0 2 AUG 2005 PURIFIED LH FI ELD OF | NVENTI ON The present invention rel ates
to a process for the purification of Luteinising Hornmone (LH), in
particular the purification of reconbinant LH (r-LH) froma sa Ie of crude
5 reconbi nant LH, conprising the conbi ned use of ion-exchange G 2005
chromat ography and reverse phase HPLC. Luteinising Hornone (LFD is a
gonadotropin secreted by the anterior |obe of the pituitary together with

anot her gonadotropin, follicle-st ornmone (FSH). These hornones

are heterodi ners.-consi sting of no bﬁ%%@é?yﬂgfy bound a and /3 subunits. 10

These gonadotr.opins stinulate the normal functioning of the gonads and the
secretion of sex hornones in both nmen and wonen. | n wonen,

fol licl e- FIEKDIQF INYENFHINe stinulates the developnent and maturation of

the folli . . gen in
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ot ona. SEPRiTaRe LT MRRPit: DR SR o oo prb s reh et b

t est ost er edverse phdsefHPIC.t urn has a direct effect of the senlnlferous

t ubul es. Gonadotrophi ¢ substances with luteinising or follicle-stimulating

activity ohteh@lidy MamesedqLHY i$ Regdna@atopasecdéted @ytﬂhk | dnyeridk 966ed6f she chiefly
in fenal es but also in nales. Such substances |nc ude chorijonic

gonadot r opitHtanptoggiherwisk arathes genadpiropip; follicle-stimylaingkarmencd Fatis diese

gonodot r 0Rb AP n¥UrE MeRARIFARSS chifdlsting éﬁoﬁ%vﬁé‘fﬂlﬂﬁuh& blakd pAULIREETDI nant
DNA- deri ved human | uteinising hornone (rechlH) is being investigated as an

al ter ngt i YRest orfaldBEropink StirBA AR AR HofRAITufdtiohRE of 8 HoRddR lah@tHeQRcrbforCgN] UNcti on
w th FSH. Varlous nmet hods have been used to isolate and purify LH such as
i on- exch a?f‘@fe orgenes in both men and women. In women, follicle-stimulating hormone
stimulates the development and maturation of the follicles and ova. As the follicle
develops it produces oestrogen in increasing amounts which at mid-cycle stimulates the
release of LH. This causes rupture of the follicle with ovulation and converts the follicle
15 into the corpus luteumm which secretes. progesterone. In men, luteinising hormone |
stimulates the interstitial cells of the testis to secrete testosterone, which in tum has a
direct effect of the seminiferous tubules. Gonadotrophic substances with luteinising or
follicle-stimulating activity or both are used in the treatment of fertility disorders,
chiefly in females but also in males. Such substances include chorionic gonadotropin
20  which possesses LH activity and human menopausal gonodotropins which possess both
LH and FSH activity. A recombinant DNA-derived human luteinising hormone

(rechLH) is being investigated as an alternative to chorionic gonadotropin or for

administration in conjunction with FSH.

Various methods have been used to isolate and purify LH, such as ion-exchange, gel-

25 filtration and immunoaffinity chromatography (Jack, G. W., Blazek, R., James,
K.Boyd, J.E. & Micklem, L.R. The automated production by immunoaffinity
chromatography of the human pituitary glycoprotein hormones thyfotropin, follitropin
and lutropin. Journal of Chemical Technology and Biotechnology 39, 45-58, 1987).



25 filtration and i munoaffinity chromatography (Jack, G W, Blazek, R,
Janes, K ,Boyd, J.E. & Mcklem L.R The automated production by

i mmunoaffinity chromatography of the human pituitary gl ycoprotﬁi n Q rapnes
thyrotropin, follitropin and lutropin. Journal of Chem cal Tec r?olA gf@nd
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chromat r ogr aphy has been used for the isolation of these hornones,
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15 heterogeneous forms, including the structural analysis of their carbohydrate
components. Variation in the content of anionic oligosaccharides that contain sialyl and

sulphate groups may be the major cause of charge heterogeneity in LH.

Conventional fractionation methods have been described for the preparation of human
urinary luteinising hormone (LH) with a potency of 982 i.u. /mg by biological assay and
20 1166 i.u. by radioimmunoassay (Donini S. & Donini P. Acta endocr., Copenh. 63,
Suppl. 142, 257-277, 1969). An immunoabsorbent of rabbit antiserum to purified
human chorionic gonadotropin (HCG) was used to purify LH from the main and side
fractions obtained during the preparation of follicle-stimulating hormone (FSH) from
-menopausal urine (van Hell, H., Schuurs AHW.M. & den Hollander, F.C.. In
25 Symposium on gonadotrophins, New York, 17 June 1971. Eds B.B. Saxena, C.G.
Beling & H.M. Gandy. New York: John Wiley & Son, Inc, 1972). The preparation
obtained had higher LH potencies, but also higher FSH:LH ratios than those prepared

by Donini & Donim (1969).
Recombinant LH has the advantage of being devoid of other gonadotropin hormones,

30 such as FSH and TSH. The crude preparation of recombinant LH contains, however, all

other proteins and contaminants of the cell used in its recombinant production and a



20 1166 i.u. by radi oi munoassay (Donini S. & Donini P. Acta endocr.,
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The purification process is based on the use of ion-exchange chromatography and

reverse phase HPLC. The optional further use of a gel permeation column allows the
removal of any residual traces of contaminants from the pure LH preparation. Optimum
results are obtained when two steps of ion-exchange chromatography and two steps of

15 reverse phase HPLC are performed.

The process of the invention can be used for the purification of recombinant LH,
starting from a sample of a culture medium obtained after the recombinant process, such
that the resulting highly purified LH is practically free, for example, from FBS proteins
ofien contained in the culture medium, nucleic acids or other contaminants present in

20  the host cells used for the recombinant process

The process of the invention can be used as well for the purification of urinary LH,
starting from a crude concentrate of post-menopausal urine, and for the purification of
LH from other species, particularly mammalian, including, for example, bovine, equine,

porcine, ovine, rat, mouse and monkey.

