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relates to a process for the purification of Chorionic G‘}Qﬁ%ﬁ;ﬁlﬁ&i g, in
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i njection. given mal e infertility associated with
hy pogbmadiit effpds arelpreadmonard]ysthose ofghé gonadpiepriniletewesieg iermasee variation in

t he dosage regi.nen, and doses have varied from, 500 tq 4000 units. to
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menot rophh&eﬁoﬁog%ft efadfied tomenall Qyvitor fFllciSPeniRtiAgeA6Shéhe RN human
ol i gosperm a, "doses of up to 3000 units of chorionic gonadotropin weekly
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enpl oyed. lolwncénr]cgntrations of gonadotropins. A single dose of 5000 to 10000 units is given by
15 intramuscular injection to mimic the midcycle peak of luteinising hormone which
normally stimulates ovulation. Chorionic gonadotropin is also given in conjunction with
menotrophin and sometimes also clomiphene citrate as an adjunct to in vitro fertilisation
procedures and other assisted conception techmques involving superovulation and
oocyte collection. In males it has been used in the treatment of prepubertal
20 cryptorchidism. Regimens vary widely, but doses usually range from 500 to 4000 units
three times weekly by intramuscular injection.
It is also given for male infertility associated with hypogonadotrophic hypogonadism.
Again, there is considerable variation in the dosage regimen, and doses have varied from
500 to 4000 units two to three times weekly. An agent with follicle-stimulating activity
25 such as menotrophin is often added to enable normal spermatogenesis. For
oligospermia, doses of up to 3000 units of chorionic gonadotropin weekly with
menotrophin or another follicle-stimulating preparation may be employed. In the

treatment of delayed puberty associated with hypogonadism in males, a dose of 500 to

1500 units is given twice weekly; the dose should be titrated against plasma-testosterone

30 concentration.



treatment of del ayed puberty associated wth hypogonadismin nales, a dose
of 500 to 1500 units is given twi ce weekly; the dose should be titrated
agai nst pl -testosterone 30 concentration. WO 01/ 6277 00665
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and contaminants of the cell used in its recombinant production and a method for

15  achieving an absolute purity of recombinant Chorionic Gonadotropin is highly desirable.

SUMMARY OF THE INVENTION

We have now found that a crude preparation of hCG, deriving from a concentrated
sample of a culture medium obtained after the recombinant process or from a crude
20 concentrate of urine of pregnant women, can be purified such that the resulting hCG is
practically free from proteins or other contaminants contained in the crude hCG
preparation.
The purification process is based on the use of ion-exchange chromatography and
reverse phase HPLC. The possible further use of a size exclusion column allows the
25  removal of any residual traces of contaminants. Optimum results are obtained when at
least two steps of ion-exchange chromatography are performed .
The process of the invention can be used for the purification of recombinant hCG from a
crude preparation of the culture medium derived from the recombinant process. The
r-hCG is obtained with a high degree of purity and high specific bioactivity (in the range
30  of 23.000-28.000 TU/mg), practically free from Foetal Bovine Serum (FBS) proteins, if



25 renpoval of any residual traces of contam nants. Optinmumresults are
obt ai ned when at |east two steps of ion-exchange chromat ography are

performed. The process of the invention can be used for t Lfheation of
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fromthe reconbi nant process. The r-hCGis obtained wwth a high degree of
purity and high specific bioactivity (i:h the range 30 of 23.000-28. 000
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chromat ogr aphy and reverse phase HPLC. The process conprises the steps of
subj ect i n@"’tnf'°|ém§1 &to ion- exchange 10 chromat ogr aphy and subj ecting the

el uate t oprieuRLBRCPHASRE phRkE inferitioh b provsdeepptessdppbyr figptichef 8CGafremt o a
si ze exclusion colum may additionally be carried out. The t\/\g i gﬂse(fchange
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in order to obtain optimumresults fr ri.ficat.d (o]
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of 15;4a) ' AN &tinBrar Euate $ révepsecptiaadiRIGE aphfurthet srep; of( b)
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embodiment of the process of the invention comprises the steps of:
15 (a) eluting the sample through a silica chromatography column;
(b) eluting through a DEAE Sepharose ion-exchange chromatography column;
(c) eluting through a CM-Sepharose ion-exchange chromatography column;
(d) eluting through a Silica C18 reverse phase HPLC column.; and
(e) eluting through a Sephacryl size exclusion chromatography column.
20 In a preferred embodiment of the invention, elution through the DEAE Sepharose
jon-exchange column is carried out in sodium phosphate buffer at about pH 7,5.
Elution through the CM-Sepharose ion-exchange column is preferably carried out in

sodium phosphate buffer at about pH 6.
The reverse phase HPLC step (d) is preferably carried out with 2-propanol/Tris-

