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Chapterr 8 

Abstract t 

Thee clinical efficacy of commercial gonadotropin preparations has been the subject of an 

intensee debate during recent years. Arguments have primarily focused on the origin of the 

FSHH activity (urine versus recombinant derived) and whether the preparation included LH-

likee activity. The FSH isoform composition has received littl e or no attention, and is usually 

consideredd to have negligible effect on the clinical effectiveness. By presenting the available 

dataa on the FSH isoform composition of commercial gonadotropin preparations, the present 

paperr challenges this assumption. To explore whether the FSH isoform composition affects 

effectivenesss of a preparation, data of randomised clinical trials that compared urinary-

derivedd FSH with a highly acidic isoform profile (Metrodin-HP) and recombinant FSH rich 

inn less-acidic isoforms (Gonal F) were included in a meta-analysis. All parameters relating to 

thee direct effect of FSH on the follicle differed significantly in favour of the product rich in 

less-acidicc isoforms, while data on pregnancy outcome did not reach significance. The 

importancee of the FSH isoform profile and whether the FSH is derived from urine or by 

recombinantt technique is discussed in relation to clinical efficacy. It is suggested that the 

FSHH isoform profile of commercial gonadotropin preparations is of clinical importance and 

shouldd be taken into account when evaluating efficacy. 
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Introductio n n 

AA number of modern gonadotropin preparations used for ovarian stimulation express a 

highh specific activity of FSH and some have almost no detectable contaminants. To obtain a 

highh purity a profound purification is required involving many different steps. The FSH 

moleculee is a glycosylated hormone that is composed of a large number of different 

isohormoness that differ in electric charge. Due to these variations in electric charge, the 

activee principle in a number of purification methods - e.g. ion exchange - will lead to 

differentiall  interactions with specific FSH isoforms. The steps involved in the purification of 

FSHH products can therefore affect the FSH isoform composition. 

Thee difference in isoform composition of FSH preparations has largely been neglected 

inn most studies evaluating the clinical efficacy of modern gonadotropin preparations. Focus 

hass been on the origin of the FSH (i.e. urine versus recombinant) and the concomitant 

contentt of LH-like activity in a given type of product.1'2 However, potential differences 

betweenn FSH derived from urine of postmenopausal women or excreted from genetically 

modifiedd CHO cells are more likely to be located to the attached oligosaccharide structures. 

Thee peptide backbone is similar and there have been no reports to suggest any structural 

differencess between FSH from the two sources apart from those related to the isoforms. 

Inn the present study we will discuss the FSH molecule and its isoforms, the FSH isoform 

profilee of gonadotropin preparations and observed differences in bioactivity of FSH 

isoforms.. Furthermore, we compared in a meta-analysis clinical parameters of a FSH 

preparationn with a highly acidic isoform profile (Metrodin-HP, Serono) and a preparation 

richrich in less-acidic isoforms (Gonal F, Serono) in assisted reproductive cycles to assess the 

impactt of differences in FSH isoform composition in assisted reproduction. The two 

productss were chosen because of their large difference in FSH isoform profile, their purity 

andd their lack of concomitant LH-like activity. 
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Thee FSH molecule and its isoforms 

Eachh peptide subunit of FSH (i.e. the a- and the p chain) possesses two glycosylation sites 

onn which oligosaccharides are normally attached. The peptide backbone remains constant 

whilee the oligosaccharides are highly variable and the composition and complexity of the 

attachedd neutral carbohydrate moieties may differ. Each oligosaccharide may show single 

branched,, di- tri- and even tetra branched structures.3 Each branch of the oligosaccharides 

mayy or may not terminate in a negatively charged sialic acid residue allowing FSH to exist 

ass a number of isoforms, which differ in their isoelectric points (pi's). Acidic isoforms 

containn high number of sialic acid residues, which is often reflected in a more complex 

branchingg pattern, whereas less-acidic isoforms have fewer sialic acid residues often 

reflectingg lack of branching of the carbohydrates moieties.4'5 The isoelectric point of 

individuall  isoforms ranges from 3.5 to 7 with the majority of isoforms having a pi between 