25  ltis, therefore, an object of the present invention to provide a process for purification of
LH from a sample comprising the combined use of ion-exchange chromatography and
reverse phase HPLC. The process comprises the steps of subjecting the sample (if

necessary concentrated) to ion-exchange chromatography and subjecting the eluate to



reverse phase HPLC. The optional further use of a gel perneation colum
allows the renoval of any residual traces of contam nants fromthe pure LH
preparation. Optimum results are obtai ned when two steps of @ erfé@bme
chromat ography and two steps of 15 reverse phase HPLC are perf ?
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(e) eluting through a gel permeation column.

In a preferred embodiment of the invention, elution through the DEAE Sepharose ion-

exchange chrorhatography is carried out in sodium phosphate buffer at pH 8.

15  Elution through the Q-Sepharose ion-ekchange chromatography is preferably carried

out in ammonium acetate buffer at pH 7.5.

The reverse phase HPLC step (c) is preferably carried out with 2-propanol/ammonium

acetate as mobile phase.

The reverse phase HPLC step (d) is preferably carried out with 2-propanol/Tris-HCI as
20 mobile phase.

The LH of the present invention is preferably human LH and most preferably is
recombinant human LH, deriving from the culture medium of mammalian cells

(preferably CHO cells) used in the recombinant process.

It is a further object of the present invention to provide a pharmaceutical composition
25 comprising a therapeutically effective amount of the recombinant LH as prepared by the
recombinant process as described above, together with suitable excipients, such as

sucrose, necessary for the stabilisation of the lyophilised product. The pharmaceutical



colum; (b) eluting through a Q Sepharose ion-exchange chromat ography
colum; (c) eluting through a Silica Cl18 reverse phase }{PLC colum; 10
(d) again eluting through a Silica Cl18 reverse phase HPLC col umm
[optionally with a different eluent fromstep (c)]; and (e) elfiRi Adc 2005
through a gel perneation colum. In a preferred enbodl ment of the
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particularity suitable for subcutaneous adm ni stration.
used in the recombinant process.

10  The invention is intended for use with biological materials, particularly ‘crude mixtures
containing LH and other contaminating proteins referred to herein as starting material

| samples. The examples described in detail below use starting material samples
containing r;hLH, obtained from culture supematant medium from a bioreactor.
Alternatively, the sample is human Menopausal Gonadotropin (hMG), a crude

15  concentrate of post-menopausal urine.

The sample is constituted by freshly collecting cell culture supematant medium
perfused through a bioreactor. It is preferably clarified by filtration. The crude solution
can then be concentrated, if necessary, and subjected to ultrafiltration to remove

material having molecular weights lower than 10. Ultrafiltration also permits the buffer

20  to be changed to sodium phosphate, pH 8.

After the preliminary steps, the sample is then subjected to ion-exchange
chromatography and to reverse phase HPLC, which are preferably each performed
twice. The first ion-exchange step is preferably carried out with DEAE Sepharose.
This is essentially an LH “flow- through” step in which a large part of the non-LH
25 proteins are eliminated. The second ion-exchange step is preferably carried out with a
Q-Sepharose column. This is also an LH “flow through” step and is designed to remove
potential DNA and hbst cell or medium protein contaminarts. In a preferred

embodiment this step is performed at about 5°C eluting with ammonium acetate buffer

at pH 7,5.



DETAI LED DESCRI PTI ON OF THE | NVENTI ON The i nvention provides a nethod for
the purification of LH, in particular for the 5 purification of
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enbodi ment this step is perforned at about 5C eluting w th anmoni um acet ate
buffer at pH 7,5 0 2 AU G 2005 6 Reverse phase chromatography on Silica
Cl8 is also preferably perforned twice and is effective in renp ing th[gce
anounts of FBS, cell protein and endotoxin contam nants. The fPesf o
step is preferably carried out with 2-propanol /amoni um acetate as nobile
phase. The second reverse phase HPLC step is preferably perfornmed using 5
2- propanol g£%xninMpEEl1 as nobil e phase. The retentate solution is then
concentrated and can be recovered wth anmmoni um hydrogen carbonate, pH 8.
The concenér at ed product is preferably subjected to Gel perneation

chr omat ogr E)‘f%‘/’“ n Sephacryl S100 HR In this step, a separation based on
mol ecul ar Atetk atid (grbilaby athlyRichltdraiig (Ph.Efir)@anmmoni um  hydrogen carbonate pH 8
and the eluate then undergloes preferably a filtration to renpove 10 viral
cont ani nanfEmopighaceiate apalyncal giade i on on nenbranes with 10 KD cut-off in

sodi ums phg&%ﬂ;ugl pwrgggn,camgnge aﬂgﬁ,ggalgfahg (@p on, the purified LH bulk is
preferably stored in sterile es at enperature. 0 2 AUG 2005 7

EXAMPLE 1 DiResigtadiun phesphatg, @élyaca(lgraéeu al), anal ytical grade (Ph.Eur.)
Ammoni um ni um hydr ogen carbonat e,
45 g%l?on(cgar&@ Xﬁél&@ébal gxf ? ydr og :

anal yti cal phosphat e, anal ytical grade
Hydr ochl orRhospimnd amdrmawuca@ra@r(amém()?h Eur.)

2-propanol, analytical grade (Ph.Eur.)

10  Sodium chloride, analytical grade (Ph.Eur.)
Monobasic sodium phosphate, analytical grade
Sodium hydroxide pellets, analytical grade (Ph.Eur.)
Trifluoroacetic acid (TFA), HPLC grade
Tris-(hydroxymethyl) aminomethane, analytical grade

15  Water for Injection (WFI) (Ph.Eur.)

Purification process summary flow diagram
Table 1 is a flow diagram summarising the r-hLH purification process, outlining the

principles of operation of each of the intermediate steps.



Phosphoric acid, analytical grade (Ph.Eur.) 2-propanol, analytical grade
(Ph. Eur.) 10 Sodium chl oride, analytical grade (Ph.Eur.) Monobasic sodi um
phosphat e, anal ytical grade Sodium hydroxide pellets, analyticalg griade200s
(Ph.Eur.) Trifluoroacetic acid (TFA), HPLC grade Tris-(hydroxynethyl)

am nonet hane, anal ytical grade 15 Watgr for Injection (W) (Ph.Eur.)