25 phosphate buffer as mobile phase.
The CG of the present invention is preferably human CG and most preferably is
recombinant hCG, deriving from the culture medium of CHO cells used in the
recombinant process.
It is a further object of the present invention to provide a pharmaceutical composition
30 comprising a therapeutically effective amount of purified recombinant hCG as prepared

by the recombinant process as described above, together with suitable excipients. An



I on- exchange colum is carried out in sodium phosphate buffer at about pH
7,5. Elution through the CM Sephar ose ion-exchange colum is preferably
carried qut odi um phosphate buffer at about pH 6. ThedE¥sahRGscBNaSe
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The exanples described in detail below use starting material sanples
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bi or eactor . 15 Ahé(?r ng toltlye? lCXflta;[nIi]I?atlsrl%rH%'Ot%lnS ret%{:rg&] ?0 ﬁgl%ﬁie&t £t§1tt§1g nlllz{téﬁ'zg from

pr egnant
samples. The examples described in detail below use starting material samples

containing 1-hCG obtained from cell cuiture supernatant medium from a bioreactor.

15  Alternatively, the sample is crude concentrated urine from pregnant women.

The sample is constituted by freshly collecting cell culture supernatant medium perfused
through a bioreactor over two days. Preferably the supernatant is clarified by filtration.
If necessary, the crude solution is concentrated and subjected to C4 silica
chromatography to remove contaminants derived from the cell culture.

20 The semi-purified harvest, after ultrafiltration, is then subject to ion-exchange
chromatography, which is preferably performed twice, and preferably under different
conditions, and to reverse phase HPLC. A first DEAE Sepharose ion-exchange step may
be performed, essentially acting as an hCG “flow- through” step, in which a large part of
the non-hCG proteins and DNA are eliminated. A second ion-exchange step, preferably

25 through a CM -Sepharose column, acts as an hCG binding step, and removes residual
DNA and host cell or medium protein contaminants. In a preferred embodiment this step
is performed at about 5°C eluting with sodium phosphate buffer at about pH 6.

Reverse phase chromatography on a Silica C18 column is effective in removing trace
amounts of nucleic acids and cell culture derived contaminants. The column is

30 preferably eluted with 2-propanol/Tris-phoshate buffer as mobile phase. The retentate



The sanple is constituted by freshly collecting cell culture supernatant
medi um perfused through a bioreactor over two days. Preferably the

super nat ' arified by filtration. [If necessary, thep&fipfi dgdsuti on
IS conceﬂ?’badtlé%ggnd subjected to &4 silica chromatography to renove

contam nants derived fromthe cell cultyre. 20 The sem -purified harvest,
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contam nants. The colum is O preferably eluted with ) _
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separation based on nol ecul ar size is achieved eluting with ammoniumb5

hydr obfen EXAMBAFel pH 8 to renove still possible trace anounts of cell
culture derived contam nants, potential aggregates and free hCG sub-units.
The el uat Beagemts:hen undergo a dialysis by ultrafiltration on nenbranes
with 10 kD cut-off, preferably in sodium phosphate buffer, pH 7. After
filtrati oAmmdrda,pmalyticagradeG bul k is preferably stored in sterile bottles

at Towt emgi%%yd}o()ge%lgglﬁalzte,1ana§ftei%glegr}5(§e: (B.P.)

Di-sodium hydrogen phosphate, analytical grade

15  Absolute denatured Ethanol,
Phosphoric acid, analytical grade (Ph.Eur.)
2-propanol, analytical grade (Ph.Helv.)
Sodium chloride, analytical grade (Ph.Eur.)
Sodium di-hydrogen phosphate, analytical grade

20  Sodium hydroxide pellets, analytical grade (Ph.Eur.)

| Trifluoroacetic acid (TFA), HPLC grade

Tris-(hydroxymethyl) aminomethane, analytical grade

Purification process summary flow diagram

25 Harvest material derived from the cell culture process is purified and concentrated by a

series of five chromatographic steps.



Ammoni a, anal yti cal grade Ammoni um hydrogen carbonate, anal ytical grade
(B.P.) Di-sodium hydrogen phosphate, analytical grade 15 Absol ute

denat ured _Et hanol , Phosphoric acid, analytical grade (Ph. ~propanol ,
anal yti calVOH%4E3(Ph. Hel v.)  Sodi um chl ori de, anal yti cal %%P%léﬁgéur )
Sodi um di - hydr ogen phosphate, analytical grade 20 Sodi um hydroxi de pellets,
anal ytical grade (Ph.Eur.) Trifl uoroacétic acid (TFA), HPLC grade
Tris-(hydroxynet hyl ) am nonet hane, anal ytical grade Purification process
surmary f | Dhe flillagnanfl@§ digrane $Tabiad psunahanisss iapeeferred ambpdimesat pf dgirthéCe
process is purified and concentrat ﬁgm% a seriges of fivedc rorrat.g%raphi C
steps. WD PAERHoR PRSP EPBT 68 © RETERIF SQIUTY FSSBR 4 6{5? BHREBPE 1)
summari ses Iﬂel’fﬂ{ ef §h 8o £iP m%?at@gte}gge r-hCG purification process,
outlini ng? e chromat ographic colum resins and the principles of
operation of each of the internediate steps. 5 Table 1 Fl ow di agram
summarising the r-hCG purification process. CULTURE MEDI UM FROM Bl OREACTOR
Step | C4 silica chromatography (Elughpleqontains r-hCG Utrafiltration

