated dom hettispos eragessing aeet suspe he
scope al i ation
houl d b8 oqel¥Els TR B0l b BFIAREe NG B AR EET | e
pract i cnddfsstdeA conteshrate freefey38 81etrusaditn gowhf fregzeche gelisvat -1 @mimite from

i ot paco ey fnd BHRTEYENeba T e et ilale Al 1O RINRUES RIS 2
or in aes.dolfitiehad@yaian hsabrersérrpSneﬂnbefcryomeseWetlcm mathods suethas viglfieatant s

f ound I i t - y be
i ncl ud%ﬁéqjsgdorh&%%gfﬁé;g*%rt@% %gdcgp g %&fﬁ}tﬂ%e%fg%ﬁg 0 c@)ﬁr\c/)g%? e%ﬁgépgﬁﬁr

pat ent disitwean-150Keancrip6such |ncIu5|on or deletion occurs, the
specification is herein deened to contain the group as nodified thus
fulfilling the witten description of all Markush groups used in the
appended cl ai ns. [0387] Certain enbodi nents of this invention are described
herein, including the best node known %o the inventors for carrying out the
invention. O course, variations on t fbse enmbodi ments will become appar ent
to those of ordinary skill in the art upon reading the foregoing

descri pti on. The | nventor expects Skl I | ed art| sans to errpl oy such

- . e - 1



herein are illustrative of the principles of the present invention. O her
nodi fi cations that may be enployed are within the scope of the invention.
Thus, by weyoofosereanpl e, but not of limtation, alternaPCraseanf/szyos ati ons
of the present invention nay be utilized in accordance with the teachings

her ei n or di pal th resent_inventio mte o that precisely
e ShodRSEElS" GOttt SBEEET (o OorEln ST B A CHORE, b A e T RS |
st em cejuagantioapiquigi Migogeo kdrkcibétwgery onzaigl and seaﬁecf r it evnraRIf eaforddluetk of

| oss of f I‘tl|tlég) ttran Irt| cg) gc{rgona al is(ge to central Q r ng
faci | i t§"g5)aEd by tjmé’éu Sg&‘r‘?é 51829, ANAE QP PALRHA) 9 JUadi O FERLEF:

ti ssue;HIEAG2,deTIor-MIrHOY, HBSAG, HBY, ap VeVt thalcombmiradte prbyf@@rsemcwed tgareadal
tissue. 2. Trflfe t hod of c almJ,t ere ntsald g}ﬁ 3&@ Il ue i,S testlcul ar
ti ssue.vVapor phase of a pernapeph auArgRting; ligui witrgger (4 el e prgpudsyiny the

testi cubmporbfﬁan@mmenBe& foseefranmni oog tep pativx mhehe/té)m’i)raryaqumréhtupewae of
testicul ar tlésue i i

t hod, of | f d
{ost i P9 @taat%e‘?fﬁﬁnsa@%raﬁaé%tkﬂ%aﬁ%%f S e OBt ae it bt east
| ted f th t | | . "
nyal ur diRRlce. aperoinsp Bl dPPORCRT IR 2he e tort RoUBARTRE WL ASRDI  one

enzynme, batcteeeebyaelbblalbactegaaaswstpegnsanmamf nah- mtt\reatoeell\l e il-tTUUValVII,ded:‘t/,s.

5. The 4 furt r|S|n i solati mal e
oor m 1 AR e, e WY Ard abigdh uB VARGt S Bibeled siorad® Bl BBt o
mal e gdrarzémaniksbemeer150°a@raadcih@s gct eri zed in that they do not express the

| eutini zi ng hornone receptor. 6. The nethod of claim4 further
conpri 08&]t he Btoepctefthatsayk dbumigtonted eorgemimatatewitti &mmareddlls, darobic dacdria,

di ssociated,testicular. cells er g m i t el

Cher SctpEels T B wRd), Ereat RS sy, HiTR-fn HEE HeRAS hB SREMINEY &, 1 6
wher ei rars atatedrpben grentty ||mthesxte¢m cpbtaée;off anrptaheanwknuemstn{éfﬁelﬁdi nirogie VASA