Purification process summary flow diagram Table 1 is a flow di agram
princi pl es of

surmari5| ther-h rification.progess utll i

oper at i on éach #ﬁ P‘P Aé”?ﬁf"e%ﬂ?’é{)'ég eerp%L 7.4 Rtfjnéaté e ®8 Table 1: Flow
di agram sunmari si ng the r-hLH purification process CULTURE MEDI UM FROM _
Bl OREACT STEPIT U trafiltr, brlﬁgﬂy@ ED CRUDE r-hLH HARVEST
STEP H || Pool ed,| concentr at g%]r crll(i%e r-F’E arvekﬁ'r E SEPHARCSE CL-pB
Unbound [actienr—eoentatns—+—htH Utrafiltrati on(366—kB—

STEP I

Ultraﬁltratxon (10 kD)

CONCENTRATED CRUDE r-hLH HARVEST

STEP II l
Pooled, concentrated, crude r-hLH harvest

DEAE SEPHAROSE CL-6B
Unbound fraction contains r-hLH

Ultrafiltration (100 kD)

Ultrafiltration (10 kD)

STEP III Q-SEPHAROSE FF
I Unbound fraction contains r-hLH
STEP IV 1" RP-HPLC

’ Eluate contains r-hLH

STEP V 2" RP-HPLC
Eluate contains r-hLH

Ultrafiltration (10 kD)

STEP V1 SEPHACRYL S100 HR
Unbound fraction contains r-hLH

Ultrafiltration (10 kD)
Retentate contains r-hLH

r-hLH BULK
SOLUTION

Clarification, concentration, dialysis and filtration of harvests (Step I)
5 In this step (Step I) the buffer is changed to be of controlled composition and a

preliminary concentration is achieved. This step, is carried out at about +5°C and is



Utrafiltration (10 kD) STEP 111 @Q SEPHARCSE FF | Unbound fraction
contains r-hLH STEP IV 1" RP-HPLC El uate contains r-hLH STEP V 20"
RP-HPLC | Eluate contains r-hLH Utrafiltration (10 kD) STEP VI Sﬁﬁb—w? YL
5100 HR I Unbound fraction contains r-hLH Utrafiltration (10

Retentate contains r-hLH r-hLH BULKeSOLUTION C arification,
concentration, dialysis and filtration of harvests (Step I) 5 1In this step
(Step I)refaé"h@edhﬂﬂi‘vﬁiuallysfamaﬂg}advdsodmme omdbctohlcgde of thrdsibtehaor. and a
prelim narP/ ncent atlon | S. d. This step, is carried out at about
+5C and F'§ eHe‘graﬂ@@o '66‘8“35‘“?183 i ndi vidually for each harvest during

the productiqop ¢ of the bioreactor. A preferred range of tenperature
is 5 SGI)C%IF?P@% ?P‘H&?S ffon of harvests Upon recei pt of freshly collected
r ef er abl ;\l/zrlpr ocessed

culture rredlumfrom cto the materi

CUar b1 g oo rereint ¢ o aed rubGn T B SBioGePGR t eI or s on,

' 5 preferably processed starting with clarification of the supernatant solution by
filtration.

(ii) Concentration/dialysis of harvests

The membranes, stored in 0.05M sodium hydroxide between batches, are rinsed with
WFI until the pH descends to approximately 8.

10 The equilibration buffer, 0.025M sodium phosphate pH 8, replaces th¢ water. Once
conditioned the crude r-hLH solution from the bioreactor is concentrated and
dialysed to remove material having molecular weights lower than 10 kD (membrane

cut-off 10 kD).

The resulting concentrate is stored at about -15°C.

15  Yon exchange chromatography on DEAE Sepharose CL-6B (Step II)
The chromatography step is an r-hLH “flow-through” step in which a large part of the
non r-hLH proteins are eliminated and the solution is further concentrated and dialysed.

The chromatography stages where product passes through the column, is carried out in a

cold room.
20 (i) Ion exchange chromatography on DEAE Sepharose CL-6B

The column is packed with a weakly charged anion-exchange resin, diethyl amino

ethane (DEAE) Sepharose, equilibrated in the first instance with 0.15M sodium
phosphate pH 8. A preferred pH range is 8 = 0.3.

The column is then conditioned with the running buffer, 0.025M sodium phosphate

25 pH 8. A preferred pH range is 8 + 0.3.

The r-hLH solution is loaded onto the column through a filter apparatus, which is

located on the column as a guard.



(i1) Concentration/dialysis of harvests The nenbranes, stored in 0.05M
sodi um hydr oxi de between batches, are rinsed wwth WI until the pH
descends to approximtely 8. 10 The equilibration buffer, 0.025M0'(ﬂmynm5
phosphate pH 8, replaces the water. Once conditioned the crude r-hLH
solution fromthe bioreactor is concegptrated and dialysed to renove

mat eri al havi ng nol ecul ar wei ghts |ower than 10 kD (nmenbrane cut-off 10
kD). The redté tolognos fdevitlr 025N sodtmrpbdspdiatepbb8itA piefdtredl i tappe B¥change

h t E h CL-6B (St 1), T h h t i
an T nLA~  FQ O SRR RS e Rrh e B koS RE R RBRRAT P S

' . el im d .th | it i s f d
i al ysod. - THEICRPBRdLsa; Aoy~ el bR pafdf oA R0RESHE b 1 ne

colum, is rried aut in a col.d roo 0. (i), lon e ange chr pmat ogr aphy
on DEAE. Sepiilf GeBow Eefpnceonfiif TR FpL B e ler A 4THE R Sechiar B

ani onsexchapgeerddeaitd10% et hyl am no et hane (DEAE) Sepharose, equilibrated
inthe first instance with 0.15M sodi um phosphate pH S. A preferred pH
range is (@) Ulkradltratida col um is then conditioned with the running buffer,

0. 025M sodi um phosphate 25 pH 8. A preferred pHrange is 8 f 0.3. The

r-hLH sol ut pgnitrsfiltr@asedpaite, édugped viiina 160 RDPt-afffrhdhBand RR@EIMUS, Whi ch
is l|located on the colum as a _guard. 2 AUG 2005 10 The colum is fed with
0. 025M sodi VAPPHbHEE & @nspdwgh B pE Pt Sng Regmeate jsepgroximptely 8T

h hi [ i h : 2
chromat ogr a’IlgheI v(s:/atgrr ics)crgpslgceld %y rtthenéqtuiciirb?gio?l){)u?tgre(():.(t)él\% Fe)lm?rtxo%rl?ntl ra%:leta?fte pH8795. nm

10 A preferred pH range is 7.5 £ 0.3.

The r-hLH solution obtained from the ion exchange chromatography step is
ultrafiltered through the 100 kD membrane and the permeate fraction is collected.