10 kD cut-off (Retentate contains r-hCG CONCENTRATED CRUDE r-hCG
Flow diagram summarising the r-hCG purification process.

CULTURE MEDIUM FROM BIOREACTOR

Step 1
C4 silica chromatography
(Eluate contains r-hCG)

Ultrafiltration 10 kD cut-off
(Retentate contains 1-hCG)

CONCENTRATED CRUDE r-hCG
HARVEST

DEAE SEPHAROSE FF
(Unbound fraction contains r-hCG)

Step 11

Step 111
CM SEPHAROSE FF
(Eluate contains r-hCG)

Step IV
RP-HPLC ON SILICA C18
(Eluate contains r-hCG)

Ultrafiltration (10kD)

Step V
SEPHACRYL S-200 HR
(Eluate contains r-hCG)

r-hCG BULK SOLUTION

A detailed flow diagram and process description are provided below. The conditions
10  given for the capture step (step I) are those which are normally applied when the crude

material is of recombinant origin.



HARVEST Step |1 DEAE SEPHARCSE FF (Unbound fraction contains r-hCG Step
Il CM SEPHAROSE FF (Eluate contains r-hCG Step |V RP-HPLC ON SILICA C18

(Eluate cont aij r-hCG Utrafiltration (10kD) Step V S =200 HR
(Bl uato COMOUSHE 1 hCO  r-hCG BULK SOLUTI ON A detail ed fﬁgéwﬁ%g}é’?ﬁi?n and

process description are provided bel ow. The conditions 10 given for the
capture step (step |I) are those which afe nornally applied when the crude
material is of reconmbinant origin. WO 01/62773 PCT/ EP0O1/ 00665 7 Step |

(Capture g}ﬁpﬁ %¢§pthh{g stepfep (Step 1), a prelimnary concentration is
achi eved and the buffer is changed to be of controlled conposition. This

step is initiated at roomtenperature (Silica C4 . .ch togra d then
cont i nued Inthiager {Stem B, a Rrelmungy CORcTEApe} %%P@VF%H@%%%?D"%%EISDQ%Q%%S
repeated indjvi AV AU {0 & o DO HbiG el cyslie el the
bi or eact olrb.eq)(fi %Oq%l%g%%/fclt)@?tolgggﬂo?ﬁ]ﬁas? e??gm'll'ﬂgd far e(s)hl y cole:rggrteebo,lsqcl:ul ture
nedi um f r errohtaeodRipliye and tenicontisued dt wbditr $5°C | Aapidfereat teynperature range is 5

5 + 3. It is repeated individually for each harvest during the production cycle of the

bioreactor.
(i) Clarification of harvests

The freshly collected culture medium from the bioreactor is usually first clarified by

filtration.
10 (i1) Silica C4 chromatography

After clarification, the harvests are loaded onto a C4 silica chromatography column,
which has been previously equilibrated in sodium phosphate 25 mM, pH 7. A
preferred pH range is from 6.6 to 7.7. The column is washed with sodium
phosphate 25 mM until the UV monitor signal returns to baseline. The product is

15 then eluted with 34.2 % (*'/w) 2-propanol in sodium phosphate 25 mM.

(iii)) Ammonia treatment
Ammonia is then added to the solution to reach a final concentration of 1 M. This
mixture is incubated for 6. hours. Then the solution is 2 fold diluted with water, and

the pH is adjusted to 7.5 using phosphoric acid 85 %. A preferred pH range is 7.5 £
20 0.2.
(iv) Concentration and dialysis
The 10 kD cut-off membranes stored in 0.05 M sodium hydroxide between batches

are rinsed with purified water until the pH descends to approximately 8.