4.55 and 5.O.6 

AA number of different bioassays using various end-points specific to FSH action have 

beenn applied to assess the bioactivity of FSH preparations and FSH isoforms (e.g. second 

messengerr activation or steroid production).7 In almost all bioassays, the less-acidic isoforms 

exhibitt a higher specific activity than the acidic isoforms.8 This is also the case for the ability 

off  different FSH isoforms to induce oocytes to resume meiosis.9'10 Furthermore, the 

differentiall  impact of the FSH isoform distribution on the developmental competence of 

oocytess obtained from cultures of intact mouse follicles has recently been demonstrated.8 

Thee latter study therefore concluded that the FSH isoform composition of gonadotropin 

preparationss could be of importance for clinical efficacy. 

Inn circulation, the clearance rate of FSH is highly dependant on the content of sialic acid 

residues.. The liver metabolism of FSH isoforms with a high number of sialic acid residues 

(i.e.. acid isoforms) is considerably lower as compared to isoforms with a low content of 

sialicc acid residues (i.e. less-acidic isoforms). As a consequence, the plasma half-life of 

acidicc isoforms is longer than that of their more less-acidic counterparts.6'7 The composition 

off  FSH isoforms in circulation exhibits characteristic fluctuations during the follicular phase; 

inn the early follicular phase acidic isoforms predominate gradually shifting towards more 

less-acidicc isoforms as ovulation approaches"'12 The circulatory concentration of oestradiol 

appearss to regulate the isoform mixture that is released from the pituitary gland. Presence of 

highh levels of oestradiol - as seen in the preovulatory period - correlates to the release of 

less-acidicc FSH isoforms. Moreover, administration of oestradiol to post menopausal women 

resultss in a shift towards secretion of more less-acidic FSH isoforms. In contrast, conditions 

characterizedd by low circulation levels of oestradiol are associated with the presence of a 
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moree acidic mixture of FSH isoforms (e.g. in serum and urine from post menopausal 

women).12 2 

FSHH isoform profil e of gonadotropin preparations 

Inn the purification process of FSH one or more steps are likely to employ the electric charge 

off  the FSH molecule as the active principle (i.e. anionexchange, cationexchange). Since FSH 

coverss a range of isoforms with pi's spanning several pH units it may be difficult to obtain a 

sufficientt effective purification of the ionexchange procedures without omitting some 

fractionss containing some FSH isoforms. Therefore, this and other purification steps (e.g. 

affinitychromatography)) invariably carry the risk of altering the FSH isoform composition of 

thee final preparation. On the other hand, ionexchange purification allows separation of the 

totall  FSH material into specific isoform fractions with a restricted pi range. By selecting 

somee of these fractions in expense of others it becomes possible to design the FSH isoform 

profilee of the final product. It may even be possible to adjust the isoform composition post 

purificationn by the addition of specific isoform mixtures if necessary. 

Inn addition, within FSH preparations a considerable batch-to-batch variation used to be 

commonn earlier on12'13 and for a long time only littl e emphasis was put in controlling for a 

specificc FSH isoform composition. However, the recently introduced FSH preparations of 

bothh urinary and recombinant origin seem to express a more constant FSH isoform profile. 

Recombinantt preparations contain an augmented amount of less-acidic isoforms in 

combinationn with a more constant FSH isoform profile that has been claimed to relate to the 

recombinantt technique. FSH purified from urine of post menopausal women usually 

expressess a more acidic isoform profile reflecting the profile in these women. The specific 

FSHH preparations of urinary origin that shows a relatively high content of less-acidic 

isoformss are likely to be produced by preferentially utilizing the fraction of the total FSH 

beingg less-acidic and - at the expense of product yield - omitting the fractions with acidic 

isoformss in the purification process. 