The ultrafilter is washed with aliquots of 0.08M ammonium acetate pH 7.5 and all

of the washing fractions are collected into the permeate solution.
15  (iii) Concentration/Dialysis

An ultrafiltration device equipped with a 10kD cut-off membrane, stored in 0.05M
NaOH, is rinsed with WFI until the pH of the permeate fraction is approximately 8.
The water is replaced by the equilibration buffer, 0.08M ammonium acetate pH7.5.

The r-hLH solution is concentrated. Ammonium acetate 0.08M pH 7.5 is added to
20 the retentate and the solution concentrated. The dialysis is continued until the pH
and conductivity of the retentate are the same as those of the incoming buffer. The

resulting retentate is recovered.

Ion exchange chromatography on Q Sepharose Fast Flow (Step I1I)
25  This step, is also an r-hLH “flow-through” step and is designed to remove potential

DNA and host cell or medium protein contaminants.

(i) Column equilibration



The | eading effluent is discarded until the baseline passes the 5%
absorbance mark. The unbound fraction containing the r-hLH is collected
until the baseline has 5 descended to 10% (ii) Utrafiltratio NG 2005
ultrafiltration apparatus, equipped with a 100 kD cut-off nenbr , stored
in NaOH 0.05Mis rinsed with WFl unti] the pH of the perneate is
approximately 8. The water is replaced by the equilibration buffer 0.08M

anmmoni um acebadifomiblg ©f9he cdldmA iP pefferied OwittH rirdngebiffer,/0.58MOardmoditi@ - hLH
solution obtained fromthe ion exchange chromatography step is

ul trafilter aFAnPGhPE e podekIrdRIAHAERE and Othe permeate fraction is

collected.  The ultrafilter is washed wth aliquots of 0.08M amoni um
acet at e pHADT-IE.Thpirifigation gep omE-SeRENPIFFH racti ons are col lected into the
perneate solution. 15 (iij) Concentration/D alysis An ultrafiltration
devi ce equi phreathibt splionar doadgd thypyehng filprasRparaiitsoyiigh islogated pn thea@H, i s

rinsedswt hséﬁ'ﬁkroFQE$lhmB'&§a%hbr9f the perneate fraction is approxi mately 8.

The vva? er is‘replaced e equilibration buffer, 0.08M amobni um acetate

H7.5. Ther{- ' ' - : ' tate 0.08M pH 7.5
P lee()&{hﬁgﬁ o Mhhé}'lvdsﬁedﬁg;ﬂf;@.ﬂﬁl@l nid T304 Ejt{?g’te p

is added to retentate and the solution conce ed. The dialysis is

continued Uffd badify %ﬂglﬁ%rg??g'irs&?d%ﬂle{xﬁﬁi tht bisefe fdi6es Rt RALALRHALEMiRE Same as

those of the |ncon§ resulting retentate 1's recovered. |on

exchange ChpBLARKAPRYCHON SnRRRRATASSHEASTs ELRMASLAR hi'Dasdfic TS Step,

is also an r oWt hr oug step and I s design to renove potenti al
DNA and hosdeseesti¢d tr10fedi um protein contaminants. (i) Colum equilibration

0 2 AU G 2005
10 The r-hLH solution from Step III can be stored frozen for subsequent use. If stored at

a temperature of ~15°C or below, the r-hLH intermediate is thawed at +5 % 3°C,
typically over a period of 24 + 8 hours before undertaking the reverse phase HPLC
(Step IV).

First preparative reverse phase HPLC (Step IV)
15  This step, performed at room temperature, is effective in removing trace amounts of

FBS/CHO protein and endotoxin contaminants.
(i) Column packing and resin activation

The column is packed with C18 wide-pore silica and, if new, the C18 resin is

conditioned with 2-propanol.
20 (i) Column equilibration

The column is equilibrated with 12.4% “/,, 2-propanol in 0.05M ammonium acetate

buffer, pH 7. A preferred pH range is 7 % 0.2.
(iii) pH and volume adjustments of r-hLH solution from step III

The r-hLH solution is adjusted to pH 7 with concentrated acetic acid. A preferred pH
25 range is 7+ 0.2. '

The volume of the r-hLH solution is then adjusted by the addition of 2-propanol in

order to obtain a final concentration of 2-propanol equal to 12.4% “/,.



tt Conditioning of the colum is perforned with running buffer, 0.08M
armoni um acetate buffer, pH 7.5. A preferred pHrange is 7.5 0.3. (ii)
r-hLH purification step on Q Sepharose FF The r-hLH sol ution is8l23#&d205
through a filter apparatus which is |ocated on the Q 5 Sepharose colum as
a guard. The colum is further washed;n th 0. 08M amoni um acetate pH 7.5.
The | eading effluent is discarded until the baseline passes the 5%

absor banc @vyEtktion Biedjusiteduniod kslaidn on containing the r-hLH is collected
until the baseline has descended to 10% 10 The r-hLH solution from Step

'l can be shdfiRehtiohppataiudeqsipfedomiteato.2mam fiftersit avaskbdaith 3 24eqpgr at ur e
of -15C or below, the r-hLH internediate i s thawed at +5 t_ 3C, pically
over a per i &@rappnalsn GO gmanopRm, Acetals, Bukiera Ring A H’é’fWGé’II%@nEﬁ&siiHPLC
(Step 1'V). §hrst preparative reverse phase HPLC (Step |V) 15 This step,
performed at roomtenperature, is effective in renoving trace anmounts of