The product is concentrated and dialysed (by ultrafiltration on the 10kD membrane)
25 to remove material having molecular weight lower than 10 kD and to eliminate

traces of 2-propanol and to change the ammonia solution to sodium phosphate 40

mM pH 7.5. A preferred pH range is 7.5 £ 0.2



filtration. 10 (ii) Silica C4 chromat ography After clarification, the
harvests are | oaded onto a C4 silica chromatography colum, which has been
previously equilibrated in sodi umphosphate 25 mM pH 7. AcpERfiRbdsd PH
range is ‘*Pc?ﬂr’ﬁ%ﬂ% to 7.7. The colum is washed with sodium phosphate 25 mv
until the LTV nonitor signal returns tq baseline. The product is 15 then
eluted with 34.2 % (W",) 2-propanol in sodium phosphate 25 mM (iii)

Ammoni a treatnent Amonia i s then added to the solution tq reach f.i nal
concent r at i oA heffinal 1gtentEse is regaverediEom e rﬁ%‘ﬂ%@f‘%wftg ,so%pnwgmsgk_xa%erﬁ@wl\g he
solution is 2 fold diluted wth e - 1kSn@justed to 7.5 using
phosphoric a&} ardgrst%/?)Ch)&Vf)?é?ré‘%trpééc‘j@%xl—{o’rngﬁgg‘tﬁoya? FS{J;' 2070.2. (iv)

Concentration and dialysis The 10 kD cut-off nenbranes_star i M
Sod! um hydr obacolEPRaS B AL EES PG T HOEL IR R 105d TErehat ARt he

pH descends L PsopPpr oximately 8. The product is concentrated and di al ysed
(by ultrafiltration on the | OkD nenbrane) 25 to renove material having
nol ecul ar wei ght | ower than 10 kD and to elimnate traces of 2-propanol
and to change the amonia solution to sodi um phosphate 40 mMpH 7.5. A
pr ef er 5 ed Spdp HFYeration And Io6 e2chaD2e nREAE SepharepFi)GbsematograBhY)i nal
retentate is recovered fromthe nenbranes with sodi um phosphate 40 MM in

d t hi t t - ' A j : :
col ut i on_ 1 SR oRRBPEaieR bt HACFFRBLLE e P uh R Claft i o8 1 oy

about - 136y (Y ?_R)téihs 4 hildlat beids anceliminaed chaigethefilDEASh Bejptréadons FF
Chr omat ogr aphy) hi s chromat ography step is an r-hCG "fl()thg.quu h step
in which at reorgetemperatuse, theechramataersnhe Prg avhsse aReAUSh resee B8t Yfe
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10 (i) Thawing and pooling of the -hCG concentrated crude harvests

The frozen concentrates are thawed and pooled. A batch of purified bulk r-hCG is
processed from a pool of a variable number of r-hCG crude concentrates produced
from the same working cell bank. The criteria for the number of r-hCG crude
concentrates pooled is based on the maximum protein binding capacity of the next
15 chromatographic step in the purification process (4 mg total protein/mg of resin).
(ii) Clarification by filtration
The r-hCG solution is preferably passed through a filter apparatus and the filters
washed with 40 mM sodium phosphate pH 7.5.
The filtered solution and washes are pooled.
20  (iii)lon exchange chromatography on DEAE Sepharose FF
The column, packed with a weakly charged anion-exchange resin, diethyl amino
ethane (DEAE) Sepharose Fast Flow, is equilibrated with 40 mM sodium phosphate
(pH 7.5).

The r-hCG solution is loaded onto the column.

25 The column is fed with 40 mM sodium phosphate pH 7.5. The chromatographic

process is monitored by spectrophotometry at 280 nm.



at room tenperature, the chromatography stage where product passes through
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passed t hr ou§PRtANNG e F- Q%g’ért g10ls6i§dt he filters washed with 40 mM sodi um
phosphate pH 7.5. The filtered solution and washes are pooled. 20 (iii)lon
exchange chromat ogr aphy on DEAE Sepharose FF The colum, packed with a

veakl y chgigedy goveSephat b Br Chgdivatogdaphfly! am no ethane (DEAE) Sepharose
Fast Fl ow,g e?’s eg@l;i I i%rat ed wth 40 m\%;sgd%m phosphate (pH 7.5). The r-hCG
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phosphate p r omat og process I's nonitored

spect rphthesmbmatadraphddstep in caif2d0dit GBFn3+ PTT/ Apotedabempetatieaangeasidng
effluent is discarded until the peak starts eluting. The unbound fraction
containing3the r-hCGis then collected. Step Il (CM Sepharose FF

Chr omat ogr aphy) In this chromatographic step, a large part of the host

cel I s coniam Déntien af the Dbl SdphargseTiieeluste omat ogr aphi ¢ step is carried out
about +5 C. A preferred tenperature range is 5 3. (i) Dlution of the
DEAE Sephar oswakdr firuigje@tion is added to the DEAE Sepharose FF eluate and the pH

adjusted to 6 using phosphoric acid 85 %. A preferred pH range 1s 6 £ 0.1 .

10  (ii) Ion exchange chromatography on CM Sepharose FF

The column, packed with a weakly charged cation-exchange resin, Carboxymethyl

(CM) Sepharose Fast Flow, is equilibrated with 20 mM sodium phosphate buffer
(pH 6). A preferred pH rangeis 6 £ 0.1 .

The r-hCG solution is loaded onto the column.