8. The thod | ai,m neln sai d determ.n rt|I| ent,i is
Che o TPRbERTEr 0:6 b o ARt aht S b b Fth aehrbel of, Mo ES SR v o
vitro. testlng Ar@ pEfzhta/ermesfmdsi aré dibelosad2 tavhies eonserded p:daeti%r andhiretprdaerfon [ ity

potenti al rci) sIa O%mhrrfl % tre razraecterldstl cs of testicular cells by at
| east SHE GY'"26xPregsid 8f ﬁe B Sgst mal otic mar kers and si ze and

fmor phol[agg/] Study alnaIyS| h%vilwrgépﬁo% %f ?rlnf%' thlgg cg St %%ﬂtt tfbrSsue

i's ovarlantlss 9 army 1 ereln pro esSi ng of
sai d ommanmgm@u&ymmm&m (}preefnaezeng)rawlsomwrm edsp-titavh; Bet@rmingtign efces of

ovarl arbr&&tfc?%‘?ablllty in cryog%%tc l@?adeeghgb%gtsf}%pvnéhglg%lajt &Yﬂ%ﬁt rt'lmseahgmpsr &> sing

urt her™ conp ovarran tiss | écés with
at I easftee@mng) efezemmameh e ratd dfrimfafrtiﬂitye‘ogwaniqmsdodlsatmsngetefmloatidna@fefatesef

Dhase, a%&ls%rr%ét% tscﬁr c%ﬂﬁ)llgt%)gsfopthea&%lcal coIIectLon roeedgneacdtete\fr?fin (t]gn %?th% at

| east one a“'sus ovar
cells. effect of the a@ offthe samettedb mfablttﬂyaxf thel@llsvlaﬁerethalwmgf ahddddtenmimationgpf the

fertil 'etf?élctg(ﬁge?flﬂ:ﬁ]é[ngt:wL?reQSJvaf?JnnErgto% 3n2\ﬁat§}llﬂg/ lafteythg\];v. said ovarian tissue to

di fferent ureé ova in
[0383] Protocol Stoppage Rules: The accrual of patients for the trial is suspended and
subjected to review by the IRB if there are any deaths or severe adverse reactions directly
resulting from the surgical collection procedure. Only if the IRB deems it reasonable to re-

initiate the trial will accrual of patients resume.

[0384] Unless otherwise indicated, all numbers expressing quantities of ingredients,
properties such as molecular weight, reaction conditions, and so forth used in the
specification and claims are to be understood as being modified in all instances by the term
“about.” Accordingly, unless indicated to the contrary, the numerical parameters set forth in
the following specification and attached claims are approximations that may vary depending
upon the desired properties sought to be obtained by the present invention. At the very

least, and not as an attempt to limit the application of the doctrine of equivalents to the scope

85



14. The method of claim 10 wherein said determning fertility potential is
determ ning the characteristics of ovarian cells by at |east one of
expressi onoab1msresi ¢ and postneiotic markers and size &ow/UsR01P063706)Y .

15. The method of claim 1l further conprising the step of inplanting said

cryopreserved. gonadal tissuye into residual adal tissue in the sa

ot e By WAL AU ECH) Brtdiaer oul T PR SPas A Tohtor g RS

ger nl i n# repeedeignifichandigitgarsyisy applyegprdirsrn gounalartscinigquesoINodwithstghdg@nadal
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[0385] The terms “a,” “an,” “the” and similar referents used in the context of describing
the invention (especially in the context of the following claims) are to be construed to cover
both the singular and the plural, unless otherwise indicated herein or clearly contradicted by
context. Recitation of ranges of values herein is merely intended to serve as a shorthand
method of referring individually to each separate value falling within the range. Unless
otherwise indicated herein, each individual value is incorporated into the specification as if it
were individually recited herein. All methods described herein can be performed in any
suitable order unless otherwise indicated herein or otherwise clearly contradicted by context.
The use of any and all examples, or exemplary language (e.g. “such as”) provided herein is
intended merely to better illuminate the invention and does not pose a limitation on the
scope of the invention otherwise claimed. No language in the specification should be

construed as indicating any non-claimed element essential to the practice of the invention.

[0386] Groupings of alternative elements or embodiments of the invention disclosed
herein are not to be construed as limitations. Each group member may be referred to and
claimed individually or in any combination with other members of the group or other
elements found herein. It is anticipated that one or more members of a group may be
included in, or deleted from, a group for reasons of convenience and/or patentability. When
any such inclusion or deletion occurs, the specification is herein deemed to contain the
group as modified thus fulfilling the written description of all Markush groups used in the

appended claims.