FBS/ CHD prol;_}ﬂéa{a A eGPt ANdh is anRtea nants. (i) Colum packing and resin

activation e tolum 1s packed wth C18 wi de-pore silica and, if new, the

Cl8 resin iy, r%ag?enft asgﬁr%gdwm@uag BP#Rab; v/20. ;(ﬂof,a)noﬁﬁl Wfoxg%&dlaﬁat' on The

colum is equilibrate err) 2-propanol in 0 M anmoni um
acetate budcttate, b@ﬁ&ﬂPHAZpﬁbﬁed rapd tlpﬂ—mmafn;geoql@ with tbe 2:hLH isolutigd And vol une
adj ust nment s effemd Eﬁ'?'ar? 1&“7 fromstep Il The r-hLH solution is adjusted
to pH7vv|tI?1 concentr edaelc acid. A preferred pH

(v) r-hLH purification step on the first C18 RP-HPLC column
10 The r-hLH solution is loaded onto the column and the chromatography 1s monitored
by UV spectrophotometry at 280nm.
The column is fed with 12.4% "/, 2-propanol in 0.05M ammonium acetate buffer,

pH 7 until the A,q, returns to baseline whereupon the unbound fraction is discarded.

Elution of the r-hLH is subsequently performed with a 2-propanol/ammonium
15 acetate 0.05 M mobile phase across a linear gradient from 14.7% to 20.7% "/

2-propanol.

The r-hLH is fractioned when the A,q, starts to increase. All fractions of the r-hLH

peak whose heights are greater than 20% of full scale are pooled.

Second preparative reverse phase HPLC column (Step V)

20  This step, performed at room temperature, is effective in removing trace amounts of

FBS/CHO protein and endotoxin contaminants.
(i) Column packing and resin activation
The column is packed with Cl8 wide-pore silica and, if new, the C18 resin is
conditioned with 2-propanol.
25  (ii) Column equilibration

The column is equilibrated in 14.7% "/, 2-propanol in 0.5M Tris-HCI buffer, pH 7.
A preferred pH range is 7+ 0.2.



25 range is 7 f 0.2. The volune of the r-hLH solution is then adjusted by
the addition of 2-propanol in order to obtain a final concentration of
2-propanol equal to 12.4%ww. D 2 AUG 2005 12 (iv) Filtration qf?2adjcudifd
r-hLH solution The filtration apparatus equipped with a 0.22 mfilter is
washed with 12. 4% Ww 2-propanol in@.05M ammoni um acetate buffer, pH 7. A
preferred pHrange is 7t 0.2. 5 The adjusted r-hLH solution is filtered.
The reci piigriolume pidygeadjwitinbntabf ghib solufiorl Rom PewIV. , 2- propanol in 0. 05M
amoni um acetate buffer, pH 7, filtered and the rinses pooled wth the
r-hLH sol utiMosAIChbeffey pHA7 p#H addetgéo ithe #7hitH Ga@ple( ) ondeth keHbpug ithe cat i on
step on the2 first CC:18C @P—.HPL cojumm 10 Thf-) {-QLH sol tti on, is | oaded onto
the col urm ZaW8PERE STRFRRALP AP PRPTREIFEE: Yg SB§ 3 1AL HeRE 8 onetry at
280nm The eg@illibfaion Buffee d1a7%1/,32. 4% Ww 2-propanol in 0.05M amoni um
acetate buffer, pH 7 until the A280 returns to baseline whereupon the
unbourd fr agkirMH SoldiosGaidieded tofpHIt7ivaith HC1 11M. A-pdfeirddpl whgeqaeat | y
performed with a 2-propanol/anmoni um 15 acetate 0. 05 M nobil e phase across
a |linear groa?di ent from14.7%to 20. 7% w w 2-propanol. The r-hLH is
fractioned when th_? A280 starts to jncrease. Al fractions of the r-hLH
peak whod®) FeLHmughggtion giep o dhe serend CHORBIPLL ol e are pool ed. Second
preparative_ reverse phase HPLC colum_ (Step V) 20 This step, perfornmed at

r oom t enper'de bt solitign fsslopdadeonte,theepbymanditheehEomapgraply isfmonitored
. by UV spectrophotometry at 280nm. \ :

10 The column is fed with 14.7% “/,, 2-propanol in 0.5M Tris-HC] buffer, pH 7. A

preferred pH range is 7 + 0.2. The unbound fraction is discarded.

Elution of the r-hLH is subsequently performed with a 2-propanol/0.5M Tris-HC]

mobile phase across a linear gradient from 14.7% to 20.7% “/,, 2-propanol.

The r-hLH is fractioned when the A,q, starts to increase. All fractions of the r-hLH
15 peak whose heights are greater than 20% of full scale are pooled.

(v) Dialysis

The r-hLH solution from the second C18 RP-HPLC step is diluted with WFI.
Preferably 8 volumes of WFT are used.

The diluted r-hLH solution is dialysed by ultrafiltration on a 10 kD membrane (see
20 page 7, step VI) against WFI. Aliquots of 0.5M ammonium hydrogen carbonate pH 8
are subsequently added and the dialysis continued until the characteristics of the

ammonium hydrogen carbonate buffer are met.

The retentate solution is concentrated to a final volume of approximately 1L and
recovered. The ultrafilter is washed with 0.5M ammonium hydrogen carbonate pH 8
25 and the ultrafiltration washes are pooled with the retentate and optionally further

concentrated. This further concentration is dependent on the size of the column used

in the next step, 1.e. Step VL.