15 The column is washed with 20 mM sodium phosphate buffer pH 6. The

chromatographic process is monitored by spectrophotometry at 280 nm.

The product is eluted using 130 mM sodium phosphate buffer pH 6. The leading

effluent is discarded until the peak starts eluting.

The entire peak containing the r-hCG is collected. The product can be optionally

20 filtered at this stage to remove viral contaminants.

Step IV (RP-HPLC on Silica C18)

This RP-HPLC chromatographic step is effective in removing trace amounts of cell
culture contaminants, nucleic acid residues and endotoxins. It is followed by a 10 kD

cut-off ultrafiltration and optional filtration.

25 (1) Preparation of the aliguots



Water for injection is added to the DEAE Sepharose FF eluate and the pH
adj usted to 6 using phosphoric acid 85 % A preferred pHrange is 6 0.1 .

10 (ii) |1 nge chromat ography on CM Sepharose FF Thep&pkpiiossdacked
with a We%@kgﬂgr ged cati on-exchange resin, Carboxynethyl (CM Sepharose

Fast Flow, is equilibrated wth 20 nM spdi um phosphate buffer (pH 6). A
preferred pHrange is 6 0.1 . The r-h solution is | oaded onto the

columm. 15 The colum is washed with 20 mM sodi_um gho phat ﬁtfufferi_.lélg{; 6.

The chronat chraphi of pho@ligeots ds Adistedr By 2bInds FeRte fb’]ﬂidﬁoﬁ?@? Yoot nm

The product is eluted usinpg mM sodi um phosphate buffer pH 6. The
pioery vl

| eadi ng  ef f | (PERTAHAG; until the peak starts eluting. The entire
peak containing the r-hCGis coll ﬁcﬁedc he product can be optionally 20
filtered &) tRY4E:Ggoromste O Cl&nt ami nants. Step |V (RP-HPLC on
Silica C18) This RP-HPLC chronatographic step is effective in renpyving
trace anount sThef cauwinn, padked it %@%tcérﬁ:]rﬁafﬁsgl, 1srfifst equilibrated 1Fle]'gi ({HJQE) hd

endotoxins. It is followed by a ut-off ultrafiltration and optional
filtration. 2@03?’)"5ﬁ}tﬁﬁPg?ﬁpﬁﬁtegmbg‘fgﬁ?i quots WD 01/ 62773 PCT/ EPOL/ 00665
10 The pH of the aliquots is adjusted to 5 and,2-propanol .is. added to a
final concenT}FeaﬁISbﬁll‘difOt1’510%1?qu’)"‘°|$‘? FPEENATd, tcglbqﬂg"g%%?a%}w ’§iql?r8§)r%€8. The

col um, pack A 1 8 resinis first equilibrated in 15 % ( 7)
2- 5 propanolebqftrq«/#lesf h8'r‘s°§‘ﬂea & 0.5 Mbuffer. The first aliquot is |oaded

onto the col and the chromatagraphy i S | by LTV
spect r ophot o#ﬁer%?.lm?ﬂés %Bﬁhﬁ%l{ijggagagﬁ%%du\%lw{}ﬁ]gﬁgghe equi | i bration buffer.
Elution of the r-hCG is subsequently performed with a linear gradient of 2-
10 propanol/ Tris-phosphate 0.5 M buffer mobile phase from 15 % to 25 % (*/v).

The r-hCG is fractionated when the corresponding peak is detected by
spectrophotometry (Azs0). The fractions whose absorbance is greater than 65 % of
the maximum peak height at the ascending part and higher than 20 % of the

maximum peak height at the descending part are pooled.

15 The four r-hCG containing pools are then pooled and diluted in an equivalent’

volume of Water For Injection (WFI).

The product is concentrated and dialysed ( by ultrafiltration on a 10kD membrane)

against WFI to remove material having molecular weight lower than 10 kD and to

eliminate 2-propanol.

20 The product is then dialysed by ultrafiltration against ammonium hydrogen
carbonate buffer 0.1 M, pH 8.

The resulting intermediate is stored at about +5°C or frozen if required. Preferred

storage temperatures are 5 + 3°C and equal or below - 15°C respectively.