Thee FSH isoform profile of two recombinant FSH products (Puregon, Organon and 

Gonal-F,, Serono) have been compared to two urinary derived products (Metrodin, Serono 

andd Metrodin-HP, Serono) using chromatofocusing. The amount of FSH with an isoelectric 

pointt below 4 (considered the acidic isoforms) was much higher in urine-derived 

preparationss as compared to the recombinant products (table 1). The two recombinant 

preparationss were rather similar, Gonal-F being slightly richer in less-acidic isoforms and 
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expressingg a narrower pi-band (4-5) as compared to Puregon that contained isoforms 

spanningg a pi from 3.5 to 5.5. 

Tablee 1. FSH isoform distribution of commercial available FSH preparations 

Namee of preparation pi < 4 (%) pi > 4 (%) 

Metrodi n n 
Metrodin-H P P 
Puregon n 
Gonal-F F 

Thee total amount of FSH with an isoelectric point below (acidic isoforms) or 

abovee (less-acidic isoforms) 4.0 is given. Data obtained from Robertson1^ 

Thee in vitro bioactivity of these gonadotropin preparations has been evaluated by the 

widelyy used rat Sertoli cell bioassay. The FSH concentration required to induce a half-

maximall  response correlated to the amount of acidic isoforms present in each product (table 

2).166 The most acidic product - Metrodin-HP - required a concentration of FSH three times 

higherr than for Metrodin and six times higher than the less-acidic recombinant products 

demonstratingg a higher bioactivity of the less-acidic isoforms. Therefore, the results of this 

specificc bioassay correlate well to the observed FSH isoform distribution in the preparations. 

Inn addition, these results are in agreement with those obtained using other in vitro bioassays 

(e.g.. oestradiol production by granulosa cells) in which the acidic isoforms generally exhibits 

aa lower bioactivity than the less-acidic isoforms. 

Tablee 2. Biopotency of commercial available FSH preparations 

Namee of preparation ED.*, (mean  SEM) (IU FSH/I) 

Metrodi nn 4.7 1 

Metrodin-H PP 13.2  0.7 
Puregonn 2.2  0.5 

Gonal-FF Not Determined 

Thee FSH concentration required to induce a half-maximal response in the rat 

Sertolii  cell assay is given (an increased concentration of FSH indicates reduced 

potency).. Data obtained from Lambert et G/.U 
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FSHH isoforms do not only vary in acidity but also in the complexity of the carbohydrate 

moieties.. Each of the four attached oligosaccharides may differ in the branching pattern and 

moietiess with one, two, three and four antennaries has been isolated. The physiological 

impactt of variation in the complexity of the oligosaccharides is not yet clear, but is seems 

thatt isoforms with only one or two antennaries survive for a shorter period in circulation 

becausee they usually contain fewer sialic acid residues (i.e. primarily found in thee less-acidic 

fractions).. Therefore postmenopausal women expressing an acidic FSH isoforms profile 

expresss a higher fraction of complex oligosaccharides. The complexity of the carbohydrate 

moietiess attached to the FSH peptide backbone has been analyzed by affinity 

chromatographyy using concanavalin A lectin (Con A) as ligand.17 The Con A ligand interacts 

withh AMinked carbohydrate moieties according to their branching properties and to the 

specificc content of the sugar residue mannose. Oligosaccharide structures with tri-

antennaries,, tetra-antennaries and bisecting antennaries (i.e. complex forms) do not bind to 

Conn A, truncated hybrids and biantennary forms (i.e. intermediate forms) has less affinity 

andd forms with high mannose content and hybrid structures (i.e. simple forms) has high 

affinityy to Con A.17 As it appears from table 3, the amount of simple FSH isoforms was 

increasedd in the recombinant products as compared to the urinary derived products, which 

onlyy contain a few percent of simple FSH isoforms. 

Tablee 3. Complexity of carbohydrate moieties attached to the FSH peptide 

backbonee as present in commercial available FSH preparations 

Namee of preparation Percent of simple FSH forms 

Metrodi nn 6 
Metrodin-H PP 5 
Puregonn 19 
Gonal-FF 24 

Definedd by their ability to bind to immobilized concanavalin A (Con-A agarose). 