FBS/ CHO protein and endotoxin contam nants. (i) Columm packing and resin
activation The colum is packed with C18 w de-pore silica and, if new, the
Cl8 resin is conditioned with 2-propanol. 25 (ii) Colum equil®BrA%G @5 The
colum is equilibrated in 14. 7% w w 2-propanol in 0.5M Tris-HC buffer, pH
7. A preferred pHrange is 7 f 0.2. 2 AUG 2015 13 (iii) Volune and pH
adj ustnents of r-hLH solution fromStep IV 2M Tris-HCI buffer, pH 7 is
added t o tGudpérnidakion ahpdmatopraphsien Sephdmry )00 HR ad phogfAtiatioconcent rati on
down to approxj{mtely the same as that in the colum equilibration buffer
(14. 7%'/K§t.ep§}1¥ﬁe r-hLH solution is adjusted to pH 7 with HO 12M A

pr ef er r ed hptHisszepg @ sepmration bagkd dn nfdlecnlar siak ks gobievdd amdttheosolwtioamndergédae second
C 18 RP-HP n.is.loaded onto .the colu and t he

C_col. -hLH | ut i
chr omat ogPh‘fﬁ‘ﬁi};%flggnn&rte%:eggomo)s}’%{ﬁ“é ed? r BFn SEBEEr AEEd 28BnA 29 The

col umsi s +587] AVpreferrkd teffpVithng/ rarepiop@aad 3.in 0. SM Tris-HCl buffer, pH 7. A
preferred pHrange is 7 0.2. The unbound fraction is discarded. Elution of

t he r - hLHh Gesptaseion thiomaasihiphly 3R Sephdchl 81@ BrROpanol / 0. 5SM Tris-HCL  nobi | e
phase acr(()gs a |inear gradient ?’r om14.7%to 20.7% w , 2-propanol. The

r-hLH i's fragd conmd whaRkédRith- Seph&drdll §500 ORI A RASRlibMitkd fif akd inpps of the
r-hLH 15 peak whose heights are greater than 20% of full scale are pool ed.
(v) Dial ysi #stance with WEL
" The column is then equilibrated with 0.5M ammonium hydrogen carbonate pH 8.
10 The column is fed with 0.5M ammonium hydrogen carbonate pH 8. The

chromatographic process is monitored by spectrophotometry at 280 nm.

The r-hLH is fractioned when the A4, starts to increase. All fractions of the r-hLH

peak whose heights are greater than 20% of full scale are pooled.

The r-hLH solution, eluted from the Sephacryl S100 HR column, is then preferably

15 passed through a filter, e.g. Virosolve ™, to remove viral contaminants.

(ii) Dialysis and concentration of r-hLH
The membranes (ultrafiltration membranes 10 kD), stored in 0.05M sodium
hydroxide between purification runs, are rinsed with WFI until the pH descends to
20 approximately 8.
The diluted r-hLH solution is dialysed (by ultrafiltration membranes 10 kD) against
WFIL Aliquots of 0.01M sodium phosphate buffer, pH 8 are subsequently added

and the dialysis continued until the characteristics of the sodium phosphate buffer
are met.
25 If necessary the retentate solution is concentrated to a final volume of

approximately 500 ml and recovered. The ultrafilter is washed with 0.01M sodium
phosphate buffer, pH 8 and the ultrafilter washes are pooled with the retentate.



The r-hLH solution fromthe second C18 RP-HPLC step is diluted wth WI.
Preferably 8 volunmes of WFI are used. The diluted r-hLH solution is

di al ysed by ultrafiltration on a 10 kD nenbrane (see 20 page 7 séﬁéj V1)
against WFl. Aliquots of 0.5M ammoni um hydrogen carbonate pH 8 0&r8UG 2005
subsequently added and the dialysis cqatinued until the characteristics of
the amoni um hydrogen carbonate buffer are net. The retentate solution is
concentrat ed A Gurghdri dptibnal Ol Mrdn&hntragdy etsh Ndah ey pdrforBdl dep@RMLEsEhe ' Be
ultrafilter is washed with 0.5M amoni um hydr ogen carbonate pH 8 25 and
the ul trafil CPBdilIYhsaleriadder siora8% ool ed with the retentate and optionally
further concentrated. This further concentration is dependent on the size
of the col umdhg&adH solptionds filtsred anddhs filfrate colgcied igfo a sierde ygseslooos 14 Gel
perneati on chromat ogr aphy on Sephacryl S100 HR and ultrafiltration (Step
VI) In this dbepurified helkaypraissbly Seredin dertle bottles at@bew -48¥i-eved and t he
solution undergoes wultrafiltration. Al operations perforned in this step
are carried out at about 5 +5C. A preferred tenperature range is +5C 3.
(i) GeP pdiergentsMiers shartignd shsmtsalsSephacryl S 100 HR The col um is
packed with Sephacryl S100 HR and is equilibrated in the first instance

w th W . ChHrematdguaphic sesilden equil i brated with 0. 5M anmoni um hydr ogen

car bonate,I%thé 10 Tqﬁ cotl um‘l}B.i s f.ed with O. EM a nj umt%drg.%e . carbonate
pH 8. The ThEHPBREYEFHBRFCESPYE 8815 &GSHITEEPe 6B y%‘Jpé’E:t ghBU6HEry at 280
n][n Ehe rﬁhicbtsi Eqifivaeit rait daybednplbyedAs Slish Metphrificationpf@ase. Al l fractions
of the r-hLH "

StepII:. DEAE Sepharose CL-6B (Pharmacia)
10 StepIll: Q-Sepharose Fast Flow (Pharmacia)
Step IV : C18 Silica RP-HPLC (Waters)
StepV:  C18 Silica RP-HPLC (Waters)
Step VI:  Sephacryl S100 HR ' (Pharmacia)