Step V (Size exclusion chromatography on Sephacryl S-200 HR)

25  This size exclusion chromatographic step is effective in removing trace amounts of cell

culture derived contaminants, potential aggregates and/or free sub-units. It is followed



Elution of the r-hCGis subsequently perfornmed with a linear gradient of 2-
10 propanol/ Tris-phosphate 0.5 M buffer nobile phase from15 %to 25 %
(%9. The r-hCG is fractionated when the correspondi ng peak,/ ed by
spect r ophBPIMEETY (A280). The fractions whose absorbance i%égthg%Og§6gt han 65
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carbonate (Buffer 0.1 MSUEFI—FXSIUSTFWEOW%"?&FP?ID’hE’ziOat}ER'rredi ate is stored at about
+5C or frozen if required. Preferred storage tenperatures are 5 3C_and
equal or bel oWhe t&iGrme ppelodi w@tly.Scsh%qyyl\/S(-%)QeHEmeUSiléne@hhbr#ﬂio@fﬁéﬂphy on

Sephacryl S-200 HR), 25 This size exclusio hr omat ogr,aphi ¢ st j

ef fect Pve in PERBONING BydREenLRAREE %#MC(BH ). Mr@%pgda ’ia%%lls?(fnb‘zm nants,
potential aggregates and/or free sub-units. It is followed W) 01/62773
PCT/ EP01/ 0066 he Ith®§ selut®nkid loadedopntoythe repfume.r 2id Hhe. elyran SaAgE r4pmes- 200

HR and the 10 kD cut-off. ultrafiltration eps e ried . ut +5C. A
preferred tenperBepE hydrogen; %ﬁ?nat:?é% N&)’ip)ﬂsgi‘ggr%%?%@éﬁn%ﬁggggﬁgcr yl

S-200 HR The col um packed with Sephacryl $-200 HR resin i.s eg' ilibrated
with 5 AmoniThmdellestngedf baridiad@cnon i (rbwsé’ from Hhreobeginrine OLHSREE is 8

2 aoe Ll TR o bOAURLOARL b AL et atlirbar

initiated usi [Foni um rogen car bonat A preferred pH
rangeips 8 Oo2the ptBRiscrehdhegti on of the r-hCG fraction is initiated from
t he begi nning of the peak

(i) 10 kD cut-off ultrafiltration.

10 kD cut-off membranes stored in 0.05 M sodium hydroxide between batches are

rinsed with WFI until the pH descends to approximately 8.
The product is concentrated and dialysed (by ultrafiltration) against WFL

15 The product is then dialysed (by ultrafiltration) against Sodium phosphate buffer

0.01 M, pH 7, and the final protein concentration adjusted to reach a target final

concentration of 3.5 mg/ml.

The resulting r-hCG final bulk solution is preferably stored frozen at about -15°C.

Chromatographic resins

20 The following chromatographic resins may be employed in the purification process:

Equivalent resins can also be employed.
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192773

Silica C4, 250 Angstrom- 50 m (Matrex(r),

Beid) | : CM Sepharose
15 -~ 20 m (Wwdac) 5

The current suppliers are :

Amer sham &harvaci a Silieh €q, 300 ddgsperhe- BorpoLat i on(Vigaoy kgat an 30 17 Cherry

Hll Drive
Separati ons G oup,

5

10

15

25

The current suppliers are :

Amersham Pharmacia Biotech,
Bjorkgatan 30
S-751 84, Uppsala

Sweden

Vydac, The Separations Group,
17434 Mojave St.

Hesperia, CA 92345

USA

RESULTS

e Molecular weight and size

SDS-PAGE

S-751 84, Uppsal a Danvers,

17434 Mbj ave St.
Step V: Sephacryl S-200 HR

MA 01923 10 Sweden USA Vydac, The

Hesperia, CA 92345
(Pharmacia)

Millipore Corporation
17 Cherry Hill Drive
Danvers, MA 01923
USA

The relative molecular weight of r-hCG obtained following the purification method

of the present invention has been determined by SDS-PAGE against standard

proteins of known molecular weight.

Coomassie brilliant blue staining after non-reducing SDS-PAGE revealed a single

broad band for the r-hCG heterodimer at approximately molecular weight 70 kD

(range 65-75 kD). The identity of the band was confirmed by Western blotting.



15 USA RESULTS Mol ecul ar wei ght and size SDS-PAGE 20 The rel ative

nol ecul ar wei ght of r-hCG obtained following the purification nmethod of
the pres i tion has been determ ned by SDS-PAGE agaighgty rd

pr ot ei nsngobﬁioﬁlﬂ nol ecul ar wei ght. Coomassie brilliant blue s@g@gﬁéﬁg after
non-reduci ng SDS- PAGE reveal ed a singl broad band for the r-hCG

het erodi mer at approxi mately nol ecul ar ight 70 kD 25 (range 65-75 kD).
The identity of the band was confirmed by Western blotting. WO 01/ 62773
PCT/ EPO1/ &0 @a8logital Actvity ogi cal Activity Biological Activity of different

bat ches of r-hCG after. puri.fication with.t t hod.-of. t he
i nvention i sBiodggaral &FUVRY eLifterent %ﬁ?ﬁésp?%ﬁ'géﬁ%?%ﬁg%% e Oflo‘ﬁmﬁglg%ﬁgfé%d
determ ned by tﬁ???ég?ﬁ?ﬁg&{rﬁ%ﬁtié YerRtted 16 TAbRM. Bicrédf: cncEheairveiza®een

specific activi CG preparation is particularly high, anmounting

to about 25.08mMeiby speBrdphptamdigGt2T0 SmispedhGlioc bi oactivity (I U ng)
BCEA 9901 24427 BCEA 9902 26868 B 99&)@(}25636 t.BCEA 9904%}115% BCEA
9905 23729 TFhs mufrags oweciie sSMEYI PHUPE GRUCE PEPSERLGH; By PRBISHA Y P¥lls have

been devel Opﬁ?ou\ﬂitihg tc§ E‘&&b%bd IU/mg.