FSHH forms were divided into either simple, intermediate or complex carbohydrate moieties'3'16 

Althoughh virtually no simple FSH isoforms was detected in circulation even close to 

ovulation,, where the amount of less-acidic isoforms peaks" it may reflect the short half-life 

off  these isoforms and it remains to be determined whether the observed difference in 

complexityy of the products has a impact on clinical performance. 

Takenn together, the FSH isoform composition of gonadotropin preparations exhibit 

considerablee difference with regard to charge heterogeneity (i.e. different pi's) and 

complexityy of the attached oligosaccharides. The in vitro bioactivity of gonadotropin 

preparationss correlates to that observed for isolated FSH isoform fractions showing a similar 

chargee distribution. Independent of whether the FSH has been derived from urine or is 
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producedd by recombinant technique, the acidic FSH isoform fractions seem to exhibit less 

bioactivityy whereas the less-acidic show enhanced bioactivity. 

Clinicall  evaluation of two FSH preparations with different FSH 

isohormonee profile. 

Whetherr the observed differences in bioactivity between acidic and less-acidic preparations 

aree reflected in clinical outcome in assisted reproductive cycles is unclear. Therefore, we 

performedd a meta-analysis comparing two products that differ most pronouncedly with 

regardd to charge heterogeneity and complexity of the oligosaccharides, namely Metrodin-HP 

andd Gonal F. Metrodin-HP and Gonal F are essentially pure FSH preparations devoid of LH-

lik ee components and both are produced by the same manufacturer. 

AA literature survey in PubMed, MEDLINE and EMBASE (all searched 1985 to March 

155 2004), identified 5 studies that specifically compared Metrodin-HP with Gonal F for 

ovarinaa hyperstimulationin IVF or ICSI cycles in women that were down-regulated using a 

standardd GnRHa protocol (table 4).18"22 

Tablee 4. Studies included in the comparison between the urinary derived FSH 
preparationn (Metrodin HP) and the recombinant derived preparation (Gonal-F). 
Thee study number correlate to the study number in fig. 1 and fig. 2. 

Studyy no. 

1 1 
2 2 
3 3 
4 4 
5 5 

No.. women 
included d 

496 6 

278 8 

235 5 
168 8 

120 0 

Reference e 

SchatsR.. etal.. 22 

Frydmann R. et al. '9 

BerghC.. etal. IS 

Lentonn E. et al.20 

Francoo JG. et al.2I 

Too compare the effectiveness of Metrodin-HP and Gonal F we selected only randomised 

clinicall  trials (RCT), as the strength of the evidence is known to be highest in RCTs, 

especiallyy if rigorously performed. 

Primaryy outcome measure was an ongoing pregnancy per woman. Secondary outcomes 

thatt were also studied were total gonadotropin dose, total duration of stimulation, number of 

follicless on day of hCG, number of oocyte retrieved and clinical pregnancy per woman. 
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Resultss of the meta-analysis are presented in fig 1 and 2. Women treated with the 

recombinantt FSH product seem to perform better as compared to the group treated with the 

urinaryy derived product, especially with regard to parameters related directly to the effect of 

FSHH on the follicles. Despite the use of a significant lower amount of recombinant FSH as 

comparedd to urinary FSH (WMD: -3.04 ampoules, 95% CI -3.78 to -2.31)., a significant 

increasedd number of follicles (>10 mm on the day of hCG) developed as a result of 

recombinantt FSH stimulation (WMD: 2.28 , 95% CI 1.61 to 2.95)..The number of oocytes 

retrievedd was also significantly increased in the recombinant FSH group (WMD: 2.25 , 95% 

CII  1.55 to 2.94). Further, duration of gonadotropin treatment was clearly shorter when 

recombinantt FSH was employed (WMD: -1.18 days, 95% CI -1.43 to -0.92). Pregnancy 

measuredd as clinical pregnancy per woman could not support any difference between the two 

products,, while the rate of ongoing pregnancy per woman approached statistical significance 

(ORR 1.27, 95% CI 0.98 to 1.65, P = 0.07). 
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Discussion n 

Thee FSH molecule is not just a single entity but exists a number of different isoforms. 