The suppliers are_

15  Amersham Pharmacia Biotech, Waters Corporation
Bjorkgatan 30 . 34 Maple Street
S-751 84, Uppsala Milford, MA 01757

Sweden USA

20 RESULTS

Biological Activity
Biological Activity of different batches of r-LH after purification with the method
of the present invention is reported in Table 2. The protein concentration (mg of LH

protein/ml) has been determined by spectrophotometry at 276.5 nm, using the



peak whose heights are greater than 20% of full scale are pooled. The r-hLH
solution, eluted fromthe Sephacryl 5100 HR columm, is then preferably 15
passed through a filter, e.g. Virosolve TM to renove viral coptamygagsss.
(ii) Dalysis and concentration of r-hLH The nmenbranes (ultrafiltration
menbranes 10 kD), stored in 0.05M sodsum hydroxi de between purification
runs, are rinsed with WFl until the pH descends to 20 approximtely 8. The
di | ut ed r- heekpesmhantdtynderiyed iabsoyppaty (Hayedupn rafiiol aqiditseqnenere amiysres =10 kD)

agai nst  WFl,. i quots of 0.01M sodi um phosphate buffer, pH 8 are
subsequent| y added and the dialysis continued until the characteristics of
t he sodi um ghos ffer g t f cessary the teptate
sol ution isalglgngc)‘%%gr% a?pleéalf{%oag f'tS'ng{g t}\}eolzrgj“rr% {fj'&ragi%lr bxipﬁgfcél[a?}%g@ﬁ’m and
recover ed. Theuntirgtahbdut 25.006 Iag(efiprateihoflLH)1IM sodi um phosphat e buffer,
pH 8 and the ultrafilter washes are pooled with the retentate. Q 2 AUG 2005
15 A further optional LH concentration step can be perforned dependi ng on
the condition selected for storage. The r-hLH solution is filtered and the
filtrate collected into a sterile vessel. The purified r-hLH bulk is
preferably stored in sterile bottles at about -15C. 5 Reagents, buffers,

el uants and chem cal s Chronmat ographic resins The foll ow ng chromat ographic
resins are currently enployed in the purification process. Equival ent
resins can be enployed as well in the purification process. Step |l: DEAE
Sephar ose CL-6B (Pharmaci a) :




10 Step II1l1: Q Sepharose Fast Flow (Pharnmacia) Step IV : C18 Silica

RP- HPLC (Waters) Step V. Cl18 Silica RP-HPLC (Waters) Step VI: Sephacryl
S100 HR (Pharmacia) The suppliers are_ 15 Amersham Phar maci a Bi ot eCLQS’
Waters Corporation Bjorkgatan 30. 34 Maple Street S 751 84, Ughéatle 2005
MIlford, MA 01757 Sweden USA 20 RESULI'J,'S Bi ol ogi cal Activity Bi ol ogi cal
Activity of different batches of r-LH after purification with the nethod

of the present invention is reported in Table 2. The protein concentration
(my-of LH protein/m) has been determ ned by spectrophotonetry at 276.5
nm using the p 2 AUG 2005 16 experinentally derived absorptivity based on
am no aci d sequence analysis a = 0. 5Pt Zrhe average specific activity of
the r-LH preparation is particularly high anounting to about 25.000 |IU ny
(of protein of LH. 0 2 AJpeofigsctivi Ofa%LHbzﬂlsb%@eﬁic activity of r-hLH

bul k batches NO | ot Spec act

N° lot Spec act

[1U/mg]
BLCA 9802 28173
BLCA 9803 25819
BLCA 9804 27472
BLCA 9805 31229
BLCA 9806 26995
BLCA 9808 26279
BLCA 9809 20522
BLCA 9810 22275
BLCA 9811 27642
BLCA 9812 29941
BLCA 9813 28345
BLCA 9814 . 27581
BLCA 9815 24541

Formulations
Freeze dried formulations have been developed with highly purified recombinant LH of

the present invention.

As a typical example, a freeze dried formulation at 75 TU strength was prepared in vials

10 DIN 2R using sucrose as excipient (Table 3), which resulted stable at 4° C for several

months.



1U m BLCA 9802 28173 BLCA 9803 25819 BLCA 9804 27472 BLCA 9805 31229
BLCA 9806 26995 BLCA 9808 26279 BLCA 9809 20522 BLCA 9810 22275 BLCA
9811 27642 BLCA 9812 29941 BLCA 9813 28345 BLCA 9814 27581 EL% 945
24541 5 Formul ations Freeze dried fornulations have been dere oped "Wt h
hi ghly purified reconbinant LH of tihe present invention. As a typical
exanple, a freeze dried fornulation at 75 N strength was prepared in vials
10 DIN 2R using sucrose as excipient (Table 3), which resulted stable at 4
C for several nonths. 0 2 AUG 2005 i8 Table 3 Nane of ingredients Unit

formula Active ingredient Table 3
Name of ingredients Unit formula
Active ingredient
Recombinant human LH 3.4 mcg (75IU)
Other ingredient
Sucrose 47.75 mg
Tween 20 0.05mg
Disodium phosphate dihydrate \ 0.825 mg
Monosodium phosphate monohydrate 0.052 mg




Reconbi nant human LH 3.4 ntg (751U) Oher ingredient Sucrose 47.75 ny
Tween 20 0.05ng Di sodi um phosphate di hydrate 0.825 ng Monosodi um
phosphat e nonohydrate 0.052 nmg 0 2 AUG 2004 19 Wat is clained is;

process for purification of LH froma sanple conprising the usel 2)fAUG 2005

i on- exchange chromat ography with an ani on exchange resin and reverse phase
HPLC. 2. A process according to claim19conprising the steps of (a)

subj ecting the sanple to ion-exchange chromat ography to produce a first

el uat e; (Whasishjleiedddug: t he first eluate to reverse phase HPLC, to produce a
second eluate; and (c) subjecting the second eluate to gel perneation
chromat ography. 3. A process accordi ng to cl ai m 1 or 2, V\/nerei n the

| on- exchange ACBiRRB! oo SRMGAMIn! BE 1 YEERC PRSI Ehlrp AL oA Gl

twice. 4. A pro?ess acco ng to clai m an e

chr omat ogr aphion-atahge cheoantsgrpphs aviklls ahﬁmpexd}@mrg’eoke@m @ﬁdumdefse
different matrjx and/or operative conditions. 5. A process according to
any one of clehaie HPLE. 4 wherein a step of ion exchange chromatography is
carried out using DEAF Sepharose as solid

2. A process according to claim 1 comprising the steps of:
(a) subjecting the sample to ion-exchange chromatography to produce a

first eluate;

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

(c) subjecting the second eluate to gel permeation chromatography.

3. A process according to claim 1 or 2, wherein the ion-exchange

chromatography and the reverse phase HPLC are performed twice.