TABLE 2
r-hCG batch Specific bioactivity
(IU/mg)
BCEA 9901 24427
BCEA 9902 26868
BCEA 9903 25636
BCEA 9904 27152
BCEA 9905 23729
o Formulations
10 Both liquid and freeze dried formulations have been developed with the highly

purified recombinant hCG of the present invention.

Liguid Formulation

Two liquid formulations at 10000 IU/ml were prepared in vials DIN 2R using

mannitol or sucrose as excipient and submitted to stability tests at 50, 40, 25 and

15 4°C.

The composition is reported in tables 3 and 4.



purified reconmbi nant hCG of the present invention. Liquid Formulation Two
liquid formul ations at 10000 11U mM were prepared in vials DIN 2R using
manni tol or sucrose as excipient and submtted to stabilit 50,

40, 25 an§OO1827E = The conposition is reported in tables l?f/f@t@?‘%%/\o

01/ 62773 PCT/ EPO1/ 00665 14 Table 3 Ipgredients UNI1 r-hCG I W m 10000
SUCRCSE ng/ Ml 102.6 0. PHOSPHORIC ACID ng/m 0.98 SODIUM g.s. to pH 7.0
HYDROXIDE Filling volune : 0.5 mM 5 Table 4t "t - z x ~ nos: ~; LY =

r-hCG U 10000 MANNITOL ng/ml 54. dable PHOSPHORI C ACID ng/ m 0. 98
SCDIUM g.s. to pH 7.0 HYDROXI DE F|II|ng vqurre 0.5 The results of the

stability tests, howed t hat
the mannitol for | ose 10
fornul ati on. Refrilgerated OH-EHE ot lired to
m nimse the protlein oxi §8tFon and free sapl |t flor mat’i on
SUCROSE mg/ml 102.6
O. PHOSPHORIC ACID mg/ml 0.98
SODIUM g.s. topH 7.0
HYDROXIDE
Filling volume : 0.5 ml

5 Table 4

r-hCG IU/ml 10000

MANNITOL mg/ml 54.6
O. PHOSPHORIC ACID mg/ml 0.98
SODIUM gq.s.topH 7.0
HYDROXIDE

Filling volume : 0.5 mi

The results of the stability tests, carried out by Bioassay, SE/HPLC and RP-HPLC,
showed that the mannitol formulation was more stable with respect to the sucrose
10 formulation. Refrigerated storage conditions were preferably required to minimise

the protein oxidation and free subunit formation.

Freeze dried formulation

15 A freeze dried formulation at 5000 IU strength was prepared in vials DIN 2R for

stability tests at 50, 40, 25 and 4°C using sucrose as excipient.



Freeze dried fornmulation 15 A freeze dried fornulation at 5000 N strength
was prepared in vials DIN 2R for stability tests at 50, 40, 25 and 4C

usi ng sucrose as _excipient. WO 01/62773 PCT/ EPO1/ 00665 15 %8019@ osi tion
is report %@ 1#2{pl e 5. Table 5 Ingredients UNIT r-hcG I UPS E ny
30 O-PHOSPHORIC ACID ng 0.98 SODIUM g..s. to pH 7.0 HYDROXIDE 5 The
results of the stability tests, carri ed>out by Bi oassay, SE/HPLC and RP-
HPLC, showed that this freeze dried fornmulation was stable at 40 and 50C at
| east for 19 Tweekspodilien &traportddtiy tabdets at 25 and 4C were performed up to 6
nonths indicating no 10 degradation of the active substance. WO 01/62773
PCT/ EPOL/ 00665 16 WHAT IS CLAIMED IS: 1. A process for purification of
hCG from a sanpl e conprising the use I#bledn- exchange chromat ogr aphy and
reverse phase HPLC. 5 2. A process according to claim1 conprising the

steps of. (a) subjpeting the saeqents 101 Qn‘-mcrhangmel chromat ography, to
pr Oduce a f | r st el uat % A SR T st et o Ry
r-hCG U 5000
SUCROSE mg 30
O-PHOSPHORIC ACID mg 0.98
SODIUM g.s.topH7.0
HYDROXIDE

The results of the stability tests, carried out by Bioassay, SE/HPLC and RP-
HPLC, showed that this freeze dried formulation was stable at 40 and 50°C at

least for 19 weeks.