Althoughh the FSH isoform profile may vary from batch to batch of commercial gonadotropin 

preparations,, each FSH preparation is characterized by a specific isoform profile that relates 

too the charge heterogeneity, the complexity of the oligosaccharides attached to the peptide 

back-bonee and the in vitro bioactivity. We compared two products that seem to differ 

profoundlyy in FSH isoform profile in a meta-analysis. The highly purified urinary derived 

FSHH product (Metrodin-HP) contains a high degree of acidic isoforms whereas the 

recombinantt product Gonal-F is rich in less-acidic isoforms. 

Althoughh the power of our meta-analysis was insufficient to prove a difference the data 

suggestt that Gonal-F in clinical parameters related to direct effects of FSH on the follicle 

performm better than Metrodin-HP. Therefore, the data of the meta-analysis of clinical data 

corporatee well with those related to isoform composition, and in vitro performance of the 

twoo products suggesting that FSH preparations with an enhanced contribution of acidic 

isoformss are overall less beneficial than those with more less-acidic isoforms. This raises the 

interestingg possibility that the difference between urinary - and recombinant preparations, 

whichh a recent meta-analysis suggested, may in fact relate not only to the specific origin of 

thee FSH molecule but also to the specific FSH isoform profile of each individual FSH 

preparation.11 This is a new and different interpretation of the efficacy and clinical 

performancee of FSH preparations and highlights that possible differences between 

preparationss may be linked to the composition of the oligosaccharides. However, the source 

off raw material of the two products also differs (urine and recombinant). 

Itt can be argued that the biological activities of commercial gonadotropin preparations 

aree determined by the imprecise in vivo Steelman-Pohley assay and that major batch 

variationss may exist even for the same commercial FSH preparation. Although assay-

variationss are probably minimised since both preparations are produced by the same 

manufacturer,, these considerations do limit the available information from an analysis as 

preformedd here. However, in our view, the difference in FSH isoform profile between the 

twoo FSH products is likely to affect clinical outcome. Consequently, documentation of FSH 

preparationss with regard to FSH isoform profile, complexity of the carbohydrate moieties 

andd its in vitro biological activity may be important to provide. 

Despitee the fact that Metrodin-HP seems to perform less optimal than Gonal-F, there 

mayy still be room in clinical practice for preparations exhibiting an acidic FSH isoform 

profilee like Metrodin-HP. Currently most stimulation regimes employ just a single FSH 

preparationn throughout the entire period of stimulation and the woman will therefore only be 
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exposedd to the specific FSH isoform profile of this product. However, the isoform profile of 

thee FSH that follicles experience during the follicular phase of a natural cycle changes 

considerably,, being most acidic in the early follicular phase when follicles are recruited and 

less-acidicc as ovulation approaches and selection of the dominant follicle has taken place.18 

Mimickingg the natural FSH isoform profile during ovarian stimulation could be 

advantageous.. This can be achieved by combining Metrodin-HP and Gonal-F, giving 

Metrodin-HPP in the early follicular phase and switching to Gonal-F when follicles have 

reachedd a diameter of around 8-10 mm. Recent developments support this idea. A new very 

acidicc long-acting FSH product (FSH-CTP) has been shown to recruit follicles effectively in 

thee early follicular phase23 and with a subsequent shift to a less-acidic recombinant FSH 

preparationn {Puregon, Organon) during the mid-follicular phase the first pregnancies have 

beenn obtained.24 Although only limited clinical experience has been released with regard to 

thee FSH-CTP preparation, the data suggest that combined use of FSH preparations with 

differentt FSH isoform profiles in a given treatment cycle may be worthwhile.24 Perhaps the 

currentlyy employed treatment protocols could be improved by exposing follicles to the 

mixturee of FSH isoforms that they experience naturally. 

Futuree meta-analyses should specifically address the importance of this issue. In 

summary,, this review suggests that attention should be given to the FSH isoform profile of 

exogenouss gondotropins in assisted reproductive cycles. 
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