4. A process according to claim 3, wherein the ion-exchange chromatography
and the reverse phase HPLC are performed twice under different matrix

and/or operative conditions.

5. A process according to any one of claims 1 to 4, wherein a step of ion
exchange chromatography is carried out using DEAE Sepharose as solid

support.

6. A process according to any one of claims 1 to 5, wherein a step of ion
exchange chromatography is carried out using Q-Sepharose as solid

support.



support. 6. A process according to any one of clains 1 to 5, wherein a step
of ion exchange chromatography is carried out using Q Sepharose as solid

support. 0 2 AUG 2005 20 7. A process according to any one of %lzaiAUE %0510
6, wherein a step of reverse phase HPLCis carried out with silica C18 as
solid support. 8. A process according any one of clainms 1 to 4,

conprising the steps of (a) eluting thé sanple through a DEAE Sepharose
i on- exchange chronmat ography colum; (b) eluting through a Q sepharose
i on- exchange chromat ography colum; and (c) eluting through a Silica C 18

reverse phase : r 0 rLsing
the. addi [ Fonal BrsEoptiRgind e AP eRERIXARROLTL R hifbrplofh Ty o SERELS
phase HPLC colphase HRLC £ grroidssutaeithrsilidagCi® aasylidsepgdrtcl aims 5 to 9,
wherein elution through DEAE Sepharose ion-exchange chronmatography is
carried out in sodium phosphate buffer at about pH 8. 11. A process
according to any one of clains 5 to 10, wherein elution through

Q Sephar dde i dnpmxedsangerdihg soanygmapfyldimschro 4, ednmrising thersteps ofh  acet at e
buffer at about, pH 7.5. .12. A process agcordj o claim8, wherejn step
(c) is carri ega)oﬁmt%}% hthey_ 5388l of Té’h‘ﬁgni%nbig@atépg?‘??ﬁbill"@'eﬁﬁé%ge 13. A
process accordi n%}o%%giépl%cd&ﬂﬁ{n?i n step (d) is carried out with
(b) eluting through a Q-sepharose ion-exchange chromatography column;
and

(¢) eluting through a Silica C 18 reverse phase HPLC column.

9. A process according to claim 8, comprising the additional step of:

(d) again eluting through a Silica C18 reverse phase HPLC column.

10. A process according to any one of claims 5 to 9, wherein elution through
DEAE Sepharose ion-exchange chromatography is carried out in sodium

phosphate buffer at about pH 8.

11. A process according to any one of claims 5 to 10, wherein elution through
Q-Sepharose ion-exchange chromatography is carried out in ammonium

acetate buffer at about pH 7.5.

12. A process according to claim 8, wherein step (c) is carried out with

2-propanol/ammonium acetate as mobile phase.

13. A process according to claim 9, wherein step (d) is carried out with

2-propanol/Tris-HC1 as mobile phase.



2-propanol /Tris-HC 1 as nobil e phase. 0 2 AUG 2005 21 14. A process
according to any one of clains 1 to 13, wherein the LHis human LH 15. A

process according to any one of clains 1 to 14, wherein the Ll-h %SA 200
reconmbi nant LH. 16. A process according to any one of clains 1°fo li% i
wherein the sanple is a culture nedi ur’erom CHO cells. 17. A

phar maceuti cal conposition conprising a ]t herapeutically effective anbunt
of the reconbinant LH as prepared by the process of claim1l5 and suitable
excipients thereof. 18. A _pharmaceutical conposition according tqQ claim17,
wherei n t e extipppcess acqosdmgeioory, on®of dlapna rintecklitwhezpin i silypman
according to alﬁi m 17 and 18, for subcutaneous adm nistration. 20.

Reconbi nant LH having a specific bioactivity of from 20,522 to 31, 299

| U ng. 21. Reconbinant LH having a specific bioactivity of about 25,000

U nmg. 22. Use of reconbinant LH having a specific bioactivity of from

20, 522 toy:31, . ar.dj o] | r .1 h tyr.e .
medi camanltg%f orgﬁ2 lgéelg{tsp%cgtg%eﬁﬁg %O?gflgr(tnlgﬁ% ?otf;/glgﬁlsl%(r)lde&r)sﬂ’omggfﬁ}% %Ogﬁ 212 23.
Use of reconbirsesihbinbinb®¥.ng a specific bioactivity of about 25,000 | U ng

16. A process according to any one of claims 1 to 15, wherein the sample is a

culture medium from CHO cells.

17. A pharmaceutical composition comprising a therapeutically effective
amount of the recombinant LLH as prepared by the process of claim 15 and

suitable excipients thereof.

18. A pharmaceutical composition according to claim 17, wherein the excipient

1S sucrose.

19. A pharmaceutical composition according to claim 17 and 18, for

subcutaneous administration.

20. Recombinant LH having a specific bioactivity of from 20,522 to 31,299
IU/mg.

21.  Recombinant LLH having a specific bioactivity of about 25,000 IU/mg.
22.  Use of recombinant LH having a specific bioactivity of from 20,522 to 31,229

IU/mg according to claim 20 for the manufacture of a medicament for the

treatment of fertility disorders.



according to claim?20 for the manufacture of a nedicanment for the

treatnment of fertility disorders. 24. A nethod for treatnent of fertility
di sorders, conprising adm nistering reconbinant LH having a spgch IS 9

bi oactivity of from 20,522 to 31,229 IUng to a subject in nee tﬁeregq'r’.
25. A nethod for treatnment of fertility, igi sorders, conprising adm nistering
reconbi nant LH having a specific bi oact% ity of about 25,000 U ng to a
subj ect ig3need t her eof

Use of recombinant LH having a specific bioactivity of about 25,000 IU/mg
according to claim 20 for the manufacture of a medicament for the

treatment of fertility disorders.

24. A method for treatment of fertility disorders, comprising administering
recombinant LH having a specific bioactivity of from 20,522 to 31,229 IU/mg

to a subject in need thereof.

25. A method for treatment of fertility disorders, comprising administering
recombinant LH having a specific bioactivity of about 25,000 IU/mg to a

subject in need thereof.