[0387] Certain embodiments of this invention are described herein, including the best
mode known to the inventors for carrying out the invention. Of course, variations on those
embodiments will become apparent to those of ordinary skill in the art upon reading the
foregoing description. The inventor expects skilled artisans to employ such variations as
appropriate, and the inventors intend for the invention to be practiced otherwise than
specifically described herein. Accordingly, this invention includes all modifications and
equivalents of the subject matter recited in the claims appended hereto as permitted by

applicable law. Moreover, any combination of the above-described elements in all possible
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variations thereof is encompassed by the invention unless otherwise indicated herein or

otherwise clearly contradicted by context.

[0388] Furthermore, numerous references have been made to patents and printed
publications throughout this specification. Each of the above cited references and printed

publications are individually incorporated herein by reference in their entirety.

[0389] Specific embodiments disclosed herein may be further limited in the claims
using consisting of or consisting essentially of language. When used in the claims, whether
as filed or added per amendment, the transition term “consisting of” excludes any element,
step, or ingredient not specified in the claims. The transition term “consisting essentially of”
limits the scope of a claim to the specified materials or steps and those that do not materially
affect the basic and novel characteristic(s). Embodiments of the invention so claimed are

inherently or expressly described and enabled herein.

[0390] In closing, it is to be understood that the embodiments of the invention disclosed
herein are illustrative of the principles of the present invention. Other modifications that may
be employed are within the scope of the invention. Thus, by way of example, but not of
limitation, alternative configurations of the present invention may be utilized in accordance
with the teachings herein. Accordingly, the present invention is not limited to that precisely

as shown and described.
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We claim:

1. A method for banking germline stem cells comprising:
collecting gonadal tissue from a mammal at risk of loss of fertility;
transporting said gonadal tissue to a central banking facility;
processing said gonadal tissue;
cryopreserving said gonadal tissue; and
determining fertility potential of said cryopreserved gonadal tissue.

2. The method of claim 1 wherein said gonadal tissue is testicular tissue.

3. The method of claim 2 wherein processing of said testicular tissue comprises

preparing approximately 0.5-2.0 mm? pieces of testicular tissue.

4. The method of claim 2 wherein processing of said testicular tissue comprises:
digesting said testicular tissue with at least one enzyme selected from the
group consisting of collagenase, DNase, hyaluronidase and trypsin; and
inactivating said at least one enzyme, thereby obtaining a suspension of

dissociated testicular cells.

5. The method of claim 4 further comprising the step of isolating male germline
stem cells from said dissociated testicular cells, wherein said male germline stem cells are

characterized in that they do not express the leutinizing hormone receptor.

6. The method of claim 4 further comprising the step of isolating male germline
stem cells from said dissociated testicular cells, wherein said male germline stem cells are

characterized in that they express SSEA-4.

7. The method of claim 6 wherein said male germline stem cells further express
GFR-a1 and VASA.

8. The method of claim 2 wherein said determining fertility potential is the ability

of said testicular tissue to differentiate into mature sperm in vitro.

9. The method of claim 2 wherein said determining fertility potential is
determining the characteristics of testicular cells by at least one of expression of meiotic and

postmeiotic markers and size and morphology.
10. The method of claim 1 wherein said gonadal tissue is ovarian tissue.

11. The method of claim 10 wherein processing of said ovarian tissue comprises

preparing approximately 0.5-3.0 mm? pieces of ovarian tissue.

12. The method of claim 11 wherein said processing further comprises:
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digesting said ovarian tissue pieces with at least one enzyme selected from
the group consisting of collagenase, DNase, hyaluronidase and trypsin; and
inactivating said at least one enzyme, thereby obtaining a suspension of

dissociated ovarian cells.

13. The method of claim 10 wherein said determining fertility potential is

performed by the ability of said ovarian tissue to differentiate into mature ova in vitro.

14. The method of claim 10 wherein said determining fertility potential is
determining the characteristics of ovarian cells by at least one of expression of meiotic and
postmeiotic markers and size and morphology.

15. The method of claim 1 further comprising the step of implanting said
cryopreserved gonadal tissue into residual gonadal tissue in the same individual from which

the gonadal tissue was isolated.

16. A germline stem cell banking system comprising:
means for collecting gonadal tissue;
means for transporting gonadal tissue;
means for processing gonadal tissue to isolate germline stem cells;
means for cryopreserving gonadal tissue or said germline stem cells;
means for determining fertility potential of cryopreserved gonadal tissue or
said cryopreserved germline stem cells.
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