The stability tests at 25 and 4°C were performed up to 6 months indicating no

10 degradation of the active substance.



(b) subjecting the first eluate to reverse phase HPLC, to produce a second
eluate; 10 and (c) subjecting the second eluate to size exclusion

chr omat ogw@y67 . A process according to claiml or 2, whgg /kpoﬁ(fog!& (a)
conprises't 2l5arate i on- exchange chromat ogr aphy passages.

process according to claim3 wherein tq% i on- exchange chronmat ogr aphy
passages are perforned under different ‘Conditions. 5. A process according
to any one of clainms 1 to 4, conprising the steps of: 20 (a) eluting the
sanpl e through a silica chromatography colum; (b) eluting through a DEAE
Sephar ose WHARIE RAnYMER ISat ogr aphy colum;  (c) eluting through a

CM Sephar ose i on-exchange chromat ography colum; (d) eluting through a
Silica C 18 reverse phase HPLC colum; and (e) applying the eluate to a

Sephacryl size exclusion chronato 25 6. A process according.to claim
5= Pher o1 i el uth BIPCER B gBRAETSah Bath S5 p GBS RARBRS PN 166 SEAF: e

out in sodium g,th,% ocess according to claim5
or 6, wherein e H%ﬁélgﬁ?ggoggﬁgpcg/{aggE%lvgﬁ%spgzseégp?gn exchange resin is

carriefl out in sodium phosphate buffer at pH 6. WO 01/62773 PCT/ EPO1/ 00665

17 8. A process accordi ng to claim5, or wherein step (c) is carried
out with 3- pr&paAeAssargeed m%FR)Elﬁ é’oﬁlﬁ’F‘F’éllgt%%Stﬁ%‘?i}e phase. 5 9. A process

accordi ng to a Qe SheBbdinie tha ms @' B SBGhdeed oyt
Wi th Anmoni um ﬁ%&rﬁgﬁc cﬁ ﬂg‘tp % ?? ST % %&gﬁey A |§r ocess
according to aéﬂylatyane of cI ains 1 to 9, V\/ner e| n the hCG i s reconbl nant hCG
10
(b) subjecting the first eluate to reverse phase HPLC, to produce a second eluate;

10 and

(c) subjecting the second eluate to size exclusion chromatography.

3. A process according to claim 1 or 2, wherein step (a) comprises two separate
ion-exchange chromatography passages.

15

4. A process according to claim 3 wherein the ion-exchange chromatography

passages are performed under different conditions.

5. A process according to any one of claims 1 to 4, comprising the steps of:
20 (a) eluting the sample through a silica chromatography column;
(b) eluting through a DEAE Sepharose ion-exchange chromatography column;
(c) eluting through a CM-Sepharose ion-exchange chromatography column;
(d) eluting through a Silica C 18 reverse phase HPLC column; and
(e) applying the eluate to a Sephacryl size exclusion chromatography
25
6. A process according to claim 5, wherein elution through DEAE Sepharose

ion-exchange resin is carried out in sodium phosphate buffer at pH 7,5.

7. A process according to claim 5 or 6, wherein elution through CM-Sepharose

30 ion-exchange resin is carried out in sodium phosphate buffer at pH 6.



11. A process according to clains 1 to 10, wherein the sanple is a culture
medium from CHO cells. 12. A pharmaceutical conposition conprising a
therapeut\l,vg)aol 46¥7 ffective anobunt of 15 the reconbi nant h%ﬁﬁp(ﬁyog&gr ed by
t he proces 3“TPai m 10 or 11, and suitable excipients thereof. A

phar maceutical conposition accord| ng tg claim12, wherein the ex0| p| ent is
sucrose. 20 14. A pharnaceutical conpo tion accordi ng to claim12, wherein
the excipient is mannitol. 15. A pharmaceutical conposition according to
claim112, 13 or 14, for subcutaneous 25 adm nistration.

8. A process according to claim 5, 6 or 7, wherein step (c) is carried out with 2-

propanol/tris —phosphate buffer as mobile phase.

5 9. A process according to any one of claims 5 to 8, wherein step (d) is carried out

with Ammonium hydrogen carbonate buffer as mobile phase.

10. A process according to any one of claims 1 to 9, wherein the hCG is recombinant
hCG.
10
11. A process according to claims 1 to 10, wherein the sample is a culture medium
from CHO cells.
12. A pharmaceutical composition comprising a therapeutically effective amount of
15 the recombinant hCG as prepared by the process of claim 10 or 11, and suitable
excipients thereof.
13. A pharmaceutical composition according to claim 12, wherein the excipient is
sucrose.
20

14. A pharmaceutical composition according to claim 12, wherein the excipient is

mannitol.

15. A pharmaceutical composition according to claim 12, 13 or 14, for subcutaneous

25 administration.



